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I. INTRODUCTIONCarry trade:borrow in low interest rate 
urren
iesinvest in high interest rate 
urren
iesrisk: depre
iation of investment 
urren
y / appre
iation of funding
urren
yLarge expe
ted returns:in
onsistent with UIPrisk-based explanation?Folk wisdom:`up the stairs, down the elevator', `pi
king dimes in front of asteamroller'akin to disaster risk → low returns in large, rare events with highSDF



Example: New Zealand Dollar and Japanese Yen
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Carry Returns (blue) and Consumption Growth (red)
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Corr. = 0.42



Question
How mu
h 
ompensation for disaster risk in 
arry-trade returns?Idea: hedge 
arry trade with 
urren
y options:no more disaster riskless `normal times' / Gaussian riskneed a method to assess how mu
h Gaussian risk is left



Option Market Lexicon

• Black and Sholes (B&S)

• Out of the Money, At the Money, In the Money

• Delta: sensitivity of Option Price to Price of Underlying

• Delta: 10, 25, 50, 75, 95.

• Delta Intepretation: Delta 10, 10% change of enterning the money (B&S)



• Implied Volatility (B&S implied)

• Smile (symmetric or assymetric)

• Risk Reversal: Price OTM put - Price OTM Call

• Risk-Neutral Density (State-Price Density)

• Risk-Reversal, Excess Downside Risk, Skewness of Risk-Neutral Distribu-
tion, Assymetric Smile
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Deltas of Put Options
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Implied Distributions and Volatility Smiles
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Implied Volatility Smiles - August 2008
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Implied volatilities are in per
entages. Strike pri
es are s
aled by spot rates.



Risk Reversals and Changes in Ex
hange Rates
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This paperSimple stru
tural model:Gaussian risk + disaster riskoption pri
es in 
losed form
arry trade returns and hedged 
arry trade returns in 
losed formSimple de
omposition:
arry trade returns πG + πDhedged 
arry trade returns (1+ ∆)πGKey advantage: stru
tural estimation, 
an use wide range of optionstrikesvery liquid at the money optionsless liquid out of the money options



Preview of our main resultsBuild portfolios using JPMorgan data → developed 
ountries,1996-2008Ex
lude fall 2008 from sample → disasterSizeable 
ontribution of disasters:
πD/(πG + πD) ≃ 1/5large standard errors, but πD signi�
antRobustness:transa
tion 
osts ⇒ πD/(πG + πD) ≃ 1/4options that are not default-free: may in
rease estimatein
lude developing 
ountries or fo
us on smaller set of 
ountriesportfolios formed on risk-reversalsBa
k of the envelope:
ase study of Fall 2008 as a disasterroughly 
onsistent with Barro (2006), Barro and Ursua (2008)



!��"��� �# �
� ���
���

�'�� )�"� '%"�'�&

��
���	�	�
��
 ��
����	�� ����	���	� ���� ���	�	
� ���	


�����	 �� ��
���	�	�
��
 ����	���	� ���� �����	 �� 	������	 ���	


����� ���������� 
���	



������� �������
��

�'&" ��'&��! ����"�	#

-�
�	��	�	� 1��	� ��� �	�	�
	� .*++,0

-���
��� .*++20

-
��
��	 3���	���
� 4�	
���	�
�� ��� )	�	�� .*++,0

5
�	� .*++,0

6%"�'�&#

-��	
 .&66/0

7��� ��� 8
 .*++20



������� �������
��

����'&"���"���0 ��+'�*�"�'�0 ������'���#

�����
��
��
�	� 9���
 .*++&0 -
��
��	 3���	���
� 4�	
���	�
��

��� )	�	�� .*++/ *++,0

������������ -����	��� ��� ��� 8������ .*++/0


	����	��� $���� ��� :���	� .&66+0

��&(#

���

������� 9

��� ��� ;	��	���� .*++20


	��	�������� <����	= <��	
�� ��� 4	��	 .*++* *++20

����� ��	�	�	��	
� ;	��	���� .*++/0

���� �	�� ��
�� 7������� ��� 7���	 .*++/0 -��
�� ��� "�����
������

.*++20

�	
�� 4����
�� .&66>0 3���
 ��� 9	��
 .&66(0 9	��
 .*++,0

��
�
�	�� $���� ��� %����� .*++,0

��	�	�	��	���		� 9

��� )�


���� ��� ;	��	���� .*++,0



�
���	�

� �������	�
��

� ���
�

� ���
���
��

� ���	���
��



��� ���$%

�'*���� .7� +'� �'*� ��	 �'���
� �����	�	���� '� &"�"� Ω�
#

�'
��,�+τ = −�τ + ε
√

τ − 2

�
��� (ε) τ

+
{
� �+ "���� �& �' 	�&�&"�� �" "�*� � + τ
�'
 (�) �+ "���� �& � 	�&�&"�� �" "�*� � + τ

}
.

�'
��
�,�+τ = −�τ + ε�

√
τ − 2

�
��� (ε�) τ

+
{
� �+ "���� �& �' 	�&�&"�� �" "�*� � + τ
�'
 (��) �+ "���� �& � 	�&�&"�� �" "�*� � + τ

}
.

�����	�� ��&( → (ε, ε�) �'�*��0 *��� 8��'0 ��! �'�����"�'�
�	������ ��&(

(�, �∗) ������ �� �
��� ��
�
�	� �� ��
����!
 "#$

�	���=����� �� � ��
�
�	�� ����������� ? �τ

������������ '+ (ε, ε�) , (�, �∗) ��	 �����8�"�'� '+ 	�&�&"��&



&���� ���������

7�&�&"��&#

���	

���� "#$

����	 �

	� ����	 ���	�	��


9)' ���)&#

�����	������� ���� �� ����	���	 ���

������ �
 �� )�	�= .&6,,0

��� -���� .*++/0 ���� ��� �� ������ 	������� ���
�


@������� ���
�
 
��	

 ��'
����� 
������	



�	������ ����� �	� �'���	(� �����

���	��� �������� ����� ��+τ/�� = ��
�,�+τ/��,�+τ

��+τ/�� > 2 → �%%�����"�'� '+ +'���
� �������!

*'��*��"& �� ��+τ/�� :

������ ���	
 → ε−, ε∗
+

��
�
�	�
 → �−, �∗
+

�������� ����� � = � − �� [� − 2]

��*�" '+ &�'�" *�"���"��& τ → �

������&�& )�"� 	�&�&"�� ��&( −�� [� − 2]
�'*%��&�"�'� +'� �'�	��
 �������! "��" 	�%�����"�& �� 	�&�&"��&



3��(�	(

;&&�*� +'� ��%'&�"�'�#

� < � ∗ .���	 �
 �
����� �
��	���0

� > �∗ �A
A

 ���! "��	� %�!'=#


�,�+τ = ��
�τ ��+τ

��
− ��τ

��	
�	 ����! "��	� %�!'=#


�,�+τ(
 ) =
(
2− λ�

�,�+τ (
 )��,�+τ(
 )
)
��

�τ ��+τ

��

+λ�
�,�+τ (
 )

(

 − ��+τ

��

)+

− ��τ

)���� ��	
� ��"�' ��'&�� "' ���*���"� "��� ��&(

λ�
�,�+τ (
 ) = ��

�τ/
(
2+ � (
 ) ��

�τ
)



����
 ������

$�*�" '+ &�'�" *�"���"��&#


 � = ��*
τ→�

��� [
�,�+τ] /τ


 �(κ) = ��*
τ→�

���
[

�,�+τ

(
�κ

√
τ
)]

/τ

/�! '�>��"&#

�	��� Δ�
��

(κ) = −N(κ/σ)
��
�
�	� ��
� ��	��
� π� = �� [� − ��]
%�


��� ��
� ��	��
� π� = ��� (ε, ε − ε�)

����� ������ 
 � = π� + π	

������ ����� ������ 
 � (κ) =
(
2+ Δ�

��(κ)
)

π	



3��(�� ����
 ������

����	
�	 ��"���# 
 � = π� + π	

�� %���"���#

<:B� � � (κ) = +.(π�

�� *(��	���� � � (κ) = +.2(π�

�� &+��	���� � � (κ) = +.6π�

��"��"�'� +'� ;9� 
 � (κ) = �.<π	

	�������	 ��� ��
�
�	� ��
�

	�������	 ����� %�


��� ��
�

"#$ �
�
 ���	 �	���� �� �	��	�������
AAA

AAA�
� ��
� ��C

��	�� �� ���	� τ ���� %�


��� ��
����
���� σ
√

τ



Implied volatilitiesImplied volatility , σ̂t,t+τ (K )Pt,t+τ(K ) = e−r ∗τV PBS (1,Ke(r ⋆−r )τ, σ̂t,t+τ (K )
√

τ
)

.Implied vol limτ→0 σ̂t,t+τ

(eκ
√

τ
)

= var (ε⋆ − ε)1/2Valid if 
ontribution from disaster to option pri
e p(J∗ − J)τ small
ompared to 
ontribution from normal volatility ξ (κ) σ
√

τ or
τ ≪ (ξσ/ (p |J − J⋆|))2With our estimates, rewrite as τ ≪ 44ξ (κ)2In pra
ti
e valid ATM ξ = 1/

√2π → τ = 1 month≪ 6.9 yearsAway from money → negliglible adjustments. Typi
ally, impliedvol away from money less than 20% higher than ATM
(1+ ∆) of 10-delta options from 0.9 to 0.94
(1+ ∆) of 25-delta options from 0.75 to 0.79bias towards less disaster risk



Risk reversalsForward F = e(r−r ⋆)τRisk reversalRR(Fk) = P (

Fk−1)− k−1C (Fk)RR(Fk) = 0 if no disaster risklimτ→0 RR(Feκ
√

τ)/τ = (1+ 2∆PBS(κ))pE [(J⋆ − J)]limτ→0 RR(Feκ
√

τ)/τ and r ∗ in
rease with J∗Can also be used for dire
t inferen
e of πD



III. EstimationMain estimateswith transa
tion 
ostsRobustness 
he
ks:defaultsrisk-reversalsCase study: Fall 2008Implied volatility smile



EstimationFo
us on one month 
urren
y options and returnsBuild portfolios of 
urren
y ex
ess returns by sorting on interestrates, rebalan
ing every monthCountries are indexed by i ∈ IState variable Ωt : arbitrary stationary sto
hasti
 pro
essParameters of the model are arbitrary fun
tions of ΩtPortfolio sets I1(Ωt), I2(Ωt), and I3(Ωt).High interest rates ri : high gi or low pE [Ji − 1].Disaster risk important determinant of 
ross-
ountry variations ininterest rates =⇒ portfolio formed by sele
ting 
ountries with highinterest rates will on average sele
t 
ountries that feature highdisaster risk, −E [Ji ].



Estimation Pro
edureZero-investment strategy: long portfolio 3, short portfolio 1 →usual 
arry tradesEstimation of πG and πD :Re
all that X e
= πG + πD and X e

(κ) = (1+ ∆κ)π
GGMM using X̃ e(κ) and X e , whereX̃ e(κ) = X e

(κ)/(1+ ∆κ)Summary:
πG =

∑κ∈I X̃ e(κ)
#I

πD = X e − πGSmall sample size → Bootstrap standard errors.



SampleJanuary 1996 - De
ember 2008Fo
us on January 1996 - August 2008Fall 2008 → disasterJP Morgan, 32 
urren
ies: Argentina, Australia, Brazil, Canada,Switzerland, Chile, China, Columbia, Cze
h Republi
, Denmark,Euro Area, United Kingdom, China Hong Kong, Indonesia, Israel,India, Japan, South Korea, Mexi
o, Malaysia, Norway, New Zealand,Peru, Philippines, Poland, Sweden, Singapore, Thailand, Turkey,Taiwan, Venezuela, and South Afri
a.Fo
us on developed 
ountries: Australia, Canada, Switzerland,Cze
h Republi
, Euro Area, United Kingdom, Israel, Japan, SouthKorea, Norway, New Zealand, Poland, Sweden and Singapore.more liquid optionsnormal returns (ex
ept South Korea → out)



Normality of returnsDeveloped 
ountries 01/96-08/08:bootstrapping skewness and kurtosis → not signi�
antly di�erentfrom GaussianLilliefors test → same 
on
lusionJarque-Berra test → reje
ts more often (UK, Japan) but known toover-reje
t in short samplesHeteros
edasti
ity → GARCH(1,1) before normality testsStriking di�eren
e with developing 
ountries (mostly high kurtosis)In
luding Fall 2008 → reje
t normal for many developed 
ountries



Portfolio Chara
teristi
s
Average return in
reases from portfolio 1 to 3Hedging redu
es returns: the 
loser to the money is the hedge, thelower the average returns



Ex
ess Returns: Countries sorted on Interest RatesPortfolios 1 2 3 1 2 3Going Long Going ShortPanel I: UnhedgedMean −1.37 1.45 5.13 1.37 −1.45 −5.13
[2.08] [2.25] [2.08] [2.02] [2.14] [1.99]Sharpe Ratio −0.19 0.19 0.71 0.19 −0.19 −0.71Panel II: Hedged at 10-deltaMean −2.30 0.65 4.06 0.74 −1.58 −5.33
[1.93] [1.99] [1.90] [1.86] [1.94] [1.87]Sharpe Ratio −0.33 0.09 0.60 0.11 −0.23 −0.81Panel III: Hedged at 25-deltaMean −2.14 0.59 3.03 0.62 −1.21 −4.68
[1.72] [1.82] [1.66] [1.48] [1.59] [1.53]Sharpe Ratio −0.36 0.09 0.51 0.12 −0.21 −0.86Panel IV: Hedged ATMMean −1.33 0.61 1.68 0.02 −0.86 −3.47
[1.27] [1.40] [1.26] [1.07] [1.13] [1.10]Sharpe Ratio −0.31 0.13 0.39 0.00 −0.21 −0.91



Disaster Risk Premia - Developed CountriesPanel I: Carry Ex
ess ReturnsUnh. Carry H. at 10 δ H. at 25 δ H. ATMMean 6.50 4.80 3.65 1.70
[1.88] [1.59] [1.41] [1.12]Mean Spread 1.70 2.85 4.80

[0.41] [0.85] [1.32]Panel II: Estimations10δ 25δ ATM 10δ, 25δ, GMMand ATM 2nd Stage
πD 1.16 1.63 3.10 1.96 1.01

[0.41] [0.87] [1.68] [0.93] [0.36]
πG 5.33 4.87 3.40 4.53 4.77

[1.79] [1.87] [2.21] [1.87] [1.92]
πD − πG −4.17 −3.23 −0.30 −2.57 −3.76

[1.90] [2.31] [3.51] [2.35] [2.02]Countries sorted on interest rates. Data are monthly, from JP Morgan. The sample period is 1/1996 - 8/2008.



Disaster risk premia
πD ≃ 1/5 of πG + πDLarge standard errors, but πD signi�
antTwo 
on
lusions:disaster risk pri
ed in 
urren
y marketssigni�
ant di�eren
es in amount of disaster risk a
ross 
ountries

πD higher using ATM options than out of the money options:di�eren
es not signi�
antilliquidityModel misspe
i�
ation?small disasters to in
rease risk neutral probability of smalldepre
iationsspe
i�
ation test: GMM estimation 4 moments for 2 parameters → Jtest of model pri
ing errors → p-value of 0.18 → model not reje
ted



Transa
tion 
ostsBid-ask spreads for spots and forwards: Reuters → ≈ 8 bpImpa
t on unhedged 
arry trade:assuming 12 trades per year, redu
es unhedged 
arry trade by 100bpGilmore and Hayashi → overestimate if position rolled over →estimate 13bp (but assumes stays in portfolio for 5 years)We assume something in between: 25bpBid-ask spreads for 
urren
y options:Bank of Fran
e for bid-ask spreads for di�erent 
urren
y pairsNovember 10 2008 → 30% of mid-pointJanuary 20 2009 → 10% of mid-pointmarket parti
ipants→ larger than usualwe assume 5% of implied volatility → time-varying spreads
πD ≃ 1/4 of πG + πD



Disaster Risk Premia - With Transa
tion CostsUnh. Carry H. at 10 δ H. at 25 δ H. ATMMean 6.25 4.21 2.83 0.78
[1.83] [1.67] [1.44] [1.14]Mean Spread 2.04 3.42 5.47

[0.43] [0.85] [1.34]Panel II: Estimations10δ 25δ ATM 10δ, 25δ, GMMand ATM 2nd Stage
πD 1.57 2.47 4.69 2.91 1.28

[0.41] [0.87] [1.68] [0.93] [0.37]
πG 4.67 3.78 1.56 3.34 4.02

[1.81] [1.91] [2.29] [1.91] [1.96]
πD − πG −3.10 −1.31 3.14 −0.42 -2.74

[1.91] [2.35] [3.60] [2.41] [2.04℄Countries sorted on interest rates. Data are monthly, from JP Morgan. The sample period is 1/1996 - 8/2008.



If options are not default-freeSuppose that the party selling the options defaults in disasters withprobability φThen, agent engaging in hedged 
arry trade still bears φ of thedisaster risk premium. So:X ehedged = (1+ ∆)πG + φπD .This implies, for our estimation:
πD =

X e − X e
(κ)/(1+ ∆κ)1− φ/(1+ ∆κ)For instan
e, with ATM options (∆ = −0.5), our estimate ismultiplied by 1.25 when φ = 0.1, by 2 when φ = 0.25.So 
ounterparty risk 
ould be quite important.



Risk-Reversals: Developed CountriesPortfolios 1 2 3Units: Implied VolatilitiesMean RR10 −0.73 0.05 1.12
[0.06] [0.05] [0.06]Mean RR25 −0.40 0.01 0.58
[0.03] [0.03] [0.03]Units: Pri
esMean RR10 −0.62 0.43 1.96
[0.08] [0.07] [0.08]Mean RR25 −0.46 1.28 3.95
[0.14] [0.13] [0.15]Countries sorted on interest rates. Data are monthly, from JP Morgan. The sample period is 1/1996 - 8/2008.



Interest Rate Di�erential and Risk ReversalCountry set: advan
edMaturity: One monthFixed E�e
tsRisk-Reversal (Vol, Delta 10) 0.4484***[0.0544℄(Vol, Delta 10 - Vol, ATM) 0.8763***[0.0991℄Observations 1828 1828R-squared 0.47 0.479



Ex
ess Returns: Developed Countries, sorted on RRPortfolios 1 2 3 1 2 3Panel I: UnhedgedMean 0.48 1.22 3.70 −0.48 −1.22 −3.70
[2.10] [2.11] [1.95] [2.06] [2.05] [1.87]Sharpe Ratio 0.06 0.16 0.54 −0.06 −0.16 −0.54Panel II: Hedged at 10-deltaMean −0.38 0.47 2.57 −1.00 −1.39 −3.96
[2.02] [2.05] [1.83] [1.98] [1.90] [1.76]Sharpe Ratio −0.05 0.07 0.39 −0.14 −0.20 −0.62Panel III: Hedged at 25-deltaMean −0.21 0.05 1.83 −0.68 −1.29 −3.45
[1.68] [1.70] [1.51] [1.66] [1.61] [1.45]Sharpe Ratio −0.03 0.01 0.33 −0.12 −0.23 −0.65Panel IV: Hedged ATMMean −0.03 −0.09 1.17 −0.53 −1.33 −2.55
[1.28] [1.31] [1.10] [1.12] [1.16] [1.06]Sharpe Ratio −0.01 −0.02 0.29 −0.13 −0.32 −0.69Data are monthly, from JP Morgan. The sample period is 1/1996 - 8/2008.



Disaster Risk Premia - Countries Sorted on RRUnh. Carry H. at 10 δ H. at 25 δ H. ATMMean 3.22 1.57 1.15 0.64
[1.66] [1.53] [1.29] [1.14]Mean Spread 1.65 2.07 2.58

[0.36] [0.80] [1.32]Panel II: Estimations10δ 25δ ATM 10δ, 25δ, GMMand ATM 2nd Stage
πD 1.48 1.68 1.94 1.70 1.41

[0.36] [0.87] [1.72] [0.94] [0.32]
πG 1.74 1.54 1.28 1.52 1.67

[1.67] [1.74] [2.11] [1.74] [1.78]
πD − πG −0.26 0.14 0.66 0.18 −0.27

[1.79] [2.22] [3.49] [2.28] [1.90]Countries sorted on risk reversals. Data are monthly, from JP Morgan. The sample period is 1/1996 - 8/2008.



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 0.05



Fall 2008We take the view that Fall 2008 is a disasterVery low 
arry trade returns:average monthly return of our 
arry trade strategy is -4.6 per
ent →large drop (monthly std=2%)
umulative de
line from September to De
ember amounts to 17.8per
entalmost all due to losses on sharp depre
iations of high interest rate
urren
ieslarge number of options triggeredBad times as measured by most risk fa
tors:sto
k market, VIX, MOVE, 
redit spreads, aggregate 
onsumptionup to �ve standard deviationsNegative relation: risk-reversals and subsequent depre
iations



Curren
y Carry Trades and Equity Returns
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Carry Returns and Risk Measures
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Options Exer
ised
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Comparison with Barro and Ursua (2008)Barro and Ursua (2008)p = 3.63%E [B−γ] = 3.88pE [B−γ] = 14%In our modelJ = B−γFbased on Fall 2008 → assume E [F − F ⋆] = 20%assume no 
orrelation between F − F ∗ and Bleads to πD = pE [B−γ(F − F ∗)] = 2.8%higher than our estimate of 1.1%Broadly 
onsistent with Barro



Implied volatilities in the modelPri
e of a put isPt,t+τ (K ) = (1− pτ) e−g∗τV PBS (1,Ke−(g−g∗)τ, σ
√

τ
)

+ pτe−g∗τE [J∗V PBS (1,Ke−(g−g∗)τJ/J∗, σt,t+τ

√
τ
)]

,We use that to 
ompute the implied volatility of the optionCalibrationJ = B−γ = 3.88, p = 3.63% from Barro and Ursua (2008)J∗ to mat
h estimate of πD (i.e. J∗ = J (1− πD/ (pB−γ)
))

σt,t+τ to mat
h implied volatility at the money in portfolio 3 of 10%(i.e. σt,t+τ = 9.6%).we want r = 3%, r ∗ = 5.8%, so we take g = 13.4 and g∗ = 14.6%.



Implied Volatilities: Portfolio 3 vs ModelPortfolio 3 Model10δ−Put 11.50 11.5
[0.20]25δ−Put 10.60 10.6
[0.17]ATM 10.0 10.0
[0.17]25δ-Call 10.02 9.9
[0.15]10δ-Call 10.39 9.8
[0.16]Countries sorted on interest rates. Data are monthly, from JP Morgan. The sample period is 1/1996 - 8/2008.



IV. CONCLUSION
This paper:Simple methodology to disentangle disaster and Gaussian risk premiaSigni�
ant estimate of disaster risk premia on 
urren
y markets.



Options: Bla
k-S
holes ba
kground (I/II)Bla
k-S
holes formula extended to ex
hange rates by Garman andKohlhagen (1983)V PBS(S ,K , σ, r , r ⋆ , τ) = Ke−rτN(−d2)− Se−r ⋆τN(−d1)whered1 = log(S/K ) + (r − r ⋆ + σ2/2)τ
σ
√

τ
, d2 = d1 − σ

√
τS
alingV PBS(S ,K , σ, r , r ⋆ , τ) = V PBS(Se−r ⋆τ,Ke−rτ, σ

√
τ, 0, 0, 1)Notation V PBS(S ,K , σ) ≡ V PBS(S ,K , σ, 0, 0, 1)



Options: Bla
k-S
holes ba
kground (II/II)Delta of a put:
∂V PBS(S ,K , σ, r , r ⋆ , τ)/∂S = −e−r ⋆τN(−d1)Limit of short maturities → delta of a put option with time tomaturity τ and strike Seκ

√
τ:

∆PBS(κ) ≡ lim
τ→0 ∂V PBS(S ,Seκ

√
τ, σ, r , r ⋆ , τ)/∂S = −N(κ/σ)Example, ATM:

∆PBS(0) = −0.5



Option Payo�s
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Deltas and Strikes
25−Delta
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Deltas of Put Options
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Implied Volatilities: Developed CountriesPortfolios 1 2 310δ−Put 9.78 10.09 11.50
[0.14] [0.17] [0.20]25δ−Put 9.38 9.56 10.60
[0.15] [0.16] [0.17]ATM 9.33 9.31 10.02
[0.14] [0.16] [0.17]25δ-Call 9.78 9.55 10.02
[0.15] [0.16] [0.15]10δ-Call 10.51 10.05 10.39
[0.16] [0.17] [0.16]Countries sorted on interest rates. Data are monthly, from JP Morgan. The sample period is 1/1996 - 8/2008.
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