
Crash Risk in Curren
y Markets- Supplementary Appendix -
5 Appendix A: Derivations5.1 Some Useful LemmasWe start with a well-known Lemma, whose proof we provide for 
ompleteness.Lemma 3. (Dis
rete-time Girsanov's lemma) Suppose that (x; y) are jointly Gaussian distributed random vari-ables under probability measure P . Consider the measure Q su
h that dQ=dP = exp (x � E [x ℄� var (x) =2).Then, under Q, y is Gaussian, with distributiony �Q N (E [y ℄ + 
ov (x; y) ; var (y)) ; (11)where E [y ℄ ; 
ov (x; y) ; var (y) are 
al
ulated under P .Proof. We 
al
ulate that the 
hara
teristi
 fun
tion of y . For a purely imaginary number k, EQ [eky ] isgiven byE [ex�E[x℄��2x=2eky ] = exp(kE [y ℄ + k2�2y2 + k
ov (x; y)) = exp(k (E [y ℄ + 
ov (x; y)) + k2�2y2 ) :That is indeed the 
hara
teristi
 fun
tion of distribution (11).Lemma 4. For lnX, ln Y jointly Gaussian distributed,E [(X � Y )+] = V CBS (E [X℄ ; E [Y ℄ ; var (lnX � ln Y )1=2)= V PBS (E [Y ℄ ; E [X℄ ; var (lnX � ln Y )1=2) ;where the 
onvention is V CBS (S0; K; �) and V PBS (S0; K; �) are the Bla
k-S
holes 
all and put pri
es withinterest rate 0 and horizon 1.Proof. Observe that our Bla
k-S
holes fun
tions are:V PBS(S;K; �) = E [(K � Se�u��2=2)+] ; V CBS(S;K; �) = E [(Se�u��2=2 �K)+] ;where u is a normal with mean 0 and varian
e 1. 58



Write X = E [X℄ ex�var(x)=2 and Y = E [Y ℄ ey�var(y)=2, where (x; y) are jointly Gaussian distributed withmean 0 and respe
tive varian
e var (lnX) and var (ln Y ). Use Lemma 3, 
alling P the underlying probabilitymeasure, and de�ning measure dQ=dP = exp (x � E [x ℄� Var (x) =2),E [(X � Y )+] = E [(E [X℄ ex�var(x)=2 � E [Y ℄ ey�var(y)=2)+]= E [ex�var(x)=2 (E [X℄� E [Y ℄ ez)+]= EQ [(E [X℄� E [Y ℄ ez)+] ;with z = y � var (y) =2� x + var (x) =2. Applying Lemma 3, z �Q N (EQ [z ℄ ; var (y � x)), with:EQ [z ℄ = � var (y) =2 + var (x) =2 + 
ov (x; y � x)= � var (y � x) =2;and z �Q N (� var (y � x) =2; var (y � x)) :So E [(X � Y )+] = V PBS (E [Y ℄ ; E [X℄ ; var (lnX � ln Y )1=2) :The same reasoning shows that E [(X � Y )+] = V CBS (E [X℄ ; E [Y ℄ ; var (lnX � ln Y )1=2).Lemma 5. For lnX, ln Y; lnZ jointly Gaussian distributed,
ov (Z; (X � Y )+) = V CBS (E [ZX℄ ; E [ZY ℄ ; var (lnX � ln Y )1=2)� E [Z℄ V CBS (E [X℄ ; E [Y ℄ ; var (lnX � ln Y )1=2)= V PBS (E [ZY ℄ ; E [ZX℄ ; var (lnX � ln Y )1=2)� E [Z℄ V PBS (E [Y ℄ ; E [X℄ ; var (lnX � ln Y )1=2) :Proof. It 
omes dire
tly from the previous Lemma.5.2 Proofs5.2.1 Proof of Proposition 1Call H = pE [J � 1℄. We have: e�r� = E[Mt;t+� ℄ = e�g�(1 +H�):Taking logs, �r� = �g� + ln(1 +H�) = �g� +H� + o (�) ;59



so r = g �H + o (1).5.2.2 Proof of Proposition 2Unhedged Returns The trade has return X in domesti
 
urren
y, and does not require any invest-ment, so E [Mt;t+�Xt;t+� ℄ = 0. Hen
e:0 = (1� p�)END [Mt;t+�Xt;t+� ℄ + p�ED [Mt;t+�Xt;t+� ℄= (1� p�) (END [Mt;t+� ℄END [Xt;t+� ℄ + 
ovND (Mt;t+� ; Xt;t+�))+ p�ED [Mt;t+�Xt;t+� ℄ :Hen
e END [Xt;t+� ℄ = �p�ED [Mt;t+�Xt;t+� ℄� (1� p�)
ovND (Mt;t+� ; Xt;t+�)(1� p�)END [Mt;t+� ℄ :Note that END [Mt;t+� ℄ = 1 + o (1) ;
ovND (Mt;t+� ; Xt;t+�) = 
ovND("; "? � ")� + o (�) ;and ED [Mt;t+�Xt;t+� ℄ = E [(J? � J)℄ + o (1) :Therefore, END [Xt;t+� ℄ =� = pE [J � J?℄� 
ov("; "? � ") + o(1):Hedged returns By the same reasoning as above, and using �Pt;t+� = 1 + o (1), �Ct;t+� = 1+ o (1),END [Xt;t+� (K)℄ = p�E [J � J?℄� p�E [(KJ � J?)+]� 
ovND [Mt;t+� ;(K � St+�St )+]� 
ovND [Mt;t+� ; St+�St ] :We see that 
ovND [Mt;t+� ; St+�St ] = 
ov ("p�; ("? � ")p�)+ o (�)= 
ov ("; "? � ") � + o (�) :Call Z = Mt;t+� , X = K, Y = St+�=St , so thatE [Z℄ = e�g� , E [Y ℄ = e(�g?+g�
ov(";"?�"))� , E [ZY ℄ = e�g?� :60



We use Lemma 5. We have:
ovND [M;(e�p� � St+�St )+] = V PBS (eg?� ; e�p�eg� ; var ("? � ")1=2p�)� V PBS (eg?�+
ov(";"?�")� ; e�p�eg� ; var ("? � ")1=2p�)= �PBS(�) 
ov ("; "? � ") � + o(�):We 
on
lude:lim�!0END [X (e�p�)] =� = pE [J � J?℄� pE [(KJ � J?)+]� 
ov ("; "? � ") (1 + �PBS(�)) :
5.2.3 Proof of Lemma 1It follows dire
tly from the 
al
ulations done in the proof of Proposition 3. The disaster risk premium isproportional to p� , while the disaster risk premium is proportional to p� . So in the limit of small times, theoption pri
e is equal to its no-disaster 
omponent up to smaller O(�) terms.
5.2.4 Proof of Lemma 2We have E [Mt;t+� ℄ = e�r� and E [M?t;t+�] = e�r ?� :Also, de�ne � = var ("? � ")1=2. So, the 
all pri
e is:C(K) = E [Mt;t+� (St+�St �K)+] = E [(M?t;t+� �KMt;t+�)+]= V CBS(E [M?t;t+�] ; E [KMt;t+� ℄ ; �p�) by Lemma 4= V CBS(e�r ?� ; Ke�r� ; �p�).The pri
e of a put with strike K̃ is:P (K̃) = E [Mt;t+� (K̃ � St+�St )+] = E [(K̃Mt;t+� �M?t;t+�)+]= V CBS(K̃E [Mt;t+� ℄ ; E [M?t;t+�] ; �p�) by Lemma 4= V CBS(K̃e�r� ; e�r ?� ; �p�).61



so, when K̃ = K�1e2(r�r ?)� , P (K̃) = V CBS(K�1e2(r�r ?)�e�r� ; e�r ?� ; �p�)=(a) K�1e(r�r ?)�V CBS(e�r ?� ; Ke�r� ; �p�)= K�1e(r�r ?)�C(K);where =(a) is be
ause V CBS(S; k; �p�) is homogenous of degree 1 in (S; k). So indeed,RR = P (K�1e2(r�r ?)�)�K�1e(r�r ?)�C(K) = 0.5.2.5 Proof of Proposition 3We start with a lemma 
hara
terizing the pri
e of puts for slightly more general strikes given by e�p�+�� .The pri
e of a put with strike e�p�+�� is by de�nitionC (e�p�+��) = E [Mt;t+�(St+�St � e�p�+��)+] = CD (e�p�+��)+ CND (e�p�+��) ;where CD (e�p�+��) = p�ED [Mt;t+�(St+�St � e�p�+��)+] ;and CND (e�p�+��) = (1� p�)END [Mt;t+�(St+�St � e�p�+��)+] :Let � = var ("? � ")1=2 :Lemma 6. We haveCND (e�p�+��) = e�p�V CBS (e��p� ; 1; �p�)+�CBS(�) (r � r? � �) � + o (�) ;and PND (e��p�+��) = V CBS (e��p� ; 1; �p�)+�CBS(�) (r? � r + �) � + o (�) :Proof. We �rst 
al
ulate the value of the 
all. By Lemma 4, we haveCND (e�p�+��) = (1� p�) V CBS (e�r ?� ; e(�r+�)�+�p� ; �p�)= (1� p�) e(�r+�)�+�p�V CBS (e(r�r ?��)���p� ; 1; �p�)= e�p� (1 + (�r � p + �) � + o (�))
[V CBS (e��p� ; 1; �p�)+�CBS(�) (r � r? � �) � + o (�)] ;62



by Taylor expansion. We observe that V CBS (e��p� ; 1; ��1=2) = O (p�), soCND (e�p�+��) = e�p�V CBS (e��p� ; 1; �p�)+�CBS(�) (r � r? � �) � + o (�) :The derivation of the put pri
e is similar.Lemma 7. P (e��p�+��)� e��p�+
�C (e�p�+��) is given by the following formulap�ED [(Je��p�+�� � J?)+ � (e��p�+
�J � J?e(�+
)�)+]+�CBS(�) (2 (r � r?) + � + �) � + o (�) :Proof. Clearly PND (e��p�+��)� e��p�+
�CND (e�p�+��) is given by
{V CBS (e��p� ; 1; �p�)+�PBS(�) (r? � r + �) �}� e��p�+
� {e�p�V CBS (e��p� ; 1; �p�)+�CBS(�) (r � r? � �) � + o (�)}= �CBS(�) (2 (r? � r) + � + �) � + o (�) :The result follows.With those two lemmas, the result in the proposition 
an be derived by taking � = � = 
 = r � r?.5.2.6 Proof of Proposition 4The impa
t of risk on interest rate 
omes from 1, written for the foreign 
ountry (with starred variables).By examining (6) and (7), one sees that it in
reases when F ? de
reases.6 Appendix B: Results when the Home Curren
y is the Invest-ment Curren
yWe de�ne the hedged 
arry-trade returns Yt;t+�(K) as the payo� 
orresponding to the following zero invest-ment trade: invest one in home at interest r; buy �Ct;t+�(K) 
alls with strike K prote
ting against an appre-
iation of the foreign 
urren
y and, in order to �nan
e these investments, borrow (1 + �Ct;t+�(K)Ct;t+�(K))in the foreign 
urren
y at interest rate r?: On
e again, we 
hoose the hedge ratio �Ct;t+� (K) to eliminatetail risk. Yt;t+�(K) = er� � (1 + �Ct;t+�Ct;t+�(K)) er ?� St+�St + �Ct;t+� (St+�St �K)+ ;63



where Pt;t+� (K) is the home 
urren
y pri
e of a put yielding (K � St+�St )+ in the home 
urren
y, andCt;t+�(K) is home 
urren
y pri
e of a 
all yielding (St+�St �K)+ in the home 
urren
y, and:�Ct;t+� = er ?�1� Ct;t+�(K)er ?� :Proposition 5. In the limit of small time intervals (� ! 0), the 
arry trade expe
ted returns (
onditional onno disasters) are given by the following equationlim�!0END [Yt;t+� ℄ =� = � lim�!0END [X℄ =�:In the same limit, the hedged 
arry trade expe
ted returns (
onditional on no disasters) are given bylim�!0END [Yt;t+� (e�p�)] =� = �pE [(J � J?)+]� 
ov ("; "� "?) (1��CBS(�)) ;where �CBS(�) = �V CBS (s; e�; var ("? � ")1=2) =�s js=1 2 (0; 1)are the Bla
k-S
holes deltas of the 
all.
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7 Appendix C: Robustness Che
ksIn this Appendix we report additional results obtained on the whole sample of advan
ed and emerging 
oun-tries.� Table 9 reports higher moments and normality tests for 
ountry-by-
ountry 
hanges in ex
hange rates.Table 10 reports the same tests after GARCH(1,1) 
orre
tions. Table 11 reports equivalent resultsfor portfolios of 
urren
y ex
ess returns.� Table 12 presents some examples of bid-ask spreads on advan
ed and emerging 
ountries.� Table 13 reports estimates of disaster risk premia for a subset of nine advan
ed 
ountries.� Table 14 reports average 
urren
y ex
ess returns a
ross portfolios using advan
ed and emerging 
oun-tries. Table 15 reports implied volatilities and risk reversals for the same sample. Table 16 reportsestimates of disaster risk premia. Table 17 takes into a

ount bid ask spreads.� Tables 18 and 20 report (
ontemporaneous and predi
tive) regressions on risk reversals, ex
hangerates and 
urren
y ex
ess returns for advan
ed 
ountries. Tables 19 and 21 report equivalent tests foradvan
ed and emerging 
ountries.� Table 22 reports predi
tability tests on bilateral ex
hange rates for advan
ed 
ountries.
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Table 9: Higher Moments of Bilateral Ex
hange Rates - All CountriesAdvan
ed Countries Emerging CountriesSkew. Kurt. J.B LL Skew. Kurt. J.B LLCanada 0:06 3:09 0:15 0:04 Argentina �5:79 40:88 5231:20 0:35[0:19℄ [0:34℄ 0:50 0:50 [1:66℄ [14:64℄ 0:00 0:00Switzerland 0:22 2:30 4:23 0:06 Brazil �0:25 7:31 90:07 0:09[0:12℄ [0:18℄ 0:09 0:22 [0:71℄ [1:16℄ 0:00 0:02Euro area 0:18 2:81 0:77 0:06 Chile �0:06 2:88 0:13 0:05[0:17℄ [0:27℄ 0:50 0:35 [0:23℄ [0:39℄ 0:50 0:50United Kingdom �0:33 3:89 7:69 0:04 Columbia �0:42 5:00 20:86 0:13[0:30℄ [0:74℄ 0:03 0:50 [0:42℄ [0:74℄ 0:00 0:00Japan 1:24 7:89 189:15 0:07 Indonesia �0:43 15:38 847:09 0:24[0:62℄ [2:96℄ 0:00 0:04 [1:50℄ [3:67℄ 0:00 0:00Sweden 0:26 2:88 1:73 0:05 India 0:53 10:38 317:38 0:18[0:16℄ [0:29℄ 0:36 0:41 [0:97℄ [2:42℄ 0:00 0:00Australia �0:06 2:84 0:25 0:05 Mexi
o �0:97 6:03 81:21 0:09[0:19℄ [0:33℄ 0:50 0:47 [0:45℄ [1:69℄ 0:00 0:01Norway 0:18 3:27 1:26 0:06 Malaysia 1:36 13:71 284:82 0:21[0:19℄ [0:31℄ 0:48 0:14 [1:87℄ [4:67℄ 0:00 0:00New Zealand �0:20 3:25 1:41 0:07 Peru �1:44 12:28 531:58 0:18[0:18℄ [0:32℄ 0:44 0:07 [0:96℄ [3:40℄ 0:00 0:00Israel 0:22 3:26 0:83 0:06 Philippines �2:07 13:45 699:72 0:22[0:27℄ [0:44℄ 0:50 0:50 [0:86℄ [3:39℄ 0:00 0:00Poland �0:16 3:08 0:44 0:05 Thailand 1:16 14:55 768:74 0:14[0:23℄ [0:41℄ 0:50 0:50 [1:32℄ [4:91℄ 0:00 0:00Singapore 0:37 6:31 72:46 0:08 Turkey �0:44 3:57 4:17 0:11[0:54℄ [1:34℄ 0:00 0:02 [0:30℄ [0:71℄ 0:08 0:01Cze
h Republi
 0:04 2:96 0:04 0:06 Taiwan �0:08 8:00 148:30 0:11[0:20℄ [0:33℄ 0:50 0:40 [0:73℄ [1:65℄ 0:00 0:00South Korea �2:52 23:41 2522:75 0:17 Venezuela �0:15 2:44 0:18 0:19[1:73℄ [7:97℄ 0:00 0:00 [0:56℄ [0:87℄ 0:50 0:31South Afri
a �0:13 3:19 0:62 0:05[0:18℄ [0:33℄ 0:50 0:50Notes: This table reports the skewness, kurtosis, and Jarque and Bera (1980) and Lilliefors (1967) normality tests of
hanges in ex
hange rates. The Jarque-Berra and Lilliefors's null hypothesis is a joint hypothesis of the skewness beingzero and the ex
ess kurtosis being 0. For the skewness and kurtosis, the table reports between bra
kets the standarderror obtained by bootstrapping. For the Jarque-Berra and Lilliefors tests, the table reports the p-values. The sampleex
lude China, Hong Kong and Denmark whose ex
hange rate regimes are non-
oating over the full sample period.The left panel fo
uses on advan
ed 
ountries. The sample period is 1/1996 - 8/2008.67



Table 10: Higher Moments of Bilateral Ex
hange Rates - GARCH(1,1) Corre
tion - Advan
edCountries Advan
ed CountriesSkew. Kurt. J.B LLCanada 0:11 2:90 0:36 0:00[0:18℄ [0:33℄ 0:50 0:50Switzerland 0:22 2:30 4:23 0:00[0:12℄ [0:18℄ 0:09 0:22Euro area 0:16 2:83 0:72 0:00[0:16℄ [0:27℄ 0:50 0:38United Kingdom �0:33 3:89 7:68 0:00[0:30℄ [0:76℄ 0:03 0:50Japan 1:14 7:18 142:95 0:00[0:57℄ [2:63℄ 0:00 0:08Sweden 0:26 2:88 1:73 0:00[0:15℄ [0:30℄ 0:36 0:41Australia �0:14 2:73 0:93 0:00[0:17℄ [0:30℄ 0:50 0:23Norway 0:18 3:27 1:25 0:00[0:20℄ [0:31℄ 0:49 0:14New Zealand �0:28 3:19 2:15 0:00[0:18℄ [0:32℄ 0:28 0:06Israel �0:03 3:28 0:27 0:00[0:28℄ [0:37℄ 0:50 0:48Poland �0:22 3:01 0:78 0:00[0:23℄ [0:44℄ 0:50 0:50Singapore �0:16 3:62 3:03 0:00[0:24℄ [0:39℄ 0:16 0:31Cze
h Republi
 0:09 2:89 0:25 0:00[0:21℄ [0:32℄ 0:50 0:50South Korea �0:58 4:45 19:51 1:00[0:28℄ [0:63℄ 0:00 0:01Notes: This table reports the skewness, kurtosis, and Jarque and Bera (1980) and Lilliefors (1967) normality tests ofnormalized 
hanges in ex
hange rates. In order to obtain these normalized series, we �rst estimate a GARCH(1,1)model for ea
h 
ountry's ex
hange rate (in log di�eren
es) and then divide the ex
hange rate by the standard deviation.The Jarque-Berra and Lilliefors's null hypothesis is a joint hypothesis of the skewness being zero and the ex
ess kurtosisbeing 0. For the skewness and kurtosis, the table reports between bra
kets the standard error obtained by bootstrapping.For the Jarque-Berra and Lilliefors tests, the table reports the p-values. The sample ex
lude China, Hong Kong andDenmark whose ex
hange rate regimes are non-
oating over the full sample period. The left panel fo
uses on advan
ed
ountries. The sample period is 1/1996 - 8/2008. 68



Table 11: Higher Moments of Portfolio Curren
y Ex
ess ReturnsPanel I: Advan
ed CountriesPortfolios 1 2 3Skewness 0:47 0:28 �0:60[0:16℄ [0:19℄ [0:40℄Kurtosis 2:90 3:28 5:04[0:39℄ [0:35℄ [1:16℄Jarque-Berra 5:64 2:40 35:33p-value 0:05 0:23 0:00Lilliefors 6:19 6:02 5:80p-value 0:17 0:20 0:25Panel II: All CountriesPortfolios 1 2 3 4Skewness 0:32 0:21 �2:23 1:26[0:18℄ [0:21℄ [0:95℄ [0:85℄Kurtosis 3:01 3:64 15:29 10:73[0:37℄ [0:35℄ [5:26℄ [3:61℄Jarque-Berra 2:55 3:63 1075:17 415:57p-value 0:21 0:11 0:00 0:00Lilliefors 6:00 7:51 12:16 10:13p-value 0:20 0:04 0:00 0:00Notes: This table reports higher moments of unhedged 
urren
y ex
ess returns. The table reports the skewness andkurtosis of ea
h portfolio and the 
orresponding standard errors. These are obtained by bootstrapping the monthlyex
ess returns under the assumptions that they are i.i.d. The table also reports the Jarque and Bera (1980) and Lilliefors(1967) normality tests and the p-value of the null hypothesis (a p-value below 5% indi
ates reje
tion of normality atthe 5% signi�
an
e level). The Lilliefors test statisti
 is multiplied by 100. Portfolio 1 
ontains 
urren
ies with thelowest interest rates. Portfolio 3 
ontains 
urren
ies with the highest interest rates. The horizon of the ex
ess returnsand the option maturity are one month. Data are monthly, from JP Morgan. The sample period is 1/1996 - 8/2008.69



Table 12: Bid-Ask Spreads - ExamplesEUR/USD USD/CHF AUD/USD USD/BRLPanel I: November 10, 2008Spot 1:2890 1:1730 0:6950 2:135010Æ Call 21:19=26:67 14:81=21:87 25:59=32:53 45=5225Æ Call 20:86=23:48 14:34=17:63 27:85=31:36 48=55ATM 20:75=23:25 14:00=17:00 30:38=34:13 34=4225Æ Put 22:01=24:72 14:95=18:30 34:02=38:26 20=2410Æ Put 23:41=28:88 16:00=22:45 36:96=44:99 23=28Panel II: January 20, 2009Spot 1:2930 1:1450 0:6580 2:365010Æ Call 22:60=25:00 19:80=22:80 20:=22:50 31:50=34:0025Æ Call 21:50=23:00 19:00=20:50 19:00=20:50 30:50=35:00ATM 21:5=22:50 18:70=20:20 18:70=20:20 34:50=36:5025Æ Put 22:30=23:50 19:30=21:00 19:50=21:20 48=5210Æ Put 23:80=26:00 20:50=23:50 20:70=23:80 41=43Notes: This table reports spot rates and implied volatilities at one-month horizons for di�erent pairs of 
urren
y options.Sour
e: Bank of Fran
e (Broker-Dealers: UBS, Citibank, Deuts
he Bank, JPM Chase). Panel I 
orresponds to quoteson November 10, 2008. Panel II 
orresponds to January 20, 2009.
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Table 13: Disaster Risk Premia - Nine Advan
ed Countries Sorted on Interest RatesPanel I: Carry Ex
ess ReturnsUnhedged Carry Hedged at 10 Æ Hedged at 25 Æ Hedged ATMMean 5:03 3:44 2:54 0:90[1:64℄ [1:54℄ [1:41℄ [1:23℄Mean Spread 1:59 2:48 4:12[0:40℄ [0:84℄ [1:30℄Panel II: Estimations10Æ 25Æ ATM 10Æ; 25Æ, GMMand ATM 2nd Stage�D 1:21 1:64 3:22 2:02 1:06[0:38℄ [0:92℄ [1:90℄ [1:01℄ [0:33℄�G 3:82 3:39 1:81 3:01 3:38[1:68℄ [1:85℄ [2:44℄ [1:89℄ [1:74℄�D � �G �2:61 �1:75 1:41 �0:99 �2:32[1:82℄ [2:44℄ [4:07℄ [2:57℄ [1:85℄Notes: This �rst panel of this table reports average returns on hedged and unhedged 
urren
y 
arry trades and theirstandard errors. Due to the small number of 
ountries in this sample, we only build two portfolios, sorting 
ountrieson interest rates. Carry trades 
orrespond to returns on the se
ond minus returns on the �rst portfolio. We 
onsiderdi�erent hedges: 10-delta, 25-delta and at-the-money. We also report the average di�eren
e between unhedged andhedged 
arry trades. The se
ond panel reports stru
tural estimates. �D denotes the part of the 
arry ex
ess returnlinked to disaster risk. �G 
orresponds to the Gaussian, non-disaster part of the same ex
ess return. These estimatesare obtained using hedged returns at 10-delta (�rst 
olumn), 25-delta (se
ond 
olumn), at-the-money (third 
olumn) or10-, 25-delta and at-the-money (fourth and �fth 
olumns). Standard errors are obtained by bootstrapping the monthlyex
ess returns under the assumptions that they are i.i.d. Data are monthly, from JP Morgan. The sample period is1/1996 - 8/2008.
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Table 14: Ex
ess Returns: All 
ountriesPortfolios 1 2 3 4 1 2 3 4Going Long Going ShortPanel I: UnhedgedMean �2:35 1:10 0:48 12:59 2:35 �1:10 �0:48 �12:59[1:75℄ [1:83℄ [2:20℄ [2:75℄ [1:83℄ [1:81℄ [2:18℄ [2:79℄Sharpe Ratio �0:36 0:17 0:06 1:30 0:36 �0:17 �0:06 �1:30Panel II: Hedged at 10-deltaMean �3:20 0:58 0:62 11:19 1:75 �1:16 �0:52 �11:89[1:73℄ [1:65℄ [1:65℄ [2:50℄ [1:66℄ [1:68℄ [2:13℄ [2:40℄Sharpe Ratio �0:52 0:10 0:10 1:27 0:29 �0:20 �0:07 �1:37Panel III: Hedged at 25-deltaMean �2:87 0:37 0:26 8:85 1:44 �1:03 �0:46 �10:55[1:50℄ [1:47℄ [1:43℄ [2:18℄ [1:41℄ [1:34℄ [1:79℄ [2:01℄Sharpe Ratio �0:55 0:07 0:05 1:16 0:28 �0:21 �0:07 �1:42Panel IV: Hedged ATMMean �1:91 0:23 0:01 5:35 0:39 �0:87 �0:47 �7:27[1:05℄ [1:12℄ [0:98℄ [1:50℄ [1:01℄ [0:98℄ [1:60℄ [1:46℄Sharpe Ratio �0:51 0:06 0:00 0:98 0:11 �0:25 �0:08 �1:38Notes: This table reports reports average 
urren
y ex
ess returns that are unhedged, hedged at 10-delta, at 25-deltaand at-the-money for our four portfolios. The last panel reports average risk reversals at 10- and 25-delta. In the leftse
tion, we assume that the US investor goes long the foreign 
urren
y. In the right se
tion, we assume that the USinvestor goes short the foreign 
urren
y. In ea
h 
ase, we report the mean ex
ess return, its standard deviation and the
orresponding Sharpe ratio. The mean and standard deviations are annualized (multiplied respe
tively by 12 and p12).The Sharpe ratio 
orresponds to the ratio of the annualized mean to the annualized standard deviation. Portfolio 1
ontains 
urren
ies with the lowest interest rates. Portfolio 4 
ontains 
urren
ies with the highest interest rates. Thehorizon of the ex
ess returns and the option maturity are one month. Data are monthly, from JP Morgan. The sampleperiod is 1/1996 - 8/2008.
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Table 15: Implied Volatilities and Risk Reversals: All CountriesPortfolios 1 2 3 4Panel I: Implied Volatilities10Æ�Put 9:64 9:90 11:26 17:44[0:21℄ [0:20℄ [0:40℄ [0:66℄25Æ�Put 9:12 9:29 10:21 15:57[0:18℄ [0:19℄ [0:35℄ [0:60℄ATM 8:91 8:79 9:31 13:99[0:19℄ [0:18℄ [0:34℄ [0:59℄25Æ�Call 9:25 8:93 9:24 13:39[0:20℄ [0:18℄ [0:32℄ [0:56℄10Æ�Call 9:89 9:31 9:49 13:29[0:20℄ [0:17℄ [0:34℄ [0:55℄Panel II: Risk Reversals (Implied Volatilities)Mean RR10 �0:25 0:59 1:77 4:15[0:08℄ [0:06℄ [0:10℄ [0:17℄Mean RR25 �0:13 0:36 0:97 2:18[0:04℄ [0:03℄ [0:05℄ [0:08℄Notes: This table reports average implied volatilities and risk reversals by portfolios. The �rst panel reports averageimplied volatilities on put and 
all 
ontra
ts for strike pri
es 10-, 25-delta and at-the-money. The se
ond panel reportsrisk reversals at 10- and 25-deltas measured in implied volatilities. They are quoted in annual per
entages. The thirdpanel 
orresponds to di�eren
es in pri
es. They are quoted in basis points (1=100th of a per
entage point). Standarderrors are obtained by bootstrapping the monthly ex
ess returns under the assumptions that they are i.i.d. Portfolio 1
ontains 
urren
ies with the lowest interest rates. Portfolio 4 
ontains 
urren
ies with the highest interest rates. Thehorizon of the ex
ess returns and the option maturity are one month. Data are monthly, from JP Morgan. The sampleperiod is 1/1996 - 8/2008.
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Table 16: Disaster Risk Premia - All CountriesPanel I: Carry Ex
ess ReturnsUnhedged Carry Hedged at 10Æ Hedged at 25Æ Hedged ATMMean 14:94 12:95 10:28 5:74[2:85℄ [2:64℄ [2:31℄ [1:54℄Mean Spread 1:99 4:66 9:20[0:50℄ [0:96℄ [1:70℄Panel II: Estimations10Æ 25Æ ATM 10Æ; 25Æ, GMMand ATM 2nd Stage�D 0:55 1:23 3:46 1:75 0:41[0:47℄ [0:85℄ [1:61℄ [0:92℄ [0:44℄�G 14:39 13:71 11:48 13:19 12:39[2:93℄ [3:02℄ [3:02℄ [2:80℄ [2:87℄�D � �G �13:83 �12:48 �8:01 �11:44 �11:98[3:08℄ [3:35℄ [3:94℄ [3:11℄ [2:97℄Notes: This �rst panel of this table reports average returns on hedged and unhedged 
urren
y 
arry trades and theirstandard errors. We use the 
urren
y portfolios presented in Table 14. Carry trades 
orrespond to returns on the lastminus returns on the �rst portfolio. We 
onsider di�erent hedges: 10-delta, 25-delta and at-the-money. We also reportthe average di�eren
e between unhedged and hedged 
arry trades. The se
ond panel reports stru
tural estimates. �Ddenotes the part of the 
arry ex
ess return linked to disaster risk. �G 
orresponds to the Gaussian, non-disaster partof the same ex
ess return. These estimates are obtained using hedged returns at 10-delta (�rst 
olumn), 25-delta(se
ond 
olumn), at-the-money (third 
olumn) or 10-, 25-delta and at-the-money (fourth 
olumn). Standard errorsare obtained by bootstrapping the monthly ex
ess returns under the assumptions that they are i.i.d. Data are monthly,from JP Morgan. The sample period is 1/1996 - 8/2008.
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Table 17: Disaster Risk Premia - All Countries - With Transa
tion CostsPanel I: Carry Ex
ess ReturnsUnhedged Carry Hedged at 10Æ Hedged at 25Æ Hedged ATMMean 13:76 11:05 7:98 3:30[2:71℄ [2:52℄ [2:24℄ [1:58℄Mean Spread 2:71 5:79 10:46[0:50℄ [0:99℄ [1:78℄Panel II: Estimations10Æ 25Æ ATM 10Æ; 25Æ, GMMand ATM 2nd Stage�D 1:48 3:13 7:16 3:92 0:95[0:49℄ [0:87℄ [1:68℄ [0:95℄ [0:52℄�G 12:28 10:63 6:60 9:84 9:40[2:97℄ [3:02℄ [3:14℄ [2:98℄ [3:38℄�D � �G �10:80 �7:51 0:56 �5:92 �8:44[3:10℄ [3:36℄ [4:10℄ [3:33℄ [3:49℄Notes: This �rst panel of this table reports average returns on hedged and unhedged 
urren
y 
arry trades and theirstandard errors. We use the 
urren
y portfolios presented in Table 14. Carry trades 
orrespond to returns on the lastminus returns on the �rst portfolio. We 
onsider di�erent hedges: 10-delta, 25-delta and at the money. We also reportthe average di�eren
e between unhedged and hedged 
arry trades. The se
ond panel reports stru
tural estimates. �Ddenotes the part of the 
arry ex
ess return linked to disaster risk. �G 
orresponds to the Gaussian, non-disaster partof the same ex
ess return. These estimates are obtained using hedged returns at 10-delta (�rst 
olumn), 25-delta(se
ond 
olumn), at-the-money (third 
olumn) or 10-, 25-delta and at-the-money (fourth 
olumn). Standard errorsare obtained by bootstrapping the monthly ex
ess returns under the assumptions that they are i.i.d. Data are monthly,from JP Morgan. The sample period is 1/1996 - 8/2008. We assume annual transa
tion 
osts on unhedged returnsof 0:25% and 2% on respe
tively advan
ed and emerging 
ountries. We assume bid-ask spreads of 5% and 10% onimplied volatilities (respe
tively for advan
ed or developing 
ountries).
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Table 18: Changes in Risk Reversals and Ex
hange Rates: Contemporaneous Spe
i�
ationsDependant Variable: Ex
hange RatesPanel I: Raw Variables Panel II: Demeaned VariablesRisk Reversals -49.95 -41.02Strike: Forward +/- 10% [9.47 ℄*** [6.24 ℄***Risk Reversals -32.78 -26.22Strike: Forward +/- 5% [2.21℄*** [2.47℄***Risk Reversals -102.65 -41.02Strike: Delta 10 [7.03 ℄*** [6.24 ℄***Risk Reversals -63.14 -30.69Strike: Delta 25 [3.99 ℄*** [3.95 ℄***Observations 1667 1759 1776 1776 1667 1759 1776 1776R2 0.08 0.21 0.23 0.23 0.04 0.05 0.04 0.05Notes: This table do
uments 
ontemporaneous relationships between 
hanges in nominal ex
hange rates and 
hangesin risk reversals. All spe
i�
ations in
lude 
urren
y-�xed e�e
ts. Panel I presents results based on raw variables. PanelII uses 
ross-se
tionally demeaned variables to 
ontrol for the spe
i�
 role of the US Dollar. Changes in ex
hangerates 
orrespond to monthly log 
hanges. Changes in risk reversals 
orrespond to �rst di�eren
es. risk reversals arenormalized by spot rates. Standard errors obtained from bootstrap pro
edures using 1000 repli
ations are presentedbelow the point estimates. The symbols ***, ** and * indi
ate statisti
al signi�
an
e at 1, 5 and 10 per
ent 
on�den
elevels. The sample 
omprises 
urren
ies from advan
ed 
ountries. Data are monthly, from JP Morgan. The sampleperiod is 01/1996 -08/2008.
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Table 19: Risk Reversals and Ex
hange Rates: Contemporaneous Spe
i�
ations - All CountriesDependant Variable: Ex
hange RatesPanel I: Raw Variables Panel II: Demeaned VariablesRisk Reversals -19.71 -19.07Strike: Forward +/-10% [7.07℄*** [7.35℄***Risk Reversals -18.23 -15.93Strike: Forward +/-5% [2.76℄*** [3.58℄***Risk Reversals -18.48 -10.28Strike: Delta 10 [34.78℄ [33.21℄Risk Reversals -9.90 -6.84Strike: Delta 25 [17.25℄ [15.44℄Observations 1638 1741 1760 1760 1638 1741 1760 1760R-squared 0.05 0.18 0.21 0.2 0.03 0.05 0.06 0.04Notes: This table do
uments 
ontemporaneous relationships between 
hanges in nominal ex
hange rates and 
hangesin risk reversals. All spe
i�
ations in
lude 
urren
y-�xed e�e
ts. Panel I presents results based on raw variables. PanelII uses 
ross-se
tionally demeaned variables to 
ontrol for the spe
i�
 role of the US Dollar. Changes in ex
hangerates 
orrespond to monthly log 
hanges. Changes in risk reversals 
orrespond to �rst di�eren
es. risk reversals arenormalized by spot rates. Standard errors obtained from bootstrap pro
edures using 1000 repli
ations are presentedbelow the point estimates. The symbols ***, ** and * indi
ate statisti
al signi�
an
e at 1, 5 and 10 per
ent 
on�den
elevels. The sample 
omprises 
urren
ies for the full sample of available 
ountries. Data are monthly, from JP Morgan.The sample period is 01/1996 -08/2008.
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Table 20: Risk Reversals, Ex
hange Rates and Curren
y Ex
ess Returns: Predi
tive Spe
i�
ationsDependant Variable: Panel I: Ex
hange Rates Panel II: Curren
y Ex
ess ReturnsInterest Rate Di�erential -0.58 -0.61 -0.58 -0.72 -0.732 -1.58 -1.61 -1.73 -1.78 -1.74[0.616℄ [0.626℄ [0.36℄ [0.41℄ [0.4℄* [0.615℄** [0.37℄*** [0.41℄*** [0.40℄*** [0.41℄***Risk Reversal 2.37 2.31Strike: Forward +/-10% [6.15℄ [5.86℄Risk Reversal -1.87 -1.82Strike: Forward +/-5% [1.85℄ [1.86℄Risk Reversal -5.4 -5.28Strike: Delta 10 [2.93℄* [2.89℄*Risk Reversal -7.1 -6.96Strike: Delta 25 [4.45℄ [4.79℄R2 0.01 0.015 0.01 0.01 0.01 0.034 0.037 0.036 0.035 0.038Observations 1776 1666 1738 1750 1750 1776 1738 1750 1750 1750Notes: This table presents results of predi
tability tests. We regress monthly 
hanges in nominal ex
hange rates (panelI) or monthly 
urren
y ex
ess returns (panel II) on risk reversals and interest di�erentials. The interest di�erentialis de�ned as the di�eren
e between the domesti
 and the foreign interest rate. The null hypothesis of UIP notbeing reje
ted is a 
oeÆ
ient of 1 for the interest rate di�erential in panel I and a 
oeÆ
ient of zero in panel II.All spe
i�
ations in
lude 
urren
y-�xed e�e
ts. Standard errors obtained from a bootstrap pro
edure using 1000repli
ations are presented below their respe
tive point estimates. ***,**,* indi
ates statisti
al signi�
an
e at 1, 5,10 per
ent 
on�den
e levels. The sample 
omprises 
urren
ies from advan
ed 
ountries. Data are monthly, from JPMorgan. The sample period is 01/1996 -08/2008.
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Table 21: Risk Reversals, Ex
hange Rates and Curren
y Ex
ess Returns: Predi
tive Spe
i�
ations- All CountriesDependant Variable: Panel I: Ex
hange Rates Panel II: Curren
y Ex
ess ReturnsInterest Rate Di�erential 0.86 0.96 0.89 0.79 0.78 -0.13 -0.00 -0.09 -0.12 -0.09[0.32℄*** [0.37℄** [0.34℄*** [0.31℄*** [0.36℄** [0.34℄ [0.38℄ [0.36℄ [0.33℄ [0.34℄Risk Reversal 2.99 3.96Strike: Forward +/-10% [2.39℄ [2.43℄Risk Reversal 1.82 2.21Strike: Forward +/-5% [1.18℄ [1.24℄*Risk Reversal -2.42 0.29Strike: Delta 10 [5.95℄ [5.57℄Risk Reversal -1.07 0.55Strike: Delta 25 [3.72℄ [3.4℄R-squared 0.0711 0.0788 0.075 0.0716 0.016 0.025 0.021 0.0167 0.0163 0.0167Observations 3580 3129 3427 3576 3576 3580 3129 3427 3576 3576Notes: This table presents results of predi
tability tests. We regress monthly 
hanges in nominal ex
hange rates (panelI) or monthly 
urren
y ex
ess returns (panel II) on risk reversals and interest di�erentials. The interest di�erentialis de�ned as the di�eren
e between the domesti
 and the foreign interest rate. The null hypothesis of UIP notbeing reje
ted is a 
oeÆ
ient of 1 for the interest rate di�erential in panel I and a 
oeÆ
ient of zero in panel II.All spe
i�
ations in
lude 
urren
y-�xed e�e
ts. Standard errors obtained from a bootstrap pro
edure using 1000repli
ations are presented below their respe
tive point estimates. ***,**,* indi
ates statisti
al signi�
an
e at 1, 5, 10per
ent 
on�den
e levels. The sample 
omprises 
urren
ies from advan
ed and emerging 
ountries. Data are monthly,from JP Morgan. The sample period is 01/1996 -08/2008.
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Table 22: Risk Reversals and Ex
hange Rate Changes: Curren
y by Curren
y Predi
tive Spe
i�
a-tionsCountry Code CAN CAN CHE CHE EUR EUR GBR GBR JPN JPN AUS AUS SWE SWEInterest Rate Di�erential -2.23 -2.23 -4.1 -3.96 -4.13 -3.96 -0.91 -0.74 -1.37 -1.28 -4.26 -4.48 -3.49 -3.18[1.66℄ [1.64℄ [1.80℄** [1.86℄** [1.68℄** [1.72℄** [1.84℄ [1.82℄ [1.64℄ [1.65℄ [1.66℄** [1.69℄*** [1.37℄** [1.38℄**Risk Reversal 0.3 -4.93 -8.1 -9.8 6.44 14.03 -22.29Strike: Delta 10 [16.89℄ [18.34℄ [18.84℄ [15.84℄ [9.72℄ [24.88℄ [20.57℄Observations 150 150 150 150 115 115 150 150 150 150 150 150 150 150R-squared 0.01 0.01 0.03 0.03 0.05 0.05 0 0 0 0.01 0.04 0.05 0.04 0.05Country Code NOR NOR NZL NZL ISR ISR POL POL SGP SGP CZE CZE KOR KORInterest Rate Di�erential -2.03 -2.22 -2.5 -2.49 0.47 1.21 0.59 1.23 -0.6 -0.6 0.37 0.11 1.7 1.92[1.12℄* [1.13℄* [1.54℄ [1.55℄ [1.14℄ [1.51℄ [0.72℄ [1.07℄ [1.92℄ [1.92℄ [0.39℄ [0.38℄ [0.62℄*** [0.51℄***Risk Reversals 9.65 3.11 13.28 17.23 4.14 -12.61 14.98Strike: Delta 10 [19.17℄ [22.22℄ [18.99℄ [17.32℄ [13.44℄ [8.30℄ [18.16℄Observations 150 150 150 150 78 78 99 99 150 150 134 134 136 134R-squared 0.02 0.02 0.02 0.02 0 0.01 0.01 0.01 0 0 0 0.02 0.12 0.14Notes: This table presents results of predi
tability tests. We regress monthly 
hanges in nominal ex
hange rateson risk reversals and interest di�erentials. The interest di�erential is de�ned as the di�eren
e between the domesti
and the foreign interest rate. The null hypothesis of UIP not being reje
ted is a 
oeÆ
ient of 1 for the interest ratedi�erential. Standard errors obtained from a bootstrap pro
edure using 1000 repli
ations are presented below the pointestimates. The symbols ***, **, * indi
ate statisti
al signi�
an
e at 1, 5, and 10 per
ent 
on�den
e levels. We fo
uson advan
ed 
ountries. We ex
lude observations that do not 
orrespond to a 
oating ex
hange rate regime a

ordingto IMF De Fa
to 
lassi�
ation. Data are monthly, from JP Morgan. The sample period is 01/1996 -08/2008.
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