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REGARCH—FHS 3.4094E—03  3.5357E—03  2.6124E—03  2.6618E—03  3.0611E—03
B—S 1.1347E—02  1.5431E—02  2.3400E—02  2.9226E—02  2.1683E—02
097 —1.00 GIR—GARCH—FHS  5.0262E—03  5.4034E—03  4.0562E—03  3.8468E—03  4.5835E—03
B REGARCH—FHS 4.1204E—03  3.1454E—03  3.1184E—03  2.8653E—03  3.3311E—03
AT B—S 1.15676E—02  1.6679E—02  2.4069E—02  3.1353E—02  2.2863E—02
1.00—1.03 GJR—GARCH—FHS  52734E—03  52139E—03  4.6503E—03  4.0159E—03  4.7711E—03
REGARCH—FHS 4.2771E—03  3.5816E—03  4.3862E—03  3.2369E—03  3.8468E—03
B—S 8.9476E—03  14795E—02  24509E—02  3.3090E—02  2.3607E—02
1.03—1.06  GJR—GARCH—FHS  4.0432E—03  5.6113E—03  3.6337E—03  4.0738E—03  4.3834E—03
REGARCH—FHS 3.1976E—03  4.6228E—03  3.3334E—03  3.0422E—03  3.5582E—03
M B—S 9.0866E—03  1.1316E—02  2.0199E—02  2.8324E—02  2.0403E—02
=1.06 GIR—GARCH—FHS  7.6410E—03  7.0269E—03  7.3522E—03  7.3183E—03  7.3540E—03
REGARCH—FHS 7.2383E—03  6.3391E—03  6.4938E—03  6.1727E—03  6.5432E—03
B—S 8.3619E—03  1.2398E—02  1.9858E—02  2.7095E—02  1.9344E—02
E GIR—GARCH—FHS  5.1208E—03  5.3357E—03  5.1608E—03  4.9241E—03  5.1146E—03
REGARCH—FHS 4.5794E—03  4.2547E—03  4.4147E—03  4.0620E—03  4.3147E—03
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RNGIS
R5 BEARSNLIESOETFHANEMIRE
R o n DTM(H)

KH SR o 7—30 30 — 60 60 — 120 =120 b
B—S 4.0896E—03 8.2770E—03 1.4610E—02 2.0684E—02 1.4632E—02
< 0.94 GJR—GARCH—FHS 2.5662E—03 4.0493E—03 5.1928E—03 6.3027E—03 4.9942E—03
REGARCH—FHS 2.7642E—03 3.7519E—03 4.5830E—03 5.4786E—03 4.4596E—03
o™ B—S 8.8154E—03 1.3665E—02 2.0014E—02 2.6847E—02 1.9974E—02
0.94 — 0.97 GJR—GARCH—FHS 5.5506E—03 6.9539E—03 7.2061E—03 8.6342E—03 7.4100E—03
REGARCH—FHS 5.2223E—03 5.5841E—03 6.5339E—03 7.7191E—03 6.5457E—03
B—S 1.2460E—02 1.5790E—02 2.2983E—02 2.9762E—02 2.2540E—02
0.97 — 1.00 GJR—GARCH—FHS 7.1535E—03 7.1474E—03 7.9649E—03 8.7554E—03 7.9047E—03
REGARCH—FHS 7.1398E—03 6.1064E—03 7.6248E—03 8.0609E—03 7.3453E—03
AT B—S 1.2591E—02 1.6457E—02 2.3582E—02 3.2347E—02 2.4084E—02
1.00 — 1.03 GJR—GARCH—FHS 7.0858E—03 7.1920E—03 8.2621E—03 9.2343E—03 8.1680E—03
REGARCH—FHS 6.9728E—03 6.3219E—03 8.1398E—03 8.9038E—03 7.8169E—03
B—S 9.1223E—03 1.5077E—02 2.3474E—02 3.3935E—02 2.4388E—02
1.03 — 1.06 GJR—GARCH—FHS 5.5382E—03 7.2139E—03 8.0524E—03 9.0369E—03 7.8404E—03
REGARCH—FHS 5.6700E—03 6.8107E—03 8.1909E—03 8.9017E—03 7.7485E—03
M B—S 8.3495E—03 1.0462E—02 1.9412E—02 2.9200E—02 2.0825E—02
=1.06 GJR—GARCH—FHS 7.2649E—03 7.5738E—03 9.0579E—03 1.1260E—02 9.3488E—03
REGARCH—FHS 7.1625E—03 7.2246E—03 8.5548E—03 1.0943E—02 9.0121E—03
B—S 8.6678E—03 1.2456E—02 1.9461E—02 2.7833E—02 2.0157E—02
Eoy GJR—GARCH—FHS 5.8649E—03 6.4907E—03 7.6275E—03 9.0689E—03 7.6371E—03
REGARCH—FHS 5.8203E—03 5.8850E—03 7.2255E—03 8.5889E—03 7.2244E—03
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H AL ) ) DTM(H)
;gg;ﬂ SR ot 7—30 30 — 60 60 — 120 =120 i
MAE
B—S 1.9292E—03  4.7425E—03 9.7436E—03 1.4788E—02 8.2665E—03
< 0.94 GJIR—GARCH—FHS  1.1551E—03 2.3350E—03 2.0911E—03 2.0621E—03 1.9000E—03
REGARCH—FHS 1.0628E—03 1.9649E—03 1.4316E—03 1.7287E—03 1.5408E—03
o™ B—S 5.6035E—03 1.0069E—02 1.6614E—02 2.1495E—02 1.3986E—02
0.94—0.97 GIR—GARCH—FHS  2.9090E—03 3.7051E—03 2.6574E—03 2.6466E—03 2.9523E—03
REGARCH—FHS 2.3403E—03 2.7314E—03 1.8275E—03 1.8692E—03 2.1710E—03
B—S 8.6518E—03 1.2016E—02 1.8949E—02 2.3761E—02 1.6334E—02
0.97—1.00 GIR—GARCH—FHS  3.3832E—03 3.6930E—03 2.7538E—03 2.8336E—03 3.1485E—03
. REGARCH—FHS 2.8025E—03 2.3325E—03 2.0289E—03 2.0647E—03 2.3022E—03
AT B—S 9.0994E—03 1.3133E—02 1.9593E—02 2.5610E—02 1.7319E—02
1.00—1.03  GIR—GARCH—FHS  3.6453E—03 3.7441E—03 2.7084E—03 2.6756E—03 3.1741E—03
REGARCH—FHS 2.8688E—03 2.6507E—03 2.5695E—03 2.0012E—03 2.4873E—03
B—S 6.5596E—03 1.1765E—02 2.0310E—02 2.7459E—02 1.7589E—02
1.03—1.06  GIR—GARCH—FHS  3.0400E—03  4.0551E—03 2.6957E—03 2.9177E—03 3.1576E—03
REGARCH—FHS 2.3705E—03 3.0947E—03 2.4451E—03 1.9603E—03 2.4192E—03
M B—S 5.6774AE—03 7.8923E—03 1.5770E—02 2.3002E—02 1.4530E—02
=1.06 GIR—GARCH—FHS  4.2241E—03  4.4357E—03 4.3482E—03 5.2830E—03 4.6405E—03
REGARCH—FHS 3.9395E—03 3.7877TE—03 3.6871E—03 4.3464E—03 3.9765E—03
B—S 5.2873E—03 8.7066E—03 1.5082E—02 2.1313E—02 1.3386E—02
Eoaiil GIR—GARCH—FHS  2.8589E—03 3.4978E—03 3.0667E—03 3.3091E—03 3.1818E—03
REGARCH—FHS 2.4812E—03 2.7295E—03 2.4732E—03 2.6054E—03 2.5695E—03
IVRMSE

B—S 4.2867E—02 3.6045E—02 3.7156E—02 3.0613E—02 3.6660E—02
< 0.94 GJIR—GARCH—FHS  5.1509E—02 2.0545E—02 9.9229E—03  4.2903E—03 2.7916E—02
REGARCH—FHS 3.8335E—02 1.8313E—02 6.8822E—03 3.7417E—03 2.1268E—02
o™ B—S 4.4185E—02 3.9134E—02 3.8885E—02 3.3094E—02 3.8622E—02
0.94—0.97 GJR—GARCH—FHS  2.7982E—02 1.5461E—02 7.2315E—03  4.3397E—03 1.6235E—02
REGARCH—FHS 2.5883E—02 1.0609E — 02 4.9960E—03 3.3353E—03 1.4108E—02
B—S 4.7035E—02 3.8441E—02 3.9469E—02 3.5174E—02  4.0022E—02
0.97—1.00 GIR—GARCH—FHS  2.2702E—02 1.3039E—02 7.1064E—03  4.7470E—03 1.3596E—02
. REGARCH—FHS 2.0180E—02 7.8716E—03 5.8768E—03 3.6480E—03 1.1277E—02
AT B—S 5.6157TE—02  4.4498E—02 4.2190E—02 3.9307E—02  4.5830E—02
1.00—1.03  GIR—GARCH—FHS  3.0515E—02 1.3013E—02 9.8559E—03 5.5197E—03 1.7432E—02
REGARCH—FHS 2.6333E—02 9.1103E—03 9.4042E—03  4.6336E—03 1.4808E—02
B—S 6.4040E—02 7.2139E—02 6.7101E—02  4.8039E—02 6.2104E—02
1.03—1.06  GIR—GARCH—FHS  5.1793E—02 2.2824E—02 1.2089E—02 6.1370E—03 2.7699E—02
REGARCH—FHS 3.8489E—02 1.7645E—02 9.2008E—03  4.6719E—03 2.0744E—02
M B—S 1.5030E—01 1.2644E—01 1.7720E—01 2.0033E—01 1.7225E—01
=1.06 GIR—GARCH—FHS  1.1658E—01 9.6159E—02 8.0214E—02  8.0266E—02 9.2334E—02
REGARCH—FHS 1.1084E—01 9.5470E—02 8.2651E—02 5.7973E—02 8.5512E—02
B—S 8.8453E—02 7.2903E—02 1.0842E—01 1.1308E—01 9.9066E— 02
el GIR—GARCH—FHS  7.0543E—02  4.9199E—02 4.6996E—02  4.3846E—02 5.3166E—02
REGARCH—FHS 6.3948E—02  4.7984E—02 4.8116E—02 3.1706E—02  4.8222E—02
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MAE
B—S 2.2797E—03 4.9864E—03 9.7884E—03 1.5505E—02 9.1716E—03
<< 0.94 GIR—GARCH—FHS 1.4755E—03 2.6252E—03 3.4057E—03 4.5101E—03 3.2293E—03
OTM REGARCH—FHS 1.5793E—03 2.7195E—03 3.2291E—03 4.1838E—03 3.1169E—03
B—S 6.0396E—03 9.7550E—03 1.4930E—02 2.1407TE—02 1.4263E—02
0.94 — 0.97 GIR—GARCH—FHS 3.5352E—03 4.8565E—03 5.2307E—03 6.6321E—03 5.3079E—03
REGARCH—FHS 3.6272E—03 4.4102E—03 4.9953E—03 6.0583E—03 4.9662E—03
B—S 9.5671E—03 1.2270E—02 1.8370E—02 2.4721E—02 1.7315E—02
0.97 — 1.00 GIR—GARCH—FHS 4.6098E—03 5.2989E—03 5.757T4E—03 6.7654E—03 5.7623E—03
REGARCH—FHS 4.9705E—03 4.6211E—03 5.7425E—03 6.4568E—03 5.5591E—03
ATM B—S 9.7517E—03 1.2699E—02 1.8980E—02 2.6697E—02 1.8378E—02
1.00 — 1.03 GJR—GARCH—FHS 4.7948E—03 5.4642E—03 5.6772E—03 6.9057E—03 5.8784E—03
REGARCH—FHS 4.7678E—03 4.7466E—03 5.7320E—03 6.8126E—03 5.6832E—03
B—S 6.8097E—03 1.1895E—02 1.8892E—02 2.8300E—02 1.8273E—02
1.03—1.06 GIR—GARCH—FHS 3.9887E—03 5.4647E—03 5.9044E—03 6.7346E—03 5.7455E—03
. REGARCH—FHS 4.0626E—03 4.8880E—03 6.0473E—03 6.6149E—03 5.6091E—03
™ B—S 5.4626E—03 7.1540E—03 1.5150E—02 2.3657TE—02 1.4799E—02
=1.06 GIR—GARCH—FHS 4.3327E—03 4.9680E—03 5.9581E—03 8.3455E—03 6.2910E—03
REGARCH—FHS 4.3693E—03 4.6926E—03 5.6744E—03 7.8801E—03 6.0067E—03
B—S 5.6214E—03 8.6067E—03 1.4568E—02 2.2044E—02 1.4110E—02
43 GIJIR—GARCH—FHS 3.4573E—03 4.4129E—03 5.0793E—03 6.5901E—03 5.1392E—03
REGARCH—FHS 3.5503E—03 4.0938E—03 4.9309E—03 6.2472E—03 4.9330E—03
IVRMSE

B—S 4.1198E—02 3.8320E—02 3.8805E—02 3.1439E—02 3.6944E—02
< 0.94 GIJR—GARCH—FHS 4.8912E—02 2.3448E—02 1.5643E—02 8.6633E—03 2.5702E—02
OTM REGARCH—FHS 4.5164E—02 2.1933E—02 1.2720E—02 7.9674E—03 2.3526E—02
B—S 4.3163E—02 4.0630E—02 3.7566E—02 3.3187TE—02 3.8027E—02
0.94 — 0.97 GIJIR—GARCH—FHS 2.7963E—02 1.9656E—02 1.2084E—02 1.0133E—02 1.7467E—02
REGARCH—FHS 2.6575E—02 1.5877E—02 1.1354E—02 9.2228E—03 1.5775E—02
B—S 4.9224E—02 4.0128E—02 3.9733E—02 3.5470E—02 4.0507E—02
0.97 — 1.00 GIR—GARCH—FHS 2.6782E—02 1.7333E—02 1.2403E—02 9.9967E—03 1.6716E—02
REGARCH—FHS 2.5976E—02 1.4647E—02 1.2192E—02 9.3245E—03 1.5645E—02
ATM B—S 5.3490E—02 4.4229E—02 4.2465E—02 4.0231E—02 4.4424E—02
1.00 — 1.03 GJR—GARCH—FHS 2.6591E—02 1.8011E—02 1.4654E—02 1.1208E—02 1.7380E—02
REGARCH—FHS 2.5400E—02 1.5814E—02 1.4898E—02 1.0927E—02 1.6505E—02
B—S 6.5917E—02 7.1564E—02 1.0343E—01 4.8590E—02 7.3252E—02
1.03—1.06 GJR—GARCH—FHS 6.0601E—02 2.6208E—02 2.4782E—02 1.2010E—02 3.1699E—02
"™ REGARCH—FHS 3.5074E—02 2.3393E—02 1.9997E—02 1.1787E—02 2.2178E—02
B—S 1.0106E—01 1.2797E—01 2.0582E—01 1.4147E—01 1.5490E—01
=1.06 GIR—GARCH—FHS 7.9306E—02 5.9539E—02 6.6627E—02 5.2613E—02 6.3665E—02
REGARCH—FHS 8.6365E—02 4.8471E—02 7.2703E—02 4.9440E—02 6.4741E—02
B—S 6.8318E—02 7.4511E—02 1.2501E—01 8.2858E—02 9.1885E—02
43 GIR—GARCH—FHS 5.5968E—02 3.4758E—02 4.0222E—02 2.9824E—02 3.9562E—02
REGARCH—FHS 5.5848E—02 2.9184E—02 4.2968E—02 2.8037TE—02 3.8848E—02
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The Pricing of SSE 50 ETF Options with Realized EGARCH-FHS Model

Wu Xinyu', Jiang Xiaoqing', Li Xindan’, Ma Chaoqun’
(1. School of Finance, Anhui University of Finance and Economics, Bengbu 233030, China;
2. School of Management and Engineering, Nanjing University, Nanjing 210093, China;
3. Business School, Hunan University, Changsha 410082, China)

Abstract: On February 9, 2015, the Shanghai Stock Exchange (SSE) launched its first exchange-traded
option, the SSE 50 ETF option. The SSE 50 ETF option is an European-style option written on the 50 ETF.
The SSE 50 ETF option provides an effective hedging instrument for the investors in China’s stock market.
One of the important issues for the development of derivatives markets is to address the question on how deriva-
tives can be valued correctly. It aims to develop an appropriate model for pricing the SSE 50 ETF option in this
paper. Classical option pricing theory (such as the Black-Scholes model) is based on the assumption that the
underlying asset returns are normally distributed with constant volatility. However, the assumptions are
inconsistent with empirical findings, resulting in option pricing biases. It is well recognized that asset returns
exhibit characteristics such as skewness and heavy tails, which cannot be captured by using a normal distribu-
tion. Moreover, asset returns exhibit the volatility clustering property: the volatility changes over time and its
degree shows a tendency to persist. To overcome the drawbacks of the conventional option pricing approach,
the GARCH option pricing models have been developed. In particular, the GJIR-GARCH-FHS option pricing
model has been proved to be useful in fitting the option prices. However, the GJR-GARCH-FHS option pricing
model does not exploit the high-frequency information for pricing options. The usefulness of high-frequency
information to price options has been well established in the literature. In light of this, this paper proposes the
REGARCH-FHS model which combines the realized EGARCH (REGARCH) model with the filtered histori-
cal simulation (FHS) method for pricing option. The model extends the conventional GJIR-GARCH-FHS
option pricing model by incorporating the rich high-frequency intraday information from the realized measure to
price options. The model 1s easy to implement, allows for flexible change of measure and is able to capture
volatility asymmetry (leverage effect) as well as non-Gaussian innovation distribution. Empirical analysis based
on SSE 50 ETF options shows that our proposed REGARCH-FHS model outperforms the Black-Scholes and
GJR-GARCH-FHS models in both in-sample and out-of-sample option pricing. Specifically, the root-mean-
square error (RMSE) of the REGARCH-FHS model is 77.70% and 15.64% lower than the RMSE of the
Black-Scholes and GJR-GARCH-FHS models in in-sample option pricing, while it is 64.16% and 5.40%
lower than the RMSE of the Black-Scholes and GJR-GARCH-FHS models in out-of-sample option pricing.
Moreover, the REGARCH-FHS model improves the GJR-GARCH-FHS model most significantly for the pric-
ing of the short-term (days to maturity less than 60 days) in-sample and for the pricing of the short-term (days
to maturity: 30-60 days) out-of-sample. Our results are robust to alternative criteria for pricing performance
evaluation. In summary, our study highlights the value of incorporating the realized measure (price range) and
the flexible FHS method for option pricing.

Key words: option pricing; realized EGARCH ; GJR-GARCH; FHS; price range



