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(Risky Dynamic Replication and Volatility Smile:

Empirical Evidence from S&P 500 Index Option)
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In-the-money  (ITM) call
Out-of-the-money =~ (OTM) put
At-the-money  (ATM) call
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Out-of-the-money  (OTM) call
In-the-money  (ITM) put

Deep out-of-the-money (DOTM) call

Deep in-the-money (DITM) put

0.875 < Dc= 0.98
-0.125 < Dp= -0.02
0.625 < Dc= 0.875
-0.375 < Dp= -0.125

0.375

A
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Panel B: Heston Model Parameters
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Functional Form

Regression Equation
Risk Aversion

Equivalence Hypothesis

Functional Form

Regression Equation

Risk Aversion

Equivalence Hypothesis

Coefficient Constraints

Functional Form

Regression Equation

Risk  Aversion

Equivalence Hypothesis

Coefficient Constraints

Quadratic Utility

B )- £l )=+ AlEG)- £ o

a=2p

Power Utility
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o B ) — Enr?) ]| +e

a=2p+1
H,:a=0

a—-1
H :p=——>0, ———,b’ <0

2
Exponential Utility

U(r)="Le

a

B~ £r)=a+ AIEG)- B o G- £ ) o
a=2p
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Hozﬂ=%>0,7=—§,ﬁ2<0

32

i
fut)
=
o
ol
O
ﬁ
N
lo,
2
-z
rU
bV
ol
ol
o
N
H

ot ofo



ME g A TEZZL 9 %01 ZIHEEe dRdA TddA e ARES HAZAE
et A" A HEWW (Direct Approach)E U2 A& o] &3}t g &3 o|x
289, 9 28dy, A a8daE ol&slen, ax A7 a&dael i A3
3] Al o] o
E[U(r,.;a)]—E[U(r/.;a) —u+e, e~(0,02)
A A (Indirect Approach)= obell A& AR 37 A A& ol &aloen, 79
9o Hytatol7h akat sfI=o) zpelo] efste] Awd 4 A=A HAGNAY A= AE
23 Qhol yeEhAh
Utility Direct Approach Indirect Approach
Function Intercept  Risk Aversion Intercept VAR SKEW R?
Panel A: Strategy 1 (Hedge with Black-Scholes Model and Realized Volatilities)
Quadratic 0.0023 11.63 0.0029 7.9961 0.7254
(1.6374) (0.0008) (0.3588)
Power 0.0024 9.29 0.0031 6.4262 -0.0018 0.6983
(1.7462) (0.0008) (0.3854) (0.0007)
Exponential 0.0025 10.08 0.0030 7.7056 -0.0016 0.7329
(1.7948) (0.0008) (0.3766) (0.0007)
Panel B: Strategy 2 (Hedge with Black-Scholes Model and Implied Volatilities)
Quadratic 0.0041 10.42 0.0047 4.4687 0.2763
(1.6899) (0.0008) (0.5274)
Power 0.0032 8.34 0.0042 4.0175 -0.0032 0.7248
(1.3493) (0.0005) (0.3212) (0.0002)
Exponential 0.0032 9.66 0.0045 4.8754 -0.0039 0.6991
(1.3426) (0.0005) (0.3420) (0.0002)
Panel C: Strategy 3 (Hedge with Heston Model and Implied Parameters)
Quadratic 0.0041 10.63 0.0051 3.4384 0.1094
(2.3787) (0.0011) (0.7155)
Power 0.0031 8.52 0.0046 3.6331 -0.0048 0.7446
(1.9055) (0.0006) (0.3972) (0.0002)
Exponential 0.0031 10.17 0.0049 5.7722 -0.0055 0.7372
(1.9312) (0.0006) (0.4051) (0.0003)
Panel D: Strategy 4 (Minimum Variance Hedge with Heston Model and Implied Parameters)
Quadratic 0.0043 9.38 0.0052 2.8406 0.0946
(2.4324) (0.0011) (0.6411)
Power 0.0031 8.51 0.0046 3.4375 -0.0049 0.7464
(1.8869) (0.0006) (0.3607) (0.0002)
Exponential 0.0031 10.15 0.0050 5.1423 -0.0056 0.7216
(1.9169) (0.0006) (0.3737) (0.0003)
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3" 1 3A TEZYL FYEY B, B4 4=
A XEZT L g A, B4 H HEE YEAY dx TEEFYE F3A g
Aloke] mimE A A 3t ofel gk A=A Z ARt dig mlFEEAdo R FAEY, 54
o] w774 A] A LEEZYQLE dHEE AxAI (a)9 (b)¥ Black-Scholes 23S, (¢)
o (v FAA WA BREE, 181 (% (e "HE BES o] &ate] 7|xA 4kl g
dets el Aol g 23E IR EFASE vro] YEr AT 22 10,0001 o] A&
Aol s AAstg o, Aol Al8d By v 2ok S = 100, X = 80~120, r
=005 T =05At =001 =2 6=004 0 =01 p=-05 V=004 A =0
(a) Black-Scholes Model (Call) (b) Black-Scholes Model (Put)
10 10
—— Mean
—+—— Stdev ¥
5 | 5 21
—++— Skewness e WE/E/E
0 7%77@777%”’ A o 0 N ———
-5 -5
[ [
-10 : : ‘ -10 ‘ ‘ ‘
80 90 100 110 120 80 90 100 110 120
Strikes

(c) Stochatic Volatility Model (Call)

-10 ‘ ‘ ‘
80 90 100 110 120
(e) Jump diffusion Model (Call)
10
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(d) Stochatic Volatility Model (Put)
10

90 100 110

(f) Jump diffusion Model (Put)




nel Boll&= EgAel tjgt 435 Yeldloy 37149 o] %o Tr7l ZElsles &
A S Aob A9 e
Awverage IV (Call) Awerage IV (Put)
0.24+ ENEEPTY 024+
0.22 o 2M 0.22
L 3Mm

0.2 0.2

0.18 0.18

0.16 0.16

1 2 3 4 5 1 2 3 4 5
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B

DITM CALL DOTM PUT
100 100
50 1 50
0 0
-0.5 0 0.5 -0.5 0 0.5
ITM CALL OTM PUT
100 100
50 f 50 1
0 . 0 e
-0.5 0 0.5 -0.5 0 0.5
ATM CALL ATM PUT
100 50
50 l ] J
0 0 ‘
-0.5 0 0.5 -0.5 0 0.5
OTM CALL IT™ PUT
200 100
0 0
-0.5 0 0.5 -0.5 0 0.5
DOTM CALL DITM PUT
100 20
0 0
-0.5 0 0.5 -0.5 0 0.5
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