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New hedging techniques in energy sector using baet options

Monika Haréarikova and Michal Soltéé

The paper is focused on the measurement of heeéffiogency using the New 4 option strategy credigdbarrier options. We aim to
find the way of the risk management against an uyidg asset’s price drop. European down and kniockut options are used with
the combinations of vanilla call and barrier calptions, where the zero-cost option strategy habeanet. Based on analysed hedging
techniques, the minimum constant selling pricee@ised for the case of the underlying asset’s miiop. Our theoretical results of hedging
are applied in the energy sector, i.e. Energy Se&dector SPDR ETF. All hedging techniques are a®alyand compared to each other, but
only selected variants are presented in the papée findings show that the using of barrier optiars the hedging produces very
significant reductions in risk. Finally, there iecessary to develop an effective hedging stratelygre the structure of the strike prices and
the barrier levels plays an important role. Accarglito the findings, the recommendations of the tasfs are introduced for potential
investors.

Keywords:hedging technique, barrier option, option strateBypergy Select Sector SPDR ETF

Introduction

Financial market prices, mainly stock prices, cordityoprices, foreign exchanges and other investment
assets, have shown striking changes in volatititgugh time. Each of these kinds of the underlygsgets” price
shows enormous unpredictable movements from dajayoor month to month. Due to this fact, the firars
business leaders want to use effective hedgin¢egies, in order to avoid the disruptive conseqaeraf their
investments. Financial derivatives are an intemgstipportunity to protect against market risks. Mabarrier
options introduce effective and flexible tools usadthe risk management. Over the years, many €ia&n
studies are dealing with the risk management uSimancial derivatives. Many studies deal with tleving
problem in the risk management. Brown (2001), Gaag Kothari (2003) study the managing of risk tigtou
derivatives. Hankins (2011) investigate how thenfirmanage risk by examining the interactions batwee
financial and operational hedging. Loss (2012) @nesthe optimal hedging strategies, and Tichy $2@8cuses
on currency hedging of the nonfinancial institutidio our best knowledge, our risk management ulsargier
options appears to be unique in this field. Hermoenparing the various risk management variantsgulsiew
4 option strategy created by barrier options fillsioticeable gap in this topic. Our theoreticaulsswill be
useful not only for financial institutions but alkwr academic and research community.

Hedging aims to reduce any substantial losses ft@noperations in future, where it is possible ¢dlde
the values of energy, precious metals, foreignenay, and interest rate fluctuations. It is vahdttthe loss in
spot market position is compensated by the gaifiutires market position and vice versa. In our caselger
intends to sell an underlying asset in future amhes to eliminate the downside risk. The purpdshe paper
is to hedge against price drop using New 4 optteatesgy. We do not avoid a price drop, but we wargecure
only the minimum acceptable selling price. The rodtilogy of the paper is based on option strategies,
introduced in the papers such as Hull (2012) andbrél997). Mainly barrier options introduce a neal in
the risk management. These tools are particuldtipctive to hedgers in the financial market. dsemce, there
are four types of barrier options, i.e. Ul, UO, DIQ call/put options. Where the right to exercigbhex appears
(IN) or disappears (OUT) on some barrier level. Daerier level can be set above (UP) or below (DOWN
the underlying asset price at the time the optioaréated. The barrier level must be set abovel/Poptions)
and below (for DOWN options) the actual spot prizecause otherwise, the options would be worthiasier
options are generally cheaper than standard optioesto the underlying asset has to cross a celtairier
level. As we will see later, DI put options withetitombinations of vanilla/barrier call options &ne best for
hedging against a price drop. More detailed chargstics of barrier options are presented by Tigg04) and
Zhang (1998). In the paper, we discuss only Eunogdions in any detail. However, the next approzam be
oriented on American options.

We aim to hedge the minimum selling price for oartfolio through New 4 option strategy using barrie
options. There are 124 possibilities” creationhi$ strategy using barrier and vanilla optionsatalt For full

1 Monika Hawarikova, Technical University of KoSice, Faculty of Econosjidepartment of Finance,éMcovej 32, 040 01 Kosice,
Slovakia,monika.harcarikova@tuke.sk

2 Michal Soltés Technical University of KoSice, Faculty of Econios) Department of Banking and Investmengmdovej 32, 040 01
KosSice, Slovakiamichal.soltes@tuke.sk

386



Acta Montanistica Slovaca Volume?22(2017), numbe#, 386-395

protection against price drop, there have to be eput options with the smallest strike price anber types
of options. Our research shows that 16 types usitlg barrier options and 9 types using vanilla &adrier
options are suitable for our analysis. We have gesl selected hedging variants with the best tesfl
the secured selling price because other ways atgextonly partially. The results of our approachapplied in
the energy sector, specifically, Energy Select @e8PDR ETF. It is a fund allocated to oil gas andsumable
fuels companies. However, this approach can beiegpfibr various underlying assets. Based on indiaid
components of replicating portfolio, the hedginghigiques on these shares are proposed and contpagadh
other with the unsecured position. In the end,ktbst hedging techniques are presented in diffaredérlying
asset’s price development with the recommendat@rsotential institutions.

Research methodology

Our approach is based on option strategies and tisgig in risk management. The significant part of
financial engineering are options and option sgiia®e These tools are also used on the new innevhtiancial
product’s creation as it is proved by Hull (20It)erefore, the methodology of the paper is basetthese tools
by which the significant role plays a valuation.dénstanding of the New 4 option strategy creatfondeded
for its use in risk management. New 4 option stpatean be created in 3 ways. The first way is ewas
the buyingn put options with a strike prick¥;, the premiump;y per option, simultaneously by sellimgput
options with a higher strike pricé, the premiump,sper option and by buying put options with the highest
strike price X; the premiumpsg per option. The second way is similar to the presione with the same
parameters but is created by buying call optiorts @rthe same time by selling call options and byifg put
options. However, these two ways are not possibleréate without initial costs. The last way fudfthe zero
costs, which is created by buyingput options and at the same time by sellincgll options and by buying
call options, where the strike prices should beaseX, < X, < X3. Therefore, we will consider only with this

way for hedging. Also, European-style of optionsused for the same underlying asset and with theesa
expiration time.

The New 4 option strategy using only standard \amiptions was designed by Soltés (2011). The New
1 option strategy formed by barrier options anduging in risk management was discussed by Solids a
Hartarikova (2015). Short Call Ladder strategy credigdsanilla options and its using on hedging is tesl
Amaitiek et al. (2010). Also, Rusnakova and So(#312), Rusnakova (2015), Soltés and Rusnakovd,2(20
2013) analyse the hedging against a price increadeop by means of different options strategiéagisanilla
and barrier options. According to the studies nuer@d, we analyse all possible ways of New 4 opsioategy
creation using barrier options with the aim to heedgainst a price drop.

Valuation

The analysis consists of all ways of New 4 optidrategy creation using barrier options in risk
management. There is possible to create 124 wajdewf 4 option strategies using barrier options. Elosy,
only selected variants are presented in this pasng DI put options with the smallest strike prigre suitable
for full hedging against a price drop. All combiisais of DI put options together with 2 various &zl barrier
options are analysed, i.e. 9 ways with the variffions and 16 ways only with barrier options. Ging of
secured variants have to meet the zero-cost conditiOur theoretical results are applied to ther@n&elect
Sector SPDR ETF (XLE), where the evaluation of lleelger’s profitability at the maturity date is @Eet=d.
Based on comparative analysis of the proposed hgdgiriants, the recommendations for investorgasen.

The approach is based on the value of Europearlavamd barrier options on the Energy Select Sector
SPDR ETF with the various strike prices and theribarlevels. Real vanilla options are gained from
www.finance.yahoo.com. European barrier optiongwiare not publicly accessible. Then, we have ltulze
barrier option premiums. Authors Black and SchdEs73) introduced basic, generally used, optiomipgi
model and their work are considered as a signifieaidled value in financial engineering theory aratfice.
However, this model cannot be used for the priaifighe barrier options. Merton (1973) modified cias
version of this model for European down and knouk-call option. Formulas for eight types of the rizar
options were derived by Rubinstein and Reiner (198loreover, finally, Haug (2007) applied valuation
formulas on all 16 types of the European stylenefliarrier options.

Based on Haug model (2007) we compute theoretited¢ of standard European barrier call/put options
where the following input parameters are considered
« the actual underlying spot pri&g,

* the barrier leveB,

e the strike priceX,

e compensatioik,

e the risk-free interest rate (derived from government bonds yields — U.S. Tueasrate, source:
www.bloomberg.com),
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» the implied volatilitys (we used historical volatility),
« dividend yieldq,
e the time to maturity of the optidn
All derived relations of barrier call options cae found in lacus (2011). Our calculations of s&dct
barrier options were processed in the statisticadam R.

Hedging techniques with using of barrier options

Suppose that the firm decides to hedge by using Mewption strategy. Therefore, we analyse various
hedging techniques using given option strategy érriér options. The used way is created by buyingut
options and at the same time by selling n callaystiand by buying n call options, where the stpikees should
be set asX; < X, < X3. In the analysis of hedging techniques we can densiifferent levels of call barrier
options. Where barrier conditions for particulali barrier options with premiuna,s or czg are in Table 1. For
easier understanding, we will consider the samel leflowerD and uppetJ barriers for used barrier options.

Tab. 1. Call barrier options.

Type of call barrier option Barriers
up and knock-in (Ul) Us
up and knock-out (UO) u>X S
down and knock-in (DI) D<X,0OD< X3
D=X,0D=X3 D<Sy
down and knock-out (DO)
D> X,0D > X3

Notes: X strike price, D lower barrier, U upper hiar.
Source: own design

Let’s consider the selling pieces of the underlying asset from our portfatiewever, we are afraid of its
price fluctuation to the drop in the market. Theame from the sale of the unsecured position iratheunt ofn
pieces at tim@ is n[5; ,whereSTis the underlying spot price at tirile

At first, let us construct New 4 option strategy tyying n down and knock-in put options with a strike
price X;, the premiunp;gp, per option, the barrier levél and at the same time by selling the same amoumt of
call options with the strike pric,, the premiunt,s per option and by buying call options with the strike price
X3, the premiuntsg per option. All relations for analytical expresssoof vanilla and barrier options used in our
analysis are derived and presented by Rusnakovd®)2Bor simplifications, we have assumed the sawe of
lower D (for DI and DO barrier options) and upgér(for Ul and UO barrier options) barriers for intigated
hedging techniques in our research analysis. Naig, thatD < X;and U > X5, simultaneousihp < S;and

U > Syshould be set, wher® is the actual underlying spot price at the timdassiie. In case of DI/DO call

options, the barrieb can be set lower, equal or higher than the spiiee. For UI/UO call options, the barrier
U should be set higher than the strike price. Othgrwit is classical correspondent vanilla callioms.

Table 2 shows the final selling price of New 4 optistrategy 1 as a sum the cash market price and
the future market payoff.

Tab. 2. Final selling prices using New 4 optioratdgy 1.

Price scenarios of energy | Cash _market Future market payoff Final selling price
fund price
OminT( §)>DOS < % nCSr -n{piepI —Cos +Ca8) n{Sr - pepI +C25 ~Cag)
<t<

0r<r:i<nT(S[)sDEIST <X1 nisr ~n{Sr - X1+ p1epI ~Cos +C38) n({X1 - pispI +Cas ~c38)
X1<Sr<X3 niSy ~-nT{pisDI ~Cos *+Cag) nC{Sr - pispI + Cos ~Cag)
X2 < St < X3 niSr -n[{Sr - X+ RBDI~ 25+ @p) n({X2 - P1epi +C2s ~c38)

Sr2X3 niSy nC{X, - X3 - pigpI +C2s —C38) n({Sr + X2 = X3~ pigpi +Cas ~CaB)

Source: own design

In comparison to the classical vanilla options, terrier option premiums are always cheaper for
the uncertainty of the barrier option price in fiture. In every time this New 4 option strategycieated
without any initial costs, i.e. the zero-cost @t is fulfilled by relation (1):

n |]:ZS 2 n [G plBDI + C3B) (1)

This hedging technique is the best due to highlingecall option premium. The higher strike prite

the lower call option premiums and the higher pttan premiums are.
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The comparison of cash market price and final reglprice as it is shown by income function in Table
we can conclude:

The expectations of reaching the lower barrier Dumglerlying asset during the time to maturity and
Sy < X; at the maturity date are desired. For our purpibgeincomes of final selling price are still ctard in

amount of n[ﬂxl— PieD| + Cs — 035) . By comparing with the cash market price (the unssgt position),
the incomes will be higher with the given hedgitrategy if Sy < nlf X - Bgp| + 65— &g)

On the other side, if the lower barrier is not fest during time to maturity andSy < X; or
X1 £ § < X5, the incomes from the final selling price arejsr - BeD| + 65— %B) In this case we hedged
a constant profit in amount of [{c,s = Prgp; — Gg) -

If the underlying asset’s spot price at the matutitte is at an intervalX, < St < X3, then the incomes of
the hedged strategy will be constant in amount EQsz - PBpl *+ Os — ch) And the hedged strategy will be
better than unsecured position for c&es< ni{ % - Bgp; + &5~ &p)

If the price S = X3, the secured incomes will always be lower thanitcemes from unsecured position
in amount ofn[{Sy + X - X% - Rap| + 65— Gg)

Let us consider with hedging option’s creation agirfig n down and knock-in put options with a strike
price Xy, the premiunp;gp, per option, the barrier levél and at the same time by selling the same amoumt of

call options with the strike pricX,, the premiumc,s per option and by buying call barrier options with
the strike priceXs, where the call barrier options can be:

2A) up and knock-in call options with the barrievél U, i.e.U > Xzand premiunczsy per option.

2B) up and knock-out call options with the bart@rel U, i.e.U > Xzand premiuntssyo per option.
2C) down and knock-in call options with the barf@rel D, i.e. D < X3 and premiuntsgp, per option.
2D) down and knock-out call options with the bartevel D, i.e.D < Xzand premiuntsspo per option.

The expiration period has to be same for all usptions. The final selling prices of New 4 option
strategy_2 for used call barrier options are prieskim Table 3.

Tab. 3. Final selling prices using New 4 optiorattgy 2.

Price scenarios of

energy fund

Final selling price_2A

Final selling price_2B

Finalselling price_2C

Final selling price_2D

m1inT(3)> D OS; <Xy

Sr — Pispi * C2s ~Csgul

Sr — Pispi *C2s ~GBUO

Sr ~ Pispi * C2s ~Campi

Sr ~ Pigoi * C2s ~ Caspo

nzir}(SK)sD 0S <X,

X1~ Pigpi * C2s ~ Cagui

X1~ Pigoi +C2s ~ GBUO

X1~ Pispi * Cas ~ Cappi

X1~ Pigoi +C2s ~C38D0O

X, €S <X,

Sr — Pispi * Cos ~Cagul

Sr ~ Pisoi * C2s ~ CaBUO

Sr ~ Psoi * C2s ~ Caepi

St~ Pigoi * C2s ~ Cagpo

X, < S < Xq

X2~ Pigpi *C2s ~Cul

X2~ Pigpi +Cas ~ Casuo

X2~ Pigpi + Cos ~ Cagpi

may($,)2U OSr 2 X,

Sr + X3 = X3~ Pigpr * Cas ~ Cap

X2~ Pigoi * C2s ~ C3BUO

X2~ Pigpi +Cos ~ Caepo

ma>(S,)<U OS; 2 X,

<t<T

X2~ Pigpi *C2s ~ Ul

Sr + X = X3~ Pigpi *+Cas ~ Gy

min(S)< DOS; = X,

P<t<T

Sr + X3 = X3~ Pigpr +Cos ~ Cap

X2~ Piepi +C2s ~CaBpO

min(S)> DOS; = X,

<t<T

X2~ Pigpi + C2s ~ Cappi

Sr + X = X3~ Pigpi +Cas ~ Cagyl

Source: own design

Now, let’s create at hedging through Nova 1 stgategsing only barrier options. The best possibiitae
by buyingn down and knock-in put options with a strike prie the premiunp;gp, per option, the barrier level
D and at the same time by selling the same amoumtiofvn and knock-out call options with the strikepiX,,
the premiunt,spoper option, the barrier lev8&l and by buyingn

3A) up and knock-in call options with the strikegarXs, the premiuntsgy, per optiorand barrier level.

3B) up and knock-out call options with the striké&cp X3, the premiuntszgyo per optiorand barrier level.

The final selling prices of New 4 option strategyarg presented in Table 4.
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Tab. 4. Final selling prices using New 4 optiorattgy 3.

Price scenarios of energy fund Final selling price8A Final selling price_3B
OLT:E‘T(St)> DOSr <X St~ PiBDI +C25DO ~ C3BUI St~ pPiBDI * C25DO ~ C3BUO
021'('}(5()5 DOSr <Xy X1~ P1BDI * C25DO~ C3BUI X1~ P1BDI * C2SDO~ C3BUO

X125 <X, St~ PiBDI *+ C25DO ~ C3BUI St~ PiBDI +C25DO ~ C3BUO
OLT:L“T(SI)> DOXy<Sr < X3 X2~ PiBDI *+ C25D0 ~ C3BUI X2~ P1BDI *+C25D0 ~ C3BUO
OQL“T(S[)S DOX2sSr <Xz St~ PiBDI *+ C2SDO ~ C3BUI St~ PiBDI + C25DO ~ C3BUO
max(§)2U O min (§)>D 0St > X3 St + X2~ X3~ PBDI *C25D0 ~ C38UI X2 = P1BDI *+C25D0 ~ ©3BUO
0<t<T 0<st<T
max(§)2U O min (§)<D OSr 2 X3 2051 - X3~ gDl + C25D0 ™ C3BUI St~ PBDI + C25DO ~ C3BUO
0<t<T 0st<sT
max(§)<U O min (§)> D OS2 X3 X2~ PiBDI * C25D0 ~ C3BUI St + X2 = X3~ p1BDI + C25DO ~ C3BUO
0<st<T o<t<T
max(s)<U O min (§)<DOSr > X3 Sr ~ PiBDI *+ C25DO ~ C3BUI 205 - X3~ p1eDI + C25DO ~ C3BUO
Ost<T Os<tsT

Source: own design

For right investor’s decision, it is necessary hoase call barrier options (Ul, UO, DI, DO) depermats
the type of expectations of underlying asset’s ldgveent. We can predict rapid/slowly increase qidéslowly
drop of the underlying asset. According to thig ¢lall barrier options are chosen for the heddgstgne options
secure the final selling price only partially, atligpes fully. Finally, it may not be a perfect lged but it should
remove much of the risk, and the hedger has to radk®l decision.

Practical application to the energy sector

In this part, our proposed hedging variants ardiegn energy sector using exchange-traded fuRd§),
specifically Energy Select Sector SPDR ETF (refeiX&E). ETFs provide an interesting way how to isiven
energy sources such as oil, gas, coal or elegtriXltE fund is chosen due to its size in this catgg

Now, let us suppose that in the future (January8R®d are planning to sell 100 stocks of XLE. We ar
afraid a downwards price movement over the pefiodhis time, we aim to hedge using above mentiaNed
4 option strategy created by vanilla and barrietiomg. Using this option strategy, we want to hedge
the minimum selling price in January 2018. Tradewant of shares are 100 pieces, while the zeroamsin
strategy has to be fulfilled according to relati(l). Otherwise hedging variants are excluded fromn o
observations. For easier way, we do not considgrtramsaction costs and trading constraints. Naxt ghows
some hedging variants, which meet the above-statpdrements.

Data description
The shares of XLE are traded at USD 68.38 per sbareld" September 2016. Basic key hedging
information are presented in Table 5.

Tab. 5. Key hedging information.

Underlying asset Energy Select Sector SPDR ETF (XOE
Issue date 13" September 2016
Issue price 68.38 USD
Maturity date 19" January 2018
Multiplier 1:1
Dividend yield 3.54 %

Source: finance.yahoo.com

Vanilla options are in real traded in the markeheve the dataset is obtained from finance.yahoa.com
European barrier options are calculated accordingaug model (2007) in statistical program R whb tnput
parameters as the spot price of the underlyingt 46838 USD), times to maturity (494 days, i.eddieg
period from 18 September 2016 to Y9anuary 2018), interest rate 0.67 % (gained fre@sury.gov), dividend
yield 3.54 % (gained from google.com/finance) afstdmical volatility 26.55 % (analysed for periodl &lay
2015 — 13 September 2016). Selected European call/put optiemiums for classic vanilla and barrier options

(barriers 40 and 90 USD) are presented in Table 6.
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Tab. 6. European call/put/call barrier/put barrieption premiums with barrier levels 40 and 90 &% $eptember 2016.

Implied volatilit Call Call Call Call . Put;

P (%4 Y 00) @0 o) o) Call Strike Put 40
32.52 12.23 9.23 0.11 21.35 24.96 45 1.17 0.81
34.42 10.83 6.60 0.04 17.38 21.20 50 2.20 1.39
30.77 9.44 4.43 0.02 13.85 16.60 55 3.40 2.01
28.30 8.62 3.36 0.01 11.98 15.16 58 3.55 2.39
3.13 8.09 2.75 0.01 10.83 12.25 60 4.85 2.64
25.72 5.56 0.77 0.00 6.32 5.95 70 8.26 3.93
21.79 4.87 0.46 0.00 5.32 4.70 73 16.60 4.31
22.47 4.43 0.31 0.00 4.74 4.50 75 12.15 457

Notes: Option premiums are in USD.
Source: finance.yahoo.com, own calculations inistiaal program R.

The dataset for our analysis consists of 39 vamii'put options, 128 UI/UO/DI/DO call options and
12 DI put options. The used currency of an undegyisset and option premiums is in USD. The spikees of
a real vanilla call options are considered in thege of 30 — 100. The barrier levels are selecjeduthors,
where for lower barriers of DI/DO call/put optiomsthe range of 30 — 60 and for upper barriers BUO call
options in the range of 80 - 110, all in multiples 10. Based on the dataset, there are analysegiriied
techniques with the strike prices:
1. X1=50, X2 =60 and X3=75,
2. Xy=45, X, =58 and X3 =73,
3. X1=50, XZ=55 and X3=70,
and considered lower barrier of the level 30, 4D,akd 60, and the upper barrier of the level 80,190 and
110. Totally, 2601 hedging variants are proposati@ralysed. However, only selected variants fidfillzero-
cost option strategy are presented in this papko for easier way to showing results, the sameidyafor
UI/UO options (the level 90 USD) and DI/DO optidfise level 40 USD) are used.

Results and discussion

Given hedging techniques have secured us a minimceeptable selling price of the underlying asset,
where the zero-cost option conditions are preferfdet XLE actual spot price is 68.38 USD, and wpegx
XLE price drop in January 2018. According to thatfihedging technique, we will buy 100 DI put op8owith
the strike price 50, the barrier level 40, the prtem1.39 per option and simultaneously, we will €10 call
options with the strike price 55, the premium 16p80 option and buy 100 call options with the srikice 70
and the premium 5.95 per option. This hedging tepleis the simplest of all variant. In this examprable 7
lists the final selling prices in USD for a casevafious future XLE price scenarios.

Tab. 7. Final selling prices using New 4 optioratagy 1.

. . Final selling price of Final selling price of
Price scenarios of XLE Cash market Final XLE selling XLE per share hedging per share
price price - -
min max min max
min >400S; <50
OstsT(St ) Sr 10008, 1000S; +92616 40.00 50.00 49.26 59.26
min <400S; <50
Oﬂg(&) Sy 10008, 592616 0.00 50.00 59.26 59.26
50< S; <55 10005y 100C5; +92616 50.00 55.00 59.26 64.26
55< S <70 10005y 642616 55.00 70.00 64.26 64.26
S 270 10008, 100C8; -573.84 70.00 © 64.26 ©

Source: own design

There is compared cash market price with finalirsglprice at various XLE price development during
the time to maturity and at the maturity date, vehiie following conclusions are formulated:
* If the spot price of XLE shares during the timertaturity does not reach or reaches the barrier @D End
is lower than 64.26 USD, then the hedged variaatstill better than the unsecured position.
 Hedged position secures constant selling pricehén @mount of 59.26 USD per share for the case of
reaching the barrier 40 USD during the time to migtwand XLE price lower than 50 USD, and the highe
constant selling price 64.26 USD per share in wratlex55, 70> of XLE spot price at the maturity date
Another hedging variants are created as combinatdtarrier options. The second variant can batece
by buying 100 DI put options with the strike pris@, the barrier level 40, the premium 1.39 peraptnd at
the same time by selling 100 call options with #tieke price 55 and the premium 16.60 per optiod ap
buying 100
2A) Ul call options with a strike price 70, the hbar level 90, the premium 5.56 per option,
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2B) UO call options with a strike price 70, theiparlevel 90, the premium 0.77 per option,

2C) Dl call options with a strike price 70, the tiarlevel 40, the premium 0.00 per option,

2D) DO call options with a strike price 70, the f@rlevel 40 and the premium 6.32 per option.

The last (the third) variant of New 4 option stoptereation is by buying 100 DI put options witte thtrike
price 50, the barrier level 40, the premium 1.38 qgion and at the same time by selling 100 DO aations
with the strike price 55, the barrier 40, the pnemi13.85 per option and by buying 100

3A) Ul call options with a strike price 70, the hbar level 90, the premium 5.56 per option.

3B) UO call options with a strike price 70, thetioarlevel 90 and the premium 0.77 per option.

The comparison of all analysed hedging techniques@ous XLE price development during the time to

maturity and at the maturity date are shown in &ablwith a provided more detailed illustration efexted

hedging variants. The results from Table 8 shovet the best hedging technique is variant 2C segurin

the highest selling price in the amount of 65.21DUfer share. Also, variant 2B is interesting foddpers, where
the selling price is in the amount of 64.44 USD.

Tab. 8. Comparison of the hedging techniques 2B and 3A — 3B.

Graphical comparison of selected variants is ithtsd below in Figure 1.

Price scenarios of energy | Final selling Final selling Final selling Final selling Final selling Final selling
fund price_2A price_2B price_2C price_2D price_3A price_3B
min (§)> 400S; <50 10008, +96564 | 10008, +144445| 10008, +152107 :
Ogg(ﬁi) Sr 10005, +88902 10008, +69072 | 10008, +116953
[min ()< 400y <50 596564 644445 652107 588902 569072 616953
50< S; <55 100CS; +1,44445| 10008, +152107
Sr 10005, +96564 5 5 1007, +88902 1000S; +69072 | 10008 +116953

55< S <70 6,46564 694445 7,02107 6,38902 - -

min (§)> 40055< S <70 ] - 619072 6,66953
Ost<T

min ($)< 40055< S; <70 10008, +69072 | 10008; +116953
O<t<T - -

> > -

Orgl:g(s[ )29005; 270 1000B; - 53436 694445 i i

max <900Sr 270 _ - -
OSlsT(Sl) Sr 6,46564 100[8; - 5555

min <400Sy =270
OstsT(S[) Sr - - 10008, +2107 638902 -

min >400Sy =270 10005, —61098
OstsT(St) Sr _ - 7,02107 5r -

max ($;) = 900 min (§)> 4008 =
Ost<T OstsT - - - 10075, —80928 6,66953
[max(s)2 900 min (5,) < 40005y > 1 ] ] i 20005, - 6,30928 | 10008, +116953
max($)<900 min (§)>400S; 270
ostsT ostsT _ - - 619072 10078, - 33047
[max (s)< gomorgig(s)s 40057 270 - - - 1008, +69072 | 20008, - 583047

Source: own design
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Barrier D was, reached, and barrier U was not redch Barrier D and U were reached
9500 9500 e

7500

7500

5500 5500

Profit function (in USD) at time T
Profit function (in USD) at time T

3500 3500
30 50 70 S0 30 50 70 90
Spot price (in USD) at time T Spot price (in USD) at time T
Barrier D was not reached, and barrier U was rehche Barrier D and U were not reached

9500
9500

7500 7500

5500 5500

Profit function (in USD) at time T

Profit function (in USD) at time T

3500 3500
30 50 70 90 30 50 70 op
Spot price (in USD) at time T Spot price (in USD) at time T
Unsecured position Hedging variant 1
--------- Hedging variant 2A Hedging variant 2C
==o=aledging variant 34 =00 ====- Hedging variant 3B
e Brrier level U e Ba1rier level D

Fig. 1. Comparison of the selected analysed hepgiohniques.
Source: own design

Let us look at Table 8 and Figure 1, where theofeihg conclusions are valid:

If the XLE spot price during the time to maturityogs under lower barrier 20 USD and does not grow
above upper barrier 90 USD and is lower than 58I5P at the maturity date, then the variant 2Cilk st
better than otherwise hedging variants. Othervitse variant 3C is better. If we compare only vasa2C
and 3A, the hedging variant 2C generates us theriatome up to XLE price of 63.30 USD.

If the both of barrier levels are reached, thearstrRC is better up to spot price 58.52 USD, thenvariant

3C from the interval <58.52, 74.79>, otherwise tliant 3B. These three variants secure the higher
selling price than the unsecured position.

For the third case, if the lower barrier is notaleed and the upper barrier is reached during the tb
maturity, the variant 2C secures higher incomenfarival <40, 70.21>. Otherwise, the unsecured iposis
better up to the endlessly.

In the last case, the both of barrier levels arereached during the time to maturity; then thailtssare
the same as in the third case. However, the incliome the unsecured position is limited up to upper
barrier 90 USD.

Finally, we will recommend the hedging variant 2Came way to secure the higher minimum sellingepric
for hedgers.

All hedging techniques creations using barrier i are very interesting in a price drop. Barrigtian

premium is always cheaper than classic vanillaooppremiums according to Taleb (1997). In our efgubc
XLE price scenario, i.e. the lower barrier D isaleed during the time to maturity, and the XLE spate at
the maturity date is lower than 50, the varianti@e best in comparison to others, where thermini selling
price in the value of 65.21 USD per share is setufg@wever, the results of our analysis reveal thathedger’s
choice of the barrier options in the hedging tegbas depends on the expectations of the underbssgt’s
price development. Hedgers can choose between knoakd knock-out barrier options based on zerd-cos
option strategy. If there is expected strong drapéase, the knock-in options are chosen. In tigge,cthe option
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is activated after reaching the barrier level. @ilige, if there is expected only moderately dropéase,
the knock-out options are chosen, when they aretidased after reaching the barrier level. Finadllf,designed
hedging variants are better as the unsecured @oditr our expected XLE price drop. Therefore, fimal
decision is at hedger’s expectations and willingriegake risks. If the hedger’s expectations dameet, they
could gain a loss in comparison to the unsecurstipo.

Conclusion

High volatility scares investors, firms and othararket participants and fear can impact the mait&elf.
Due to sustained drops in the market, the risk mameent appears as an interesting way of solvirggpitablem.
The paper aimed to introduce the hedging analygisnat underlying asset’s price drop using New #oop
strategy created by barrier options. In the begignithe paper presented the overview of the liteeatind
the research methodology. To the best of our kndgde the only little research has investigatedhéeging
techniques using barrier options.

The main purpose of this approach is to jointlylgg@and compare various ways of New 4 option et
creation using barrier options and their applicatio the energy sector, i.e. Energy Select SecRIDFS ETF.
The primary aim is to choose hedging variants, tvimzet the requirements of zero-costs. Our reshitsv that
using the barrier options indicate the more altévea for hedging, where all variants are analysalowing
the mentioned assumptions, the only best hedggigiques are introduced in detailed descriptiowels Also,
numerical examples on given hedging techniquegpersented, where the variant 2C, i.e. created Bitput,
call and DI call options ensure the highest incommeexpected intervals of the XLE shares spot pate
the maturity date. Others variants are not exclddad our observations because their income iséstang too.
However, they are not presented in the paper. Hewehe final decision, what combinations of thekst
prices, the lower and the upper barrier levels tgpe of options, is on the hedger and his expestatabout
underlying asset’s price development and the witless to take a risk. Our results can be imporfiant
practitioners, individual investors, firms, othemsarket participants and the general public. The nmai
contribution of the paper is to highlight the opee of derivative contracts, i.e. barrier optiowhose payoff
structures produces a better hedging results agimmside risk.
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