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26 SRCEFE A23W AlS (2024. 3)

k] AA S AF A St ol vg Yo}t qlskite] el AagAI T oS
AFS B35 Asp NS S04 e 2849l 71400 s B3tagAFe] o =)
Wkt 7R QlojAE U8 FEAQl A3 drhal FAslvh gk, AH2007)=
gy S8R WAE B s, Skt Sk agS o] &ate] QT o ®
NGk Ak Al A 713]7F Dt A& W] SR Y= XS oI pAds A
HluLsto] EASEATE EA A ] fJEAPge] AR A el mX= FAE o A e
PO R 3]Hsh= 713 JA AAl FAE = Ao YehA Al E&A4o] i eR
gojzltta F43ct

e WA (S A7) AR S B4 AT EE AuEa A - AEE
(2011)& QA A3 Al-g ol a3+ (credit default swap, ©13F CDS)AH 7he] WHEA
dolg¥E AFTEA atdth o5 A& A FE(CDS)A G A A2l (USD/KRW)
Ao R HRIL FE b AE doldntal F4stA =], 5381, 5897 o] Fel=

G FE(CDS)el A eA o m AA 07 ol HE & s Hthal F4a3ith
AR - HEH(2013)2 FEX)FAW A, o|AE2=gA 18 3 F7HCDS =X =
oto] s AAE 5917 o = 5

o] T HE oA FXHFAMEAEY H7ICDSTHe] Aol 53] ¢ *@54910111

oA Al BAE A Al 3ty] il
TVP-VARXE & Ab&3ete] dde] SH&s2 At wet
M2 T2 vepdths 1S Bk webs] gAge] E7h A, T4 7], 28

S

o

AR So) AXNAAY BEAE 3R TE THHeR F ddeir dsAdTHe
Ao AAA FAFSF oF Bl AL AASF T e 2, H W (2022)S EGARCH
EgS ol gt dduege] M HeAdE dlsta, SVARE Y& °]8-54]
AE7 119}4 WAE EAsY. 24 Ad T8 VIS8 s e Aol A
WS S A2 e AFATE Yoon(2016)2 the]l SHEEA] B9 (multi-

factor stochastic volatility model)= ©]-83}o] <8A]7d2] HFAd=HA
A=, 75%]’5163 o] ATM-ATHS 2 3= =]
/\117@ o7 13 »5].1:}51 =S

ol9lo| = 7| 2AMIA &3 gk 144 &S 318 38e] Black and Scholes
(1973) FA7M A& &1-63—5}04 g3k A7 1=, Filho and Rosenfeld(2004) ¢} Li and
Chen(2016)-> ©l| A] 9] = Hedgeworth expansion)< ©]-&-3to] 5A17FA ¢l ¢ = (skewness) 9}
A E(kurtosis) & ‘f‘_ 3 % A7HA2E A OPOP 7tk 53], Li and Chen(2016 )2 OFAIQHEA ol
#-g-ste] &4 HAsIA =], ol & Lol AxE udd A2} A
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\ A5 A AAbeAth Sl A e et s g At
dl, gA8 5(2003)> KOSPI2004] +54 & AH&ste] efwo HEE 183 93
A48 Bogtt o] &2 X =& (edgeworth expansion)S
& TEote] vl sk, WS4 iin
= AAP=g Yol 97t A 3 (out of the money)dll A A=k
VeR e R o & FATTE A 4Ssisith
A=A Bl =
ool 3H&e] <%
AT A e, sH&
(2017)& =AAE FEdo] & WsAds S
(2019)= wl=r<] Al
skoith HAS - WA Q0200 FElvhete] SSkAlde] e Hojde] sha
FAFS MHEAE AU o]5S Feluete] S e uo] e A
5

against the wind) 2] 0.2 Ago] HQth= A AT o7 vrglon 3l SJ8UFAS

OB S FHAYT ABHA B0 A IO e FFS AL A ugke)
Q3hg Aok glek. $89 WEHE A BRI $HYS THN] WEHS
sfobe S AR FHAGAA At ol FolAE A4S BAgons WEYS B

S % Qe AL, BN E A5 W
A g Fagon] Az} oot olu)

FatE 57k w9 2 WA S A (implied
volatility) & A&t} 53], Sl EshEAA M= vlade| sz AA7} o] Foj AR
wAaA WA A A eR V| 2ARte] He dEy fas 18d 23l UDS
sl AskaL -galloF gk shANE APTFA S 2 A o WEA 9t SHEate] #HA %’5@ A=
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28 SRCEFTE A23W AlS (2024 3)

AT LB olgfgt =7IRke E3E M ' wgketa A she Ao
WEH] &S 3H&(foreign exchange, FX)ol2}al 3t} 31828 x

E3tE Tes] wdlels AoV sk AYh Bl F3F AHAE o
A= T8 3FAZ7I R atrh YSHEX) A AA ddl=s 7]F2
A o7 AA| 7} o] Fol A= 7%41% AEBHEFX spot)oletal ot 295
of ZA7} o] Fo A= A= $HFX forward)ehal gt}

A7) =85 Y M

A=3HFX spot)S =l (domestic) s 3¢} 3l €] (foreign) &3} Alo]e] w1 &S o]
gt} ol & 50 USD/KRW gh&o] 1,300 ¢kl A = Atk o v]i=, n]=F3H(USD)
1981E =% sHKRW) 1,300¢ 0.2 u st 4= itk 28 9Ju]dith o 7|4 HAIH =

U538t 9v]= Castagna(2010)0 4 A3t A3 o] XAl SH A2 F-7o]
ol e} 9] Al (numeraire) & 3t= A e] SHDo|A T HEZHFX forward) A 2=
AES A o 11 vE 7E mge] SFAI(GEYE Bk D)ol w2l 43 SR
w7 2 ek Agfolrh. A FFEFNA ol T3 E(forward) AlFES v gt
=3k Al oA = SolsiAE AEro A=At AR 9 EdstA Aol P45
Atk AEZHFX forward)2] 7148 2] (1) A9} o] o] A& v 2] E] o] Z(interest rate
parity theory)ell oJsiA 4tE5 =], o= Wagelo ate]7t ME3HE(FX forward) S
AR Ade® abEo] "ok 2] (1) tollA H7kel A7t o] FojA &= 7 w9
AER] o] B7HAS AulEt r= TWolRbE, e FelolAE S Sfrlgith

1.2 S5t=5M(FX Option)

Aol gk Abdel w2l A8k 7] A Hunderlying asset)9] 7FE a2 ol me} wj= E=
b7 2 Aokl A ofgste e Btk ZlEAbel wet E3kaA, SelaA
FAFA, FIHAFEA ToE e, 7P 713 AR TR S EEAe] At
AL vl Aokl A A 7|2 wiE AT g o, EaAS 712
W =E GG = JE BAkexerciso) W B E ZHeth A4S FAEIIS wlolE A=A
(L2 7F 55 o]dstofol et B E FAA T kst o] Fol A L
o E3g3A 7HXH 7} Akl o9} 2o Black and Scholes(1973)o 4 A A| 8 HIH S
7I9ko 2 Garman and Kohlhagen(1983)0] #7gs}al X ¢ksle] 2hAdsh 24 (2)9F #t).

1) Castagna, A., FX Options and Smile Risk, Wiley, 2010.
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e=8e "TN(d,) — Xe " NMd,) @)
p=Xe ""'N(—d,)—Se " N(—d,)
where d, = In(S/X) +(rp—r,+0°/2)T
oVT
dy=d,—o\/T

A @2k A QoA 5= 712A7H, X2 A, rpe oIk, s s elolRbe
ola, 7= FAle] WIE otk Aol ool sFshs Ftol T, s FEX
Option)A|&ol M= Msd(o) o2 37k S8k Ade 8, o= WAREd At

FA7FA 3 A (A - S, 2013)7F "ok 53], FX54 4172 Risk Reversal(e] &}
RR)A # ¢} Butterfly(¢] 8} BE)E %38lo] A4 549 9% (skewness)$t A & (kurtosis) S
24 rkste] Agt o]y st TS Alwshe dlddl AFRE = 7o) g4 dER o,

T2 e} 5% dE T 10%2] AEoR F7tE o] A B AT} o] FolziT), FAe]
delrt A2 A7 A (deep out of the money, deep OTM)o] |, 7] =24
AA7HA T} YAZEA 7he] Aolw o AXI

1.3 EslgM HEM(FX Option Volatility)

Aol A S8t A7t o] FolA = 83 FX Option)< Reiswich and Wystup
(20100014 Arg gk vle} o] AA A 7FA 2 vrojzith 3 HAl == 5 7HA (at the money,
ATM) 40H], ol AA 9 724174 9o A=A (forward) & &AM S = st
ATMZ54A3 ATMESAS Aol viulste= e 54 (straddle) A 2l & &8t o] Fof
At} EshEA Aol M= AR Faik d 22 9d-S Garman and Kohlhagen(1933)01] 4]
AAGE AbAS 719k o 2 AR ofw), Aol FAShE 7FA S 2wl ojAle] Black
and Scholes(1973) 2.8 oA AR5 (0)S Aketes WY sd3t o=z ALbst
e Al s7tste] AdE @k oA 2, Al ZEn g 2 o]Folzl T3t=
Fant=tia s, Aol S7Hbid & ask)E AA S well= WA o R FA|Ek]
Adghs onlolth. 5, 4 QoA 549 A3t £FA9 s Fe c+pd Y
7FA(Esh tialel s Zejnd ¥} sdg 7hA S oA T oletp) o] HAWESA
(implied volatility) &2 Z7}gth= onjojt}.

7N 2A A o] A (st @ Ths Aol Ertal ddstes AR AL glvkd, ATM

FANAG NzAdes W AEs odvay a=Lghe ¥7) A

»
o
r>~
lo,
i)
o,
rlr
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ZFHAEFATE wgets Ao FEE Aot AT WIS 5T 5 gAY
2 Wl g Art ettt S7FAATM)5AA AN E Este] WsAd S viaj
e Ak STHAATM) AL PAZFE S 712210 sk ate] Agjshs dFolth
et Ao 7122 FEA Y] HAdS sk WEd(EA)e]l k. 53, o
A= F5 71224 e A9 AL Aoz o et gt Wkl digk 3 2 (bias)H
A EZ(preference)’t 915 A HEAUS AT & e FHS 7Y

o=olct+p) @ 7H4 FH(Cal)FAH 57 E(Put)wAe] WA s

ox
—
w
=

T

Md,) — Xe ’

—rpT N(_dl)

Md,) +Xe "

where c+p=.5e "/ N(—dz)—Seir/
- In(8/X) +(rp—r,+0?/2) T

d, =
! o/ T
dy=d,—oT

r
lo,
2

N

N
bt
ro

F A 2= Risk Reversal RR)A A H], 2 (4)9F o] FHA3 5
dete] drfjgle] SUg S FEate] FA wi(mim) e A vl =(vl5)
AHSHA ok olv] Z3A T AL BF 21714 (out of the money, OTM)
s7HA R HE dolAe AEE dArtAce] ofd dERE s Hth Sy
+20d BT 109 el A FAEA ]l o AA e AelH, £
-25d LT -109EFOll A AL FA o] T 2] LreRE Aol =) dERe] A
“otd 5 419171 (deep OTM)o] H

oo M
>
L o
2
=)

o (&
b 2

k)

2

) 7

T

RR(25D) = 0o — 0o p (4)
where RR,,..., = Call Option(Xys 05 0950) — Put Option( Xz p0os p)
Xyse - AEPF 25%(0.25)%1 CallgAde] PA7H4
X,.p YWEPF -259%(-0.25)9) PutAe] A4
ope 0 WEE 25%(0.25)Q1 CallgAde] WA 54
Cosp s AE) -25%(-0.25)91 PutgAe] WA EA

RRe] E7P} otk olvl, $8h44 A4el4] OTMEEAS] 7H4e] OTMESAe]
AAut ¥ 0 57 Ak AL oJnlshs, 20084 2w
Qe Sl WA] 55 Aok, A E Baol B5ahe Bl 54 o

[z lo
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[e5

frelol AAA RR7FA L zolAA €t
57dol B Al A7HAC Wkl 7] el
OTMZA1el 7MW Edo] OTMEFART ¥ A vepd Zlejth

1 $go] Asdhs wio] /1A shetehe BEe] 7hAe] FEv)
Hlf A Q1 gapol e W v AshAl vpEh, S8 A1 el A= o] = (skewness)
adteba Mgt 57b A xZEjnjele] ohd WEAdoR Ut Hed, g 5
259 EFAle] WA E o] 13%0]at, 25 ERe] E3A o] WAl s o] 9%zt
7HA 9, 496(13%-9%) = RRe| 7FA o] FA17} Htt.

Tosct Oosp

BF(25D) = 5

—olc+p) )

Where BFpremzum Ca” Optzon( 25(’70-250)+Put @)tlon( 25P025P)
Xy BEPE 25%(0.25)%) CallFAle] A4

Xosp » e} -25%(-0.25)21 PutgA9] 3AHA
Oas0 : DEM7F 25%(0.25)21 CallgA 2] WAHEA
Oo5p s FEF -25%(-0.25)%1 Puts-A e WAEEA

olct+p)  S7HAFA YWAHSA

HMJ

vpAj o w4 (5)ell A A etal 1= Butterfly(BF) 7 glolth. of Az w3 A
7=l WELS g8t OTME A3 OTMESAS FA]0) “H—ro}ﬂ‘/‘r
Al (strangle) & E3to] 2717} o] FoFth RR¥Y FAFHA BFA Y= 34131
F 97 4 (out of the money)&Aoln, S7lA0 7 By HolxE AR
ofd dEle] Hujgkow F7kstAl Hrh wbekel] BEFO F7b7b Eobxith

Al A F7FAATM) A fsAdrntt 7FA0TM)wA e s
2 o EolRlthE S oulgtt. & WA R T YA oA Hoj X
AA = FEHE AgREGS YehH, Al s ol & H E(kurtosis) &AL

r
o = N rlo r1r o,
o
2 i
o B o

2

whef 259 Eke] BFO| 3717k 1%ehaL 7R 29, Aol A A= +25dEke] Al
-25dEle] EGMAG B Adsts 97hA ~E @2 (strangle) A 2 3 W, 5714
AT Fo oz +1%HEE 7R WEds o] At Zen|gJo Adgs
gt o5 £ol, 4719 RRAZY S dlAlol Aot FdstA digke]
A0 WAMEAE S 13%% 7Hg38ka, OTMERA ] WA EES 9%

o §

T
A

il

of
g
i
25
rr
PV
ﬂl TS

2H9ER] OTMZ
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7S, e oF 1% veth Wl ATMS7HA A 7HA (S A) o] 10%%
& ATMEEAQ 109650 1967} 1 322 11%¢°]7] wEo]

>

BF(25D)= 1%2 3717}

o] Ael A5 WL Abde] & & gldgs, dAle] F&o] TS Bot
G FOZ(0TMOR) 98] #4445 9 2 AAE /A %%Xiii =219 7FsA ]
ZolAthE AL on|sle HEAN A(volatility smile) Z¥¥etnE 3o}

S7FAATM) WA %A, B th 3 (skewness) A =2 YER = RR, 28 12 292 Az}
(kurtosis) =% YUER = BF dlolHE 83tid WEAde Bxs & 4 vk (1™
11 E5% 49 2(Bloomberg)ol Al AAZ FA1E 74K shdolt), 57HE(ATM), RR, BF7}
259Ere} 10HELS 7|02 FAIE A& S AT 5= gtk & AFolA &= ol st
HEA ARES U xds WEATHATM, RR, BF)olgtal A s},

e

L

S

25D RR
U= /i<

[29 1] &% ‘ZHZ(B oomberg) 20239 949 269 V¥ SA(WEA) SR, (FH %)
[T2% 1] USD/KKRWEM(HSM)AIZ SIIHE

3) OTML.2 Z45 W5 Ao] $718le RS M5A v A (volatility smile) &3 % 3t} Muck, M
(2022), “Arbitrage—free smile construction on FX option markets using Garman-Kohlhagen deltas and
implied volatilities,” Review of Derivatives Research, 25, 293-314.
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2. TMAEQ ATYUH

off
e oo

354 (FX Option)& mlEiA Aol Abdel wle] dajxl sh& 2 wad 4 gl A s
AL FAE onlstt. @] 3A o A= Black and Scholes(1973)9} Garman and
Kohlhagen(1983)°] #AIA1gF R E ARG-sto] WA s o2 7H4 S At whebA

< d&3ste] At WAR o] HHA Bl w4

£l
o

A 7HA S m e o] e
AA7FA 0] B7)% ) B$0], 533A(FX Option)ol| A= W54 <] vt A (skewness)S!
Risk-ReversalRR)A < =+ A 2 (kurtosis) 4 =<9 Butterfly(BE)AHE  ¥E3H5}1o]
srteta At mepA 2 ATl A - HE2013)7 H 94 5(2014) A
AREgE A3} o] LB ol A A H = FEEA e WA delH et dde| $H&(USD/
KRW)e] #&3k F717]+ dlolHE AR&-ghth

Aol AFE3E A AID LS 2013 1€HH 202399 8L7HA] Aol A rhE o] Bty
77159 428 (USD/KRW) 37} &3k54 (FX Option) -5
tolH & EF¥ L(Bloomberg)oll A FZEatth FAWSA HolE = fF5do] Eot
A A7 GdetA o] FoAE 1d vE 7|iro R gt

A EA71E ol 2013l A 201937441 €] 717H(Panel A) [29 2]l vt 214 7
29 MY o] oz FFSHATE [(17 3] 20201 o] FQ1 ZEVHIE X3S o] $of
713 (Panel B) 2.2 the AJAIE FololH, 48 918l 7 79 3 vrol e (USD/
KRW)$H&7 W54 =1H(ATM, RR, BF)Zte] #HAE 7I7bE R vlaste] Atsfich

A

Q]
=

BF
gl

o
IR
2
>
.%

>R

Panel A

16 1400

14

1200

12
1000

10

4 — My ¥, . a L

2 9 ’ ] !élla | Sy 200
'w\-"' A - Ng.p T Z o
!.--«i"‘m R

il T B ] 2PN "t * e W B e N
D i SN T S, e T NN
o o
2013-01-01 2014-01-01 2015-01-01 2016-01-01 2017-01-01 2018-01-01 2019-01-01
——— ATM 25D_RR 10D_RR  =eceeee 25D_BF ——— - 10D_BF USDKRW()

[28 2= 20139 19 19%E 20199 12€ 319 7HA] Panel A9 AAIG 712 Fold. 9] Z2S % T =39
¢z 9 b9 (USD/KRWE 92 d534).

[Z3 2] Panel A2| 712 3%0|
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Panel B

20 1600

18
1400
16 ——
.J.N 1200
14 K1 P e

12 iy :'"'(\ 1000
1
10 0¥, + » ‘.:\ PadilS 800
T "W N N7 (o
oW s
& - Y
8 7 v e ‘_',._,.n\r G 600
e
6 ———
400
a ) ey |
2 7?’“-« T PO . 200
R e T AR L A e e e o e T s S
B L L L T T T LAt tetbatasas SRS R
2020-01-01 2021-01-01 2022-01-01 2023-01-01
——— ATM - - 25D_RR 10D_RR  ==eee- 25D_BF = - 10D_BF USDKRW(S)
(29 312 2020 1€ 19%E 20239 8¥ 30Y¥ 7HA] Panel BY AlAIE 7HE Fo]9. w79 #5352 % @9, w59

$-22 9 d¢ (USD/KRWE dde] dE35He)
[ 3] Panel B9 71z 0|

<E 1> Panel A9 L7t J|Z=EA =

<FE 1> 2013.01.01.~2019.12.31. 74419 AAIE (Panel A2l 7125A% o, d922 t BAZFS 90|, 12 BF
19 955014 QAA BT} ol A4S 717 Jarque Bera AAE ATl 14 0.2 HEFH(ol AT 717,
e el A, e 1l A ARIHES Tk oo,

_124_

SPOT ATM RR_25 RR_10 BF_25 BF_10
Hat 1,119.46 9.73 3.00 591 0.57 1.60
RS 1,121.80 9.53 3.04 5.86 0.53 1.56
H gk 1,238.65 14.02 6.91 11.49 1.21 2.68
FH 5wk 1,008.55 6.57 1.28 2.52 0.30 0.74
XAzt 47.82 1.60 0.95 1.77 0.16 0.27
= -0.06 0.14 0.49 0.46 1.27 0.61
A= 2.50 2.37 3.25 3.01 4.30 3.44
Jarque-Bera 19.90 36.24 78.67 65.26 619.05 127.23
el (Level) -2.48 -2.47 -2.03 -1.80 -2.61 -3.99"
G T(12HE) -4359™" -35.57" -24.99™ -39.97" -21.59" -30.40"
T 1,826 1,826 1,826 1,826 1,826 1,826

A AL dlolE o] kA E=E AE3H7] 98l Dickey and Fuller(1979)¢} Dickey and
Fuller(1981)2] w9123 A (unit root test) S ARt &A1 Aab7bd AlAE
qolH e A4S 7HAe] Tt 149 7174 dMdevelo] EAFA 7] whFo] v G S
ZHA B A9 Bk oju ol A AIG el ARAEE ZeA B S ZEeAd] dig
A7 o2 o9l A4 (unit root test)S o] -&FHrh. el < Aol gk AFIHE S

¢
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Hy:ay=19°] 3 g7 H,:a, <1°] FHDickey and Fuller, 1979). & <50l 4]

4 do]¥ ¢ Augmented Dickey Fullerd AA AT} FA1%E 714 d o] ¥ (level)
T 4 EOAT AAEE 7P o, tiRRe] HolHEo] 1%l A
g Ae & g vk SN 1AF ZHE Al o] BE Ho]E ol A

KeN I
2 sk A AADEIE Y N ZEAGS <E 1>3} <K 2o 47

<E 2> Panel Be| &7t 7| =EAZF
<E 2> 2020.01.01.~2023.08.30. 7HA12] A1 AIE (Panel B)2l 712 E5A % 9. @92 t BAHEHS ov], 1A4ES &5
1% Freleaoll A GAA B ol AE7H4S 712 Jarque-Bera AR F A @] #2202 YEPH (I EATA 712).
“E 5%, e 10614 ARAHE Flztehe o)

SPOT ATM RR_25 RR_10 BF_25 BF_10
B 1,222.03 9.03 1.93 3.92 0.52 1.57
Sk 1,204.13 8.63 1.76 3.59 0.50 1.52
ik 1,440.15 17.33 5.58 11.09 1.25 3.62
=P 3 1,081.90 6.51 1.19 2.1 0.28 0.83
ZFAA 82.85 1.48 0.60 121 0.12 0.35
J= 0.48 1.01 2.69 243 2.30 2.38
E2he 2.54 4.78 13.12 11.51 11.17 12.25
Jarque-Bera 44.88 286.54 5,237.75 3,825.13 3,500.41 4,312.38
@91 (Level) -1.15 -3.16" -3.69™" -2.69 -3.317 -3.85"
Sl E(1AHE)  -2067 -12.82™ -10.58™" -26.61"" -45.07"" -33.63""
FET 956 956 956 956 956 956

g

2 Ao M = Geidheo] a3 wEA 49 o} A gylete] AP
A r 7] fste] Aol (eve) S 7)uro 2 A B2 (cointegration) S 3HF of], xFE-
A AL dolgE 7|dto 2 Tl A <l 37 (granger casuality), %2 5H-3-E4] (impulse re—-

sponse) ¥} E-AHE8] (variance decomposition) & A] 3§ 3t}

V. #4733}

OH
Hm
Q
Q
%
=
g
O
z
)
ilie/
r
_l
>
>
o
Lo,
0
ro
o
o>
oX,
=
it

4) Phillips and Perron(1988) HAA WM E 25 Y= AAo] Fo5HA btk
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A AAIER TS Abolell &4 (cointegra-
$- Engle and Granger(1987)¢} Johansen(1991)e] #|A| g+ W ol up=w
Ast 4 o Y FYEL T80l A Pair Trading®] WHE
o7 ARH7|E sHAIRE #WEH2}7] 5] (vector autoregression) A1S T A ulEHA|
st7]9lsi A et ow ARR YV E St

<HE 3>

OH

X 224X (cointegration)

<3 3> Panel A9} Panel B9 3887174 239, None, At most 1, At most 2, At most 3, At most 4, At most 52|
Trace AAXNE 424 B75, 69K, 4785, 2980, 1549, 384 o]m] AFskel FHBUEIE Q 220 7). t Valuel T4 5uE o]
B gk t BAZ TS 5%0A, T 1%0A EAHOR fodttE AL ou.

Trace Test T E Vector t Value
Panel A
None 227556 Spot 1.000 -
At most 1 130.849" ATM -52.237 -11.285
At most 2 67.594"" RR_25D -64.304 -99.807
At most 3 20.103 RR_10D 193.656 -60.804
At most 4 7.220 BF_25D -2190.092 -221.322
At most 5 1.443 BF_10D 414.662 -79.829
Panel B
None 439,785 Spot 1.000 -
At most 1 241.420™" ATM -83.655 -13.099
At most 2 113.923™ RR_25D 1817511 -227.461
At most 3 49577 RR_10D -1208.976 -125.981
At most 4 12.500 BF_25D 8189.122 -629.239
At most 5 1.425 BF_10D -1641.672 -172.632
2 AN E AAEHFY FAEAARS A9 skl o= <3 3>l AEskth
A A7 Z2UH9 o] H(Panel A)# o] $(Panel B) A1 AIE 5ol A 342 #A7F Q=
Aoz Ueiyttl 5 dedd&y AEAHH(ATM, RR, BF)Ze] 713 AlA4 9]
THIAE 7 vk AS E90E 5 o

R
u
=
©

T A Q3 (granger causality) AR 3k A= <E 4>0] Aglskdth
o] A (Panel A)Z} ©]$(Panel B)9] #}o]& A B, o]dd= HEFEo] ATM

sk Wb, o] folli= 2R A ekleh shARE ATME 342 717 &5 &

3
Wl (&

o off
tlo o

mio oX,
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Rt

<E 4> T lt A (granger causality) &4
<3E 4> Panel A9} Panel B9 Al A QA TA 4 A}Q]. "= 5%004], 2 1%l A AFIHE S 7)1 2bss o],

Panel A Panel B

Lead Lag F-Statistic Prob. F-Statistic Prob.
Spot ATM 5.299" 0.005 0.175 0.840
Spot RR_25D 41.856™ 0.000 65117 0.002
Spot RR_10D 147117 0.000 7110 0.001
Spot BF_25D 2.876 0.057 9.113™ 0.000
Spot BF_10D 0.651 0.522 15.827°" 0.000
ATM Spot 4.260™ 0.014 3.528™ 0.030
ATM RR_25D 137.056™ 0.000 58.833" 0.000
ATM RR_10D 58.489™ 0.000 56.678"" 0.000
ATM BF_25D 10.134™ 0.000 68.449" 0.000
ATM BF_10D 1.524 0.218 66.381"" 0.000
RR_25D Spot 1.396 0.248 1913 0.148
RR_25D ATM 0.008 0.992 26.036"" 0.000
RR_25D RR_10D 7.410™ 0.001 0.164 0.849
RR_25D BF_25D 68.597 0.000 8.308™ 0.000
RR_25D BF_10D 4.039™ 0.018 13.708™ 0.000
RR_10D Spot 1.978 0.139 0.875 0.417
RR_10D ATM 0.698 0.498 15455 0.000
RR_10D RR_25D 188.317" 0.000 29.977" 0.000
RR_10D BF_25D 12.039™ 0.000 25.452"" 0.000
RR_10D BF_10D 3.833" 0.022 14.473™ 0.000
BF_25D Spot 0.321 0.725 1.144 0.319
BF_25D ATM 0.008 0.992 26.036"" 0.000
BF_25D RR_25D 52.100" 0.000 14631 0.000
BF_25D RR_10D 4.408™ 0.012 15.086™ 0.000
BF_25D BF_10D 0.640 0.527 8717 0.000
BF_10D Spot 0.563 0.569 0.742 0.476
BF_10D ATM 2.081 0.125 18.623™ 0.000
BF_10D RR_25D 35.301" 0.000 5.136™ 0.006
BF_10D RR_10D 0.483 0.617 1.580 0.207
BF_10D BF_25D 29.368"" 0.000 145817 0.000

T3 EA ESQ RRESD)Z RR(I0D) 5 Panel AdlA = ATMW A4S B5 Aa)ak#]
A5, Panel Boll A= ATME 5 S Adshs Aoz Yelytnh Bk ofyz A<
HEAF & F e BR25D)S BF10D) %= Panel AdlH = ATMW 542 A 8381
F3FAARE Panel BollA & SAA o2 frofabA Addsts Aoz vehdth
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Response of SPOT to SPOT Response of SPOT to ATM
6 6
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Response of ATM to SPOT Response of ATM to ATM
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N
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Panel A
A FANS AT .
(22 4] B4

Response of SPOT to RR_25

Response of SPOT to RR_10
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Response of ATM to RR_25 Response of ATM to RR_10
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Panel A
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Response of SPOT to SPOT Response of SPOT to ATM
8 8
4 4
oS o e Sencs
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4 6 8 10 2 4 6 8 10
Response of ATM to SPOT
2

Panel B
[2% 4]91A Panel A= 20139 1€ 1¢5H 20199 12€ 31 744, Panel B 2020 1€ 195§ 20234 8¢ 304

[s13
==

Z=(SpotZt ATM)

Response of SPOT to RR_25

Response of SPOT to RR_10

8
44 4
(- (R PO

Ny
=4 T T T T T T T 1T 4 T T T T T T T 1

2 4 3 8 10 2 4 6 3 10

Response of ATM to RR_25 Resporse of ATM to RR_10
2 2
1+ 14

oy
0 o
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2 4 8 8 10 2 4 6 8 10

Panel B

#(To Risk Reversal)

5]ell A Panel A+ 2013\ 1€ 1958 2019 12€ 319 744, Panel B 2020 1€ 1958 20239 8¢ 309
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Response of SPOT to BF_25 Response of SPOT to BF_10 Response of SPOT to BF_2% Response of SPOT to BF_10
8 8 8
4 4
4 4
24 24

T e i e YT T s
Response of ATM to BF_25 Response of ATM to BF_10 Response of ATM to BF_25 Response of ATM to BF_10
15 15 2 _ 2 _
10 10
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05+ 054
/\._~~ POAS
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' \:://
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2 4 6 8 1 2 4 6 8 10 R I
Panel A Panel B

[ 6ol A Panel A% 20134 1€ 145 20199 12€ 319 744, Panel Bx= 202091 19 1456 202349 84 30¥
A8 FANS BAE} Q.

(28 6] &Z4utEe==(To Butter Fly)

Response of RR_25 to SPOT Response of RR_25 to ATM Response of RR_25 to SPOT Response of RR_25 to ATM
12 12
14 14 084 084
R R 044
0+—Szsss Df—SSeam %
1 T T T T T T T T 1 T T T T T T T T D4 T T T T T T T T 04 T T T T T T T T
2 4 6 8 10 2 4 6 8 1 2 4 6 8 10 2 4 3 3 10
Response of RR_10 to SPOT Response of RR_10 to ATM Response of RR_10 to SPOT Response of RR_10 to ATM
15 15 15 15
10 104 104 104
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-08 T T T T T T T T 05 T T T T T T T T 05 T T T T T T T T 05 T T T T T T T T
2 4 6 8 10 2 4 6 8 1 2 4 6 8 10 2 4 8 3 10
Panel A Panel B

[ 7Iell A Panel A% 20134 1€ 145 20199 12€ 319 744, Panel B 202091 19 1456 202349 84 30¥
78] FANE £ A 4.

(28 7] &48S8(Reponse of Risk Reversal)
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&7} F3}5A(FX Option) W& He] QA &3k A+ 41

e

[ 519 [ 6] A=&30 ATMRE S T40] 212 9 = (skewness) A 3£
RR¥} 3 & (kurtosis) 4| %1 BFell WA= S48 &4 432 At + W L5

Panel AollA = & Q&S wx]A] et} &9k Panel BAlA+= ATMWH 5 9] 49
el RR¥} BFell 25 wXA= F3Fo] 71kt RReIA = 6~TL 744, BFelA =
~67HA A&HY 2ERGE A8 BT 5+
Response of BF_25 to SPOT Response of BF_25 to ATM Response of BF_25 to SPOT Response of BF_25 to ATM
0 o 03 03
04 044 024 024
02 02 014 ol A
00-FSssFE v e 0032 S b | 5 ‘*:::",\:-:._ 00-‘\:\ 7 A
-021 -021 -01- o]
Ed L L L 04 5 0 a4 o o ! -02 T T T T T T T -02 T T T T T T T
2 4 6 8 10 2 4 6 8 10 2 A B 5 0 . 5 T T " W
Response of BF_10 to SPOT Response of BF_10 to ATM Response of BF_10 to SPOT Response of BF_10 to ATM
10 10 - r
054 054 044 04
el T B 1= | 024 /A\
N\
-05+ -05+ 00 \“:* 3
=10 PR L R =10 L L -02 T T T T T T T T -02 T T T T T T T 7T
2 4 &6 8 w0 4 = 6 10 2 4 6 8 10 2 4 6 8 1
Panel A Panel B
(29 8]oll A Panel AE 20139 1€ 1455 20199 12€ 31¢Y 7}4], Panel B 20204 1€ 14%-H 20234 8¢ 304
Al SALS A2

[28l 8] &4utSEr=(Reponse of Butter Fly)

) Z(skewness) A £ RRe| F40] AE3h&0l v|X]= 93-S Panel AolA 9] 44 =
A&7 AEEY Z0] Panel BAAE 7~8U2 T71e Aoz yEepyth T
ATMH 5ol 11X &= &2 Panel BollA] %%gi 7k om, 6~7713F Bt S
HHESiTE A ett) o= [19 7]el A Eo] 2

oA et o 2 A %= (kurtosis) #| £ BFE] E7 9] tHf& HE3-5 3 ATMHSA O 13

G2 [19 8lol Feld=vl, Panel AdlA= & o] 31tt7} Panel Boll A& d =7}
kil ﬂ&i 6~8713t 744 A &HHIF 2E .

2119 o] A (Panel A)X.t} O]T(Panel B) 7]7te]

=
3
71 8l @% Ae anHow A 4 DIEA:
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I ATMHRZ A T3t =02 EALRse] 232 1, 3 5,

oJn)3}=d| Panel AollA] Panel BE do] 7}H A

S
Z7VehE Wrg HolEth 9EA ¥9l RR(BD)E 10717 71E 2.2 0.0527(Panel A)oll 4]
10717k 0.1908(Panel B %7k5F9.3, RRI0D)E 0.0023(Panel A)ol 4] 0.0887(Panel B)E
F7ha4]

<
<3 5> Panel A} Panel B ¢

Panel A

Period SPOT ATM RR_25 RR_10 BF_25 BF_10

1 100.0000 0.0000 0.0000 0.0000 0.0000 0.0000

3 99.5221 0.3816 0.0546 0.0039 0.0297 0.0082

5 99.3607 0.5414 0.0584 0.0030 0.0288 0.0078

10 99.2327 0.6746 0.0627 0.0023 0.0218 0.0059
Panel B

Period SPOT ATM RR_25 RR_10 BF_25 BF_10

1 100.0000 0.0000 0.0000 0.0000 0.0000 0.0000

3 99.2546 0.2745 0.0930 0.1848 0.1052 0.0878

5 98.7422 0.5726 0.1199 0.1665 0.0764 0.3224

10 97.6482 0.7175 0.1903 0.0887 0.2627 1.0926

<3 6> Variance Decomposition of ATM
<& 6> Panel A9} Panel B9l ATMH5A o th3t EAHEs) 4] Azl ¢,

Panel A

Period SPOT ATM RR_25 RR_10 BF_25 BF_10

1 27.7003 72.2997 0.0000 0.0000 0.0000 0.0000

3 27.7254 72.1493 0.0016 0.0063 0.0707 0.0467

5 26.5571 73.3337 0.0011 0.0105 0.0658 0.0319

10 25.7640 74.1614 0.0006 0.0112 0.0456 0.0172
Panel B

Period SPOT ATM RR_25 RR_10 BF_25 BF_10

1 21.8718 78.1283 0.0000 0.0000 0.0000 0.0000

3 21.3552 73.3095 0.4403 3.5905 1.2175 0.0871

5 21.6771 73.0250 0.7912 3.7269 0.5915 0.1883

10 21.7409 72.6649 0.9958 3.2234 0.4655 0.9095
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Abstract

A Study on the Relationship between Foreign
Exchange Rates and Currency Option(FX Option)
Volatility Surface

Eun-Jung Lee" and Young Sung Kim"™*

In this study, we empirically analyzed the causal relationship between the USD/KRW spot
exchange rate(FX spot) and the volatility surface of the FX Option market. Divided into
the pre-COVID-19 period(Panel A: 2013.01~2019.12) and the post-COVID-19 period(Panel
B: 2020.01 ~2023.08), We compared and examined the relationship between the FX spot and
the volatility surface. The analysis results are summarized as follows. First, it was found
that there was a cointegration relationship in both the before and after COVID-19 time series.
Second, the Granger causality test showed that since COVID-19, the degree of asymmetry(RR)
and extreme deviation(BF) of foreign exchange market fluctuations precedes ATM volatility,
and ATM volatility precedes the FX Spot. Third, in the impulse response analysis, the impact
of RR(skewness), and BF(kurtosis), on the FX spot and ATM volatility in response to shocks
did not have a significant impact before COVID-19. However, after COVID-19, the impact
has become much greater. Fourth, the variance decomposition analysis showed that the influence
of both RR and BF indicators on FX spot and ATM volatility increased significantly after
COVID-19 compared to before COVID-19.

We conclude that causal relationships can be identified using exchange rate and volatility
surface. In particular, it was confirmed that the linkage between the FX options market and

the FX spot market has become more significant since COVID-19.

Key words: Foreign Exchange, Volatility, Risk Reversal, Butterfly, Granger Causality, Impulse

Response, Variance Decomposition
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