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ABSTRACT

This paper provides an investigation of retail investors’ possibility to enhance their
investment performance in a low-yielding environment by using derivatives. The

current low-yielding financial market makes safe investments in traditional vehicles,
such as money market funds and safe bonds, close to zero- or even negative-yielding.
Some retail investors are therefore in need of alternative investment vehicles that can
enhance their performance. By conducting Monte Carlo simulations and difference in

mean testing, we test for enhancement in performance for investors using option
strategies, relative to investors investing in the S&P 500 index. This paper

contributes to previous papers by emphasizing the downside risk and asymmetry in
return distributions to a larger extent. We find several option strategies to outperform

the benchmark, implying that performance enhancement is achievable by trading
derivatives. The result is however strongly dependent on the investors’ ability to
choose the right option strategy, both in terms of correctly anticipated market

movements and the net premium received or paid to enter the strategy.
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Chapter 1 - Introduction

The financial environment was in for a change after the great recession starting in 2007,

and we are currently experiencing a low-yielding environment with interest rates at the

same level as after the Great Depression and the Second World War. The low-yielding

environment is beneficial for some of the participants in the economic world, while for

others this environment poses challenges. In this paper, we are focusing on “the others”

mentioned above, more specifically, we are focusing on retail investors whose goals are

to achieve as high returns as possible by taking a little risk as possible.

As of February 15th 2017, US have a target federal fund rate of 0,5%-0,75%1, with a

currently effective federal rate of 0,66%2, while ECB has a key interest rate of -0,4% on

its deposit facilities and 0% on its main refinancing operations3. The low interest rates

make the use of low-risk investment vehicles to maintain the desired spending rate and

to preserve their wealth in terms of purchasing power almost impossible in the current

financial market. At least by using the conventional investment vehicles as certificates

of deposit, money market funds or government/AAA-rated bonds, that can be used

without significant exposure to risk.

Safe investment vehicles have been an important part of the modern portfolio theory,

as vehicles for diversification. To use quality bonds as an example, they have histori-

cally been important diversification tools because they have provided a steady income

with lower volatility than stocks. Bonds also often tend to have low or even negative

correlation with stocks, which have made them valuable for diversification. However, in

the low-yielding market we are currently experiencing, these quality bonds are yielding

close to zero- or even negative returns and are no longer the effective diversification tool

it used to be. The lack of secure returns in the conventional safe investments forces

investors to start searching for alternative methods of achieving returns without raising

1Federalreserve.gov, 2016
2Federalreserve.gov, n.d.
3European Central Bank, n.d.
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their portfolio risk excessively.

One option is to invest more heavily in stocks. However, stocks are securities with

a much higher risk than the low-risk alternatives above, and do not offer the safe

yield sought by many investors. By taking the risk into account, the performance will

not necessarily be higher, especially since equity is no longer considered to be cheap

and there is continuously a slow global economic growth. (Am.jpmorgan.com, 2016)

Alternative investments such as real estate, hedge funds or private equity are other

possibilities. However, these investment classes are not suitable for everyone because of

the illiquidity of the investments, and the capital requirement to enter such investments

are usually quite high. A third alternative is to use derivatives and structured products

to improve the investment performance. This is the alternative that we are investigating

in this paper.

The literature we have found which use the method closest to ours, have not found

any significant difference in either risk or performance of investors using derivatives.

Koski and Pontiff (1999) tested the difference of risk and performance of mutual funds

using- and not using derivatives, and could not detect any pattern of difference between

users and non-users. Although Koski and Pontiff (1999) recognize the asymmetry that

usage of derivatives may cause and look at differences in skewness and kurtosis, they

use risk measures concerning all risk, and not just downside risk. Fong et al. (2005)

also test the difference in performance and risk for mutual funds using- and not-using

derivatives, and they also recognize the importance of using a downside risk measure to

some extent. Although Fong et al. (2005) does not find any statistically significant dif-

ference in mutual funds using derivatives either, they do find some insignificantly signs

pointing towards higher mean returns and lower standard deviation for the managers

using derivatives. They assess that the lack of significance might be attributed to the

proportionally low use of derivatives.

Our paper contributes to this field of research by assessing risk and performance a
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bit differently than previous papers we have found. Although Fong et al. (2005) also

included one risk measure for downside risk, the risk measures mostly used and dis-

cussed in previous research are standard deviation, idiosyncratic risk, and beta, while

variations of Jensen’s alpha and the mean return have been the preferred performance

measures. To a greater extent than in previous papers known to us on this topic, we

emphasize the importance of looking at downside risk, asymmetry and performance

improvement as being dependent on the risk undertaken. We do this by using risk

measures like downside deviation, value at risk and expected shortfall instead of total

volatility or beta, while we use the Sortino ratio and Return/ES ratios to assess the

relative performance of an investment. Our paper also contributes by giving an as-

sessment of performance improvement in a challenging “new normal” environment for

investors where conventional investment vehicles might no longer be enough to receive

an acceptable return. In addition, our research is distinguishing from the method of

Koski and Pontiff (1999) and Fong, Gallagher and Ng(2005) by us using Monte Carlo

simulations to find our results, instead of looking at historically observed returns. We

are also focusing on the problem from a retail investor’s point of view, as opposed to the

two above mentioned papers which conduct their research on mutual funds. There are

some research papers both using simulations and focusing on retail investors as shown

in the literature review, but these are considering portfolio optimization while we are

focusing on difference in mean variables, and are therefore not totally comparable.

Problem Statement

Derivatives and structured products have some properties that allow investors to profit

from certain market movements. They allow investors to profit in both bear- and bull

markets, and even if the markets only move sideways. They can also be used to change

an investor’s return distribution, by for example making losses less likely by sacrificing a

high potential upside. These properties are making derivatives and structured products

interesting alternatives in a low-yielding world, where risk-free investments no longer

provide the safe positive return it once did. The purpose of this paper is to investigate
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the possibility for retail investors to enhance their investment performance in terms

of risk and return in the current low-yielding environment by using derivatives and

structured products.

“Can investment performance in a low-yielding environment be enhanced

by using derivatives and structured products?”

Methodology

We are investigating the problem statement above by conducting a difference in mean

test for different distributional-, risk- and performance measures between a passive re-

tail investor, having his wealth invested in the S&P 500 index, and a more active retail

investor trading option strategies. We are constructing six different option strategies

based on the S&P 500 index as the underlying asset. Further, we are simulating the

future equity paths of the index using a Monte Carlo simulation with 10.000 obser-

vations to find the return of the six option strategies and the return of the passive

index investor. We assume the retail investor to have a consistent market view over a

five-year period, employing one investment strategy only. Evaluation of risk and per-

formance is done by emphasizing downside risk and return relative to the downside

risk. Therefore, we are using value at risk, expected shortfall and semi-deviation as

the preferred risk measures, while the Sortino- and return/ES ratios are used as our

preferred risk-adjusted performance measures. The minimum acceptable return used

to calculate the Sortino- and return/ES ratios are set to zero, as positive returns are

what investors strive to find in this low-yielding environment.

Limitations

The selection of derivatives is vast and we therefore have chosen to limit our testing to

a limited number of derivatives and structured products. We have chosen our analysis

to rely on six strategies including equity options and structured products reconstructed

with equity options. This does not mean there cannot be endless of other derivative

strategies giving other results than we have found in this thesis. We are investigating
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our problem by performing Monte Carlo simulations over a five-year period, simulating

the stock price development following a geometric Brownian motion using constant

variables. The assumption about constant variables is a limitation because in the real-

world there would be unlikely for the market variables to remain constant during the

whole five-year period. The retail investor in this paper is also assumed to be a buy-and-

hold investor, meaning he is not closing out his position early which he might had done

in the real world, as the stock prices and time to expiration changes. Another limitation

is that we do not consider margin calls in the intermediate periods between initiation of

the option strategy and the expiration. This is because we are not simulating the index

price on a daily basis, but only on a periodic basis, matching the time of expiration

of the options. We are however making sure that the strategies are constructed with

enough capital left to cover the initial margins required.

All data in our computations is of closing date February 28th 2017. Changes in market

variables after this point in time are not taken into account in the analysis.

Literature Review

How derivatives are used and how they impact investors risk and return have been

a topic for many different research papers. In this section, we are assessing some of

the previous papers written on this topic that are relevant for this thesis, presenting

some methodology used and results found. Popularly, there have been two different

main approaches to investigate if derivatives are adding value or not for investors,

each method of course with different angles. The first main method is to look at the

difference in mean for various risk-, performance- and distributional measures. This is

the methodology closest related to the methodology used in this paper. The second

main method used in previous papers is to look at prospect theory and evaluate if utility

maximizing investors benefit from having access to trading in derivatives or not.

First off is a study done by Koski and Pontiff (1999), investigating how derivatives are

used and what impact the use of derivatives have on domestic equity mutual funds’
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return distributions, risk and returns. They are testing the difference in return and

various risk- and distribution measures between derivatives users and non-users in a

sample of 679 domestic equity mutual funds. They find out from telephone interviews,

fund prospectus and annual reports that 21% of the funds are derivatives users. To test

the difference in risk between derivatives users and non-users, Koski and Pontiff (1999)

test the difference in mean on six different risk and distributional measures: standard

deviation, idiosyncratic risk, beta, timing beta, skewness and kurtosis. The result

achieved by testing this is that there does not appear to be any significant difference

in the risk- or distribution parameters between the derivatives users and non-users.

Furthermore, Koski and Pontiff (1999) test the difference in performance by doing a

multivariate regression to find the funds Alpha’s, and testing the difference in alphas.

Because they found no difference in risk, a higher alpha would be associated with a

higher mean return. They find a trend that alphas of funds using derivatives tends to

be higher than non-users. However, the difference are not significant and they conclude

that there is no difference in the users and non-users fund performance.

Fong, Gallagher and Ng (2005) conducted a similar study to Koski and Pontiff (1999),

but with some improvements. One improvement is their database. Instead of conduct-

ing telephone interviews only finding out whether or not the fund is using derivatives,

Fong, Gallagher and Ng (2005) have access to the month-end holdings and daily trades

of all securities. This makes it possible not only to find out if the fund is using or not

using derivatives, but also to what extent they use it. Another improvement is that

Fong, Gallagher and Ng (2005) recognize the importance of looking at the downside

risk, hence including semi-deviation as a risk measure in addition to the measures used

by Koski and Pontiff (1999). Fong, Gallagher and Ng (2005) find some patterns that

suggest lower risk and higher mean returns for equity funds using derivatives than for

equity funds not using derivatives. The findings are however not statistically significant.

Due to the detailed information about trades and magnitudes of derivatives usage, they

are able to assign the insignificant result to the small derivatives exposure compared to
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the total fund size.

Driessen and Maenhout (2004) and the following papers reviewed below, are using a

different approach than Fond, Gallagher and Ng (2005) and Kosi and Pontiff (1999) to

analyze if derivatives would be beneficial. Dreissen and Maenhout (2004) focus on S&P

500 index options, more specifically out-of-the-money put options and at-the-money

straddles with the S&P 500 as the underlying. Instead of looking at difference in

risk- and performance measures between users and non-users of derivatives to evaluate

whether the use of derivatives is beneficial, they consider prospect theory and the port-

folio optimization problem. They apply these methods to investigate whether investors

would benefit in terms of increased utility from having the possibility to include these

options in their optimal portfolios. Dreissen and Maenhout (2004) are addressing this

problem by using an empirical approach, and use observed data instead of simulating

future equity paths. Their findings show that investors maximizing their expected util-

ity would take short positions in both ATM straddles and OTM put options on the

S&P 500 index, suggesting that options may improve investor’s risk-return tradeoff.

As opposed to the empirical approaches used in the studies mentioned above, Liu and

Pan (2003) use a theoretical approach to test portfolio performance by simulating the

stock prices using a model allowing a stochastic volatility and price shocks. They mea-

sure portfolio improvements by looking at the annualized percentage difference in the

certainty equivalent wealth of investors with access to derivatives in addition to bonds

and stocks, and investors only allowed to trade in bonds and stocks. Their findings

conclude with portfolio improvement for investors that have access to derivatives com-

pared to those without access. A further extension of Liu and Pan’s (2003) research is

done by Branger, Schlag and Schneider (2008). They extend the theoretical model used

by Liu and Pan (2003) to also include jumps in the volatility, and gets the same conclu-

sion regarding derivatives; that access to derivatives provides portfolio improvements

in terms of a higher annualized certainty equivalent wealth.
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Trading in derivatives can often be too complicated for the common retail investor.

Branger and Breuer (2008) are therefore investigating if retail investors instead can

benefit from trading in structured products. To investigate this, Branger and Breuer

(2008) are comparing the investor’s optimal utility, both with and without access to

structured products. They are only testing a limited number of structured products,

and the results depend on the product. Without considering transaction cost, Branger

and Breuer (2008) find that discount certificates performs the best, providing a buy-

and-hold investor with an excess certainty equivalent return of at most 35 basis points

annually, compared to investors not having the option to invest in structured products.

Taking transaction costs into account, they still find discount certificates to be the best

investments. They actually find discount certificates to be the only structured products

a retail investor would hold, but now only providing a maximum of 14 basis point

excess certainty equivalent return. Branger and Breuer (2008) conclude with investors

benefitting from having access to discount certificates, while contracts including barriers

and other exotic payoffs are much less beneficial.

The conclusions drawn in the different papers are not unambiguous. Both Koski and

Pontiff (1999) and Fong, Gallagher and Ng (2005) finds no significant evidence of differ-

ence in risk- and return parameters between users and non-users of derivatives. Dreissen

and Maenhout (2004), Branger, Schlag and Schneider (2008) and Liu and Pan (2003) do

on the other hand find significant evidence of derivatives being beneficial for investors.

Branger and Breuer (2008) find evidence of structured products being beneficial, how-

ever, it is only the discount certificate of the tested vehicles that is slightly beneficial

taking transaction costs into account. Interestingly, the two papers that do not find

derivatives to be of any improvement, Koski and Pontiff (1999) and Fong, Gallagher

and Ng (2005), are using another methodology than the rest of the papers. They do

however both observe paths that might suggest a difference for funds using derivatives,

although not significantly. Fong, Gallagher and Ng (2005) do assess this insignificance

to be because of small holdings of derivatives. It is likely to assume that it is the same
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problem for Koski and Pontiff (1999), except they do not have as complete data on

derivatives holding as Fong, Gallagher and Ng (2005). We find it interesting to exam-

ine if we get another result than Koski and Pontiff (1999) and Fong, Gallagher and Ng

(2005), by using a similar method, but testing it theoretically instead of empirically

- giving us the opportunity to increase the portion of derivatives and the number of

observations.

Structure

Our thesis consists of five chapters, and this section aims to give a short overview of

the structure and content of the thesis.

Chapter 1 is the thesis introduction. This chapter aims to give the reader an under-

standing of the current economic situation with low-yields and the problem statement

of this paper. This chapter is also describing the methodology and limitations of the

thesis, and providing a review of some previous research on the thesis topic.

Chapter 2 is the theory section of the paper. In this chapter we introduce the theory

relevant for the thesis topic. We review theory about the low-yielding market, relevant

risk- and performance measures and derivatives theory. The derivatives theory includes

an overall introduction to the world of derivatives, and more focused theory about

options and the options strategies we are using.

Chapter 3 is the chapter covering our method and data. The method part of this

chapter includes a description of the methodology used to investigate our problem

statement and what assumptions are made in the construction of the different option

strategies. The data section of chapter 3 explains the input data used in our Monte

Carlo simulations.

Chapter 4 is the analysis chapter, which is two folded. The first part of this chapter

analyzes the results found for each of the six different option strategies. We are starting

off with no transaction costs before easing this assumption, introducing transaction
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costs to the outperforming strategies to test if the results are robust when relaxing

this assumption. The second part discusses the overall findings, as well as some of the

pitfalls and factors that may influence or change the results in the real world.

Chapter 5 is stating our conclusion and introduce some topics for further discussion.
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Chapter 2 - Theory

Low-Yielding Environment

To understand why we are in a low-yield environment, we have to understand how the

basic mechanisms of monetary policy works and how the key interest rates are deter-

mined. Most central banks in advanced economies have an inflation target linked to

their monetary policy, and the target is often around 2-3 percent. (Centralbanknews.info,

n.d.) Having a low but positive inflation level is considered important in the modern

economy to maintain an aggregated demand. A small positive inflation means that the

aggregated demand is higher than the aggregated supply because more capital is com-

peting for the same goods and services, pushing the prices to increase. Furthermore,

higher prices encourage companies to produce more goods and services, and this circle

triggers economic growth.

Ever since the great recession in 2007/2008, low economic activity has been an issue

for many of the developed economies, leading to a too low inflation and growth in the

economy. To encourage a higher spending level, central banks in developed economies

have been lowering their key interest rate to a historically low level. By lowering the

rate, they make capital more accessible to people by making it cheaper to borrow money

for spending and less attractive to save money. Large economies, such as the United

States, the Eurozone, United Kingdom, Canada and Japan, have interest rates close

to- or even below zero. Therefore, the returns from safe investments in secure bonds,

like government bonds and AAA rated corporate bonds, have become so small that if

we take inflation into account, the real return is very close to zero or even negative.

In figure 1 below, we have displayed the long-term interest rates on government bonds

from the euro area. Although this paper is considering US investments in the analysis,

it is relevant to see that the low-yielding environment is an issue for many of the leading

economies in the world.
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Figure 1 - Long-Term Interest Rates Eurozone Countries, Data Source: ECB(2017)

The long-term interests are reported by ECB (2017), and are secondary market yields

of government bonds with maturities close to ten years. The graph gives a picture

of how low-yielding the low-risk investments have become in the current economic

environment, even for longer term bonds. Except for Greece, Cyprus and Portugal, all

the other countries in the Eurozone had a long-term yield on their government bonds

of below 2% in December 2016. The reason why Cyprus, Greece and Portugal have

higher rates, is that their government bonds are not considered as safe due to recently

and ongoing economic problems.

Based on the statements below from the Federal Reserve and the European Central

Bank respectively, there are no indicators of a sudden change in the economic climate

that will lead to any sharp increase in the current key interest rates in the nearest

future:
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“The committee expects that economic conditions will evolve in a manner that will

warrant only gradual increase in the federal funds rate; the funds rate is likely to remain,

for some time, below levels that are expected to prevail in the longer run.” (Federal

Reserve, 2016) ”

“The Governing Council continues to expect the key ECB interest rates to remain at

present or lower level for an extended period of time, and well past the horizon of the

net asset purchases” (European Central Bank, 2016)”

How Are People Affected By A Low-Yield Environment?

Either if the environment is high- or low-yielding, different participants of the society

are affected in various ways. This is a vast topic if you are breaking it up and start

analyzing both direct and indirect effects. There are also effects on other parts of the

society than just economical, and Yves Mersch (2016), a member of the ECB’s executive

board, published a speech where he analyzed not only the economic implications a low-

yield environment might have, but also analyzed it from a legal and social perspective

as well. We are however limiting this topic to look at some of the direct economic

impacts of this environment. For more in-depth analysis of the low-yield environmental

impacts, we recommend the article “Impact of a low interest rate environment – Global

Liquidity spill overs and the search-for-yield” by Ansgar Belke (n.d).

Some of the participants that often suffer from a low-yield environment, which ECB is

keeping a close eye on, are insurers, pension funds and other savers. (Mersch, 2016)

Insurers and pension funds are receiving payments today and are making payments in

the future. They are therefore dependent on making a certain return on their capital to

handle their obligations concerning future payments to their customers, which becomes

difficult with the current low-yields.

The first market participants coming to mind when talking about benefiters of a low

interest rate environment, are borrowers. Mortgage payers and net borrowers are ben-

efiting from the direct effects of lower interest expenses. Stock holders have also tradi-
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tionally been winners in a low-yielding environment. However, the current low-yielding

environment have been unusually long lasting and many of the large banks and ana-

lysts, such as J.P. Morgan and Goldman Sachs, suspects that stock holders might not

have such a bright future ahead. (Am.jpmorgan.com, 2016; Kawa, 2016) This is a rel-

evant topic for retail investors as it gives another reason for why they should consider

alternative investment vehicles. We therefore discuss this more in-depth below.

Low-Yield Environment’s Impact On The Stock Market

The low interest rates affect the stock market as well. From a broad perspective, stocks

are usually performing well when the interest rates are low. This has also been the case

up until now in the current low interest environment, where the stock returns have been

high on average since the financial crisis. The European indices Euro Stoxx 50 and Euro

Stoxx 600 have had an average annual return over the past five years of 8,3% and 10,8%

respectively4, while the S&P 500 index have had an average annual return of 12,7% over

the recent five years5. That stocks perform better in general when the interest rates are

low is to some extent logical and can be reasoned as below. Central banks lower the

interest rates to stimulate the economic activity and make people buy more goods and

services. An increase in sales of goods and services will give companies higher revenues,

and if they are healthy companies and have positive profit margins this should create

higher profits. This leaves more money for dividend payments or investing in profitable

projects, which again gives the company a higher valuation. Another benefit companies

have from a low interest rate is that their borrowing costs are reduced. Lower borrowing

costs should mean that the companies achieve higher profits or that they can handle

more leverage than before, which again can be used on further investments and growth.

According to the argumentation above, and the statements from ECB and FED about

the interest rates expected to stay low in the nearest future, one could be convinced that

investing in the stock market is a good decision. There are however some indications

4Blue-chip indices STOXX R© europe 50 index, 2016
5 Pages.stern.nyu.edu, 2017
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that this might no longer be the case. It is important to remember that stock prices are

heavily dependent on a company’s growth. The reason why the interest rates has been

kept low for such a long time, is because the growth that central banks are hoping for are

still absent. Without growth in the economy it is limited how much companies manage

to grow. Large banks, such as J.P.Morgan and Goldman Sachs, are expressing their

concern about future growth and say investors should prepare for lower equity returns

going forward. J.P. Morgan states that we are in a maturing bull-market and that

“investors should expect returns from equities to be lower in the future – and to come

with greater volatility”. (Am.jpmorgan.com, 2016; Kawa, 2016) As J.P. Morgan states,

this is due to equity no longer being cheaply priced and the world’s economic growth

continuously being lower than the expectations, hence a reason why investors should

start considering alternative investment strategies such as investing in derivatives and

structured products.

Risk Theory

In finance, risk is often defined as the uncertainty about future returns or deviations

from the expected return. As a result of this definition, the standard deviation has

been the most natural choice of risk measure. However, by using the popular standard

deviation as a risk measure, all risk is considered “bad” risk. We find this misleading

as investors would not mind returns to deviate from the expected return as long as

they deviate in a positive direction. We therefor base our view on risk as something

negative, and use the more specific definition of risk as stated by Hubbard (2014):

“Risk: A state of uncertainty where some of the possibilities involve a loss, catastrophe

or other undesirable outcome”. Another reason why standard deviation is a bad choice

of risk measure for the purpose of this paper, is that it treats risk symmetrically. Since

we are creating investments using derivatives and structured products, we will have

asymmetrical payoff structures and standard deviation will not be an appropriate risk

measure. In this section of the paper we are therefore introducing some other risk

measures than the standard deviation, which will be a better fit for the purpose of this
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paper for two main reasons: (1) They distinguish between “good” and “bad” risk. In

other words, we are looking at the downside risk of the investments. (2) They work for

investments with asymmetric pay-off structures.

Semi-Deviation

Semi-deviation, or downside deviation as it is often referred to, is a return’s negative

deviation from a minimum acceptable return (MAR). The semi-deviation is looking a

lot like the regular standard deviation, but instead of telling an investor of how volatile

their investments are, it tells the investor how much their investments are deviating

in the negative direction. Another advantage of the semi-deviation relative to the

regular standard deviation is that the user can choose the minimum acceptable return

they want to know the negative deviation from, instead of automatically using the

mean. The measure can therefore be adjusted, depending on the investor’s investment

purpose or risk profile. The semi-deviation has become a popular risk measure as

people have become more focused on downside risk instead of the total volatility. It is

included in the Post-Modern Portfolio Theory, which is an extension of Markowitz well

known Modern Portfolio Theory, as the preferred risk measure. Semi-deviation is also

a component in the performance measure Sortino ratio, which is one of the important

performance measures used in our paper. Technically, the semi-deviation is the square

root of the semi-variance, and can easily be calculated by using equation (2.1) below.

The minimum acceptable return is decided by the user and is often set to equal zero, a

level of promised return, the risk-free rate or in some cases even the average return.

σd =

√√√√ 1

N

N∑
i=1

(min(0, Ri −MAR))2 (2.1)

In formula (2.1), σd is the semi-deviation, N is the number of observations, Ri is the

return of the investment at time i, and MAR is the minimum acceptable return.
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Value At Risk (VaR)

The value at risk, henceforth VaR, is a widely used measure to quantify financial risk.

VaR is a statistical risk measure and is usually expressed as the amount of capital $X

an investment will not lose more than, with a given probability p, within a period t.

Another equal but more conservative way of expressing VaR, is that there is a (1− p)

probability that an investment will lose more than $X within period t. The value at

risk can also be presented in percentage loss, usually expressed in terms of absolute

values, which we do in this paper. The probability used when calculating VaR is

usually 95%, 99% and sometimes even 99,9%. Further, there are three basic methods

of calculating the VaR; the historical method, the variance-covariance method and

Monte Carlo method. There have been developed several variations of these methods

to make VaR a better fit of reality.

Calculating the VaR based on historical returns is straight forward, ranking returns

from best to worst with a rolling time frame. The threshold return having the 5th%

worst return is the 95% Value at Risk. The variance-covariance method is also a

backwards looking approach calculating the VaR. Using this approach, you calculate

an investments average return and volatility. You then assume returns to be normally

distributed and find the value at risk by calculating the p% confidence value of the

normal distribution, using the investment’s expected return and volatility. The problem

with using this method is the assumption of normally distributed returns. This means

it does not account for asymmetric pay-off structures, as often occurs when investing

in derivatives and for non-normal tail distributions that often takes place during crisis.

Because of the methodology and return properties in our paper, we cannot use any of the

two methods mentioned above to calculate VaR. In our paper we will therefore use the

last alternative, the Monte Carlo method. The Monte Carlo method is used to simulate

returns based on some underlying parameters and models. As for the historical method,

the returns are being ranked to find the threshold value representing the VaR. Using

Monte Carlo simulations is often considered superior due to its ability to incorporate a

20



more precise tail risk. (Mehta et al., 2012) However, creating good models to use in the

Monte Carlo method are often complicated and time consuming compared to the other

approaches. This is why, even though it is considered a superior approach, only about

15% of banks use this method. (Mehta et al. 20012) We are nevertheless using the

Monte Carlo method because we are already simulating our returns using Monte Carlo

simulations, which makes the implementation easier and the results more accurate than

by using the variance-covariance method.

Although the value at risk is a widely used risk measurement and control measure for

large financial institutions and investors, it has some limitations. The most distinct

limitation of the VaR is that it only accounts for maximum losses in 99% or 95% of

the cases, but does not consider how much the investors might lose in the worst 1% or

5% scenarios. This may lead to a false sense of security for investment managers and

cause excessive risk taking. A solution to this problem could be to include another risk

measure called expected shortfall as a supplement to the VaR, which we will discuss in

the next section. Another limitation of using the value at risk measure is that it does not

possess the property of being sub-additive, which makes it a no-coherent risk measure.

Lacking the property of being sub-additive can result in the value at risk displaying

increased risk when diversifying a portfolio, compared to when not diversifying. Due to

the limitations of VaR, we are not looking at VaR alone as a risk measure, but using it

in the evaluation process of the tested derivative strategies together with the expected

shortfall.

Expected Shortfall (ES)

Expected shortfall (ES), often referred to as the Conditional Value at Risk (CVaR), is

another risk measure acting as an alternative and supplement to the VaR. The expected

shortfall represents the expected loss of an investment if the losses exceeds the VaR,

and is similarly to the VaR usually expressed in absolute values. This measure provides

investment managers with tail information that is neglected by the regular VaR, and is

useful for investment managers to get an overview and control the risk of investments
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in the event of extreme losses. The expected shortfall is a good supplement to the VaR

because even though two investments may have the same loss at a 95% confidence level,

the investments may behave very different from each other in extreme situations and

under black swan events.

An example of how different the tail distributions for two investments with the same

VaR may be, is presented in table 1 below. As can be seen from the table, both

investments have a VaR of 20% in absolute terms. However, investment 1 have a

significantly higher expected shortfall than investment 2, hence a significantly higher

risk. This emphasizes the importance of a risk measure like ES, that provides tail

information to the investment managers.

Table 1 - VaR And ES Example

For normally distributed returns it is possible to calculate the expected shortfall with

closed-form solutions. However, in reality the expected shortfall is usually calculated

by summing the product of the conditional probabilities and losses exceeding a certain

confidence level, or by taking the average of the losses exceeding the VaR. The ES will

by definition always be equal to- or higher than the VaR, and figure 2 below provides

an illustration of the relationship between the VaR and ES.
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Figure 2 - VaR And ES

Performance

Return is a popular and easy way to think about performance. However, it is not ad-

equate to only look at the return when evaluating the performance of an investment.

In this paper we are investigating the possibility to improve investment performance

by using derivatives and structured products. If we were to consider performance im-

provements only as improvements in the expected returns, we could have created highly-

leveraged bets with options and achieved high expected returns, but at the expense of a

considerable risk undertaken. Therefore, to investigate performance improvements we

need to adjust the return for the risk undertaken. There are various measures developed

to risk-adjust an investment’s return, and in this section we will introduce some of the

different measures. In our analysis we are also considering returns, as it is important for

investors that returns are at least positive for them to achieve a tolerable performance.

If not, the investors could rather just keep their wealth in cash. The MAR used in our
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analysis is therefore set to zero.

The Sharpe Ratio

One of the most commonly used risk-adjusted performance measures in finance is the

Sharpe ratio. The Sharpe ratio is a performance ratio calculated by taking the average

excess return and divide it by the standard deviation. An advantage, being much of the

reason why the Sharpe ratio has become so popular, is that it is easily interpreted and

makes it is easy to rank investment performances. There are however some properties

of the Sharpe ratio making it unsuitable as a good performance ratio. The root of the

problems comes from using the standard deviation in the denominator, which adjusts

the returns for all deviation from the mean. Large positive returns may therefore

worsen the perceived performance, while capping off the upside potential may give the

impression of an improved performance. The standard deviation does also account

for the excess return distributions to be normally distributed, which is not a property

fulfilled when investing in options. We want to make it clear that we are not emphasizing

the Sharpe ratio when assessing the investment performance later, but we include the

Sharpe ratio solely to show how important it is to use performance measures that

focus on the downside risk of an investment, and not the total volatility. Below we

are introducing two risk measures being a better fit to evaluate the performance of

investments. First off is the Sortino ratio, which has gotten increased attention as

people have become more aware of the shortcomings associated with the Sharpe ratio.

The Sortino Ratio

The Sortino ratio is a performance measure named after Frank A. Sortino, and is in most

cases a more appropriate performance measure than the Sharpe ratio. The Sortino ratio

is built on the same principles as the Sharpe ratio, in terms that it aims to express the

performance of an investment as a return per unit of risk undertaken. However, there are

some important differences making the Sortino ratio superior to the Sharpe ratio. First,

the Sortino ratio does not assume returns to be normally distributed, which is important

for a portfolio consisting of options. Secondly, it only accounts for negative deviations,
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which are the deviations investors fear. In addition to these two advantages, it preserves

the benefits of the original Sharpe ratio of being easy interpretable and making it easy

to rank investment performance between different investments. The Sortino ratio is

expressed as an investments average return subtracted a minimum acceptable return,

divided by the downside deviation of the investment. Mathematically, the Sortino Ratio

is expressed as:

S =
R−MAR

σd
(2.2)

Where

σd =

√√√√ 1

N

N∑
i=1

(min(0, Ri −MAR))2 (2.3)

In addition to the advantages of only emphasizing “bad” volatility and not requiring

normally distributed returns, we find the minimum acceptable return to be a more

suitable benchmark than the risk-free rate. Especially in the low-yield environment we

are currently in, where the risk-free rates in some countries are observed to be negative.

If a negative risk-free rate had been used instead of a zero- or positive adjustment, an

investor could have negative returns and still achieve a positive Sortino ratio.

The Return/ES Ratio

The return/ES ratio, or sometimes called the Stable-Tail Adjusted Return (STARR)

ratio, is another risk-adjusted performance ratio considering how well the investor is

compensated for the tail risk undertaken. The return/ES ratio can be tested for different

significance levels of the expected shortfall, and is therefore a measure that can be

adjusted to test for different levels of downside risk depending on the preferences of the

investor. Similar to the Sortino ratio, the return/ES ratio also has the benefit of making
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investments rankable, and therefore easy to compare. The formula for calculating the

return/ES ratio is expressed as follows:

Return

ES(α)
=
R−MAR

ES(α)
(2.4)

Skew And Kurtosis In The Return Distribution

It is important for investors to be aware of their return distribution because it says a

lot about the risk profile of the investment. Investors can adjust their investments to

try and replicate a return distribution they find favorable. The first four moments of

a return distribution is the mean, variance, skew and kurtosis. The mean and variance

are more known and self-explanatory terms, so in the remaining of this section we will

focus on giving an understanding of the third and fourth moment; skew and kurtosis.

The skewness tells the investor about the asymmetry in their return distribution. The

skew has gotten increased attention after various market crashes, proving that extreme

losses occurs from time to time and tail risk cannot be ignored. Different investments

have different skews, and the most famous distribution in finance is the bell-shaped

normal distribution, having zero skewness. The reason why this distribution has become

the most well-known distribution, is because returns from stocks are assumed to follow

a normal distribution which has been an important assumption for the modern portfolio

theory.

In a negatively skewed distribution, also called a left-skewed distribution, the large

mass of the distribution is found to the right in the distribution and the tail is longer

on the left side. A positive skew represents the opposite, where most of the mass is

gathered to the left in the distribution and the tail is longer in the right direction. More

technically, for a negative skew, more than half of the probability mass is located to

the left of the mode, while for a positively skewed distribution more than half of the
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probability mass is located on the right-hand side of the mode. (Munk, 2015) Mode is

being the number observed most frequently in the distribution.

Return distributions from investments in bonds are examples of negatively skewed dis-

tributions. By investing in bonds, a large majority of the returns are fixed with no

upside potential. However, if the issuer defaults, the bondholder can experience large

losses, hence there is a long left tail. Options, which is the financial instrument we will

be using the most in this paper, is another financial instrument giving an asymmet-

ric payoff. It can be used alone or together with other assets to create skewed return

distributions. For example, by writing a covered call that will be discussed in detail

later, you are creating a negatively skewed return distribution with a majority of the

returns gathered at a capped upside return. The returns will be following the downside

movements of the underlying variable and therefore being subject to a long left tail.

The opposite is possible if buying a protective put. The put option protects the investor

against price crashes while allowing them to be exposed towards the unlimited upside

potential of the underlying. This leaves a long tail to the right, while the put eliminates

the possibility for a long left tail. In figure 3 we illustrate the notion of skewness by

presenting a positively-, negatively- and no skewed distribution.
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Figure 3 - Skewness

A question may be why some people would create a negatively skewed return distri-

bution, giving up their upside potential while still being exposed to large losses, when

they instead could choose a positive skew with a limited downside and an unlimited

upside. In a low-yielding environment where the majority of safe returns are being close

to zero, positive returns may be hard to find. Therefore, an investor may want to sell

off his potential upside to rather make the majority of his returns positive, although

maybe only slightly positive. By doing this, the investor creates a negatively skewed re-

turn distribution. Under the same market conditions, investors selling protective puts

risk making the majority of returns negative since they have to pay a premium for

the downside protection. Although they keep their upside potential intact and have a

positive skew, the majority of their returns might be negative.

The fourth moment of a distribution is the kurtosis. Kurtosis describes the tail of a

distribution. In other words, it describes the amount of returns found in the tails and
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how peaked the mass of the distribution is. Kurtosis is often expressed in terms of

excess kurtosis, which is the kurtosis excess of the kurtosis in a normal distribution. If

a distribution is normally distributed it has a kurtosis of three and an excess kurtosis

of zero. This type of distribution is called mesokurtic. A distribution with positive

excess kurtosis is called leptokurtic and is more “peaked” than the regular normal

distribution, therefore having fatter tails. Fatter tails imply that returns located in

the tails are more likely to occur than for distribution with lighter tails. On the other

hand, if the excess kurtosis is negative, the distribution is so called platykurtic and less

peaked than a normal distribution. This means the distribution has slimmer tails, and

a smaller possibility for extreme positive- and negative returns. (Munk, 2015) In figure

4 below, we present the three different distributions; lepto-, meso-, and platykurtic

distributions. One should especially notice the size of the distribution tails to get a

picture of how the kurtosis play a role.

Figure 4 - Kurtosis
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Derivatives

Derivatives are contracts between two parties whose value is dependent on the value of

an underlying variable. They can be used as speculative tools and to hedge risk. Some of

the most common underlying variables of a derivative contract are stocks, commodities,

interest rates, credit events and currencies, but the contracts can also be derived on

other more unusual variables such as the temperature during a period of time or number

of hurricanes during a specified period. (Hull, 2015) There are considered to be four

main types of derivatives: Options, forwards, futures and swaps. However, endless

variations of these are to be found in the derivatives market, designed to fit anyone’s

need. The derivatives market has grown to be enormous, and according to The Bank Of

International Settlement (2017)67, the notional amount outstanding in the global OTC

market was $544,052(billion) in June 2016, and almost $67,000(billion) in outstanding

options and futures contracts in the global exchange market as of September 2016.

Below, we will discuss some different aspects of derivatives theory.

The Early History Of Derivatives

Derivatives are often considered to be advanced and modern instruments within finance.

However, derivative-like laws and contracts have been observed way back in the ancient

history. Researchers have even identified a law made by King Hammurabi of Babylon

almost 4000 years ago, where farmers with mortgages was except the obligation of

paying interest rates if there was a year with failed crop harvest, as a type of put option.

(Kummer and Pauletto, 2012) There have also been found traces of contracts similar to

what we today classify as derivatives being used regularly in the ancient Mesopotamia,

to make agreements on delivery of a commodity at a pre-specified price and date in

the future. (Kummer and Pauletto, 2012) A story that has become one of the most

known examples of the early use of derivatives, is Aristoteles’ story of Thales. Thales

was a philosopher and mathematician who had been challenged on making himself rich

because of his high intellect. Thales accepted the challenge, and because he predicted it

6 Exchange-traded futures and options, by location of exchange, 2017
7 Global OTC derivatives market, 2017
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to be a good olive season, he made an agreement on having the possibility but not the

obligation to hire all of the olive presses if he made a small deposit. Thales was right

about the olive season, and since he had ensured a monopoly on the olive presses he

could take a high price on lending the presses out to the olive farmers. This made him

rich, and is an example of the early speculative use of options. (Kummer and Pauletto,

2012) As we can see, some forms of derivatives have actually been used for thousands

of years. Both for hedging reasons, such as ensuring the availability for grain, and for

speculative reasons, to make large profits like in the story of Thales.

Advantages Of Derivatives

Derivatives are a highly discussed topic within finance, and have met great criticism

and been blamed for huge financial losses. In Berkshire Hathaway’s annual report of

2002, Warren Buffet describes derivatives as “financial weapons of mass destruction”.

(Berkshire Hathaway, 2002) Although there are some apparent dangers connected to

the use of derivatives, there are also several advantages making derivatives valuable

vehicles in the financial markets. We will start by discussing the advantages.

One of the most important characteristic and advantage of derivatives, is that they

are great vehicles for transferring risks between market participants with different risk

preferences or views on the market. In addition to being tools for risk transferring,

some derivatives, such as options, provide easy access to leverage. Investors who want

exposure towards certain movements in the price of the underlying can therefore achieve

this with less capital available than they would if buying the underlying.

Another benefit provided by derivatives is reduced transaction costs. An example sub-

stantiating this is investments in indexes. Investing in indexes has become very popular

as a part of diversification strategies, but for a small investor, reconstructing an index

would not be beneficial due to high transaction costs. Index futures are therefore a

good substitute, providing exposure to an index for only a fraction of the transaction

costs. (Still, 1997) Transaction costs are also reduced in the form of narrower bid-ask
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spreads in markets where lots of derivatives are available. This is mainly credited to

the liquidity derivatives add to a market by attracting more players, and the hedging

opportunities presented to market makers by the accessibility of derivatives. (Acharya

and Richardson, 2009)

Creating accessibility towards assets that otherwise would have been too expensive

or difficult to invest in for a regular retail investor, is another benefit. For example,

investors might desire exposure towards a certain commodity for either speculative

or diversification reasons, and by using derivatives they may acquire this exposure

even without the capacity or willingness to physically hold the commodity. Futures

on stock indexes is another example of creating accessibility towards investments that

would otherwise have been difficult for regular retail investors to enter, although index

investments now are also often done through ETF’s.

The last advantages we are presenting, are the advantages of price discovery and ac-

cess to market information. Price discovery in derivatives means that derivatives mar-

kets can be used as a lead variable to forecast price moves in the underlying asset.

Chakravarty, Gulen and Mayhew (2004) and Pan and Poteshman (2006) both present

significant evidence of price discovery in the option market, while Reichsfeld and Roache

(2011) finds commodity futures tending to be just as good, and sometimes better than

a random walk to forecast commodity spot prices. In addition to the advantage of price

discovery, some information about the market is easier to extract from derivatives, and

the information given by derivatives are forward looking. The VIX index is an example

of information extracted from the option market. The VIX is an index that express

investors implied volatility of the S&P 500 index, and is forward looking opposed to the

historic volatility one find by calculating the volatility from historic stock prices. The

VIX index is often called the fear index because it gives an impression on how volatile

investors expect the market to be.
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Limitations And Disadvantages By Using Derivatives

Derivatives are great tools for managing risk, but the risk is also one of the biggest

dangers when using derivatives. There are numerous examples of companies occurring

large losses due to excessive risk taking with derivatives. The easy access to leverage

provided by some derivatives, might be used excessively and lead to a large downside

risk. However, the risk coming in form of increased leverage is not the only risk coming

from using derivatives. In many cases, especially when derivatives are traded over-the-

counter, the parties are subjected to counterparty risks, meaning they are exposed to

large losses if the counterparty defaults on its obligations. The last disadvantage of

derivatives we are presenting, is that compared to trading stocks and mutual funds the

trade of derivatives is a significantly more complex process. Trading derivatives often

requires expert knowledge to make profits possible, so the use of financial derivatives is

limited for the regular retail investor.

Hedgers, Speculators And Arbitrageurs

Investors using derivatives are divided into three groups based on their purpose of

trading. The three groups are hedgers, speculators and arbitrageurs. In the real world,

investors may of course have combinations of these three investor characteristics, but

we describe the investors as a part of only one category to highlight different purposes

and ways of using derivatives.

The first group of derivatives traders are hedgers. Hedgers aim to hedge away or

mitigate the exposure towards a risk factor. This could be risks related to changing

interest rates, currency risk, changes in commodity prices, default risk and the risk

of natural disasters such as hurricanes etc. One example of how hedgers may use

derivatives, is tire manufacturers that signs a forward contract to have a certain amount

of rubber delivered to their factory at a price specified when the forward contract is

signed. Since the tire manufacturers are dependent on rubber in their production, they

are exposed to the risk of an increase in rubber prices. By signing a forward contract,

they remove this exposure and can more easily keep their costs under control. The
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rubber producer on the other side of the deal, hedge the risk of falling prices and

can more easily create a better forecast of their future income. By doing this they

both hedge away the downside risks related to the uncertainty of future rubber prices,

while in return giving up some of the upside potential. The reason is that without the

forward contract, the tire manufacturers would have had the possibility of achieving

even lower costs if the rubber price fell, while the rubber manufacturer would have had

the possibility of a higher income if the price increased.

The second group is the speculators, which use derivatives for quite a different reason

than the hedgers. While hedgers strive to limit their risk exposure, speculators use

derivatives to add exposure toward risks, hoping to earn profits from movements in

the price of an underlying asset. A speculator may for example like to make a bet on

how the price of a specific asset will develop in the future, and design their strategy to

achieve exposure towards this movement. Consider an investor who believes the price

of stock AA, which have a current price of $100, will increase during the next 30 days.

He then has the possibility to buy the stock, earning $5 if the stock price increase to

$105 and losing $5 if the price declines to $95. However, he also has the opportunity to

buy an at-the-money call option for $2. He can then buy 50 call options with a strike

price of $100, and if the price increase to $105 he will exercise the option and have a

profit of 50 ∗ $5 − 50 ∗ $2 = $150. The risk of this type of transaction is that if the

stock price declines to $95, the option will be out-of-the-money and worthless, leading

to a loss of the whole $100 invested. This is typical for speculators; they increase their

potential profits and expected returns at the expense of more risk.

Arbitrageurs are the last group and are important participants in the derivatives mar-

kets. Arbitrageurs are searching for price differences on “identical” assets, and try to

lock in a risk-free profit by shorting the asset with the highest price and go long the

“identical” asset with the lowest price. Detecting arbitrage opportunities has become

extremely difficult due to the efficiency in financial markets. The speed of which com-

puters detect and trade on arbitrage opportunities, makes sure arbitrages usually do
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not exist for a long time, and an equilibrium price is re-established for the assets. The

role of arbitrage trading is often taken by investors with low transaction costs and

high trading capacity, such as investment banks, due to the profit per trade usually

being very small and requiring high volumes and low transaction costs to be beneficial.

Arbitrageurs play an important role in the derivatives market by driving price ineffi-

ciency back to an equilibrium, contributing to an important aspect used when pricing

derivatives, namely absence of arbitrage.

Exchange-Traded Markets VS. Over-The-Counter Markets

Derivatives can either be traded as standardized products on an organized exchange or

in the over-the-counter (OTC) market. The way the financial instruments are traded

affects the stability in the marketplace and how the prices are determined. (Dodd, 2012)

Futures and options are traded actively on exchanges, while swaps, forward contracts

and other options are traded outside exchanges.

Traditionally, organized exchanges consisted of a physical location where trading took

place. Since then, exchanges have gradually replaced the open outcry system with

electronic trading. Electronic trading use information technology to match buyers and

sellers, and is creating a virtual market place that eliminates the need of a physical

trading place. In exchange-traded markets the exchange is acting as the counterparty

to all the trades being carried out, and most of the big exchanges are therefore in

possession of their own clearinghouse. (R.A, 2010) In general, a clearinghouse creates

stability and efficiency in the financial market by reducing settlement risk and thereby

ensuring execution of the planned transactions. Since exchange markets are highly

regulated, the counterparty risk is lower for trades done within an exchange, relative

to the trades that goes on outside the exchanges.

In the over-the-counter market there is no centralized place where trades are made.

Instead the market is made up of all the participants that trade with one another

by using different communication tools such as telephone, mass e-mails and electronic
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trading platforms. As opposed to the exchange-traded market where everything is

standardized, contracts in the OTC market can be tailored to best fulfill investors’

preferences. Based on different factors, like credit risk or size, the participants in the

OTC market are treated differently and the negotiated deals are not equally open to

everyone. (Dodd, 2012) The main participants in the OTC markets are fund managers,

corporations, banks and other large financial institutions. The dealers act as market

makers by quoting buy- and sell prices for derivatives, while for the more commonly

traded derivatives the banks are often taking this role. By doing this, they are always

prepared to quote a bid- and ask price, which means that they are prepared to take

both sides of a transaction.

Compared to the exchange-traded market, the OTC derivatives market has a higher

total volume of trading; a lower number of transactions are compensated with a larger

average size per transaction. (Hull, 2015) A key advantage of the OTC market is that

the participants do not have to take any contract terms into account, and can negotiate

any mutually satisfying deal. However, the fact that the market is less transparent and

subject to fewer regulations than the exchange market, is increasing the counterparty

risk. Although the counterparty risk is bigger in the OTC market, it is quite usual

for participants in the OTC market, as well as in the exchange-traded market, to use

clearing houses to mitigate the counterparty risk.

Types Of Derivatives

In this section, we will give an introduction to the properties of the four main types of

derivatives. Although this paper is only considering strategies concerning options, there

are no restrictions about using other types of derivatives in creation of other investment

strategies. We therefore find it useful for the reader to introduce forward contracts,

futures and swaps briefly, and a more thorough description of options; properties of

different options, pricing and creation of option strategies.
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Forwards

A forward contract is a tailored agreement between two parties regarding the selling and

buying of a product sometime in the future, at a pre-specified price. Forward contracts

are only traded over-the-counter, and can therefore be tailored to fit the exact desires

of the two parties regarding the date of delivery, types of assets and the amount. The

nature of forward contracts makes them suitable vehicles for hedging various risks, such

as price risk on commodities, currency risk and interest rate risk, but it is also common

for speculators to engage in forward trading.

The delivery and settlement of a contract happens in one of two ways: (1) The short

party in the contract delivers the underlying asset to the long party, which pays the

pre-specified price. (2) The parties agree on having a cash settlement, i.e. if the spot

price is higher than the forward price at the time of expiration, the short party will

have to pay the cash difference between the spot price and the forward price to the long

party, and the other way around if the forward price is higher than the spot price.

Forward contracts have some useful properties, such as the possibility to tailor them to

be best fit for both parties instead of being standardized contracts. Another advantage

of forwards is that they are easy to understand compared to other types of derivatives.

However, there are some dangers connected to forward trading as well. The fact that

forwards are traded OTC, without being secured by a centralized clearing house and

only settled at expiration instead of being marked-to-market every day, exposes parties

in a forward agreement to a counterparty default risk which is larger than for products

traded on the exchange. However, using collateralization or clearing houses to mitigate

counterparty risk is not uncommon in OTC markets either, as discussed above in the

section about OTC markets.

Futures

Like forward contracts, futures are also contracts between two parties regarding a future

agreement on selling and buying an asset at a predetermined price. As for forwards,
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futures contracts are traded on currency, interests, stocks/indexes and commodities.

Although forwards and futures have lots of the same features, there are some distinct

differences. The first difference is that futures are traded on exchanges instead of over-

the-counter. Futures contracts are therefore standardized contracts, and the parties

cannot tailor the contracts as they can with forward contracts. The accessibility and

liquidity of futures makes futures more desirable to smaller retail investors and specula-

tors than forward contracts, which is often employed by hedgers and larger institutions.

Futures are not exposed to the same degree of counterparty risk as forward contracts.

The reason for this is that futures contracts are connected to clearing houses, promising

fulfilment of the contracts.

Concerning delivery, it can be done in the same two ways as with forward contracts;

either physical delivery of the asset or a cash settlement. Despite having equal ways

of delivery, forwards usually have one single delivery date specified while futures often

have a delivery period where the short holder of the futures contract can choose when

to deliver. However, a majority of futures contracts are closed out before the delivery

period, and avoids the actual delivery. (Hull, 2015) Closing out the position only

means that the investor takes an offsetting position in the same future. For example,

an investor that is long a futures on gold can close out his position by going short a

gold future with the same quantity and delivery period, and opposite for an investor

originally being short a futures position and wants to close out early.

Swaps

A swap contract is an agreement between two parties to exchange future cash flows.

Swap contracts are only traded over-the-counter, and the majority of trades are done by

financial institutions. There exist many different types of swap contracts, but the most

common swaps are interest rate swaps. According to The Bank For International Set-

tlements (2017), interest swaps alone amounts more than $311,000(billion), and equals

approximately 57% of the notional amount outstanding in the global OTC market.

(Global OTC derivatives market, 2017) There are a number of other swap contracts,
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like currency swaps, commodity swaps, total return swaps and credit default swaps. To

give a brief understanding of how a basic swap contract work, we will below explain

swaps based on a regular vanilla interest rate swap.

Interest rate swaps exist in many different forms, but the basic idea is that one party

wants to exchange income from one type of interest income to another, as for example a

floating interest income into a fixed interest income. Other types among more are fixed

rate for floating rate, floating for floating and fixed for fixed. The cash flow exchanged

between the parties is based on the interest rate of a notional principal value. Both the

time period of which the cash flows are being exchanged and the size of the underlying

notional value are predetermined in the contract. A simple example is a company

having a fixed rate loan of $1M with a 3% interest rate, and a floating interest income

equaling the six-month LIBOR rate on a $1M investment. If the company wants to

hedge the interest rate risk associated with having a fixed interest cost and a floating

interest income, they can enter a swap agreement to pay a counterparty the floating

income generated from the LIBOR investment, against a fixed income of 3% on the

same notional principal.

Options

Financial options are derivatives giving the holder the right, but not the obligation

to buy or sell a financial asset at a point in time for a pre-specified price. Call- and

put options are the two basic types of options, also referred to as vanilla options. A

call option gives the holder an opportunity to buy an underlying financial asset at a

pre-specified strike price, while a put option provides the holder with the right to sell

an underlying asset at the specified strike price. A buyer of a call option is one that

typically expects the price of the underlying asset to increase in the future, while a put

option buyer expects the future price of the underlying to decrease. Further, vanilla

options are divided into either European- or American options, which we will elaborate

on later in this section. Options deviating from the standard features of European- and

American vanilla options, are categorized as exotic options and exist in many different
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variations.

The optionality of whether to exercise or not, differentiate options from the previously

discussed forwards, futures and swaps, where there are contractual obligations to fulfill

the trade. However, as it is said to be no “free lunch” in finance, the optionality does

not come without a cost, and options need to be bought whereas forwards, futures and

swap contracts are free to enter. As for the other derivatives, two parties are needed

for an option trade to exist, one buyer (long) and one seller (short). The buyer of an

option pays a small fee for the option, creating a possible future income depending on

the development of the price of the underlying asset. The seller of an option receives

the fee from the buyer, thus creating a possible future liability if the buyer chooses to

exercise the option.

Options are traded both over-the-counter and at exchanges around the world. The ma-

jority of options traded on exchanges are American, however, options on stock indexes

are dominated by European options. (Hull, 2015) Options are traded on a variety of

different underlying financial assets. Different examples of options are among others:

Currency options, futures options, swap option (swaption), bond options, stock options

and index options. For the purpose of this paper we focus on stock/index options, and

in the remaining of this section we will discuss some option theory more in-depth.

Option Notation And Terminology

For further understanding of this paper, we are describing some central and frequently

used expressions and notations. We start off with something that might be self-

explanatory; the underlying. “The underlying” is the underlying asset of which the

option price and value are based upon. For the purpose of this paper, we are using

stock indexes as the underlying assets, and we will use stock options for explanations

of the theory. The current price of the underlying when entering a contract is denoted

S0, while St is the stock price at time t in the future. “The strike price”, denoted K,

is the agreed upon price which an option holder has the right to sell or buy the stock
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at. “Time to expiration” is the length of time until the option expires, and is denoted

T . The risk-free rate is denoted by rf , and is used frequently in risk-neutral pricing

of options. Sometimes in the pricing of options, there are also considered a known

dividend yield, q, which is paid by the underlying asset. The price of European call-

and put options are respectively denoted c and p, while American options are denoted

with capital letters C and P .

Options are either “at-the-money” (ATM), “in-the-money” (ITM) or “out-of-the-money”

(OTM). If the options are at-the-money it means that the strike price is equal to the

price of the underlying asset. An in-the-money option is an option having a positive

intrinsic value. This means that if you are holding a call option, the option is in-the-

money when the price of the underlying is higher than the strike price. If you are

in possession of a put option, the option will be in-the-money when the price of the

underlying is below the strike price. Out-of-the-money options are also depending on

whether you hold a call- or put option. A call option is out-of-the-money when the

underlying price is below the strike price, and put options are out-of-the-money when

the underlying price is higher than the strike price.

Call- VS. Put Options

As mentioned above, a call option is an option that gives the buyer the right but not

the obligation to purchase some underlying financial assets at a predetermined price

sometime in the future. An investor will consider buying a call option if he expects the

underlying stock price to increase in the future. A reason why investors choose to buy

call options instead of the underlying stocks when they believe in bullish movements in

the price of the underlying, is because they can achieve the same exposure to the bull

movements with less invested capital. By using call options to create the same upside

exposure of a price movement, they are also creating a maximum loss that is lower

than it would have been by direct investments in the underlying. This is displayed in

figure 5 below. Investors can choose to invest in more than one call option to get a

more geared exposure towards up-movements in the stock price, but they are increasing
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the potential loss by doing so. Other investors are shorting call options because they

believe that stock prices will stay the same or decline, and wish to make a profit from

this in terms of the premium paid by the buyer. A writer of call options can either

write naked or covered calls. Writing a naked call means that the investor does not

have an offsetting position in the underlying stock, while covered calls implies that the

investor does own the underlying stock they are writing the call option on. Writing a

naked call is riskier in terms of “unlimited” loss if the price of the underlying increase

a lot, while a covered call loses in terms of deteriorating values of the underlying asset

if the stock price decreases.

A rational investor would only exercise a call option if the option is in-the-money and

being indifferent if the option is at-the-money. The payoff and profit of a long call

option can be expressed as in formula (2.5A) and (2.5B), while the payoff and profit

for a shorted call option is expressed as in (2.6A) and (2.6B). In figure 5 just below

the equations, the payoff diagram for both a long position in a call option and a short

position in a call option is displayed together with the payoff of the underlying stock.

Payoff = max[St −K, 0] (2.5A) Profit = −c+max[St −K, 0] (2.5B)

Payoff = min[K − ST , 0] (2.6A) Profit = c+min[K − ST , 0] (2.6B)
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Figure 5 - Call Option Payoff

As already mentioned, a put option is a derivative that gives the holder the right

but not the obligation to sell the underlying asset for a predetermined strike price K.

As a result, the writer of a put option is obligated to buy the underlying asset for a

strike price K if the holder of the option chooses to exercise. Buying put options are

attractive for investors expecting a stock price to decline. Instead of shorting the stock

and facing, in theory, unlimited downside risk because there is no upper bound of how

much a stock price can increase, the investor may buy put options. The maximum loss

is then limited to the amount invested in options, while still having the same exposure

towards a decrease in the price of the underlying, as shown in figure 6. Writers of put

options are investors expecting the price to remain at the same price or to increase,

and want to profit from this by receiving a premium from selling put options to bearish

investors. Writers are however exposing themselves towards a possible loss of K − p in

a worst-case scenario, where the stock price should decrease to zero. Another popular
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use of put options is as a type of insurance. If an investor owns a stock, he could buy

a put option on the same underlying, providing him with an exit strategy in case of

sudden sharp price declines or market crashes. This is called a protective put. Further,

a rational investor holding a put option will only exercise the option if the underlying

asset price ST is below the strike price. The payoff and profit can be expressed as in

(2.7A)/(2.7B) and (2.8A)/(2.8B) for the buyer and writer of a put option respectively.

Payoff diagrams for the long and short put options relative to a short position in the

underlying stock are displayed in figure 6 below.

Payoff = max[K − ST , 0] (2.7A) Profit = −p+max[K − ST , 0] (2.7B)

Payoff = min[ST −K, 0] (2.8A) Profit = p+min[ST −K, 0] (2.8B)

Figure 6 - Put Option Payoff

There is an important relationship between the value of call- and put options. This
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relationship is called the put-call-parity, and if the put-call-parity is not fulfilled there

are arbitrage opportunities present. The put-call-parity can be written as in (2.9) if

the underlying is not paying dividend.

c+Ke−rfT = p+ S0 (2.9)

This relationship says that the value of owning a European call option and a zero-

coupon bond with a principal value of K paid out in time T , should have the same

value as owning a European put option and the underlying stock. For the put-call-

parity to hold, both options must have the same underlying, same strike price K, and

the same time to maturity T .

European- VS. American Options

All vanilla options are being categorized as either European or American. A European

option is an option with only one possible exercise date, which is at the time of maturity.

A holder of an American option on the other hand, has the possibility to exercise the

option at any point in time up until expiration, which provides more optionality than

a European option does. Because of this higher flexibility, an American option can

never be less valuable than a European option. Further, an American call option on a

non-dividend paying stock should never be exercised early, and there are several reasons

for this. First, by exercising early there is an insurance the trader would be missing.

The trader would miss out on the opportunity to observe the stock price through the

expiration time before making a choice, and risks buying a stock with a value that

within the expiration time falls below the strike price. A further advantage is based on

the theory of time value of money. The strike price will cost a trader more today than at

the time to maturity, when interest is earned. (Hull, 2015) These argumentations prove

that an American call option with no dividends always will be equivalent to a European

call option. An American put option, however, also on a non-dividend paying stock, may

sometimes be beneficial to exercise early. Whenever the put option is adequately deep

45



in the money, it should be exercised to receive the strike price immediately. Because of

this, an American put option on a non-dividend paying stock will always be equally-

or more valuable than a corresponding European put option.

Whenever dividends from the underlying are expected, it might be beneficial to exercise

both an American call and an American put before expiration. This optionality makes

the American options on dividend paying stocks more valuable than the corresponding

European options. Dividends affect stock prices in a negative way, thus the stock price

will make a drop at the ex-dividend date. This effect is positive for the value of put

options but negative for the value of call options. An American call on a dividend paying

stock will therefore only be optimally exercised early right before an ex-dividend date.

By exercising the call option at that time, the trader will get the privilege of receiving

the dividend which he or she otherwise would not have.

Option Pricing

There are various ways to price options, but the underlying idea is that the options

should be worth the present value of all its payments. In this paper we are only pricing

European index options, using the Black-Scholes-Merton (BSM) model doing so. The

BSM model is a mathematical model providing a pricing formula for European options.

The model builds on the property of risk-neutral valuation and assumes prices of the

underlying to evolve with geometric Brownian motions. We are using the slightly mod-

ified version of the BSM model, which include a known dividend yield. The equations

are presented below, and equation (2.12) and (2.13) are the equations for the call- and

put prices respectively.

d1 =

ln

(
S0

K

)
+
(
rf − q + σ2

2

)
T

σ
√
T

(2.10)
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d2 =

ln

(
S0

K

)
+
(
rf − q − σ2

2

)
T

σ
√
T

= d1 − σ
√
T (2.11)

c = S0e
−qTN(d1)−Ke−rfTN(d2) (2.12)

p = Ke−rfTN(−d2)− S0e
(−qT )N(−d1) (2.13)

The formulas above are using the previously discussed notations, and N(.) is the stan-

dard normal distribution.

As we can see from the equations above, there are six different factors affecting the

price of options using the BSM model; the stock price, the strike price, the volatility

of the stock price, the time to expiration, the risk-free rate and the expected dividend

yield. Below we describe how shifts in either of these variables would affect the option

prices. Although the BSM model is used to price European options, we also include

how the shifts would affect American options. We summarize the different effects in

table 2.

The payoff of a call option is determined by the gap between the stock price minus the

strike price, so the higher the stock price and the lower the strike price, the higher the

received payoff. Therefore, the stock price affects the price of both a European- and an

American call option in a positive direction, while an increased strike price affects the

call values in a negative direction. The exact opposite result applies for a put option,

where the payoff is reversed. When it comes to the volatility, it describes the movement

in the underlying stock price. A higher volatility increases the chances for a higher leap

in the stock price, both in a positive and negative direction. Since it is the price of

options we are talking about, not the price of stocks, the movement in both directions

does not offset each other since both calls and puts have limited downside movements.
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Hence, a higher volatility increases the probability of the option being in-the-money

and exercised, which again increase the prices of both European- and American puts

and calls. (Shonkwiler, n.d.) Next up is the factor of time to expiration. American

puts and calls are based on more optionality when the time to expiration is longer.

Thus, the price of these options increases, or remains unaffected, with the length of

the contracts. The effect of time on European options is harder to state. Usually a

longer time horizon will increase the value of the options, but in some situations when

dividends are included, the effect may be less consistent. Next to discuss we have the

risk-free interest rate. An increase in the risk-free rate, while assuming all the other

factors to remain unchanged, tends to boost the required return from the holders of

the underlying stock. At the same time the higher risk-free rate will decrease today’s

value of the future cash flow received by the option holder, which combined with the

higher required return will enhance the value of call options and reduce the value of

put options. Last but not least is the effect of dividends on the price of the options.

Paying dividends makes the stock price drop on the ex-dividend date. From the payoff

equations of a call and a put option it is easy to observe that a drop in the stock price

is bad news for a call option but good news for a put option, and the prices of the

options are affected accordingly.

Table 2 - Different Variable Effects On Option Values, Inspired by Hull(2015, page 235)

Volatility Smiles

One of the limitations with the BSM model is that it assumes the volatility of the
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underlying asset to be independent of both time to maturity and the level of the strike

price relative to the price of the underlying. In other words, the implied volatility found

using the BSM model should be the same whether the options are in-, out-, or at-the-

money, and also unaffected whether it is one month, or three years until maturity. In

practice, this was quite correct up until the market crash in 1987, and volatility smiles

were almost non-existing for equity options. (Hull, 2015) However, after the crash

in 1987, volatility smiles became a fact, meaning the investors used different implied

volatilities for pricing options depending on the strike price relative to the stock price

and the time to maturity. Depending on the type of underlying asset, the volatility

smile may have different shapes. For equity options, the volatility smile is usually

called a volatility skew instead of volatility smile. This is because the volatility is a

decreasing function of the strike price, and does therefore not have the characteristic

smile shape. How the implied volatility change with time to maturity depends on the

current volatility and the market expectations of an increase or decrease in the volatility.

Implied volatilities on a low level are being an increasing function of time, while the

opposite applies for currently high implied volatilities. (Hull, 2015) When the implied

volatility is a function of both the strike price and the time to maturity, the implied

volatility is presented as a volatility surface.

The reason why there exists volatility skews for equity options, is a combination of

several factors. Four factors resulting in an implied volatility skew for equity options

are (Haug, 2009): (1) Large downside jumps in the market tends to be more frequent

than large upside jumps, (2) Investors risk aversion and fear results in higher volatility

when market drops, (3) Demand for OTM put options are higher than the supply

because investors wants to buy protection for their portfolios, (4) The leverage effect.

Companies leverage ratio increases as prices declines, hence the stock becomes riskier

for the equity holder which results in an increased implied volatility.

Using the put-call parity, one can prove that when there are assumed to be no arbitrage

opportunities, the implied volatility for a European stock option will be the same for
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both put and call options with the same underlying, strike price and time until expi-

ration. So, to generalize the term “moneyness” to be applicable for both put and call

options when we are talking about volatility smiles, we define moneyness as K
S0

. The

implied volatility for a stock option with moneyness of 0,95 is the implied volatility

used to price both a 5% OTM put option and a 5% ITM call option. Since the stock

option’s implied volatility is a decreasing function of the strike price, it means that

out-of-the-money put options and in-the-money call options are priced with a higher

risk premium than ATM options and ITM puts/OTM calls.

Below we are presenting the implied volatility surface for the S&P 500 index, which is

the underlying index used in the analytical work of this paper. As can be seen from

the surface plot in figure 7, the implied volatilities increase as the moneyness becomes

below 100%, which is expected from the reasoning above. The implied volatilities for

strike prices way above the underlying price is also increasing a bit for the short-term

option. Some of the reason for this is the lack of listed options with moneyness of 80%

and 120%. The values are therefore extrapolated for these moneyness with expiration

of one month and below, and may therefore not be entirely accurate. We can also

see that the implied volatilities increase with the time to maturity, especially for the

options being fairly close to ATM. This is likely due to the current volatilities being

low at a historic level, and investors are therefore expecting the volatilities to increase

in the future.
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Figure 7 - Implied Volatility Surface S&P 500, Data Source: Bloomberg, Accessed 11.03.2017

Structured Products

Structured products are financial products giving easy access to engineered investments

strategies combining different investment vehicles, both traditional products like stocks

and bonds, and derivatives. Structured products are, as derivatives, dependent on an

underlying variable, and it is an easy way for retail investors to achieve exposure towards

different anticipations of the market or underlying movements. Structured products

come in many forms, and can be designed for each investor to fit their risk/return

ambitions. In low-yield environments like we are currently experiencing, structured

products may be a good alternative for investors to enhance their performance, for

example by achieving return even when the market is trending sideways.

There are both some advantages and disadvantages related to structured products. An

advantage is as mentioned above, the possibility for smaller investors to take advantage

of certain market movements and tailor their risk/return profile by only trading one

product. The biggest disadvantage with structured products is that they often are
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complex instruments with little transparency. This makes it difficult for investors to

understand the true behavior of their investment, and most of all it makes it problematic

for some investors to know whether the products are rightly priced. Structured products

are often issued as unsecured debt, and buyers of these structured products are therefore

exposed to a credit risk, since they will lose all- or parts of their investment if the seller

default. (sec.gov, 2007)

In this paper, we are not testing structured products per se, but rather introducing

structured products as an alternative for retail investors to get derivative-like exposure

to an underlying asset. Trading directly in derivatives can often be too complicated

and expensive for regular retail investors, and structured products might therefor be

the best alternative. Structured products can be reconstructed using derivatives and

underlying assets, which is what we are doing in this paper to be able to evaluate

different strategies.

Investment Strategies

In this section, we are introducing the theory behind the different option strategies

we are testing in this paper. We are introducing six different strategies accounting for

different market anticipations; neutral markets, slight bull markets and markets being

highly volatile. The reason for the wide spread of chosen option strategies, is that future

market movements are uncertain and we strive to include strategies suitable for retail

investors with different perceptions of how the market will evolve.

Covered Call

The first strategy we are creating to profit from a neutral view on the market is a

covered call strategy. A covered call strategy involves going long the underlying asset,

in our case the S&P 500 index, and writing a call option on the same underlying. By

selling a covered call, the investor receives a premium from the buyer, and can achieve

a positive return even though the value of the underlying asset does not move. This

also means that even if the value of the underlying decrease, but less than the premium
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received from shorting the call, the investor may still make a profit. However, by selling

a covered call, the investor sells of a potential upside he could have harvested if the

price of the underlying had turned out to increase past the strike price of the call

option. In other words, this is a suitable strategy for investors expecting the price of

an underlying, often a stock they already own, to stay neutral for a period of time, and

wants to make a profit if their prediction turns out to be correct. As can be seen from

the payoff formula (2.14) below, the maximum payoff for the investor writing a covered

call is achieved if the price of the underlying is equal to or larger than the strike price.

The payoff will then be equal to the premium received from writing the call option

plus/minus the difference between the strike- and stock purchasing price. A maximum

loss occurs if the price of the underlying declines to zero, and will equal the purchase

price of the underlying minus the premium received from the written call.

Payoff = c−max[ST −K, 0] + (ST − S0) (2.14)

When deciding the strike price of the call option, you have to consider how your payoff

is affected and your purpose of writing the covered call. By writing an in-the-money

covered call, you receive a higher premium for the short call option, hence you get a

larger downside protection when the stock price is falling. However, by selling an in-

the-money covered call you will get a lower maximum payoff from the strategy because

the option will be exercised at a lower price than if the covered call were sold at- or

out-of-the-money. The deeper in-the money the short call is, the lower the volatility of

the investment.

If the investor chooses to sell a covered call option that is out-of-the-money, the premium

collected from the short sale will be reduced, and so will the downside protection. On the

other hand, the potential profit achievable from trading an OTM covered call is higher.

This is because the investor will have the advantage of enjoying some appreciation in

the stock price before the short option is exercised. The further out-of-the-money the
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short call option is, the more stock-like return distribution the investor will have. The

upside limitation will however always be present when selling a covered call. With large

positive jumps in the stock price you risk that the calls will be exercised and you lose

out on returns compared to just owning the stock. For large negative jumps you have

basically zero downside protection because of the low premium received when selling

a way out-of-the-money call option. Therefore, instead of selling a way OTM covered

call, the investor will much likely be better off by just investing in the underlying, as

he then avoids a capped upside.

In figure 8 below, is a payoff diagram showing the payoff from an ATM covered call

strategy compared to the payoff from just owning the underlying. The distance between

the covered call profit line and the stock profit line before the exercise price of $100, is

the size of the premium and represents the downside protection.

Figure 8 - ATM Covered Call Payoff

Covered Call strategies have become such popular strategies that CBOE have indexes

dedicated to this strategy, which they call BuyWrite’s. Especially relevant for us, since
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we are considering the S&P 500 as the underlying asset, is the CBOE S&P 500 BuyWrite

Index(BMX), which is a Covered Call index with the S&P 500 index as the underlying

asset. The BMX index is considering monthly options as close to ATM as available

on the exchange. A case study done by Ibbotson Associates (2004), show that the

risk-adjusted return from the BMX index has beaten direct investments in the S&P

500 index in the period between 1988 and 2004, indicating that a Covered Call strategy

have been and might still be a profitable investment strategy.

Another way of getting the same exposure as writing a covered call, is writing a put

option on the underlying, which is an investment strategy that has gained popularity

among investors. Theoretically, writing an ITM covered call will be the same as writing

an OTM put option and vice versa if the strike price and time to maturity is the same.

Since we are operating with theoretical prices which are assumed to be correct, we

are only testing one of the strategies, namely writing a covered call. However, in

reality these two strategies are behaving a bit differently. According to Goldman Sachs

(2013), the ones selling put options benefit from the volatility skew, hence the OTM

put options are over-valued compared to OTM covered calls. William Baldwin (2012)

wrote an article in Forbes, where he describes the demand of buying puts to be high

due to lots of investors striving to implement a protective put strategy, allowing them

to participate in bull markets while protecting them against large bear movements. He

also writes that whilst the demand of these puts is high, the supply is modest because

of the risk, driving the premium up. CBOE also have a PutWrite index with the S&P

500 index as the underlying, called PUT. A study done on the difference in returns

from the BMX- and PUT index, provides evidence that writing ATM put options on

S&P 500 have delivered a higher return than writing ATM covered calls on S&P 500

in the period between 1986 and 2014. (Shalen, 2015)

For retail investors that cannot register with a clearing house and trade options, a

strategy like covered call is easily accessible through various structured products, often

called Discount Certificates and Reverse Convertibles. A Discount Certificate enables

55



the buyer of such a certificate to buy an underlying asset at a discounted price. If the

underlying price appreciates, they get paid the original starting price of the underlying

asset, while if the price declines they get handed the underlying asset. A Reverse

Convertible is a product where investors buy an underlying stock and get paid coupons

on the invested capital. If the price of the underlying stays equal to- or above the

purchasing price, they get paid back all their invested capital, but if the underlying

price declines they get paid back in terms of stocks in the underlying. As concrete

examples, investors can buy these products through UBS where the names are BLOC

(Buy-Low-Or-Cash) and GOAL (Geld Oder Aktien Lieferung), and they can both be

reconstructed by writing covered calls.

Bull Call Strategy

The bull call spread can be an attractive investment strategy for bullish traders that

believe the price of the underlying will have a moderate increase in the near future.

It is constructed by going long one call with strike price K1 and going short another

call with strike price K2, both with the same time to expiration and where K1 <

K2. The short call is based on the highest strike price, thereby containing the lowest

option price. Thus, the bull call spread will always require an initial cash outlay.

(optionseducation.org, n.d.) The short call help lower the initial net premium, which

in addition constitutes the maximum loss of entering the spread. The return of the bull

call spread is however capped after the second strike price, as can be seen in figure 9

below.

Below we present the formula for calculating the Bull Call Spread payoff, and the payoff

diagram is showing the payoff structure of a Bull Call Spread. This payoff diagram is

made up of a 10%OTM-10%ITM Bull call spread. c1, K1 and c2, K2 are the call

premiums and strike prices for the long- and short call options respectively.

Payoff = −c1 + c2 +max[ST −K1, 0]−max[ST −K2, 0] (2.15)
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Figure 9 - 10% OTM-10% ITM Bull Call Spread Payoff

The maximum profit is limited to the spread between the two strike prices less the

initial net premium paid to enter the trade. It occurs when the price of the underlying

exceeds the highest strike price at the time of expiration, and remains fixed for all the

values above. As already mentioned, the maximum loss is represented by the net value

of the initial debit, and occurs when the price of the underlying moves below the strike

price of the long call. Regarding the breakeven point of this investment strategy, it is

positioned where the price of the underlying at the expiration date exceeds the lowest

strike price with the exact size of net premium paid to enter the trade.

The determination of the strike prices is based on a risk/reward trade-off. A trader

may enter a more aggressive bull call strategy by expanding the gap between the two

strike prices. An increased strike of the short call will result in a higher maximum

profit potential, but the drawback is a lower option price for the shorted call. This

results in a higher initial outlay for the strategy and thereby a higher downside risk.

Since the strategy involves going long and short the same number of calls with the same
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expiration date, both shifts in the volatility and the time to expiration offset each other

to some extent. An increase in the time to expiration and implied volatility do however

tend to decrease the net premium needed to enter the strategy, but the change depends

on the moneyness of the options used to construct the spread.

Long Call Butterfly

The butterfly spread is an option strategy for investors having a neutral market view,

trying to benefit from no- or only small movements in the price of the underlying.

Butterfly spreads can be created in various ways. We are however creating the long call

butterfly spread. This option strategy is created by going long one ITM call option with

strike price K1, shorting two call options being at-the-money with a strike of K2, before

also going long one OTM call option with a strike price K3. The strategy is constructed

so K1 < K2 < K3 and K2 −K1 = K3 −K2, meaning the gap between the strike prices

are equidistant. By creating a butterfly spread you establish a limit of how much you

can lose, but you also create a cap for your maximum profit. The highest payoff of this

strategy is achieved if the stock price equals the middle strike price; K2, and the loss

is the largest if the stock price either fall below K1 or raise above the highest strike

price, K3. There are two breakeven points for this strategy. The lower breakeven point

is found where the price of the underlying equals the lowest strike price plus the net

premium paid to acquire the spread, while the upper breakeven point is found by taking

the highest strike price and subtracting the net premium paid. Further, a shorter time

to expiration will make the strategy more expensive, hence lowering the potential profit.

This is because the stock price will have less time to evolve, and is more likely to end

up close to the price it had at the initiation of the strategy. Increased implied volatility

will on the other hand make the spread cheaper to purchase, hence provide a higher

potential profit if the price of the underlying does not move. This is logical because the

strategy benefits from the stock price not moving, and a higher volatility will decrease

the probability of the strategy ending up being profitable, hence it should therefore be

cheaper to acquire. Although the butterfly spread may provide high returns when there
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is no movement in the stock market, it is also a strategy heavier affected by transaction

costs than the other strategies we use. This is because it requires trading four options

to construct one spread. The butterfly spread is therefore especially affected by the

indirect transaction costs in form of bid-ask spreads.

The butterfly spread is a popular spread, and CBOE have created an index with ticker

BFLY tracking the performance of an iron butterfly strategy with the S&P 500 index

as the underlying. The iron butterfly is just another way of creating a butterfly spread.

It combines the use of put- and call options as opposed to the long call butterfly spread,

which is only constructed with call options.

The payoff from a butterfly spread where the prices of the options, with strike prices

K1, K2 and K3 respectively, are denoted c1, c2 and c3, and can be expressed as in

equation (2.16). The payoff diagram is presented just below in figure 10.

Payoff = −c1 + 2 ∗ c2− c3 +max[ST −K1, 0]− 2 ∗max[ST −K2, 0] +max[ST −K3, 0]

(2.16)
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Figure 10 - 10% OTM/ITM Butterfly Payoff

Covered Ratio Spread

Covered ratio spread is tailored for investors that believe in low volatility, and only a

modest increase in the stock price in the near future. This multi-legged option strategy

consists of going long an underlying stock, shorting two call options with strike price

K1 and going long another call option with a higher strike price K2. Since the purpose

of this strategy usually is to take advantage of no- or only small bull movements in the

market, K1 is usually ATM or OTM and K2 even further OTM. All the call options have

the same time to expiration. The strategy is known to be a combination of a covered

call and a bear call strategy, and is often used by traders to reduce the breakeven point

when buying a stock. The return received by the holder of the spread will increase up

until the price of the underlying reaches the level of the strike price of the two shorted

calls. From this top point in the payoff, the payoff will decrease a bit until the price

of the underlying reaches the strike price of the long call. For prices above this point,

the payoff will remain unchanged. The profit of the strategy is therefore limited, but
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in return the spread reduces the possible downside an investor is facing by only owning

the underlying. Below, the payoff formula for a covered ratio spread and an illustration

of a covered ratio spread payoff diagram is presented. In the payoff diagram in figure

11, the short- and long calls are 10%- and 20% OTM respectively, and it is easy to see

the cushion towards declines in the price of the underlying, provided by the covered

ratio spread.

Payoff = 2 ∗ c1 − c2 − 2 ∗max[ST −K1, 0] +max[ST −K2, 0] + (ST − S0) (2.17)

Figure 11 - 10%- 20% OTM Covered Ratio Spread Payoff

Maximum loss occurs when the underlying appears worthless at expiration, and con-

stitutes the net purchasing price of the underlying minus the net premium received

from trading the option spread. The covered ratio spread will always provide an initial

incoming cash flow since the strike price of the two shorted calls are below the strike

price of the long call, and each of the shorted options are therefore more valuable than
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the long call. The maximum profit, on the other hand, occurs as mentioned at the

point where the price of the underlying is at the same level as the strike price of the

two shorted calls. Up until this price, all the options expire worthless and the holder

of the investment strategy receives the appreciation/depreciation of the underlying in

addition to the net premium gained from entering the strategy. (optionseducation.org,

n.d.) The breakeven point of the strategy is placed where the price of the underlying

is reduced by the net premium received from entering the strategy, at the time of ex-

piration. The covered ratio spread may in some cases also have a second breakeven

point. This happens if the second strike price is far enough out-of-the-money and the

net premium collected from the trade quite small. In that case, the payoff will decrease

below zero before flattening out.

Short Strangle

A short strangle is a neutral strategy being used by traders believing the price of the

underlying, as well as the volatility of the underlying, will remain steady for the life of

the options. Hence, the investors of this investment strategy will receive the highest

profit if the market moves sideways. (Optionsxpress.com, 2017) The strategy consists

of selling an out-of-the-money put option and an out-of-the-money call option, both

with the same expiration date and strike prices being equidistant from the price of the

underlying at the time when the strategy is initiated. The further out-of-the-money the

options are, the higher is the probability of achieving a profit. However, the net premium

received is smaller and the potential max profit is therefore lower. The achievable profit

of this strategy is limited to the net premium received when shorting the put and the

call, and is achieved when the price of the underlying is in-between the two strike prices

and both of the options expire worthless. On the other hand, the holder of this strategy

is exposed to unlimited risk. The losses incurred if the stock price makes large jumps

in either direction can be substantial, and for jumps in the positive direction the loss is

in theory unlimited. Either way, the loss is being reduced by the net premium received

from entering the strategy. The strategy includes two breakeven points; one placed
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where the price of the underlying exceeds the strike price of the shorted call with the

size of the initial credit, and one placed where the price of the underlying goes below

the strike price of the shorted put with the size of the initial credit.

The formula for calculating the profit of a short strangle strategy can be expressed as in

equation (2.18) below, and the payoff structure is exemplified with a 10% OTM short

strangle displayed in figure 12.

Payoff = c+ p−max[ST −K2, 0]−max[K1 − ST , 0] (2.18)

Figure 12 - 10% OTM Short Strangle Payoff

The premium received from a short strangle strategy will naturally increase with posi-

tive shifts in both the implied volatility and the time to expiration, because these shifts

cause an increased probability of the options being exercised. For an investor wanting

to close out a short strangle position early, a positive shift in the implied volatility will
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therefore have a negative effect since the investor will have to pay an increased premium

to close out.

Long Straddle

The long straddle strategy is suitable for investors believing in a high volatility and large

movements in the stock price, in either direction, during the life of the options. A known

reason to enter this strategy is when investors anticipate events that are likely to have a

significant impact on the stock price. This could be events like earnings announcement,

regulatory approval or the introduction of a new product. (Optionsplaybook.com, n.d.)

A jump in the price of the underlying in either direction would then make the trader

achieve a profit. The options needed to construct this investment strategy are a long

call and a long put, both with an at-the-money strike price and the same expiration

date. The worst-case scenario for the holder of the long straddle occurs when the price

of the underlying remains steady until the time of expiration, and ends up exactly

at-the-money. In this case, both options would expire worthless and the loss would

amount the sum of premiums paid for the options when entering the strategy. This

also means that the maximum loss is limited to the sum used to purchase the options.

In contrast, the maximum achievable profit is unlimited. Major gains are achieved when

the stock price makes a big move in either direction. However, it is only for stock price

movements in the upward direction that makes straddle profits potentially unlimited.

The downside is limited by the fact that the underlying cannot be worth less than zero,

but the downside payoff can still be substantial. The strategy consists of two breakeven

points; one where the stock price is equal to the strike price minus the debit paid, and

one where the stock price equals the strike price plus the debit paid.

As already mentioned, a high volatility is necessary to earn success within the long

straddle. So naturally, an increase in the volatility of the underlying will have a positive

impact on the strategy. Even if the volatility of the underlying remains unchanged and

only the implied volatility increase significantly, the value of the options will increase

and can be shorted to close out the position before expiration while receiving a net
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gain. However, this can only be done by investors that are not buy-and-hold investors,

which is an assumption in our thesis. The passage of time has a negative impact on

the strategy. For each day that passes without a movement in the stock price, from

the initial at-the-money position, the holder’s position in the investment strategy will

worsen because there are less time for the price of the underlying to move far from the

starting point. (optionseducation.org, n.d.)

The payoff from a long straddle strategy can be expressed as in equation (2.19), and

figure 13 below the equation show the payoff diagram of a long straddle strategy.

Payoff = −c− p+max[ST −K, 0] +max[K − ST , 0] (2.19)

Figure 13 - Long Straddle Payoff
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Chapter 3 - Method And Data

Method

The method used in this paper, to investigate if retail investors can improve their

investment performance by using derivatives, are partly inspired by the method used in

Koski and Pontiff (1999) and Fong, Gallagher and Ng (2005). We are testing whether

there are differences in the performance of an investor using various S&P 500 index

option strategies and an investor investing his whole wealth in the S&P 500 index, by

testing the difference in mean for several distribution-, risk- and performance measures.

We are however emphasizing the downside risk of the investments to a larger extent

than Koski and Pontiff (1999) and Fong, Gallagher and Ng (2005). Our method also

differs from the one used by Koski and pontiff (1999) and Fong, Gallagher and Ng

(2005) in terms that we use simulated returns instead of historically observed returns

to find our results.

In our analysis, we are focusing on semi-deviation and expected shortfall as risk mea-

sures. We are also testing the value at risk, which can be a good supplement to the

expected shortfall. The standard deviation is also included in our analysis, mostly to

show why it is not a good measure of risk in comparison to the semi-deviation and

the expected shortfall. For distributional parameters, we are looking at the skew and

kurtosis of the return distributions and test for differences between the option investor

and the stock index investor. To evaluate the performance, we are emphasizing the

Sortino ratio and the return/ES ratio. As previously mentioned, return is not a good

measure for performance on its own. It is however important for investors that the

return is above the minimum acceptable return, hence we also discuss the return in

our analysis. The Sharpe ratio is not a suitable performance measure, but it is in-

cluded in the discussion of the results. This is done to show how the results can be

misleading by looking at this measure, which uses volatility instead of downside risk for

risk-adjustment. The formulas and theory behind the distribution-, risk- and perfor-

mance measures are discussed in the theory section and will therefore not be presented
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any further.

To price the different options in the option strategies, we use the Black-Scholes model

presented in the option pricing section earlier in the paper. The retail investor’s returns

are calculated with the assumption of stock prices following a geometric Brownian

motion, more precisely the stock price is evolving with the formula presented in (3.1)

below. The different input data both for the stock price simulation and for the Black-

Scholes model, are discussed further under the data section.

ST = S0e

[(
µ̂−σ

2

2

)
T+σε

√
T
]

(3.1)

In formula (3.1), ST is being the price of the S&P 500 index at time T , S0 being the

price of the S&P 500 index today, µ̂ being the historic mean return of the S&P 500

index (drift rate), σ the historic volatility of S&P 500 and ε being a random variable

following a standard normal distribution.

Testing Significance

Difference in means for all the risk-, distribution and performance variables, are tested

with the null hypothesis stating there is no difference in the variable means between

the derivatives user and the index investor, against the alternative hypothesis stating

that the variable means do differ:

H0 : x̄1 = x̄2

H1 : x̄1 6= x̄2

To test if the difference in means are significant, we are using two different tests. The

first test we are using is a version of the t-test called the Welch’s t-test. This is a test

to examine the difference in means of two populations, when the population variances
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are not assumed to be equal. We choose to use the Welch’s t-test because when testing

returns where one sample is based on a stock index return while the other are based on

returns from options where the payoff is asymmetrical, it is likely that the population

variances will differ from one another. The test statistics and degrees of freedom for

the Welch’s t-test, is calculated by using the following equations:

t =
x1 − x2√
S2
1

n1
+

S2
2

n2

(3.2)

d.f =

(
S2
1

n1
+

S2
2

n2

)2
(
S21
n1

)2

(n1−1) +

(
S22
n2

)2

(n2−1)

(3.3)

Where x̄1, S
2
1 , n1 and x̄2, S

2
2 , n2 are the means, sample variance and number of partic-

ipants in the sample, for sample one and two respectively.

The Welch’s t-test can give us an idea of whether our null hypothesis is statistically

significant or not, but it has one disadvantage which makes it necessary to also introduce

another significance test. The disadvantage is that t-tests assume populations to be

normally distributed, which is not a fair assumption for a lot of samples consisting

of options, due to their asymmetrical nature. As a second test, we therefore use the

Wilcoxon rank-sum test, also known as the Mann-Whitney U test. This test is also

used to test differences between two sample means with a specified significance level,

but does not assume the population means to be normally distributed and is therefore

often a better alternative. We will not go in-depth on how the Wilcoxon rank-sum test

is calculated because there are no good closed formulas for this. Because of our large

sample, we use the statistical data software R Studio to calculate the p-values from the

Wilcoxon rank-sum tests for each of the variables we tested.
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Construction Of The Strategies

The technicalities of how the different strategies are constructed with different options

and stocks are described in the theory section. In this section we will discuss some of

the assumptions we had to make when constructing the option strategies. This includes

the amount of wealth invested in options, the time to expiration for the options and

the moneyness of the different strategies.

Portion Of Wealth Invested In Options

First of all, we are assuming that we are dealing with a risk-averse investor. The exact

level of risk aversion is not important for the purpose of this paper, as our goal is not

to maximize one investor’s utility, but rather to investigate if certain important risk-

and performance measures can be improved by using derivatives as an alternative to

invest in the S&P 500 index. We assume that a percentage of the investor’s wealth is

invested in the option strategies, instead of assuming that the investor is buying a fixed

number of strategies. This is because with a fixed number of strategies, the leveraged

exposure, and therefor the risk, would change a lot as the investors wealth enhances

or deteriorates. We are accepting trading in fractions of options, because it is only an

issue of scaling. Since most of the option strategies get a leveraged exposure, we have

chosen to perform our main testing with only 5% of the investors wealth being invested

in options and the rest of the wealth being placed with the low-yielding risk free asset

for three of our strategies: Bull Call spread, Butterfly Spread and the Long Straddle.

As both the risk and returns to a large extent scale with the amount of wealth invested

in options, we do not expect the risk-adjusted return ratios to change markedly if the

investor has a slightly different risk preference. However, there might be some differ-

ences, and for the strategies having downside risk measures exceeding the downside

risk of S&P 500, we check the robustness in the strategies outperforming S&P 500 by

decreasing the amount invested in options to 1%. For the strategies having markedly

lower downside risk measures than the S&P 500 index, we did the opposite and in-

creased the amount invested in options to 10%, to test if the result of the risk-adjusted
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performance measures were robust for investors with a lower degree of risk aversion.

Lower downside risk is especially expected for some of the strategies constructed with

six-month options, because for three of the option strategies the losses are capped to the

amount invested, more specifically for the bull call spread, long call butterfly spread

and the long straddle. Strategies using six-month options are likely to have a lower

downside risk than strategies using one-month options, because they only risk losing

5% of the wealth every sixth month instead of every month.

For the short strangle, the decision of the portion of wealth invested in the strategy

differs from the others. This is a strategy with a capped maximum return and infi-

nite downside risk. Since this is a strategy providing the investor with a premium at

initiation, we are not “spending” a predetermined percentage of the investors wealth

and we instead construct it so the premium is making up a percentage of the investors

wealth. We find that 5%, as used for the three strategies above, is too high for the

short strangle due to the high risk associated with this strategy. Therefore, to try and

avoid losses exceeding 100%, the short strangle using monthly options is constructed

to pose 0,5% of the investors wealth, and the short strangle using six-month options

constructed to pose 1% of the wealth.

The covered call and covered ratio spread are exceptions from the discussion above,

and are constructed in another way. These are not strategies with a built-in natural

leverage, and the returns are fair to calculate as just the returns from the strategies

when the invested capital is the capital needed to implement one of these strategies.

The invested capital is being the price of buying the S&P 500 index minus the net

premium received from trading the options.

Time To Expiration

We calculate the results for the retail investor using options with both one- and six

months to expiration. We choose to test both one-month and six-month options to

show what impact of time to expiration, and especially the difference in the implied

70



volatilities, have for the different strategies. As can be seen from the volatility surface

in the data section below, the implied volatilities for one-month options are low, which

is negative for sellers of options but positive for investors buying options. As previously

mentioned, there is also a difference in risk when using one- and six-month options, with

the same amount invested in options. The risk is naturally higher using one-month

options because the investor risk losing the invested wealth every month, instead of

every sixth month.

Moneyness

The strike prices of our chosen option strategies are in general found in the range 10%

OTM – 10% ITM. We are testing options within this range of moneyness because the

corresponding implied volatilities are interpolated, and therefor more accurate than for

more extreme moneyness options where the implied volatilities are extrapolated. For

the one-month option strategies, we are testing OTM options being as far OTM as

10%, but not testing ITM options further ITM than 5%. The reason for this is that

according to the CBOE’s SPX option quote, there are traded very few one-month call-

and put options being close to 10% ITM. We therefore assume that it is not a tradable

market of one-month 10% ITM call- and put options, while for the six-month options

we assume it to be a tradable market for the whole range of 10% OTM to 10% ITM puts

and calls. The strike prices we use when testing the option strategies varies slightly

from strategy to strategy, and we will discuss the different choices for the strategies

below.

Covered Call

The covered call strategy is dependent on the premium received by selling the call

option to achieve a fairly good risk-adjusted return. This is a strategy that can be used

differently depending on the investment goals of the investor, and we therefore test the

strategy with different level of moneyness of the covered call.

For the one-month covered call strategy we test selling 5% ITM, 2,5% ITM, ATM,
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2,5% OTM, 5% OTM and 10% OTM covered calls. As the covered call is dependent

on the premium, we figure we could stop testing the covered call at 5% OTM, where

the downside protection is getting close to zero. However, because of an irregularity in

the volatility skew for 10% OTM calls, we test this level of moneyness out of curiosity

as well. For the six-month options, the implied volatilities are observed to be higher.

Because of the volatility skew we suspect the ITM covered calls to have a better risk-

adjusted performance using the six-month options. As we have the implied volatilities

for 10% OTM to 10% ITM for six-month options, we test the covered call with strike

prices within this range. More precisely, we test for covered calls with strike prices:

10% ITM, 5% ITM, 2,5% ITM, ATM, 2,5% OTM, 5% OTM and 10% OTM.

Bull Call Spread

The bull call spread is an investment strategy for investors believing in a modest bull

market. Because the call with the lowest moneyness is a long call, we start all the

strategies with the strike prices being ATM, and do not test bull call spreads based

on ITM call options. This is because of the volatility skew, making these ITM options

relatively more expensive. For this strategy we test the one- and six-month spreads for

the same spreads, being: ATM-2,5% OTM, ATM-5% OTM and ATM-10% OTM.

Butterfly Spread

The butterfly spread is, as discussed in the theory section, a strategy used when the

investor suspect no, or only small movements in the price of the underlying. Because of

the nature of this strategy, all the butterfly spreads are tested with ATM options as the

middle option and equidistance between the ATM and OTM/ITM options. For the one-

month strategy we test the spreads ATM-2.5% OTM/ITM and ATM-5% OTM/ITM.

We do not test the ATM-10% OTM/ITM spread because of the reason mentioned

earlier, discussing no- or very little access to 10% ITM call options. For the six-month

options on the other hand, we also include the ATM-10% OTM/ITM butterfly spread

in our testing.
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Covered Ratio Spread

For the covered ratio spread there are many different ways to construct the spread

depending on the moneyness of the options. However, we have to limit ourself and

construct the covered ratio spread for a retail investor believing the future market to

have low volatility and only a modest increase in the price of S&P 500. The spread

we test for the strategy using monthly options, is the same as for the spread using

six-month options: ATM-2,5% OTM, 2,5% OTM – 5% OTM and 2,5% OTM – 10%

OTM.

Short Strangle

The short strangle is constructed with the two strike prices involved being equidistant

from the current price of the S&P 500 index. For both the one- and six-month short

strangle strategies, we test spreads constructed with 2,5%- 5%- and 10% OTM options.

We test the one-month short strangle with a spread as high as 10% because both the

put and call options used is out-of-the-money. In line with the argumentation further

above, OTM puts and calls are having a notable trading volume and we assume it is

fair to test this strategy with as extreme spreads as 10%.

Long Straddle

The long straddle is a strategy based on movements in the index price, hence for this

strategy, both the one-month and six-month strategies are just tested with options

being at-the-money.

Margins And Transaction Costs

We assume that money on the margin account yields the risk-free return. Because we

test our strategies with quite a low portion of wealth invested in options, the margin

requirements are not being an issue. One exception is for the short strangle strategy. For

this strategy, investors might get margin calls for the most extreme market movements.

We are however ignoring these margin calls as stated in the limitations previously in the

paper, and only concern ourselves with the initial margins not surpassing the investors

wealth. This is no problem when the initial position in the short strangles are small
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compared to total wealth.

The first part of our analysis is done assuming no transaction costs. However, often

in finance it is the transaction costs that makes up the difference between the active-

and passive strategies. After the initial analysis of the strategies, we are therefore

adjusting the returns for transaction costs to see if the outperforming strategies, if any,

still outperform considering the cost of trading. A common way for a passive retail

investor to get exposure to the S&P 500 index is through investments in an exchange

traded fund. The cost used to adjust the S&P 500 return is therefore not considered

a transaction cost per se, but rather a holding expense. For our benchmark investor

investing in S&P 500 we therefore consider the expense ratio of Vanguard S&P 500

ETF, which is 0,05% annually, as the annual holding expense. (vanguard.com, 2017)

For the active retail investor trading option strategies, the transaction costs are a bit

different. We consider two factors to make up the transaction costs of the option

trading. The first factor is the bid-ask spread. We looked at the bid-ask spreads for the

different moneyness of options at cboe.com (2017), and find the bid-ask spreads of ITM

and ATM options with one month to expiration to be on average $0,5 per option for the

data collected. The bid-ask spread for OTM options with one month until expiration,

is on average $0,2. For the options with six months until expiry, the bid-ask spreads

were independent of the moneyness and on average equal to $0,5 per option traded. We

consider the bid-ask spreads to remain constant over the time period considered. The

second factor influencing the active option trader’s transaction costs is the brokerage

fee. We consider it to be a brokerage fee of 0,1% of the traded amount, which is the

fee charged by Nordnet AB (2017) for normal retail investors trading options.

Data

We are using the S&P 500 index as the underlying for all the derivatives in the invest-

ment strategies we are creating, and also as the index benchmark we are comparing the

performance of the different derivatives strategies against. We are using Monte Carlo
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simulations to investigate the problem statement of this paper, and are therefore not

using a lot of observed data. Our simulations and option pricing are however based

on real numbers to create scenarios being as realistic as possible in today’s low-yield

environment. The numbers we collect to use in our simulation are all numbers from

market closing at February 28th 2017, and are collected from a Bloomberg terminal.

As of closing February 28th 2017, the price of the S&P 500 index, which becomes

the start price in our Monte Carlo simulation, is $2380,13. The historic annual mean

including dividends and the volatility are 9,60% and 14,94% respectively. The dividend

yield is considered the same dividend yield paid by the VANGUARD S&P 500 ETF

(VOO) on average over the last 5 years, and is 1,97%.

To price the options in the different strategies we are using the Black-Scholes model,

with the simulated price of S&P 500 at the different times of initiation as the price

of the underlying. The strike price is set to the percentage OTM/ITM relative to the

price of the underlying, as discussed in the moneyness section. The risk-free rate we

use in the Black-Scholes model are the one-month US t-bill rate as of February 28th,

being 0,46%. The volatilities we use to price the options are not the same as for the

stock price simulation. To get as realistic market prices as possible, we are using the

implied volatilities observed to price the different options depending on their moneyness.

For the one-month ATM options we are using the observed VIX-volatility which are

12,31% as of market closing February 28th. The remaining implied volatilities are taken

from the implied volatility surface of S&P 500 options calculated by Bloomberg, and is

presented in the table below. As can be seen from table 3, there is a slight irregularity in

the skew for the one-month implied volatility, with the implied volatility for the 110%

moneyness being higher than for the 105% moneyness, and the 105% being slightly

higher than the 102,5%. This is an irregularity due to the implied volatility usually

being a decreasing function of the strike price for equity options.
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Table 3 - Volatility Surface Table, Source: Bloomberg
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Chapter 4 - Analysis

In this chapter, we will present and discuss the results of the different strategies im-

plemented. The resulting values for both the one- and six-month strategies will be

presented in tables, while the different distributions and payoff structures will be illus-

trated in graphs. Because the graphs may be of a size that is hard to read, we will

give a short description of the distribution- and the payoff graphs. In the distribution

graphs, the return-bins are found at the x-axis while the frequency of how often the

returns are observed is presented at the left y-axis. The black line stretching over the

graph is the cumulative probability of the returns, with the probabilities presented on

the right-hand y-axis. The payoff graphs are presenting a one-period payoff from both

the option strategies (black lines) and the S&P 500 index (grey lines). The prices of

the S&P 500 index are found on the x-axis, while the payoffs are found on the y-axis.

Further, all the variable means discussed are annual means calculated over a five-year

period. We often refer to the different strategies as one-month and six-month strate-

gies. This is not because the strategy is used over only one- or six months, but because

the options used to construct the strategies are options with one- and six-month to

expiration as of initiation.

Before analyzing the different strategies in relation to the S&P 500 index, we are pre-

senting the different distribution-, risk-, and performance parameters achieved by the

passive index investor in table 4 below, which are our benchmark variables. Two set of

variable means are presented as we simulate the returns using both monthly- and semi-

annual compounded values to use in comparison, based on whether one- or six-month

options are used in the strategy. As can be seen from the table below, the numbers

for the one- and six-month compounded numbers are very much alike, as they should

be. The difference in semi-deviation is however worth notifying, as the semi-deviation

is somewhat higher for the one-month compounded numbers, also causing the Sortino

ratio to be somewhat lower. Since the S&P 500 prices follow a geometric Brownian
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motion with a positive drift, it is natural that the downside deviation is lower when the

compounding steps are longer.

Table 4 - Annual S&P 500 Variable Means

Covered Call

The distributional moments, risk- and performance measures of the covered call strate-

gies are presented in table 5 and 6, for the one- and six-month strategies respectively.

Most of the covered call strategies deliver a worse mean risk-adjusted performance than

the S&P 500 index, considering the Sortino- and the return/ES ratios. There is how-

ever one of the six-month strategies giving ambiguous results with a distinctly higher

Sortino ratio than the S&P 500, but with the mean return/ES ratios being lower. Be-

low we will further discuss the distributions, risk and performances observed for the

different covered call strategies, in relation to the ones observed with an S&P 500 index

investment.
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Table 5 - Variable Means Of One-Month Covered Call Strategies
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Table 6 - Variable Means Of Six-Month Covered Call Strategies

The skewness observed in the covered call return distributions, are negative in most

cases. This is in line with the theory because of the capped maximum profit of the

strategy. The only two strategies providing a slightly positive skew is the one-month

5%- and 10% OTM covered calls. This is due to them being relatively far OTM,

and their distributions are approaching the distribution of S&P 500 which is slightly

positively skewed. As can be seen in figure 14 and 15, the most ITM covered calls,

especially the six-month strategies, are having the most leptokurtic distributions. This

is natural since the absolute majority of returns will be found at the maximum return

point, making a peaked body on the distribution. What is interesting to note is that
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for the six-month 10% ITM covered call, the distribution is starting to look like a

distribution of a fixed-income investment with some risk.

Figure 14 - Annualized Return Distributions, One-Month Covered Call

Figure 15 - Annualized Return Distributions, Six-Month Covered Call

First, considering the one-month strategies, we can see that the downside risk, in terms

of semi-deviation and tail risk measures, of the ITM and ATM options are lower and

significantly different from what is observed with the S&P 500 index. Because of the

low implied volatility used to price the short OTM call options, the premium received

by selling these options are small. Therefore, as can be seen in table 5, some of the tail

risk measures for the OTM strategies are not significantly different from the ones of

the benchmark. For the 10% OTM one-month strategy, not even the semi-deviation is

significantly different from S&P’s semi-deviation. This is a combination of the option

being sold cheap because it is far OTM, and the fact that it is priced with a very low

implied volatility.

Further, the mean returns of all the one-month strategies are lower than the mean

returns of our benchmark. This is as expected because of the capped maximum return
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of a covered call strategy and low implied volatilities for one-month options, leading to

a low premium received from selling the covered call. Although the risk is lower for the

ITM and ATM one-month strategies compared to S&P 500, the risk is not low enough

to make up for the distinctively lower returns. The risk-adjusted performance of the

one-month covered call strategies are therefore lower than for the benchmark. The best

risk-adjusted performance of the one-month strategies are however observed for the

10% OTM covered call, having a Sortino of 1,1. The 10% OTM strategy is able to take

advantage of more of the upside movements in the price of S&P 500, and at the same

time benefitting from the irregularity in the volatility skew. The strategy is therefore

being relatively better compensated than the 5% OTM. In figure 16 below, one-month

payoff diagrams for three of the different one-month covered calls are presented. They

give an impression of the size of the premium, mitigated downside risk and capped

maximum profit for the different moneyness tested.

One thing that is interesting to note with the results presented in table 5, is that if

we were considering the Sharpe ratio as our preferred performance measure, we would

find the risk-adjusted performance of the 10% OTM covered call strategy to not be

significantly different from the one of S&P 500. The Sharpe ratio presents the 10%

OTM covered call with a better result compared to the S&P 500 than the other risk

measures we emphasize. This is because the covered call limits the total volatility to

a larger extent than the semi-deviation because it reduces a large part of the upside

potential, while only slightly limiting the downside volatility below MAR. Hence, the

Sharpe ratio rewards limiting the upside potential of an investment and it wrongfully

gives a picture of better performance than what is actually the case.

82



Figure 16 - One-Period Payoff Diagrams, One-Month Covered Call Strategies

Next, we are looking at the six-month covered call strategies. The implied volatility

is higher for the six-month options than for the one-month options, which might be

helpful for the results. The tail risks considering six-month options are observed to be

lower and significantly different from the tail risk of S&P 500 for further OTM covered

calls compared to the one-month covered calls. However, for the 10% OTM covered

call, the tail risk in form of expected shortfall is still not significantly different from the

ones of the benchmark, as can be seen in table 6. The mean semi-deviation is however

lower and significantly different from the benchmark’s mean semi-deviation for all the

different six-month covered call strategies tested.

Because of the relatively higher implied volatility used to price the six-month options,

the 10% ITM covered call provides a positive mean annual return of 3,1%, which to-

gether with the low semi-deviation provides a mean Sortino ratio of 2,62. The Sortino

ratio is significantly different and almost a whole point higher than for the S&P 500

index investor. The mean return/ES ratios are however still lower than the benchmark

ratios. This makes the result of whether or not the 10% ITM covered call outperform

the S&P 500 index, ambiguous. None of the other six-month covered call strategies

have higher mean Sortino ratio or return/ES ratios than the S&P 500 index. We find

the reason for the relatively better performance of the 10% ITM covered call to be

because of the higher implied volatility used to price the options. This gives the in-

vestor a better compensation for the upside potential he or she sells off. By looking at

the periodic payoff diagram of the 10% ITM covered call in figure 17, we get a clear
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picture of why the return distribution approaches a fixed income distribution. From

the distance between the covered call payoff and the S&P 500 payoff, one also get an

impression of the large downside protection the 10% ITM covered call provides.

Again, with the six-month strategies, we do an interesting observation regarding the

Sharpe ratios. If we were considering risk-adjusted performance by looking at the

Sharpe ratio, we would have gotten different results with all six-month 10%-, 5%-, and

2,5% ITM strategies outperforming the S&P 500 index. This is due to the relatively

lower total volatility the covered call has by selling off the positive volatility. Again

we are reminded of the importance of considering the downside risk instead of total

volatility when comparing investment strategies, as we see the Sharpe ratio rewards

not having an upside potential.

Figure 17 - One-Period Payoff Diagrams, Six- Month Covered Call Strateges

Finally, we introduce transaction costs to test whether the six-month 10% ITM covered

call still has a better Sortino ratio than the S&P 500 investment. The transaction costs

for trading this strategy is quite low because of the few trades needed. Therefore, the

results do not change much, and we find that even with the introduction of transac-

tion costs the six-month 10% ITM covered call still delivers a higher and significantly

different mean Sortino ratio than S&P 500. The annual mean return of this strategy is

however reduced from 3,1% to 2,98% and the Sortino is reduced to 2,49. The variable

means found when introducing transaction costs to the covered call strategy can be

found in Appendix 1
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Bull Call Spread

The results given by implementing the bull call strategy compared to investments in

the S&P 500 index varies from one-month to six-month options strategies, and there

is a large variation in the results depending on the moneyness chosen for the different

strategies. For the one-month option strategies, it is two strategies exceeding the perfor-

mance of the benchmark. They are the ones constructed with spreads being ATM-5%

OTM and ATM-10% OTM. For the six-month option spreads we get some unclear re-

sults. The Sortino ratios are consistently being lower than for S&P 500, while some

of the return/ES ratios for the ATM-10%OTM spread are exceeding the corresponding

ratios of the benchmark. This will be discussed in-depth below, and the mean variables

are presented in table 7.

Table 7 - Variable Means Of One- And Six-Month Bull Call Spreads
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All the bull call spreads turned out to be positively skewed, but the six-month spreads

are all having skews quite close to zero. The kurtosis observed are however quite

different from the one-month and the six-month bull call spreads. All the one-month

spreads have a positive mean excess kurtosis, with the ATM-10% OTM spread being the

most leptokurtic with an excess kurtosis of 3,62. The combination of being positively

skewed and leptokurtic implies that there is a quite high frequency of returns located

in the right tail, which is often a good sign for the investor. The six-month bull call

strategies do however all turn out platykurtic, and the return distributions for the bull

call strategies created with six-month options looks quite different from the one-month

strategies, with three distinct tops. The reason for the three distinct tops is because the

returns are only semi-annually compounded, hence the three peaks represents, starting

from the left: (1) Both returns the annual mean is compounded of are being in the

bottom flat area of the payout, meaning both of the six-month returns end up amounting

the maximum loss, (2) One of the six-month returns ends up being the maximum loss

while the other six-month return ends up being the maximum profit, (3) Both of the

six-month returns are representing the maximum profit. Below, the annualized return

distributions for the one- (figure 18) and six-month (figure 19) bull call spreads are

presented.

Figure 18 - Annualized Return Distributions, One-Month Bull Call Strategies
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Figure 19 - Annualized Return Distributions, Six-Month Bull Call Strategies

First, we consider the results given by creating the bull call strategy using monthly

options. With the original testing of the strategies, we invest 5% of an investors wealth

in options and keep the rest of it invested in the low-yielding risk-free asset. Since

this investment strategy consists of options and a risk-free asset, the downside risk

associated with this strategy is closely related to the size of the portion of the investors

wealth being invested in options. For the one-month bull call spreads, the options are

priced with a low implied volatility, hence they are relatively cheap to buy. The retail

investor therefore receives a quite leveraged exposure to the S&P 500 movements in the

gap between the two strike prices by only investing 5% of his wealth in options. Figure

20 display the payoff diagrams for the first month payoffs of the one-month bull call

spreads with different moneyness compared to the payoff received by investing in the

S&P 500 index, giving an impression of how the leveraged exposure may result in high

returns. Although leveraged exposure reflects in high returns and performance ratios

for two of the bull call spreads as we shall see below, the risk of losing 5% of the wealth

every month expose the retail investor to a higher downside risk than by investing in

S&P 500.
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Figure 20 - One-Period Payoff Diagrams, One-Month Bull Call Strategies

For all the one-month strategies the mean semi-deviations are close to 12%, more than

three percentage points higher than the S&P 500’s semi-deviation. The value at risk and

expected shortfall for the one-month strategies is also found to be several percentage

points higher than the S&P 500. The reason for the high downside risk of this spread is

the high frequency of monthly losses up to 5% of the investors wealth, which happens

when the index price declines or does not move. Two of the one-month spreads, the

ATM-5%OTM and ATM-10%OTM, are however rewarded for their relatively high risk

by high returns, providing the investor with outperforming performance ratios. The

ATM-5% OTM spread delivers a mean return of 18,70%, and even though the risk

factors considered for this strategy is higher than for the S&P 500, the risk-adjusted

performance measures are all superior to the S&P 500, with a mean Sortino ratio of

1,55 and return/ES ratios as can be seen in table 7. The best performing spread is

however the one-month ATM-10% OTM bull call spread, providing a mean return of

35% causing Sortino ratio of 2,91 and return/ES ratios all being way higher than for the

S&P 500 index. This strategy benefits from a wider spread with a leveraged exposure

towards S&P 500, and is also having the advantage of the slight irregularity in the

volatility skew with higher implied volatility than the short 5% OTM call option. The

one-month ATM-2,5% OTM spread is the only bull call spread we tested which provided

a negative mean return, making it unattractive for investors to invest in and clearly

underperforming the S&P 500 index.

88



The implied volatilities used to price the six-month bull call spreads are higher than for

the one-month bull calls, and combined with the longer time to maturity, the prices to

enter the bull call spreads increase. The exposure towards S&P 500 in between the two

strike prices therefore becomes less geared with the same portion of wealth invested.

This can easily be spotted by comparing the one- and six-month payoff diagrams in

figure 20 and 21 respectively. Due to the lack of upside potential and still a high

frequency of negative returns, the six-month bull call strategies do not outperform S&P

500. There are however none of the six-month bull call spreads that yield a negative

mean return, as opposed to the one-month ATM-2,5% spread.

Figure 21 - One-Period Payoff Diagrams, Six-Month Bull Call Strategies

The expected shortfall and value at risk are, as expected, notably lower for the option

spreads using six-month options than for the spreads with one-month options. This is

because the investors using six-month options only risk losing 5% of their wealth every

sixth month instead of every month. All the different six-month bull call spreads have

the same VaR(95%,99% and 99,9%) and ES(95%, 99% and 99,9%) of 9,33%, being

lower than the respectively VaRs and ES for S&P 500. The VaRs and ES of 9,33%

corresponds to losing the whole 5% invested in options each six-months, minus the

small return received from the risk-free investment. The semi-deviations of the six-

month spreads are fairly similar to each other being just above 4%, approximately 2%

lower than for the S&P 500. Although we find the semi-deviation to be lower when

using six-month bull call strategies instead of investing in S&P 500, it is not enough

to make up for the lower returns. All the mean Sortino ratios therefore turn out lower
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and significantly different from the Sortino of the S&P 500. Even though none of the

six-month spreads have higher Sortino ratios than the S&P 500, the low tail risk cause

the six-month ATM-10% OTM bull call spread to provide the return/ES(99%)- and the

return/ES(99,9%) ratios higher than for S&P 500. This means that investors are better

compensated relative to the risk regarding the most extreme losses when investing in the

ATM-10% OTM bull call spread rather than the S&P 500 index. What is interesting

to note is that if we were considering the volatility as the risk measure and Sharpe ratio

as performance measure of our choice, we would get the same conclusions about the

spreads relative performance compared to the S&P 500 index as when using the Sortino

ratio.

Because investors have different levels of risk aversion, some investors may think in-

vesting 5% of their wealth in the one-month bull call spread causes a too high risk.

Hence, we test if the mean Sortino- and return/ES ratios outperformance of the S&P

500 index, using one-month ATM-5%OTM- and ATM-10%OTM spreads, are robust for

an investor only investing 1% of his wealth in the options. Doing this adjustment gives

a mean return lower than for the S&P 500 index but also lower semi-deviation, VaR

and ES. The results show that the one-month ATM-5% OTM and ATM-10% OTM

spreads are still having a higher and significantly different performance compared to

the S&P 500 index. We also test whether the return/ES ratios for ES(99% and 99,9%)

for the six-month ATM-10%OTM spread remain robust if the investor has a lower risk

aversion than first tested, by increasing the amount invested to 10% of the investors

wealth. We find that these results are also robust with a change in this assumption.

The table with results for both the one- and six-month bull call strategies with different

amount of wealth invested can be found in Appendix 2A.

Finally, we test if the results from the strategies above are robust if we introduce

transaction costs, which they prove to be. The one-month ATM-5%OTM and ATM-

10%OTM spreads still delivers mean Sortino- and return/ES ratios that is higher and

significantly different from S&P 500’s, both with 5% and 1% of the wealth invested
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in options. The introduction of transaction costs did not alter the result found with

the six-month ATM-10%OTM spread either, with the return/ES(99% and 99,9%) still

being higher and significantly different from the S&P 500’s ratios. The mean variables

for the outperforming spreads adjusted for transaction costs, can be found in Appendix

2B.

Butterfly Spread

Testing the butterfly spread give us some interesting results. Of all the different butter-

fly spreads, both the ones constructed with one- and six-month options, there is only

one strategy providing a positive mean return. This strategy is the 2,5% OTM/ITM

spread constructed with one-month options, and it does not only provide a positive

mean return, but it also outperforms S&P 500 in terms of the risk-adjusted performance

measures. However, as we shall see in the bottom of this section, the performance of

this strategy is markedly impacted by transaction costs. Below we will further discuss

the different results achieved by implementing the butterfly spread compared to in-

vesting in the S&P 500 index, starting with the distributions. The mean variables are

presented in table 8 below.
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Table 8 - Variable Means Of One- And Six-Month Butterfly Spreads

All the butterfly spreads tested have positively skewed- and leptokurtic return distri-

butions, except the 10% OTM/ITM spread created with six-month options, where the

excess kurtosis is slightly negative. The positively skewed return distributions are ex-

pected and in line with the theory, as a majority of the returns every month takes

place at the maximum loss and are else being spread between the maximum loss and

the maximum return. The narrower the spreads are, the more positively skewed and

leptokurtic the distributions turns out to be. This is because the price of the underlying

is more often observed outside the boundaries of the butterfly body, and adds to the
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maximum loss. The different annualized return distributions are displayed in figure 22

and 23 below.

Figure 22 - Annualized Return Distributions, One-Month Butterfly Spread

Figure 23 - Annualized Return Distributions, Six-Month Butterfly Spreads

The downside risks of the butterfly spreads are closely related to how much of the

investor’s wealth is invested in the strategy, as the maximum loss is nearly the whole

amount buying into the strategy with. As with the bull call spread, all of the one-

month butterfly spreads with 5% of the wealth invested in options have downside risks

exceeding the downside risks of investing in S&P 500. The 2,5% OTM/ITM spread

is the strategy having the most downside risk, with a semi-deviation of 13,15% and

high tail risk relative to the S&P 500, as can be seen in table 8. In spite of having

the highest downside risk, the one-month 2,5% OTM/ITM butterfly spread is the only

butterfly spread tested providing a positive mean return, being 18,87%. The relatively
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high mean return makes up for the high semi-deviation, and provides a mean Sortino

ratio of 1,44. This is almost 0,3 points higher than the S&P 500’s Sortino ratio of 1,15.

The 2,5% OTM/ITM butterfly spread also outperform the S&P 500 index in terms of

higher return/ES ratios for all tail risk levels. We find the explanation for the good

performance of the strategy to be found in the relatively low implied volatility and the

fact that the implied volatility for the 2,5% ITM and ATM call options are quite similar,

while distinctively lower for the 2,5% OTM long option. This combination of implied

volatilities makes the cost of entering this strategy relatively low, and the investor

receives a quite leveraged option position by just investing 5% of their wealth in options.

This provides the investor with some very high returns when the index price does not

move, while the monthly loss is capped at 5%. In addition to the 2,5%OTM/ITM

spread being cheaply priced, the monthly change in the index price using our stock

pricing model, should on average be inside the breakeven area of approximately 2,1%

OTM/ITM with the market variables used in our simulations.

How the one-period payoff looks for the one-month butterfly spreads, can be seen in

figure 24. From the graph illustrating the 2,5% OTM/ITM spread, we can clearly see

the high monthly returns achieved when there is no- or only small movements in the

price of S&P 500. What is worth noticing, is that if we were considering the Sharpe ratio

as our preferred risk-adjusted performance measure, we would get a different outcome.

The results of the Sharpe ratio imply that there are none of the butterfly strategies

having a better risk-adjusted return than the S&P 500.
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Figure 24 - One-Period Payoff Diagrams, One-Month Butterfly Spreads

The butterfly spreads using six-month options, with 5% of the wealth invested in the

options, have the same VaR and ES for all the different risk levels tested, being 9,33%.

This is lower and significantly different from the S&P 500 index. The tail risk of 9,33%

represents a loss of the entire 5% invested in options every six-month minus the yielded

return from the risk-free investment. The semi-deviation is also lower for all the six-

month butterfly strategies than for the benchmark, except for the 2,5% OTM/ITM

spread where the semi-deviation cannot be proven to be significantly different from the

one of S&P 500. Despite the lower risk, negative mean returns for all the six-month

strategies makes the risk-adjusted performance ratios underperform the corresponding

ratios of the benchmark. As can be seen from the payoff diagrams in figure 25 below,

the leveraged exposure towards no- or only small movements in the index price is high

also in the case of using six-month options. However, there are a lower frequency of the

underlying prices, ending up in the narrow spread between the two breakeven points

when the period is six months rather than one month. This is the main reason why the

mean returns of the six-month butterfly spreads are slightly negative.
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Figure 25 - One-Period Payoff Diagrams, Six-Month Butterfly Spreads

As for the bull call spread, we test to see if the outperformance of S&P 500’s performance

ratios by one-month 2,5% OTM/ITM butterfly spread is robust for investors being more

risk-averse. We therefor also test this strategy with 1% of the investors wealth invested

in options. This test yields the same conclusion of better risk-adjusted performance for

the 2,5% OTM/ITM spread. Numbers from the strategies tested with 1% of wealth

invested is found in Appendix 3.

Finally, we introduce transaction costs to test if the one-month ATM-2,5% spread still

has a higher risk-adjusted performance than S&P 500. Interestingly, we find the intro-

duction of transaction costs to be decisive for our results, providing mean performance

measures now observably lower than the measures for the S&P 500 - changing the con-

clusion about outperformance. The butterfly spread is a strategy requiring a trade of

four options per strategy, and is therefore heavily impacted by the introduction of trans-

action costs. The average return ends up being closed to halved, and the risk-adjusted

performance ratios are affected thereafter. Variable means adjusted for transaction

costs can be found in Appendix 3.

Covered Ratio Spread

The covered ratio spread turns out to be one out of two option strategies where none

of the different moneyness tested provides performance ratios surpassing the S&P 500

index. This applies to the Covered Ratios spreads created with both one- and six-month

options. The variable means are presented in table 9 and will be discuss in-depth below.
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Table 9 - Variable Means Of One- and Six-month Covered Ratio Spreads

First, we look into the return distributions for both the one- and six-month covered

ratio spreads. The skews of the tested strategies using monthly options are found to

be both positive and negative, but all fairly close to zero. The mean excess kurtosis

for the same spreads are all slightly platykurtic, but fairly close to zero as well. These

results make the return distributions of the one-month option strategies turn out looking

quite similar to a normal distribution, as can be seen in figure 26. For the six-month

distributions, displayed in figure 27, there are some distinct tops. This is due to the
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index prices on average moving further in the positive direction over a six-month period

than a one-month period because of the positive drift rate, resulting in more observed

returns located in the flat area after the highest strike price.

Figure 26 - Annualized Return Distributions, One-Month Covered Ratio Spreads

Figure 27 - Annualized Return Distributions, Six-Month Covered Ratio Spreads

When analyzing the risk and performance of the different covered ratio spreads we

start off with the strategies constructed with one-month options. As for the previously

discussed covered call spread, this spread also suffers from being priced with the low

implied volatilities provided by our volatility surface. The low implied volatility makes

the price of the calls low, which is negative for the covered ratio spread where the

investor is a net receiver of the premium. As can be seen from the one-period payoff

in figure 28, the downside protection is therefor quite small due to the low premium

collected. In fact, the 2,5%-10% OTM spread turns out to be a case of covered ratio

spread with two breakeven points. Any sharp increase in the price of the underlying

will therefore lead to negative returns for the investor. The semi-deviations of all

the one-month strategies are lower and significantly different from the semi-deviation

98



of S&P 500. However, the tail risk measures actually end up being higher for the

one-month 2,5%-5% OTM and 2,5%-10% OTM spreads than for the S&P 500. This

is not intuitively from the theory because of the downside cushion provided by the

net premium. The annual returns being the base for the VaR and ES are however

compounded from the monthly returns, and because the net premiums received are

small, the high returns of S&P 500, which is capped off for the covered ratio spread,

makes the annual tail losses higher for these two spreads than for the benchmark.

Further, the one-month ATM-2,5% OTM spread is the only one-month spread providing

a positive mean return. However, this mean return is only 1,6% and the risk-adjusted

performance measures are distinctly underperforming relative to the performance ratios

of the S&P 500 index.

Figure 28 - One-Period Payoff Diagrams, One-Month Covered Ratio Spreads

Considering the covered ratio spreads constructed with six-month options, the net pre-

miums received are higher than for the one-month covered ratio spreads, because of the

higher implied volatilities. As can be seen in figure 29, the downside protection from

using the six-month strategies are higher than for the one-month strategies displayed in

figure 28 above. This reflects in all the downside risk measures being lower and signifi-

cantly different from the corresponding measures of the benchmark. Further, all of the

six-month covered ratio strategies provide a positive mean return. The mean returns

are however much lower than for the S&P 500 index, and none of the risk-adjusted

performance ratios for the strategies are able to outperform the benchmark. Something

interesting to note from table 9 is that if we were considering the Sharpe ratio to be
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our performance measure of choice, the performance of the six-month ATM-2,5% OTM

covered ratio spread and the S&P 500 index would not have been significantly different

from each other. The Sharpe ratio is giving the best result of all the performance mea-

sures tested, relative to the benchmark, for the six-month ATM-2,5% OTM strategy.

This is because the covered ratio spread sells off the positive volatility and ends up with

a much lower standard deviation than the S&P 500. The standard deviation becomes

so low relatively to the S&P 500’s standard deviation, that it makes up for the low

return and provides a Sharpe ratio not significantly different from the one of S&P 500.

It is however the “good” volatility that is limited the most, while a lot of the “bad”

volatility remains. According to the Sharpe ratio, the investor is therefore better off by

not having a potential upside, which again proves how the Sharpe ratio may provide

the wrong impression of an investment, and is not a suitable performance measure.

Figure 29 - One-Period Payoff Diagrams, Six-Month Covered Ratio Spreads

Short Strangle

The short strangle is an extremely risky strategy, and in theory there are no boundaries

for how large of a loss an investor constructing a short strangle can incur. Due to the

high risk, we chose the proceeds received from shorting strangles to amount 0,5% and

1% of the wealth of the investor, for the one- and six-month strategies respectively. The

short strangle is the second strategy, accompanied by the covered ratio spread, where

none of the different moneyness tested provides results implying outperformance of the

S&P 500 index. Further, only one of the strategies provides a positive mean return.

This is the one-month 10% OTM short strangle. The mean variables from the testing
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are presented in table 10, and even though none of the short strangles outperform the

S&P 500 index it is some interesting results we will discuss further.

Table 10 - Variable Means Of One- And Six-Month Short Strangle

As can be seen in figure 30 and 31 below, all of the return distributions are negatively

skewed. This do not come as a surprise since the upside returns are capped just above

0,5% and 1% each period for the one- and six-month strategies respectively, while there

are no restrictions on the loss. All the return distributions are also leptokurtic, and

the excess kurtosis increases as the short strangle options become further out-of-the-

101



money. What is interesting to notice, is that the return distribution for the one-month

10% OTM short strangle is having a striking resemblance of a fixed-income distribution

with some default risk. This may not come as a surprise since the price of the S&P

500 index quite rarely moves outside the 10% OTM bounds of the short strangle on a

one-month basis, but when it happens the investor may incur some large losses found

in the fat left-tail of the distribution.

Figure 30 - Annualized Return Distributions, One-month Short Strangle

Figure 31 - Annualized Return Distributions, Six-Month Short Strangle

For discussion about the risk and performance of the short strangle strategy, we start

out by analyzing the short strangles constructed with monthly options. As previously

stated, the number of monthly options sold is the number necessary for receiving a

premium to make up 0,5% of the investors wealth. By looking at the one-month payoff

diagrams in figure 32, we get a picture of how exposed the strategies with different

moneyness are towards movements in the price of the S&P 500 index when the price

moves outside the strikes of the OTM puts and calls. The reason for the more leveraged

exposure the further OTM the strategies are, is that the premium received when selling

102



the options are smaller. Hence, the investor needs to sell more options to get the same

upside potential. The more options the investor owns, the more geared is the exposure

towards movements in the underlying price when it moves outside the strike of the

OTM options.

Although the 10% OTM spread is having the highest exposure towards movements in

the price of the underlying, it both have the highest mean return and the lowest semi-

deviation of the one-month short strangle strategies. We find this to be a combination

of two factors. The first factor is, as we mentioned above, that for a short period as

one-month, the price of S&P 500 quite rarely moves more than 10% in either direction.

Hence, losses occur relatively seldom. The other factor is that the implied volatility used

to price the options is taking a large leap from 5% OTM to 10% OTM for put options.

In addition, even the implied volatility of the 10% OTM call option increase slightly

from the 5% OTM, due to the irregularity in the implied volatility skew. Because of

the volatility skew, the retail investor is more richly compensated for the risk taken

by constructing a monthly 10% OTM short strangle than by constructing the other

one-month short strangles. Even though the semi-deviation is lower for the 10% OTM

short strangle than for the S&P 500, we can see from table 10 above that the tail risk, in

terms of ES(99% and 99,9%) and VaR(99,9%), are exceeding the same risk measures of

the S&P 500. This gives an indication of the high risk connected to shorting a strangle if

extreme events happen and the price of the underlying deviates a lot in either direction.

Even though the one-month 10% OTM short strangle have a positive return and a

quite low semi-deviation, its Sortino ratio of 1,09 is still lower and significantly different

from the one of S&P 500. As expected, because of the high tail risk associated with

the 10% OTM short strangle, all of the return/ES ratios underperformed the ones of

S&P 500 as well. Almost needless to say, both the one-month 2,5%- and 5% OTM

underperformed S&P 500 on all the performance measures because of the negative

mean return. Interestingly, this is another case where the Sharpe ratio would have

given another result than what we found with our downside risk-adjusted performance
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measures. The Sharpe ratio of the one-month 10% OTM short strangle is higher and

significantly different from the one of S&P 500. This is due to the strategy not having

any volatility when the S&P 500 price is in the range of 0,9 to 1,1 in moneyness. The

total volatility is therefore substantially limited, so the Sharpe ratio of the strategy is

based on a small enough denominator to make up for having a lower mean return than

S&P 500, hence providing a higher Sharpe ratio than the benchmark.

Figure 32 - One-Period Payoff Diagrams, One-Month Short Strangle

Moving on to the six-month short strangle strategies we must remember that the strate-

gies are created to make the received premium for selling the options equal to 1% of

the investors wealth. This provides the investor with the possibility of achieving a

maximum of approximately 2,48% return every year, which amounts the 1% achieved

semi-annually plus the annual risk-free rate of the cash holdings. Nevertheless, the

mean returns of all of the six-month strategies are being negative, but close to zero.

We can see from the payoff diagram in figure 33, that the geared exposure towards

movements in the price of the underlying is increasing as the strategy are being further

OTM. This is also reflected in table 10, where we can see that the expected shortfall

increases the further OTM the short strangle is. With all of the mean returns for the

six-month strangles being negative there is no doubt that all of the six-month short

strangles underperform S&P 500 quite distinctively.
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Figure 33 - One-Period Payoff Diagrams, Six-Month Short Strangle

Long Straddle

The last strategy we are testing is the long straddle. When testing for investments con-

structed with 5% of the investors wealth in options and rest in a risk-free asset, we find

diverging results between the one- and six-month straddles. The long straddle strategy

created from one-month options is outperforming the S&P 500 index, while long strad-

dles constructed by using six-month options are underperforming. The variable means

are presented in table 11, and we discuss the outcomes further down.

105



Table 11 - Variable Means Of One- And Six-Month Long Straddle

First, by looking at the annual return distributions in figure 34, we can see that both

of the distributions are positively skewed. This is expected as the negative returns are

limited to the amount used to purchase options, while the positive returns are unlimited.

Due to the strategies ability to benefit from both positive and negative movements in
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the stock price, large returns are observed quite often and results in the distributions

being leptokurtic.

Figure 34 - Annualized Return Distributions, One- And Six-Month Long Straddle

Evaluating the risk and return from the long straddles, we start off with the straddle

constructed with one-month options. This strategy benefits from the options being

priced with a low implied volatility, hence it is a relatively cheap strategy to acquire.

This provides the retail investor with a leveraged exposure to movements in the under-

lying, even by just investing 5% of the total wealth in options, which is illustrated in the

payoff diagram in figure 35. The leveraged exposure, being positive with both increase

and decrease in the price of S&P 500, reflects in the annual mean return of the long

straddle being 5% higher than for the benchmark. Further, the semi-deviation observed

with the one-month straddle is found to be lower than for S&P 500. The combination of

a higher mean return and lower semi-deviation is causing the mean Sortino ratio of the

straddle with monthly options to be 2,15, both higher and significantly different from

the one of S&P 500. The tail risk measures of this straddle with monthly options are

also found to be lower than for S&P 500 because of the very limited downside exposure,

which means that the return/ES ratios are also surpassing the corresponding ratios of

the S&P 500 index. It is not granted that the Sharpe ratio would give the same result

as the Sortino ratio, because the long straddle is a strategy with a high overall volatility

and a limited semi-deviation. The conclusion does however turn out to be the same in
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our case.

For the long straddle using six-month options, the results are not showing an outperfor-

mance to the S&P 500 index. The annualized mean return from this strategy is 2,2%,

8% lower than for the S&P 500. The downside risk, both in form of semi-deviation and

tail risk, is also distinctively lower than for the S&P 500 index, but not low enough

to make the risk-adjusted performance ratios outperform the benchmark. Both the

Sortino ratio and the return/ES ratios are lower and significantly different from the

same measures of S&P 500. Why the six-month long straddle is underperforming S&P

500 while the one-month strategy is outperforming, has a lot to do with the cost of

constructing the straddle. The implied volatility used to price the six-month straddles

are higher than for the one-month strategies, hence the retail investor using the six-

month options to construct the straddle have to pay a higher risk premium to receive

the put- and call options compared to the investor using options with one-month to

expiration. The higher price paid for the six-month options reflects in a less leveraged

exposure towards price movements when the same percent of wealth is invested. This

can be seen in the payoff diagram in figure 35 below.

Figure 35 - One-Period Payoff Diagrams, One- And Six-Month Long Straddle

The downside risk is lower for the one-month long straddle with 5% of the investors

wealth being invested in options, than for an investment in the S&P 500 index. We
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therefore test if the conclusion of outperformance found for the one-month straddle is

robust for slightly less risk-averse investors, who desire to increase the invested amount

in options to 10% of their wealth. We find the conclusion to be robust to this change of

assumption, with all the performance ratios still being higher and significantly different

from the benchmark ratios. The variable means with this adjustment in the assumption

is found in Appendix 4.

Lastly, we ease the assumption about no transaction costs, introducing transaction costs

as described in the method section of the paper. We do this to see if the outperformance

of S&P 500 for the one-month straddle is robust to this change. Because the outper-

formance without transaction costs is quite high for the one-month straddle strategy,

we did not expect the conclusion to change, nor did it. The mean annual return is

only reduced to 14,2%, reducing the Sortino ratio to 1,98 from a previous 2,15. All the

other performance ratios did also continue to outperform the corresponding measures

for S&P 500, and can be found in Appendix 4.

Discussion And Pitfalls

From our analysis, we got some various and interesting results. Using the Sortino ratio

and return/ES ratios as performance measures, some strategies exceeded the corre-

sponding measures of the S&P 500 index, while others did not. Out of the six main

option strategies, four of them succeeded outperforming S&P 500 with at least one of

their versions tested. The only two strategies having no versions outperforming was the

covered ratio spread and the short strangle, while we only got some ambiguous results

from testing the covered call strategy.

The results of the outperforming strategies were found to be robust for some changes

in the assumptions of the risk aversion and transaction costs. First, when testing for

investors being slightly more or less risk-averse depending on whether the risk was

above or below the one observed for S&P 500, the performance measures still exceeded

the measures of the benchmark for all strategies tested. Secondly, we adjusted the
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outperforming strategies for transaction costs to see if this would affect the result, as the

transaction costs often are making up the difference between active and passive investors

in the real world. The impact of easing the assumption of transaction costs did not turn

out to be considerable for the results, except for one of the strategies: The butterfly

spread. The butterfly spread was one of the outperforming strategies that originally

outperformed the S&P 500 index with the smallest margins, in addition to being the

strategy requiring the trade of most options per strategy constructed. A combination

of this made the one-month 2,5% OTM butterfly spread go from outperforming to

underperforming, changing the Sortino ratio from 1,44 to 0,60. Further, for the interest

of showing the importance of using the correct performance measures when evaluating

investment performance, we took a look at the results where the Sharpe ratio would

have given a different conclusion than the Sortino and return/ES ratio. We found this

mainly to be because of a lower volatility due to capped upside potential, reinforcing

the argument of why Sharpe ratio is not a good performance measure.

An interesting thing to note with our difference in mean testing, is that the difference

between the mean variables of the option strategies and the index strategy tested had

to be extremely small for us not to reject our null hypothesis. We award this attribute

to our large sample based on 10.000 simulations. Another interesting part about the

significance testing is that the Wilcoxon Rank-Sum test and the Welch’s t-test gave an

unanimous result on when and for what significance levels to reject- or not reject the

null hypothesis almost every time. The only exception was for the Sharpe ratio of the

ATM-5% OTM bull call spread when we adjusted for transaction costs, as displayed in

Appendix 2B.

Although we found several option strategies outperforming the S&P 500 index, there

are some pitfalls and assumptions that might had provided a different result in the

real world. First of all, in this paper we simulated the stock prices with a geometric

Brownian motion simulation using constant variables. The fact that the stock prices

are simulated with constant variables is an assumption that is quite unrealistic in the
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real world. In the real world, the drift rate and the volatility are likely to change during

a five-year period, which is the period we are simulating for. There is also a chance that

the market will crash during a five-year period, which could have affected the outcome

of our analysis. If the real world volatility turned out to be greater than what we have

simulated for, the long straddle would probably have outperformed the S&P 500 to an

even greater extent, while the results from the short strangle would have been even

worse. On the other hand, if the volatility of the S&P 500 index had decreased and

the market had become sideways trending, strategies like the butterfly spread, covered

call, covered ratio spread and the short strangle would probably have provided better

results as they benefit from no- or only small market movements relative to the S&P

500 index. What is important to note is that the pricing of the options probably also

would change in terms of shifts in the implied volatilities by a changed volatility of the

underlying. With this we mean that the most suitable strategy, for example a long

straddle if the underlying volatility increased, would not necessary do better than in

our testing if the implied volatility increased as a result of an increased volatility of the

underlying. This is because the strategy would become more expensive to acquire. As

for our numbers, the one-month implied volatilities to price options are low in general,

favoring buying options instead of selling options. However, this may also change a lot

during a five-year period, depending on how people anticipate the market to move.

Another assumption we made in our paper is that the investor invested in the same

option strategy every period. With the assumptions of this paper about constant input

variables in the simulations, this is not so unrealistic. However, in the real world where

circumstances and market views change, a retail investor would probably change his

strategies along the line with his changed perception of the future market movements,

and not keep investing in the same strategy for five years in a row. Although the

results from this paper would be different in another market setting and development,

the results proves that if the investor choose the right option strategy it is possible for

the investor to enhance his return compared to investing in S&P 500. Further, a last
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important thing to note about the conclusion of outperformance for some strategies,

is that it is crucial for the retail investor to be correct about his view on the market,

whether it will be a bull, bear or neutral market. The results found in this paper are

quite certain to be different if the marked had been simulated with another drift rate,

volatility, another pricing model or if it had been backtested in the real world. The

outperforming strategies is just the strategies fitting the market the best, both in terms

of market movements, but also in terms of how the strategies are priced.
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Chapter 5 - Conclusion

As investments in risk-free assets have become next to zero-yielding in today’s financial

environment, the search for higher yields without excessive risk-taking have become

important. Not only important for institutional investors, but also for regular retail

investors. This paper aims to identify if it is possible for a retail investor to enhance

the investment performance in a low-yielding environment with the use of derivatives

and structured products.

We performed difference in mean testing using six different main option strategies,

all being tested with variations of moneyness and time to expiration. Out of the six

main strategies, we found four of them to have at least one version outperforming the

benchmark, with risk-adjusted performance measures exceeding and being significantly

different from the corresponding ratios of the underlying index. We therefore find

the possibility for performance enhancement in a low-yielding environment, by using

derivatives and structured products, to be present. The results of the outperforming

strategies were proved to be robust towards slight changes in the wealth invested in op-

tions, hence robust towards slight changes in the risk aversion of the investor. Further,

all the outperformances except one was also robust towards the introduction of trans-

action costs. However, we find the results to be very dependent on the retail investors’

ability to identify an accurate strategy. The strategy has to be correctly chosen in terms

of suitability towards future market movements, length of the derivatives contracts and

the initial price of entering a strategy. The difficulty of finding the correct strategy is

high, and since the future will always be uncertain, speculating on certain future market

moves can be risky. This is supported by our analysis, where the majority of the tested

variations ended up underperforming the benchmark, some even causing large losses.

Finally, this paper contributes to previous research by having a stronger emphasis

on the downside risk of an investment, stressing the importance of using appropriate

performance measures where the return is adjusted for the downside risk. The divergent
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results between the Sharpe ratio and the Sortino- and return/ES ratios found multiple

times in our analysis, are underpinning the importance of using the correct performance

measures when evaluating investments.

For Further Discussion

Our analysis has shown that it might be possible to use derivatives and structured

products to enhance investment performance in a low-yielding environment. It could

therefore be interesting to see if regular retail investors actually start using these invest-

ment vehicles to a larger extent than before, if the low-yielding environment persists.

One question is though if the complexity and barrier for understanding and investing

in these more exotic vehicles are so high, that retail investors instead accept the low

yield in the wait for the yields on vanilla investments, such as safe bonds, to increase

again. While the low-yielding environment is beneficial for borrowers, another question

could be if there are any regulatory measures that can be implemented to make this

environment less painful for savers without damaging the purpose of having a low in-

terest rate. Could it for instance be regulations making investments in derivatives and

structured products more desirable and accessible for retail investors?
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Appendix 2A – Bull Call Spread  
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Appendix 2B – Bull Call Spread  
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Appendix 3 – Butterfly Spread  
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Appendix 4 – Long straddle 
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