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A Verification Model of Profitability in the Delta Hedging Strategy

No. SIG 10(TOM 12) goooooooooooooooooo

gotgbobobobobobooboobuoobuood

O o o of o o o of

go00o0ooooooooooooooooooooOOOODOOObOOOOODODOOODbOO0OOD
goooooooooooooOobOOOOOOOOOOOOOOOOODOOOOOOOOOOObOOO
goooooooooooooOOoOOooOOOOOCOOCOOCOOOOOOODODODOOoOoOoooooooo
go0o0ooooooooooooOOoOoOOOOO0Ob0OO0o0ooooooOobOObOOobOObOOoOoOoooOooooo
0000000000000 000000000000000D0000000000GARCHOO
gooooo 3ooooooobooboOoboO0oOobOoOobOOOOOObOO0OO0OOOO0O0O0O0o0O0O000000
00000o0oooooooooooooobooooOoOobooboOobOoOobObOOoOboOOoOoOooooooo
go0o0ooooooooobooooooboOoOOOOOOOOOO000O0OoOoOoOoooooooo
0o00o0o0o0o0o0o0o0o0D0o0o0D0o00o0oO0o0o0o0n0 GARCHOOOOUO
g0o0o0o0o0oooooooooOoDOOOOOO0OO0OO0OO0ODOO0O0O000000000000000O00O0
goooooooooooooooooOobOOoO0OoOoooOoOOoObOOO0OOOo 0ob0b0O0obOoOoonoo
goooooooooooooOOoOoOoOOObOO0O0O0OOoOoooOooOooooooooooooooo
go0o0o0ooooooooooooOoOooOOODOOOOOOOOODOOOO0O0000000000O0
ooooooooo

KAZUKI YAHAGI and KOICHI MIYAZAKIt

When the market price of an option is higher than the theoretical price of it, theoretically,
we can make profit with 100% certainty by selling the expensive option and activating the
delta-hedging strategy. However, in reality, we sometimes lose in the option trade. In this
research, we clarify why such a counter intuitive situation occurs based on our simulation
model focusing on the efficiency in the delta hedging. We examine the hedging efficiency
depending on the delta in the delta-hedging by utilizing the three kind of volatilities such as
actual volatility in the period, implied volatility in each delta-hedging timing and GARCH
volatility. Making our analysis to be more realistic, we introduce the trading cost of the
underlying equity in the delta-hedging and examine the trade-off between the hedging cost
and the hedging efficiency by comparing the results in the different hedging frequencies. The
results indicate that the performances of the delta-hedging based on the delta derived by
the implied volatility in each delta-hedging timing and the GARCH volatility are very poor.
However, when we can foretell the actual volatility of the underlying equity in the hedging
period with reasonable precision, as the theory indicates, we can almost surely make profit
by activating the same kind of the trade independently more than 10 times. Regarding as the
trade-off between the hedging cost and the hedging efficiency, we found that the effect of the
hedging cost surpasses that of the hedging efficiency when the hedging frequency decreases.
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Fig.1 Call option payoff diagram.
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Fig.2 The distribution of the hedging cost based on our
simulation model and the a-value used in our veri-

fication.
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Fig.3 The level of volatilities in January 2004 contract.
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Fig.4 The level of volatilities in February 2004 contract.
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01 00000 10000000 0%000000D0D
Table 1 The verification result of the profits (1day hedging interval, trading cost 0%).

Ooooog Vol ald gooHvVO O0OOGARCHO| OOOIVOO
goooo oo IV HV IV-HV|HV GARCH IvVvOOO |20% 10% 5% |20% 10% 5% |20% 10% 5%
ATM-—500 | Jan-04 |27% 22% 5% 13% 69% 62% o x x x X x x x x
Feb-04 | 26% 15% 11% 0% 44% 56% o o o x x x x x x
Mar-04 | 23% 16% 7% 2% 52% 1% o o o x x x x x x
Apr-04 | 24% 16% 8% 12% 83% 82% o x x x b x x x x
May-04 | 24% 23% 1% 46% 11% 63% x x x o x x x x x
ATM Jan-04 | 25% 22% 2% 30% 84% 61% x x x x x x x x x
Feb-04 | 25% 15%  10% 0% 46% 48% o o o x x x x x x
Mar-04 | 23% 16% 7% 3% 40% 70% o o o x x x x x x
Apr-04 | 24% 16% 8% 4% 49% 79% o o o x x x x x x
May-04 | 24% 23% 1% 48% 10% 65% x x x o X x x x x
ATM+500 | Jan-04 | 25% 22% 3% 20% 76% 50% o x x x X X x x x
Feb-04 |25% 15%  10% 0% 43% 50% o o o x x x x x x
Mar-04 | 23% 16% 7% 3% 37% 61% o o o x x x x x x
Apr-04 | 23% 16% 7% 5% 55% 76% o o x x x x x x x
May-04 | 24% 23% 1% 46% 9% 63% X x x o o x x x x

02 0000020000000 0%00000000
Table 2 The verification result of the profits (2days hedging interval, trading cost 0%).

Oooooog Vol ad OoooHvVO O0OO0OGARCHO| OOOIvVOO
goooo oo IV HV IV-HV| HV GARCH IvOOO |20% 10% 5% |20% 10% 5% |20% 10% 5%
ATM-—500 | Jan-04 |27% 22% 5% 19% 29% 56% o X x x X X X X X
Feb-04 | 26% 15% 11% 0% 36% 54% o o o x x x x x x
Mar-04 | 23% 16% 7% 5% 54% 62% o o x x x x x x x
Apr-04 | 24% 16% 8% 18% 67% 76% o x x x x x x x x
May-04 | 24% 23% 1% 42% 30% 54% x x x x x x x x x
ATM Jan-04 | 25% 22% 2% 31% 40% 55% x x x x b x x x X
Feb-04 | 25% 15%  10% 0% 39% 47% o o o x x x x x x
Mar-04 | 23% 16% 7% 5% 47% 58% o o o x x X X x x
Apr-04 | 24% 16% 8% 8% 46% 74% o o x x x x x x x
May-04 | 24% 23% 1% 45% 31% 56% x x x x x x x x x
ATM+500 | Jan-04 | 25% 22% 3% 25% 34% 48% x x x x x x x x x
Feb-04 | 25% 15%  10% 0% 38% 45% o o o x x x x x x
Mar-04 | 23% 16% 7% 5% 53% 57% o o o x x x x x x
Apr-04 | 23% 16% 7% 8% 52% 70% o o x x x x x x x
May-04 | 24% 23% 1% 45% 35% 64% x x x x b x x x X

03 0000030000000 0%00000000
Table 3 The verification result of the profits (3days hedging interval, trading cost 0%).

Oooooog Vol a gooHvVO O0O0OGARCHO| OOOIVOO
goooo oo IV HV IV-HV|HV GARCH IvVvOOO |20% 10% 5% |20% 10% 5% |20% 10% 5%
ATM—-500 | Jan-04 |27% 22% 5% |23%  66% 63% x x x x x x x x x
Feb-04 | 26% 15% 11% 1% 53% 61% o o o x x x x
Mar-04 | 23% 16% 7% 9% 57% 65% o o x x x x x x x
Apr-04 | 24% 16% 8% 23% 74% 81% x x x x b x x X x
May-04 | 24% 23% 1% 47% 31% 63% X x x x x x x x x
ATM Jan-04 | 25% 22% 2% 36% 1% 49% X x x x bS x x X x
Feb-04 | 25% 15% 10% 0% 48% 49% o o o x x x x x x
Mar-04 | 23% 16% 7% 8% 49% 61% o o x x x x x x x
Apr-04 | 24% 16% 8% 13% 52% 72% o x x x x x x x x
May-04 | 24% 23% 1% 48% 29% 61% x x x x b x x X x
ATM+500 | Jan-04 | 25% 22% 3% 29% 69% 60% x x x x b x x X x
Feb-04 | 25% 15% 10% 1% 47% 49% o o o x x x x x x
Mar-04 | 23% 16% 7% 7% 53% 55% o o x x x x x x x
Apr-04 | 23% 16% 7% 13% 56% 70% o x x x b x x X x
May-04 | 24% 23% 1% 47% 32% A47% x x x x x x x x x
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Table 4 The verification result of the profits (1day hedging interval, trading cost 0.5%).
gooooOd Vol a oooHvVO OO0OO0OGARCHO| OoOIvoo
ooooo oo IV HV IV-HV| HV GARCH IVvOOO|20% 10% 5% |20% 10% 5% |20% 10% 5%
ATM—-500 | Jan-04 |27% 22% 5% 94% 100% 99% x X x x x X x x x
Feb-04 | 26% 15% 11% 31% 99% 100% x X x x x x X x x
Mar-04 | 23% 16% 7% 87% 100% 100% x x x X x x x x x
Apr-04 | 24% 16% 8% 100% 100% 97% x X x x x x X x x
May-04 | 24% 23% 1% 99% 94% 98% x x x x x x x x x
ATM Jan-04 | 25% 22% 2% 98% 100% 90% x X x x x x X x x
Feb-04 | 25% 15% 10% 26% 99% 99% x X x x x x X x x
Mar-04 | 23% 16% 7% 67% 99% 95% x x X x x x X x x
Apr-04 | 24% 16% 8% 90% 100% 97% x x x x x x x x x
May-04 | 24% 23% 1% 99% 91% 91% x X x x x x x x X
ATM+500 | Jan-04 | 25% 22% 3% 84% 100% 96% x X x x x X x x x
Feb-04 | 25% 15%  10% 18% 95% 97% o x x x x x x x x
Mar-04 | 23% 16% % 41% 98% 99% x X x x x x X x x
Apr-04 | 23% 16% 7% 2% 100% 99% x X x x x x X x x
May-04 | 24% 23% 1% 99% 74% 89% x x x x x x x x x
05 00000 20000000 05%00000000
Table 5 The verification result of the profits (2days hedging interval, trading cost 0.5%).
gooooOd Vol ol gooHvVO OOUOGARCHO| OOoOIvoo
ooooo oo IV HV IV-HV| HV GARCH IvOOO |[20% 10% 5% |20% 10% 5% |20% 10% 5%
ATM—500 | Jan-04 |27% 22% 5% 75% 74% 93% x x X x x x x X x
Feb-04 | 26% 15% 11% | 16% 87% 93% o x x x x x x x x
Mar-04 | 23% 16% 7% 64% 94% 96% x x x x x x x x x
Apr-04 | 24% 16% 8% 98% 97% 92% x X x x x x x x X
May-04 | 24% 23% 1% 89% 82% 94% x x x x x x x x x
ATM Jan-04 | 25% 22% 2% 79% 78% 85% x X x x x x X x x
Feb-04 |25% 15% 10% |11% 82% 87% o x x x x x x x x
Mar-04 | 23% 16% 7% 43% 90% 90% x x x x x x x x x
Apr-04 | 24% 16% 8% 65% 89% 95% x X x x x x x x X
May-04 | 24% 23% 1% 87% 79% 87% x x x x x x x x x
ATM+500 | Jan-04 |25% 22% 3% 64% 1% 83% x x X x x x x X x
Feb-04 | 25% 15%  10% 9% 79% 83% o o x x x x x x x
Mar-04 | 23% 16% 7% 25% 88% 90% x x x x x x x x x
Apr-04 | 23% 16% % 53% 88% 94% x X x x x x x x X
May-04 | 24% 23% 1% 83% 75% 7% x x x x x x x x x
06 00000 30000000 0.5%00000000
Table 6 The verification result of the profits (3days hedging interval, trading cost 0.5%).
oooooD Vol ald OoooHVO OO0OO0DGARCHO| ODOOIvoOo
gooooo oo IV HV IV-HV | HV GARCH IVOOO |20% 10% 5% |20% 10% 5% |20% 10% 5%
ATM—500 | Jan-04 |27% 22% 5% |46%  80% 79% x x x x x x x x x
Feb-04 | 26% 15% 11% 3% 72% 79% o o o x x x x x x
Mar-04 | 23% 16% 7% 28% 7% 84% x X x x x X x x x
Apr-04 | 24% 16% 8% 53% 88% 90% x x x x x x x x x
May-04 | 24% 23% 1% 67% 52% 80% x X x x x x x x X
ATM Jan-04 | 25% 22% 2% 61% 83% 68% x X x x x x X x x
Feb-04 | 25% 15%  10% 5% 69% 71% o o o x x x x x x
Mar-04 | 23% 16% % 27% 1% 79% x X x x x X x x x
Apr-04 | 24% 16% 8% 36% 74% 88% x x x x x x x x x
May-04 | 24% 23% 1% 70% 52% 76% x X x x x x x x X
ATM+500 | Jan-04 | 25% 22% 3% 48% 80% 75% x x X x x x x X x
Feb-04 | 25% 15%  10% 5% 68% 67% o o o x x x x x x
Mar-04 | 23% 16% % 18% 2% 76% o X x x x x X x x
Apr-04 | 23% 16% 7% 37% 74% 82% x X X X x x x x x
May-04 | 24% 23% 1% 67% 54% 68% x x x x x x x x x
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07 00000 10000000 0%00000000000000000
Table 7 The verification result when the number of trades is 10, 50, and 100
(1day hedging interval, trading cost 0%).

Oo0ooodg Vol ald O0O00n=100 00 0n=500 00 0On=1000
goooo oo IV HV IV—HV |n=10 n=50 n=100 |20% 10% 5% |20% 10% 5% |20% 10% 5%
ATM—500 | Jan-04 | 27% 22% 5% 0% 0% 0% o o o o o o o o o
Feb-04 | 26% 15% 11% 0% 0% 0% o o o o o o o o o
Mar-04 | 23% 16% 7% 0% 0% 0% o o o o o o o o o
Apr-04 | 24% 16% 8% 1% 0% 0% o o o o o o o o o
May-04 | 24% 23% 1% 37 %  22% 14% x x x x x x o x x
ATM Jan-04 | 25% 22% 2% 8% 0% 0% o o x o o o o o o
Feb-04 | 25% 15% 10% 0% 0% 0% o o o o o o o o o
Mar-04 | 23% 16% 7% 0% 0% 0% o o o o o o o o o
Apr-04 | 24% 16% 8% 0% 0% 0% o o o o o o o o o
May-04 | 24% 23% 1% 47%  44% 42% x x x x x x x x x
ATM+500 | Jan-04 | 25% 22% 3% 2% 0% 0% o o ° o o o o o °
Feb-04 | 25% 15% 10% 0% 0% 0% o o o o o o o o o
Mar-04 | 23% 16% 7% 0% 0% 0% o o o o o o o o o
Apr-04 | 23% 16% 7% 0% 0% 0% o o o o o o o o o
May-04 | 24% 23% 1% 44% 37%  31% | x x x x x x x x x

08 OJ0OOO0O 20000000 0%0000000000O0DOOOODOO
Table 8 The verification result when the number of trades is 10, 50, and 100
(2days hedging interval, trading cost 0%).

Jooooo Vol al O0O0n=100 00 0n=500 00 0n=1000
goooo oo IV HV IV—-HV |n=10 n=50 n=100|20% 10% 5% |20% 10% 5% |20% 10% 5%
ATM—500 | Jan-04 |27% 22% 5% 1% 0% 0% o o o o o o o o o
Feb-04 | 26% 15% 11% 0% 0% 0% o o o o o o o o o
Mar-04 | 23% 16% 7% 0% 0% 0% o o o o o o o o o
Apr-04 | 24% 16% 8% 1% 0% 0% o o o o o o o o o
May-04 | 24% 23% 1% 29% 11% 4% x x x o b x o o o
ATM Jan-04 | 25% 22% 2% 9% 0% 0% o o X o o o o o o
Feb-04 | 25% 15% 10% 0% 0% 0% o o o o o o o o o
Mar-04 | 23% 16% 7% 0% 0% 0% o o o o o o o o o
Apr-04 | 24% 16% 8% 0% 0% 0% o o o o o o o o o
May-04 | 24% 23% 1% 35% 19% 11% x x x o b x o x X
ATM+500 | Jan-04 | 25% 22% 3% 4% 0% 0% o o o o o o o o o
Feb-04 | 25% 15% 10% 0% 0% 0% o o o o o o o o o
Mar-04 | 23% 16% 7% 0% 0% 0% o o o o o o o o o
Apr-04 | 23% 16% 7% 0% 0% 0% o o o o o o o o o
May-04 | 24% 23% 1% 36% 20%  12% x x x x x x o x x

09 00000 30000000 0%00000000000000000000
Table 9 The verification result when the number of trades is 10, 50, and 100
(3day hedging interval, trading cost 0%).

JooooOo Vol ald O000n=100 000n=500 000n=1000
goooo oo IV HV IV-HV |n=10 n=50 n=100|20% 10% 5% |20% 10% 5% |20% 10% 5%
ATM—500 | Jan-04 |27% 22% 5% 2% 0% 0% o o o o o o o o o
Feb-04 | 26% 15% 11% 0% 0% 0% o o o o o o o o o
Mar-04 | 23% 16% % 0% 0% 0% o o o o o o o o o
Apr-04 | 24% 16% 8% 4% 0% 0% o o o o o o o o o
May-04 | 24% 23% 1% 35%  19% 10% X X x o x x o x x
ATM Jan-04 | 25% 22% 2% 17% 2% 0% o x x o o o o o o
Feb-04 | 25% 15%  10% 0% 0% 0% o o o o o o o o o
Mar-04 | 23% 16% % 0% 0% 0% o o o o o o o o o
Apr-04 | 24% 16% 8% 0% 0% 0% o o o o o o o o o
May-04 | 24% 23% 1% 42%  32% 25% x x x x x x x x x
ATM+500 | Jan-04 | 25% 22% 3% 7% 0% 0% o o X o o o o o o
Feb-04 | 25% 15% 10% 0% 0% 0% o o o o o o o o o
Mar-04 | 23% 16% 7% 0% 0% 0% o o o o o o o o o
Apr-04 | 23% 16% % 0% 0% 0% o o o o o o o o o
May-04 | 24% 23% 1% 37% 22% 14% x x x x x x o x x
dddddobooooooooobooooooooo 100000 3000000000 o0b0000oono

0000 1000012000000000000 O0o 000000000 D0O0ODODDOOD(IN)
goooobooooooooooooooooooo goooooobooboowoooobooooboo
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010 00000 10000000 05%00000000000000000000
Table 10 The verification result when the number of trades is 10, 50, and 100
(1day hedging interval, trading cost 0.5%).

Oo0ooodg Vol ald O0O00n=100 00 0n=500 00 0n=1000
ooooo 0o IV HV IV—HV |n=10 n=50 n=100 |20% 10% 5% |20% 10% 5% |20% 10% 5%
ATM—500 | Jan-04 | 27% 22% 5% 100% 100% 100% | x X X x x x x x x
Feb-04 | 26% 15% 11% 10% 0% 0% o o X o o o o o o
Mar-04 | 23% 16% 7% 100% 100% 100% | x x x x x x X x x
Apr-04 | 24% 16% 8% 100% 100% 100% | x X x x x x x x x
May-04 | 24% 23% 1% 100% 100% 100% | x x x x x x x x x
ATM Jan-04 | 25% 22% 2% 100% 100% 100% | x X X x x x x x x
Feb-04 | 25% 15% 10% 3% 0% 0% o o o o o o o o o
Mar-04 | 23% 16% 7% 96% 100% 100% | x x x x x x X x x
Apr-04 | 24% 16% 8% 100% 100% 100% | x X X x x x x x x
May-04 | 24% 23% 1% 100% 100% 100% | x x x x x x x x x
ATM+500 | Jan-04 | 25% 22% 3% 100% 100% 100% | x X X x x x x x x
Feb-04 | 25% 15% 10% 0% 0% 0% o o o o o o o o o
Mar-04 | 23% 16% 7% 54% 59%  62% x X x x x x x x x
Apr-04 | 23% 16% 7% 99% 100% 100% | x X X x x x x x x
May-04 | 24% 23% 1% 100% 100% 100% | x x x x x x x x x

011 0000020000000 05%0000000000000000O0000ODO
Table 11 The verification result when the number of trades is 10, 50, and 100
(2days hedging interval, trading cost 0.5%).

Jooooo Vol al O0O0n=100 00 0n=500 00 0n=1000
goooo oo IV HV IV—-HV |n=10 n=50 n=100|20% 10% 5% |20% 10% 5% |20% 10% 5%
ATM—500 | Jan-04 |27% 22% 5% 98% 100% 100% x x x x X x x X X
Feb-04 | 26% 15% 11% 0% 0% 0% o o o o o o o o o
Mar-04 | 23% 16% 7% 90% 100% 100% x x x x x x x x X
Apr-04 | 24% 16% 8% 100% 100% 100% x x x x x X X x x
May-04 | 24% 23% 1% 100% 100% 100% x x x x x x x X x
ATM Jan-04 | 25% 22% 2% 99% 100% 100% | x x x x x x x x x
Feb-04 | 25% 15%  10% 0% 0% 0% o o o o o o o o o
Mar-04 | 23% 16% 7% 36% 21% 12% x x x x x x o x x
Apr-04 | 24% 16% 8% 92% 100% 100% x x x x x X X x x
May-04 | 24% 23% 1% 100% 100% 100% x x x X x x x X x
ATM+500 | Jan-04 | 25% 22% 3% 91% 100% 100% x x x X X x x X X
Feb-04 | 25% 15%  10% 0% 0% 0% o o o o o o o o o
Mar-04 | 23% 16% 7% 9% 0% 0% o o x o o o o o o
Apr-04 | 23% 16% 7% 74%  93%  98% x x x x x x x x x
May-04 | 24% 23% 1% 100% 100% 100% X x x x bS X bS x x

012 00000 30000000 05%00000000000000000000
Table 12 The verification result when the number of trades is 10, 50, and 100
(3days hedging interval, trading cost 0.5%).

Oo0ooodg Vol ad O000n=100 00 0n=500 00 0On=1000
goooo oo IV HV IV—HV |n=10 n=50 n=100 |20% 10% 5% |20% 10% 5% |20% 10% 5%
ATM-500 | Jan-04 | 27% 22% 5% 38% 24% 16% x x x x x x o x X
Feb-04 | 26% 15% 11% 0% 0% 0% o o o o o o o o o
Mar-04 | 23% 16% 7% 5% 0% 0% o o o o o o o o o
Apr-04 | 24% 16% 8% 70%  88% 95% x x x x X X x X X
May-04 | 24% 23% 1% 91% 100% 100% x x X X X X x X x
ATM Jan-04 | 25% 22% 2% 80% 97% 100% x x x x x x x x X
Feb-04 | 25% 15% 10% 0% 0% 0% o o o o o o o o o
Mar-04 | 23% 16% 7% 3% 0% 0% o o o o o o o o o
Apr-04 | 24% 16% 8% 15% 1% 0% o X X o o o o o o
May-04 | 24% 23% 1% 94% 100% 100% | x x x| x x x| ox x X
ATM+500 | Jan-04 | 25% 22% 3% 57% 64%  70% x x x x x x x x x
Feb-04 | 25% 15% 10% 0% 0% 0% o o o o o o o o o
Mar-04 | 23% 16% 7% 1% 0% 0% o o o o o o o o o
Apr-04 | 23% 16% 7% 20% 3% 0% x x x o o o o o o
May-04 | 24% 23% 1% 90% 100% 100% | x x x| x x x| x x X
goo0o1000o003000o00boobooooon Jo0o0ooOoobOobDoobooooooooboooo
00o000DO0DoDoO0obDOo0obOOoobooOoooobooo oooboOoOoobooooo

goooooooooooooooobooooooobo
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Fig.8 The simulated distribution and the normal distribu-

— ERSH

tion approximating the hedging cost (May 2004 con-
tract, 1day At The Money hedging interval, trading
cost 0%).
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Fig.9 The simulated distribution and the normal distribu-
tion approximating the hedging cost (May 2004 con-
tract, 1day At The Money hedging interval, trading
cost 0.5%).
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