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Preface

This thesis is written as the final part of the taegs programme in business administration at

the University of Agder.

Today it is common for financial advisors to recoemud long-term investors to allocate most
of their investments in stocks, as one assumestbeks are less risky in the long-term.
However, some research shows that bonds are ki&gdgrform better than stocks in the long

run.

With this thesis | want to find out which portfolibat is best for the long-term investor. |
think it is an interesting problem to discuss, lsealong-term investments are relevant for
almost everyone, either they are saving for tretirement or in college funds for their kids

etc, and therefore also my results are relevaningmy.

Earlier in my master’s degree | have taken thessm®&E-411 Derivatives and Risk
Management which gave me an introduction to thgnamm Matlab. Therefore it was natural

for me to use Matlab in my analysis.

| would like to thank my supervisor Valeri Zakamioe! for useful guidance and for helping

me develop the Matlab programs.



Abstract

This paper examines different portfolios of U.Safigial assets, trying to find the best
portfolio for the long-term investor. | comparenoportfolios with stock portfolios based on
statistics as book-to-market ratio, market caggion, earnings yield, dividend yield and
cash flow yield, stock portfolios based on industngl the market portfolio. The ranking
devices | am using are Sharpe ratio and Sortino. ependent on the assumption on
whether the returns are independent and identidalyibuted or not, the probability
distribution of the return are simulated by usiwg different methods, the standard bootstrap
method and the block-bootstrap method. Since l@outating both the Sharpe ratio and the

Sortino ratio with both methods, | have four diéfet outcomes of my analysis.

The results depend on my assumptions, when | eae@harpe ratios by using the bootstrap
method, bonds tend to outperform stocks. In theetlmther scenarios however, my analysis
shows that stocks tend to outperform bonds, arek siortfolios with high book-to-market
ratios, high dividend yields, high earnings yietchayh cash flow yield tend to perform better
than other portfolios.
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1 Introduction

It is a common knowledge, that for a long-term stee, the best choice is to allocate most of
the investment portfolio in stocks. The conceptiehhis thinking is called the “time
diversification”. The concept suggests that agdithe horizon increases, the volatility of
stocks will decrease as high returns will tendfteat the low returns. Some researchers

support the concept, but the concept is also aftiticized.

Some studies show that the best long-term invedtraé@mvesting in bonds, while others
show that stocks are the best investment. Somégefiow that large capitalization stocks

outperform small capitalization stocks, while othget the exact opposite result.

There are several reasons to why researcherstsesel so conflicted, even though most of
them are using the same data. There are differeneasat performance measure they are
using, Sharpe ratio is the most commonly used neabut also Treynor ratio and Sortino
ratio is used. There are also differences in tsaraptions researchers are taking whether
returns are independent and identically distributedot, and this reflect on the way of
sampling. And there are also differences in wheqjiency of the considered returns that are

used.

1.1 Topic

In this paper | am trying to find the best portéolor the long-term investor. There are several
complications with solving this problem. To evaki#tte performance of a portfolio | have to
use a performance measure. One of the complicasomkich performance measure | should
use to determine which portfolio that is the bestiplios for a long-term investor. Different
performance measures have different advantagedisadivantages. Which performance
measure that should be used, also depends onvibstans preferences. Sharpe ratio is the
most widely used performance measure, but it © @isicized for assuming that the

distributions of returns are normally distributetidahat investors have quadratic preferences.



A lot of new performance measures have been deséltztely; however, there is still no
agreement on which measure that is most accurdtesiable. Sortino ratio is one of these
new measures. These two ratios are the perfornmapasures | use to compare the
portfolios, and | base my suggestion on which pldidfthat is the best portfolio for the long-

term investor on these measures.

To be able to compute Sharpe ratio and Sortino tateed to know the probability
distribution. This leads to the second problem;da& of the annual returns of the bonds and
stocks only go from 1926/1927 to 2008/2009. Thaamsehat there are just above 80 years of
data, and when my holding period is 20 years tlseeoaly 4 periods that do not overlap each
other. This will make the precision of the estiraatof the probability distribution very low,
and it will not be good enough to make a relialbiggestion on which portfolios that will
perform best over a 20 year period. As a resulhefack of annual returns, | need to use
simulations. To solve this problem | am using btvafs methods to simulate the probability
distribution.

The third complication is whether the distributiminthe returns is independent and

identically distributed or not independent and tit=lly distributed. It is not possible to reject
either of the possibilities, so my analysis inclid@th assumptions. There are two different
bootstrap methods; the standard bootstrap methathwalssumes that returns are independent
and identically distributed and the block-bootstnagthod which assumes that returns are not
independent and identically distributed. Sinceheihypothesis can be rejected, | have to use
both methods.

1.2 Structure

| am starting this thesis by looking at earlierds#s. Earlier studies might give me an idea of
what | can expect in my analysis, but it also shtivesspectre of different opinions and

results.

Chapter 3 is a theoretical chapter where | firgl@x the concept of time diversification.

Afterwards | present the portfolios and their clotggstics. | am also explaining how the



long-term risk for stocks and bonds are affectediffgrent aspects in the society. Afterwards
| am explaining the basic key measures that ardate® be able to calculate and understand
the performance measures. In the next sectionlaexwhy we need performance measures

to be able to rank the different portfolios andetiént categories for the measures, and in the

end of this chapter | present the two performaneasures | have chosen to use.

Chapter 4 is the methodology chapter, where | éxgtlain why we need to use simulations
methods. Afterwards | am presenting the two difiéraethods; the standard bootstrap
method and the block-bootstrap method, with a fasubkow they work, which assumptions

they are relevant for, and complications that meguo.

Chapter 5 describes the data. This chapter desanibere the returns are collected, and it
shows how the stocks are divided into portfoliosoXhe annual means, standard deviations,

skewness and kurtosis of the portfolios are presehére.

Chapter 6 is the analysis. It starts with a congaariof bonds and stocks, divided in portfolios
by both their capitalization size and their bookrtarket ratio. This analysis is followed by an
analysis where the bonds are compared to stoctopostbased on the same parameters
again, except that there are now 3 portfolios basetthe capitalization size and 3 portfolios
based on the book-to-market-ratio. In these fiwst &nalyses | am mainly checking whether
stock portfolios or bond portfolio perform bestdafhsmall cap stocks and high book-to-
market ratio stocks perform better than the otherks, which some earlier studies has

shown.

In the third analysis | am using several diffengatameters to divide the stocks into their
portfolios; cash flow yield, earnings yield andidend yield, and | am comparing the
portfolios based on these parameters to the pmtfblased on cap size and book to market
ratio. All the stock portfolios are compared to bwnd portfolios to see which perform best.
In the last analysis | am not dividing the stoak® iportfolios based on different properties,
but after 30 different industries. | am lookingadtich industry that performs best, and if the

industry portfolios perform better than the bonds.



In every section | am looking at both Sharpe ragind Sortino ratios, and since | calculate the
ratios by using both the bootstrap method and lihekkbootstrap method, | have four
different results for each section.

In each of these sections | first look at the feguand/or tables and describe each of them, and

then | discuss and compare the different resuges in every table.

Chapter 7 is the discussion of the results and@dinelusion.



2 Review of literature

There are a lot of studies on whether bonds okstperform best in the long run. Some
studies show that a long-term investor should prefecks, while other studies show the exact
opposite. There are several reasons for theseidexdfiresults, the two most important may

be the choice of performance measure and the asisungm whether stocks are independent
and identically distributed. There might also biedences in the empirical data, some

researchers have chosen to use monthly returnge wathiers are using annual.

Levy is perhaps the pioneer in this type of rededrevy (1972) analyzed the performance of
assets using Sharpe ratio and showed that asrikentirizon increases, Sharpe ratio tend to
first increase, and then start to decrease. Hedfthis pattern especially with assets with high
volatilities, while assets with lower volatilitiesight have increasing Sharpe ratios as the time
horizon increases. This means that defensive aasdisnds would over longer time periods
outperform all stocks. Several studies have inytaes after supported that the time horizon
has an important effect on the performance measamnesng others; Chen and Lee (1981),
Levy (1981), Levy (1984), Chen and Lee (1986) amdyLand Samuelson (1992). Most of

these studies have assumed that returns are intlpesmd identically distributed.

Hodges, Taylor and Yoder (1997) saw the same efigatomparing the Sharpe ratios of
common stocks with small stocks and long-term ca@f@obonds, they showed that initially
the common stocks outperform the small stocks hadonds, but for longer holding periods
the bonds outperform both stock portfolios. Alsdhrs study it is assumed that returns are
independent and identically distributed, and thes the standard bootstrap method for their

simulations.

Lin and Chou (2003) compare different stock portbased on the stocks market
capitalization. They show that when one uses alatanbootstrap method the big cap stocks
outperform both mid cap stocks and small stocksraiieg to Sharpe ratio. In their study the
time horizon does not affect the ranking, big daglss perform best both in short and long
horizons. They are also using the block-bootstraghod and they show that mid cap stocks
perform best in the long run.



Mukherji (2002) use the Sortino ratio to comparalistocks and big stocks to T-bills and
bonds. The results show that for short horizongll$-perform best, intermediate-term bonds
are preferable for medium-term investments, latgeks for long-term and small stocks for
very long-term investments. However, the authogssginvesting in both stocks, bonds and
bills, even when the holding periods are expeabdukttiong, in case the holding period may
turn out shorter than expected. Sinha and Sun (24166 find that small stocks perform best
over long horizons when one is using the Sortitio ta compare the portfolios. They used

the bootstrap method for the simulations.

There has also been some research on if diffetati$tecs as book-to-market ratio, market
capitalization etc, have an impact on the perforreasf the portfolio. Basu (1977 and 1983)
discovered that portfolios with low price-to-eamgsratios performed better than portfolios
with high price-to-earnings ratios. Banz (1981) whessfirst to document the effect of the size
of firms. He divided the NYSE stocks into 10 politie based on the firm size, and showed
that the smaller the firm, the bigger excess retirvould generate. The difference in the
annual returns that he had calculated was 10, 3%ekea the portfolio with the smallest firms
and the portfolio with the largest firms. Smallenfs tend to be more risky than larger ones,
but even when the returns are adjusted for riskdiyg the CAPM the small firms would

outperform the larger firms.

Fama and French (1992) showed that also the boakat&et ratio has an impact on the
returns of the portfolios. Fama and French divitterlstocks into 10 different portfolios based
on their book-to-market values, and showed thapthéolio with the highest book-to-market

ratios outperform the portfolios with lower book#uarket ratios.

Looking at earlier studies would normally give areinsight in what results one could expect
in the analysis to be performed, and this is dlgocase in my thesis of course. But at the
same time since the earlier results are so coadljat makes my analysis even more

interesting as the results are not given in advance



3 Theory

In this chapter | first explain the concept of tigieersification. Then | look at the different
portfolios | am using in my analysis, and | explainat some of the statistics | use mean. This
is followed by a section that shows which factorsociety that affect the long-term risk of
bonds and which factors that affect the long-tesk of stocks. | need to calculate a
performance measure to compare the portfoliosvé lthosen to use two “reward-to-
variability” ratios; Sharpe ratio and Sortino rafim compute the measures and understand
why they might rank the portfolios differently | edto know some key measures as mean,
standard deviation, skewness and kurtosis. | explaw these key measures are calculated

and what they mean before | focus on the perforemameasures.

3.1 Time diversification

It is generally accepted that the investment horiziays a crucial role in determining the
optimal investment portfolio composition. Finanamalestors commonly believe that as the
investment horizon increases, so should the paheoportfolio consisting of stocks do. The
concept of time diversification suggests that tbkatility in the returns of stocks will decline
as the investment horizon increases. The theorynbehis is that over time returns above

average will tend to offset returns below averagel therefore decline the probability of loss.

If the concept of time diversification holds, th@hen the investment horizon gets sufficiently
long, the optimal investment portfolio would conssaly of stocks. The only problem would
be to find out how long is a long-term investmemigl to predict when the time diversification

benefits start to kick in.

However, the issue of time diversification has beemtroversial. Some studies support time
diversification (as for example Mukherji (2002)hdasome studies do not (as for example
Hodges, Taylor and Yoder (1997)).



3.2 Portfolios

In this paper | compare different stock portfoleoxd bond portfolios. | have three different
bond portfolios; long-term corporate bonds, longrgovernment bonds and intermediate-
term government bonds. The stock portfolios arediht stock portfolios based on different

measures or different industries and the markeftqiimr

3.2.1 Bonds

The portfolios of bonds are consisting of long-texonporate bonds, long-term government
bonds or intermediate-term government bonds. Thg-term government bonds portfolio
and the intermediate-term government bonds pootéie both a one-bond portfolio, while
the long term corporate bonds portfolio consistbarfds from Citigroup, Long-term high

grade and Corporate bond index.

3.2.2 Stocks

In addition to the market portfolio and the indygtortfolios, | also use stock portfolios based
on different properties of the stocks; the caption size, book-to-market ratio, dividend
yield (dividends-to-price ratio), cash flow yieldash flow-to-price ratio) and earnings yield (
earnings-to-price ratio).

3.2.2.1 Size

When | use portfolios of stocks based on sizestbe (small, medium, big) refers to the size
of the market capitalization. The market capitdi@ais calculated by multiplying the
number of a company’s outstanding shares by itkgtdce. The definition of a small cap

stock can vary among brokers, but in generalatégempany with a market capitalization



from $300 million to $2 billior!. Large or big cap stocks are normally referringtticks with
a market capitalization value above $10 billfofhe mid cap stocks will of course be
between the small cap stocks and the big cap steols between $2 billion and $10 billion.

3.2.2.2 Book-to-market-ratio

The book-to-market ratio is used to find the valfia company by comparing the book value
of a firm to its market value. Book value is conguiby looking at the historical cost or
accounting value of the firm and the market vatidatermined in the stock market by its

market capitalizatiod It is calculated as follows:

Book value of firm

Book — to — market ratio =
Market value of firm

If the book-to-market value is more than 1, one Masually suggest that the stock is
undervalued. Many investors will think of this agaod investment. This is because
obtaining a ratio greater than one requires th& lvatue to exceed the market value, which
may indicate that investors have not given the amgghe credit it deserves. Similarifythe
book-to-market ratio is below 1, one would usuallggest that the stock is overvalued.
However, companies that do not have a lot of playsisset will also often have low book-to-

market ratio$.

The book-to-market ratio will usually be more tHafor most companies. As a result of this,
low book-to-market ratios do not necessarily mealiow 1 and high book-to-market ratios do
not necessarily mean above 1. The relationshipdmtiow, medium and high is relative.
Low book-to-market ratio could for instance medyoak-to-market ratio below 3, and high

book-to-market ratio could for instance mean a bmeknarket ratio above 10.

! http://www.investopedia.com/terms/s/small-cap.asp
2 http://www.investopedia.com/terms/I/large-cap.asp
? http://www.investopedia.com/terms/b/booktomarkiirasp

4 http://www.investorwords.com/6749/book to _markatia.html




Stocks with high book-to-market ratios are ofteflemed to as value stocks, while stocks with

low book-to-market ratio are called growth or glamstocks.

3.2.2.3 Dividend yield

Investopedia defines the dividend yield as folloW$e dividend yield is a financial ratio
that shows how much a company pays out in dividelads year relative to its share price. In
the absence of any capital gains, the dividendlyithe return on investment for a stock”.

Dividend yield is calculated as follows:

Annual dividends per share

Dividend yield = .
Price per share

Well-established companies tend to have higheddil yields than companies that are less
established. Newly established firms may not paydividends at all, because they are

keeping all the money in their companies to maxanigeir growth.

3.2.2.4 Cash flow yield

The cash flow yield or cash flow-to-price raticcalculated as follows:

Cash flow per share

Cash flow yield =

Price per share

S http://www.investopedia.com/terms/d/dividendyiakp




3.2.2.5 Earningsyidd

The earnings yield shows the percentage of eadardoVested in the stock that was earned
by the company. The measure is used by investetiermine the optimal asset allocation. It
is the opposite of the price-to-earnings ratio. €amings yield or earnings-to-price ratio is
calculated as follows:

Earnings per share

Earnings vield = -
Price per share

In general, a low ratio indicates that investaoesexpecting higher earnings growth in the
future compared to companies with a higher ratevéd@r, it is more useful to compare the
earnings-to-price ratio with other companies inghme industry, the whole market or earlier

earnings-to-price rates for the company it seltles) comparison between industries.

The earnings yield of a broad market index candmepared to for instance the 10-year
Treasury yield. If the earnings yield to the marikelex is less the 10-year Treasury yield, the

market may be overvalued as a whble.

3.2.3 Difference in risk

In the long run stocks and bonds do not face theeggpe of risk. The most important long-
term risk for stocks is how the trend growth ratéhe overall economy will develop.
Corporate earnings are the fundamental determimdirstock prices. Changes in inflation
rates and the government budget are likely to affexcks in the short run, but the long-term
growth rate for corporate earnings may not be &fkdn the long run businesses can

increase the prices of their product so that tlsarners are paying for the increase in costs

% http://www.investopedia.com/terms/e/earningsyasd.




due to a higher inflation rate, so that corporaeimgs are not affected. However, inflation
rates and the government budget do affect stocepindirectly, through their impact on
trend productivity growth. If this growth rate imases due to lower inflation, then the stock

returns will also increase.

The long-term risk concerning government bondschenges in the long-term inflation rate
and government budget. Since bonds have fixed marooupon rates, changes in the
inflation will affect the real return. An increasethe inflation rate will reduce the real return
for investors. If the increase leads to a highgreeked inflation rate in the future, investors
will demand higher nominal coupon rates on new oitiis will depress the prices on

currently held bonds.

An increase in government budget deficits alsocédféne real returns from government
bonds. Increasing government spending without astrgy income will mean a higher future
borrowing for the government. In theory this le&m&igher interest rates on new government

bonds, reducing the price on existing bonds.

3.3 Key measures

We need to use one or several performance measupesable to give an estimation of which
one of the portfolios that performs best in thegloerm. Most performance measures are
calculated by dividing the excess return over asueaof risk. The risk may be market risk,
standard deviation, downside deviation etc. Theesxceturn is calculated by subtracting a
benchmark as the risk free rate from the expe@rdn. We therefore need to know some
key measures to able to calculate and understangettiormance measures. Four key

measures are especially important; the mean, \@&jakewness and kurtosis.



3.3.1 Mean

The mean is the average of two or more observatlboan be calculated as follows:

The mean or expected value of the returns canlbalated by taking the average of earlier

historical returns.

3.3.2 Variance

The variance is a measure of the dispersion of afskata points around their mean
value. Variance is a mathematical expectation efaverage squared deviations from the
mean. It is commonly used in the world of financeléscribe the risk of a security. The
standard deviation is the square root of the vadaiihe variance can be calculated as

follows:

,  Llx—p)?
- ON-—1



3.3.3 Skewness

Skewness describes asymmetry from the normal loligitoin.

E[x;—u]®

Skewness = 3

T

A normal distribution has zero skewness. If theritigtion is skewed to the left, the skewness
is negative. This means that the left tail is gre#ttan the right tail. If the distribution is
skewed to the right of the normal distribution, gkewness will be positive. This means that
the right tail is greater than the left tail. Mastestors prefer positive skewness. It is very
important to know the value of a security’s skevaesbe able to better understand

performance measures.

3.3.4 Kurtosis

Kurtosis refers to the flatness of a distributitins defined as:

E[x. — ul*
Kurtosis = Q

A normal distribution has a kurtosis of 3. It issrmal to calculate the excess kurtosis, which is
kurtosis minus 3, so that a normal distribution &asess kurtosis of 0. Positive excess
kurtosis means that the distribution is recognizé@t a pointy tip around the mean and fat

tails on both sides.



3.4 Performance measurements

Everyone wants to get the highest return possiidevever, investments that are likely to
generate a high return will often have a highet. Mithout knowing anything about a
investors risk-preference, it is not possible tpwaich investment is the best, if one of the
alternatives has a low expected return and low &skl the other has a higher expected return
and higher risk. We cannot compare to alternatifvee only know expected return and risk.
But to be able to compare different portfolios va@ calculate different ratios which are

comparable.

There are many different measures. These can ediinto categories. First they can be
categorized after the type of skills reflectedhia tneasures: Asset selection and market
timing. The asset selection category can be dividexthe standardized risk-adjusted
performance measures and those that explicitlyriépa investors’ preferences. And the
standardized risk-adjusted performance measurebecalassified after the measure of value
creation, whether it is an excess return or gatem@l, and after the type of performance

translation, in relative or absolute terms. Theeeaso sub-categories in these categories.

3.4.1 Sharpe ratio

Sharpe ratio is a ratio developed by William Shgf#66) to measure risk-adjusted
performance. The ratio is without doubt the moshemnly used performance measure. It is

an absolute measure. The ratio is called “rewandataability”.

Sharpe ratio is defined as the ratio of the meanmen excess of the risk free rate over its
standard deviation.

L= Ty
g

Sharpe ratio =

Where p is the mean return,



T is the risk free rate,

o is the standard deviation

Sharpe ratio assumes that the returns are noruhiattybuted or quadratic preferences.

Sharpe can only be used as a ranking device. Oneateulate Sharpe ratio for different
assets and compare their performance to each dithex.are comparing different portfolios
based on their Sharpe ratio, the best portfolthesone with the highest ratio. A negative ratio
suggests that the investor would be better offiptabis money in the risk-free alternative,
instead of the stock.

When using Sharpe ratio, both positive and negatisk from the average on the same level,
most investors however only fear the negative skl if the returns are not normally
distributed, and there are differences in the sfzée tails, then Sharpe ratio may undervalue

or overvalue the risk.

In the last decade several other performance membawve been developed, trying to fix the
problems with Sharpe ratio. However, one cannause that they all will behave rationally,
due to lack of a solid theoretical underpinningm®of these new measures are according to
Ingersoll, Spiegel and Goetzmann (2007), pronedaipulations. It is possible to manipulate
the measure by borrowing and lending. The Sharpe ¢annot be manipulated by leverage.
Many of the newer performance measures are algoceenplicated, and this may be a part of
the explanation of why Sharpe ratio still is so&jdused, when there have been developed

new measures that are more accurate.

3.4.2 Sortino ratio

We have discussed the problem with using standavéhtion, and there have been different
suggestions how to make a better risk measure.aAdgChua (1979) introduced the reward
to half-variance index, where they had replacedsthadard deviation with the half-variance,

which considers only the returns lower than themimmeaemba introduced in 2005 the



downside-risk Sharpe ratio that has replaced #edsird deviation with pure downside risk,

which considers only pure losses with a return Iotlvan zero.

Sortino and van deer Meer (1991) suggested thahsioe risk deals with the risk of not
reaching a specific level of return, and accordm@ortino and van deer Meer the returns
below this level where the only returns includimy aisk for the investor. This specific level
is different for each investor.

One measurement in this sub-category is the Somitho. It is the most widely used measure
within its category. This can be calculated byidlivg the mean return in excess of the
reserve return that specific for each investor agetlownside risk below the reserve return.

u— MAR
DD

Sortino ratio=

Where p is the mean return,
MAR is the Minimum Average Return,

DD is downside deviation

The MAR is an investor specific minimum level ofu. When | am using Sortino ratio in

my analysis, | have set the MAR equal to the rigle frate of return.

The downside deviation is calculated as follows:

\Zi, L}
DD = ==
N N

Where N is the number of observations,
L;is 7, -MARIifr, -MAR>0

and

0ifr,-MAR =0

This means that in this paper Sortino ratio is wWalked as follows:



H— Tg¢
N 2
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N N

Sortino ratio=

When using the Sortino ratio, we assume that ilvesto not have quadratic preferences.
Instead we assume that investors only fear the dioleisk. The ratio is a solution to the
problem with using standard deviation, when thériiistion of returns is skewed to the right
or left. However, it does not solve problems dukurtosis and autocorrelation.



4 Methodology

One of the complications with finding the best falid for the long term investor is that there
is not enough data available. To compute the Shatpeor Sortino ratio, we need to know
the probability distributions of the returns. Trealfor the returns of the market portfolio is
from 1927 to 2009, while the data for the returhthe bonds portfolios are from 1926 to
2008, and when | compare the portfolios | needs®annual return from the same period.
The annual returns | am using are therefore fro2v42008. When we look at portfolios

based on dividend yield, cash flow yield, earnigyigsd etc, the available data is even less.

The long-term investment horizon is 20 years. ldneecompute the means, standard
deviation and the downside deviation for the pdidfto be able to calculate the Sharpe ratio
and the Sortino ratio. With only 82 years of détaye is only 4 non-overlapping periods of
20 years. 4 periods is too few periods to give @dgestimation of the probability distribution
of the returns, and if the precision of the probghidlistribution is low, so will the precision

of the Sharpe ratio and the Sortino ratio be. Tthene will be no point in suggesting the

portfolio a long-term investor should invest in ths suggestion will not be reliable.

To overcome the lack of sufficient data, researcihelly on statistical bootstrap methods, as
they assume that these bootstrap methods will imgptioe quality of the estimation of the
probability distribution. The bootstrap methods esenputer-intensive methods of estimation
of parameters and distributions by resampling tigiral data. If we should use a method
called the standard bootstrap method or a methitetidhe block-bootstrap method depends
on our assumption on whether the returns are sgf@@ndent or not. If we assume that the
returns are independent and identically distribwtedshould use the standard bootstrap
method, and if we assume that the returns arendependent and identically distributed we

should use the block-bootstrap method.



4.1 The standard bootstrap method

The standard bootstrap method was first introduogeBfron (1979). The standard bootstrap
method is used if we assume that the returns depandent and identically distributed. This
means that we assume that the returns one yeaoadependent on what the returns were the
year before. If we instead assume that the remaserial dependent this method cannot be
used, because it will destroy any serial dependentlye observed returns.

The reason for using this method is to get an agprate probability distribution of the
observations, so that the probability distributgam be used to calculate a specific parameter.
The method consists of drawing random samples &@at of observations, with
replacement. For example in this thesis, when tamparing stock portfolios based on cap
size and book-to-market ratios to the market pbotiand the bond portfolios | have returns
from 1927 t02008, and | want to estimate the proipakistribution for a 20 year horizon. To
simulate this probability distribution the bootgtraethod could draw random returns as the
returns from 1929, 1952, 1954, and 1969 and santthiuhad drawn 20 individual returns.
Then it compounds the returns to get a 20 yeao@esdturn, and by doing this several times
we can obtain the approximate probability distribnit Since the returns are only drawn
individually, any dependency between the returresy@ar, and the returns the year before or
after would be destroyed, as the method would iiadt only draw one of these years. This
is why the assumption on whether returns are inadg® and identically distributed is so

important for the choice of method.

| am using this method in my thesis to get the pbolity distribution for a 20 year horizon for
the different portfolios, based on annual returosif1927-2008. | am calculating Sharpe
ratio and Sortino ratio based on these probakdigyributions. The number of resamples
should be as big as possible, but it is limitedilne and available computing power. In my

thesis the number of resamples is 50 000.

The standard bootstrap method is a commonly uséldoaheand it has for instance been used
by Lloyd and Modani (1983), LIoyd and Haney (198%ibowitz and Langetieg (1989),



Butler and Domain (1991), Hodges, Taylor and Yqdé€®7), Mukherji (2003) and Sinha and
Sun (2005). During the analysis | will refer tastinethod by only calling it the bootstrap

method.

Levy (1972) showed that the Sharpe ratio calculatet a T period holding horizon will first
rise and then fall as T increases. The explandtiothis is that if the returns are independent
and identically distributed over time, both expéateturns and standard deviation increases
with the holding period, however, the rate of e is greater for the standard deviation than
for the expected returns. Also the rate of theaase in the standard deviation is larger for
assets with high mean and high volatility, thandssets with low mean and low volatility.

This means that when the investment horizon ineeas will the performance of assets with
low mean and volatility tend to do, compared wigsets with high mean and volatility.
Normally one would expect stocks to have highermaad volatility than bonds. As a result

of this difference in mean and volatility, bondsl\werform better than stocks as the

investment horizon increases.

And also, the longer the horizon, the greater kesveess. It seems that when the time
horizon increases, so will the right tail. The tiggal will increase with a higher rate for assets
with high volatilities, and this is the explanatifan the higher rate of increase in the standard
deviation of assets with high volatilities. Sindeafe ratio does not take into account the
difference between the right and the left tailjrarease in the right tail will lead to an

increase in the standard deviation. Higher standavihtion means lower Sharpe ratio.

4.2 The block-bootstrap method

In the 1980’s several studies claimed that retaresserial dependent, among others; Schiller
(1981), Summers (1986) and Fama and French (1888¢. assume that the returns are serial
dependent the bootstrap method cannot be usetthy#s random resampling of individual

returns destroys the dependency between the returns

Another bootstrap method is the block-bootstraphmet Hall (1985) was the first to

introduce this method by suggesting drawing rantdouks of data instead of individual



observations as it is done in the bootstrap methbid. method can be used if we assume that
the observations are not independent and identidadtributed, instead of the bootstrap
method, since the bootstrap method destroys thendiemcy. But when we replace the
individual observations with blocks of observatidhe dependence is to a larger degree

preserved.

If we set the size of the blocks to be 5, insteladrawing individual returns as with the
bootstrap method, the block-bootstrap method wdtdav blocks of 5 and 5 returns. It could
for example draw returns from 1929, 1928,..., 1@8®] from1952, 1953,...,1956, and
continue until it had drawn 20 returns. Then it p@unds the returns to get a 20 year period
return, and by doing this several times we obtagnapproximate probability distribution.

The length of the blocks differs almost with eatidyg that has used the block-bootstrap
method. Some use only a fraction of the holdingogewnhile others have chosen to set the
block length equal to the holding period. Theraasexact answer to how long the block

length should be, but in this thesis it is sed, &b * T, andT is the time horizon.

The block-bootstrap method can be performed eliliarsing overlapping blocks or non-
overlapping blocks. These approaches are callethtiweng block bootstrap method and the
non-overlapping bootstrap method. Both methods wereduced by Hall (1985), but
Carlstein (1986) proposed non-overlapping blocksufovariate time series data, while

Kinch (1989) suggested overlapping blocks for #Hmaessetting.

The non-overlapping method is drawing blocks oadedm the observations, but the blocks
are not overlapping each other. This means thheisength of the block is 10, and we have
82 observations, and the blocks cannot overlap etngr, we get maximum 8 blocks. This is
too few to make a good estimation of the probabdistribution. Therefore the non-

overlapping method is not fitted for simulationses the amount of observations is small.

The annual returns for the different portfoliogny thesis are 82. Since | have relative few
observations, it would be better to use the mowilogk-bootstrap method than the non-
overlapping method. This method is also drawingkdoof observations from the data set,
instead of individual observation. However, thistinogl allows the blocks to be overlapping.

If we are using the moving block-bootstrap method the non-overlapping block-bootstrap



method on the same number of observations andtietsame block length, there will be a
lot more potential blocks with the moving block-tbstoap method than with the non-
overlapping method. When we have relative few olz@ns, we will get a better estimation
on the probability distribution with the method ttipaovides the largest amount of potential
blocks. This means that in this thesis the preteratethod, together with the bootstrap
method, is the moving block-bootstrap method.



5 The data description

5.1 Collection of data

In this paper | have chosen to calculate Sharpe aatl Sortino ratio for the portfolios. The
measures are calculated in Matlab. | use both dlo¢strap method and the block-bootstrap
method to calculate the measures. The data fastdoks are collected from Kenneth R.
French’s data librafyand the data for the bonds are from IbbdtsBor some reason the data
on the T-bills return in French’s data library ag exactly the same as the data from
Ibbotson. | have chosen to use the data from Freéviokt of the historical returns are from
1927-2008. When I'm using portfolios based on désh yield and earnings yield the data is
from 1952-2008, and therefore when | am compatiege portfolios to others | have to use

the same period for all portfolios.

Kenneth French is using percentage-blocks to determhich stocks go into which group.
The 30 % smallest capitalization stocks go into, lttve 30 % largest capitalization stocks go
into high, and the 40 % in the middle is called med

The book-to-market ratio is determined as folloWse 30 % lowest book-to-market ratio
stocks go into low, the 30 % highest book-to-markéb stocks go into high, and the 40 % in

the middle is called medium.

The cash flow yield: the 30 % lowest cash flow gistocks go into low, the 30 % highest

cash flow yield stocks go into high, and the 40r2thie middle is called medium.

The 3 portfolios based on the earnings yield ane:(the 30 % lowest earnings yield stocks),
high (the 30 % highest earnings yield stocks) aediom (the 40 % in the middle).

And dividend yield: The 30 % lowest dividend yiestghcks go into low, the 30 % highest
dividend yield stocks go into high, and the 40 %hia middle is called medium.

" http://mba.tuck.dartmouth.edu/pages/faculty/keméh/data_library.html
8 Ibbotson yearbook 2009




5.2 Statistics

Portfolios Mean Standard deviation |Skewness Kurtosis

Long term corporate bonds 6,177 8,4214 1,3997 6,5748
Long term government bonds 6,059 9,4140 1,1811 4,7013
Intermediate term government bonds 5,577 5,7185 1,2806 5,4152
Low size and low BM stocks 12,972 33,6086 1,1189 6,9313
Low size and medium BM stocks 16,724 29,0802 0,3028 3,9160
Low size and high BM stocks 19,136 32,1159 0,3236 3,6844
Big size and low BM stocks 10,989 20,7018 -0,2846 2,4801
Big size and medium BM stocks 12,040 21,8601 -0,0905 5,0407
Big size and high BM stocks 15,115 27,3880 0,2904 4,6865
Market 11,394 20,7462 -0,4066 2,9165

Table 5.1: The annual mean, standard deviation, skewness and kurtosis bond portfolios,
stock portfolios based on capitalization size and book-to-market ratio and the market

portfolio.

In table 5.1 we can see that the relationship betvilee returns on the bonds and the returns
on the stocks are perhaps what one would expectethrns on the stocks are about 2-3 times
as high as the returns on the bonds. The stan@ardtbns vary more, both for bonds and
stocks, but the lowest standard deviation for tbeks are about twice as big as the highest
standard deviation for bonds. We see that amonpgdh#lios of stocks the ones with the
lowest means are the market portfolio and the Bmstocks with low or medium book-to-
market ratios. These are also the portfolios afkstavith the lowest standard deviation. The
portfolios with the highest means are low cap ssogkh high or medium book-to-market
ratios and the big cap stocks with high book-toketiratio. The portfolios with the highest
standard deviation are the portfolios of low carks.

We can see that all portfolios have positive skesrexcept for the market portfolio and the
big cap stocks with medium or high book-to-markates, which have negative values. The
distribution of the returns of portfolios with ptige values is skewed to the right compared to
the normal distribution. The distribution of théwes of portfolios with negative values is

skewed to the left of the normal distribution.



The kurtosis of most of the portfolios is abovevBjch means that excess kurtosis is positive.

Positive excess kurtosis describes a curve thagakier than the normal distribution, and the

curve has fat tails. Two of the portfolios havetkais below 3, which means that excess

kurtosis is negative. The distribution of the ratiof the portfolios that have negative excess

is more flat than the normal distribution, and tkieve has thin tails. The portfolios with

negative excess kurtosis are the market portfoltbthe portfolio of big stocks with low

book-to-market values.

Portfolios Mean Standard deviation |Skewness |Kurtosis

Long term corporate bonds 6,177 8,4214 1,3997 6,5748
Long term government bonds 6,059 9,4140 1,1811 4,7013
Intermediate term government bonds 5,577 5,7185 1,2806 5,4152
Small size stocks 16,790 34,9030 0,6989 4,7630
Medium size stocks 14,563 26,6462 0,1691 3,7466
Big size stocks 11,153 19,9837 -0,4175 2,9324
Low BM stocks 10,887 20,8188 -0,2845 2,4529
Medium BM stocks 12,383 22,1044 -0,0732 4,9312
High BM stocks 16,041 27,8368 0,3250 4,6846
Market 11,394 20,7462 -0,4066 2,9165

Table 5.2: The annual mean, standard deviation, skewness and kurtosis bond portfolios,

stock portfolios based on capitalization size, portfolios based book-to-market ratio and the

market portfolio.

In table 5.2 we can see that the relationship betviiee returns on the bonds and the returns

on the stocks are about 2-3 times as high as themseon the bonds. The standard deviations

vary more, both for bonds and stocks, but the lbwtsidard deviation for the stocks are

about twice as big as the highest standard dewmidbiobonds. The assets with the highest

means are small cap stocks, stocks with high boakdrket values and mid cap stocks.

These portfolios also have the highest standarthtiens. The portfolios with the lowest

means and standard deviations are the bonds.




We can see that all portfolios have positive skessrexcept for the market portfolio, the big
cap stocks and stocks with low and medium book-éoket ratios which have negative
values. The distribution of the returns of portbsliwith positive values is skewed to the right
compared to the normal distribution. The distribotof the returns of portfolios with negative
values is skewed to the left of the normal disttidou

The kurtosis of most of the portfolios is abovevBjch means that excess kurtosis is positive.
Assets with positive excess kurtosis have prolghdistributions that are peakier than the
normal distribution, and the probability distribarihas fat tails. Three of the portfolios have
kurtosis below 3, which means that excess kuriesiggative. The assets that have negative
excess returns have probability distributions Hratmore flat than the normal distribution,
and the distributions have thin tails. The portslivith negative excess kurtosis are the

market portfolio, the portfolio of big stocks arreetportfolio with low book-to-market values.



6 Analysis

6.1 Portfolios based on both cap size and book-to-market ratios

The first portfolios of stocks | am comparing te flong-term corporate bonds, long-term
government bonds and intermediate-term governmamddare 6 portfolios where the stocks
are first divided in to two parts after size (snaalbig), and then the two parts are both
divided in three after book-to-market ratio (lowedmum, high), and also the market portfolio.

This gives me 10 portfolios.

Since | am simulating the probability distributidhe results can differ every time | perform
the simulation procedure. This means that therdatiig minor differences between the

results of the figures and the tables for the samathods and measures.



6.1.1 Figures
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Figure 6.1: Sharpe ratio for the bond portfolios, stock portfolios based on capitalization size
and book-to-market ratio and the market portfolio, calculated by using the bootstrap

method.

In figure 6.1 we see that up to about 6 years tre& ratios develop in almost the same way
for all the portfolios, but after 6 years the pathihe Sharpe ratios of the stocks and the
Sharpe ratios of the bonds are going in differémations. While the Sharpe ratios of the
bonds continues to increase as the time horizaeases, the Sharpe ratios of the stocks starts
to fall.
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Figure 6.2: Sharpe ratio for the bond portfolios, stock portfolios based on capitalization size
and book-to-market ratio and the market portfolio, calculated by using the block-bootstrap

method.

In 6.2 we see that when the time horizon exceegsass the path of the Sharpe ratios of the
bonds seems to flat out and actually decrease &hmtSharpe ratios of the stocks just

continue to rise.
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Figure 6.3: Sortino ratio for the bond portfolios, stock portfolios based on capitalization size
and book-to-market ratio and the market portfolio, calculated by using the bootstrap

method.

In 6.3 we see that the development of all the Bontatios follows similar curves, but the
stocks are superior to the bonds. We see thatdtiolios that rank the highest are those with

a high book-to-market ratio, especially those gitiall stocks.



Long terrn corporate bonds

— ——Long term goverment bonds
--------- Intermediate term goverment bonds
Lowe size low bm

Loy size med bm

Laow Size high brn

— Big size low bm

— Big size med bm

Big size high bm

Perforrmance rmeasure

1 | | | |
0 2 4 B g 10 12 14 16 18 20
Investment horizon

10 1 1 1 1

Figure 6.4: Sortino ratio for the bond portfolios, stock portfolios based on capitalization size
and book-to-market ratio and the market portfolio, calculated by using the block-bootstrap

method.

In 6.4 we see the same development, and evenrkmgeof the portfolios performance are
the same as in 6.3. The difference between thdiguoes lies in the spread of the Sortino

ratios. We can see that in 6.3 the values aftgre2@s are closer to each other then in 6.4



6.1.2 Tables

long-term | ong-term Intermed.term
Horizon (Corporate ~~|Government ~ (Government Smallsze Big size Market

Bonds Bonds Bonds Low BM MediumBM ~|High BM LowBM MediumBM |High BM
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Table 6.1: Sharpe ratios for bond portfolios, stock portfolios based on size and book-to-

market ratio and the market portfolio for different horizons, calculated by using the

bootstrap method.

In table 6.1 we have made the assumption thatetivens are independent and identically

distributed over time, and therefore the bootsimgphod is chosen to simulate the probability

distribution. According to the Sharpe ratio the Broap stocks with high book-to-market




values perform best for rather small holding pesiothe small cap stocks with medium book-
to-market values are ranked as the second be$blpmrth the short run followed by the big
cap stocks with high book-to-market ratios. Thedsand the small cap stocks with low
book-to-market ratios perform the worst in the shon, but as the time horizon increases we
see that the ranking of the bonds are improvingebr 7 the best portfolio is the
intermediate-term government bond, and this id#st portfolio also for the long-term
investor. In year 10 the long-term corporate baar@sranked second after the intermediate-
term government bonds and it stays as the secaidhreugh the rest of the period. After 16
years the third best portfolio is the long-term ggmment bonds. This means that after 16
years all bonds are outperforming the stocks, sa fong-term investor the best option would
be to invest in bonds, and preferable the interatedierm government bonds. The portfolios
that performed best for rather small holding pesiace in the long horizon performing worse
than the other stocks. The exception is the smagllstocks with low book-to-market ratios, as

this portfolio performs worse than all the otharcétboth for short and long horizons.
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Table 6.2: Sharpe ratios for bond portfolios, stock portfolios based on size and book-to-

market ratio and the market portfolio for different horizons, calculated by using the block-

bootstrap method.

In table 6.2 we are assuming that the returnsearal lependent. When we are assuming that

returns are not independent and identically distad, we cannot use the bootstrap method

since this method would destroy the serial deperylerherefore we need to use the block-

bootstrap method.

By looking at the table we see that for rather sholding periods the stocks that perform

best are small cap stocks with high book-to-maviakies, or medium book-to-market values




and big cap stocks with high book-to-market valdde portfolios that perform the worst in

the short-run are the bonds and the small cap steitk low book-to-market ratios.

For the longer horizons bonds are performing wtraa the stocks, even the small cap stocks
with low book-to-market ratios. However the besittfmdio is not the small cap stocks with

high book-to-market ratios as in the short run. pbgfolios that were ranked 1, 2 and 3 for
rather short horizons are now ranked 5, 4 and2.bEse portfolio in the long run is the big
stocks with medium book-to-market ratios. This fmdid is ranked as the best portfolio from
year 15. Also the market portfolio performs weltaing to Sharpe ratio when we assume
that the returns are not independent and identidatributed, the market portfolio is ranked
as the third best portfolio from holding periods/ofears and throughout the rest of the

horizon.



Long-term Long-term Intermed-erm
Horizon [Corporate ~ |Government  {Government Small ize Big size Market
Bonds Bonds Bonds Low BM MediumBM  |High BM Low BM MediumBM  |High BM
1 0,53(9) 0,48 (10) 0,79 (4 0,56 (8) 097 (2) 109(1) 0,63 (7) 07 9) 086 3) 0,66 (6)
1 087(9) 0,76 (10) ) 0,96 (8) L8 (2) 205(1) L) 1209) 153(3) L1410)
3 118(9) 1,01 {10) 175 (4) 134(8) 268(2) 316(1) 154 (7) L7(5) 226 3) 1,63 (6)
4 14909 1.5 (10) 20(9) 175(8) 3N 4.6 (1) 204(7) 224 308(3) 216 (6)
5 179(9) 148 (10) 272 (6) 20908 493 () 6,05 (1) 255(7) 29(4) 402 3) 3135
b 201(9) 170 {10) 3206) 267(8) 6,34 2) 788 (1) 340 350 503 (3) 335
l 247(9) 2,0 (10) 393(9) 310(8) 180 991 (1) 366 (1) 41 6,07 3) 392 (6)
§ 3109 23(10) 4.41(6) 3308 984(2) I 435(7) L9 (4) 148 (3) 415
g 30(9) 256 (10) 5,18 (6) 432(8) 119 (2) 1578 (1) 5,15(7) 58 (4) 9,10(3) 5,56 (9)
10 34709) 278 (10) 570(7) 4,94 (8) 14480 1962 (1) 5,83 (6) 6.7 (4 10793 6,36 (")
11 392(9) 306 (10) 6,50 (7) 5,56 (8] 17100 B 6,60 (6] T 1253 03) T2
1 429(9) 335 (10) 130(7) 6,50 (8) 090 24710 766 (6) 90 (4 1515 (3) 843 (9)
13 465 9) 363 (10) 198 (7) T8 2466 (2) 3535 (1) 8,46 (6] 1014) 17303) 937 )
U 520 (9) 3.9 (10) 902 (1) 8,12(8) 2010 nsQ 9,56 (6) 1A 0303 1061 (5)
15 561(9) 4,29 (10) 1008(7) 9,04 (8) 3041 S35 (1) 1065 (6) 1294 BB 118 (5)
16 6,04 (9) 4,60 (10) 1wy 1025 0290 61,00 (1) 12,04 (6) 146(4) 27,00 3) B&Y
17 6,61 (9) 5,00 (10) A 1168 46,64 ) BRI 13346) 163 (4) 31903 1R
18 13109 5,04 (10) 1B367(7) 12548) 5,04 ) 89,49 (1) 1512(6) 185(4) 36,69 3) 17,04 5)
19 762(9) 5,10 {10) 11607 1404(8) 6466 (2)|  10439(1) 1638 (6) 207 (4 0100 19075
i 842(9) 6,17 (10) 15,84 8) 159 (7) 8 uss() 1879 (6) B 193 3) 2410

Table 6.3: Sortino ratios for bond portfolios, stock portfolios based on size and book-to-

market ratio and the market portfolio for different horizons, calculated by using the

bootstrap method.

In table 6.3 we are assuming that the returnsratependent and identically distributed.

When we make this assumption we have to use thistoame method. In this table the

portfolios are ranked by the Sortino ratios. Thghler Sortino ratio, the higher ranking.

For rather short holding periods the best portiolce small cap stocks with high or medium

book-to-market ratios, followed by the big stockghvhigh book-to-market ratios. We see




that for short horizons also the intermediate-tbonds perform well, however, as the time

increases the portfolio performs worse relativeh®other portfolios.

With a time horizon of 20 years, all the bonds@ugperformed by the stocks. The stocks that

perform the best are the same throughout the wieied; small cap stocks with high book-

to-market ratios, small cap stocks with medium btwmknarket ratios and big cap stocks with

high book-to-market ratios.

longterm~ |Longderm Intermed.term
Horizon |Corporate ~ |Government  |Government Small size Big size Market
Bonds Bonds Bonds Low B Medium BM ~ [High BM Low B Medium BM ~ |High BM
1 054 (9) 0,49 {10) 079 (4) 055(8) 0% () L09 (Y 06L(7) 0,69 9) 08403) 0,64 (6]
! 0,0(9) 0,60 {10) LU (5 097 (8) L1 200{Y) 106 (7) 120 157(3) 111 (6)
3 100 9) 0,85 (10) 158 (6] 1399 2040) 3000 133 (7) L5 (4) 2303) 163 (9
4 L169) 0,95 (10) 184(7) 180 (8] 3680 4137(1) 194 (6] 200) 3B 20209
5 1329 1,06 (10) 20908 297) 1970 59 (Y 248(6) 290 (4) 4053) 21309)
b 154 9) L2 (10) 20809 285(7) 649(2) 809l 35(6) 300) 583 350 9)
1 163 9) 131(10) 248 336(7) 803 () 103(1 375(6) 1320 631 (3) 4169
§ 1% (9) 148 (10) 30409) 41807) 1126 (2) 148 (1 491 (6) 59 (4) 953 5,66 (9)
g 2809 1,60 (10) 3890 498 (7) 15792 2941 6,28 (6] 83 (4) 1318(3) 7,60 9)
10 2319 169 (10) 41308 568(7) 180 3L0T(Y 1721(6) 1073 (4) 1740 3) §73(9)
1 2519 179 (10) L) 65717) 0040 16 (Y 897 (6] 12,89 (4 103 11,55 (5
12 26L(9) 1,89 {10) 507(8) 12110 WQ) S48 10,04 (6] 1647 (4 29480 1356 (5
13 2819 204 {10) 588 (8) 838 (7) R 15,78 (1) 1230 () 2000 (4 3659 3) 1730
1 289 200 {10) 6,19 (8) 95L(7) 6050 (2) 936 (1) 1390 (6) 2408 (4 1458 3) 2026)
15 3409 222(10) 6,89 (8) 1048(7) AR 3Ly 15,70 (6) B 5,873 B33 )
16 39 227 {10) 1) 1256 (7) 105820 16071(1) 18,04 (6) 3590 (4 6774 3) 020
17 30409 237(10) 851(8) 1376 (7) eI wf 19,58 (6) 055 (4) 9036 3) 278()
18 3509) 2400 {10) 9148 1536 (7) 15592 298501 21,89 (6] med)| 147803 31645)
19 389 260 {10) 10018 1725 (7) W/ e 2426 (6) 99704 14806(3) 44515
0 36109 245 (10) 965 (8) 1791(7) W8 6052 (1) 2612(6) 2[4 197830 19.2109)

Table 6.4: Sortino ratios for bond portfolios, stock portfolios based on size and book-to-

market ratio and the market portfolio for different horizons, calculated by using the block-

bootstrap method.




Table 6.4 presents the Sortino ratios for the pbo$ with the assumption that the returns are
not independent and identically distributed. Thisams that the appropriate method to use is

the block-bootstrap method, which does not desdrgyserial dependencies.

In the short run we see the same pattern as irsB8l| cap stocks with high book-to-market
ratios perform best, followed by small cap stockvinedium book-to-market ratios, and big
cap stocks with high book-to-market ratios. Thesefplios are ranked as 1, 2, and 3
throughout the whole period. Already at a holdiregiepd of 5 years all stocks outperforms the
bonds, and the bonds are still ranked as the bdtdrthe investor is looking at a 20 year
holding period.

6.1.3 Discussion and comparison

By looking at the four tables and the four figunes, can see three completely different
rankings, depending on which of the measures artdads that has been used. When we are
calculating the Sharpe ratio by using the bootstnathod we see a similar ranking as in the
other tables in the short run, but for longer hamiz the portfolios consisting of different

bonds perform best, while all the portfolios of dnsap stocks perform worse than all of the
other portfolios. When the Sharpe ratio is compingdsing the block-bootstrap method, the
rankings change. In this scenario the best poodaionsists of big cap stocks with medium or
large book-to-market ratio, while the bonds perfavorst. When the portfolios are ranked
based on the Sortino ratio the portfolio that penf® best is the small cap stocks with large

book-to-market ratios, and the bonds perform wiraa all the other portfolios.

When we calculate Sharpe ratio and use the boptstethod, we are assuming that the
returns on the assets are independent and idéyiitstributed. Levy (1972) showed that
when one makes this assumption, the assets withrhgans and high volatilities will perform

worse than assets with low means and volatilitieetha time horizon increases, due to the



more rapid increase in the standard deviation$eets with high volatility than assets with

low volatility.

If we look at table 5.1 we see that the assets it means and volatilities mainly are the
bonds. If we only compare the stock portfolios we that the stocks with the lowest means
and volatilities are the market portfolio and tleetfolios of big cap stocks with low or
medium book-to-market values. The ones with théésgstandard deviations are the
portfolios of low cap stocks. If we take a looktalble 6.1, which shows the Sharpe ratio for
the portfolios by using the bootstrap method, weetbat the portfolios that perform best are
the bonds followed by the market, and then thechjg stocks with low or medium book-to-
market values, while the portfolios that perforra thorst are the small cap stocks. The
explanation for this ranking is that the small ségcks that have high volatilities will have a
higher rate of increase in their standard deviati@m the bonds that have low volatilities.
Also the big cap stocks with low or medium bookatarket ratios and the market portfolio
have low volatility, which causes them to havewdporate of increase in the standard

deviation than the other stock portfolios.

As a result of this higher rate of increase ingtandard deviation for the assets with high
volatilities, the Sharpe ratio for assets with Isndard deviation as the bonds will
eventually as the time horizon increases beconmaerénhan the assets with high standard
deviations. This higher rate of increase in thedaad deviations for assets with high
volatilities only occur when we assume that retaresindependent and identically
distributed, and it explains why there are diffeenbetween table 6.1 and table 6.2.

We see this effect in table 6.1 where the portolce ranked by their Sharpe ratios, however,
when the portfolios are ranked after the Sortinmratill by using the block-bootstrap
method, as in table 6.3, the stocks outperfornbtrels. Also in this table the assumption is
that returns are independent and identically distad, but we do not see the same effect of
the higher rate of increase in the standard dewidtr assets with high volatilities compared

to assets with low volatilities.

The reason for the higher rate of increase in tiedard deviation for assets with high
volatilities is due to an higher rate of increas¢hie upside variability in the returns, this

means that the distribution is skewed more toijie.rThe higher volatility, the higher rate



of increase in skewness. When the right-tail reMacreases so will the standard deviation
as the standard deviation does not appreciateymwskewness, and when the standard
deviation increases the Sharpe ratio will decre@edino ratio however, is not affected by an
increase in the upside variability, it is only affed by changes in the downside deviation.
Therefore we do not see the same pattern in taBlasin table 6.1, because Sortino ratio is
not influenced by the higher rate of increase endtandard deviation of assets with high

volatilities, since the increase is caused by areise in the upside variability.

As discussed earlier, the difference between tleed@hratio and the Sortino ratio is that
Sharpe uses the standard deviation and Sortinathse®wnside deviation. This means that
if the portfolios have skewness different from ze¢here might be differences in the ranking
order from Sharpe and Sortino. If the skewnesgsstipe, most of the portfolios risk would
be upward variability. This is not a risk that ist@s fear, and therefore it is not included as
risk in Sortino ratio, but it is a part of the rigkhen standard deviation is used, as in Sharpe
ratio. Therefore, if a portfolio has positive skegn, the Sharpe ratio will underestimate the
performance of the portfolio. And if the portfolias negative skewness, which means that
most of the standard deviation is downside deviatioen the Sharpe ratio will overestimate

the portfolios performance.

When we assume that the returns are not indepeaddntentically distributed, as in table
6.2 and 6.4 there are still differences in the nagkvith Sharpe ratio and the ranking with
Sortino ratio. This is not due to a higher rateg@ase in assets with high volatilities as this
effect only occurs when we assume that the retammsndependent an identically distributed.
However, the skewness will still play an importawie in explaining why the ratios rank the

portfolio differently.

Table 5.1 shows the skewness of the portfoliogyghdhese are only annual skewness. The
difference between the ranking that Shape ratieggand the ranking that Sortino ratio gives
should be possible to explain by looking at thenskess, but the annual skewness is not the
same as the skewness with a time horizon of 1®gears. But if we look at table5.1 we can
still see a tendency that portfolios with a probigbdistribution which is skewed to the right
tend to be ranked higher with Sortino ratio thathvidharpe ratio, and portfolio with
probability distributions skewed to the left teldoe ranked higher with Sharpe ratio than

with Sortino ratio.



The portfolio consisting of big cap stocks with med book-to-market ratios is the best
according to Sharpe, while Sortino rank it as theth best. If we look in table 5.1 we see
that big cap stocks with medium book-to-marketora@ve a negative skewness, which means
that Sharpe ratio will overvalue and that the tigkt most investors fear is actually greater

than what Sharpe is taking account for.

The big cap stocks with high book-to-market ratearsk high with both measures. The market
portfolio however, is ranked a lot higher with Sbeathan with Sortino. Looking at table 5.1
again we see that the market has negative skewrgsls means that Sharpe overestimates
the value of the portfolio.

Small cap stocks with medium or high book-to-maskates are the two best portfolios
according to Sortino ratio, while Sharpe ratio prefother portfolios. Table 5.1 tells us that
both these portfolios have positive skewness. fitgans that a larger part of the standard
deviation is upside variability, which investors wat fear. This means that Sharpe ratio

undervalues these portfolios.

6.2 Portfolios by cap size and portfolios by book-to-market ratios

Here | compare the same portfolios as earlier afls@and the market portfolio to 6 stock
portfolios. The stocks are divided in three afiee glow, medium, high) and in three after

book-to-market ratio (low, medium, high). This ggvme ten different portfolios.

| use the same portfolios in the next section, @h@ompare them to several other portfolios.
The reason why | have chosen to compare them gefaisathat in the next section | have to
exclude the empirical data from 1927 to 1951, bseaaturns for the other portfolios are only
documented from 1952. Since most of the earliefistuhave used data from 1926 or 1927 |
wanted to do the same, and then see if it affbetsanking of the portfolios whether | am

using the returns from 1927 or from 1952.



Since | simulate the probability distribution, tlesults can differ every time | perform the
simulation procedure. This means that there mayiber differences between the results of

the figures and tables for the same methods anduresa

6.2.1 Figures
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Figure 6.5: Sharpe ratio for the bond portfolios, stock portfolios based on capitalization size,
stock portfolios based on book-to-market ratio and the market portfolio, calculated by using

the bootstrap method.

In 6.5 we see that in the first years the stockpertorm the bonds, but all Sharpe ratios are
still following the same pattern. After year 6 theths of the Sharpe ratios of the stocks and
the Sharpe ratios of the bonds go in differentdlioms. The Sharpe ratios of the stocks are

slowly decreasing, while the Sharpe ratios of thedoare still rising. After 16 years all bonds

outperform all stocks.



i Long term corporate bonds
o — ——Long term goverment bonds
--------- Intermediate term goverment bonds
i Law size
- ted size
High size
1L - Law b
g ted brm
o High bm
g Wil AT T ] e harket
1]
[}
L
£
E 1L
a
o
1L
105 L
05
10 L& | I I I I I 1 I I .

0 2 4 B 8 10 12 14 16 18 20
Investment haorizon

Figure 6.6: Sharpe ratio for the bond portfolios, stock portfolios based on capitalization size,
stock portfolios based on book-to-market ratio and the market portfolio, calculated by using

the block-bootstrap method.

In 6.6 we can see that the first years look sintdahe pattern in 6.5, but around year 10 the
Sharpe ratios of the bonds start to fall. In tiasife the bonds never perform better than any
of the stocks.
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Figure 6.7: Sortino ratio for the bond portfolios stock portfolios based on capitalization size,
stock portfolios based on book-to-market ratio and the market portfolio, calculated by using

the bootstrap method.

In 6.7 we see that the development of all the Sontatios follows similar curves, after 20
years the stocks perform better than the bondssé®ehat the portfolios that rank the highest
are those with small and medium sized stocks, git hbok-to-market ratio.



Laong term corporate bonds

— ——Long term goverment bonds
--------- Intermediate term goverment bonds
Low size

Med size
High size
- Low bm

Med brm

High bm

""""" Market

Performance measure

10' Il 1 Il 1 Il L
1] 2 4 B g 10 12 14 16 18 20

Investrment hotizan

Figure 6.8: Sortino ratio for the bond portfolios, stock portfolios based on capitalization size,
stock portfolios based on book-to-market ratio and the market portfolio, calculated by using

the block-bootstrap method.

In 6.8 we see the same development, but the ofdbe @ortfolios is not the same. However,
the main difference between the two figures lieghaspread of the Sortino ratios. We can

see that in 6.7 the values after 20 years arerclossach other then in 6.8.



6.2.2 Tables

Longderm— [Longdem | ntermed.tem

Horzon (Corporate~~ (Government~ {Government S BN Market
Bonds Bonds Bonds Low Medum ~ [High Low Medm — [High
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g 050 04810 063 6) 0598) 068(2) 086 4) 0L(7) 068 (3) 01 085 9)
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| Y 00 0%1) 080 (10) 076(8) 08203 0 08L 1Y) 0786) 08
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Table 6.5: Sharpe ratios for bond portfolios, stock portfolios based on size, stock portfolios
based on book-to-market ratio and the market portfolio for different horizons, calculated by

using the bootstrap method.

In table 6.5 we are assuming that returns are enl#dgnt and identically distributed, and as
when we make this assumption the appropriate mdthade is the bootstrap method. For



rather short holding periods we see that stockis ngh book-to-market values performs best
followed by mid cap stocks, and third best arelggagith medium book-to-market values.

The bonds perform the worst.

But as the time horizon increases, the order optirdolios is dramatically changed. The
bonds that performed the worst in the short rurttzeebest portfolios in the long run. The
best portfolio is the one consisting of intermeelitarm government bond, followed by long-
term corporate bonds and long-term government bdfrdsn a time horizon of 7 years the
intermediate-term bonds are the best portfolianfidl years the long-term corporate bonds

are ranked second best, and from year 17 all bouigerform the stocks.

The best of the stocks are big cap stocks and #rkanportfolio. Small cap stocks perform

the worst.



longterm~|Long-term Intermed.-term

Horizon |Corporate Government | Government Size BM Market

Bonds Bonds Bonds Low Medium High Low Medium High

| 02909 0,25 (10) 032(8) 038 (3) 041() 0,38 (4) 035(7) 0403) 045(1) 0,38 (6)
1 038(9) 033(10) 040(8) 0,50 (6) 057(3) 053 (9) 048(7) 058 (2) 064 (1) 0,53 (4]
3 046 (9) 0,39(10) 049 8) 0,58 (6) 067 3) 063 (9) 0,58 (1) 068 (2) 073 (1) 063 ()
4 050 9) 0,42 (10) 052 (8) 060 (7) 0,74(3) 0,71 (5) 0,65 (6) 078(2) 08 (1) 0,72 (4
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b 056 (8) 047(10) 055 (9) 065 (7) 086 3) 084 (5) 0,7716) 092(2) 093 (1) 0,86 (4]
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16 057(8) 0,49 (10) 055 (9) 0,94 7) 1303) 1199) 1121(6) 13() 141{)) 127(4)
17 056 (8) 0,48 (10) 055 (9) 093(7) 1303) 120 5) 11216) 1370) 139(1) 1.27 (4]
18 0,5 (8) 0,48 (10) 0,54 (9) 0,94 7) 1323) 120 ) 113 (6) 139()) 13 1.8(4)
19 056 (8) 0,48 (10) 055 (9) 0,94 7) 13203) 120 5) 113 (6) 139()) K 18(4)
0 055 (8) 047 (10) 0,54 (9) 0% 7) 1383) 120 ) 11416) 1410 120 130(4)

Table 6.6: Sharpe ratios for bond portfolios, stock portfolios based on size and book-to-
market ratio and the market portfolio for different horizons, calculated by using the block-

bootstrap method.

In table 6.6 we are assuming that the returns arendependent and identically distributed
and we are therefore using the block-bootstrap atethor rather short holding periods,
stocks with high and medium book-to-market valuss the mid cap stocks perform best,

while the bonds perform the worst.




There are not a lot of changes from the short ouhé long run; in the long run we can see
that the ones that perform best are stocks with bapk-to-market ratios, followed closely by
stocks with medium book-to-market ratio, and thivd mid cap stocks. The market portfolio
improves its ranking, from"Bwith a holding period of 1 year td'4vith a holding period of

20 years. All the stocks perform better than thedsono matter what time horizon.

longterm~ |Long-term Intermed.term
Horizon {Corporate ~~ {Government ~ (Government Size BIM Market

Bonds Bonds Bonds Low Medium High Low Medium High

! 054 9) 049 (10) 081 (4 08 0) 08 0,68 (6 0,62 (8 075 ) 09711 06717
l 0869) 075 (10) 15 4) 146(3) 1470 114(6) 105 (§) 155 (9) L) L3(7)
3 118(9) L01(10) 175 (9) 230) 25() 164 (6) 150(§) 179 (4) 25 (1) 163(7)
! 151(9) 107 (10) 270) 2910) 29() 216 (6) 197(§) 236 (4 350(1) 250
5 180(9) 151(10) 276 ) 350 350 269 6) 208 300 (4 4591) 208(7)
b 21009 175 (10) 360 i3 0) 474 334(0) 298] 3 589 1) 33216)
1 265(9) 198 (10] 380 58 ) 580 3) 39719) 355 6) 446 (4 132(1) 3%6)
§ 28(9) 27 (10) L) T4 1133 4759) 421 537 (4 914 (1) 47416)
§ 308(9) 253 (10) 5.16(7) 855 () 838 ) 541(9) 481 6,27 (4 1089 (1) 5.466)
i 309(9) 279 (10) ST 1032(2) 10103) 640 ) 5,60 ) 1344 B[ 6,39 (0
1l 386(9) 302 (10) 6,45 (8 016() 18 T4L () 64717) 852 (4 B5,72(Y) 138 6)
1 1009 336 (10) 1347 1439 13863 841(9) it 9.5 (4 1888 (1) 8.39.6)
33 476(9) 369 (10) 8.156) 16,74 (2) 16,4 3) 867 (9) 82017 1A 3 9,64 (0
U 50(9) 39 (10) 884 6) 19802 18753 10905 317 08 ) 2631(1) 1087 (6]
15 563(9) 431 (10) 1007{7) 08 1030 1,71 (6] 9996 W3 003(1) 130
16 6,4 (9) 471 () 110 265 () 264(3) B4 13T (D) 16,38 4) B 13,4810)
17 655 (9) 491 (10) 10,769 0540 81603 1491 (0] 1256 7) B KR 14,9 (9
18 129(9) 544 (10) B4 3%06() B350 1718 (6] 1434(7) 1B 192(1) 72009
19 1669) 576 (10) U519 1740 380 18,17 (6] 15,18(7) 258 () 5391(1) 18219
i 88309 6,18 (10) 16,01 (3) g B30203) 2092 (6) 0250 2046 (4) 66,80 (1) 21,01(9)

Table 6.7: Sortino ratios for bond portfolios, stock portfolios based on size and book-to-market ratio

and the market portfolio for different horizons, calculated by using the bootstrap method.




According to table 6.7, where we are assumingretatrn are independent and identically
distributes, the best portfolio throughout the vehpériod is the portfolio of stocks with high
book-to-market ratios. The second best is the onsisting of small stocks, and the third is
the medium size stocks, for short holding peri@as] these two portfolios switch places in
the long run. The long-term bonds are outperforbm&tt with short and long holding periods,
while the inter-mediate term government bonds laeett -5™ best for short holding periods,
while from year 16 all the bonds are outperformgdhe stocks. The worst of the stocks are

the stocks with low book-to-market ratios and tigedap stocks.



longterm~~ {Longterm Intermed.term
Horizon {Corporate ~~ (Government ~ |Government Sie BM Market

Bonds Bonds Bonds Medium High Medium High

1 0.54(9) 0,80 4) 083 083(3) 067 6) 0,62 ) 0739 09 (1) 0,6 (7)
l 070(9) 113(9) 150() 140 113(6) 104(§) 18 () 1) 12(1)
3 102(9) 161(9) 2140 200) 16116) 146 (§) 181() 254(1) 160(7)
! 15(9) 18 () 3000 2850 L14(9) 187) 2464) 39911) 213(p)
5 13(9) 210 100 3800) L78(9) 28(1) 3 468 (1) 211(6)
b 154(9) 246(3) 5311 199(3) 356/9) 30907) 39710 6.17(1) 35 o)
1 L) 219 (3) 6471 6,04 (3) 429(9) 369(7) i 151(1) 426 (6)
§ 19(9) 330 828() 1973) 560 ) 468 1) 6.3 ) Wm 5.5 (6)
g 29(9) 3919) 10,723 1092() 160 3) 602 (1) 885 (4 SMH 754 6)
10 2009) 13() B 104010 96 6) 131(1) 153 181(1) 9,68 9)
il 253(9) 475(9) 16,38 3 751 11,40 (0 864 7) 1044 1AL (1) 11,53 5
1 267(9) 58(3) 19,98 3 150 13,10 (6 866 7) 79y 358 i 1339 )
13 275(9) 569 3) B3P iy 16,17 (6 1) 1S 54{Y) 16,73 5
i 2%19) 645 (3) 2946 3) w0 19,75 (0 B 0300 6297 (1) 20599
15 309) 115(9) 300 B 2,94 (6] 15,78 (7) 254 944 {Y) U1
16 3509) 810(3) 17363 %883 () 2918 (6] 1862(7) et %,01 (1) 350 (9)
) 346(9) 873 (8) S50 6369 (2) 0910) 1925(7) 1655 4) Mﬂm 750
1§ 34109) 895 (8) 63,68 3) 193 3454{6) 28617 S B804 9)
19 376(9) 10203 1486 3) B61() 39,06 (6] B B0 2119() B[
i 365(9) 958 (3) BUP 2105() 133 6] BAL(T) LTI 307 50,169

Table 6.8: Sortino ratios for bond portfolios, stock portfolios based on size and book-to-

market ratio and the market portfolio for different horizons, calculated by using the block-

bootstrap method.

In table 6.8 we are assuming that returns arenaatpendent and identically distributed,

we must use the block-bootstrap method to avoitt@gsg the serial dependency. The

portfolio that performs best in table 6.8 is the avith high book-to-market ratio stocks.

and

Second best is mid cap stocks, followed by the lscagl stocks. These three are the three best

portfolios both in the short run and the long romt in the short run the small cap stocks are

better than the mid cap stocks. We observe that frear 4 all portfolios of stocks are

superior to all portfolios of bonds.




6.2.3 Discussion and comparison

By using different performance measures and metiodsler to compute them, we get
different predictions on which portfolio that wile the best investment in the long run. If we
were only looking at the Sharpe ratio calculatedibing the bootstrap method, the best
option for a long-term is investing in bonds, ahd intermediate-term government bonds
perform the best of the bonds. By calculating tharfe ratio by using the block-bootstrap
method we get a different order. The best portfofice those with stocks with medium or big
book-to-market values, the mid cap stocks and theket. This ranking is close to the ranking
we get by using Sortino ratio. With Sortino ratie tbest portfolios are medium and big book-

to-market ratios and small and medium cap stocks.

When we assume that returns are independent antiicaléy correlated, the standard
deviation will increase more than the mean oveetiand assets with high volatilities will
have a higher rate of increase than assets witlvagatilities. The increase in the standard
deviation is mainly due to an increase in right{atential, which means the skewness is
increasing and the probability distribution of tie¢urns are skewed more to the left. The rate

of increase is higher for assets with high volaii than for assets with low volatilities.

From table 5.2 we see that small cap stocks, higtk4bo-market ratio stocks and mid cap
stocks are the portfolio with highest standard aten, while bonds are the portfolios with

the lowest standard deviation. Therefore the rbteovease of the standard deviation will be
higher for all stocks than for the bonds. This nsedrat eventually as time increases all bonds
will outperform the stocks. In table 6.5 we sed the is the case with holding periods of 17

years or longer.

In table 6.5 we also saw that the portfolios treafgrmed the worst were the small and mid
cap stocks and stocks with high book-to-markebsatSince these are the portfolios with the
highest volatilities, these are the portfolios twdt have the highest rate of increase in the
standard deviation, and they will therefore evelhjuze outperformed by all the other

portfolios. This occurs with holding periods of y&ars or longer.



Since the main reason for the higher rate of ireea the standard deviation for assets with
high volatilities is due to a higher rate of incgean the upside variability, we will not see the
same pattern in 6.7 as the Sortino ratio only tseslownside deviation and not the whole
standard deviation. So even though one assumeththedturns are independent and
identically distributed also in table 6.7, it doest influence the rankings since we are using

the Sortino ratio to rank the portfolios in thibla

So why do the market perform better when using [#hand why do low stocks perform
worse compared to Sortino ratio? The answer shoeifiddund in the skewness of the
portfolios. Sharpe ratio overvalues the performasfcgocks with negative skewness, because
Sharpe does not take into account that the rigkttieainvestors fear is actually greater than

what one would expect just by looking at the staddkeviation.

Table 5.2 shows the skewness of the portfolios,@vawvonly annual skewness. We can still
see a tendency that assets with positive skewmesslative ranked higher with Sortino ratio

than with Sharpe ratio.

As we can see the market portfolio has negative/skss, which means that Sharpe ratio
overestimates the performance of the market pastfahd this can explain why the portfolio

performs better when using Sharpe ratio than uSorgno ratio.

The portfolio with small cap stocks has positivewskess, which means probability
distribution is skewed to the right of the normetdbution. And as discussed this means that
Sharpe ratio will underestimate the performanctnefportfolio. If we compare with the other
portfolios of stocks, we see that the small capkstdave the largest skewness, which means

that this is the portfolio Sharpe ratio will undahve the most.

6.3 Portfolios based on size, B/M, D/P, CF/P, and E/P

In this section | am using portfolios based on smmk-to-market ratio, dividend yield, cash
flow yield and earnings yield. These portfolios ecenpared to the portfolios of bonds and
the market portfolio. | have 19 different portf@icAt this point the tables are getting so big,



that | have chosen not to include the whole timezion, but show the results for thg, :Bth,
10", 158" and 28 year.

6.3.1 Tables
1 5 10 15 2
Long-term Corporate  Bonds 0,20 (18) 0,44 (18) 0,59 (18) 0,68 (17) 0,74 (16)
Long-term Government  Bonds 0,20 (19) 0,42 (19) 0,54 (19) 0,66 (19) 0,71 (18)
Intermed.-term ~ Government  Bonds 0,27 (17) 0,58 (16) 0,74 (13) 0,92 (9) 1,02 (1)
Low 0,38 (10) 0,67 (12) 0,72 (15) 0,67 (18) 0,60 (19)
Size Medium 0,42 (9) 0,77 (9) 087 (9) 0,85 (12) 0,80 (12)
High 037 (12) 0,71 (10) 0,84 (10) 0,89 (10) 087 (8)
Low 0,32 (14) 0,63 (14) 0,74 (14) 0,78 (13) 0,77 (13)
B/M Medium 0,43 (6) 0,83 (6) 0,9 (6) 0,99 (5) 0,95 (5)
High 05 (3) 0,91 3) 0,99 (5) 0,95 (3) 087 (9)
Low 0,33 (13) 0,64 (13) 0,75 (12) 0,78 (14) 0,77 (14)
D/P Medium 0,42 (8) 0,81 (8) 095 (7) 1,00 3) 097 (3)
High 0,47 (4) 0,88 (4) 0,99 (4) 1,00 (4) 0,94 (7)
Low 0,30 (15) 0,58 (15) 0,70 (16) 0,75 (15) 0,75 (15)
CF/p Medium 0,43 (1) 081 (7) 0,95 (8) 0,98 (6) 0,94 (6)
High 0,55 (1) 0,99 (1) 1,09 ) 1,05 (1) 0.9 (4)
Low 0,29 (16) 0,56 (17) 0,68 (17) 0,73 (16) 0,73 (17)
E/P Medium 0,46 (5) 0,87 (5) 1,013) 1,04 2) 1,00 2)
High 0,55 (2) 0,9 (2) 1,03(2) 0,9 (7) 0,85 (11)
Market 0,37 (11) 071 (11) 0,84 (11) 0,88 (11) 0,85 (10)

Table 6.9: Sharpe ratios for bond portfolios, stock portfolios based on either cap size, book-

to-market ratio, dividend yield, cash flow yield, earnings yield and the market portfolio for 1,

5, 10, 15 and 20 years, calculated by using the bootstrap method.

We can see than when we are using the bootstrapohé&t calculate the Sharpe ratio, the

portfolio that performs best for rather short holgiperiods is the stock portfolio with high

cash flow yield. The second best are stocks wigh kiarnings yield, followed by stocks with




high book-to-market ratios and stocks with highidignd yield. All the stock portfolios
performs better than the bonds with a 1 year hglgeriod, but for longer holding periods we
see that the portfolio that performs best is thermediate-term government bonds. The
second best portfolio consists of stocks with medaarnings yield, followed by the portfolio
consisting of stocks with medium dividend yieldbeTdifferences between the Sharpe ratios
of the portfolios are relative small, so if | wasrtin the program several times, | might not

get the exact same ranking, some of the portfohmgt switch places.

Table 6.1 and table 6.5, are also showing the &hatpos for different portfolios, and using
the bootstrap method. If we compare these tablesbte 6.9, we can see that the difference
between the best and the worst portfolio is langéhe other tables than in this. The reason
for this is that the data for portfolios based loa tash flow yields and the dividend yields
starts in 1952, instead of 1927 as in the othdesab

Table 6.1 and 6.5 also shows that for rather lorngstment horizon the bond portfolios
outperform all the stock portfolios. In table 6.8 gee that even though the intermediate-term
bonds perform better than the other portfolios,|timg-term bonds have almost the lowest
Sharpe ratio no matter what holding period. Fog#rperiods the long-term government
bonds only perform better than the small stocksleathe long-term corporate bonds also

beat the stocks with low earnings yield.



1 5 10 15 20

Long-term Corporate ~ Bonds 0,20 (18) 0,40 (18) 049 (18) 0,54 (18) 0,56 (18)
Long-term Government  Bonds 0,19 (19) 0,36 (19) 043 (19) 048 (19) 0,51 (19)
Intermed.-term ~ Government  Bonds 0,26 (17) 047 (17) 0,57 (17) 0,63 (17) 0,67 (17)
Low 0,39 (10) 082 (12) 092 (13) 094 (14) 1,03 (13)

Size Medium 043 (9) 1,00 (8) 1,17 (8) 123 (9) 1,29 (8)
High 037 (12) 0,83 (1) 099 (11) 1,10 (12) 1,06 (12)
Low 033 (14) 073 (14) 0,88 (14) 099 (13) 097 (14)

B/M Medium 0,44 (6) 1,07 (5) 1,30 (5) 1,39 (5) 137 (5)

High 052 (3) 127 (1) 1,60 (1) 1,68 (2) 173 (1)
Low 0,34 (13) 077 (13) 097 (12) 1,11 (11) 1,12 (11)
D/P Medium 043 (8) 09 (9) 1,14 (9) 1,23 (8) 1,19 (10)

High 0,48 (4) 1,17 (4) 1,48 (4) 1,59 (3) 1,56 (3)
Low 0,30 (15) 0,69 (15) 0,83 (15) 091 (16) 0,88 (16)

CF/p Medium 044 (7) 1,01 (7) 120 (7) 130 (7) 1,29 (7)

High 057 (1) 1,25 (2) 158 (2) 172 (1) 1,70 (2)
Low 0,29 (16) 0,68 (16) 0,82 (16) 092 (15) 0,90 (15)

E/P Medium 047 (5) 1,06 (6) 1,26 (6) 1,36 (6) 1,33 (6)

High 056 (2) 1,22 3) 149 (3) 1,56 (4) 1,55 (4)

Market 037 (11) 0,88 (10) 1,07 (10) 1,20 (10) 1,19(9)

Table 6.10: Sharpe ratios for bond portfolios, stock portfolios based on either cap size, book-

to-market ratio, dividend yield, cash flow yield, earnings yield and the market portfolio for 1,

5, 10, 15 and 20 years, calculated by using the block-bootstrap method.

In table 6.10 we assume that the returns are dependent and identically distributed, and

we are therefore using the block-bootstrap methbd.best long-term investment according

to table 6.10 is the portfolio with high book-to-rket ratio stocks, closely followed by the

stocks with high cash flow yields. After these caime stocks with high dividend yields and

the stocks with high earnings yields. All thougk thnking of the portfolios changes with

different holding periods, these 4 portfolios are¢he top four for all holding period.




The portfolio that performs worst is the long-tegovernment bonds, followed by the other

bonds. And we see that the ranking of the bonelsher same for all horizons.

1 5 10 15 20
Long-term Corporate  Bonds 0,38 (19) 1,11 (19) 1,93 (18) 2,82 (19) 3,86 (19)
Long-term Government  Bonds 0,40 (18) 1,11 (18) 1,92 (19) 2,84 (18) 3,90 (18)
Intermed.-term ~ Government  Bonds 0,64 (12) 1,93 (15) 3,70 (16) 5,82 (16) 8,76 (16)
Low 0,80 (10) 3,50 (10) 8,87 (10) 18,14 (10) 3478 (7)
Size Medium 0,83 (6] 380 (6) 971 (6) 20,14 (6] 38,4 (6]
High 0,64 (11) 2,68 (11) 5,99 (12) 11,10 (12) 18,56 (12)
Low 0,56 (15) 20 (14) 4,68 (14) 8,25 (14) 13,26 (14)
B/M Medium 0,82 (9) 3,66 (9) 9,14 (8) 18,51 (8) 34,16 (8)
High 1,13 3) 6,17 (3) 18,89 (3) 45,64 (3) 104,04 3)
Low 0,56 (14) 22 (13) 482 (13) 8,54 (13) 139 (13)
DJp Medium 082 (7) 376 (1) 9,17 (7) 1861 (1) 378 (9)
High 1,03 4 5,13 (4) 14,13 (4) 31,48 (4 66,02 (4]
Low 0,49 (16) 1,84 (16) 377 (19) 6,34 (15) 9,82 (15)
CF/P Medium 0,82 (8) 3,68 (8) 9,09 (9) 18,39 (9) 33,74 (10)
High 122(2) 115 (2) 2,73 (2) 58,80 (2) 13986 (2)
Low 0,45 (17) 1,70 (17) 343 (17) 567 (17) 865 (17)
Efp Medium 0,91 (5 4,35 (5) 11,32 (5) 2398 (5| 46,32 5|
High 127 (1) 783 () 2433 (1) 65,52 (1) 159,57 (1)
Market 0,64 (13) 267 (1) 6,00 (11) 11,14 (11) 1874 (11)

Table 6.11: Sortino ratios for bond portfolios, stock portfolios based on either cap size, book-

to-market ratio, dividend yield, cash flow yield, earnings yield and the market portfolio for 1,

5, 10, 15 and 20 years, calculated by using the bootstrap method.

In table 6.11 we are assuming that returns argmident and identically distributed, and

therefore using the bootstrap method to calculeeSortino ratio. We see that for rather short

terms the best portfolios are the stocks with legimings yields, stocks with high cash flow

yields, stocks with high book-to-market ratios atalcks with high dividend yields. The long-

term bonds perform the worst in the short run togetwith stocks with low earnings yield.




Looking at table 6.11 we see that the best optomflong-term investment would be a
portfolio consisting of stocks with high earningslg. The next best portfolio consists of
stocks with high cash flow yields, and third is gatfolio of stocks with high book-to-
market ratio, so we see that the time horizon do¢sffect the ranking of the best portfolios.
The worst portfolios are the portfolios of bondssely followed by the portfolio with low
earnings yield stocks. Also the bottom 3 portfelstay the same independent of the time

horizon.
1 5 10 15 20
Long-term Corporate  Bonds 0,37 (19) 0,87 (18) 1,55 (18) 2,41 (18) 3,13 (18)
Long-term Government  Bonds 0,39 (18) 0,77 (19) 1,24 (19) 1,86 (19) 2,31 (19)
Intermed.-term ~ Government  Bonds 0,63 (13) 1,53 (17) 3,24 (17) 5,98 (17) 9,00 (17)
Low 0,80 (10) 4,02 (10) 10,23 (10) 24,24 (9) 67,26 (8)
Size Medium 0,85 (9) 452 (9) 12,2 (7) 32,61 (7) 102,93 (5)
High 0,66 (11) 3,36 (12) 8,47 (12) 16,99 (12) 31,35 (12)
Low 0,58 (15) 2,57 (14) 5,64 (14) 10,49 (14) 16,25 (14)
B/M Medium 0,85 (8) 5,39 (6) 14,65 (6) 35,19 (6) 93,12 (6)
High 1,15 3] 11,25 (1) 57,90 (1) 335,45 (1) oo (1)
Low 0,58 (14) 2,94 (13) 733 (13) 14,86 (13) 2783 (13)
D/P Medium 0,85 (6) 475 (9) 11,36 (9) 22,82 (10) 45,15 (10)
High 1,05 (4] 791 (4 32,15 (4 93,37 (4) 366,13 (4)
Low 0,50 (16) 2,03 (15) 4,55 (15) 769 (15) 10,95 (15)
CF/p Medium 0,85 (7) 4289 (7) 12,13 (8) 26,05 (8) 56,58 (9)
High 1,24 (2) 11,15 (2) 12,34 (2) 20047(2) | 401822 (2)
Low 047 (17) 2,08 (16) 4,28 (16) 7,46 (16) 10,70 (16)
/P Medium 0,94 () 5,71 (5) 151 (5| 35,30 (5) 84,92 (7)
High 1,29 (1) 1032 3) 41,25 (3] 16753(3) | 194990 3)
Market 0,66 (12) 337 (11) 8,67 (11) 18,17 (11) 37,71 (1)

Table 6.12: Sortino ratios for bond portfolios, stock portfolios based on either cap size, book-
to-market ratio, dividend yield, cash flow yield, earnings yield and the market portfolio for 1,

5, 10, 15 and 20 years, calculated by using the block-bootstrap method.



In table 6.12 we assume that the returns are ste@ndent and we must use the block-
bootstrap method. The four best portfolios in thersrun are stocks with high earnings yield,
stocks with high cash flow yield, high book-to-metrkatio and high dividend yield. The

worst portfolios are the bonds and the stocks leihearnings yield.

The best portfolio in table 6.12 for longer holdipegriods is the one of stocks with high book-
to-market ratios. We see that the Sortino ratidHics portfolio, when we are using the block-
bootstrap method, goes toward infinity. The secamd third best options are the portfolios of
stocks with high cash flow yields and stocks wildjhhearnings yield, followed by stocks with
high dividend yields. We see that though the ragkihthe portfolios have changed, the four
portfolios are the top 4 through the whole horitam looking at. The worst portfolios are
the bonds.

6.3.2 Discussion and comparison

The four different tables give different answersvtach portfolio that would be the best
choice for an investor that wants to make a longy i@vestment. As earlier when we are
calculating the Sharpe ratio and assuming thatnetare independent and identically
distributed we see that the intermediate-term gowent bond is the best bond for the long-
term investor. In the other section the long-telonds has also outperformed the stocks under
this assumption. But in table 6.9 we see thatdhg-term bonds do not perform better than
the stocks. One explanation is of course that weamparing the bonds with several more
portfolios than earlier as we in this section dlawe included portfolios based on earnings
yield, dividend yield and cash flow yield. But aliéove only compare the long-term bonds
with the portfolios based on the cap size and taklo-market ratio we can see that all the
stock portfolios except for the small cap stockdgren better than the long-term bonds. The
difference between table 6.9 and 6.5 beside tha exirtfolios we are analyzing, are that the
returns are not from the exact same period. As ioeed the returns for portfolios based on

cash flow yields and earnings yield are only aldddrom 1952, so in the whole section 6.3 |



am using returns from 1952-2008, while in sectighl@ised returns from 1927-2008. The
reason for the difference in rankings must be shatks either relative better or that the bonds

perform relative worse in the shorter period.

In table 6.10, 611 and 6.12 we see that the samlpas are in the top 4 in every section,
though the ranking between them are not the sahmeser4 portfolios are the best both for
short term-investors and long-term investors. dkl@at the worst portfolios for the long run
for these three table we see that the bonds argtdbk portfolio with low earnings yield

perform among the 5 worst portfolios in all thrables.

We know that there is an explanation for the défexe in results in table 6.9 and the three
others. As explained in the earlier sections, wiierassume that returns are independent and
identically distributed the upside variability wilicrease with time, and therefore also the
standard deviation increases. This effect is ldrfpesassets with high volatilities. The reason
that the long-term bond perform relatively worsehis section, than in section 6.2, may of
course also be due to this effect. If the long-tbond have both higher mean returns and
standard deviation in this period(or if the stoblse lower standard deviations in this
period), they might have a more similar rate of@ase in the standard deviation over time as
the stocks, and therefore not perform better tharstocks in the holding period we look at.
However, if we were to increase the holding pertbd,bonds would eventually perform
better than the stocks if their standard deviatemessmaller than the stocks’. We know that
this effect do not influence the ranking when we thee Sortino ratio as the downside ratio as
Sortino ratio uses, do not include the upside alrtg.

The difference between the rankings from Sharpe &ad Sortino when we assume that
returns are serial dependent and therefore usdsdble-bootstrap method are small, and they
are mainly due to the difference in skewness ferbrtfolios. The Sharpe ratios for

portfolios with positive skewness are undervalwelile the Sharpe ratios for portfolios with
negative skewness are overvalued. | would therefsseme that portfolios that are ranked
relative better according to Sharpe ratio have abdlty distributions that are skewed more to
the left than for the rest of the assets, whildéfpbos that perform relative better according to
Sortino ratio will probably have a probability dibution that is skewed more to the right than

the average for the portfolios.



6.4 Industry

In this section | am comparing different industrieshe bonds and market portfolio. | have
30 different industry portfolios, and this gives B portfolios in total that | am comparing.
The tables are getting so big and complex that thoosing to only show the ratios for
holding periods of 1, 5, 10, 15 and 20years, irstdaeach year.



6.4.1 Tables

1 5 10 15 20

Long-term Corporate Bonds 0,28 (26) 0,61 (16) 0,81(7) 0,94 (2) 1,01 (2)

Long-term Government Bonds 0,24 (32) 0,52 (25) 0,69 (16) 0,80 (9) 0,87 (4)

Intermed.-term Government Bonds 0,32 (21) 0,69 (9) 0,93 (2) 1,09 (1) 1,20 (1)

Food Products 0,44 (2) 0,83 (1) 0,93 (1) 0,94 (3) 0,87 (3)

Beer & Liquor 0,36 (11) 0,59 (18) 0,58 (23) 0,45 (31) 0,45 (26)
Tobacco Products 0,46 (1) 0,82 (2) 0,88 (4) 0,83 (6) 0,75 (10)
Recreation 0,29 (24) 0,51 (28) 0,52 (28) 0,49 (27) 0,40 (28)
Printing and Publishing 0,28 (25) 0,51 (26) 0,55 (25) 0,52 (25) 0,46 (22)
Consumer Goods 0,37 (7) 0,69 (8) 0,78 (9) 0,78 (11) 0,73 (11)
Apparel 0,28 (28) 0,50 (29) 0,54 (27) 0,53 (23) 0,46 (23)
Healthcare 0,44 (3) 0,80 (3) 0,89 (3) 0,87 (4) 0,80 (5)

Chemicals 0,35 (13) 0,64 (14) 0,71 (13) 0,69 (14) 0,65 (13)
Textiles 0,26 (30) 0,46 (32) 0,48 (33) 0,45 (32) 0,39 (30)
Construction and Construction Materials 0,29 (22) 0,55 (21) 0,61 (19) 0,59 (19) 0,54 (20)
Steel Works Etc 0,26 (31) 0,46 (31) 0,49 (31) 0,46 (28) 0,40 (29)
Fabricated Products and Machinery 0,32 (18) 0,60 (17) 0,65 (18) 0,63 (18) 0,57 (17)
Electrical Equipment 0,40 (5) 0,70 (7) 0,74 (11) 0,68 (16) 0,62 (16)
Automobiles and Trucks 0,29 (23) 0,50 (30) 0,50 (30) 0,44 (34) 0,38 (31)
Aircraft, ships, and railroad equipment 0,33 (16) 0,58 (20) 0,59 (22) 0,54 (22) 0,46 (24)
Metal industry 0,28 (29) 0,51 (27) 0,56 (24) 0,55 (21) 0,49 (21)
Coal 0,35 (14) 0,59 (19) 0,60 (21) 0,53 (24) 0,45 (25)
Petroleum and Natural Gas 0,43 (4) 0,79 (4) 0,86 (5) 0,84 (5) 0,77 (6)

Utilities 0,33 (17) 0,62 (15) 0,71 (14) 0,71 (12) 0,67 (12)
Communication 0,34 (15) 0,66 (10) 0,77 (10) 0,79 (10) 0,77 (7)

Personal and Business Services 0,32 (19) 0,53 (23) 0,51 (29) 0,46 (30) 0,35 (34)
Business Equipment 0,36 (10) 0,64 (13) 0,69 (17) 0,64 (17) 0,57 (18)
Business Supplies and Shipping Containers 0,40 (6) 0,74 (5) 0,82 (6) 0,81 (8) 0,76 (9)

Transportation 0,28 (27) 0,53 (24) 0,60 (20) 0,59 (20) 0,56 (19)
Wholesale 0,24 (33) 0,43 (33) 0,47 (34) 0,45 (33) 0,37 (33)
Retail 0,37 (9) 0,66 (11) 0,72 (12) 0,69 (13) 0,62 (15)
Restaraunts, Hotels, Motels 0,32 (20) 0,55 (22) 0,54 (26) 0,51 (26) 0,38 (32)
Banking, Insurance, Real Estate, Trading 0,36 (12) 0,65 (12) 0,71 (15) 0,69 (15) 0,62 (14)
Everything else 0,23 (34) 0,43 (34) 0,49 (32) 0,46 (29) 0,43 (27)
Market 0,37 (8) 0,70 (6) 0,80 (8) 0,81(7) 0,76 (8)

Table 6.13: Sharpe ratios for bond portfolios, stock portfolios based on the industries and

the market portfolio for 1, 5, 10, 15 and 20 years, calculated by using the bootstrap method.




Table 6.13 shows that for rather short holdingqusithe portfolios are food products and
tobacco products together with healthcare. The $aladhot perform well in the short run,
though some stocks perform worse, as “everythisg’eind wholesale. For longer horizons
we see that the bonds are the portfolios that parfmest together with food products.
Tobacco products are ranked as th® 6st portfolio with a holding period of 20 yeamile
healthcare is ranked as tHB Best. Personal and business service and wholesdtems

worst for the long holding periods.



1 5 10 15 20

Long-term Corporate Bonds 0,29 (25) 0,54 (25) 0,60 (32) 0,59 (32) 0,55 (32)
Long-term Government Bonds 0,25 (32) 0,46 (34) 0,50 (34) 0,50 (34) 0,47 (34)
Intermed.-term Government Bonds 0,32 (21) 0,54 (27) 0,58 (33) 0,57 (33) 0,54 (33)
Food Products 0,45 (2) 0,81 (3) 0,91 (11) 0,86 (21) 0,84 (22)
Beer & Liquor 0,36 (12) 0,63 (16) 0,77 (20) 0,76 (24) 0,73 (28)
Tobacco Products 0,46 (1) 0,82 (2) 0,85 (14) 0,77 (23) 0,74 (27)
Recreation 0,30 (23) 0,56 (23) 0,77 (21) 0,88 (18) 0,96 (18)
Printing and Publishing 0,29 (26) 0,50 (30) 0,68 (28) 0,74 (25) 0,81 (23)
Consumer Goods 0,37 (7) 0,75 (7) 1,02 (3) 1,11 (4) 1,14 (6)

Apparel 0,28 (28) 0,59 (21) 0,73 (24) 0,73 (27) 0,75 (26)
Healthcare 0,44 (3) 0,81 (4) 1,01 (4) 1,09 (5) 1,12 (8)

Chemicals 0,35 (13) 0,69 (11) 0,97 (8) 1,08 (7) 1,18 (4)

Textiles 0,26 (30) 0,51 (29) 0,67 (29) 0,71 (29) 0,75 (25)
Construction and Construction Materials 0,30 (22) 0,61 (18) 0,91 (10) 1,05 (9) 1,13 (7)

Steel Works Etc 0,26 (31) 0,49 (32) 0,64 (31) 0,69 (30) 0,71 (31)
Fabricated Products and Machinery 0,33 (18) 0,59 (20) 0,91 (12) 1,15 (3) 1,27 (3)

Electrical Equipment 0,40 (6) 0,73 (8) 0,91 (9) 0,96 (13) 1,02 (12)
Automobiles and Trucks 0,29 (24) 0,56 (24) 0,79 (18) 0,89 (17) 0,95 (19)
Aircraft, ships, and railroad equipment 0,33 (17) 0,65 (15) 0,82 (17) 0,89 (16) 0,99 (15)
Metal industry 0,28 (29) 0,54 (26) 0,73 (23) 0,86 (20) 0,99 (16)
Coal 0,35 (14) 0,63 (17) 0,68 (27) 0,66 (31) 0,72 (30)
Petroleum and Natural Gas 0,43 (4) 0,87 (1) 1,18 (1) 1,28 (1) 1,30 (1)

Utilities 0,33 (16) 0,66 (14) 0,89 (13) 0,99 (10) 1,06 (11)
Communication 0,34 (15) 0,67 (12) 0,84 (15) 0,90 (15) 0,86 (21)
Personal and Business Services 0,32 (20) 0,50 (31) 0,65 (30) 0,72 (28) 0,79 (24)
Business Equipment 0,36 (10) 0,66 (13) 0,72 (26) 0,74 (26) 0,73 (29)
Business Supplies and Shipping Containers 0,40 (5) 0,77 (6) 0,99 (7) 0,99 (11) 1,01 (13)
Transportation 0,28 (27) 0,59 (19) 0,84 (16) 0,97 (12) 1,07 (10)
Wholesale 0,24 (33) 0,53 (28) 0,74 (22) 0,86 (19) 0,97 (17)
Retail 0,37 (9) 0,71 (10) 1,00 (6) 1,06 (8) 1,11 (9)

Restaraunts, Hotels, Motels 0,32 (19) 0,58 (22) 0,78 (19) 0,92 (14) 1,00 (14)
Banking, Insurance, Real Estate, Trading 0,36 (11) 0,73 (9) 1,00 (5) 1,09 (6) 1,15 (5)

Everything else 0,23 (34) 0,49 (33) 0,72 (25) 0,84 (22) 0,92 (20)
Market 0,37 (8) 0,78 (5) 1,10 (2) 1,24 (2) 1,30 (2)

Table 6.14: Sharpe ratios for bond portfolios, stock portfolios based on the industries and

the market portfolio for 1, 5, 10, 15 and 20 years, calculated by using the block-bootstrap

method.

In this table we assume that there exits seriaéde@pncy between the annual returns. We see

that for rather short holding periods the petrolendustry, tobacco products and food




products perform best. Tobacco products do nobparfvell in the long run, neither do the

food products.

For longer horizons table 6.14 shows that all tefplios of stocks perform better than any
of the portfolios of bonds. Especially the portbotif oil related stocks, the market portfolio
and fabricated products and machinery perform welthese portfolios are the best choice
for an investor making a long-term investment. Ppbefolios that are the worst investments,

besides the bonds, are steel works, coal and mssewipment.



1 5 10 15 20

Long-term Corporate Bonds 0,53 (26) 1,81 (31) 3,51 (31) 5,73 (31) 8,31 (33)
Long-term Government Bonds 0,48 (32) 1,51 (34) 2,79 (34) 4,36 (34) 6,12 (34)
Intermed.-term Government Bonds 0,79 (8) 2,75 (15) 5,75 (20) 10,26 (22) 15,58 (22)
Food Products 0,94 (4) 4,33 (3) 12,10 (3) 25,91 (4) 49,49 (4)

Beer & Liquor 0,97 (3) 4,28 (4) 11,73 (4) 27,21 (3) 55,63 (3)

Tobacco Products 1,04 (1) 4,83 (1) 13,96 (1) 31,67 (1) 65,91 (1)

Recreation 0,52 (27) 1,96 (26) 4,43 (24) 8,17 (24) 14,27 (23)
Printing and Publishing 0,51 (28) 1,89 (27) 421 (27) 7,50 (27) 12,82 (27)
Consumer Goods 0,66 (17) 2,60 (18) 6,09 (17) 11,64 (17) 20,23 (17)
Apparel 0,55 (23) 2,02 (25) 4,37 (25) 7,85 (26) 12,88 (26)
Healthcare 1,00 (2) 471 (2) 13,14 (2) 29,20 (2) 59,13 (2)

Chemicals 0,74 (11) 3,03 (11) 7,31 (12) 14,43 (12) 25,97 (13)
Textiles 0,49 (31) 1,81 (30) 3,91 (28) 6,99 (28) 11,61 (28)
Construction and Construction Materials 0,55 (25) 2,08 (23) 4,52 (23) 8,21 (23) 13,71 (24)
Steel Works Etc 0,50 (30) 1,82 (29) 3,30 (30) 6,82 (29) 11,22 (29)
Fabricated Products and Machinery 0,61 (21) 2,40 (21) 5,42 (21) 10,26 (21) 17,74 (21)
Electrical Equipment 0,81 (7) 3,60 (6) 9,32 (6) 19,93 (6) 39,69 (6)

Automobiles and Trucks 0,60 (22) 2,31 (22) 5,36 (22) 10,41 (20) 18,70 (18)
Aircraft, ships, and railroad equipment 0,65 (18) 2,83 (14) 6,67 (14) 13,57 (14) 24,79 (14)
Metal industry 0,55 (24) 2,03 (24) 4,36 (26) 7,95 (25) 12,92 (25)
Coal 0,74 (10) 3,09 (8) 7,66 (8) 15,59 (9) 30,50 (9)

Petroleum and Natural Gas 0,84 (5) 3,97 (5) 10,47 (5) 22,87 (5) 44,55 (5)

Utilities 0,63 (20) 2,54 (19) 5,82 (18) 10,73 (18) 18,15 (19)
Communication 0,66 (15) 2,51 (20) 5,81 (19) 10,46 (19) 17,94 (20)
Personal and Business Services 0,72 (12) 2,98 (12) 7,62 (9) 15,84 (8) 31,85 (8)

Business Equipment 0,71 (13) 3,08 (10) 7,56 (10) 15,35 (10) 29,26 (10)
Business Supplies and Shipping Containers 0,82 (6) 3,50 (7) 8,89 (7) 18,09 (7) 33,50 (7)

Transportation 0,50 (29) 1,82 (28) 3,80 (29) 6,60 (30) 10,56 (30)
Wholesale 0,42 (34) 1,55 (33) 3,18 (33) 5,52 (33) 8,75 (31)
Retail 0,71 (14) 2,96 (13) 7,23 (13) 14,21 (13) 25,99 (12)
Restaraunts, Hotels, Motels 0,75 (9) 3,08 (9) 7,52 (11) 15,25 (11) 28,79 (11)
Banking, Insurance, Real Estate, Trading 0,64 (19) 2,63 (17) 6,31 (16) 12,07 (15) 21,50 (15)
Everything else 0,45 (33) 1,58 (32) 3,22 (32) 5,56 (32) 8,58 (32)
Market 0,66 (16) 2,71 (16) 6,33 (15) 12,01 (16) 20,92 (16)

Table 6.15: Sortino ratios for bond portfolios, stock portfolios based on the industries and

the market portfolio for 1, 5, 10, 15 and 20 years, calculated by using the bootstrap method.

According to table 6.15 where we are comparingotifolios based on their Sortino ratios
calculated by using the bootstrap method, the @stolios for rather short holding periods

are tobacco products and healthcare. Also the pooducts and beer and liquor perform well

in the short run. For longer horizons the bestfpbotare still the tobacco products. And the




second best is healthcare. This means that thehtimizon do not affect the choice of which

industry an investor should invest in.

The worst portfolios for short horizons are thegaaerm government bonds, wholesale and
“everything else”. For long horizons the long-tdoonds are the worst portfolios followed by

“everything else” stocks, while the intermediatextdbonds are ranked as thé'®2



1 5 10 15 20

Long-term Corporate Bonds 0,53 (23) 1,34 (33) 2,28 (33) 3,20 (33) 3,70 (33)
Long-term Government Bonds 0,49 (29) 1,07 (34) 1,66 (34) 2,26 (34) 2,52 (34)
Intermed.-term Government Bonds 0,79 (7) 2,10 (25) 4,30 (30) 7,14 (30) 9,78 (31)
Food Products 0,92 (4) 4,44 (3) 18,60 (2) 48,93 (3) 147,24 (3)

Beer & Liquor 0,95 (3) 3,86 (6) 12,15 (6) 30,03 (7) 70,02 (7)

Tobacco Products 1,00 (1) 6,29 (1) 31,41 (1) 135,50 (1) 981,33 (1)

Recreation 0,50 (27) 2,30 (22) 6,13 (22) 12,65 (23) 25,25 (21)
Printing and Publishing 0,49 (28) 2,17 (24) 5,99 (23) 12,37 (24) 27,44 (18)
Consumer Goods 0,63 (17) 2,33 (21) 6,33 (21) 12,99 (21) 23,82 (25)
Apparel 0,53 (24) 2,04 (28) 4,96 (27) 9,74 (27) 19,41 (27)
Healthcare 0,98 (2) 4,70 (2) 16,12 (4) 40,84 (4) 97,31 (5)

Chemicals 0,71 (9) 3,32 (8) 11,20 (8) 22,24 (10) 43,31 (14)
Textiles 0,47 (32) 2,10 (26) 5,99 (24) 12,07 (26) 25,21 (22)
Construction and Construction Materials 0,53 (25) 2,28 (23) 6,82 (20) 14,25 (17) 28,00 (17)
Steel Works Etc 0,48 (31) 1,81 (32) 4,02 (32) 7,06 (31) 10,87 (30)
Fabricated Products and Machinery 0,58 (22) 2,52 (18) 7,36 (17) 13,91 (19) 25,99 (19)
Electrical Equipment 0,77 (8) 3,37 (7) 11,75 (7) 31,34 (6) 75,97 (6)

Automobiles and Trucks 0,58 (21) 2,46 (19) 7,07 (18) 13,54 (20) 24,92 (24)
Aircraft, ships, and railroad equipment 0,63 (18) 2,86 (14) 8,07 (16) 18,10 (16) 39,11 (16)
Metal industry 0,52 (26) 1,87 (29) 4,06 (31) 5,81 (32) 8,13 (32)
Coal 0,70 (11) 3,26 (9) 8,14 (15) 14,07 (18) 19,92 (26)
Petroleum and Natural Gas 0,82 (5) 4,13 (5) 18,33 (3) 54,00 (2) 206,86 (2)

Utilities 0,62 (20) 2,41 (20) 5,93 (25) 12,75 (22) 25,91 (20)
Communication 0,65 (15) 2,67 (17) 7,00 (19) 18,81 (14) 44,95 (10)
Personal and Business Services 0,70 (12) 3,11 (10) 8,63 (13) 20,17 (13) 43,47 (11)
Business Equipment 0,69 (13) 3,10 (11) 9,13 (12) 21,22 (11) 43,47 (12)
Business Supplies and Shipping Containers 0,80 (6) 4,17 (4) 16,08 (5) 37,57 (5) 105,94 (4)

Transportation 0,49 (30) 1,82 (31) 4,60 (28) 8,83 (28) 18,33 (28)
Wholesale 0,41 (34) 2,04 (27) 5,31 (26) 12,35 (25) 25,08 (23)
Retail 0,69 (14) 2,95 (13) 9,22 (11) 20,28 (12) 40,90 (15)
Restaraunts, Hotels, Motels 0,70 (10) 2,96 (12) 8,18 (14) 18,65 (15) 43,45 (13)
Banking, Insurance, Real Estate, Trading 0,62 (19) 2,73 (16) 9,40 (10) 22,53 (9) 53,53 (8)

Everything else 0,43 (33) 1,85 (30) 4,53 (29) 8,31 (29) 16,20 (29)
Market 0,64 (16) 2,77 (15) 9,59 (9) 22,86 (8) 51,70 (9)

Table 6.16: Sortino ratios for bond portfolios, stock portfolios based on the industries and

the market portfolio for 1, 5, 10, 15 and 20 years, calculated by using the block-bootstrap

method.




The final table, in this section, shows the Sortiaibo for the portfolios calculated by using
the block-bootstrap method. We see that for shanizbns the worst portfolios are the long-
term bonds and the steel works, while for long mggeriods all bonds and also the metal
industry are outperformed by the other portfoliblse tobacco stocks perform best for all time

horizons. Also food and petroleum and natural gasopm well for all horizons.

6.4.2 Discussion and comparison

The four tables in this section rank the portfolioslifferent ways. If we assume that
investors have quadratic preferences and thatneane independent and identically
distributed then the best portfolio for rather shpmriods would be food products or tobacco
products, while for the long term investor the hmstfolio is intermediate-term bonds.

If we assume that the investors have quadratieprte, but that the returns are not
independent and identically distributed the tobgmmmlucts or the petroleum and natural gas
would be the best choice for short horizons, aedogtroleum and natural gas is also the best

portfolio for the long term investor.

If we assume that investors only do not have catadpreferences, and that returns are
independent and identically distributed the belsdtoo products is the best choice for all

horizons.

And finally, if we assume that investors do not&guadratic preferences and that returns are
not independent and identically distributed, thstl@vestment is the tobacco products for all
horizons. This means that if we assume that investo not have quadratic preferences, but
that they instead only fear the downside risktitme horizon does not affect which portfolio

that performs the best.



7 Conclusion

During the analysis we have seen that it is nosipesto give just one straight answer to
which portfolio that is best for the long-term ister. The answer depends on which
assumptions we make regarding the investor’s paters and on whether we assume that
returns are independent and identically distributedot. Also, the analysis has shown that

the results depend on the period the empiricafmstare collected from.

If we assume that investors have quadratic preteeand that returns are independent and
identically distributed, we have seen that at |l@dstn we use the whole period from 1927-
2008, the bonds tend to outperform the stocksdioegér horizons. The exception is the food
products in table 6.13 which were ranked as theést portfolio for long-term investors, in
front of the long-term government bonds. The bahdstend to perform the best both in the
short and the long run under these assumptionhartatermediate-term government bonds.
The second best are the corporate bonds, whil®tigeterm government bonds tend to
perform the worst of the bonds. When the annuakmstonly are collected from 1952-2008
as in table 6.9, we see a dramatic change in thgsa Though the intermediate-term bonds
still outperform the stocks in the long run, thedeterm bond are ranked as thd'&#id 1§’

of a total of 19 portfolios. Only under these asptiam the ranking seems to be influenced by
the change in the number of annual returns. lbnlg compare the stocks, we see that for
long horizons big cap stocks tend to outperform amd small cap stocks, medium book-to-
market ratios seems to outperform low and high koetkarket ratios, medium dividend
yields tend to outperform low and high dividendlgge high cash flow yields seems to
outperform medium and low cash flow yields and medearnings yields tend to outperform
low and high earnings yields. We also have sedanviith these assumptions the market

portfolio performs relative well.

When we assume that investors have quadratic prefes, and that returns are not
independent and identically distributed, all thecks outperforms the bonds for longer
horizons. It does not matter if the annual retarescollected from 1952-2008 or 1927-2008.
Under these assumptions mid cap stocks tend t@datm big and small cap stocks, and for
the book-to-market ratios, the dividend yields, ¢ash flow yields and the earnings yields

high values outperform the medium values, and tediom values outperform the low



values. The portfolio that performs best for thegderm investor when we are comparing
portfolios based on statistics is the stocks wigihbook-to-market ratios. When we are
comparing the industries, the petroleum and nagaslis the best. We also have seen that

with these assumptions the market portfolio perforafative well.

If we assume that investors do not have quadragiepences and that returns are independent
and identically distributed, all the stocks outpenris the long-term bonds for longer horizons,
the intermediate-term government bonds howevefoparbetter than stocks with low
earnings yields, and when we are comparing bondsrenindustry portfolios, intermediate-
term bond are ranked as thé2Mid cap stocks tend to outperform big and smafl stocks,
and for the book-to-market ratios, the dividenddsethe cash flow yields and the earnings
yield high values outperform medium values, andntfeelium values outperform low values.
The portfolio that performs best for the long-tanwestor when we are comparing portfolios
based on statistics is the stocks with high eamyiglds. When we are comparing the
industries, the tobacco products perform the Béstse portfolios perform best for all
horizons. Under these assumptions the expectedthiggd@riod does influence which

portfolio one should invest in.

If we assume that investors do not have quadragifepences and that returns are not
independent and identically distributed, all thecks outperforms the bonds for longer
horizons, except for the metal industry that igpediormed by the intermediate-term
government bonds. With these assumptions the npigtoacks tend to outperform big and
small cap stocks, and for the book-to-market ratios dividend yields, the cash flow yields
and the earnings yield high values outperform medmalues, and the medium values
outperform low values. The portfolio that perforbest for the long-term investor when we
are comparing portfolios based on statistics isstbeks with high book-to-market ratios.
When we are comparing the industries the tobacodyats perform the best. Both these

portfolios perform well for all horizons.
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Appendix

Matlab program:

clear; clc; close all
filename = Lt
%filename ="....txt'

data = load(filename)/100
percents

nSim = 50000
T=1:20

% load data and divide by 100 to correct for

% define the number of simulations
% define investment horizons

numT = length(T) % compute the number of horizons
[nRows, numPort] = size(data); % find the number of risky portfolios
numPort = numPort - 1 % as one column contains TBill return

% allocate the space for performance measures
PM = zeros(numT, numPort);

% LOOP: BOOTSTRAP SIMULATION AND COMPUTATION OF PERORMANCE MEASURES

% compute the performance measures for each T
for i=1l:numT

% perform bootstrap or block-bootstrap
y = bootstrap(T(i),data,nSim);
B = round(0.75*T(i));
%y = blockbootstrap(B,T(i),data,nSim);
% risk-free rate of return in the last column

r =y(:,end);

for j=1:numPort
X =y();

% compute the Sortino ratio
%PM(i,j) = Sortino(x, r);

% compute the Sharpe ratio
PM(i,j) = SR(x, 1);

end % loop wrti
end % loop wrt |
% PLOT THE RESULS
%plot(PM)

semilogy(T,PM(;,1), k'
hold all
semilogy(T,PM(:,4:end-1))
hold all
semilogy(T,PM(:,end), r

,T,PM(:,2), k' T,PM(,3), k)
, 'LineWidth' ,2)

xlabel(
ylabel(

'Investment horizon' )
'Performance measure' )



legend( 'Long term corporate bonds'

bonds' , 'Intermediate term goverment bonds'
'‘Low size' , 'Medsize' , 'High size'

bm', ...
'Market' , -1)

for i=1l:numT
for j=l:numPort

fprintf( %5.2f" , PM(i,}))
end % loop wrti
fprintf( \n' )

end % loop wrt |

, 'Long term goverment

":Lowbm' , 'Med bm' , 'High



