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Abstract

Insurance companies hold large amounts of assets to ensure that they can meet the
claims of policyholders. They prefer safer investments with lower risk to guarantee
future payouts. Sustainability has become a growing topic over the last couple
of years and insurance companies have the possibilities to make the world more
sustainable. However, sufficient returns is a priority. This thesis will investigate the
impact of sustainable investments on portfolio risk and returns.

To enable this investigation, a general and a sustainable portfolio were created for
two different markets. These portfolios were then managed using different portfolio
theories and backtested to assess their performance compared to a benchmark index
over the last 12-15 years. We also tested different measurements to see if there was
a statistically significant difference between the general and sustainable portfolios.

We found that in a smaller market with a low number of sustainable companies
that generate better returns than the benchmark index, general portfolios tend to
generate better returns and lower risk compared to sustainable portfolios. In a larger
market with a larger set of unsustainable stocks, we found that the maximum draw-
down where lower for the sustainable portfolios, otherwise, no statistically significant
difference were found.

After analysing the results, we can say that the they can be used as a guideline
for someone interested in markets that are similar to the ones used in this thesis.
Otherwise, one should recreate this investigation with their specific sets of stocks to
help them get more useful results. Investing is a personal matter and a change of

preferred markets or sustainability criteria etc. could alter the results.
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Nomenclature

e Security — An asset like a stock, fund, etc.
e Portfolio — A collection of securities
e Return — The change in valuation of a security

e Risk — The volatility of a security, determined by the standard deviation of

the returns

e Market — A collection of securities that have something in common, e.g.

stocks in the the same sector or based in the same country
e Benchmark index — An index that tracks the evolution of a specific market

e Stock split — A company may decide to increase or decrease the number of
stocks without taking on new capital, a 3:1 split will create three stocks for

every stock already existing

vi



1 Introduction

1.1 Background

Insurance companies often have a very large collection of assets. That is because
they must be able at all times pay the holder of the insurance policy, in the case of
an accident or other events that the insurance policy cover. The insurance company
must therefore be solvent, able to pay their debts. They could solve this matter by
increasing the premiums which the policy holder pays, this however is not a great
way to handle the solvency issue.

The asset management department therefore has a large role in securing the
capital but in the same way increase the value to keep the premiums at a suitable
level. The insurance companies often have an investment fund in the billions and
can therefore play a large part in the businesses or projects that they invest in.

The climate crisis, as it is described today together with the increased will for
peoples well-being may have caught the attention of asset managers. The number
of sustainable funds have more than doubled in the last five years [1]. Since the
insurance companies have the possibility to fund large projects they could play a
role in the transition to a more sustainable world.

Insurance companies will most likely have some agreements of possible payouts
far ahead in time, e.g. life insurance or pensions. This leads to insurance companies
having very long time horizons for their investments. They tend to prefer invest-
ments that are classed as safe since they are happy with the lower returns that might
follow the more safe investments since they want to guarantee the policy holder the
determined sum of money in the future, not necessarily making as large returns as
possible.

Asset managers aims are positive returns. A mutual fund that solely invests
in sustainable companies might sound attractive to normal private investors even
though they might not create the best returns. As stated previously, insurance

companies need sufficient returns for their business to hold. They must therefore



carefully consider the opportunity for sufficient returns before making a decision
based on ethics or morals.
This thesis will bring a view on how sustainable investments can have an impact

on the risk and returns of a portfolio.

1.2 Problem description

1.2.1 Aim

The aim of this thesis is to compare the returns, risk and alpha-value between two
portfolios. The alpha-value is the the average return of a portfolio in excess of a
benchmark. One portfolio will be a general market portfolio and the other portfolio
will only contain shares of the companies that are deemed to be sustainable. These
portfolios will be managed with different portfolio allocation theories to bring a
wider view on the comparison between the general and sustainable portfolio.

At the end, there should be a clear representation of which portfolio that per-

formed the best and if the sustainable portfolios can deliver sufficient returns.

1.2.2 Delimitations

The study is limited to two markets that are of interest for the company that I work
on this thesis in collaboration with. They have also provided the criteria that has to
be met by companies in order to be classed as sustainable. They are not allowed to
have short positions, so the algorithms created will only allow long positions. Due
to secrecy, neither the company, the sustainability criteria, the return target nor the
markets can be named. The markets will be named A and B in order to separate

them.



2 Theory

In this section, we will describe the theory behind the different portfolio theories
while also explaining some measurements used during this study. Returns, returns
of an asset, portfolio returns etc. are something that occurs often in this thesis.
We define the return as Final value/Initial value, this is also known as the gross
return. The return for a period, e.g. a week, is in other words based on the change

in value of the asset/portfolio at the start and the end of the period.

2.1 Equal balance portfolio

An equal balance portfolio has its purpose in its name. At every time step, the
portfolio should be rebalanced so that every stock contributes with the same weight,
i.e. if we have 10 stocks, then we should have 10% of our capital in every stock after

the rebalancing.

2.2 Modern portfolio theory

Harry Markowitz wrote an article on portfolio selection in 1952 and it is said to have
set the foundation of what we today call modern portfolio theory (MPT). The article
describes his realisation that the performance and composition of an investor’s entire
portfolio is of more importance than the performance of an individual stock [2].
Markowitz also states in the article that one should take the expected returns
into account when determining where to allocate their money since the future is not
known with certainty. He also states that the law of large numbers do not apply to
a diversified portfolio since the returns from the securities are too intercorrelated.
This means that diversification can not eliminate all variance and that the portfolio
with the maximum expected returns in not necessarily the one with the minimum
variance. An investor could take on variance to increase the expected returns or
decrease the expected returns in order to get a lower variance. This is done by

altering the weights of the securities included in the portfolio [3, pp. 15-17].



Two formulas are key for MPT. The first one is the formula for the expected

returns,

E[Ry| = ZwiE[Ri}. (1)

R, is the return of the portfolio, w; is the weight of asset ¢ and R; is the return
of asset i, n indicates the number of assets. We have the following formula for the

variance of the portfolio,

o (w) = wl Yw. (2)

Here, w indicates the vector that contains all of the asset weights and 3 is the co-
variance matrix of the returns. Equation (2) will be used when we want to determine

the variance for a portfolio with a specific set of weights.

2.2.1 Minimum variance

The efficient frontier was something Markowitz introduced in his article from 1952
[3, pp. 31]. They are a collection of portfolios that offers the highest expected
returns for a given level of risk, with risk being synonym to standard deviation in
the world of finance. We can rephrase the definition of the efficient frontier as the
collection of portfolios that offers the lowest risk for a given return, since it results
in the same frontier. The portfolios on the the efficient frontier are therefore the
portfolios that solve the following problem,
R
min §'w Yw

Given w’p = pg

wlil1=1

w > 0,

where p is a vector containing the expected returns for the assets, g is the target



return for the portfolio and 1 is a vector of ones. The first constraint ensures that
the allocation satisfies the specified target return based on the expected returns, the
second one ensures that we allocate all of our money and the third one indicates that
every allocation weight are positive, this satisfies the no short position conditions
stated in section 1.2.2.

The first portfolio that we will create is the minimum variance portfolio. As one
can imagine by the name, it is the portfolio that wants to have the lowest variance
possible which we now know means that it will have the lowest risk. The minimum
variance portfolio can be found by solving the problem stated above but without the
first constraint. We ignore this constraint since we are only interested in finding the
portfolio with the smallest variance and do not have any opinion on the expected

returns.

2.2.2 Target portfolio

The problem described in the previous section can be seen as a target portfolio if
we set a specific ug, i.e. we set a return target that we would like to achieve. This
solution however is based on the minimisation of the portfolio variance. For this
thesis work, we will disregard from the minimisation of the variance and only focus
on the finding the stocks that will achieve the specified target, based on the expected

returns. We will solve the following problem to find the allocation,

min  wp — lo
w

2.2.3 Sharpe ratio

The Sharpe ratio, introduced in 1966 in an article by William F. Sharpe is a measure-
ment that indicates a portfolios reward to variability ratio, which was the original

name for the ratio in the article. It is described as



SharpeRatio = m (3)
where the numerator consists of the difference between the portfolio returns and the
risk free rate, Ry, while the denominator is the standard deviation also known as
the volatility of the portfolio returns [4]. The numerator is seen as the reward, i.e.
how much an investor can over perform when his portfolio is compared to a risk free
rate. We use the normal procedure for standard deviation here instead of equation
(2) since we are interested in the volatility of the portfolio value over time.

Since we only use stocks in the work of this thesis, an adjustment of equation
(3) is needed. The risk free rate is used as a comparison tool since it indicates if
the created portfolio will perform better than an asset that gives a risk free rate of
return, often a government bond. In the case of this thesis were no risk free is used,
our comparison tool will be the rate of return for when we just hold our cash outside
of the market. The rate will be one since we do not take inflation into account.

The Sharpe ratio will in this thesis be used as a measurement and a way to
create an allocation. The measurement part is described in a later section and we
will now focus on how the Sharpe ratio can be used to create an allocation that will
result in the highest Sharpe ratio possible, one could call it the maximum expected
Sharpe ratio. Together with the adjustment listed above the formula that will be

used is

E[Ry| —1

E[SharpeRatio] = (w)
o

where equations (1) and (2) are used for the calculations.

2.3 Risk parity

Up to this point, we have focused on the budgeting of our assets to give a low
variance, a high expected Sharpe ratio or match a return target. Risk parity however

focuses on the budgeting of risk and we will look at two different ways of using risk



parity to find allocations for our portfolios.

2.3.1 Equal risk contribution

The downside with for example, the minimum variance portfolio is that we could
have a large portion of our money and risk in just a few assets. If this happens, it
only takes one stock to go down for the entire portfolio to go down with it.

We want the allocation to make the risky assets to contribute to the same amount
of risk. This implies that an asset that is deemed to be risky should get a smaller
allocation than an asset that is deemed to be less risky.

As we have stated previously, the standard deviation is used as our measurement
of risk. We can define our risk measurement using equation (2) as o(w) = VwTSw.

With this, we can define the marginal risk contribution per asset i as

O, 0(w) = a‘;fy‘:’). (5)

The marginal risk contribution measures the change in the portfolio volatility in-

duced by a small increase in allocation weight. We can then use the marginal risk

contribution to determine the total risk contribution of an asset ¢ as

oi(w) = w0y, o(w). (6)

Since our risk measurement ¢ is a homogeneous function of degree one, Euler’s

theorem gives the following relation

n

o(w) =) oi(w). (7)

i=1
Equation (7) tells us that the sum of all risk contributions can be seen as the total
portfolio risk [5].
If we find the allocation that results in o;(w) = o(w)/n for every asset i if we
have n number of assets, i.e. every asset has the same total risk contribution, which

was the aim, and it will also fulfill the relation in equation (7). Using equation



(5) and (6) with our defined risk measurement, we can determine the total risk

contribution as

(Ew),-
VuTsw

We can then set up the following minimisation problem to find the allocation that

al(w) = w;

satisfies o;(w) = o(w)/n,

min zn:(w (Zw): 1)2

; _
, wIiXw n
=1

2.3.2 Hierarchical risk parity

For the different ways of portfolio creation that previously has been mentioned,
every stock is seen as a direct substitute if the algorithm decides that a stock needs
to get a smaller allocation. Investors that would like to have a diversified portfolio
could face a problem with the allocation methods since the correlation matrix does
not take, region, size or industry into account. One could say that the correlation
matrix could use a hierarchical notion [6]. This is where Hierarchical risk parity
comes to function.

Hierarchical risk parity uses a combination of graph theory and machine learning
techniques to determine the allocations. The algorithm consists of the three following
steps, tree clustering, quasi-diagonalisation and recursive bisection.

For the tree clustering, we begin by calculating a correlation distance matrix d

where the elements are defined as,

1
dij = 5(1 — pij)

with p; ; is the correlation between asset 7 and j. We then create a new matrix d

with the elements defined as,



N
dij = (dni — dn,j)?

n=1
with N being the total number of assets. The reason for the second matrix is that
each element in d becomes a function of the entire correlation matrix [6]. After this,
we create clusters of assets using d. We denote the clusters as u, and the first cluster

is calculated as

ul[l] = argmin(i7j){cz}.

The argmin function returns the index that has the lowest value connected to it, e.g.
we have a vector [5, 2, 3], 2 is the lowest number so the argmin function will indicate
that the lowest value is at index 1 if we begin our indexation at 0. An example of

finding a cluster from the d matrix with N = 3 can be seen below

0  0.5659 0.9747
05659 0 1.1225| — u[l] = (0,1).
0.97471 1.1225 0

When we have our cluster, we then need to define the distance between it and the

unclustered items. These distances are defined as

di,u[l] = min[{giaj}jeu[l]L

which in our example will be

min|0, 0.5659] 0
min]0.5659,0] | =| 0
min[0.9747,1.1225] 0.9747



We then update (Z” by appending di,um and dropping the clustered columns and

rows j € u[l]. The matrix with the cluster appended will form as

0 0.5659 0.9747 0
0.5659 0 1.1225 0
0.9747 1.1225 0 0.97471

0 0 0.97471 0

After dropping the clustered rows and columns, the matrix will then take its final

form as

0 0.9747
09747 0 |

We then recursively apply the steps that involve the clustering NV — 1 times. In our
example where N = 3, we find one more cluster and then the process is stopped [6].

This process can be seen below as

[ 0 0.9747

— ul|2] = (2,3) — stop.
0.9747 0] 2= 23) P

When the clustering is done, the next step in the algorithm is quasi-diagonalisation.
At this step we reorganise the covariance matrix to have the largest values along
the diagonal. This is done with a seriation algorithm using the order of the clusters
from the tree clustering. Matrix seriation is a statistical method that rearranges
data to clearly display the inherent clusters. At the end we will have similar assets
placed together and dissimilar assets placed far apart [7]. A visualisation of this
rearrangement can be seen in figure 1 below, where the left heatmap shows the nor-
mal correlation matrix and the right heatmap shows the correlation matrix after the

quasi-diagonalisation. This visualisation is separated from the example given above.
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Figure 1: A visualisation of the quasi-diagonalisation where the left heatmap
is the normal correlation matrix and the right heatmap shows the correlation
matrix after the quasi-diagonalisation.

Recursive bisection is the last step and ultimately the step where the allocation
is determined. It begins with setting the allocation w equal to one for all assets. We
then use the matrix left after the tree clustering that contains one large cluster and
then we divide each cluster into two sub-clusters by commencing with the highest
cluster and traversing downwards in a top-down manner. The Hierarchical tree
clustering then forms a binary tree where each cluster has a left and right child
cluster which we denote as V4 and V5. An example of such binary tree can be seen

in figure 2 below.

11
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Figure 2: A visualisation of the binary tree formed by the hierarchical cluster-
ing

We can then calculate the variance of these child clusters as
Vi=w'Viw
where w is determined by

diag[V]~*

w= trace(diag[V]—1)

We can now determine weighing factors oy and ay as

a1=1—~V71~, 042:1—011.
Vi+Vs
Now, we can update the weights of stocks in the left and right sub-clusters respec-
tively by w1 = w1 X a1 and ws = ws X as. Once this is done, we execute the steps
from dividing of the sub-clusters to the updating of the weights recursively until all

weights are assigned [7].

12



2.4 Measurements
2.4.1 Maximum drawdown

Maximum drawdown (MDD) is a measurement which indicates the maximum po-
tential loss for a portfolio or any other asset which changes in value over a given time
period, i.e. potentially buying at the top and selling at the bottom [8]. The MDD
can be a useful tool for investors to investigate the volatility of an asset, or in this
case, their portfolio even though it has produced positive returns. A visualisation
of this can be seen in figure 3, where the imaginary asset has dropped in value from
the highest point but has increased in value since the start of the time period. The

smaller MDD, the more stable an investment is deemed to be.

14
13
12 Maximum
e drawdown
&
~11
10
9
0 1 2 3 4 5 6 7 8
Time
Figure 3: An illustration of maximum drawdown.
2.4.2 Alpha

Alpha is a parameter that measures the average return of an asset or portfolio in
excess of a benchmark per time step. To determine alpha, we need to define the

excesses return to begin with. It is defined as

13



R¢® = R, — Rbm¥

with R; being the return of our portfolio or asset at time ¢ and RY™* being the
return of the benchmark, also at time t¢.

R{® can at some occasions also be referred to as the active returns. This term
is based on the assumption that a person with a low level of knowledge in the
subject of investing could produce the benchmark returns. These returns are then
called passive and are commonly produced by investing in a low cost index fund,
the active returns are then the returns that an investor produces in excess of the
passive returns.

When the excess returns are determined, we can then calculate alpha. The

calculations are made with the following equation,

. I
— exr
a=5> R
=1
where T is the number of observations in the sample [10].

2.4.3 Sharpe ratio

We mention in section 2.2.3 that the Sharpe ratio is a measurement. It will be used
to compare the final results of the created portfolios. We will here use a modification

of equation (3), namely the average annualised Sharpe ratio, described as

Rannu

SharpeRatioannu = m

where Rgnnu is the mean of the annualised percentage returns and std|Rannu) is the
standard deviation of the annualised percentage returns. For simplicity reason, the
percentage returns are used instead of the gross returns that are used in the other
parts of this study. The Ry term equal to one in equation (4) will here be zero since

we are using the percentage returns.

14



2.5 Hypothesis testing

Statistical significance is most commonly used when investigating and comparing
different samples. Random sampling error arises when statistics are based on a
sample, this leads us to introduce a degree of confidence. The most common degree
of confidence used is set at 95%, this means that we could say that there is a
statistical difference with 95% certainty [11].

To be able to answer a question, for example, whether sample A has a larger mean
value than sample B, with certainty, one can use hypothesis testing to determine if
the answer can be backed by statistics. Hypothesis testing is the procedure used
for statistical tests of parameters. It consist of the testing of the null hypothesis,
Hy, and the alternative hypothesis Hy. The aim of the test is to see if we can
reject the null hypothesis which means that we have a significant result and that the
alternative hypothesis holds. Hjy is regarded as the normal case, which can not be
proven, and H; is the alternative case that one wants to demonstrate as true. If the
null hypothesis can not be rejected, then we can not say that we have a significant
result and the normal case stands.

If we go back to the question regarding the values of sample A and B, if we
want to know if sample A has a larger mean value compared to sample B. Since we
want to know if sample A has a larger mean value that sample B, that should be
the alternative hypothesis. The null hypothesis could then be that the samples have
equal values, i.e. we assume that the samples are equal. The setup of such test will

look like

Ho:pa—pp=0
Hi:pa—upg>0.

where p indicates the sample mean of sample A and B.
To determine whether the null hypothesis can be rejected, one use the direct

method. The direct method uses the p-value, p, that one can determine from a

15



t-test made with the values from the sample. The p-value is defined as p := pg,,
the probability to receive at least one case as extreme as the observed. The null

hypothesis can be rejected if p < €, where € is the error margin [12].
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3 Method

3.1 Data collection

To begin the work with the portfolios, data has to be collected. As mentioned in
section 1.2.2 the study is limited to two markets, A and B. To create our different
portfolios, we need to find stocks that we can invest in. The only requirement that
a stock needs to fulfill to be able to join the general portfolio is that it belongs
to the specific market that we are interested in. The general portfolio is intended
to be close to the benchmark index in terms of returns, i.e. the returns of the
general portfolio with equal weights should match the return of the benchmark
index over the chosen time period. Since these indices do not take sustainability
into account, both sustainable and unsustainable stocks are allowed. The stocks
are picked almost at random, there is some diversification to represent a normal
portfolio. The sustainable portfolio is then created with the general portfolio as its
foundation. Every stock in the general portfolio is examined and if it fulfills every
sustainability criterion given, then it is also placed in the sustainable portfolio. A
summary of the returns of the portfolios and their benchmark indices can be seen
in table 1 & 2 below. For market A, 13.3% of the shares are classed as sustainable

and 30.6% of the shares are classed as sustainable for market B.

Table 1: Table containing the returns of the benchmark index and the portfo-
lios for market A.

Benchmark index 162.56%

General portfolio 162.46%

Sustainable portfolio 95.78%

17



Table 2: Table containing the returns of the benchmark index and the portfo-
lios for market B.

Benchmark index 251.43%

General portfolio 251.95%

Sustainable portfolio | 180.42%

The data gathered is the closing prices that are adjusted for eventual stock splits. For
market A, data is gathered from 2006-01-02 until 2023-01-02 with weekly intervals.
The data for market B is gathered from 2008-12-29 until 2023-01-02. The idea for
the time period is to be able to see how both the financial crisis during 2007-2008
and the corona crisis of 2020 would affect the portfolios. The shorter time period for
market B is due to the lack of data for the benchmark index, which compromises the
impact of the financial crisis. The evolution of the separate stocks and the indices
can be seen in figure 4 and 5 below. The stocks are only categorised as sustainable
and unsustainable to keep the criteria secret. A more detailed figure, without the

most extreme stock for market B can be seen in figure Al in the appendix.

18
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Figure 4: Plot of the individual stocks and index for market A. The stocks are
categorised as sustainable or unsustainable.
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Figure 5: Plot of the individual stocks and index for market B. The stocks are
categorised as sustainable or unsustainable.
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3.2 Backtesting

To evaluate the different portfolio methods, a procedure called backtesting was used.
Backtesting uses historical data to simulate how an investing strategy would have
worked. With backtesting, an investor could test its strategy without risking any
money in the live market. One should remember though that a strategy that worked
in the past is not guaranteed to work, but an investor could gain assurance in its
strategy if the backtesting simulation indicated good results [9].

With backtesting, one could analyse more than just the returns. Risk manage-
ment is an important part of investing, and the simulation gives an opportunity
to analyse the risk in different methods. In this thesis, we will look at the annu-
alised risk and the maximum drawdown of our portfolios. The annualised risk is

determined as

ri8Kannualised = Std[Rp] \Y% Nr,

with std[R,] being the standard deviation of the portfolio returns and Np is a
constant that indicates how many times the used time frame occurs during a year.
Since we are using weekly data, we use Ny = 52.

The portfolio methods used in this thesis need data to be able to produce allo-
cations. Because of this, we use a window containing the last 100 weeks of return
data to lay the foundation of the calculations, namely to determine the expected
returns, covariance or correlation matrices. The expected returns and covariance
matrix serve as the constant components in our minimisation/maximisation prob-
lems, while the correlation matrix is used for the initial step for the Hierarchical risk
parity. Therefore, these entities need to be updated with new input data to ensure
that the algorithms updates the allocations.

The amount of weeks were chosen since they span over roughly two years which
catches a long term trend without being too influenced by sudden extreme events,
but still being relatively short term with regard to the long investment horizon.

As time goes by, more information is disclosed and to not let this increase of

20



information have an impact on our algorithms, a rolling window of 100 weeks is used
as input to keep the input size constant. A demonstration of the rolling window

procedure can be seen in figure 6 below.

Whole sample

Second window

Figure 6: A visualisation of the rolling window procedure.

The rolling window will move forward one week at a time. This will provide weekly
updates of the allocations for the portfolios from the 101%¢ week until the end of the

time period.

3.3 Additions

Since we have a delimitation given in section 1.2.2 which says that we are not allowed
short positions, i.e. w > 0 must hold, the equal risk contribution (ERC) algorithm
needs some modification.

The risk measurement defined in section 2.3.1 indicates that the total portfolio
risk must be nonnegative, which by equation (7) indicates that o;(w) > 0Vi. The
derivative in equation (5) can be either positive, negative or equal to zero and

equation (6) then tells us that w; must be negative if the marginal risk contribution
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is negative. This is not allowed with our delimitation, so we need to make sure that
w can not be negative. The way we do it is to ignore the stocks that gets a negative
marginal risk contribution at every time step. Those stocks will get an allocation of
zero and all of the remaining stocks will be used for the ERC calculations to make

sure that equation (7) still holds.

3.4 Statistical analysis

As mentioned in section 1.2.1, the aim of this study is to compare the risk between
the portfolios and to investigate whether the sustainable portfolios can deliver suf-
ficient returns. We can rephrase it as, does the sustainable portfolios collectively
generate greater returns and lower risk compared to the general portfolios?

To answer this question, we will make use of the procedure of hypothesis testing
mentioned in section 2.5. We will investigate the statistical significance for the
separate markets and when we create one sample from both markets. When the
markets are separated, the general portfolios from market A will create one sample
and the sustainable portfolios from market A will create another sample. When we
use both markets in a sample, every general portfolio will create one sample. We will
set the error margin € to 5%, which corresponds to the common degree of confidence

mentioned in the beginning of section 2.5.

3.4.1 Alpha

Since we want to see if the sustainable portfolios generate greater returns compared

to the general portfolios, we make use of the following hypothesis setup,

HO : /'Lasus - /”Lagen = 0 (8)

Hl : /"[’asus - lu’agen > 0

Ha,, Tepresents the mean of the alpha values for the sustainable portfolios and pq,,,

represents the mean of the alpha values for the general portfolios. The alpha values
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are used since they indicate the mean excess returns in comparison to a benchmark
index, which is more relevant than to only compare their relative returns. In this
hypothesis setup, our null hypothesis is that there is no difference between the
samples of alphas, and the alternative hypothesis is that the sustainable sample of
alphas is greater than the sample for the general portfolios.

If necessary, i.e we are not able to reject the null hypothesis for the test above,

then we will make another test with the following setup,

Ho: page, = Pags =0 (9)
Hi: pagen = Hagus > 0.
This test has the same null hypothesis as in the first test but it has a flipped
alternative hypotheses which now is, the general sample of alphas is greater than
the sample for the sustainable portfolios.

The reason why we conduct the second test is that if we can not reject the
null hypothesis in the first test, the only conclusion we can draw is that there is no
statistically significant difference in performance between the general and sustainable
portfolios. The second test would then give us another opportunity to see if there
is no statistical significant difference or if the general portfolios generate a better

alpha compared to the sustainable portfolios.

3.4.2 Risk

To compare the risk between the sustainable and the general portfolios, a hypothesis
testing is made were we separately test the volatility and the maximum drawdown
samples from the different portfolios. At first we will test the two following hypoth-

esis setups. The first one being

HO : /’Lo'sus - lu‘o'gen = 0 (10)

Hl : Mo'sus - iu“o'gen < 0
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where fi5,,, is the mean of the annualised volatilities for the sustainable portfolios
and fis,,, is the mean of the annualised volatilities for the general portfolios. This
hypothesis setup will test if there is a difference between these samples and that the
difference is that the volatility is lower for the sustainable portfolios in comparison
to the general ones.

The second hypothesis setup that we will test is,

Ho : tMDD.we = HMDDge,, = 0
(11)
Hy: pmpp,,, — MDDy, < 0.
Here, pyppp,,, represents the mean of the maximal drawdowns for the sustainable
portfolios and iy pp,,,, the mean of the maximal drawdowns for the general port-
folios. With our setup here, we will test if we can say that the sustainable portfolios
have a lower maximum drawdown, otherwise there is no proven difference.

If we are not able to reject any of these null hypotheses, we will follow the same
procedure as when we test the alpha value in the section above. We will set up the
opposite alternative hypotheses to see if we can say that the general portfolios have
a lower annualised volatility or maximum drawdown. This is tested with the two

following hypothesis setups,

‘HOM en_/‘l’suszo
Og g, (12)

Hl : /’Lo'gen - I’LUsus < 0
and

Ho : pMDDgen — PMDD,us = 0
(13)

Hl . )U‘MDDgen — UMDDgys <0.

As with the hypothesis testing for alpha, if we are not able to reject the null hypothe-
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ses in the second round of testing for the annualised volatility and the maximum

drawdown, then we can not say that there is a statistical significant difference.

3.4.3 Sharpe ratio

The Sharpe ratio is a measurement that can be seen as the reward to risk ratio.
Different portfolios will generate different returns and risk. This ratio however can
indicate whether a portfolio has produced sufficient returns with its level of risk.
We will of course also test these ratios with our hypothesis testing procedure. We

begin with the following setup

HO : Iu’SRsus - iu“SRgen = 0 (14)

Hy: psR,. — HSRye, >0
where ugp,,. represents the mean of the Sharpe ratios for the sustainable portfolios
and psg,,, represents the mean of the Sharpe ratios for the general portfolios.

We will for the Sharpe ratio also conduct a second test if we are not able to
reject the null hypothesis in the first test, then we will conduct a second test to see
if we are able tho reject the null hypothesis in this test instead, otherwise we can not
say that there is a statistical significant difference in the case of the Sharpe ratios.

The setup used for the second test will be

HO : Iu‘SRgen - /"[’SRsus = 0

Hi: piSRyen, — WSReys > 0
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4 Result

4.1 Market A

The result of the portfolio simulations using the different methods for market A
will be displayed with a plot together with a table. Figure 7 below displays the
evolution of the value for the general portfolios and the benchmark index during the
time period when the initial investment is set at 100. The same plot but for the

sustainable portfolios can be seen in figure 8
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Figure 7: A plot displaying the evolution of the value of the general portfolios
and the benchmark index for market A.
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Figure 8: A plot displaying the evolution of the value of the sustainable port-
folios and the benchmark index for market A.

The numerical results for the general portfolios and the sustainable portfolios can
be seen in table 3 and 4 respectively. The tables uses the following abbreviations,
EB - Equal balance, MV - Minimum variance, ERC - Equal risk contribution, HRP

- Hierarchical risk parity.
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Table 3: Table displaying the results for the general portfolios in market A
together with the benchmark index.

Total return | Annualised risk | MDD Alpha Sharpe ratio
Index 122% 21% 51% - 0.35
EB 155% 21% 53% 0.0171 0.40
MV 149% 15% 36% -0.000079 0.48
Sharpe 140% 18% 39% -0.000039 0.41
ERC 164% 19% 51% 0.000125 0.44
HRP 156% 18% 46% 0.000038 0.44
Target 7% 20% 50% -0.000388 0.29

Table 4: Table displaying the results for the sustainable portfolios in market
A together with the benchmark index.

Total return | Annualised risk | MDD Alpha Sharpe ratio
Index 122% 21% 51% - 0.35
EB 102% 23% 56% -0.0063 0.32
MV 11% 19% 47% -0.000982 0.13
Sharpe 16% 25% 63% -0.000680 0.17
ERC 88% 21% 54% -0.000207 0.30
HRP 78% 21% 51% -0.000301 0.29
Target 67% 24% 63% -0.000258 0.26

The target portfolios do not achieve the target return in either case.
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4.2 Market B

The results for the different portfolio simulations for market B will be presented
in the same way as for Market A. The evolution of the different portfolio values
can be seen in figure 9 and 10 below and the numerical results for the general and
sustainable portfolios will be presented in table 5 and 6 respectively, using the same

abbreviations as earlier.
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Figure 9: A plot displaying the evolution of the value of the portfolios and the
benchmark index for market B.
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Figure 10: A plot displaying the evolution of the value of the portfolios and
the benchmark index for market B.

Table 5: Table displaying the results for the general portfolios in market B
together with the benchmark index.

Total return | Annualised risk | MDD Alpha Sharpe ratio
Index 184% 16% 30% - 0.62
EB 240% 16% 27% 0.0276 0.72
MV 133% 13% 25% -0.000410 0.62
Sharpe 127% 17% 31% -0.000330 0.48
ERC 193% 13% 26% -0.000025 0.72
HRP 202% 13% 24% 0.000016 0.76
Target 164% 16% 27% -0.000120 0.58

30



Table 6: Table displaying the results for the sustainable portfolios in market
B together with the benchmark index.

Total return | Annualised risk | MDD Alpha Sharpe ratio
Index 184% 16% 30% - 0.62
EB 234% 15% 24% 0.0223 0.72
MV 144% 13% 26% -0.000332 0.64
Sharpe 51% 16% 27% -0.000997 0.29
ERC 195% 13% 24% -0.000020 0.74
HRP 209% 13% 23% 0.000048 0.79
Target 340% 15% 22% 0.000676 0.87

The target portfolios exceed the target return in both cases.

4.3 Statistical analysis

For the statistical analysis, the p-values for the different tests will be presented

in tables together with an indication that says whether the null hypothesis can be

rejected. For simplicity, the tests described with equations (8)—(15) will be identified

with the parameter tested, e.g. agus > Qgen for the test described by equation (8).
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4.3.1 Market A

Table 7: The p-values for the different hypothesis tests for the samples from
market A together with an indication that says if the null hypothesis can be
rejected.

Test Parameter tested p-value | Null hypothesis
1 lgys > Olgen 0.9801 Not rejected
2 Qlgen > Olgys 0.0199 Rejected
3 Osus < Ogen 0.9915 Not rejected
4 Tgen < Ogus 0.0085 Rejected
5 MDDgys < MDD gep, 0.9850 Not rejected
6 MDDy, < MDDy, 0.0150 Rejected
7 SRsus > SRyen 0.9985 Not rejected
8 SRgen > SRsus 0.0015 Rejected
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4.3.2 Market B

Table 8: The p-values for the different hypothesis tests for the samples from
market B together with an indication that says if the null hypothesis can be
rejected.

Test Parameter tested p-value | Null hypothesis
1 Qlgus > Qlgen 0.4513 Not rejected
2 Qlgen > Qlsys 0.5487 Not rejected
3 Osus < Ogen 0.3490 Not rejected
4 Ogen < Ogus 0.6510 Not rejected
5 MDDyys < MDD, 0.0315 Rejected
6 MDDy, < MDDy, 0.9685 Not rejected
7 SRsus > SRyen 0.3807 Not rejected
8 SRgen > SRsus 0.6193 Not rejected
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4.3.3 Both markets

Table 9: The p-values for the different hypothesis tests for the samples from
both markets together with an indication that says if the null hypothesis can
be rejected.

Test Parameter tested p-value | Null hypothesis
1 Qlgus > Qlgen 0.8749 Not rejected
2 Qlgen > Qlsys 0.1251 Not rejected
3 Osus < Ogen 0.8453 Not rejected
4 Ogen < Ogus 0.1547 Not rejected
5 MDDygys < MDD gy, 0.7200 Not rejected
6 MDDy, < MDDy, 0.2800 Not rejected
7 SRsus > SRyen 0.7696 Not rejected
8 SRgen > SRsus 0.2304 Not rejected
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5 Discussion

By using the backtesting procedure, we simulated how general and sustainable port-
folios based on different allocation methods would have performed under a chosen
time period compared to a benchmark index. We then analysed both the risk and
returns with the help of statistics to see if we could say that the sustainable portfolios

are the better investments, with regard to risk and returns.

5.1 Market A

If we begin by analysing figure 7 and 8, we can see a clear collective drop at the
beginning from the financial crisis. From there we have three groups of portfolios,
the ones that outperform the index, the ones that follows the index and the ones
that underperforms in terms of total returns. At the end, there are spread results
with the majority that underperforms compared to the index.

Looking at tables 3 and 4, we can see a clear advantage for the general port-
folios when it comes to total returns and the Sharpe ratios, both compared to the
sustainable portfolio and the index. If we look at the risk, we can see that the gen-
eral portfolios also have an advantage here as every method has a lower annualised
risk and lower or equal maximum drawdown when compared to the index. For the
sustainable portfolios, the annualised risk is hovering around the value for the index
with most of them having an equal or higher value, the same can be said for the
maximum drawdown. As we would expect, the minimum variance portfolios has
the lowest annualised risk and maximum drawdown in both cases. The alpha values
mirror the comparison of the returns. We can see that every alpha except for the
target portfolio is larger in the general case, with two of them being positive.

Moving over to the statistical analysis part, we can see in table 7 that we can
reject the null hypothesis in test 2, 4, 6 and 8. This means that we can say that
the general portfolios have greater alphas and Sharpe ratios while having lower
annualised risk and maximum drawdown, as we expected from observing table 3

and 4.
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This result has a probable cause, namely the returns of the unsustainable stocks.
As we can see in figure 4, all of the unsustainable stocks generate returns that either
are equal or significantly higher compared to the index and most of the sustainable

stocks.

5.2 Market B

We begin in the same way as for the previous market, by analysing figure 9 and
10. Here we can see that every portfolio follows the index for the first half of the
time period, after that there is some spread between the portfolios but there are still
some that end up close or above the level of the index.

By observing table 5 and 6, we can see the mixed result from figure 9 when we
compare the returns of the portfolios with the index. The majority of the sustainable
portfolios has a higher total return and Sharpe ratio compared to the index but the
spread seems more even for the general ones. For the annual risk and maximum
drawdown however, we can see that every portfolio is in line or have a measure
that is a bit lower than the index. The alphas also present a mixed result with one
general and two sustainable portfolios with a positive alpha.

The result of the statistical analysis is that there is some significant difference
between the general and sustainable portfolios. We are able to reject the null hy-
pothesis in test 5 which indicates that the sustainable portfolios has lower maximum
drawdowns compared to the general portfolios. Since we only can reject the null hy-
pothesis in this test, we can say that the the largest percentage drop will be smaller
for the sustainable portfolios, otherwise, there are no differences when compared to
the general portfolios.

For market A, we could see that the unsustainable stocks were a probable cause
for the results. By looking at figure 5 and, we can see that there is a wider spread
of the returns for the stocks in market B. This could be the cause for why we only

are able to reject the null hypothesis in one of the eight tests.

36



5.3 Both markets

In this section, we will analyse the result for when we created samples from both
markets to see if there is a more general advantage for any of the cases. If we look
at table 9 we can see that we are not able to reject the null hypothesis in any of
the tests a part from in test. The p-value is lower for every test conducted when
we investigate whether the general sample is more advantageous. This is probably
because of the clear results for market A, but the similarities between the samples
in market B outweigh the total samples which leads to no rejection of the null

hypotheses.

6 Conclusion

To conclude the work of this thesis, we should say that there is no difference between
general and sustainable portfolios. This however, may only be true for the specific
set of stocks used in this case.

As mentioned in section 1.2.2 the sustainability criteria used in this thesis are the
specific criteria given from a company. These could be different for other companies
or individuals, which could alter the set of stocks, and in turn, the results.

The benchmark indices uses a large amount of stocks to keep track of the market
and we could only choose a small portion of these for this thesis. Market A is a
smaller market compared to market B and only contains a low amount of stocks
that classifies as unsustainable. As we mentioned previously, the unsustainable
stocks in market A has large returns compared to the index which means that the
sustainable stocks mostly had to compensate with lower returns to meet the return
of the benchmark index. For cases like this, we can say that there is probably an
advantage to not invest in solely sustainable stocks.

For a larger market, such as market B were there exists a larger set of unsus-
tainable stocks. Our result is more useful for the broader population since we have

a better mix of returns for the different stocks. The result leads to the conclusion
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that one should invest in what they personally prefer, whether it be general or sus-
tainable investments for the long term, there should not be a significant difference.
This however may change in the future as there is more focus on sustainability now
than there was during the years where we begin our simulation, but no one knows
exactly what the future will hold.

If we were to look at the specific allocation methods, we can see that the two
risk parity methods perform well for both markets and for both the general and
sustainable cases in all categories compared to the other methods. The risk par-
ity methods also perform well compared to the indices, except for the sustainable
case for market A. The alpha value is however negative for some of the risk parity
portfolios, but they are rather small so one might overlook this. Something that is
interesting however is that the simple equal balance portfolio is only beaten by one
or two portfolios for the different cases. Mostly all of the other portfolios rely on
advanced mathematics and have been developed by some of the smartest people in
the field but it somehow seems extremely difficult to perform better than a simple
equal balance strategy. Is it worth spending time and money to develop a special
strategy if you are content with good returns and how does this simple strategy
perform so well? This is a question that I will leave for future researchers.

Investing is a personal matter, as everyone has their own preferred methods and
strategies. In order for someone to decide to switch investment methods to one of
those mentioned in the study, they should backtest the methods with the securities
they have held to compare the results with what they have achieved. Otherwise the
results could be skewed in comparison to their investment philosophy. Alternatively
they should make their own classification of what a sustainable stock is and then
they could use these methods to get a basis for a possible decision between general

and sustainable investments.
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A Market B without the most extreme stock
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Figure A1l: Plot of the individual stocks and index for market B excluding the
stock with the most extreme return. The stocks are categorised as sustainable
or unsustainable.
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