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!
This thesieexamines the effects of adding volyil as represented likie CBOE Volatility Index

(VIX) and VIX futures contracts, to a stock portfolio in terms of portfolio risk and portfolio
return. Thestudyis based on statistical properties as well as MarkowitzOs modern portfolio
theory, with support from previous researconducted o Hill (2013), Szado (2009), aridaigler
and Rossi (2006). We find that volatility can be used to reduce risk in a stock portfolio, and in
many cases also increase expected portfolio return. These findings are in line with previous

mentionedesearch.
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1. Introduction

When the VolatilitylIndex was introduced by the Chicago Board Options Exchange in 1993,
investors for the first time got a reliable measurement of the important volatility. Ever since the
introduction, the demand for tradable products connected to this index has beershighgne

the inception of VIX futures contracts and VIX options in 2004 and 2006. The importance and
possible usefulness of these instruments was realized during the financial crisis of 2007 and
2008, where even assets considered as safe showed aepomitelation to the market returns. In
2009, exchang&adedproducts tracking the VIXoegan trading. Now investors had an even
bigger opportunity to diversify their portfolios with an asset that was negatively correlated with

market returns, a correlatidhat actually increases during times of financial turmoil.

The purpose of this thegsto examine volatility and the possibilities to diversify aaduce the

risk of a stock portfolio using exchangeded products tied to volatilityThis is done by
examning statistical properties arlty constructing efficient frontiers consisting of equity and
volatility. Similar research has bedone, namely in Joane HillOs paper OThe Different Faces of
Volatility Exposure in Portfolio ManagementO (2013), EdwamhdoOs OVIX Futures and
OptionsD A Case Study of Portfolio Diversification During the 2008 Financial CrisisO (2009),
and DaglierOs and RossiOs OA Portibstock and VolatilityO (20D6The research conducted

in these papers serve as a basis of asistin particular we investigate if volatility can be used
to reduce risk ira portfolio consisting of equity and bonds. This is answered by looking at the
following questionsDo different sources of volatility generate different resus@e sourcef
volatility better for risk reductiorpurposes than anothei8 volatility a good toolfor risk
reductioncompared to other commassetssuch as gof@We find that volatility can be used to
reduce risk in a stock portfolio, and in many cases alsoaserexpected portfolio return. These

findings are in line with previous mentioned research.

The rest of the thésis organized as follows. IneStion 2 we willdiscuss theory and previous
research related to our thesis, with the objectivpro¥iding atheoretical frameworkhelpng
the readers understand the thesisHere,Subsection 2.tliscusseshe basics ovolatility and its
properties. FurthermoreuBsection 2.2 introduces the Volatilitydex (VIX), andin 2.3 we are

explaining the concepts dfitures catracts related to the VIXSubsection 2.4and Subsection
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2.51s coveringthe relationshipf the returns oVIX and S&P 500 and on gold and S&P 500,
respectively.

In Section 3 wewill introduce our method. Theection goes into and discusses scientific
approach and how the research has been conducted. We will also introduce the theories the
results and analysis are based uporsubsection 3.1 we present theories regarding the statistical
propertieghat areused to interpret the empiricahdings. Next, in Subsection 3.2 we present the
properties and framework behitide modermportfolio theorythat arealsoused to interpret the
empirical findings.

Thereafter, in Section 4, we present our empirical findings. Section 4 is dividedubdec8on
4.1, covering our findings in terms atatistical propertiesand inSubsection 4.2vherewe use
portfolio performance evaluatiomnd modern portfolio theoryo interpret and analyze the
empirical findingsThis s followed by a conclusion inestion 5.

2. Theory

In this section we introduce theory and previous research related to this thesisgiwéybe
examining volatility in $ibsection 2.1, and then the Volatiligdex (VIX) in Subgction 2.2
including a numerical derivation dfie old andhe new VIX. InSubsectior2.3 we explainthe
concepts of futures contracts related to th¥.MiVe are rounding off thisection by examining

the connection between volatility and market returns as well as gold and market returns.

2.1 Volatility

In this subsection we will examine the concept of volatility. It coeebsief explanation of the
historical andheimplied volatility.

Volatility is the common term referred to when talking about risk in the financial markets.
Highly volatile stocks a often seen as risky, and the volatility has often been found at high
levels before and during financial crises. In addition, this measurement of ris&rhses/eral



years beemn important number fa number opolicymakers, such as the Federal Resana
Bank of EnglandNasar, 1991

Volatility is roughly defined ashe standard deviation of asset pricing d@@ameterfi et al.,

1999, p. 1) Thus volatility is measuring the deviations from the mean price of an asset, such as a
stock or an index. Anmportant distinction is to be made between historical volatility and
implied, or expected, volatilityRoon and Granger, 2008. 480.

An important characteristic of volatility is the seemingly negative correlation to returns,
especially in times of mket turmoil (Hill, 2013, p. 141). This relationship means that as
market volatility increases, market returns fall. If this relationship holds, interesting
diversificationand risk reductiostrategies arise.

In the presence of historical pricing dataistbrical volatility can be calculated. This
measurement is used in useful financial analysis tools, such as the Sharpe ratio @cdpitah

asset pricing modeHistorical volatility can be used as a forecast by assuming that the volatility
over the oming time period will be the same as that same time periodOs actual volatility. Another
way of forecastingrolatility is by calculating a so called implied volatiliioon and Granger,

2003 p. 480.

The implied volatility is the marketOs forecasted volatility over a given time period. This
forecasted volatility carfor example be observed by examining option prices using the Black
Scholes formula for option pricin@®y invering the BlackScholes fomula, we carobtain the
volatility that generates a modatice that will coincide with the corresponding market price for

a fixed maturityand strike priceHence if we want to observe the implied volatility of the
Standard & PoorOs 500 Index (S&P 58@r the coming month, we use S&P 500 options with
maturity in one montlwith the same, fixed strike prig€anina and Figlewski, 1993, p. 659
662).



2.2 Volatility Index

In this subsection we introduce the Volatilitydex (VIX). It covers the history of VIX, as well
as numerical derivations of the old and the new(.VThe numerical derivation in Saéction
2.2.2 is directly taken from OWhaley, Robert E. (2000), The Investor Fear Galgd7f. and
the numerical example inuBsection 2.2.3 is directly taken froniT@e CBOE Volatility Index
VIX, p.1-190.

2.2.1 The Fear Index

The VIX was first introduced in 1993 by the Chicago Board Optiotch&nge It was designed

to measure the imigld 30day volatility on ATMS&P 100 index option prices, but later changed

to using S&P 500 Index options as a base. This index has grown to become the major benchmark
for U.S. stock market volatility, and is often referredgdrse Ofear indexO (Chicago Board

Options Exchang@&echni@l Notes C 2009, p. 2)Figure 1 displays the pricing movements of

VIX since 1993.

Figure 1: VIX historical pricing chartSource: Bloomberg
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The index is expressed as expected percentage moves of the S&P 500 indeg émutidown)
over the next 3@ays, annualized for one standard devia{lliams, 2013, p. 42). Standard
deviation is commonly used with normally distributed datd measures the distribution around



the meanGenerally, 68 percent of the sample will be within one standard deviatvay from
the mean. About 95 penteof the sample will be withitwo standard deviations away from the
mean (Narasimhan, 199 umerically, this means that ifehcurrent level of VIXs at 35, the
market expects the S&00index to stay within B2 percent (35 percemlivided by 12 months)
of its current value in the next 30 days, about two thirds of the tiraege(ber that twthirds is
aboutequal to one standard deviatioRlence, with 68 percent probability, S&P 500 will in the
next 30 days deaie at most 2.92 percent from its current valuehis case, with S&P 500 inge
at a hypothetical level of $D0, the market expects this level, 30 days franv to be within the
range of $1456 to &4 (Williams, 2013, p. 12).

As can be seen froffigure 1, the value of VIX is somewhat centeratbund 20 The general
guideline according to many investors and traders is that a value over 30 indicates a worried
market with a volatile, possibly negative outlook for the stock mgRepitone, 2013)A VIX

level of below 20, on the other hand, is considered as a calstaid stock market. The V&6

ability of measuring the stock marketOs general perception of future volatility is one reason for
the index being called Othe fear indBXGhows when ingstors are scardfepitone, 2013)

2.2.2The Old VIX
This subsection ais to explain the old VIand also shoshow to derivate it.

The old VIX is derived and explained by Robert E. Whaley in his paper OThe Investor Fea
GaugeO. This ssiection is to a largextent taken from this paper, and the derivation of the old
VIX is directly taken from this paperes p. 1217 in Whaley (2000).

When introduced in 1993, the VIX was calculated by using the implied volatilities on eight near
the money options, nearby, asdcond nearby OEX option series. The implied volatilities are
then weighted so that the VIX reflects the implied vatgtbf a 3Gcalendar daypTM option.

The implied volatilities are calculated by using an option pricing model. The Bielales

option pricing model from 1973 is widely used. The parameters in the model are volatility,
current index level, the options exercise price and time expiration, the risk free rate of interest
and the cash dividends that will be paid during the optionOs liftheAparameters, except for

the volatility, are easy to observe.



The VIX is based on trading days. If the time to expiration on the option is measured in calendar

days, the implied volatility has to be transformed to tradiag basis, that jd , ! !, ! 1!
I"# (!l—!!. Where! | denotes the number of trading days to expiratigngenotes the number of

calendar days to expiration, alié (x)is the integer value of

To generate the Otradidgy implied volatility rateO of the option, the Ocaleddgrimplied
volatility rateO of the option is multiplied by the factor of the square root of number of calendar

days to expiration and the square root of number of tradayg tb expiration, that id, =
0. (VNe/\N:).-

The nearby OEX options series is defined as the series with the shortest time to expiration, but at
least eight days. The second nearby OEX options series is the series of the next adjacent contract

month.

The eight near thenoney options underlying the VIX are four nearby call and put options and
four seconehearby call and pemptions. The four nearby options are divided into two put and

call options that have an exercise price just below the current index level, andttamdpeall

options that have an exercise price just above the current index level. The next nearby options are
divided in the same way. The implied volatilities of the eight options are presented in Table 1,

whereX; denotes the lower exercise price, aiydhe upper exercise price.

Table 1: Implied volatility of the eight near the money options underlying VIX. Source: Whaley, R
E. (2000)

Exercise price Nearby (1) Second nearby (2)
Call Put Call Put
| X ! X I
X <S5l a4 11! .y 0’."! !
] [ [ |
Xy 2! oy ! Ly ! Ly ! by !

The next step in thealculation is to average the eighit and call options implied volatilities

into four categories:

X X

1Py ot
X ('c,l p,1
git == B

1 - 2
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When the four volatilities are calculated, thext step is to generafeTM volatilities for each
maturity. Here o, denotes thédTM nearby average volatility, arld denotes thé&TM second
nearby average volatility.

! l.'(%)l I,'(%)I
o ! !!!!(!!!! !! !!l>+!2xu(!5u—!!;(>!

When theATM average volatility for each maturity is calculatétg last step is to create a-30

calendar day implied volatility. The 30 calendar days are convttetrading days: 30 calendar
days equals 22 trading days. IMgfdenote the number of trading days to expiration of the nearby

contract, and ,, denote the number of trading days to expiration of the second nearbwct.

Then the old VIXis definedas!"# ! !, <"—> L1, <22_! 2 )

2.2.3The New VIX

This subsectionims to explain what the new VI and how it$ calculated. The calculation is
shown by a hypothetical example that is directly taken from OThe CBOE VolatilityBndxoO
(Chicago Board Options Exchange Technical Notes C, 2009; 1. 1

In 2003, CBOE and Goldman Sachs updated the index using another way of calculating the
expected volatility, in a way that is widely used by financial theorists and volatility tradess.

new VIX is based on the S&P 500 (SPX) index instead of S&P 100 (SPO), and the expected
volatility is calculated by averaging the weighted prices of SPX put and call options (Chicago
Board Options Exchange, Technical notes @ p. 119). Therebyhe VIX is no longer
dependent on an option pricing model, unlike the old VIX, where the expected volatility is
derived from an option pricing model such as Bigg&holes (Szado, 2009, p. 11).
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Just like the original VIX, the new measures the implied iUtyabver a 3Gday period. The
options underlying the index are near term and second near term put and call options. And the
near term options are required to have at least one week to expiration. When the expiration date
is getting closer than 7 days,eth/IX rolls to the second and third SPX contract months.
(Chicago Board Options Exchange, Technical notes C, 20091 9. 1

The generalized formula used to calculate the new VIX, presented in OThe CBOE Volatility
Index- VIXO, is given by

1 :—Z%l' ! :—[,I—I' !]!!

where the sumation goes from the lower boun®TM put options with strike prices smaller

than! ,) to the upper boundXTM call options with a strike price largér). The upper and the

lower bounds are set when there are two consecutive options with a bidding price equal to zero.
This will be further examined in Table 3. The properties iretiigationabove are as follows,

I"#
T L AL L

I' I Time to expiration
I I Forward index level derived from index option prices
|

Iy I First strike below the forward index level

K; = Strike price of"' OTM option; a callift ;! !, andaputif,! !, both put and call if

(Note: ! K for the lowest strike is the difference between the lowest strike and the next higher
strike, andA! for the highest strike is the difference between the highest strike and the next
lower strike.)
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I = Risk-free interest rate
Q(K;) = The midpoint of the bighsk spread for each option with strike

The calculations, the exanasl, tables and data in sisubsection are directly taken from OThe
CBOE Volatility Index- VIXO. The calculations present a hypmtit example of how the new

VIX is calculated.

The VIX measures time to expiration in calendar days, and to adjust it to the precision required
by mostprofessional option and volatility traders, the calendar days are divided into minutes.

The time to expiration is calculated by the following formula

T = (Mcurrent v T ormgoeesis L Meor s )I
B I"H#$%6&' 1" I 1" | '
where
D pmgoegnrs | 'HS%E& I"HSM"#S % | 11" N"#H#SY%&day!

Msettiement day = minutes from "#$"% ! VI"#SOH | | 1"#$ "# WHSH"00&'(I" 1"# 1"##S$"%"&AI"# NI

Do ag 1O HS%& M N TIHS I1H#$"% 1"##S%-"# I"# Isettlement day.!

In the hypothetical example the near term option has 9 days to expiration, the next term option
has 37 days to expiration, and the time for the calculation is 8.30 am. Then the time to expiration

for the short ternT;and the next terrffi, is cdculated as

_ (930 + 510 + 11520)
r= 525600

= 0.0246575!

_ (930 + 510 + 51840)
z2- 525600

=111013699!

where

Mcyrrentidaay fOr both!Tyand T, = 15.5 x 60 = 930!
Msettiement day fOT both Tiand T, = 8.5 x 60 = 510 !

Mother days fOT' T, =24x60%8=11520!

13



Mother days for T, = 24 % 60 x 36 = 51840.!

The next step in determining the VIX is to select which options that will be the subject for the
calculations. The selectagptionsare outof-the money SPX puts and callsat are centeredn

anATM strike price. The options are required to have a bidding price that is larger than zero.

To determine the forward SPX price level, the strike price where the absolute difference between
the put and call is the smallest is identified. Thidase for both the near term, and the second
near tem option, as seen in Table 2.

Table 2: ldentifying the right strike price. Sourc&€hicago Boad Options Exchange
Technical Mtes C, 2009, p.-19).

Near term option Next-term options

Strike Call Put Difference | Strike Call Put Difference
price Price

900 48.95 27.25 2170 900 73.60 52.8 20.80
905 46.15 29.75 16.40 905 70.35 54.7 15.65
910 4255 3170 10.85 910 67.35 56.75 10.60
915 40.05 3355 6.50 915 64.75 58.9 5.85
920 37.15 36.65 0.50 920 61.55 60.55 1.00
925 33.30 37.70 4.40 925 58.95 63.05 4.10
930 3245 40.15 7.70 930 55.75 65.4 9.65
935 28.75 42.70 1395 935 53.05 67.35 14.30
940 2750 45.30 17.80 940 50.15 69.8 19.65

When the strike price is identified, the following formula will githe appropriate forward price.
A forward price is determined for both the near term and next term contract.
F = Strike price + e®T (call price — put'price)!

whereR isthe risk free rate of interesh this case equal to 0.0088umerically, this is

Fy = 920 + e(0-0038-0.48%8&%) , (37 15 — 36.65) = 920.I"™1 |
F, = 920 + ¢(0-0038x0.0246575) , (1" ;i1 | 1" Il ) = 921.00039!

Next, we identify the strike pricé, that is just below the forward price for both the near term
and next term contract. As seen in Tablé 5 920 for both the near term and next term @ogtio
although that does nbave to be the case.

14



The next step is to sele@TM put options with stke prices smallethanK,, andOTM call
options with strike prices larger than. (Only options with a bidding price larger than zero.
Once there are two consecutive options withfdrides below zero, the following options will be
excluded). This cahe seen in Tabl3.

Table 3: Select the correcddTM call and put optionsSourceChicago Board Options Exchange,
Technical Notes C, 2009, p.-19).

Put strike | Bid Ask Include Call Strike Bid Ask Include
200 0.00 0.05 1215 0.05 0.50 YES
250 0.00 0.05 1220 0.05 1.00 YES
300 0.00 0.05 1225 0.00 1.00 NO
350 0.00 0.05 NO 1230 0.00 1.00 NO
375 0.00 0.10 NO 1235 0.00 0.75

400 0.05 0.20 YES 1240 0.00 0.50

425 0.05 0.20 YES 1245 0.00 0.15

450 0.05 0.20 YES 1250 0.05 0.10

Table 4 contains the upper and lower bound options, and the strike prisal to compute the

VIX. Both the call and the gwption are selected &t, to calculate an average, while taas

only one option, either a put oalt selected at the othstrikes.

Table 4: Mid-quote prices, Sourc€&hicago Board Options Exchange chaical Notes C, 2009,

p. 1-19).

Near term| Option Mid-quote Next-term Option Mid-quote

Strike Type Price* Strike Type Price*

400 Put 0.125 200 Put 0.325

425 Put 0.125 300 Put 0.30

915 Put 3170 915 Put 58.90

920 Put/Call 36.90** 920 Put/Call | =61.05***
Avarage Avarage

925 Call 33.30 925 Call 58.95

1215 Call 0.275 1155 Call 0.725

1220 Call 0.525 1160 Call 0.60

* Mid-quote Price £Bid+Ask)/2

** 36.90 = (37.15+365)/2
**% 61,05 = (61.55+685)/2

15




The volatilities for the near term optioagand the next term optioris underlying the VIX are
presented in the formulas below:

1 II— #!!”!!! (! II—[:—'I !]!!

| !! L

o ! II—'E%I'H (! I'—'[:—'ll !]'!

The contribution of a single option to VIX is proportional Ab and the options price. For
example, thecontribution of the near term puwiption, with a strike of 400 is calculated as

follows:

| I T " Imm o
T (1 ey ) ! L RTTE ey QW) NS ]

K!!"" "4 ™ !
The same calculation is done for every option, and the values are summed and multipIiT!ed with
1

for the near term options, als\?dfor the next term options. The calculateddues are presented in
2

Table 5.

Table 5: Contribution of a single option to VIX. Sourdghicago Board Options Exchange, Tedati
Notes C, 2009, p.-19).

Near | Option Mid- Contribution Next Option Mid- Contribution
term Type quote term Type quote
Strike Price* Strike Price*
400 Put 0.125 0.0000195 200 Put 0.325 0.0008128
425 Put 0.125 0.0000173 300 Put 0.30 0.0002501
915 Put 3355 0.0002004 915 Put 58.90 0.0003519
920 Put/Call 36.90** | 0.0002180 920 Put/Call 61.05*** | 0.0003608
Avarage Avarage
925 Call 33.30 0.0001946 925 Call 58.95 0.0003446
1215 | Call 0.275 0.0000009 1155 Call 0.725 0.0000027
1220 | Call 0.525 0.0000018 1160 Call 0.60 0.0000022
| 11 11
SNy a) 0.4727799 2 RNV a) 0.3668297
) ) - VAN -

*Mid-quote price = (Bid+Call)/2
** 36.90 = (3715+3665)/2
*** 61,05 = (6155+6055)/2

16



!
The next step is to calculafife%li! ! ] for the near term and the next term:

1 [F, z 1 920.00039 z
—[—— ] = [ —!] = 0.0000120!
T, LK, 0.02465751 920
1 [F, z 1 921.00039 2
—[——1] = [ —1] = 0.0000117!
T, 1, 0.10136991 920
Now the volatilities can be completed:
,  2CAK . NI
of =—Z e 1Q(!!)——[—! !] DTS Loty LIE$t e |
1 La K, oL
!y Lt !
It I—Z—,'!! Q! I—[I—'! 1] DoLIM™#$%& | L IN™E 1 L IMHSHY |
’ h ! ' ’ LN R

The last step is to callate the VIX. It is achieved by calculating a-88@y weighted average of
the volatilities, and multiply it with 100.

"#$% | I"#$P
"#$% | "#$%

I"#$$ | !"#$%]}| I"I#$S

! \/{' I"#$%&%0! | 1"#"$"% [ 5% | HS% 1) TGS

] PIIMI#S%% | I 1" [
POTImE"$%00%&! M |
VIX =100 *!1612179986 = 61.22!

According to this hypothetic example that is directly taken from OThe CBOE Volatility 4ndex
VIXO, the VIX is at 61.22, which according to the discussions in Sutisetfl is considered as
a high level, possibly meaning that investors are worried about the future movements of the stock

market.
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2.3 VIX Futures

In this subsection we will explain the concepts of futuregreats related to the VIXWe will
discussthe pricing ofVIX futures, and introduce thexehangetraded products that are covered
in our results and analysis, afuither explain the concept of negative roglg.

Like many other indexes, omannotdirectly invest in the VIX However, it is poskle to trale
derivatives with the VIXas underlying asset through VIX futures and VIX options, launched by
the CBOE in 2004 and 2006 respectiv@Bhicago Board Options Exchangechnical Notes A
2013, p. 2) Thissulsection will examine theharacteristics of VIX futures.

To understand how VIX futures work we we&® remember that the VIX measuring the
implied volatility of the S&P 500 index over the next 30 days. Therefore, Wwhgimg a VIX

futures contract, we think that the market ectpeéhe future volatility to be higher at the time of
expiration. Hence if we are buying a VIX futures contract that expires in May, we think that the
market, at maturity, expects the volatility of the S&P 500 index to beshifjlan implied by the

futures contract value (Wise Stock Buy2013. A futures contract is, according ktull (2002),

defined aDan agreement between two parties to buy or sell an asset at a certain time in the future
for a certain pric® (Hull, 2002, p. 5. Therefore, in orderot make money from buying VIX
futures contracts (and any other futures contract as well), we want the price of the underlying
asset in the future to be higher than the price specified in our futures contract.

The value of thé/IX futures contract igalculated by multiplying the level of¢ VIX futures
contract with $000. The futures contract is settled in cash, meaning that the difference between
the initial value of the futures contract is compared to a Special Op@uiatation (SOQ) of

VIX (Chicago Board Options Exchandechnical Note#\, 2013.

2.3.1Pricing of VIX F utures

The pricing of these futures contracts are made out of expectations of the futureofevels
volatility and the VIX It is of interest to examine thelagonship between the VIXVIX futures
prices and maturity. Because of the uncertainty and difficulty in determining future levels of

implied volatility, futures contracts with longer maturity are often priced higher than futures
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contracts with shorter maturi@ill, 2013, p. 1213). This is seenn Figure 2,wherethe VIX
spot levelas of April gh along wth the respective quoted levad$ VIX futures contracts with

nine maturities are plotted.

Figure 2: VIX spot and futures pricesn April 5, 2013 Source: Bloomberg
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As we cansee, the VIX spot levels of April 8" was about 13.30, the VIX futures contract with
matuity in April had a quoted levedf about 13.80, the ctract expiring in May was quoteat

about 15 and so on. That is, the futures price is higher ieaspbt price meaning that the futures
price is converging downward to the spot priewl(, 2002, p. 3} This situation is called
contango, and is vital in the further examination of VIX futures contriicti® also that the VIX

term structure is not alkys in contango. However, as discussed in Subsection 2.3.3, this is

common.

2.3.2ExchangeTraded Products (ETPS)

Exchangetraded product§OETPsGjre, as the name reveals, financial products listed on stock
exchanges. These products are tracking an underlying value, such as an index or a commodity
(Wells Fargo Technical Noteshhere are different types of ETPs, such as exchtraged funds
(OETFsKand exchangé&raded notes (OETNsO). The former is similar to a traditionaieooeal

fund whereas the latter is more similar to debt securities (Credit Suisse Technical Notes).
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If an investor is buying the VIX futures contract expiring in Novembengians that the bought
contracts are settled in cash at maturity in November, unless the investor sells the contracts
before this maturitydate.This poses some problems if the investor wishes to hold VIX futures
contracts for an unlimited time, since hisgmally purchased contracts will expire at maturity.

To avoid this, the investor cadjust his portfolio of VIX futures contracts by selling contracts
near maturity and buying contracts with longer maturity. Imagine an investor wanting to hold
VIX futures contracts for an unlimited time. In the beginning of April, he buys two VIX futures
contracts: one expiring and June and one expiring in fuhe keeps his portfolio unadjusted,

his position will expire in July since both of his contracts will beles#tin cash by then.
Therefore, when approaching June, the investor can sell the contract expiring in June and buy a
VIX futures contract with maturity in August. This way, the investor is postponing the date of
expiry.In other words, he is rolling hisopition forward.

Another way for the investor of holding this position in VIX futures over an unlimited time is to
invest in ETPs consisting of VIX futures, and thus avoid having to roll the futures contract

position manually.

Deng, McCann and Wang (201@xaminedfour of the most heavily traded VIX futurbssed

ETPs among them the iPath S&P 500 VIX ST Futures ETN (VXX) and the iPath S&P 500 VIX
MT Futures ETN (VXZ). These ETNs are based on two beiack VIX futures indicesthe
shortterm and mieterm S& 500 VIX Futures IndexedThe difference between these two
indices is that they are based off VIX futures contracts with different maturities; eitheteshort
futures contracts or miterm futures contractdhe indexes are computed by each day rolling
over a fraction of all VIX futures contracts with shortest maturitycomtracts with longer
maturity. That is, the index is rebalanced each day by selling some number of futures contracts
near maturity and buying contracts with longer matufitye shorterm index is using first and
second month futures, meaning that each day the index is selling VIX futures with maturity in the
first month and buying VIX futures with maturity in the second month. The same goes for the
mid-term index, but instead of onadaitwo month maturities, this index is using fourth, fifth and
sixth month VIX futures contract®érclaysTechnical Notes, 2032

These ETNsO trading volumes have been increasing rapidiytisinfinancial crisis of 2008, as
displayed by Figure 3.
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Figure 3: Daily trading volume of VXX immillions of dollars Source: Bloomberg
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A possible explanation for th@atternin Figure 3is the increased correlation between seemingly
uncorrelated assets during thaafncial crisis of 2007 and 2008, forcing investordotuk for
otherassets to diversify their portfolios wiszado 2009, p. 23). More traditional assets may
have been considered good for diversification purposes befocedlse but did not perforrwell
enoughduring the actual crisis. As investors realized this, the trading volumethef assets
(VXX for instancgincreased.

2.3.3Negative Roll Yield

The problem withvXX and VXZ is a phenomenon called negative roll yield, which is present
when the VIXfutures curve is in contang®€rnal, 2012 Contango is a situation where the
futures price is above the expected spot price at maturity. That is, investors are generally willing
to pay a premium for the underlying asset to be delivered at maturitgdnstéuying it in the

spot market right now (which may be due to storage costs and so on). This means that the futures
price, over time, has to converge downward to the spot pimm® the futures contracts will
behave more like the spot price when applong maturity An underlying asset with these
properties typically has a futures curve with a positive correlatlat is, an increasing curve
between price and maturity, just Bgure 2(Hull, 2002, p. 31 What then happens when the
rolling takes place is that there is a negative spread between the value of the selling contract and
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the buying contract, making us lose that amount. This is extra crucial when looking at the long
term performance of VXX agast VIX, as illustrated by Figure 4 (Bernal, 2012),

The negative roll yield is making the lotgrm performance of VXX significantly different from
the performance of VIX. HoweveFigure 4shows that the shetérm performance of VXX is
mirroring that ofVIX. The reason for the differing performances kegn is the accumulated
negative roll yield suffered when selling and buying futures contracts with different madsrit
described in the example in Ssdxtion 2.3.2. Since the different levels of th® tcurves in
Figure 4 is getting bigger with time, this shows that the VIX term structure more often than not is
in contago, as discussed above in Settion 2.3.1. Imagine a scenario with an opposite term
structure: instead of losing money when rollingeiothe futures contracts, we earn money when
doing so. This would lead to a situation where VXX instead is outperforming VIX, which clearly
is not the case in Figure Zherefore, the conclusion that the VIX term structure often is in
contango can be dranw

Figure 4: Indexed performance of VIX and VX)Source: Bloomberg
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2.4 VIX and Market Returns
!
In this subsection we will briefly evaluate the histalieelationship of the ViXand the S&P 500

returns.

Figure 5: Indexed VIX andS&P 500returns Source: Bloomberg
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Figure 5shows the movements of VIénd S&P 500 Index sindbe inception of VIX in 1993|t

is quiteclear that the returns &&P 500have a negative correlatida volatility and the VIX

that is, the two indexes have a tendency to move in opposite direction. For instanc&&ihen
500drops the VIX increase®at least in an average senshis is obvious when isolating times

of crisis: in 2007 and 2008 we saa upward spike in the VIt the same time aS&P 500
showed a sharp fall. The years leading up to the financial crisis of 2007 and 2008 has the inverted
pattern: incliningS&P 500and declining VIX.

2.5 Gold and Market Returns

In this subsection we will briefly evaluate the historical relationship betgeleihand S&P 500

returns.
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Gold is an asset considered as a safe haven in times of market distress because of the actual valu
of the asset. The logic behind this is that inmessell of their stock and buy gold or gold futures
because of this attribute. Consequently, the price of gold will increase due to the increased
demand. With this logic, the price increase of gold would be extra present in times of market
downturng(Seekng Alpha, 2012, p.-R). Figure 6 below showgrice data of th&PDRS&P 500

ETF Trust (OSPY@hdSPDR Gold Trust (GLDO) The latter isan exchangéraded fund giving
investors a relatively cheap way to invest in gold withactually buying the physidagold
(Fontevecchia, 2012)This ETF has grown to become one of the most heavily traded &TF

the marketaccording to ETF Databa@eTF Database, 2013)

Figure 6: IndexedS&P 500and gold returnsSource:Bloomberg
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Figure 6shows that the correlation in fact seems to be negative during the financial crisis of 2007

and 2008. Some questions are raised regarding the correlation both before and after the financial

crisis, where the correlation atdirglance seems to be positiv
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3. Methodology

In this sectionwe introduce oumethod,discuss our scientific approach and how shely has
been conducted. We will also introduce the theories that thegesultanalysis are based upon.

The main purpose of examining whetheifatility can be used to reduce risk in a portfolio will

be based on two broad parts: statistical properties and portfolio construction. This methodology
is used in the papers inspiring this thesis, namely in Joane HillOs paper OThe Different Faces of
Volatility Exposure in Portfolio ManagementO (2013), Edward SzadoOs OVIX Futures and
OptionsD A Case Study of Portfolio Diversification During the 2008 Financial CrisisO (2009),
and DaglierOs and RossiOs OA Portibstock and VolatilityO (20D6The resarch conducted

by Hill (2013) and Szado (2009) is used as a basis and inspiration for our empirical findings in
terms of statistical properties. Portfolio construction is undertaken in way nsamtyin Daigler

and Rossi (2006 and also Szado (2009).

3.1 Data

Pricing data for the following assets or indexes are used:

* SPDRS&P 500ETF (SPY), which is an ETF tracking tB&P 500index.

* CBOE Volatility Index (VIX).

* Shortterm S&P 500VIX Futures Index (SPVIXSTR), which is the index of which the
iPath S& 500 shorterm VIX futures ETN (VXX) is based upon.

* Mid-term S&P 500 VIX Futures Index (SPVIXMTR), which is the index of which the
iPath S&P 500 miderm VIX futures ETN (VXZ) is based upon.

* SPDR Gold Trust (GLD). This is a tradable ETF tracking the gotze.
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The dataaboveis weekly andbtainedfrom Bloomberg. It is divided into three time periods for

purpose of calculation:

* Total time period: All data, ranging from 2006-05 to 201304-12.

* Crisis: The financiakrisis in 20072008, where pricing data between 2@#10 and
200903-06 is used.This is illustrated by the space between the two vertical lines in
Figure 7.

* Postcrisis: The period after the crisis, between 20896 and 20134-12. This is

shown to the right athe second vertical lin@ Figure 7.

Figure 7: Time periods. Sourc&loomberg.
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3.2 Statistical Properties

In this subsection we will illustrate the statistical properties that are used to interpret and analyze
the empirical findings in Subsection 4.1. The different techniques presented in this subsection
can all be found in in Hill, Joane (2013) and Szado, &dw2009), two of the three papers that

we base our thesis on. We will give examples continuously throughout the whole subsection of
how the different techniques have been used in previous research related to our thesis.
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3.2.1 Correlation Coefficient

The correlation coefficient is simply the linear dependence between two different variables. In
our case it is the linear dependence between two @ssetms. The correlation coefficient can
range between negative one and positive one. Where a correlgtiositiveonemeans that the
return of the two asseisoves in the same direction 1p8rcentof the time, and a correlation of
negative one means that the two asdetsirns moves in the opposite direction 100 percent of
the time. If the correlation gerqg thereturns of the asse#ése completely uncorrelatéBerk and
DeMarzo, 2011, p. 33334).

The correlation coefficiert, , is calculated by dividing the covariance of the two agsetarns

by the product of the two ass@tstandamdeviations that is

g 101
I [
! ! N

The correlation coefficient is a standard statal property used in financendit has been used
in previousresearch related to our thesises. 3 in Szado, Edward (2009) and p. 14 in Hill,
Joane (2013).

The calculations of the correlation coefficients will be performed in Microsoft Excel.

3.2.2 Beta Coefficient

The beta coefficient which will be used in this thesis is the beta derived from the ctigpitl
Asset Pricing Model @APMO) which builds on the odern portfolio theory developed by
Harry Markowitz. According to the CAPM, the expected return on any !agset can be
determined by adding the risk free rate of inteRedtio the product of the assets market begta
and the premium per unit dfeta risk! (!, )! !, where! (!, ) is the expected return on the
market portfolio. Then the expected return is givgn! (! ) ! ! P (FC )0 1)

I,1 1IN! (Eugene F. Fama and Kenneth R. French, 2004, p.29).

The expected return on the markettfolio implies the expected return on every asset available
in the world. This is impossible to estimate, so instead of thenren the market portfolio isi
common to use an appropriatenchmark, such as the S&P 5@ugene F. Fama and Kenneth
R. French, 2004, p. 236).
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The market betd . is the covariance of the individual assets return and the market return

I"# (!',,R, ! divided by the variance of the market retlirfy,,. Hencethe market beta is given

by g ! w (Eugene F. Fama and Kenneth R. French, 2004, p.28).

When we calculate the betas presented in our empirical findings, we will use two different
benchmarks for the market portimlithe S&P 500 and the VI>XCalculating the betas this way,

we will be able tdind the individual assets sensitiwto S&P 500 and the VIX For example,

the VXZ beta to VIX is calculated 88,5+ ! M The same technique can be seen
Py

in previous research related to our thesis, see p. HiljnJoane (2013). The beta calculations
will be performed in Microsoft Excel.

We will also calclate two types ofolling betas: the rolling beta of VIX, VXX and VXZ to S&P
500 and the rolling beta of VXX and VXZ to VIXhis will enable us to track thdnanges over
time and thereby display the betas stability over time, first between the voladitigd
instruments and the market and then between VXX and VXZ and VIX.

The rolling betas will be calculated as follsmirst we calculate a beta using thegurns for week

1 to 13, and then we will recalculate thetebesing the returns for week 2 14 and so on.
Thereby we will obtain a 3month beta for every week from 2608-04 to 201304-12. The
betas will then be presented in a graph that displaysitheges over time. These calculations
will be performed in Microsoft Excel. This issal to disphy the beta stability over time, andn

be seen in previous research related to our thesis, see p.16 in Hill, Joane (2013).

3.2.3Volatility
The term volatilityused in our thesis is simply the standard deviation of the individual assets

[ N (R.—R)2 i
historicalreturns. The statard deviation is calculated ##$%(! ,) ! w In finance,

historical volatility is often referred to as the standard deviation ehtstorical reurns (Berk
and DeMarzo, 2011, p. 3€802)

We will calculate the volatilities for the five differengsets (S&P 500, VIX, VXX, VXZ, gld)
using historical returns (weekly) for the three different time periods referred to in Subsection 3.1.
The numbers will then be presented in a staple chart, which will aim to illustrate the differences
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among the five assetsO volatilities, and if there are any different features across the three time
periods. All the calculations will be performed in Micréigéxcel.

3.3 Portfolio Construction

In this subsectiorwe will explain and elaborate the techniques used to analyze and interpret
empirical findings in 8bsection 4.2We will also give examples d¢fow these techniques have
been used in son@eviousresearch related to our thesis.

Here, we will examine the data using modern portfolio theory, developed by Harry Markowitz
(Edwin and Gruber, 1997, p..2)his framework for portfolio management is based on the mean
and variance of the portfolio, that the expected return and risk. By holding variance constant
and maximizing expected return, or holding expected return constant and minimizing variance, a
so called efficient frontier can be formed. Along this frontier, we find the portfolios with the
smalkest risk for each level of retu(Edwin and Gruberl997, p. 2)

In our analysis, we focus on a portfolio called the miniruanance portfolio. This portfolio has
the smallest risk of all portfolios along the efficient front@tafke et al., 2006, d-2). Daigler
and Rossi use a similar methodolagyheir paper @ Portfolio of Stocls and VolatilityO (2006).

In order to explain how these efficient frontiers are calculatedonsider a portfolio consisting

of two assets; asset 1 and asset 2. These assets have!reands, , respectively. Furthermore,

w, and! , are denoting the portfolio weights of asset 1 and asset 2 in percent, meaning that if
w; = 1, 100 percent fothe portfolio consists of asset 1. Furthermore! Jalenote the standard
deviation of the returh, for asset i} ! 'l . We also let - denote the correlation coefficient
between! , and! . Recall that (! ) denotes the expected value of thed@n variabld . We

are now ready to state the formulas for portfolio risk and portfolio expected return, as
PAD) P Y EC ) +wm! (Ry) 1)
IV I I I R R P R (2)

The efficient frontier is made by alterihg and! ,. By letting! ; take on values between 0 and

1 (and remembering that, ! !, I 1), we will obtain different portfolio returns and different
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standard dviations according t&quation(1) and Equation(2). These numbers can be graphed

in a riskreturn matrix, ultimately formng the efficient frontier.

We are constructing four different efficient frontiers. In all cases, asset number ®&E 500
(SPY), representing a welliversified stock portfolio. Asset two will vary among telatility

Index (VIX), the shortterm VIX futures ETN (VXX), the mig¢erm VIX futures ETN (VXZ) and

gold (GLD). We will find the minimum variance portfolios for each efficient frontier using
Solver in Microsoft Excelsolving for the! , that will minimize portfolio riskaccording to
Equation(2). These minimum variance portfolios are then compared to a portfolio consisting of
only S&P 500 This comparison will be based on the #iskurn relationship, where we can
conclude diversification benefits if the minimum variancefpto is less risky than the aB&P

500 portfolio, without having a significantly smaller expected return. This will be daneaith

time period outlined in &tion 4.1. This will result in twelve different efficient frontiers.

Also, Equation (2) illustrates the positive effects on risk of constructing a portfolio with
negatively correlated assets (Daigler and Rossi, 2006, p. 101). &liriaetors inEquation(2)

are positive (in this example we are assuming no negative weights, and we also kribv that
variance of returns cannot be negative) except for the correlation. With a negative correlation, the
term ! ;! 51 11 will therefore also be negative, which will reduce portfolio risk. Thus,
holding everything but the correlation coefficient fixed, we will obtain the lowest standard

deviation if the correlation coefficient is at its minimum: negative one.

To furtherillustratethe properties of the calculated minimum variance portfolios, we compare
these portfolios to three benchmark portfalibtere, we begin by isolatingach time period
calculating efficient frontiers and minimum variance portfolios accordingbtwe. This will

result in four minimum variance portfolider each time periagdvhere asset number two will be
VIX, VXX, VXZ and gold, respectively (and S&P 500 will be asset one). In each case, we
calculate a portfolio with the weights used to form theggmum variance portfolios. This will

lead to a situation wheréor each time periodye have four portfolios: S&P 500 and VIX, S&P
500 and VXX, S&P 500 and VXZ, and S&P 500 and gold. The weights used in the portfolios
will vary since they are dependingh dhe weights generated by calculating the minimum
variance portfolios. These four portfolios will then be compared to three benchmark portfolios
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(100 percenB&P 50Q 90 percent S&P 500 and 10 percent Treasury bills, and 75 percent S&P
500 and 25 perceiireasury bills) on basis of the following:

Annualized returns: We average the weekly returns and then annualize this number by the
formula below.
I"#$%&'() NHSI% | (11 I"'#S%&HN"H#E% 1"#$1%)" 1 1

Annualized standard deviatiorStandard deviation of the weekly returns data is
annualized according to the formula below.
I"#$%& () N"HSWHEM #$%&S' (! (I"HSYHEWM #EW&S'(! 52)0°

Maximum drawdown: This is a risk measurement telling us howhnamcinvestor could
possibly lose during a time period, if he buys the asset at the peaelsda at the
bottom. Thus the maximum consecutive price drop in between a peak and a trough.
(Burghardt et al., 2003, p) The calculéions carnbe found inAppendix 2.

Percent up weeks and down weeks: How many percent of the weeks during the time
period that the portfolio gained value and lost value, respectively.

Sharpe ratio: The Sharpe ratio is a riskameement telling us how mueixcess returns

we get n a portfolio pemnit of risk for that portfolio (Sharpe, 1994, p.-89 We will

use the riskree rate in order to calculate excess returns, meaning that the formula used
¥

R, — Rf

Op

Sharpe ratio =

Treynor ratio: Treynor ratio is similar to Sharpe ratio in that we are comparing excess
return to portfolio risk. Instead of dividing excess returns by portfolio standard devation,
we divide it by portfolio beta (Bhardwaj, 2012That is, instead of usingptal risk
Treynor ratio is using market rigllso referred to as systemic riskften cosidered to
be nondiversifiable(Schwarcz, 2008, p. 198
Ry = Ry

Py

Treynor ratio =
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This is generating in total three tables (crisis, passis andtotal time period) with seven
portfolios in each table (three benchmark portfolios and four calculated minimum variance
portfolios).

Furthermore, we proceed to undertake a sensitivity analysis on the calculated minimum variance
portfolios. The purposédehind this is to see how a small change in the time period affects the
risk and return of the minimum variance portfolio. If th&timatedrisk and return is varying
substantially over time, we can conclude that these instruments are volatile aridethat
behavior is especially hard to predittere, we use a window of twelve weeks that we will move
along the time period with four weeks each time. Thus, we start by using the first twelve weeks
in the sample, that is, twelve weeks from 208805. From thesaveeks weestimateaverage

return and standard deviati@f returnsof asset one (always S&P 500) and asset tihe (
examined asset; VIX, VXX, VXZ or go)d and also the covariance between the two assets
during these twelve weeks. For instance, if we andopming a sensitivity analysis of the
minimum variance portfolio with S&P 500 as asset one and VIX as asset two, we compute
average return and standard deviation of returns for these assets, along with the covariance of
returns between the assafée thenuse Microsoft Excel to calculate the weights in the portfolio
that minimizes portfolio risk, and proceed to use these weights to calculate portfolio return and
portfolio standard deviation according tBquation(1) and Equation(2) on page 25Next, we

move this window of twelve weeks forward by four weeks. Thus, we start or(BE08 and use

the following twelve weeks to perform the same calculations. This is done all the way throughout
all obtaineddata, generating a total of 86 different imaom variance grtfolios: each calculated

by using data from twelve weeks rolled forward by four weeks at a time. Next, these 86 resulting
portfolio returns and portfolio standard deviations will be graphed to illustrate the sensitivity of
the estimated pameters with respect to the time period and data used when performing these
estimations In total, we will perform four sensitivity analyses; one for VIX, VXX, VXZ and

gold, respectively.
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3.4 Methodology Critique

It is especially interesting for an investo reduce portfolio risk in a financial crisis; therefare

is important to mention hisr herabilities of doing so. The problem boils down to the investorOs
ability of predicting a financial crisidNote thatVIX, VXX and VXZ are measuring the implied
volatility, meaning that when the market is predicting a financial crisis, the value of these indexes
will be high. Therefore, the investor needs to predict the financial crisis before the market does
So.

In this thesis, we prediadethe financial crisis in a way only possible with known pricing data. It

is slightly unrealistic to assuntkatinvestors have the ability of predicting the crisis the way we
did. Our time period representing the financial crisis begins early, captharigrge returns in

VIX, VXX and VXZ that happened before the actual crisis begaminvestor is moreikely to

buy a volatilitybasednstrument later than we did, therefore possibly missing out on some of the
large returns captured by our calculatiofds.a result of this, the performance of VIX, VXX and
VXZ tends to be biased during the time period covering the financial crisis, compared to a

realistic scenario.

Nevertheless, the main purpose of this thesis is not to discuss whether one can predticteah f
crisis, butrather howto study the possibilities of using volatility as a tool for risk reduction in a
stock portfolio.

4. Empirical Findings
!

In this sectionwe will present our empirical findingsn Subsection 4.1 we ustihe statistical
propertiediscussed in section 3.2 to analyze and interpret the dat&ubsection 4.2 we use
the modern portfolidgheory discussed inuBsection 3.30 interpret and analyze tlata
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4.1 Statistical Properties

In this subsectionve present and analyze our empirical findings in terhstatistical properties.
Sulsection 4.1.1 covers the celation coefficient, and Sgbction 4.1.2 examines the beta of our
examined assetsSubsection 4.lis then rounded off with an analysis ofetlexamined

instrumentsO respective volatilities.

4.1.1 Correlation Coefficient

Table 6: Correlation to S&P 500.

Correlation to VIX VXX VXZ Gold
S&P 500
Total time period -0.72 -0.73 -0.68 0.04
Crisis -0.76 -0.72 -0.64 -0.14
Postcrisis -0.73 -0.75 -0.72 0.20

Table 6presents a strong negat correlation between the Vidnd S&P 500 during all three
periods.Note thatVXX and VXZ follow the same pattern with a stronggative correlation to

S&P 500 during all threeme periods. Notable islsothat the VIXhas an increasing negative
correlation to the S&P 500 during the crisidjil VXX and VXZ displaya decreasing negative
corrdation during the same period.

The goldETF stands out with a weaker correlation the S&P 500 and with a biggatiafain

the correlation coefficients. The correlation to the S&P 500 is weudifive measured over the
total timeperiod, but increasingly negative during the crisis, and incrglgspositive after the
crisis. Such dynamicgan be desirablat indicates that gold is rising with the stock market in
times of economic growth, but also rising when the stock market is suffering from a financial
crisis. However, the correlation of gold &P 500is relatively close to zero during all three
time perods, which indicates that the correlation is weak #Hrad the performance of gold
relative to S&P 500 ignpredictable

The correlation of the volatility based instruments, VIX, VXX and VXZ to the stock market,
though, is around0.7, indicating a strongegative relationship. Also, the stability of these
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numbers over all three time periods further shows the consistent performance of volatility

relative to the stock market.

The strong negative correlation between these instruments and the stock maak&eyis
characteristic for risk reduction purposdsis is in line with Sibsection 3.3, in which we
illustrated the importance of negative correlation in order to reduce the risk of a portfolio.
Therefore, according to the calculated correlations, volatituld be an appropriate tool for
minimizing risk in a portfolio.

Table 7: Correlation to VIX

Correlation to VIX VXX VXZ Gold
Total time period 0.86 0.73 -0.04
Crisis 0.86 0.75 0.17
Postcrisis 0.86 0.77 -0.12

Table 7presents th&/IX future indiceDand goldQability to track the mgements in the VIX

VXX displays the same positive correlation coefficient of 0.86 during all three periods, while
VXZ shows a weaker correlation that varies over the three peridolsl was positively
correlatedo VIX during the financial crisis, and negatively correlated after the crisis. This is in
line with the theory about gold working as a Osafe havenO for investors, and a possible
explanation for this phenomenon.

We detect a resemblance between the coivalabeffcients presented in Table 7 with the ones
presented in Table. By switching the codiCients signs in either tabe get similar results.

The other main takeaways from these numbers are the consistent strong correlation among VIX,
VXX and VXZ.

4.1.2 Beta Coefficient

In many ways it is more interesting to examine the beta rather than the correlation. With the beta,
we do not only get the correlation, but also the magnitude of the correlation. When examining the
four assetsO beta3&P 50Q thesensitive nature of these instruments was revealed.
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Table 8: Beta toS&P 500

Beta to S&P 500 VIX VXX VXZ Gold
Total time period -3.61 -2.30 -1.12 0.04
Crisis -2.55 -1.60 -0.84 -0.13
Postcrisis -4.23 -2.78 -1.34 0.18

The betagpresented in @ble 8showa negative relationship between the S&F and the three
volatility-based instrumentduring all three periods. That is consistent with the correlation
coefficients presented in tlf&ulsection 4.1.1 The highest étas are obtained after the finaici
crisis, and the lowest are obtained during theniima crisis. Although all the dias display a
negative relationship to S&P 500, theye aquite different. The VIXs way more sensitive to
shifts in the S&P 500 thav¥XX and VXZ. A one percent shift ithe S&P 500 during the crisis
would lead to a 2.55 percent shift in the ogite direction in the VIXbut only a 1.6 percent shift

in VXX, and a 0.84 percent shift in thiXZ.

The sign of the gol&ETF ketas vaes between the different timgeriods,with a negative kta
during the crisis, and positiveetas during the other two periods. Tihetas are in fact almost
mirroring thecorrelation coefficients presented in the figsttsection4.1.1

By looking at Table 8we notice the large betas of VI¥ §&P 500. These numbers can be used
to illustratethe high volatility of VIX For instance, uting the total timegoeriod, this beta was
3.61, meaning that the expected drop in VIX is 3.6 percent for every 1 percent drojs&Pthe
500. During the postrisis period, this number wag.23. Regardless of time perio¥/IX is
therefore quite sesitive to movements in S&P 500.

Table 9: Beta to VIX!

Beta to VIX VXX VXZ Gold
Total time period 053 0.24 -0.01
Crisis 0.57 0.29 0.05

Postcrisis 055 0.25 -0.02

The tetas presented in thefle9 showus thetwo future indices and the goETFOs sensitty

to changes in the VIXAs we can se&XX is more sensitive thaXZ, and the goldETF
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displays almostno sensitivity at all.This is elling the same storgs Table 8 VIX is more
volatile than VXX and VXZ, and significantly more volatile than gold.

4.1.3 Volatility

This subsection aims to illustrate the differences among the five assetsO volatilities and if there

are any different features across the three pareds.

Figure 8: Weekly volatility.
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Figure 8displays the five assetsO volatility during the three-pien@ds. The method behind the
calculation is further explained in Ssbction 3.2.3.

TheVIX is by far the most volatile asset and with littleiagon across the three pergdhis is
confirming what the previous subsection hinted: the volatildgged instruments are sensitive and
highly volatile. Notable is that the ViXactually has its least volatile periadiring the crisis,
implying arelatively smallvariation in the returns during a timerjel where returns usually

vary the mostThis becomes evident when looking at the other assetsO volatilities during the
three time periods in Figure 8. In all other cases the volatility is largest during theTdnsis a
featurethat is unique for the VIXn this study. Note that VXX is alnsb twice as volatile as
VXZ.
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The goldETF and S&P 500 are very similar, they are least volatile, but have also the greatest
variation across the three periods.

Table 10: Weekly gains and losses.

Ten Largest Weekly Gains in VIX (%) Ten Largest Weekly Losses in the VIX (%)

Week Ending in VIX VXX  VXZ Gold S&P Week Ending in VIX VXX VXZ Gold S&P
I" #'$UBE *N) 1 &H#M $HI' $I) J/&! | "#( $#S) Do+l BH%  IH I &)
"& $( 1 Y+ $79% &) J/+ ! RO | "™& S o' K& W% #]) $/'!
I g L %)M 4R ") ! J+/ | 1 $( 9% B! HI( J&! " $/*1
I'# SH! S+ &% eI Db+ | I $&SH B&M  HH% RIS I+ (!
I"## $&F+' &%  #%I% #/*! #& Jol+ | " $gH B&I% I B MY #H%
I"& $&P&' &SI #$N)!  +/H 775 SN TR O IR T T B&I% YW Db+ L H#
"t gy %)M H%IF &4 T+ BIG | I g Boo/y  H&I& ) #H H#%I%
' (B( %%I$ $$)!  *)! g J(! | e $( e B%r  H()! W% %& G
#$) K %) #IW (/! #/H B[ v B%) X! A$! #1%1 $/8
" g8, %S #%I+ (/! #/*! J/9A | "& $($(" B M+ B ! %/

Table 10 is illustratig the movements of the Viklative to that of the four othassets, VXX,

VXZ, gold and S&P 500. We picketthe ten weeks were the Viained the most, and then
presented the returns for the four other assets, for the same ten weeks. The same is done in the
right part of Table10, but with the ten largest losses.

From Table 10, thaeegative correlation between VIX and S&P St¥tomes clar: in all of the

ten weeks where VIX gained the most, S&P 500 feflis is proving the supposed negative
correlation from looking at Figure 3.he same can be seen in the weeks where VIX lost the
most: S&P 500 gained in all cases. However, the numbenmstrer unstable. An 86 percent gain

in VIX happened during a week where S&P 500 only lost about 6.4 percent, whereas the week
S&P 500 lost a horrific 20 percent, the VIX only gained about 55 percent. We can see the same
pattern with negative correlatidar VXX and VXZ to S&P 500 a well, while themovements of

gold relative to the movements in S&P 500 mu@e unpredictable

Figure 9 and Figure 1€hows the rolling 3nonth betas forhie volatility based instrumentver
time. The technique used to calculate the rolling betas are further explained in Subsection 3.2.2.
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Figure 9: Rolling beta to the market.
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Figure 10: Rolling beta to VIX.
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Tabes 6 to 10 along with Figurest8 10 illustrate one important characteristic of the Vitad

the volatility-based instrumentsheir volatilities One of the main impacts of high volatility in

this case is thait is difficult to construct a portfolio without systematic rigkat is, a portfolio

with aportfolio beta equal to zef®a so called zerbeta portfolio This is even hard when using
historical data, because of the behavior of highly volatile instruments. Therefore, serious doubts

are raised about the possibilities of constructing risklegfopos using these instruments, when
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perfect pricing information is not available. This can be illustrated using the VIX beta to S&P
500 of-2.55 during the crisis. Statistically, a 1 percent decline in the S&P 500 should result in a
2.55 percent inclinef the VIX. By allocating about 40 percent (= 1/2.55) of the portfolio to
VIX, the declines in S&P 500 should be offset by simultaneous gains in VIX. However, with a
volatile instrument and therefore a volatile beta, this is not easy. First, the beftasdVidual
observations will be diffemt from the beta over the tot@he period. This is the result of the
high volatility and norperfect correlation between the two assets. Secondjolhélity-based
instrumentsBetasto the marketwill vary over time, as showin Figure Q

The implications of these findings are that, even though using the correct beta, the high volatility
of VIX will make it had to construct a zefbeta portfolio Also, the beta is far from consistent
over time, making it diftult to find the correct beta. Overall, this makes us question the
possibilities of using VIX andvolatility to perfectly reduce risk ina stock portfolio.
Nevertheless, the desirable statistical characteristics of all examined assetgyastirgy thatti

is possible taeduce risk, even though not perfectly.

4.2 Portfolio Construction

In this subsectioywe construct portfolios according to MarkowitzOs modern portfolio theory.
Different efficient frontiers are calculated in a way presented in Subsec3ioar® presented

here in Subsection 4.2.1 and Sabtion 4.2.2. In Subsection 4.2.1, these efficient frontiers are
shown infour figures one each for VIX, VXX, VXZ and goldsach figure in Subsection 4.2.1

will have three efficient frontiers, represertitne three different time periadstal (20062013),
crisis (20072008), and postrisis (20092013) In Subsection 4.2.2, we present these efficient
frontiers in terms of time periods instead, enabling us to compare the performance of different
assets dring the same time periodere, the performances of the portfolios are also summarized
in tables.In Sulsection 4.2.3 we proceedperform a sensitivity analysis in terms of risk and
return for each of the four assets.

In Sulsection 4.2.2 we wilkompare some of our results to the results in Szado, Edward (2009).
His results are only based on data collected during the time period he calls the financial crisis
(March 2006 to Decemb@008) while we collected data from a larger timeipeé (May 20060
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April 2013) divided into three time periods, total time period, crisis and post crisis. The crisis
(August 2007 to Match 2009) is the time period that matches Szados time period the best,
therefore it will be natural to use our results from that pepogented in Figure 160 compare

to SzadoOs results.

4.2.1 Asset Classes

In Figure 11 to Figure 1éhe fllowing notations will be usedsquares are representing a
portfolio consisting of only S&P 500, triangles are representing a portfolio consistintydhen
examined asset class, and the circles are representing the resultimgimiv@riance portfolio.
For the circle showing the minimum variance portfplibe weight in S&P 500 is varying
depending on the characteristics of the examined asset class.

In Figure 11 the VIX and its possible diversification properties are examikegure 11shows

the results for the three time periods, total (2Q0&3), crisis (200:22008, and postrisis (2009

2013). A riskreducing effect can be seen in all time pasioandin all cases the expected
portfolio return increased or stayed the same as compared to a portfolio with only S&miIS00
improved riskreturn relationshippecomes especially clear by isolating the crisis, where shifting
around 15 percent of thegfolio from S&P 500 to VIX would have cut the risk by half and cut
losses by two thirds. This is made possible by the negative correlation and beta, once again
proving the possible positive diversification effects. It is also worth noting that in al,die

optimal allocation from a riskeducing view is to allocate around 15 percent to VIX.
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Figure 11 VIX and S&P 500
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Figure 12shows the efficient frontiers f@&P 500with the asset class VXX. The riskducing
effect is, just as above, present in all three time periods. During the financial crisis, VXX
outperformed th&&P 500

Figure 12 VXX and S&P 500
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The sane results are shown indgare 13 whereS&P 500is combined vith the midterm VIX
futures ETN:VXZ. The portfolio risk is reduced in all time periods, and the positive effects on
portfolio return is shown during the crisis where VXZ also outperforme84&ie500

Figure 13: VXZ and S&P 500
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According toFigure 12 and Figure 1¥XX and VXZ dogenerallynot show as positive effects

as VIX in terms of risk reduction and increased returns. During the finangd, dibwever,
VXX and VXZ proved to be better than VIX, both in terms of risk reduction andrmst of
increased returns.\Vién though risk is reduced by adding VXX and VXZ in the other time
periods, this is compensated by a simultaneous decrease in return. Thus, positive diversification
effects in form of reduced risk is present, but the pleasardgadse in return cannot be proved for
VXX and VXZ. The logic behind this finding is that VIX outperformed these instruments during
the examined time period, and with a fuerfect correlation and low betas the returns of VXX
and VXZ were lower.This can beexplained by Figure 4, showing theegative effect of
contango on the performanoé VXX relative to that of VIX. Thus, the negative roll yield is
making VXX underperform compared to VIX.

In Figure 14 S&P 500 and gold is examined. Gold is showing sinafégcts to those of VXX
and VXZ. Risk is lowered in all cases, but return is suffer@speciallyin the postcrisis period.
The biggest difference iexpected returcan be seen in the efficient frontier representing the
total time period(20062013) where gold outperformed S&P 500 significantly. This becomes
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very clear by looking at Figure 6. During the crisis and the-pas time periods, however, the
performancen terms of returrof gold and S&P 500 in Figure 6 seems similahjch is also
proved in Figure 1dé€elow.One noteworthy difference between the volatility based instruments
and gold is that in order to reach the minimum variance portfolio one must allocate around 50
percent of the portfolio to gold instead of the 15 percent needix iather portfolios. On the
other hand, gold is significantly less volatile than the volatility based instruments, which is
desirable.

Figure 14: Gold andS&P 500

"0("K! -

"0&"K! :I
S "0$"K! -
o
o "0"K! r T d
2 "K! $K! &K! (K! L34:8!
T J'0$"K!A
2 $ Q67R7R!
e
§ J"0&"KH =—=—5S7?6!B67R7
2 J0(K! 1

J'0*K! 1 IR#"KILFG!™!

1AN#"KIH38I!
J#OuuK!_ 19!97>7U=U!D:67:>B?1236Vv3873!

Standard deviation of portfolio return

4.2.2 Time Periods

The risk reducing effect of adding VIX, VXX, VXZ or gold tongell-diversified stock portfob
is proved further in i§ures b through 17Here, the time periods have been isolated to show the

relative performance of these instruments during each scenario.

The performance and optimal asset allocation during thetiotalperiod is shown in Figure 15
below. Adding about 15 percent of VIX to a portfolio consisting of S&P 500, that is the
minimum variance portfolio, would not only decrease the risk, but also increase the expected
portfolio return. By adding about 50 gent of gold to a portfolio of S&P 50@hich also ighe
minimum variance portfadi, would yield about the same resuly adding VXX and VXZ the

risk is reduced, but the expected portfolio return is also rediedboking at the triangles,
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representig a portfolio consisting of only thexamined asset, lecomes clear that VIX, VXZ
and VXX aremore volatile than both S&P 500 and gold.

Figure 15is confirming that VIX is outperforming all other examined assets. By allocating
around 15 percent to VIX dng this period, returns would double and risk would have been cut

in half. Adding more VIX to this portfolio would increase returns even more, but also sharply
increase the portfolio risk because of the volatile nature of VIX. This is not the case when
looking at gold, which had about the same volatilityS& 500during this time period. By
furtherexamining Figure 15he relatively bad performance of VXX and VXZ is wiéllistrated.

By using VXX instead of VIX, for instance, the investor would redpo#gfolio risk with the

same number in both cases. However, expected portfolio return would be 0.22 percent weekly
when adding VIX compared t@.05 percent weekly when adding VXX. The numbers may seem
small, but it is important to remember that this ipexted weekly returns.

Figure 15; Total time period2006-:05-05 to 201304-12).
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Table 11below is displaying a summary over the performance of the minimum \arian
portfolios shown in Figure 150 in Table 11 we see thdtX is performing well, where 44

percent position in VIX would increase returns by seven percentage points on an annual basis
compared to a portfolio with only equity. Also, risk is substantially reduced. It also becomes
evident that VXXand VXZ arenot performing nearly as well as VIX during the total time
period.However, the performance of gold is rather similar to that of VIX.
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Table 11: Portfolios during total time period (20@&-05 to 201304-12).

Annualized Returns PHIK L &N)IKD &MRIK BAHIK $/MK T %K #SSHKI
Annualized St. Dev. SHIMIK!  # I #IK L HHEIK #UI%(K  HEHEIK  #S)IK !
Maximum Drawdown | J/+#IK | J#I(+IK | B&/)IK!  Do&HWIK B#)'K!  BH%IK  P6I&$IK
% Up Weeks & ! & ! & ! &(! " | !
% Down Weeks &(! &(! &(! '8! " &4 &"!
Sharpe Ratio "/$& "I$ ! /(! JI$ "/$& "I(( ! (!
Treynor Ratio oy "] "] J1#(! " g "%t

During the crisis, showm Figure 16 all assets showed similar behavior. All minimum variance
portfolios have negativexpected returns, except fXZ with an expected return of 0.01
percentweekly. The difference in standard deviation between a portfolio full of VIX, VXZ or
VXX (the trianglesfompared to the volatility of th8&P 500portfolio (the squareis not as big
compared to the other time perioddnlike the other time periods, VIX perforohebadly
compared to the other examined assets. The most interesting asset during this time period is
VXZ. With startingpoint in a portfolio consisting of S&P 500, risk is reduced in half and returns
are improved from0.8 percent weekly to 0.01 percentekly by adding about 30 percent VXZ

to the portfolio. Similar, though slightly worse, results can be seen by adding VXX. This is an
important finding that proves the positive effects of buying volatilaged instruments in times

of financial market turmia
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Figure 16: Crisis(200708-10 and 20093-06).
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Table 12 is showing further proof of the good performance of VXZ during the crisis. Another
takeaway is the risk reducing effect seen by adding any voldidised instrument to the stock

portfolio. Risk, measured by annualized standard deviai®mut in half compared to the -all

equity portfolio, regardless of instrument added.

Table 12: Portfolios during crisisZ00708-10 and 20093-06).

Annualized Returns PL%NE&K PO"#IK  FB(/$"IK!  J/#+HIK! "I(('K ! JI*IK T H%/"%K
Annualized St. Dev. %'I*#IK  SN%K  S%WHEHK  #HI)IK | HRN"K!  #HHHHIK #($(K!
Maximum Drawdown J/+#K 1 J#(+IK! R&N'K!  FOMK! (K ! BYSIK! B)/S&K!
% Up Weeks &4 &4 &4 %+ &H '%! &#

% Down Weeks o 1 1 (#! ‘# &)! '+
Sharpe Ratio J/"+! Je/#H Fi#% J'1%% "I"&! J/$+! J/
Treynor Ratio J'/%& J'/%'! J'/%(! J/$#! A J (! J/&)!

As explained irthe introduction in Subsection 4.2, we chose to focus on the minimum variance

portfolios based on the data obtained during ¢hsis, presented in Figure,1#® compare our

results to the ones Szado makeshis article OVIX Futures and OptioBsA Case ®udy of

Portfolio Diversification During the 2008 Financial CrisisO (2008 chose to do so is because

we used different time periods than Szaalod the time period we used thatatchesthe time
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period Szadased the besis the one we call the crisiShis meanghat there are no comparisons
made between SzadoOs results and Figuf®tal time periodjand Figure 1§postcrisis). It &
important to keep in mind thouglat the same technique is used to create evegyegffifrontie
(from Figure 11 to Figure 38the only difference ithe time periods.

The results fromhe crisis presented in Figure &6ein many waysn line with the results in
Exhibit 10 in Szado, Edward (2009), although there are some issues comparing the exact results.

SzadoOeesults are based on data collected during the timedphsccalls the financial crisis.
That time period reaches froMarch 2006 to December 2008, while our crisis reaches from
August2007 to March 2009The different time periodmakes it harder to compare theaek

results

We could have picked the same time period as Szado, but we decided to base our decision on our
dataonly, meaning that we looked at the historical data and detected a time period where S&P
500 went from high to low. The time period that we call ¢hisis is presented in Figure 17

below (the span between the vertical lines), and our total time pericteserom May 2006 to

April 2013. On page 3 in Szado, Edward (2009), he motivates his choice of time period by
starting at the time when VIX options were introduced.

Figure 17: Crisis (200708-10 and 20093-06). Source: Bloomberg.
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Another problemcomparing our results with SzadoOs, is that in Exhibit 10 in Szado, Edward
(2009), he uses a portfolio that differs from our portfolios in some ways. When we are only
allocation between S&P 500 and the volatility based instruments, he is allocating batween
portfolio consisting of Ostocks/bonds/alterna@eand OVIX futuresO. He doesclearly state

what type of VIX futures he is using in Exhibit 10, kedrlier he has used omeonth VIX
futures, and assuming he is being consistent this is also thendaskibit 10. However, taking

the time period and portfolio differences into consideration, we can still make some useful

comparisons.

As we stated earlier in this ssdction, the results from our minimum variance portfolios
presented in Figure 1lé&rein line with the efficient frontier presented in Exhibit 10 in Szado,
Edward (2009).

The minimum variance portfolipresented in Exhibit 10 in Szado, Edward (2009), has a 10
percent allocation to VIX futures, and thereby a 90 percent allocation to
stocks/bods/alternatives. The risleturn relationship isa -2.5 percent expected retuatong

with a 4 percent standard deviation. The portfolio on the efficient frontier, consisting of 100
percent stocks/bonds/alternatives has an estimated expected retdsn pefcent, and an
estimated standard deviation of 11.5 percent. He thereby states that a 10 percent allocation to
VIX reduces the risk by more than half, and doubles the expected return.

The efficientfrontierswe presented in Figure 1#&e all very similar to the one Szado presents in
Exhibit 10 (in this part we ignore the portfolio consisting of gold and S&P 500 and only focus on
the volatility based instruments VIX, VXX and VXZ). Opposed to the result in Exhibit 10 in
Szado, Edward (®9), a 10 percent allocation to any of the volatiigsed instruments is not
enoughto construct a minimum variance portfolio, instead an allocation of betw@em@ 30
percent is necessaralfout 20 percent allocation to VIX, or about a 30 percentation to
either VXX or VXZ) . What is common though is that an allocation to any of the voldidsgd
instruments decreases the standard deviation and increases the expected return.

According to our results, 20 percent allocation to VIX reduces ttiandard deviation by about
half and more than doubles the expected return. A 30 percent allocation to VXX decreases the
standard deviation by more than half and increases the expect returi®f8opercent to almost
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zero. A 30 percent allocation to VX£&duces the standard deviation by more than half and
increases the expected return frédB percent to 0.01. Thesesults are very similar to the one

in Exhibit 10 in Szado, Edward (2009), and we can state almost the same conclusion that an
allocation toVIX or a VIX future reduces the risk lgimosthalf andfor the worstasset (VIX)
doubles the expected return.

Our constructed efficient frontiers coveritige posicrisis time period arshown in kgure 18
whereVIX and S&P 500showed similar return patterns. This is illustrated by a nearly straight
line with a minimum variance portfolio with similar expected return asSte 500portfolio,

but with risk cut byone third.The performance of VXX and VXZ is not near that of VIZold

is once again less volatile than the other assets, andsshemall riskreducing effect.The
relative performance of the instruments is simitathe performance in Figure 181X, followed

by gold, is superior regarding returns. Risk reducingceffenowever, are shown regardless of
added instrument.

Figure 18: Postcrisis (200903-06 and 20134-12).
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Once again, Table 13 shows proof of the strong performance of VIX. The returns are not
noticeably affected by the addition of 12 percent \dotnpared to the a#quity portfolio, but

risk (i.e. annualized standard deviatiomjs been cut from 18 percent to 11 percent on an
annualized basis. The relatively poor performance of VXX and VXZ also becomes evident.
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A risk-reducing effect is found, bahe returns of the VXX and VXZ portfolios are substantially
lower than the alequity portfolio.

Table 13: Portfolios during postrisis 200903-06 and 20134-12).

Annualized Returns $B%HIK  #+HF+K H#H(%&IK  #/"$IK! $F%IK  #(M)K ! $$/M(K!
Annualized St. Dev. #$SIKI  #N(K!  #%/()IK  +/*+IKI OIK D #%/%'TK  #'/+%K
Maximum Drawdown H)/&&IK  HN*IK | H%/S$(K H)/&&K  F/#IK! W #HK!  F)$K!
% Up Weeks '+ | '+ 1 '+ &+ "l (! (%

% Down Weeks &# &# &# ‘#1 "l && %)
Sharpe Ratio #/$9 #"(! #1$"! "] "1%$ #IS(! $/"$!
Treynor Ratio "/$#! "/$#! "I$" ! J/'# VAQ "/$+! VA

4.2.3 Sensitivity Analysis

Here, the assetsO sensitivity with regards to the time period chosen is shown. As explained in
Subsection 3.3, we start by using the first twelve weeks of data, proceeding to roll this window
forward by four weekddence, the data used for the estimations corresponding to the date 2006
09-01 is the twelve immediate weeks before this dabe.each time period, one mmium

variance portfolio will be estimatedhe standard deviation and expected portfolio return

corresponding to the minimum variance portfolio for each twelve week window is then graphed.

In Figure 19 this is done for VIXThesensitivity with respect to the chosen time pergd

mostly made clear during the financial crisis, with spikes in opposgetain during the

beginning of 2009. This suggests that small changes in the time period result in large changes in
expected return and portfolio standard deviation, illustratingehsitivityof theestimated

minimum variance portfoliow/ith respect tdhe time period and data us&Y shifting the data

forward by 8 weeks can substantially change the statistical properties of the minimum variance
portfolio. For instance, the minimum variance portfolio corresponding to the twelve weeks
ending 200903-06 has an expected return-4£23 percent and a standard deviation of 2.28

percent. The same portfolio for the twelve week time period ending@®09 has an expected

return of-0.68 percent and a standard deviation of 2.50 percent.
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Figure 19: Sensitivity analysis for VIX.
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The sane pattern is shown in Figure 20. Unlike Figure th®ugh, the spikes during the financial
crisis move in the same direction: increased returns and increased standard deviation. However,
the volatile nature of the instrument is illustrated here as well. The importatieschbsen time
period is once agn evident.

Figure 20: Sensitivity analysis for VXX.
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VXZ, graphed in Figure 21shows a similar pattern as VXX. The correlation between standard

deviation and portfolio returns seems to be positive, meaning that they move in the same
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direction. An inceased expected return also means an increased standard deviation. Compared to
VIX and VXX, VXZ shows a relative stability after the financial crisis. This means that the
calculated minimum variance portfolio will show somewhat similar properties regaodllese

period chosen, which is nbue when considering Figure 19 and Figure 20

Figure 21 Sensitivity analysis for VXZ.
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Gold is also showing this instability, according to Fig@z The standard deviation of the
minimum variance portfolio is ranginfrom 1 percent to 4.5 percent depending on the time
period chosen. Even though the expected return is relatively consistent after the crisis, the
standard deviation fluctuates during this period. Therefore, gold can also be considbecd
sensitive wih respect to the chosen datath a performance largely depending dine time

period.

53



Figure 22 Sensitivity analysis for gold.
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5. Conclusion

All threevolatility-based instruments (VIX, VXX and VXZhow statistical properties that make
them theoretically suitable to use in orderdéduce the risk i stock portfolioOur calculated
portfolios show that althree volatilitybased instrumentsiuring all time periodsin practice
would have reducegortfolio risk. Thus, it is possible to diversify and reduce risk in a stock

portfolio using volatility.

VIX is the superior instrument to use, especially during times of financial market stability. The
addition of VIX is along with reducing portfolio sk, more often than not also increasing
portfolio returns Here, VXXOs and VXZ@oor abilities of tracking VIX are evident.

The statistical prperties of gold suggest that risk reducingabilitiesis worse than those of the
volatility-based instrumest This is confirmed when looking at the constructed portfolios: during
all time periods, the risk reducing effect of adding gold to a stock portfolio is worse than the risk
reducing effect of adding any volatilityased instrument.

All four examined insttments show a volatility suggesting that the results and expectations in
terms of risk and return sensitive with respect to the data usstjthereforelargely dependent
upon the chosen time period. Hence, a small change in the time panqabssiblyhave a big
impact on portfolio expected return and portfolio risk.
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7. Appendix

|
APPENDIX 1: Black-Scholes

The formula for BlackScholesis found in a press release dated 14 October 1997 by the Royal Swedish

Academy of Sciences.
The BlackScholes formula isfor a European call optiodefined as
L1 SN@)! ' N@d = o)

Where the variable d is defined as

C = The value of the call option
S = Share price today

o = Volatility of share price

r = Risk-free interest rate

t = Time to maturity

L = Strike price

N = A normal distribution function measuring the probability of option exercising

APPENDIX 2: Maximum Draw down

Maximum drawdown was calculated using Microsoft Excel and a spreadsheglied by Turnkey
Analyst Westy R. Gray. The source code for maximum drawdown is written below, stk tfrom
Turnkey Analyst (Gray, 2013)

Function drawdown(port_seriéds Range)
Application.EnableCancelKey = xIDisabled
O Find the biggest cumulative drawdown for a performance series
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O dates = dates typically alongside the returns

O port_series = port_series returns in % * 100 format

Dim counter As Integer
Dim cume As Doule
Dim max As Double

counter =1

cume =1

max = 1

For counter = 1 To port_series.Count

If port_series(counter).Value <B0 Then

cume = (cume * (port_series(counter).Value + 1))
End If

If cume >=1 Then
cume =1
End If

If cume < max Then
max = cume
End If

Next counter

Olf there never was a drawdown
If max =1 Then

drawdown = ON/AO

Else

drawdown = (max®1)

End If

End Function
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