expansion of the product range of military enterprises, improve the system of financing defense
facilities within the overall economic strategy, meet the key needs of the armed forces in R&D,
improve the ways and means of assisting personnel in closed military installations and local people
involved in their livelihoods, reduce costs by rapidly reducing excess capacity by encouraging and
subsidizing merger and consolidation.
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TIME SERIES METHODOLOGY FOR OPTION PRICING: EMPIRICAL TESTS

Option pricing has been a significant area for research in finance since publication of work
by Black, Scholes and Merton, who developed a noted model for estimation of options’ fair value,
wich is still used today. [1] Nevertheless, the are some major drawback of the Black-Scholes model,
such as assumption of constant volatility and constant risk-free rate wich are not true in real world.
One of the realization of this drawbacks is “volatility smile” — an empirical relationship between
strike price and implied volatility for options with the same underlying asset and maturity date.

In order to make more precise estimations of option’s fair value based on historical data,
various researchers tried to develop models that incorporate either dynamic volatility, or dynamic
risk-free rate, or both. One of the most eminent works in this field is done by Jin-Chuan Duan, who
developed an option pricing model based on GARCH process of Bollerslev. [2] This work is aimed
to test performance of Duan model on modern data, compare it to classic Black-Scholes model and
make relevant conclusions.

Duan model is built on locally risk neutral valuation relationship (LNRVR, wich is fully
described in original paper by Duan), wich implies that asset return process that follows
GARCH(1,1) under physical measure, under LRNVR can be described as: [3]

X
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= r—lht +zh,
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¥ - one period riskless rate of return.

where

It can be seen that asset return doesn’t follow classic GARCH(1,1) process anymore and
thus cannot be estimated in standard statistical packages. Still, parameters of the (1) can be
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estimated by MLE, maximizing log-likelihood function. For this purpose, a program in R was
developed by authors that uses Nelder-Mead optimization to come up with parameters of the model.
The model was estimated for Facebook, Inc. shares options based on data from January 4,
2016 to January 10, 2020. Model was then used to calculate theoretical prices for different strike
prices and maturities alongside with classic model of Black, Scholes and Merton. For Duan model
200000 of Monte Carlo simulations were used to calculate European call option prices.
Fitting a (1) model to data resulted in set of parameters:

ag= 7'87X|0“5531’ = 0.34835p1 = 01’5}155’X =-0.0007. II; 1S important to note thdt model

satisfies stability condition. Based on parameter values long term GARCH volatility is 37.62%,
compared to 29.11% of sample standard deviation. Black-Scholes model was estimated using
historical volatility.

Results of the pricing were assessed with APPE (average percentage pricing error) criterion:

APPE =Pm Pa'x100%
Pa @

where P m- theoretical price estimated by model,

a - actual price observed on the market.

Results of the pricing are shown in the table 1. Results for out-of-the-money option are
shaded in grey. Stock price for the analysis day (January 10, 2020) was USD 218.06.

Table 1. Comparison ofthe results
Duan model
Strike prices

160 190 225 250
7 0.40% 093%  474.42% 2100.00%
42  107% 4.88% 81.50% 457.14%

Time to 161 270%  1620%  70.99% 187.87%
maturity
(days) 371 594%  1780%  55.49% 102.21%

Black-Scholes model

160 190 225 250

7 040%  032%  158.14% 91.60%

42 024%  2.31% 6.17% 38.10%

Time to 161 298%  3.12% 4.86% 6.36%
maturity

(days) 371 678%  823% 3.80% 4.49%

It can be clearly seen that Black-Scholes model outperforms Duan model in most cases.
Still, there are two cases where Duan model performs better (deep in-the-money options). This can
be seen as an evidence that Duan model can deliver increased accuracy in some cases. Nevertheless,
there is a room for improvement in the Duan model (variance reduction techniques, different
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optimization method for MLE, etc.). Another promising approach would be to use GARCH long
term volatility in the context of Black-Scholes model.

In the context of Ukrainian economy, Duan model can be used to estimate prices of options,
embedded in bonds with indexed value. These bonds are known to be deep in-the-money in most of
the cases. Duan model can improve the methodology of National Bank of Ukraine and private
banks for estimating prices of derivatives embedded in government bonds. More, GARCH(1,1)
model can be used to assess the risk of these instruments.
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BILIMB KOPOHABIPYCY HA EKOHOMIKY YKPATHH

INannemist KOpPOHaBIpyCy — CHajax BipyCHOTO 3aXBOPIOBAHHs, SKHUH IMOYaBCS B CEpeAMHI
rpyaas 2019 poky B KWTaliCbKOMy MICTI YXaHb, a 3apa3 € 4u He B KOXHiH kpaiHi cBity. Ha
CHOTOHIIIHIN JeHb JaHe 3aXBOPIOBAHHS IOXUTHYJIO CBITOBY €KOHOMIKY. POHIOBI PUHKH 3a3HAIH
NaiHHSA KaniTam3auii Ha S5 TPpJIH OO, IO € HaiOiIbIINM MaAiHHAM 3 4aciB kpu3u 2008 poky.

VYkpaiHa Ha JaHW MOMEHT MEpPEeXHBAE IKOBHI MEPION PO3BUTKY MaHAEMIii KOPOHABIpycCy,
TOMY €KOHOMiKa TIJIbKU IOYaJia 3a3HaBaTH BTPAT. BINBIIICTh MiAMPHEMCTB MaJIOTO Ta CEPEAHBOIO
Oi3HeCy NPUNHUHAIOTh (QYHKUIOHYBAaHHS MiA 4Yac KapaHTHHY. KpiM Toro 3HauyHHX 30UTKIB 3a3Ha€
TPAHCIOPTHA Tally3b, aJXKe Maca)kUpCbKe CIOJy4eHHs B YKpaiHi € oOMexxeHuM. Takox maHe
oOMe)xeHHsI BIUTMHE Ha BCi €KCMOPTHI raiy3i (0e3 BUKIIOYEHHs), ajpke TOPTiBIsS 3 iHIIMMH
KpaiHaMM Ha OaHWH MOMEHT mnpunuHeHa. KpiM TOro 3HauHi BTpaTH HECTHME TYPHUCTHYHHHA Ta
pecTopaHHuit Gi3HECH.

Bapto 3a3HauMTH, IO BTPard Bill KOPOHABIPYCY MOKHM HE MOXHA IiIpaxyBaTH, ajpke
HeBimOMHUil mjaH mnepebiry LbOro BipyCHOTO 3aXBOpIOBaHHA. Brnama moOinmizye Bci cuim, 100
MOM SIKLIMTH HACJIAKH AJIs1 €KOHOMIKH, POTE LIbOTO HE IOCTATHBO.

Haii6inpmow mnoxiero 3a ocranHi 10 pokiB, sika CKOJIMXHYJIA CBITOBY E€KOHOMIKY MOXKHA
BBA)KaTH KOPOHABIPYC, IO COPUYHUHHUB HOBY Kpu3y. ExoHOMika YkpaiHu € qy»ke 4y TIHMBOKO A0 HOMIii
mo BinOyBalOTbCA B KpaiHI Ta MO3a HEKO, TOMY MaHAEMis CHPUYMHHIA PELEeCiio, MPOINO3HIisL
HepeBHLIye MOMUT, HaceneHHs Brpadae poboui micus, a BBII 3menmyerbcsa. Tinbku Kwuis, 3a
migpaxynkamu KMJIA, craHom Ha 20 OepesHs BrparuB 1,5 mupn rpH. Tamysi, ski 3a3Hayiu
HaiOITBIINX 30MTKIB — TPAHCHOPTHHIA, TOTEJIbHUH Ta PeCcTOpaHHI Oi3HECH, KiHOTeaTpH, TOProBi
LIEHTPHU a TAKOXK MANPHEMCTBA 3 MPOAaKy OyHiBeJIbHUX MaTepiaiB, MeOJIiB, OASTY Ta iHILE.

MixMiCbKe CIONy4EeHHS € CyBOpO OOMEKeHHM, 3ajli3HHYHE Ta aBTOOYyCHE MEPEeBE3CHHS €
CKaCOBaHUM. YKpaiHCbKa 3ajli3HHULA NPUHOCHIA 10 15 Mipa rpH 30UTKiB Ha PiK, MPOTE 3apa3, KOJU
mepeBe3eHHs] CKacoBaHI a 3apoOiTHI IUIaTH MALIMHICTaM, TMPOBIAHHMKAM Ta IHIIOMY MEPCOHAJY
BHUILUIa4y BaTH NMOTP1OHO, TO BUTpATH OIOIXKETY TUIbKHU 3pocTyTh. Lllomo cutyarii B cepeauHi Mict, TO
CTaHOM Ha 23 Oepe3Hs MPUIHHUB NEpPEBE3eHHS BCI BHOM TPAHCIOPTY, a MeTponoyiTeH 3 17
6epe3Hs. 36UTKH BiI LbOTO PILIEHHS HECTUMYTb HE TUJIKU KOMIAHIi-EPEBI3HUKH, a 1 KHUTEJI MICT,
aJke €IWHUM BHUAOM TPAHCIOPTY, SKHH MPONOBKYE CBOK MISNIbHICTb, € TaKCi, IO € 3HAYHO
TOPOKYUM B MOPIBHSAHHI 3 IHLIMMH BHAaMH MiCbKOTO TPAHCIIOPTY.

TotenbHuil Gi3HeC 3a3Hae 30WMTKIB Yepe3 BIACYTHICTH KIIEHTIB, a OCOOJNMBO T'OJOBHOIO
CEerMeHTy CHOXKHBa4iB — TypHCTiB. PectopaHHuii 6i3Hec oTpumaB oOMexeHHs1 B poOOTi, a came
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