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Abstract

Denne afhandling undersøger, hvorvidt en kvalitetsbaseret investeringsstrategi anvendt p̊a det

danske marked er i stand til at levere et højere afkast end en passiv markedsportefølje. Baseret

p̊a en forskningsartikel af Asness et al. (2019) opstilles to kvalitets-testfaktorer, og der un-

dersøges, hvorvidt disse er brugbare p̊a et småt marked som det danske. Det konkluderes, at

den høje grad af virksomhedsspecifik risiko, som forekommer ved at dele markedet op i mange

små porteføljer, samt en stærk sektor-bias, medfører, at man ikke med tilstrækkelig sikkerhed

kan vurdere, hvorvidt de to testfaktorer er i stand til at skabe et positivt merafkast. Derudover

er testfaktorerne ikke i stand til at sl̊a markedet. En række forskellige metoder forsøger at

udbedre den virksomhedsspecifikke risiko og gøre kvalitetsmålet mere sammenligneligt. Uanset

disse forbedringer ses det af resultaterne, at det at definere store danske virksomheder som

lav-kvalitet og g̊a kort i disse, forringer resultaterne betydeligt i kontrast til blot at investere i

en portefølje af høj-kvalitets selskaber.
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1 Introduction

In the field of investing within the financial markets, there exist several acknowledged invest-

ment styles which build on specific trading strategies or factors. Among the more famous

factor-investing strategies are: Value, Momentum, Growth, Size and Quality. The aim of this

thesis is to investigate trading strategies based on quality.

This thesis is centred around the research paper, “Quality minus junk” by Asness et al. (2019)

where the authors defines that a stock has the quality predicate if it contains certain charac-

teristics that investors should be willing to pay a higher price for. The authors construct two

sets of test factors based on a broadly defined quality score calculated using several financial

measurements associated with profitability, growth and safety. The main idea is to have a long

position in stocks with a high quality score and have a short position in stocks with a low

quality score. The first test factor involves quality-sorted portfolios categorized into 10 deciles,

going long the top-ranked firms while shorting the lowest-ranked. The second test factor is

called the Quality Minus Junk (QMJ) factor. It starts by separating the firms into large and

small with regard to market capitalization (market cap), and thereafter going long the top 30%

and short the bottom 30% in terms of quality.

The results in Asness et al. (2019) show that the strategy yields significant risk-adjusted returns

in the United States on data from 1956 to 2016 and across a global portfolio containing 24

countries, where Denmark is included from 1995 to 2016. However, there is no focus on whether

the strategies are appropriate and applicable to a smaller market. In Statman (1987) the number

of stocks required to get a well-diversified portfolio is investigated. The results of the Statman

(1987) is that the idiosyncratic risk is almost eliminated when the portfolio contains at least 30

stocks. For a small market like the Danish, a diversified portfolio will be difficult to achieve if

the limited number of stock is separated into either 10 portfolios for the quality-sorted portfolios

or four for the QMJ factor. It appears that applying the strategies from the Asness et al. (2019)

paper to a smaller market can cause problems with the idiosyncratic risk.

Another contentious point from the two test factors of Asness et al. (2019) is that they do not

consider the inherent differences between annual reports for different sector or industries. In

the research by Novy-Marx (2014) the author points out that, stocks in the financial sector

should be scored separately from the different sectors to avoid industry biases in the results.

One of the reasons for looking at quality individually for the financial sector is that the sector

is often associated with a high debt to equity ratio. In the paper, Asness et al. (2019) a high

levered firm implies a lower quality score. In a review by Norges Bank (2015), they draw

the same conclusions as in Novy-Marx (2014): The financial sector is much different from the

other sectors and should be investigated separately. Therefore the Norges Bank (2015) research

excludes all financial stock data from the analysis in order to compare apples to apples.

Page 5 of 107
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The findings in the Asness et al. (2019) paper motivate this thesis to further investigate the

test factors by applying them solely to the Danish stock market. The purpose of this is to find

out if the quality investing approach can be a market beating strategy and discover if this type

of investing can be used on a small market like the Danish stock market. The research question

which this thesis seeks to answer is formulated below:

1.1 Research Question and Methodology

“How does a quality investment strategy perform when applied on the Danish stock market

against a passive Danish market portfolio and what challenges might occur when using the

QMJ strategy on a small market like the Danish?”

The purpose of investigating this question is to determine if investors in the Danish stock market

can generate an excess return by applying a strategy based on the quality factor defined by

Asness et al. (2019). In addition to this, the thesis will also consider the issues of idiosyncratic

risk, address the sector bias and discuss the viability of the strategy from an investor’s point

of view.

The theoretical foundation for the quality score in the paper Asness et al. (2019) is modelled

based on the framework of the Capital Asset Pricing Model (CAPM). For that reason, section

2.1 will lead off with a brief introduction to the CAPM, the different variables included, and the

assumptions behind the model. After this, in section 2.2, it is found sensible to demonstrate

how the CAPM can be derived, as the theory, later on, will depend on the premise of this

derivation. Subsequently, the dynamic asset pricing model from Asness et al. (2019) will be

derived in section 2.3, and the parameters that make up the quality factor will be presented.

This ensures that the theoretical foundation behind quality investing is in place before setting up

the portfolios and the test factors in section 3. Section 3 will also contain an overall description

of the data, construct possible ways to get around the issues of idiosyncratic risk and the sector

bias and describe the performance measures used to compare the results of the various models.

In section 4 the performance of the test factors constructed by Asness et al. (2019) will be

presented, and compared to a passive market portfolio. The section will also contain a more

general analysis and display the results from implementing the strategies that were thought

out in the previous section. After a thorough analysis, in section 5 there will be a discussion of

the data, the results, and how the quality factor otherwise could have been defined. Lastly, a

summary of the main findings and future recommendations will be presented in section 6.
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1.2 Quality Investing - Literature Review

Among the literature about quality investing, there are many different views and arguments

for defining and measuring quality. Unlike value investing, where there is a clear objective

definition of what value means (low price-to-book), there is no general objective definition of

what quality investing includes.

The concept of quality investing is far from a new idea. Benjamin Graham, who is also known

as “the father of value investing”, was probably one of the first investors to come up with

the term quality, as he believed that quality and value went hand-in-hand. In his 1949 book

“The Intelligent Investor”, he mentions that the biggest peril of buying bargain/value stocks

is settling for low-quality companies that are unable to compete. Thus finding quality stocks

is the key to successful value investing (Graham and Zweig, 2003). Graham’s protégé Warren

Buffet, has brought the philosophy with him, and although Buffet is mainly known for value

investing, he is also known for the quote:

“It’s far better to buy a wonderful company at a fair price

than a fair company at a wonderful price” - Warren Buffett (1989)

While quality and value investing can supplement each other, it is important to point out

that quality investing and value investing are separate entities. Quality investing is buying

and selling based on quality characteristics, irrespective of stock prices, while value investing

is buying based on stock prices, irrespective of quality (Asness et al., 2019).

For a considerable time, quality investing was primarily associated with investing in highly

profitable companies, but in Sloan (1996), an emphasis is put on the quality of earnings as well,

as it is found that low accruals earn positive excess returns in the following years. Piotroski

(2000) goes even further and constructs an F-score, based on nine different quality measures,

including Sloan’s quality of earnings, and shows that this factor can dramatically outperform

traditional value strategies. After the dot-com bubble burst at the beginning of the new mil-

lennium, a larger focus has been placed on investing in quality companies, and the number of

different quality measures has expanded rapidly. The papers by Novy-Marx (2014) and Norges

Bank (2015), does a great job of summarizing the most common quality characteristics:

• Profitability: A firm’s ability to generate earnings as compared to its expenses.

• Safety: Stable companies without high leverage or volatility

• Quality of Earnings: Lack of accruals, and consistency of earnings throughout the years

Table 1 presents some of the definitions that have been used historically by different authors

to determine what makes a firm high quality. It is worth noticing here that the quality factor

used by Asness et al. (2019) differs somewhat from these most common quality characteristics

Page 7 of 107
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as they also introduce growth on equal footing with profitability and safety and distributes the

standard quality of earnings measures to the profitability and safety measures. Hence a greater

emphasis is put on growth than what is previously seen.

In the research paper by Novy-Marx (2014) the quality definitions of table 1 are applied to

stock data from the US from July 1963 to December 2013. Novy-Marx (2014) then compares

the different quality measures by investigating the returns for each type of quality investing

and the correlation between the portfolios. The paper applies a strategy very similar to the

quality sorted portfolios of Asness et al. (2019) having a long position in the top 30% of firms

that score highest on the respective quality factor and short the bottom 30% which have the

lowest score. The results from Novy-Marx (2014) show that all of the quality factors presented

manages to generate a positive excess return, that Sloan’s accrual measures are uncorrelated or

negatively correlated with the rest of the quality measure, and that the simple quality measure

(GPOA) defined by Novy-Marx (2013), outperforms the rest of the quality factors.

Quality investing has a long history, and the definition from Asness et al. (2019) is simply one

of the latest iterations, proving that this factor approach can indeed create excess returns for

investors. It will be interesting to see if this is also the case in the Danish market.

Author Quality definition

Graham (1973) 1) Adequate enterprise size, 2) Strong financial condition,

3) Earnings stability, 4) Dividend record, 5) Earnings growth,

6) Moderate P/E and P/B ratios.

Grantham (2004) 1) High profitability, 2) Low leverage and

3) Low earnings volatility.

Greenblatt (2010) Return on invested capital (ROIC).

Sloan (1996) Difference between cash and accounting earnings,

scaled by firm assets.

Piotroski (2000) 1) Return on assets (ROA), 2) Operating income,

3) Cash flow, 4) Quality of earnings,

5) Net income (NI), 6) Leverage,

7) Liquidity equity issuance, 8) Gross margins (GMAR)

and 9) Asset turnover.

Novy-Marx (2013) Gross profit over assets (GPOA)

Defensive indicies 1) Low volatility and 2) Low market beta.

Table 1: Overview of the different definitions on quality used by Novy-Marx (2014).
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2 Theory

In order to build a dynamic model for the price of quality, some preliminary theory will need

to be established first. Since the strategy is built upon the CAPM framework, the upcoming

section 2.1 will contain a brief presentation of the model and the assumptions behind it. Fol-

lowing this, a proof of the CAPM based upon consumption theory will be carried out in section

2.2. This section will also include the definition of the stochastic discount factor, which will

play an essential role in setting up a dynamic asset pricing model in section 2.3.

2.1 CAPM and Market Return

The Capital Asset Pricing Model (CAPM) was developed by William Sharpe (1964), Jack

Treynor (1962), John Lintner (1965) and Jan Mossin (1966) in the early 1960s. The CAPM

was the first answer to a fundamental question investors had: How the risk of an investment

should affect its expected return. The idea behind the CAPM is that not all risks should affect

an assets price, as risk that can be diversified away when held in a portfolio with other risky

investments is not a “real” risk (Perold, 2004). This type of risk is also called the idiosyncratic

risk.

CAPM describes the correlation between market risk and expected return and is widely used in

the financial sector to determine asset prices. From CAPM, it follows that the expected return

E(ri) of an asset i is the sum of the risk-free rate, rf , and a premium of carrying the asset’s

market risk

E(ri) = rf + βi[E(rMKT )− rf ] (1)

where βi is a measure of the systematic risk or how volatile the price movements of an asset

are compared to the market as a whole. E(rMKT ) is the expected return of the market, and

E(rMKT )− rf is the risk premium of being invested in the market.

As CAPM is built on the assumption that investors are diversified, it is important to keep in

mind what might prevent investors from diversifying. First, the marginal gain of diversifying is

decreasing, and investors thus have to consider the trade-off between diversification, return, and

the transaction costs when investing. The costs of trading will eventually exceed the marginal

gain of diversification. Second, the main reason why investors trade actively is the assumption

that they can beat the markets. To strengthen the hypothesis that investors are diversifying,

CAPM put forward the following rationales:

• Investors have access to all the same information, have homogeneous expectations and

act rationally. Thus, investors have the same view of the world and use the same methods
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and tools to analyse securities. Given market prices and the risk-free rate, investors have

the same efficient frontier as they can construct portfolios of risky assets that have the

highest expected return per unit of volatility (the highest Sharpe ratio).

• Investors have the same trading conditions. It is assumed that there are no transaction

costs or taxes, that all assets are tradable and that investors do not have any constraint

regarding the size of their positions. Further, it is assumed that investors are price takers

meaning that no investor is large enough to influence prices by themselves.

When investors are rational and do not have any transaction costs or access to private informa-

tion, every incentive for exposure to firm-specific risk is gone. Hence, the assumptions ensure

that the investors will diversify their portfolios until they hold all assets in the market, the

market portfolio, and that the only difference in the investors’ portfolio is how large a share of

the respective investors’ fortune is divided between the market portfolio and the risk-free asset.

This means that every rational investor will find themself somewhere on the Capital Market

Line (CML), as indicated in figure 1.

Figure 1: The Efficient Frontier and Capital Market Line for CAPM.

According to CAPM, the market portfolio is equal to the tangency portfolio M . The tan-

gency portfolio is the portfolio that has the highest Sharpe ratio among the minimum variance

portfolios. The Sharpe ratio is a measure for risk-adjusted return and is given by:
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SR =
E
(
rp − rf

)
σp

(2)

Following this logic, the risk associated with an asset is the risk that the asset adds to the

market portfolio. Statistically, this risk can be measured by the covariance between the asset

and the market portfolio. However, this value says very little about the relative risk of an

investment. Thus it is more convenient to standardise the value by dividing with the variance

of the market portfolio. The result of this is the beta of the asset:

βi =
Cov(ri, rMKT )

V ar(rMKT )
(3)

As the covariance between the market portfolio and itself is equal to the variance of the market

portfolio, the market portfolio’s beta-value is one. Assets with a higher risk than the average

asset have a beta greater than one, while lower-risk assets have a beta less than one. When

depicting CAPM graphically, the so-called Security Market Line (SML) shows the expected

return of an asset as a function of the systematic non-diversifiable risk β. This is shown by

figure 2. The graph cuts the secondary axis in rf , as with βi = 0, one will have an asset that is

completely uncorrelated with the market and thus have no risk. Therefore, one cannot expect

a return that is larger than the risk-free rate. The graph’s slope is determined by the risk

premium of investing in the market, E(rMKT ) − rf . Thus, with a beta of one, the expected

return is equal to the market return (Grinblatt and Titman, 2012).

Figure 2: Security market Line for CAPM.
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To sum up, the CAPM captures the market risk of an assets or a portfolio in one single value,

β. The model does so based on certain restrictive assumptions regarding investors’ transaction

costs, access to information and ability to leverage their portfolio, which does not hold in the

real world. However, the underlying concepts of CAPM, the efficient frontier and the CML

can help investors understand the relationship between risk and reward and are building blocks

for countless other models. The following section will come up with proof for this model with

onset in consumer theory.

2.2 The Consumption-Based Model and Stochastic Discount Factor

This section starts off by deriving the Consumption-based model following the approach of

Cochrane (2000). The model will be the foundation of how to derive the Consumption capital

asset pricing model (CCAPM) and the classic CAPM in this thesis. The purpose of this

derivation is to identify the value of uncertain cash flows and to acquire the knowledge to pick

a stochastic discount factor (SDF) appropriately. The SDF will have a central role in section

2.3 in the derivation of the dynamic asset pricing model.

The first step in this section is to model the investors’ consumption behaviour by a utility

function that depends on the value of consuming today and the value of consuming in the

future:

U(Ct, C̃t+1) = u(Ct) + d · Et(u(C̃t+1)) (4)

Here Ct is consumption today and C̃t+1 is the uncertain consumption in the future. The ∼
superscript denotes the stochastic parts of the equation. Additionally, d is called the subjective

discount factor and is a measure of impatience in regards to consumption. In this thesis, the

investor has a power utility function also known as the isoelastic utility function and has the

following properties

u(Ct) =


C1−γ
t −1

1−γ γ ≥ 0, γ 6= 1

log(Ct) γ = 1
(5)

where γ is the measure of relative risk aversion, or the tendency of people to prefer outcomes

with low uncertainty to outcomes with high uncertainty. The investor has two options in terms

of utilizing his/her wealth: Spend it all on consumption, or invest some part of it, ξ, in assets.

The assumption in Cochrane (2000) is that the investor can buy or sell any amount of assets

at a given price pt without any restrictions. The investor then faces the maximization problem

of determining the amount of assets to buy or sell, so the total utility is maximized
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Maximize
{ξ}

u(Ct) + d · Et(u(C̃t+1))

s.t. Ct = et − ptξ
C̃t+1 = ẽt+1 + x̃t+1ξ

(6)

for which et is the consumption level at time t if no investments are made, and x̃t+1 is the

future stochastic payoff of investing. Plugging the constraints into the objective function and

calculating the first-order condition with respect to ξ yields:

ptu
′(Ct) = Et(d · u′(C̃t+1)x̃t+1) (7)

By rearranging the variables and isolating the price, the Consumption-based model can be

obtained in equation (8):

pt = Et

(
d
u′(C̃t+1)

u′(Ct)
x̃t+1

)
(8)

The fraction u′(C̃t+1)
u′(Ct)

is also called the marginal rate of substitution, and expresses how willing

the investor is to consume in the future versus consuming today. A convenient way of breaking

up equation (8) is to define the SDF, m̃t+1 as

m̃t+1 = d
u′(C̃t+1)

u′(Ct)
(9)

so that the pricing equation is expressed as pt = Et (m̃t+1x̃t+1), where x̃t+1 for the next period

is equal to the price of the asset at time t times the stochastic return

x̃t+1 = pt(1 + R̃)

If there were no stochastic element, the pricing equation would be expressed via the standard

present value formula pt = 1
1+rf

xt+1, where rf is the risk-free rate.

In order to arrive at the CAPM this thesis will be utilizing the SDF given by equation (9).

The second thing needed to derive the CAPM is to identify the correct probability measure Π

under which the cash flow should be evaluated. The pricing equation is now given by

pt = EΠ
t

(
m̃t+1x̃t+1

)
(10)
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dividing by pt on both sides of the equation yields

1 = EΠ
t

(
m̃t+1x̃t+1

pt

)
= EΠ

t

(
m̃t+1(1 + R̃)

)

where R̃ = p̃t+1

pt
− 1 is the rate of return and a stochastic figure. This equation can be rewritten

by using the following rule for the expectation of a product of two dependent and random

variables:

E(XY ) = Cov(X, Y ) + E(X)E(Y )

In equation (11), the expectation rule and a probability measure P are applied. P is the

empirical probability measure, also known as the objective probability measure. The price

is evaluated under P because this area in the theory of finance is about risk and portfolio

management, where the main aim is to forecast the future. If this thesis were about derivative

pricing, the Q risk-neutral measure would be the appropriate probability measure, but this will

not be discussed further in this thesis:

1 = EP
t

(
d
u′(C̃t+1)

u′(Ct)
(1 + R̃)

)
= EP

t

(
d
u′(C̃t+1)

u′(Ct)

)
(1 + µ) + CovP

t

(
d
u′(C̃t+1)

u′(Ct)
, R̃

)
(11)

In equation (11), the expected value of R̃ is denoted by µ, and this result holds for any return

and therefore also for the return of the risk-free rate, which is demonstrated in equation (12):

1 = EP
t

(
d
u′(C̃t+1)

u′(Ct)
(1 + rf )

)
⇐⇒ 1

1 + rf
= EP

t

(
d
u′(C̃t+1)

u′(Ct)

)
(12)

Equation (12) shows that the expected value of the SDF is equal to 1
1+rf

and by inserting (12)

in equation (11) yields:

1 =
1 + µ

1 + rf
+ CovP

t

(
d
u′(C̃t+1)

u′(Ct)
, R̃

)
(13)

This equation can be rewritten with the use of Stein’s lemma, which is given by the following:

Cov(f(x̃), ỹ) = E(f ′(x̃))Cov(x̃, ỹ)

Using Stein’s lemma leads to the following equation
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1 =
1 + µ

1 + rf
+ d

EP
t

(
u′′(C̃t+1)

)
u′(Ct)

Cov(C̃t+1, R̃) =
1 + µ

1 + rf
+ d

EP
t

(
u′′(C̃t+1)

)
u′(Ct)

σC,R

for which σC,R is the covariance between consumption and stock market return in the future.

This equation holds for any asset including the market portfolio, and therefore µ can be replaced

with the market portfolio’s expected return µMKT = E(rMKT ). Multiplying with (1 + rf ) on

both sides and rearranging some of the terms yields

µMKT − rf = −d
EP
t

(
u′′(C̃t+1)

)
u′(Ct)

(1 + rf )︸ ︷︷ ︸
a

σC,MKT

where the term a is known as the Arrow Pratt measure of relative risk aversion. Rearranging

the terms the market price of consumption risk can be obtained:

µMKT − rf

σC,MKT

= a =
µR − rf

σC,R
= const. (14)

As shown in (14) the equation holds irrespectively of whether it is the market return used or

the return of any other portfolio or stock. The interpretation of this equation is that a more

risk-averse investor (signified by a higher a) will expect a higher premium (µR − rf ) for the

consumption-covariance risk.

The CCAPM and the CAPM can now be obtained by first rearranging the terms of equation

(14) as shown below:

µR − rf = a · σC,R

Substituting in a = µMKT−rf
σC,MKT

from equation (14) leads to the CCAPM:

µR − rf = (µMKT − rf ) σC,R
σC,MKT

(15)

To obtain the classic CAPM, the consumption portfolio C is replaced with the market portfolio

in the following way
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µR − rf = (µMKT − rf ) σMKT,R

σMKT,MKT

= (µMKT − rf )σMKT,R

σ2
MKT

= (µMKT − rf )βMKT,R

(16)

which is identical with the model presented in equation (1). The difference between the two

asset pricing models is that in CAPM, there is only one single market portfolio covering all

assets on the market, and the future asset returns are solely predicted by that market portfolio,

where on the other hand, the CCAPM is more general because it assumes that consumption

comes from any assets and hence the benchmark in the CCAPM is not a single market portfolio

but could be anything.

2.3 Price of Quality: Deriving the Dynamic Model

The two test factors of QMJ and quality-sorted portfolios, which will be constructed later in this

thesis, are based on a dynamic asset pricing model with time-varying growth, profitability, and

safety. Later in this section, the dynamic asset pricing model will be derived, with the outcome

that the fundamental value of a firm increases linearly in the defined quality characteristics.

However, first, this section will start with a short introduction and some intuition.

2.3.1 The Dividend Discount Model and Gordon’s Growth Model

The quality characteristics are achieved by rewriting Gordon’s growth model, which builds on

the dividend discount model (DDM). In the paper by Asness et al. (2019) the fundamental value

or price of an asset is derived using the DDM, which states that the price today is determined

by the free cash flows (FCF) that are to be paid out to the shareholders. Depending on which

payout policy the firm is using, the FCF can either be paid out to the shareholders in the form

of a dividend payment or a share repurchase. In this thesis, all cash transactions between the

shareholders and the firm including the costs of seasoned equity offerings for the shareholder

will be referred as dividends denoted by D. The DDM is given by equation (17), and because

of the time value of money the future dividends need to be discounted by the required rate of

return. This thesis uses the required rate of return kt = E(rit) determined by the CAPM in

equation (1) in section 2.1.

The fundamental value of an asset pt at time t depends on the value in the next period pt+1,

as well as the dividend Dt+1 and the required rate of return kt. This is shown in equation (17):

pt = Et

(
Dt+1 + pt+1

1 + kt

)
(17)
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The price in the next period pt+1, will then again depend on the dividend and price at time

t+ 2, thus an infinite series is created as seen in equation (18):

pt = Et

(
Dt+1

1 + kt
+

Dt+2

(1 + kt)(1 + kt+1)
+ ...

)
= Et

( ∞∑
s=1

Dt+s∏s−1
u=0(1 + kt+u)

)
(18)

Equity traders often assume a constant discount rate (Pedersen, 2015), so that kt = k, which

simplifies the model significantly:

pt =
∞∑
s=1

E(Dt+s)

(1 + k)s
(19)

Gordon’s growth model then assumes a constant expected dividend growth g, which leads to

expected value of future dividends to be evaluated as Et(Dt+s) = (1 +g)sDt. This is essentially

assuming that the current growth of a stock will continue indefinitely, which is not realistic but

allows for further simplification of equation (19), as this infinite series can now be evaluated as

long as g < k. The resulting valuation is

pt =
(1 + g)Dt

k − g
=

dividend

required return− growth
(20)

where the notation from the (Asness et al., 2019) paper has been adapted, such that the

“dividend” here is upcoming period’s dividend payment Dt+1 = (1 + g)Dt.

In order to get the price-to-book value of a stock, equation (20) is then rewritten by dividing

with the book value on both sides of the equality

pt
Bt

=
1

Bt

dividend

required return− growth

=
profit/Bt × dividend/profit

required return− growth

=
profitability × payout-ratio

required return − growth

(21)

which make the foundation for the quality score used in the portfolio construction. The four

parameters are:

• Profitability, which is the profit per unit of book value. Given that everything is equal, a

more profitable firm should lead to a higher stock price. A firms profit will be measured

in various ways, including gross profit, margins, earnings, accruals, and cash flows.

Page 17 of 107



Quality Investing in the Danish Market 17 May 2021

• Payout ratio, which will only attribute to the model implicit through its effect on the

residual income.

• Growth, which leads to higher profits and thus higher prices. In the base model, growth

is measured as the five-year sustainable growth in profitability.

• Safety, as all else equal, investors should pay a higher price for a safer stock, defined by

a lower required return. The safety measures include low market-beta, low volatility of

profitability, low leverage and low credit risk.

2.3.2 The Dynamic Asset Pricing Model

The verbal definition of a quality asset in this thesis is the same as in (Asness et al., 2019):

An asset has the quality predicate if it has attractive characteristics for which investors are

willing to pay a higher price. This section aims to investigate which factors positively impact

the asset’s price and create a model for it.

In section 2.2 the CAPM was derived by choosing an appropriate discount factor, namely the

SDF from equation (9). In the research paper by Asness et al. (2019) the authors define a

pricing kernel Mt+1
Mt

as the discount factor, but this is equivalent to the of use an SDF because

the expected value of both the pricing kernel and the SDF is equal to 1
1+rf

as shown for the SDF

in section 2.2, the same goes for the pricing kernel. For easier comparison between the research

paper Asness et al. (2019) and this thesis, the same notation for a pricing kernel is used. The

method used in the derivation is the same as in Asness et al. (2019) which is primarily based

on the literature of Feltham and Ohlson (1999).

The first step is to rewrite the fundamental value from equation (18) such that the discount

factor is the pricing kernel as shown in (22)

pt =
∞∑
s=1

Et

(
Mt+sDt+s

Mt

)
(22)

Here the discount factor is defined as in Asness et al. (2019)

Mt+1

Mt

=
1

1 + rf
(1 + εMt+1) (23)

where εMt+1 is a zero-mean shock to the pricing kernel. In the paper by Asness et al. (2019)

they sometimes switch in the notation for this factor. In this thesis, all variables that have a

random impact on the economy are denoted with ε, as this is a very common notation in the

literature of finance and statistics.
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The fundamental value or price from equation (22) can be rewritten in terms of the book value

(Bt), and residual income (RIt) by applying the clean surplus relation, Bt = Bt−1 + NIt −Dt

as demonstrated in proposition 1 in Feltham and Ohlson (1999)

pt = Bt +
∞∑
s=1

Et

(
Mt+sRIt+s

Mt

)
(24)

where the RIt residual income is the net income in excess of the cost of book capital defined

as:

RIt+s = NIt+s − rfBt+s−1

Using residual income in the valuation formula is a way to include the cost of capital. The

formula for residual income is often written to include the required rate of return k. However,

this thesis follows the valuation method used in the paper Asness et al. (2019), which states

that one needs to use the risk-free rate when working with a pricing kernel / SDF, to identify

the fundamental value of a stock.

In Asness et al. (2019) the authors state an assumption that makes residual income independent

of the firms’ payout policy and the choice of capital structure. Independence is achieved by

assuming that firms keep all financial assets in risk-free securities. This result can be proven

and is demonstrated in footnote 5 in the QMJ paper. The assumption makes it possible to

define an exogenous process for the residual income in a way such that it depends only on the

two factors as shown in equation (25)

RIt = et + at (25)

in which the first part of the equation, et is sustainable income and at is transitory income.

Sustainable residual income is defined by

et+1 = et + gt + εet+1

so that gt is growth and εet is a zero-mean shock to the sustainable income. εet has a risk premium

of πt due to covariance with the pricing kernel, hence the risk premium is given by:

πt = −Cov(εet+1, ε
M
t+1) (26)
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where the risk premium is defined as the negative covariation such that a high risk corresponds

to a higher required return. The market risk premium and systematic risk coefficient are both

defined from the CAPM equation in section 2.1. By substituting in εet+1, the risk premium πt

can also be found as

πt =
Cov(εet+1, r

MKT
t+1 )

σ2
t (r

MKT
t+1 )

(E(rMKT )− rf ) = βε
e
t+1λt (27)

in which λ is the market risk premium.

To make growth gt and πt time-varying, Asness et al. (2019) defines future growth and risk

premium as follows

gt+1 = φggt + (1− φg)ḡ + εgt+1 (28)

πt+1 = φππt + (1− φπ)π̄ + επt+1 (29)

so that ḡ and π̄ are the long-run means, φg and φπ are indicators of how persistent the processes

are and lastly εgt+1 and επt+1 are zero-mean shocks. The process of the transitory residual income

follows the one-lag moving average process defined in equation (30) where εat is the current zero-

mean shock, εat−1 is the shock for the previous period, and θ is a measure of how transitory

income depends on past shocks:

at = εat − θεat−1 (30)

The next step is to calculate the following expression:

pt = Bt +
∞∑
s=1

Et

(
Mt+s(et + at)

Mt

)
(31)

To simplify matters, the expected value of residual income is calculated in two steps, by first

evaluating the expected value of the sustainable part Et

(
Mt+1

Mt
et+1

)
, and secondly evaluating

the expected value of the transitory term Et

(
Mt+1

Mt
at+1

)
. The results will then be added up,

and the model derived as in Asness et al. (2019).

The expected value of the sustainable residual income for the next period can be calculated in

the following way:

Page 20 of 107



Quality Investing in the Danish Market 17 May 2021

Et

(
Mt+1

Mt

et+1

)
= Et

(
1

1 + rf
(1 + εMt+1)(et + gt + εet+1)

)
= Et

(
1

1 + rf
(et + gt) +

1

1 + rf
εet+1 +

1

1 + rf
εMt+1(et + gt) +

1

1 + rf
εMt+1ε

e
t+1

)

because rf , et and gt are known at time t+1 the first term can be pulled out of the expectation.

The expected value of εMt+1 and εet+1 are both equal to zero, hence the two middle terms evaluate

to zero. The fourth term is a product of two dependent random variables, and to calculate the

expected value, the product-rule which was also used earlier in this thesis is applied:

E(εMt+1ε
e
t+1) = Cov(εMt+1, ε

e
t+1) + E(εMt+1)E(εet+1) = Cov(εMt+1, ε

e
t+1)

The covariance between εMt+1 and εMt+1 has been defined in equation (26), hence the expected

value can be written as:

Et

(
Mt+1

Mt

et+1

)
=

1

1 + rf
(et + gt − πt) (32)

For τ periods into the future, the expected value can be calculated as follows by using the

definitions for the time-varying growth and risk premium:

Et

(
Mt+τ

Mt

et+τ

)
=

1

(1 + rf )τ

(
et +

τ∑
n=1

Et(gt+n − πt+n)

)
=

1

(1 + rf )τ

(
et +

τ∑
n=1

(φnggt + (1− φng )ḡ − φnpiπt − (1− φnπ)π̄)

)
=

1

(1 + rf )τ

(
et +

φg − φτ+1
g

1− φg
(gt − ḡ) + τ ḡ − φπ − φτ+1

π

1− φπ
(πt − π̄)− τ π̄

) (33)

For the transitory income part of equation (31) the expected value of the subsequent period is

calculated in the following way:
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Et

(
Mt+1

Mt

at+1

)
=E

(
1

1 + rf
(1 + εMt+1)(εat+1 − θεat )

)
=E

(
1

1 + rf
+ εMt+1

1

1 + rf
(εat+1 − θεat )

)
=E

(
1

1 + rf
εat+1 + εMt+1ε

a
t+1

1

1 + rf
− 1

1 + rf
θεat − εMt+1

1

1 + rf
θεat

)
=E

(
εMt+1ε

a
t+1

1

1 + rf
− εMt+1

1

1 + rf
θεat

)
− 1

1 + rf
θεat

=

(
E(εMt+1)E(εat+1) + Cov(εMt+1, ε

a
t+1)

)
1

1 + rf

−
(
E(εMt+1)E(εat ) + Cov(εMt+1, ε

a
t )

)
1

1 + rf
θ − 1

1 + rf
θεat

=− 1

1 + rf
θεat

(34)

Because εM and εa are independent processes, the covariances between them are all equal to

zero. Since the expected value of εMt+1 evaluated at time t is equal to zero, the only term left is

− 1
1+rf

θεat . This result also holds if the expected value is taken over τ periods because the only

term that survives is the expected value of εat .

The fundamental value can now be defined from equation (31) by evaluating the results from

(33) and (34). The result can be viewed in equation (35)

Vt = Bt + νeet + ν − νaεat + νg(gt − ḡ)− νπt − π̄) (35)

where a variety of different terms have been used to simplify the equation. The terms are

defined as below:

ν =
1 + rf
r2
f

(ḡ − π̄), νe =
1

rf
, νg =

φg(1 + rf )

rf (1 + rf − φg)

νπ =
φπ(1 + rf )

rf (1 + rf − φπ)
, νa =

θ

1 + rf

Scaled by book value the dynamic asset pricing model from Asness et al. (2019) is obtained:

Vt
Bt

= 1 +
νeet + ν − νaεat

Bt︸ ︷︷ ︸
profitability

+νg
gt − ḡ
Bt︸ ︷︷ ︸

growth

−νππt − π̄
Bt︸ ︷︷ ︸

safety

(36)
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From equation (36) each term can be categorized (except the first term: “1”) into three key

parameters. The second term of (36) is profitability adjusted for accruals, and if this term

is increasing, so is the price. The third term is the growth parameter, where the price is also

increasing in this term. The fourth term is a safety parameter where, the lower the risk premium

πt is, the less negative the term becomes. The price is therefore increasing in safety.

These three parameters can be evaluated by creating a score based on information obtained

from the firm’s annual report. In the next section, an explanation of the financial measures

used as proxies for profitability, growth, and safety will follow. In section 3, the scores will be

defined based on these measures. Gordon’s growth model utilizes a fourth parameter, namely

the payout ratio. This parameter is not explicitly included in the model, but Asness et al.

(2019) create a payout factor, which they include in a separate analysis in their appendix.

However, in this thesis, it is found more worthwhile to manipulate the base case quality score

and the QMJ factor based on the three parameters derived from the dynamic model. The result

of these manipulations will be presented in section 4.

2.3.3 The Quality Measures

To evaluate a firms’ quality characteristics, it will be necessary to identify several relevant

measures for its profitability, growth and safety. The measures used here are the same as the

ones used in Asness et al. (2019), and in the following, a description of each measure and its

relevance will be put forward.

Profitability measures:

The profitability parameter looks at the profit within the firm. More specifically, it deals with

the ”sustainable” part of the profits in relation to the book value, adjusted for accruals. A

profitability score is defined empirically by looking at various measures and averaging them to

reduce noise, avoid focusing on a single parameter, and get a more holistic understanding of

the firms’ financials.

The measures that determine the profitability are Gross profit over assets (GPOA), return on

equity (ROE), return on assets (ROA), cash flow over assets (CFOA), gross margin (GMAR),

and low accruals (ACC). The measures are all scaled by a book value to make them comparable

across firms.

The first measure to consider is gross profit, which is equal to the revenue minus the cost of

goods sold and then divided by the total assets. GPOA is used to determine the firms’ ability

to use its assets to generate gross profit. The more gross profit a firm can produce per asset,

the more profitable it is. This ratio is used extensively by Robert Novy-Marx in his research

about quality investing. He finds it to be a superior indicator of the quality of a given firm

(Novy-Marx, 2013).
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The second measure of profitability is the return of equity, which is the net income over book

equity. The ROE can be seen as the return on net assets, as the book equity is the firm’s assets

minus its debt. Hence, a firm with a high return on equity will be seen as a profitable firm.

Next is the return on assets which is net income over total assets. The ROA shows how efficient

a firm is at using its assets to generate earnings. ROA is similar to ROE, and a firm with high

ROE will likely also produce a high ROA unless the firm has a lot of liabilities. Index providers

such as FTSE and MSCI prefer to use net profit-based metrics such as ROE and ROA as quality

measures, as net profit measures the profit that accrues directly to the shareholders as opposed

to other stakeholders (Norges Bank, 2015).

Cash flow over assets is another measure that is used to determine the profitability of a firm.

The cash flow over assets can be used to estimate when cash will be available and how much

will be available for future operations. It also shows investors how efficient the firm is at using

the available assets to collect cash from customers. The measure is supported further by Huang

(2009), who finds that firms with high stable cash flows tend to outperform firms with unstable

cash flows. Like the previous measures, a high CFOA will be seen as a good thing.

Gross margin is another classic example of profitability and is defined as revenue minus the cost

of goods sold divided by total sales. GMAR is the sales revenue a firm retains after contracting

the direct costs used to produce the goods it generates its revenue from. The higher the GMAR,

the more capital a firm will hold per unit of sale, hence higher profitability.

The last measure of profitability is accruals, or the lack thereof, as a highly profitable firm

should have the lowest accruals possible to maintain “clean profits”. Accruals refer to an

adjustment made to a firm’s financial statements before it is issued and consist of revenues or

expenses which impact a firms’ income statement, although the cash related to the transaction

has not yet changed hands. The fact that earnings driven by positive accrual adjustments are

a bad sign about future profitability is described in (Sloan, 1996).

Growth measures:

The second key parameter, growth, is defined as the increase in sustainable profits in relation

to the book value. In the base case, the growth will be measured as the five-year change in the

above profitability measures (except for accruals). The five-year window has been chosen as

Asness et al. (2019) sees profits as being a “noisy measure” and thus limit their focus to firms

with sustainable growth. All variables are considered on a per-share basis to account for issuance

of new shares, and as such, the growth is viewed from the perspective of a buy-and-hold investor,

who does not participate in these issuances. Investing in growth seems especially relevant, as in

a paper by Mohanram (2004) a strategy of buying firms with the strongest growth fundamentals

and shorting the weakest firms are shown to earn “very significant abnormal returns”.
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Safety measures:

The measures used for the safety parameter are all ways of examining the risk associated with

the different firms/stocks. The riskier a firm is, the less safe it is ranked. Unlike profitability

and growth, the factors that make up the safety score are not as universally agreed on (Asness

et al., 2019). However, as this subject could be a thesis in and of itself, the measures will simply

be taken as a given, and the rationality behind them will be explained. The five measures used

are: Beta, leverage, Ohlson’s O-score, Altman’s Z-score and low earnings volatility.

Beta is the first measurement within safety and has also been defined in section 2.1. The beta

of a security gives the expected percentage change in return, given a 1% shift in the market

portfolio. If the market portfolio is seen as efficient, a shift in the market will represent a

systematic shock to the economy. If a security has a low beta, it will be affected less by the

shock, and ergo will be safer. In the paper “Betting Against Beta” by Frazzini and Pedersen

(2013), the SML, which illustrates the relationship between market risk and returns, is found

to be flatter than assumed by CAPM. As a result, assets with a low beta value have historically

been shown to have higher returns than expected.

Leverage is the second measurement determining the safety of a security. The leverage of a

firm is the total debt divided by the total assets. Low leverage is viewed as a sign of safety,

as it, amongst others, limits bankruptcy risk. George and Hwang (2010) describes how low

leveraged firms tend to suffer more than high leveraged firms when in distress, as measured

by a deterioration in accounting operating performance and heightened exposure to systematic

risk. They also show empirical results specifying that return premiums to low leverage and low

distress are significant in raw returns and even stronger in risk-adjusted returns.

Ohlson’s O-score and Altman’s Z-score are two models for determining the bankruptcy risk of

a firm directly. These two models are described to complement each other well because they

are derived in separate time periods, using different samples, different independent variables,

and different predictive methodologies (Dichev, 1998). Altman’s Z-score was first published

in 1968 and was mainly focusing on manufacturing firms in the US. It has since then been

tested on non-manufacturing and manufacturing firms and has shown reliable and accurate

measures throughout different periods. In (Asness et al., 2019), the Z-score is calculated by

taking the sum of the weighted values of working capital (WC), retained earnings (RE), EBIT,

sales, and market value of equity (ME) and dividing by the firms’ total assets (TA). In contrast,

the original article is dividing the market value of equity with total liabilities (TL), giving the

following equation for the Z-score of a firm:

Z =
1.2WC + 1.4RE + 3.3EBIT + sales

TA
+

0.6ME

TL
(37)
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A firm obtaining a Z-score below 1.81 have a high probability of going bankrupt, while on the

other hand, a firm with a Z-score above 2.99 has a very low probability of going bankrupt.

If the Z-score is evaluated to be between 1.81 and 2.99, the firm is in a grey area and needs

to be analysed further. In the original article, Altman (1968) manages to classify 95% of the

observations correctly one year prior to the bankruptcy.

Ohlson’s O-score was published in 1980 and is different from the Z-score in multiple ways. One

main difference is that the O-score is calculated using a multiple logistic regression, in contrast

to the Z-score, which is based on a linear regression. Ohlson (1980) identified four areas in the

firms’ financial statement that he deemed as being the most significant in terms of predicting

the probability of a firm going bankrupt, these include: (i) Size; (ii) The financial structure as

reflected the amount of leverage; (iii) Performance measures; (iv) Measures of current liquidity.

The resulting regression formula can be written as:

O =

−1.32− 0.407 log
(

ADJASSET
CPI

)
+ 6.03TLTA− 1.43WCTA

+0.076CLCA− 1.72OENEG− 2.37NITA− 1.83FUTL

+0.285INTWO− 0.521CHIN

(38)

ADJASSET is the adjusted total assets, consisting of total assets plus 10% of the difference

between book equity and market equity. CPI is the consumer price index with a starting point

in 1968. TLTA is the book value of debt divided by adjusted assets. WCTA is current assets

minus current liabilities divided by adjusted assets. CLCA is the current liabilities divided by

current assets. OENEG is a dummy that will be included if total liabilities exceed total assets.

NITA is net income over assets. FUTL is pre-tax income over total liabilities. INTWO is a

dummy that will be included if net income is negative for the current and prior fiscal year.

CHIN is the changes in net income. Since the O-score is found by a logistic regression, this

means that the probability of bankruptcy can be evaluated as:

P(bankruptcy) =
1

1 + e−O

The last measurement for safety is a low earnings volatility. The earnings volatility is measured

as the standard deviation of ROE in the prior five years. A lower earnings volatility is an

indication of a more stable firm, and thus a safer stock. This is also one of the points of

(Huang, 2009), as described earlier, where firms with stable earnings tend to outperform firms

with unstable earnings.

The profitability, growth and safety measures will be used in section 3.3 to construct a composite

quality score using all of the different factors described above.
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3 Data and Methodology

To investigate the QMJ factor and whether investing in high-quality firms leads to high risk-

adjusted returns, data from various sources will be considered and processed. This section will

provide a general overview of the data used, the criteria for selection, and the calculations and

processing conducted to categorize the individual stock into quality and junk portfolios.

3.1 Data Description

The data used in this thesis has mainly been procured using Compustat databases that can

be accessed through Wharton Research Data Services (WRDS). Annual accounting data for

the Danish market is available via the Compustat Global - Fundamentals Annual database and

includes data as far back as June 1987. Data for daily stock prices is found using the Compustat

Global - Security Daily database and include prices, with the beginning of the range starting

on 31-12-1985. To include only Danish firms, the queries in the database can be filtered for the

Country Code DNK and the Stock Exchange Code set equal to 144, which is the Copenhagen

Stock Exchange (NASDAQ Copenhagen).

While it would have been ideal to base the quality categorization on quarterly accounting data

as done in the US market in the original article by Asness et al. (2019), it has not been possible

here. In the database, quarterly data is only available from the year 2000, the data is very

sparse and does not seem to correspond to the information available from the firms’ reports.

This might be due to firms revising the quarterly accounting data before publishing the annual

report. However, annual financial reports are required by law, and generally follows IFRS

standards, which makes it so that the financial variables reported are more consistent and with

fewer missing values (Erhvervsministeriet, 2019).

The stock data contains information on a total of 449 different ISIN-codes belonging to 405

unique firms (some firms have both A and B shares). Meanwhile, for the accounting data,

the data includes 324 unique firms. In order to form a quality based portfolios and report on

their performance over time, both of these data sources needs to include data for the individual

firms, where accounting data and stock-prices can be matched by ISIN-code.

However, not all of these firms can be included in the portfolio. To compute the beta security

measure, at least three years of data is required. The profitability measure that growth is based

on is adjusted by the risk-free rate times the denominator of the specific profitability measure

lagged six times. E.g. ∆GPOA =
[
(gpt − rfatt−1)− (gpt−5 − rfatt−6)

]
/att−5, which means

that six years of accounting data is needed to calculate growth. An overview of all the different

quality measures and how they are calculated will follow in section 3.3, but as a consequence,

firms with less than five years of stock data, is left out from the portfolio analysis, while still

being included when analyzing the total market return.

Page 27 of 107



Quality Investing in the Danish Market 17 May 2021

Additionally, a consideration needs to be made around firms in the financial sector (gsector 40

in Compustat). This sector includes Banks, Diversified Financials, Pensions, and Insurance

(MSCI, 2020). The annual reports for these types of firms differ a lot from the report for

other types of businesses. This is made clear from the data where there are missing values for

many of the variables that are used to calculate profitability, growth and safety. The financial

sector does not have any sales, and therefore not any cost of goods sold. Furthermore, they

are not reporting on capital expenditure and working capital. A complete list of the missing

fundamentals for the financial sector and the implications hereof can be found in Table 2 below.

Missing Accounting Values − Profitability − Growth − Safety

COGS

Total Sales GPOA, GMAR ∆GPOA, ∆GMAR Z-Score

Current Assets

Current Liabilities O-Score

Working Capital

Capital Expenditures CFOA, ACC ∆CFOA

Table 2: The missing accounting values for the financial sector (Sector 40) and the profitability,

growth, and safety measures that are lost as a consequence.

All in all, for the financial sector, there is a lack of four out of six profitability measures, three

out of five growth measures, and two out of five safety measures. To compare apples to apples,

when constructing the quality scores, there are two options; Either keep the financial sector

in the portfolio, but use only quality measures, where data exist, or omit the financial sector

from the analysis. In order to avoid compromising the quality score, the financial sector will

be omitted in the base analysis. This does remove 28% of the firms in the data, but will still

be more relevant, than not including half of the quality measurements. The same procedure is

used in the review of the quality factor published by Norges Bank (2015), but differs from the

original QMJ paper by Asness et al. (2019) where they include everything. The data points for

the first couple of years are so infrequent and so inconsistent that it would not make sense to

perform a portfolio analysis based on these. In fact, before 1989 the only firms with accounting

data is the financial sector, which will only be included later in the analysis. In Figure 3 the

number of firms with accounting data for each year is presented. After removing firms with

too few years in the market, matching stock data with accounting data, and filtering out the

financial sector, the average number of firms per year drops to around 95.

Table 3 gives an overview of the accounting variables used in the process of categorizing the

stock into quality and junk portfolios. The summary variables are pooled over all the years,

and the values are given in DKK millions.
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Figure 3: The number of unique ISIN-codes with accounting data, that can potentially be

used in the constructing of the portfolios after the initial filtering. Grouped by whether the

company belongs to the financial sector.

Variable Min. 1st Qu. Median Mean 3rd Qu. Max. NA’s

Total Revenue -258.9 139.2 747.3 5285 3140.4 342058 2

COGS -9.37 10.98 290.91 2682.11 1554.50 271375 403

Net Income -9484 -0.83 20.50 384.37 130.83 42138 0

Total Sales -18.6 175.3 836.7 5625.2 3570.9 342058 227

Total Assets 0 227.6 779.8 6531.3 3232.7 420691 0

Current Assets 0 103.2 383.7 2449.7 1631.1 99203 227

Total Liabilities 0 96.82 415.78 3695.25 1824.62 198147 0

Current Liabilities 0 55.93 249.88 1882.46 1052.45 73184 228

Stockholder Equity -279.99 95.32 340.21 2726.96 1417.80 215582 2

Preferred Stock 0 0 0 0.071 0 51.36 202

Depreciations -98.10 5.245 30.26 322.35 127.68 29744 73

Working Capital -21345 10.01 92.06 567.22 451.30 41970 228

Capital Expnd. -79.88 5.40 35.91 502.51 174.37 57849 720

Long Term Debt 0 7.70 86.02 1421.77 473.52 98158 39

Short Terms Debt 0 4.83 49.38 379.58 230.70 20051 20

Minority Interest -111 0 0.278 160.23 12 14526 1062

Pretax Income -9642 -0.50 28.51 588.55 189.79 54386 0

Retained Earnings -6869 1.58 99.29 2037.20 659.34 225253 7

EBIT -10186 1.67 37.61 642.22 205.81 60361 20

Table 3: Overview of the accounting variables used for calculation the profitability and safety

measures after excluding the financial sector. See figure A.1 in appendix for an overview of the

distribution.
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Looking at the stock data, which includes daily closing prices, the number of outstanding

shares, dividends, a dividend adjustment factor, and a price adjustment factor to adjust for

stock splits and issuance, there are a few irregularities. This is noticeable since, for some stocks,

the data contains closing prices for non-trading days, such as weekends and holidays. The firms

for which this happens varies a lot, and the dates are also not consistent and hard to identify,

besides the standard bank holidays. The number of stocks for these invalid dates generally

range between one and five, and therefore, a jump in one of these might signify a market return

that is unrealistically large, since the stock on that specific date constitutes a much greater

part of the total market. To avoid this issue a restriction has been placed such that at least 15

firms are required to be traded on a given date.

In addition to accounting and stock data, a proxy for the risk-free rate is required in order

to calculate all of the growth measures and to report on the excess return for the various

portfolios. Since the QMJ strategy is carried out on the Danish market, a logical choice is to

use the Copenhagen Interbank Offered Rate (CIBOR), which is a set of reference-rates with

different maturities, at which a panel of Danish banks are prepared to lend to one another

(Finanstilsynet, 2019). The growth is calculated in annual terms, and hence the 12m CIBOR

rate will be used in this case. However, the Bloomberg database only has data on the 12m

CIBOR from October 1995, so for the years before that the effective risk-free rate will be

approximated by compounding the 6m CIBOR, where Bloomberg has data as far back as June

1988. Since the portfolio is rebalanced monthly, the 1m CIBOR will also be used as a proxy

for the risk-free rate when calculating excess return. A graph of the evolution of the 12m and

1m CIBOR rates can be viewed on figure 4, where all rates are the bid price of the given day

in per annum (p.a.) terms.

Figure 4: The 12m and 1m CIBOR rates from 1988 until 2021.
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Furthermore, when calculating the O-score for bankruptcy risk, the Consumer Price Index

(CPI) for the financial year is part of the formula (see equation (38)). Data for the Danish

CPI can be found on Statistics Denmark’s web-page, where the CPI is described as a measure

for inflation and the development of the prices charged to consumers for goods and services

bought by private households in Denmark (Statistics Denmark, 2021). There is annual data

all the way back to 1900, with the index initialized at 100 at that point in time. The O-score

calls for an indexation with 1968 as the onset, but this is easily achieved, by dividing all values

with the 1968 value, and the resulting CPI-curve can be seen in figure 5.

Figure 5: The average annual Danish Consumer Price Index from 1900 to 2020.

Based on the above mentioned data, a quality score can be constructed, the process for which

will be described in the following.

3.2 Data Processing and General Considerations

The empirical analysis carried out, will consist of constructing a composite quality score of

profitability, growth and safety measures. The procedure carried out in this thesis, will follow

closely the methodology of Asness et al. (2019), with the exception that the financial sector is

left out in the base case.

All of the data manipulation, portfolio construction, and reporting will take place in R, using a

selection of installed packages to more easily transform and visualize data. The most essential

of these is the tidyverse library, which is a collection of packages including dplyr, tidyr, ggplot2,

and more (Wickham, 2021). The complete R project, with all the data-files, and scripts for the

different sub-strategies will be attached in a separate appendix.

The initial part of the data processing consist of a general data clean-up. The data is formatted
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to fit the requirements, NA values are removed or replaced with 0-values, if they are of less

importance. Outliers are detected from summary statistics on the data and visualization of the

individual variables. For the most part these are handled by excluding them from the sample.

In the financial data there are some observations where Total Assets are zero, and since this

variable is used in the denominator for many of the profitability measures, it is set as NA

instead for these observations. Gross Profit (Gross Profit = Total Revenue−COGS) and Book

Equity (Book Equity = Shareholders Equity − Preferred Stock) is also calculated, in order to

have all the variables needed to construct the profitability measures.

For the stock data, an identical data clean-up process is performed, after which adjusted closing

prices and outstanding shares are computed. The data contains a price adjustment factor

which takes into account dividends and stock issuance, this factor is multiplied on the shares

outstanding to get adjusted shares outstanding:

Adjusted Shares Outstanding = Shares Outstanding · Price Adjustment Factor

Meanwhile the reciprocal of this factor is multiplied to the share price. The data also contains

a dividend adjustment factor, which is also part of calculating the adjusted prices:

Adjusted Price =
Closing Price

Price Adjustment Factor
·Dividend Adjustment Factor

Returns are calculated based on adjusted prices, and are basically the same as close price

returns, except on days with dividends or stock splits. In the portfolio analysis simple returns

Rt = Pt−Pt−1

Pt−1
are used in contrast to log returns Rlog

t = log
(

Pt
Pt−1

)
. It is pretty standard to

use log return, however, since the approximation log(1 + R) = R is only valid for R << 1,

this would not be the best choice in a scenario where returns are only calculated on a monthly

basis. This does add some complexity when calculating accumulated returns, and the returns

will not be normally distributed, but right skewed, as simple returns have a lower limit of −1.

Market returns at time t are found by taking the sum of each stocks weighted return

RMKT
t =

Nt∑
i=1

ωi,t−1ri,t (39)

where the weight ωi is given by the individual stocks market cap divided by the total market

cap of the market ωi = Market Capi∑N
i Market Capi

, and each return is multiplied by the weight of the stock

in the previous period. In equation (39) Nt denotes the number of stocks traded in the market

at time t, and the weight ωi,t−1 will simply be zero if the stock was not on the market at t− 1.

Page 32 of 107



Quality Investing in the Danish Market 17 May 2021

Since the portfolio is rebalanced monthly the risk-free rate has to reflect the same duration.

The 1m CIBOR is quoted in p.a. terms, so to arrive at the actual 1m rate, the p.a. rate is

simply divided by 12.

3.3 Defining Quality

In section 2.3, the fundamental value of a firm was shown to be depended on the firms prof-

itability, growth and safety, and in section 2.3.3, several measures for each of these parameters

were introduced and motivated. To combine these measures into a final quality score, the data

gathered needs to be manipulated and put on equal footing. The methodology behind this

process will be described in the following.

3.3.1 Profitability

The profitability score is one of the three key parameters used in determining the quality of a

firm. It is itself a composite measure of six different commonly used measures for profitability.

According to the theory, the scores should be based on a comparison of residual profitability.

However, when looking at a single year, there is no difference between comparing residual-

income-to-book versus net-income-to-book, as these only differ by the risk-free rate: RIt
Bt−1

=
NIt
Bt−1
−rft−1. This applies directly to the profitability measures below, where residual profitability

is replaced by pure profitability (Asness et al., 2019). The measures are:

• Gross profits over assets defined as: GPOA = Gross Profit
Total Assets

• Return on equity defined as: ROE = Net Income
Book Equity

• Return on Assets defined as: ROA = Net Income
Total Assets

• Cash flow over Assets defined as:

CFOA = Net Income + Depreciation - Changes in Working Capital - Capital Expenditures
Total Assets

• Gross Margin defined as: GMAR = Gross Profit
Total Sales

• Low accruals defined as: ACC = Depreciation - Changes in Working Capital
Total Assets

For all of the above measures, larger values are considered better; this also holds true for ACC,

which is not the actual accruals, but a measure of the fraction of earnings composed of cash.

Since working capital is current assets minus current liabilities, if the change is positive, it would

signify an outflow of cash in the form of accruing more current assets. Conversely, suppose the

difference in the working capital is negative. In that case, it could mean a cash inflow, either

by selling out of stock or that current liabilities have increased (such as an increase in bills

payable). The intuition here is that a negative change in working capital is beneficial for the
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firm, implying lower accruals.

When a firms profitability is evaluated over a one-year time horizon, the book value, e.g. Total

Assets, might vary substantially throughout the year due to seasonal factors, inventory changes,

or the purchase/sales of buildings, land and machinery. Therefore, the book value at one point

in time might not reflect the basis upon which the income for that period has been earned.

In the example of GPOA, how the firm performs during the period will most likely depend

on the assets available initially. Conversely, the number of assets at the end of the one-year

period will depend on the firms performance during that same period. Especially for small

firms, this can be very misleading. For that reason, the average between this years value and

last years value is often used in the denominator when calculating GPOA and other financial

ratios that use balance sheet data to arrive at a performance measure (Petersen and Plenborg,

2012, p 233-235). In the case of the Danish market, small firms are very common, and thus

the approach of averaging the denominator is the logical choice. Continuing with GPOA as an

example, the time t profitability measure will be calculated as:

GPOAt =
Gross Profitt

1
2
(Total Assetst + Total Assetst−1)

If the lagged value is missing, which will be the case if the firm was made public during the

year, the denominator will make use of the ultimo book value entirely: GPOAt = Gross Profitt
Total Assetst

.

As seen in figure 6, using this averaging method limits outliers, while keeping the mean and

median about the same. The only measure for which this is not implemented is GMAR, where

the total sales are taking place over the same period as the gross profit is achieved.

Figure 6: Distribution of GPOA using the end-of-period book value (Left) vs using the average

between the start and the end value (Right).

Table 4 below summaries each of the individual measures, by it’s pooled quantiles and the
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number of missing (NA) values. The distribution for each of the profitability variables can be

viewed in figure A.2 in appendix. In general there are more missing values for CFOA, GMAR

and ACC, which is due to Depreciation, Changes in Working Capital, and Total Sales having

missing values more often. Capital Expenditures and COGS are also often absent (see table 3),

mainly because not all companies operates with these. Therefore these will be set as 0 if missing

in the calculations, in order to avoid additional NA-values for the profitability measures.

Variable Min. 1st Qu. Median Mean 3rd Qu. Max. NA’s

GPOA -2.350 0.224 0.427 0.561 0.736 5.197 3

ROE -11.0761 0.0020 0.0868 0.1060 0.1714 78.5516 1

ROA -3.29085 0.00006 0.03604 0.00957 0.07641 1.06169 1

CFOA 7.020 -0.025 0.031 0.003 0.089 1.791 372

GMAR -77.716 0.275 0.532 0.428 0.833 1.011 227

ACC -3.700 -0.010 0.040 0.040 0.101 1.988 372

Table 4: Overview of the profitability measures. See figure A.2 in appendix for an overview

of the individual distributions.

To make the measures have the same order of magnitude and make them comparable to each

other when combined, for each fiscal year (in June), the measures are converted into ranks

and standardized to obtain z-scores. In practice, this is done as follows: let the variable of

interest be defined as x and let r denote the vector of ranks from lowest to highest, such that

ri = rank(xi). Then the z-score of x is given by

z(x) = zx =
r − µr
σr

(40)

Where µr and σr are the cross-sectional mean and standard deviation of the ranks r. The total

profitability score is then found by adding up the sub-profitability scores, and constructing a

new z-score based on this sum

Profitability = zprofitability = z (zgpoa + zroe + zroa + zcfoa + zgmar + zacc) (41)

3.3.2 Growth

Growth is measured as the increase in sustainable profits in relation to book values. To achieve

this sustainability, a five-year window is used to calculate growth in the base scenario. The

growth is measured upon the profitability measures, such that ∆GPOA, ∆ROE, ∆ROE,

∆CFOA, and ∆GMAR, denotes the five-year change, in residual terms, for each of the variables.

Accruals are not included in the growth measures.

When computing the z-scores for each individual measure, the issuance of new shares during

the period needs to be considered. For that reason each measure X is divided by the split

Page 35 of 107



Quality Investing in the Danish Market 17 May 2021

adjusted number of shares outstanding S, such that: x = X
S

. While it was not necessary to use

residual profitability, when comparing firms on a cross-sectional basis, the residual profitability

will have an effect when looking at growth. This can be seen as, all else equal, growth in

residual income increases in the growth in net income and decreases in asset growth (Asness

et al., 2019):

RIt −RIt−5

Bt−5

=
NIt −NIt−5

Bt−5

− rfBt−1 −Bt−6

Bt−5

(42)

To clarify this, imagine two firms, A and B, that are equally profitable in terms of NIt and

NIt−5, and start with the same book value Bt−5. Then suppose that firm A pays out profits to

its shareholders, such that book value stays constant, Bt = Bt−5, while firm B keeps all profits

in the business and lets the book value increase s.t. Bt >> Bt−5. It is clearly more impressive

that firm A can achieve the net income of NIt today since firm B should have been able to

generate some net income from retained earnings. Using shorthand notations for the different

variables, the growth measures are:

• Growth in residual gross profits over assets: ∆GPOA =
(gpt−rft−1att−1)−(gpt−5−rft−6att−6)

att−5

• Growth in residual return on equity: ∆ROE =
(nit−rft−1bet−1)−(nit−5−rft−6bet−6)

bet−5

• Growth in residual return on assets: ∆ROA =
(nit−rft−1att−1)−(nit−5−rft−6att−6)

att−5

• Growth in residual cash flow over assets: ∆CFOA =
(cft−rft−1att−1)−(cft−5−rft−6att−6)

att−5

• Growth in gross margin: ∆GMAR = gpt−gpt−5

salet−5

Where gp signifies gross profits, ni net income, cf cashflow, at total assets, be book equity and

sale is the total sales, all on a per share basis. The gross margin is not adjusted by the risk free

rate, as sales are not something that one can accumulate interest on. Table 5 shows summary

variables for each of the growth measures used.

Variable Min. 1st Qu. Median Mean 3rd Qu. Max. NA’s

∆GPOA -2.92 -0.09 0.06 0.24 0.26 53.25 1106

∆ROE -11.49 -0.056 0.051 -0.392 0.213 26.068 1104

∆ROA -1.501 -0.020 0.032 0.104 0.107 54.421 1104

∆CFOA -2.710 -0.084 0.036 0.114 0.173 59.284 1221

∆GMAR -2.575 -0.134 0.051 0.928 0.285 290.00 1112

Table 5: Overview of the growth measures. See figure A.3 in appendix for an overview of the

individual distributions.
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When growth is calculated using residual income, it requires the data to be very consistent

without missing values. For growth at time t to be given, the book value at t − 6, t − 5, and

t− 1, needs to be available in addition to the income and the number of outstanding shares at

time t and t− 5. This also means that if the company has been public for less than six years,

there will not be enough accounting data to calculate growth. Consequently, the number of

NA’s for growth is significantly higher than for profitability, which can be seen from comparing

table 5 and table 4. The number of NA’s are reported in the period after 1995, where a total of

2760 observations for the accounting data can be observed. Hence around 40% of the quality

scores will not include growth when calculated in the form of residual income. This will be

addressed in section 4.6.

For each of the variables, a z-score is constructed following the procedure for equation (40).

These are then summed, and a total growth score can be found:

Growth = zgrowth = z (z∆gpoa + z∆roe + z∆roa + z∆cfoa + z∆gmar) (43)

3.3.3 Safety

The final parameter to be defined before creating the quality score is safety. Once again, this

is a composite score of several commonly used factors that can each be a measure of how safe

a certain stock/company is. These safety measures are:

• Low Beta defined as: BAB = −β = − cov(ri,rm)
var(rm)

• Low Leverage defined as:

LEV = − Total Debt
Total Assets

= −Long term Debt + Short Term Debt + Minority Interest + Preferred Stock
Total Assets

• Low earnings volatility defined by the standard deviation ROE over the last 5 years.

• Altman’s Z-Score defined as:

Z = 1.2Working Capital+1.4Retained Earnings+3.3EBIT+Total Sales
Total Assets

+ 0.6Market Equity
Total Liabilities

• Ohlson’s O-Score defined as:

O = −


−1.32− 0.407 log

(
Adjusted Assets

CPI

)
+ 6.03

(
Total Debt

Adjusted Assets

)
−1.43

(
Current Assets - Current Liabilities

Adjusted Assets

)
+ 0.076

(
Current Liabilities

Current Assets

)
−1.72 ·Dummy1 − 2.37

(
Net Income
Total Assets

)
− 1.83

(
Pre-tax Income
Total Liabilities

)
+0.285 ·Dummy2 − 0.521

(
Change in Net Income

|Net Incomet|+|Net Incomet−1|

)



For Ohlson’s O-Score, the adjusted assets are given as: Adjusted Assets = Total Assets +
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0.1(Market Equity - Book Equity), while Dummy1 is 1 if total liabilities exceeded total assets

and zero otherwise, and Dummy2 is 1 if net income was negative for the last two years and

zero otherwise.

For beta, leverage, O-score and earnings volatility the variables will have a negative sign in

front. This is required since a low score for each of the variables is more desirable in terms

of safety. For Altman’s Z-score a higher value corresponds to a more safe firm, so that same

transformation is not needed here.

When calculating beta, standard deviations and correlations are estimated separately, following

the approach of Frazzini and Pedersen (2013). For standard deviation these are based on a

one-year rolling time-frame of daily returns, with at least 120 observations. To estimate the

correlation, a larger amount of data is required, as it tends to adjust to the true value more

slowly than the volatility. Therefore, Frazzini and Pedersen (2013) uses a five year rolling

window, three day overlapping log-returns to account for non-synchronous trading, and at least

750 observations to calculate the correlations. Since the portfolio is constructed on the Danish

market only, non-synchronous trading is not an issue in this case, as news or other factors will

affect the entire market at the same time, either within trading hours, or when the market opens

again on the following business day. To avoid unnecessarily complicated calculations for a single

factor and make the beta estimates similar to the estimates found on varies trading platforms

(Bloomberg default is a simple regression of weekly data for a two-year period (Harold B. Lee

Library, 2020)) in the base analysis, a 250 days rolling window for returns is used to estimate

standard deviations, while a 750 days rolling window is used for calculating the correlations.

In the “Quality minus junk” research paper by Asness et al. (2019) the earnings volatility

(EVOL) is a measure defined by the standard deviation of Return on Equity over the past

60 quarters. Since quarterly data for the Danish market was not at all exhaustive during the

period analyzed, this is not possible here. Following Asness et al. (2019) the EVOL will instead

be calculated using the standard deviation of annual ROE for the past five years, with all five

years required.

Variable Min. 1st Qu. Median Mean 3rd Qu. Max. NA’s

BAB -3.365 -0.820 -0.496 -0.544 -0.242 5.552 810

LEV -4.9542 -0.3904 -0.2239 -0.2622 -0.0856 0.7471 37

O-Score -154.099 -0.577 0.791 0.289 1.925 30.602 689

Z-Score -124.89 1.95 2.97 5.03 4.72 166.57 656

EVOL -407.846 -0.193 -0.079 -1.156 -0.036 -0.002 641

Table 6: Overview of the safety measures. See figure A.4 in appendix for an overview of the

individual distributions.
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Table 6 summarizes the five different safety measures. The leverage can be identified in most

cases, while the bankruptcy and volatility measures have a moderate number of NA values, as

they require input from numerous variables. Since the BAB measure demands at least three

years of consistent stock data, it is the measure with the most missing values. While the

profitability measures are ways of gauging how the firm performed during the period, this is

not the case for safety. All of the safety measures are very much contemporary and signify the

firm’s state at that specific point in time. Therefore, when using total assets, or any of the

other accounting variables, for calculating safety scores, it is simply the end-of-period value

used, not the average as it is for profitability. This leads to more extreme values, as can be

seen by the minimum and maximum values for the safety measures since the value of the total

assets for some firms are remarkably small during some periods. However, as the z-scores for

the individual measures are based on ranks and then standardized, extreme values will not have

a great impact on the overall safety score, which is calculated as follow:

Safety = zsafety = z (zbab + zlev + zo + zz + zevol) (44)

3.3.4 Quality

The quality score is found by taking the sum of the ranking and standardizing the three major

scores described in the sections above. This sum of profitability, growth, and safety should,

following equation (36), directly impact the fundamental value of a company. Hence, the quality

score is defined as:

Quality = zquality = z (zprofitability + zgrowth + zsafety) (45)

When constructing the composite quality measure as well as the profitability, growth, and

safety scores, all available information is used. If a particular measure is missing due to lack

of data availability, the score will depend on the remaining ones. With six years of data

required to calculate the growth measures and accounting data for the first non-financial firms

being available in 1989 (recall figure 3), the portfolio construction can begin based on the 1995

data. Firms within Denmark have five months from the end of their fiscal year to publish

their annual report (Erhvervsstyrelsen, 2021). When back-testing, one needs to make sure that

portfolio decisions are not made based on data not available at the time. Hence, the standard

convention from Fama and French (1992) will be applied, as accounting variables for all firms

with their fiscal year ending anywhere in calendar year t − 1 will be aligned and evaluated

in June calendar year t. As alluded previously, this means that the QMJ portfolio can be

evaluated from the 1st of June 1996, one year later than Asness et al. (2019).
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3.4 Constructing the Portfolios

By following the procedure of section 3.3, one now has the tools to define a firm’s quality score

and rank the businesses in respect to each other. This information now has to be put into

practice to observe whether investing in quality companies can be a market beating approach

over time. The analysis carried in this paper will follow the same set of test factors introduced

by Asness et al. (2019), that is quality-sorted portfolios, and the QMJ factor.

3.4.1 Quality-sorted Portfolios

Quality-sorted portfolios are constructed using only the quality score given by equation (45). In

June of each year, the scores for all available firms are ranked and sorted into 10 equally sized

portfolios, with the lowest scores belonging to portfolio P1 and the highest scores in portfolio

P10. Based on the sorting, two High-minus-Low (HML) portfolios are constructed. The first

one goes long the top portfolio P10 while shorting the bottom portfolio P1. This portfolio is

also analysed in Asness et al. (2019), and the return is given by:

HML1 = P10− P1 (46)

The second portfolio buys into the three best quality-sorted portfolios while shorting the three

lowest-ranking portfolios. The average return for this strategy is found as:

HML3 =
1

3
(P8 + P9 + P10)− 1

3
(P1 + P2 + P3) (47)

The portfolios are held through one whole year but rebalanced monthly to maintain value-

weights. That is, the weight for an individual stock will be the market cap of the stock

divided by the total market cap of the portfolio ωi = Market Capi∑P
i Market Capi

. The weight of the long

and short portfolios both sum to 1, and as such, the two portfolios are self-financing. The

portfolios P1 through P10 are not self-financing, so to adjust for this, the monthly returns

are calculated above the short term borrowing rate defined by the 1m CIBOR. Two non-value

weighted approaches will also be considered, as the individual stocks are either equally weighted

or quality weighted.

3.4.2 The QMJ Factor

The QMJ factor is designed based upon the portfolio construction of Fama and French (1993),

where a similar approach was carried out with the determining factor being book-to-market

equity instead of quality. For each rebalancing year, the market cap of all firms, with a quality

score, is ranked and sorted. The largest 20% in terms of market cap is given the prefix “Big”,
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while the remaining 80% is called “Small”. After size sorting, the stocks are ranked by their

quality score. The best 30% is labelled as “Quality”, and the lowest 30% is labelled as “Junk”.

This leaves out 40% that will not belong to any of the four portfolios summarized below

• Big Quality: In top 20% of Market Cap and top 30% of Quality

• Small Quality: In bottom 80% of Market Cap and top 30% of Quality

• Big Junk: In top 20% of Market Cap and bottom 30% of Quality

• Small Junk: In bottom 80% of Market Cap and bottom 30% of Quality

The QMJ factor is the average return on the two high quality portfolios minus the average

return on the two portfolios with low quality:

QMJ =
1

2
(Small Quality +Big Quality)− 1

2
(Small Junk +Big Junk) (48)

Similar to the quality-sorted portfolios, stocks are value-weighted in the base case scenario, and

the sum of the weights for each of the four portfolios is equal to 1. Hence, the QMJ factor is

self-financing in theory, while the returns from the four individual portfolios will need to be

adjusted by the risk-free rate. To avoid a massive turnover in the portfolios, when a stock is

categorized in June of year t, it belongs to that category until June of year t+1. The portfolios

are, however, rebalanced monthly to maintain overall value-weights.

3.5 Testing Procedure and Performance Measures

Before testing the performance of the portfolios, a prudent exercise will be to investigate the

following question posted by Asness et al. (2019): “Do high-quality stocks command higher

prices than low-quality ones?”. The first step in order to determine this is to examine the

persistence of the quality score that has been defined. For this score to be usable, a firm that is

high quality today should also reflect these high quality characteristics in the future and thus

command an elevated price in a forward-looking rational market. The procedure to test the

persistence of quality is based upon the quality-sorted portfolios described in section 3.4.1. For

each of the 10 portfolios, the average quality score within that portfolio is calculated across

time. The stocks that have been in one of the portfolios are then followed, and the average

quality score is calculated again after 1, 3, 5 and 10 years. If quality is persistent, the ranking

of the average quality scores for the portfolios should be the same in the future, as it was at

the time of inception.

A second step to test whether high-quality stocks command higher prices is a linear regression,

where each stocks price is regressed on its quality. The price in this case, is given by the log
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market-to-book ratio P = log(MB) = log
(

Market Capitalization
Book Value of Equity

)
. The regression is cross-sectional

and based on quality and price values for June in all years:

P i
t = a+ b ·Qualityit + controls + εit (49)

Ideally, one would like to see a significantly positive coefficient b in front of quality so that

high-quality leads to higher prices. Furthermore, a notable part of the variation in price should

be explained by the regression, which amounts to having a high R2-value (close to 1). The

interpretation of the coefficient in front of quality is straight forward; a one standard-deviation

change in the quality score will result in a 100 · b% change in market-to-book ratio. The

regression will also be run year-by-year to observe if the effect that quality has on price changes

over time and include a break-down of the key parameters (profitability, growth and safety)

effect on price.

The results from the persistence test and the linear regression will be presented in section 4 as

an introduction, as these tests are important criterias to move on with the analysis. The focus

here will be the base case without the financial sector, as it has been determined that too many

of the measures for profitability, growth, and safety cannot be defined for these types of firms.

Thus, it would be misleading to include this. Keeping with the base case, the main results of

this thesis will be reported, as the results of the quality-sorted portfolios and the QMJ factor

is presented and visualized.

To confirm whether the results are robust, this leads to various other models and tweaks that

can be implemented and evaluated. The first of these is to include the financial sector and

thereby being able to compare results directly with the paper by Asness et al. (2019). To

conduct a fair comparison, all of the results from the base case will be calculated for any of the

proceeding models.

In an attempt to compare apples to apples, the subsequent model will also include the financial

sector but limited to measures that can be identified from both financial and non-financial firms

annual reports. These include; ROE and ROA for profitability, ∆ROE and ∆ROA for growth,

and BAB, LEV and EVOL for safety.

The analysis will then move back to the base case but apply critical approaches to see if the

strategy can be modified to perform better on the Danish market. Since the Danish market is

significantly smaller than the US and global market, which the original paper was constructed

on, the idiosyncratic risk will be much greater, as the different portfolios will contain fewer

stocks. A few substantial firms dominate the Danish market, which will carry a large part of

the returns when the portfolios are value-weighted. Therefore, the first alternative model will

be constructed with equally weighted portfolios to lower the idiosyncratic risk.
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In line with the equally weighted portfolios, another type of allocation can be made by weighting

stocks corresponding to their quality score. The idea behind this strategy is to put even more

emphasis on stocks of high- and low-quality, even within their respective portfolio. Therefore

a weight based on the individual quality score ziquality is constructed as follows

ωi =

∣∣ziquality∣∣∑P
i

∣∣ziquality∣∣ (50)

where P signify the portfolio that the stock is a part of during the current rebalancing period.

By using the above weight, firms with larger numerical quality score will have a larger influence

on the performance of the quality-sorted portfolios and the QMJ factor.

When constructing the QMJ factor in the original research paper, firms are sorted conditionally,

first by size and afterwards by quality. However, it has been shown that large firms generally

exhibit superior quality characteristics (Norges Bank, 2015). So to avoid that large firms are

placed in a junk portfolio, simply because they are relatively lower quality than the rest of the

20% largest firms, the converse of the sorting in the article will also be tested; first by quality,

then by size. This will only affect the QMJ factor and not the quality-sorted portfolios.

The last model tested will directly impact the quality scores, as both the growth window and

definition is changed. The thought behind lowering the window is that a firm, which has not

produced any sustainable growth over a five-year period will be recognised as a subpar firm

too late and vice versa. Using a five-year time horizon can result in some firms staying too

long in a “wrong” portfolio before changing to a suitable one. Thus limiting the window to

three years, the strategy will be able to react more readily to momentum in the stock. The

downside is that an individual annual report will have a significantly more significant impact

on the growth measure. Additionally, using growth in residual income requires a very complete

data set, which has not been possible to attain, and as a consequence a lot of the growth values

are missing (see table 5). To make sure that growth is represented properly in the quality score,

a more simple form of growth, that does not require as many input variables will be introduced

and tested.
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As an overview, the following list of the testing procedure has been constructed. When testing

5. and 6. the portfolios will be equally weighted, so that the idiosyncratic risk, does not make

the results inconclusive.

1. Evaluation of the persistence and price of quality in the base case

2. Presentation of results from test factors in the base case

3. Testing the impact of including the financial sector:

(a) With all variables

(b) With only applicable variables

4. Testing the impact of other weighting approaches:

(a) Equally weighted

(b) Quality weighted

5. Investigating the results from sorting on quality before size

6. Changing the definition of growth

When contrasting the various models described above, it is important to have a fixed set of

measurements to evaluate performance effectively. The measures used here are based on chapter

2 in “Efficiently Inefficient” by Pedersen (2015).

The immediate performance measure that one would be inclined to look at is the return Rt

for the period t, and for strategies that are not self-financing, another relevant measure is the

excess return above the risk-free rate Re
t = Rt − Rf , as this will be the return that one has

achieved in excess of just putting ones money in the bank. For these returns, the mean µ

and the standard deviation σ are also relevant performance measures, as they can be used

to estimate expected returns and work as a measure for the risk/volatility of a given trading

strategy. When calculating the average return one has to decide between using either the

geometric average: R̄geom = [(1 +R1)(1 +R2)...(1−RT )]1/T − 1, or the arithmetic average:

R̄arit = [R1 +R2 + ...+RT ] /T . The geometric average corresponds to the experience of a

buy-and-hold investor, while the arithmetic average is the optimal estimator from a statistical

point of view and corresponds more to the experience of an investor who adds and takes out

capital to keep a constant exposure (Pedersen, 2015). The quality portfolios are rebalanced

monthly to maintain value weight and yearly refresh the quality categories, so the arithmetic

average will be used to estimate expected returns.

When the returns and volatility have been estimated, an investor would likely want to know
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how the expected returns compare to the strategy’s risk. For that purpose, the Sharpe ratio

can be utilized. It measures the investment “reward” per unit of risk

SR =
E(R−Rf )

σ(R−Rf )
(51)

Meanwhile, since the above performance measures depend largely on the length of the period

that they are measured upon (t could be either the monthly return or the entire 25 year

period), a measurement horizon of one year is often applied as the convention. When using the

arithmetic average, expected returns can be annualized by multiplying them with the number

of periods per year: ERannual = ER × n. Yearly standard deviations and Sharpe ratios are

found by multiplying by the square root of the number of periods: σannual = σ ×
√
n and

SRannual = SR×
√
n.

Another way of looking at returns is to separate them into return from market exposure β,

and excess returns after accounting for market movements α. The factors alpha and beta are

calculated as a linear regression of the strategy’s excess return on the excess return of the

market

Re
t = α + βRMKT

t + εt (52)

As described in section 2.1, beta is a measure for the strategy’s tendency to follow the market

as, all else equal, when the market goes up 1%, the strategy will return β%. Having β = 0

means that the strategy is market neutral and that the ability to make money does not depend

on whether the market is going up or down. Therefore a beta of zero is often sought after.

In equation (52) εt signifies the idiosyncratic risk, which can have a positive or negative effect,

but is zero on average, and can be minimized by having a diversified portfolio. Hence, α is

the most alluring part of the equation, as it measures the strategy’s value added above market

exposure. When evaluating a trading strategy, high alpha is what one would look after. If

α = 2%, then even if the market does not move at all during the period, the strategy would

still make an estimated 2%. Having a positive (or negative) α is a contradiction to the CAPM

model, which states that the expected return on a stock or a portfolio is determined only by

the systematic risk β, and thereby that α = 0, in an efficient market.

In addition to just reporting the above CAPM-alpha, the results will also present the alpha

from the Fama and French three-factor model (Fama and French, 1993). Fama and French

extend the CAPM model by adding in two additional terms for size and value, as it can be

observed that over time small-cap stocks will tend to outperform large-cap stocks, and value

stocks will outperform growth stocks. The size and value factors are constructed using six
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value-weighted portfolios based on market cap (ME) and book equity to market cap (BM).

Like the QMJ factor, the size break-point will be at the 80th percentile. For value, the highest

30% in terms of market-to-book is categorized as value, the bottom 30% as growth, and the

remaining 40% as neutral. Figure 7 illustrates this categorization.

Figure 7: Categorization into size and value portfolios in the Fama and French three factor

model. Vertical and horizontal lines represent size and value break-points.

The size factor (SMB) is the average return for the three small portfolios minus the average

return of the three big portfolios (hence small minus big):

SMB =
1

3
(Small Value + Small Neutral + Small Growth)

− 1

3
(Big Value + Big Neutral + Big Growth)

(53)

The value factor (HML) is the average return of the big and small value portfolios minus the

average return of the two growth portfolios:

HML =
1

2
(Big Value + Small Value)− 1

2
(Big Growth + Small Growth) (54)

The returns from the SMB and the HML factor will be used along with the excess return of

market as explanatory variables, on the right hand side, in a regression with the return of the

strategy on the left-hand side:

Re
t = α + βMKTRMKT

t + βHMLRHML
t + βSMBRSMB

t + εt (55)

The alpha from this regression measures the trading strategy’s outperformance beyond simply

taking the stock market risk and tilting toward small-value stocks. The results will display

estimates for the two types of alpha and their standard error to determine the significance of

the excess returns.
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4 Analysis and Results

In the following section, the methodology of section 3 will be applied to historical data to

determine whether the quality measures used in the QMJ paper by Asness et al. (2019) can be

used to outperform a passive market portfolio in the Danish market.

4.1 The Persistence and Price of Quality

Based on the procedure described in section 3.5, the first step in determining if the quality

factor can be used in practice is to observe if a firm that has exhibited quality characteristics

in the past will keep being quality in the future. Figure 8 shows a plot of the average quality

scores for each of the 10 quality-sorted portfolios, at the time of inception and then the average

quality score of these firms at 1, 3, 5 and 10 years afterwards.

Figure 8: Mean portfolio quality scores from the time of inception to 10 years after.

From this plot, it can be concluded that quality is persistent on the Danish stock market. The

ranking of the average quality scores for the portfolios is generally consistent across time. A

firm in P10 initially will still have the highest average quality score after 10 years. The only

noticeable exception to this structure is for the P1 portfolio. Here it is seen that after five

years, the average quality score has improved by a large margin and overtaken the P2 and P3

portfolios. Hence firms that were at one point at the very bottom in terms of quality does not

stay there. This outflow from junk can be explained by one of three factors. First, that low-

quality firms are going bankrupt and disappearing from the portfolio. Second, that new firms

are established with lower quality, and therefore the firms that were previously P1 is pushed up

in the rankings. Third, firms in this low-quality portfolio are not that bad and tend to improve

over time. The second and third option seems to be the most plausible, as not many of the

firms in the portfolios has been seen to go bankrupt.
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To determine the price of quality and whether or not a higher quality will lead to higher price, a

cross-sectional regression of stock i’s price, expressed in the form of log(market-to-book) ratio,

on the overall quality, given by the z-score, can be performed. The resulting simple regression

without any control variables offers the following relation between price and quality:

P i
t = a+ b ·Qualityit + εit = 0.641 + 0.31 ·Qualityit + εit (56)

A scatter plot with the regression line overlaid has been produced in order to illustrate this

relationship between quality and price.

Figure 9: The relation between price and Quality on the Danish Market.

Figure 9 clearly shows that the relationship between quality and the price, as defined by the

QMJ paper, is noticeable on the Danish market. The regression coefficient shows that an

increase of one standard deviation in the quality score will give a 31% increase in price. Still,

the R2 is equal to 0.068, indicating that just a fraction of the information is explained by the

regression, and the price is explained by several other factors than just quality.

To see if the price of quality has changed over time and if people are willing to pay a high price

for quality in different periods, a year-by-year regression will be presented in figure 10. The

figure exhibits a visualization of the development of the quality coefficient and R2 over time.
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Figure 10: Linear regression estimates of the quality coefficient over time as well as the

explanatory power R2.

Figure 10 shows that the price of quality in the early years (1996-2003) is a bit higher compared

to the total quality coefficient of figure 9. At the same time, the R2 is considerably higher,

only dipping below 0.1 in 2003. The years up to the 2008 financial crisis shows a very low

price of quality, which could be explained by the higher demand for risk, as people searched for

higher returns. Figure 10 also shows that there has been a more or less steady growth of the

price of quality since 2013, although with a dip in 2018. The overall highest price of quality

is in the most recent year, where a one-standard-deviation change in the quality score results

in a ∼ 61% change in price, with an explanatory power of R2 = 0.19, showing that people are

aware of quality and are willing to pay a higher price for it. Motivated by the theory from

Acharya V. (2005), Pástor L. (2003) and Amihud Y. (1986), which states that larger firms are

more liquid, has a lower liquidity risk, and thus commands a higher price and lower required

return, controlling for the market cap make sense, in order to try to raise the R2. As in Asness

et al. (2019), this is done by regressing on the log of the market cap as well.

P i
t = −0.978 + 0.164 ·Qualityit + 0.241 · log(Market Cap) + εit (57)

Equation (57) shows the results of such a regression, and when controlling for size, the R2

increases to 0.2608. The interpretation here is that a 1% increase in market cap will increase

the price-to-book by 0.241%. This is significantly lower than a coefficient of one, so one can

at least conclude that an increase in market cap does not happen without an increase in book

equity. The R2 is still not very high, considering that the regression includes market cap, which

is also included on the left-hand side of the regression. Thus a lot of information remains

unexplained when looking only at the quality and size of the firms.
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In order to see which of the quality measures has the greatest effect on the price, a similar

regression can be made for price on the profitability, growth and safety score. The resulting

linear expression is shown in equation (58)

P i
t = 0.6424 + 0.2801 · Profitabilityit + 0.1534 ·Growthit + 0.0018 · Safetyit + εit (58)

with an R2 = 0.0899 a bit more of the variation is explained, due to the higher number of

controlling variables, but still not a huge amount. The coefficients for profitability and growth

are both highly significant which is shown from the regression in appendix B.i. The safety

coefficient has a standard error of σ = 0.0250, which equals to a p-value of 0.94, and thus

the safety score is shown to have very little influence on price. Even with the low R2 is it

still noticeable, that the profitability measure has the greatest impact on the price with a 28%

increase in price if the profitability score increases by one. The effect from growth is slightly

smaller with only a 15% increase in price with a one-unit rise in the growth score.

4.2 Base Case Quality Portfolios

To further test the quality score used in the QMJ paper, 10 quality-sorted portfolios are con-

structed and analysed to see if there is a trend within the data. Secondly, the QMJ factor is

applied and tested to see how the dataset performs in such situation.

4.2.1 Quality-sorted Portfolios

The performance of the quality-sorted portfolios can be found in table 7. In order to prove

the added value of higher quality, the annual excess return (ERannual), annual Sharpe ratio

(SRannual) and alpha (α) should gradually increase when moving up the 10 portfolios. In

contrast, the annual volatility (σ) and beta (β) would be expected to decrease, the higher

quality portfolios should be safer as well. To better see the strategy’s effect, two portfolios that

is long high-quality and short low-quality will be created. The HML1 is long P10 and short P1,

and the HML3 is long the three highest quality portfolios and short the lowest three portfolios.

Unfortunately, the results obtained does not fit with the expected behaviour (see table 7).

Regarding the excess return the highest overall is to be found in the P2 portfolio consisting

of the 20% − 30% lowest quality firms. Meanwhile, the lowest ERannual is in the P9 portfolio

consisting of the 80% − 90% highest quality stocks. This is a clear indication of quality not

having a significant effect on the ERannual. The annual volatility shows the same results, even

though the lowest quality portfolio shows significantly more volatility than the highest quality

portfolio. The rest of the portfolios are seemingly randomly distributed in order of the volatility.

The same goes for the Sharpe ratio, the highest one is measured in the highest quality portfolio,
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but the lowest one is measured in the second-highest ranked portfolio, again with no consistency

throughout the rest of the portfolios.

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 HML1 HML3

ERannual 0.1418 0.1867 0.1409 0.0944 0.0986 0.1469 0.1361 0.1504 0.0730 0.1419 0.0001 -0.0347

σannual 0.3007 0.2830 0.2370 0.2161 0.2552 0.2849 0.2591 0.2526 0.2625 0.2088 0.3084 0.1601

SRannual 0.4717 0.6596 0.5943 0.4368 0.3862 0.5155 0.5255 0.5956 0.2780 0.6796 0.0002 -0.2166

CAPM β 1.017∗∗∗ 0.874∗∗∗ 0.880∗∗∗ 0.688∗∗∗ 0.978∗∗∗ 1.073∗∗∗ 1.002∗∗∗ 1.077∗∗∗ 1.147∗∗∗ 0.937∗∗∗ −0.080 0.130∗∗

(0.089) (0.087) (0.067) (0.065) (0.070) (0.079) (0.071) (0.064) (0.065) (0.050) (0.109) (0.056)

CAPM α 0.002 0.007 0.003 0.001 −0.002 0.001 0.001 0.002 −0.006∗ 0.002 0.001 −0.004

(0.004) (0.004) (0.003) (0.003) (0.003) (0.004) (0.003) (0.003) (0.003) (0.002) (0.005) (0.003)

3-factor α 0.001 0.006 0.003 0.001 −0.002 0.001 0.001 0.001 −0.005∗ 0.003 0.002 −0.004

(0.004) (0.004) (0.003) (0.003) (0.003) (0.004) (0.003) (0.003) (0.003) (0.002) (0.005) (0.002)

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Table 7: Quality-sorted portfolio summary statistics.

The beta values for the 10 portfolios are also not showing the expected behaviour for portfolios

of increasing quality. All of them, except for P4, have a significant beta value close to one. This

indicates that the firms are not adding safety to the portfolio (in terms of being uncorrelated

with the market) when increasing in quality. The CAPM and three-factor alphas report the

excess return of the 10 quality-sorted portfolios when adjusting for the returns of the market, as

well as the size and value factor. Like the previous examples, an increase in quality throughout

the 10 portfolios does not lead to a higher alpha. The alphas in the 10 portfolios are very small.

However, more importantly, they are all insignificant, so they could just as easily have been

equal to zero from a statistical standpoint.

In the base case, the quality-sorted portfolios does not indicate any significant effect added by

the quality measures used in the QMJ paper. This suggests that either the quality measures

used in the paper are not suitable for the Danish market or that the Danish market does not

command a higher price for higher quality stocks.

4.2.2 The QMJ Factor

To see if a QMJ approach will be a viable strategy on the Danish market, both in general and

through different time periods, e.g. growth or crises, through the last 25 years, the theory from

the QMJ paper will now be applied to historical data and the results will be presented in the

following. Further modifications will then be added to the strategy to try to improve the results

and see if the strategy can provide sustainable returns.
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The first version of the QMJ test factor that will be tested on the Danish market is the

base case model presented in the research paper, although without the financial sector (banks,

insurance and pension) for reasons discussed in section 3. Table 8 shows the annual excess return

(ERannual), volatility (σannual) and Sharpe Ratio (SRannual) as well as the overall CAPM alpha,

CAPM beta and three-factor alpha for the four sub-portfolios Big Quality, Small Quality, Big

Junk, Small Junk, in addition to the QMJ portfolio and the market returns for the the whole

period - July 1996 to March 2021.

Big Quality Small Quality Big Junk Small Junk QMJ Market

ERannual 0.1273 0.1632 0.1207 0.1005 0.0346 0.1202

σannual 0.2001 0.2040 0.2183 0.2168 0.1456 0.1627

SRannual 0.6361 0.8001 0.5530 0.4637 0.2377 0.7388

CAPM β 0.968∗∗∗ 0.852∗∗∗ 0.955∗∗∗ 0.906∗∗∗ −0.021

(0.044) (0.053) (0.055) (0.057) (0.052)

CAPM α 0.001 0.005∗∗ 0.0005 −0.001 0.003

(0.002) (0.003) (0.003) (0.003) (0.002)

3-factor α 0.001 0.004∗∗ 0.001 −0.002 0.003

(0.002) (0.002) (0.003) (0.002) (0.002)

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Table 8: QMJ portfolios summary statistics.

The results presented in table 8 show that both the Big Quality and Small Quality portfolios

can beat the market when looking at the annual excess return, but with somewhat higher

volatility. The greater volatility results in the Big Quality portfolio having a lower Sharpe ratio

than the market, while the Small Quality portfolios still having slightly better risk-adjusted

returns. Both the Big- and Small Quality portfolios have a beta close to one, indicating that

they are moving very similarly to the market, which is only natural as the Big Quality portfolio

contains some of the largest stock in Denmark, e.g. Novo Nordisk. However, the beta for Small

Quality is a bit lower, indicating a slightly safer and more diversified portfolio. Alpha for the

Big Quality portfolio is very close to zero. It is also insignificant, so there is no indication of

excess return. In contrast, the two alphas for the Small Quality portfolio are both significantly

larger than zero on a 5% level, showing that the Small Quality portfolio is able to beat the

market with 0.5% month over month.
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The results from the junk portfolios are not as “junk” as one could have hoped. The Big

Junk portfolio has a higher annual excess return than the market and comes very close to the

return of the Big Quality portfolio. However, it does come with a higher volatility resulting in

a lower Sharpe ratio than the quality and market portfolios. The excess return of the Small

Junk portfolio is the weakest of them all and is also the only one of the four sub-portfolios with

a return, lower than the market. At the same time, the portfolio also has a high volatility,

yielding a much lower Sharpe ratio than the rest. Beta for both of the junk portfolios are

close to one, indicating they move close to the market portfolio, and none of the alphas are

significant, showing that there is no sign of excess returns either.

Since the QMJ strategy is long the two quality portfolios and short the two junk portfolio,

the excess return gained from the quality portfolios is offset by the gain in the junk portfolios,

leaving only a slight annual excess return of 3.46%, which does not beat the market of 12%

annual excess return. The benefit from holding a short position as well as a long position in

two portfolios that follow the factor, is that the volatility and beta becomes very low, making

the QMJ strategy safer than any of the individual long positions. The lower volatility does,

however, not compensate for the low excess return, and thus the Sharpe ratio for the QMJ

portfolio, is the overall lowest Sharpe ratio of only 0.2377. The CAPM and three-factor alphas

for QMJ is only slightly positive but not significant, indicating that there is no excess returns

when adjusting for market, value and size either.

The factor loadings of the three-factor models have been left out so as not to overcrowd the

tables, but can be found in figure 24 in the appendix. For the base case QMJ factor they are

βMKT = −0.071, βSMB = −0.152∗∗, and βHML = −0.292∗∗∗. These are all negative, which is

to be expected. QMJ has negative market and size exposures due to QMJ being long low-beta

large stocks while being short high-beta small ones. The negative value loading factor is also

expected since high-quality stocks have higher prices as seen in figure 9 while the HML factor

is long “cheap” value-stocks.

In order to further analyse the QMJ strategy, the yearly excess return of the QMJ factor and

market will be compared in figure 11. The risk-free rate has been subtracted from the market

return for a better comparison to the self-financing QMJ strategy.
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Figure 11: Yearly returns for the QMJ strategy vs the market.

Figure 11 shows a similar overall performance as could be observed from table 8, which is that

the market beats the QMJ strategy for most of the years. The interesting thing to observe

in the figure, is the years where is QMJ factor beats the market. The first year the QMJ

strategy beats the market is in 1998 where the Danish market had a decrease of 0.06 caused

by “pinsepakken” - a combined tax reform and tightened fiscal policy Lunde (2010). For this

year, QMJ had an excess return of 1%. The next time the QMJ strategy outperformed the

market was in the aftermath of the ”dot-com”-bubble in the years of 2001 and 2002, where the

market had a 15% and 24% decrease, respectively, but the QMJ strategy had an increase of

7% and a decrease of only 7% through the same years. The following years from 2003 until

the financial crisis in 2007, had high growth, resulting in a poor performance from the QMJ

strategy. Then in 2008, when the financial crisis peeked, the QMJ strategy performed better

than the market again. The market then started to exhibit high growth again in 2009 and

2010, where the QMJ strategy massively underperformed. The market took a hit again in 2011

during the debt crisis, where the government debt in the US and some European countries was

worryingly high, making the market uncertain again, as the memories of the financial crisis

were still fresh in mind. Once again, the QMJ strategy performs when the market is down and

is beating the market significantly. The trust in the economy returns in the following years,

from 2012 to 2015 and leads to a steady market growth. This should lead to the QMJ strategy

underperforming again, but the strategy beats the market in both 2012 and 2014. To get a

better understanding of why this is happening, the figures 12 and 13 which display the firms’

weights in the Big Quality and Big Junk portfolios throughout the years, will be inspected. The

weights will change through the year as the market cap of the individual companies changes

within the portfolios. Hence the weight shown is at the initialization of the portfolio in June

each year.
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Figure 12: Overview of the Big Quality members and the weight for each year of the portfolio.

Figure 13: Overview of the Big Junk members and the weight for each year of the portfolio.

It is clear to see the flaw in the strategy when observing figure 12 and 13. When firms like

Novo Nordisk and A.P. Møller Mærsk can hold a position of 70% and 60% in the big portfolios

the benefit of risk diversification is gone. This indicates that the Big Quality portfolios is more

or less just tracking the performance of Novo Nordisk, and the Big Junk portfolio is tracking

the performance of A.P. Møller Mærsk, or Danisco earlier on. Portfolio weights in the Small

Quality and Small Junk portfolios can be found in figure B.7 and B.8 in the appendix. The

small portfolios do not have the problem of idiosyncratic risk to the same degree, as the firms
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market cap is a lot closer to each other and the portfolios consist of a greater number of firms.

However, there are still years where some stocks make up around 40− 50% of the total weight

in the small portfolios. All of this can explain why the QMJ strategy is able to outperform the

market in the years 2012 and 2014, since Novo Nordisk is performing very well in those periods

and is in the long portfolio with a 70% weight. On top of that A.P. Møller Mærsk is performing

poorly and is in the short portfolio with a 50% weight.

Returning to figure 11, the year 2016 is not a good year for the market, as it is down 7%, but

the QMJ strategy is still underperforming. This can also be explained by the problem just

stated. Novo Nordisk is in the Big Quality portfolio, and is taking a massive hit due to a poor

financial statement, which then results in a bad year for the QMJ strategy. The periods of

2017, 2019 and 2020 is all years with an overall growth in the market. For 2020, this is despite

the COVID-19 crisis that only lasted 2-3 month before the Danish economy was back on track.

This shows, once again, that the QMJ strategy is underperforming in years of great growth.

To recap the QMJ factor’s performance throughout the last 25 years, one can conclude that

it is only a market beating strategy during crises. This fact is also stated in the QMJ paper

(Asness et al., 2019, p. 37). Meanwhile, the strategy is underperforming the market in years

of growth due to a very low or negative beta. The base case QMJ strategy showed several

flaws when applied to the Danish market, as the performance of the big portfolios mirrors the

performance of a very small number of firms, which will be addressed later in this thesis. The

accumulated returns from the four sub-portfolios and the market minus the risk-free rate and

the QMJ portfolio can be found in figure 14.

Figure 14: Accumulated returns for the QMJ strategy and the excess returns for the sub-

portfolios and the market.
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The accumulated returns in figure 14 tell the same story as table 8 and figure 11, which is that

the QMJ strategy has a very small volatility and is not really performing at all. The lack of

returns, is due to the Junk portfolios offsetting the gains from the two quality portfolios. The

figure also shows that the Small Quality portfolio performs very well, although the performance

is a bit exaggerated by the the effect of compound interest in the later years. The Small Junk

portfolio performs excellent in the year leading up to the financial crisis in 2008. This could be

due to the overly optimistic market, making it easier for smaller firms to achieve financing and

thereby gain a higher growth.

As seen in figure 15, the returns from the QMJ factor and the two High-minus-Low factors

for the quality-sorted portfolios are all slightly left-skewed, which indicates that an investor

following the strategy should be able to handle larger down-sides than upsides, but since the

mean is positive for the QMJ factor, the overall return will be positive. It is also noticeable

that for the HML1 portfolio where only the top and bottom 10% are utilized, the spread of

return is significantly larger, making sense since this portfolio consists of fewer stocks and has

more idiosyncratic risk.

Figure 15: Distribution of returns for the base case.

4.3 Quality with the Financial Sector

To make a one-to-one comparison with the QMJ paper, a model including the financial sector

will now be analysed. Two different approaches will be used, first a model with all variables,

where the non-applicable variables of the financial sector will be set to zero. The second

approach will be a model where all the variables that cannot be compared across sectors will

be removed.

4.3.1 Quality with the Financial Sector - All Variables

The first thing to look at is the price of quality regression. This regression will be expected to

explain even less than the previous, as all the financial firms added to this model contain a lot
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of missing/zero variables. The regression is calculated as in the previous section and has the

following coefficients:

P i
t = 0.4558 + 0.2582 ·Qualityit + εit (59)

The standard errors and test statistics can be found in appendix B.iii. The regression obtains

R2 = 0.0544. As expected, the regression’s explanatory power is even worse than the base case

model, which has an R2 = 0.0641. The quality coefficient also turns out a bit lower than the

base case, which had a 31% increase in price, when the z-score increases by one, where this

model with the financial sector only shows a 26% increase. The linear regression for price on

the key parameters looks as follows:

P i
t = 0.4605 + 0.2764 · Profitabilityit + 0.1312 ·Growthit − 0.0395 · Safetyit + εit (60)

with R2 = 0.09017, and with all variables being significant. Safety has a negative coefficient,

which is very interesting to see, and with a p-value of 0.03371 it is significant on a 5% level.

This indicates that the safety measures defined, contributes negatively to the price of the stock,

or at least, that they are negatively correlated.

Next, the quality-sorted portfolios will be analyzed, and the effect that adding the financial

sector, has on excess return, volatility, Sharpe ratio, beta or alpha will be discussed. The values

from the quality-sorted portfolios, as well as the HML1 and HML3 are presented in table 9.

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 HML1 HML3

ERannual 0.1163 0.1070 0.0994 0.0694 0.1148 0.1037 0.1168 0.1525 0.1005 0.1269 0.0105 0.0191

σannual 0.2766 0.2331 0.2328 0.1911 0.2024 0.2161 0.2422 0.2226 0.2338 0.2058 0.2752 0.1530

SRannual 0.4205 0.4588 0.4270 0.3629 0.5673 0.4802 0.4822 0.6851 0.4300 0.6165 0.0383 0.1245

CAPM β 1.064∗∗∗ 0.915∗∗∗ 0.978∗∗∗ 0.752∗∗∗ 0.807∗∗∗ 0.817∗∗∗ 0.950∗∗∗ 0.917∗∗∗ 1.091∗∗∗ 1.018∗∗∗ −0.046 0.023

(0.076) (0.063) (0.060) (0.052) (0.054) (0.060) (0.066) (0.058) (0.053) (0.043) (0.098) (0.054)

CAPM α -0.001 -0.0004 -0.002 -0.002 0.001 0.0004 0.0001 0.003 -0.003 0.0003 0.001 0.001

(0.004) (0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.002) (0.005) (0.003)

3-factor α −0.0001 0.0005 −0.001 −0.001 0.002 0.001 0.0004 0.004 −0.003 −0.0002 −0.0001 0.0005

(0.003) (0.003) (0.003) (0.002) (0.002) (0.003) (0.003) (0.003) (0.003) (0.002) (0.004) (0.002)

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Table 9: Quality-sorted portfolio summary statistics with the financial sector included.
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The consistency of excess returns in table 9 has not improved much from the base case, indi-

cating that adding the financial sector to the data has not changed the fact that high-quality

portfolios are unable to achieve significant excess returns over low-quality portfolios. The only

impact, adding the financial sector has made, is that the overall excess return has been lowered,

which can be seen in the average return going from 13.107% in the base case to 11.073%. Nor

does the general volatility throughout the 10 portfolios see any added structure or consistency.

The overall average has also stayed the around same, going from 0.25599 to 0.25317. A similar

volatility with a lower excess return results in a lower average Sharpe ratio generally. The beta

values for the 10 portfolios have not changed much after adding the financial sector to the data,

they are all still highly significant and relatively close to one. The fourth portfolio has increased

a bit from 0.614 to 0.752, and the fifth and sixth have decreased a bit to around 0.8, but there

is still no visible sign of a relationship between higher quality and lower beta. The same goes

for the alphas, none of the values are significant, and they are all hovering around zero. The

CAPM alphas for the first four portfolios is now negative, but since the values are so small and

the standard deviation is greater than the actual value, it is hard to conclude anything from it.

Moving on further, the excess return from four sub-portfolios, the market, as well as the QMJ

portfolio will now be presented. The annual excess return, annual volatility, annual Sharpe

ratio, as well as the CAPM beta, CAPM alpha and the three-factor alpha for the whole period

can be found in table 10.

The table shows that the effect of adding the financial sector is minimal on the Big Quality

portfolio, as the annual excess return, volatility and Sharpe ratio is unchanged. Both alpha and

the beta for the Big Quality portfolio is also very similar to the base-case. The Small Quality

portfolio has a slightly lower annual excess return in the model with the financial sector and

significantly lower volatility, resulting in a higher Sharpe ratio. The beta for the model with the

financial sector is lower but with no noticeable difference. It is still interesting to see that the

Small Quality portfolio produces significant positive alphas, indicating that for small companies

the investing by using quality factor seems to have a positive effect on the returns.

Both of the junk portfolios have decreased in annual excess return and in volatility, resulting

in a lower Sharpe ratio. The alphas and beta for the junk portfolios are basically unchanged

in the model with the financial sector added.

From table 25 in the appendix it is seen that the factor loading of the QMJ returns are now all

significant and negative. The retuns of the QMJ factor can be described by the equation:

RQMJ
t = 0.003− 0.100RMKT

t − 0.176RHML
t − 0.544RSMB

t + εt

where the constant term is the Fama and French three-factor alpha. The fact that the market
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return now has a significant negative coefficient, is what one would expect, and is similar to

the results from the QMJ paper (Asness et al., 2019).

Big Quality Small Quality Big Junk Small Junk QMJ Market

ERannual 0.1287 0.1481 0.1164 0.0822 0.0391 0.1202

σannual 0.1952 0.1794 0.1995 0.2071 0.1325 0.1627

SRannual 0.6592 0.8260 0.5835 0.3970 0.2951 0.7388

CAPM β 1.045∗∗∗ 0.783∗∗∗ 0.965∗∗∗ 0.931∗∗∗ -0.034

(0.034) (0.045) (0.044) (0.050) (0.047)

CAPM α 0.0003 0.005∗∗ 0.00004 -0.002 0.004

(0.002) (0.002) (0.002) (0.002) (0.002)

3-factor α −0.0004 0.006∗∗∗ 0.0005 −0.001 0.003

(0.001) (0.002) (0.002) (0.002) (0.002)

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Table 10: QMJ portfolios summary statistics with the financial sector included.

In general, table 10 shows that the overall performance of the QMJ strategy with and without

the financial sector is very similar. In order to spot potential differences and better understand

what drives the returns, an overview of the firms included in the Big Quality and Big Junk

portfolio will now be inspected. The same overview for the Small Quality and Small Junk

portfolios can be found in appendix B.iii.
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Figure 16: Overview of the Big Quality members and the weight for each year of the portfolio

with the financial sector included.

Figure 17: Overview of the Big Junk members and the weight for each year of the portfolio

with the financial sector included.

Figure 16 that includes an overview of the Big Quality portfolios on a year-by-year basis clearly

shows that the effect of including the financial sector is very minimal. The only new firms

included are Topdanmark, Tryg, ”Selskabet af 1 sept 2008” (Roskilde Bank), ”Danske Invest -

Danmark UDAF” and a few others, but all with a low weight and short window of inclusion,

affecting the overall performance marginally. The Big Junk portfolio sees a more significant
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impact from including the financial sector, as Danske Bank is heavily weighed, over 70% in

2001, and is in the Big Junk portfolio every year except the first. Jyske Bank is also included

as Big Junk a large part of the time, although with a smaller portfolio weight.

The yearly return for the model with the financial sector included is plotted in a histogram in

figure 18, to see if there are any periods with significant changes compared to the base case

model. The financial sector was affected harder than the rest of the market during the financial

crisis, which could be expected to make an impact on QMJ portfolios returns, as figure 17

shows that the Big Junk portfolio contains a couple of financial stocks during that time period.

Figure 18: Yearly returns for the QMJ strategy vs the Market with the financial sector

included.

Figure 18 shows that the effect from adding the financial sector to the data is insignificant

the first couple of years. In 2001 and 2002 the QMJ factor ends up with a yearly return close

to zero, whereas the annual return without the financial sector was 6% in 2001 and −5% in

2002. Hence having financial companies included, has hedged the QMJ portfolio against the

downturn from the dot-com bubble.

The real significant changes happen in the years around the financial crisis. In 2007 the yearly

return for the QMJ strategy moved from a negative 6% return to a positive 3% return with

the financial sector. The difference is even more significant in 2008, where the base case QMJ

portfolio has a negative return of 4% against a positive return on 19% in the portfolio with

the financial sector. Note that this is a year where the market is down 50%, making the QMJ

return of 19% an even greater accomplishment.

The two QMJ factors also differs quite significantly in 2009, where the base case shows a positive

return of 6% in contrast to the −7% that the QMJ portfolio achieves with the financial sector

included. Another year that shows a significant impact from including the financial sector is
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2014, where the base case has a yearly return of 47% versus an annual annual return of 20%

with the financial sector included, showing that some of the idiosyncratic risk from the base

case has been removed, but at the cost of a quality score that is less descriptive.

The accumulated excess returns for the four sub-portfolios and the market portfolio, as well as,

the QMJ portfolio where the financial sector has been included, can be found in figure 19.

Figure 19: Accumulated returns for the QMJ strategy and the excess returns for the sub-

portfolios and the market with the financial sector included.

The accumulated return that has shown the greatest impact from the addition of the financial

sector is the Small Quality portfolio. Here the total return of ∼ 3300% from the base case

strategy has decreased to ∼ 2500%. Both are returns, that beat the market by a large margin,

but adding the financial sector does not improve the Small Quality returns. Another noticeable

impact is on the Small Junk portfolio, where the momentum it had the years prior to the

financial crisis is not there anymore, which also shows in the overall performance, as the total

return is now only ∼ 300% against the base case model, where it was around the ∼ 600%.

Besides for the two small portfolios, the impact from adding the financial sector is not really

noticeable on the rest of the portfolios or the QMJ factor, as it ends with a total return of 112%

against the base case of 82%.

4.3.2 Quality with Financial Sector - Applicable Variables Only

In order to better compare apples to apples a strategy will now be analysed, where only ap-

plicable measures for the financial sector are included. This means, as stated earlier, that

many of the variables used in the calculations of profitability, growth and safety measures will

be removed to get a better one-to-one comparison of the quality of the firms. The excluded

measures have all been presented in table 2 in the methodology section.
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First, the price on quality regression will be made to see if there has been any significant changes

in the assumption made, which state that a firm with higher quality can demand a higher price.

The regression itself and the test statistics can be viewed in figure B.12 in appendix.

P i
t = 0.4573 + 0.1634 ·Qualityit + εit (61)

Equation (61) clearly shows that the price of quality has not only decreased, when all the

variables not applicable for the financial sector has been removed, but with an R2 = 0.0212

the amount of variability described by the regression has also been lowered significantly. This

should be seen in contrast to the base case model, that had a quality-coefficient of 0.31 with an

R2 = 0.068 and the model with all variables plus the financial sector, which had a coefficient

of 0.258 with an R2 = 0.0544. Hence a coefficient of 0.1634 and an R2 of 0.0212 is the lowest

that has been observed so far.

To get a better idea of why this might be the case, a regression on all the individual measures

is made, to see which of them has changed the most compared to the two previous models with

and without the financial sector. The regression provides the following result:

P i
t = 0.4636 + 0.2742 · Profitabilityit + 0.1140 ·Growthit − 0.2388 · Safetyit + εit (62)

With R2 = 0.1278 and where all coefficients are very significant. Looking at the effect that the

individual measures have on the price, it is remarkable that the safety measure in this instance

has a very negative impact of −0.2388. This should be compared to both the base case of

0.0018 and the previous case of −0.0395. The negative coefficient indicates that the higher the

safety score is, the lower the price will be, which is strictly the opposite of what the theory

indicates.

Even though the number of variables removed from profitability and growth is greater than

for safety, the effect on those measures is not noticeable in the regression. The profitability

coefficient is approximately the same across the three different models. The growth parameter

coefficient decreases a bit from the base case of 0.1534, when including the financial sector to

0.1312, and moves even lower in this latest model with only the applicable variables to 0.1140.

To see if adding the financial sector and removing all non-applicable variables changes the

persistence of the quality score, a plot similar to figure 8 has been produced. Figure 20 shows

the average quality scores for each of the 10 quality-sorted portfolios at the time of inception

and then the average quality score of these firms at 1, 3, 5 and 10 years afterwards.

The result from figure 20 show that the quality score becomes very inconsistent after removing

all the variables that are not relevant for the financial sector. The average quality score after
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five years is approximately the same for all 10 portfolios. There seems to be a rebound effect

after 10 years in a few of the portfolios, but this adds to the conclusion that the quality within

the portfolios does not persist over time.

Figure 20: Mean portfolio quality scores from the time of inception to 10 years after. When

only using measures applicable to the financial industry quality does not persist.

The next results to look at are the quality-sorted portfolios. The quality-sorted portfolios will

show if the actions taken in this section has improved or worsened the premium of higher quality

portfolios. Table 11 shows the values of the excess return, volatility, Sharpe ratio, CAPM beta,

CAPM alpha and three-factor alpha for the 10 quality-sorted portfolios.

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 HML1 HML3

ERannual 0.1897 0.1140 0.0638 0.0524 0.1075 0.1575 0.1394 0.1191 0.0652 0.1474 -0.0422 -0.0119

σannual 0.2875 0.2411 0.2512 0.2484 0.2294 0.2236 0.2496 0.2262 0.2172 0.2096 0.2981 0.1591

SRannual 0.6596 0.4730 0.2541 0.2109 0.4687 0.7046 0.5587 0.5263 0.3001 0.7033 -0.1416 -0.0750

CAPM β 1.072∗∗∗ 1.011∗∗∗ 1.009∗∗∗ 1.083∗∗∗ 0.888∗∗∗ 0.954∗∗∗ 1.022∗∗∗ 0.997∗∗∗ 0.943∗∗∗ 0.944∗∗∗ −0.128 −0.069

(0.081) (0.062) (0.067) (0.062) (0.063) (0.057) (0.066) (0.055) (0.054) (0.050) (0.105) (0.056)

CAPM α 0.005 -0.001 -0.005 −0.007∗∗ -0.00004 0.003 0.001 -0.0002 -0.004 0.003 -0.002 -0.0003

(0.004) (0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.002) (0.005) (0.003)

3-factor α 0.006 0.0001 −0.004 −0.006∗∗ 0.0004 0.004 0.002 −0.0001 −0.004 0.002 −0.004 −0.001

(0.004) (0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.002) (0.005) (0.002)

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Table 11: Quality-sorted portfolio summary statistics with the financial sector included and

only variables applicable to that sector.
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The annual excess return does still not seem to have any structure throughout the 10 portfolios.

The P1 portfolio, which is supposed to have the lowest quality, is the portfolio with the highest

annual excess return of them all. Likewise, the P9 portfolio, which should be one of the highest

quality portfolios, is the portfolio with the lowest annual excess return, and the rest of the

portfolios are more or less randomly distributed in terms of returns. This indicates that there

is still no gains in excess return from the higher quality portfolio when adding the financial

sector and using only the applicable variables. The annual volatility and Sharpe ratio tell

the same story. The highest Sharpe ratio is in the P6 portfolio, which is in the middle, and

the rest are without any form of consistency, indicating no increase in risk adjusted returns

from higher quality portfolios. The CAPM beta is still around one for all 10 portfolios, but a

more noticeably effect is seen on the P4 portfolio, which achieves a significant CAPM alpha

of −0.007. This seems like a random effect, as the P4 portfolio is in the middle in terms of

quality. The same conclusions goes for the three-factor alpha, as the results are all very close

to the CAPM alpha.

Next is the construction of the four sub-portfolios, the market portfolio, and the QMJ portfolio.

This will be compared to the base case, and the base case with the financial sector added, to see

if any of the portfolios have changed significantly from removing all the measures not applicable

to the financial sector.

Big Quality Small Quality Big Junk Small Junk QMJ Market

ERannual 0.1519 0.1122 0.1138 0.0804 0.0350 0.1202

σannual 0.1855 0.1652 0.2158 0.2014 0.1347 0.1627

SRannual 0.8189 0.6791 0.5274 0.3991 0.2597 0.7388

CAPM β 0.920∗∗∗ 0.749∗∗∗ 1.053∗∗∗ 0.900∗∗∗ −0.142∗∗∗

(0.039) (0.040) (0.047) (0.049) (0.047)

CAPM α 0.003∗ 0.002 -0.001 -0.002 0.004∗

(0.002) (0.002) (0.002) (0.002) (0.002)

3-factor α 0.003∗ 0.003∗∗ −0.0005 −0.001 0.004∗

(0.002) (0.001) (0.002) (0.002) (0.002)

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Table 12: QMJ portfolios summary statistics with the financial sector included and only

variables applicable to that sector.
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The changes in the four sub-portfolios are only slightly different compared to the model with

the financial sector added. The Big Quality portfolio is now the best performing portfolio

when looking at annual excess return, whereas the Small Quality portfolio has been the best

performing in the two earlier models. The Small Quality portfolio is now only performing as

good as the Big Junk portfolio. The two junk portfolios are unchanged compared to the strategy

with the financial sector with all variables. This could indicate that removing the variables that

are not suited for the financial sector has raised the quality for some of the in-between firms,

since they are not weighed down by the variables they cannot compete on. The inclusion of

these firms in the quality portfolios has then raised the return of the Big Quality, while reducing

the return of the Small Quality portfolio.

The annual volatility has decreased for the quality portfolios and picked up for the junk port-

folios, indicating again that there has been some restructuring in the firms in the four sub-

portfolios. This results in a significant increase in the Sharpe ratio for the Big Quality portfolio

going from 0.659 in the previous model, with the financial sector included and all measures in

use, to 0.819. The increased excess return has also resulted in a positive CAPM- and three-

factor alpha that is somewhat significant for the Big Quality portfolio. The decrease in the

Small Quality portfolio has made the CAPM alpha insignificant but still positive. The Big

Junk portfolio has also gone from a positive CAPM- and three-factor alpha to a negative alpha

in this model with only the applicable variables. The results generally look better in this case,

but they are also based on a less stable basis.

To better visualize the impact that the removal of the variables has made to the portfolios,

which has just been shown in table 12, the firms included in the two big portfolios will now be

inspected in figure 21 and 22. The Small Quality portfolios can be found in appendix B.iii.

Novo Nordisk is still very heavily weighted in the Big Quality portfolio, with years where over

70% of the return it determined by their price movements only. Besides Novo Nordisk there

has been other minor changes from year to year, and e.g. A.P. Møller Mærsk is notably less

present in the early years. Regarding the financial sector, Topdanmark and Tryg moved up

and is now included more often and in a larger part, in the Big Quality portfolio. This was

expected due to the “more fair” comparison between firms, where only the applicable variables

for the financial sector are included in the strategy used in this section.
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Figure 21: Overview of the Big Quality members and the weight for each year of the portfolio

with the financial sector included and only variables applicable to that sector.

Figure 22: Overview of the Big Junk members and the weight for each year of the portfolio

with the financial sector included and only variables applicable to that sector.

Regarding the Big Junk portfolio, which can be found in figure 22, the first noticeable difference

from the previous model with all variables included is, that Danske Bank is only in the portfolio

in the later years. In the last section Danske Bank was included in the Big Junk portfolio

almost every year. A fact that has not changed, is that the portfolio weights for Danske Bank

are massive, indicating that the idiosyncratic risk still makes these results very weak when
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trying to conclude whether the QMJ factor can produce a positive excess return. The changes

beside Danske Bank is minimal, which was also indicated by table 12, but the fact that Danske

Bank is not in the portfolio the first couple of years result in larger weights for the remaining

firms to begin with.

The next reasonable thing to look at is the performance over the years for the QMJ factor to

see if the changes in the portfolios have made a greater impact in specific years. Figure 23

shows the performance of the QMJ portfolio with the financial sector added, but with only

variables applicable to that sector.

Compared to the strategy with the financial sector and all variables included, the only noticeable

difference is in the first couple of year. This is expected since the greatest difference between

the strategies lies in the earlier years where the four sub-portfolios differ the most from the

previous strategy. These are the years where Danske Bank’s stock is not affecting 30 − 50%

of the movement in the Big Junk portfolio. The return of the QMJ portfolio has decreased

significantly in 1998, where the return with all variables beat the market with a positive 2%

yearly return and is now underperforming and has a negative 12% return for the year. The

major dip that the previous QMJ portfolio took in 2000 has improved a lot in this strategy

with only the applicable variables, going from a negative 16% to now only a 4% dip. The rest

of the changes is minor compared to the version with all variables.

Figure 23: Yearly returns for the QMJ strategy vs the Market with the financial sector

included and only variables applicable to that sector.

The accumulated returns will now be visualized to see the aggregate effect of the small changes

observed in table 12. The expectations of the accumulated returns are that the Big Quality

portfolio will perform a lot better than the previous. The Small Quality will perform a bit

worse, and the junk portfolios are more or less unchanged. The accumulated returns can be
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found in figure 24.

Figure 24: Accumulated returns for the QMJ strategy and the excess returns for the sub-

portfolios and the market with the financial sector included and only variables applicable to

that sector.

Figure 24 clearly shows that the accumulated return from the Big Quality portfolio outperforms

everything else, even the Small Quality portfolio from the model with all variables which had a

total accumulated return of ∼ 2500%. These results were expected due to the results presented

in table 12, but the extent of the overall return is again exaggerated by the compound interest

effect. It is worth noticing just how much the return from the Big Quality portfolio is driven by

Novo Nordisk. Therefore a plot of the adjusted stock price of Novo Nordisk has been produced

and is shown in figure B.15 in appendix. The accumulated return of the Big Quality portfolio

follows the stock price of Novo Nordisk almost one-to-one, with a large increase in 2015 and a

similar sized drop in 2016.

The decrease in return that the Small Quality portfolio saw in table 12 has led to a total

accumulated return that underperforms the market and is closer to the Big Junk portfolio.

The accumulated return for the QMJ portfolio has decreased slightly from the strategy with all

variables, going from 112% to now only 90%. However, these are minor changes when looking

over a period of 25 years.

4.4 Quality with Different Weights

Until now the weights in the portfolios has followed the methodology of the “Quality minus

junk” paper by Asness et al. (2019), which is to value-weigh the firms in the portfolios. This

has led to results that are hard to conclude anything from, as the Danish market contains a few

very large firms that take up over 70% of the weight in the big portfolios in specific periods.
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To counteract the high idiosyncratic risk that comes with value-weighting the portfolios. The

following section will focus on trying to solve this by first using equally-weighted portfolios where

a company is weighted equally with all other companies in the given portfolio and rebalanced

every month to maintain this weight. Secondly a quality weighted approach will be tested, with

the individual weights given by equation (50). The data used in the following section is the

base case data, without the financial sector.

4.4.1 Quality with Equally Weighted Portfolios

The first alternative model that will be analyzed here is the equally weighted portfolios. In order

to see the effect that this approach has on the return of the high- and low-quality portfolios,

the strategy of creating 10 quality-sorted portfolios will be replicated and compared to previous

results. The values for the quality-sorted portfolios are shown in table 13. Note that the quality

score is constructed in the same way as in the base case, with all the same data so that the

price-on-quality regressions will be the same as in section 4.1.

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 HML1 HML3

ERannual 0.0790 0.0938 0.0779 0.0739 0.0439 0.1235 0.1466 0.1166 0.1232 0.1388 0.0598 0.0426

σannual 0.2524 0.2083 0.2158 0.2293 0.2372 0.2524 0.2477 0.1962 0.1806 0.1732 0.2170 0.1250

SRannual 0.3130 0.4503 0.3609 0.3222 0.1852 0.4893 0.5917 0.5944 0.6822 0.8013 0.2754 0.3410

CAPM β 0.880∗∗∗ 0.690∗∗∗ 0.839∗∗∗ 0.782∗∗∗ 0.741∗∗∗ 0.845∗∗∗ 0.776∗∗∗ 0.794∗∗∗ 0.836∗∗∗ 0.819∗∗∗ −0.061 0.014

(0.073) (0.062) (0.059) (0.067) (0.072) (0.075) (0.075) (0.052) (0.042) (0.039) (0.077) (0.044)

CAPM α −0.002 0.001 −0.002 −0.002 −0.004 0.002 0.004 0.002 0.002 0.003∗ 0.006 0.003

(0.004) (0.003) (0.003) (0.003) (0.003) (0.004) (0.004) (0.003) (0.002) (0.002) (0.004) (0.002)

3-factor α −0.003 0.00004 −0.003 −0.003 −0.005 0.001 0.004 0.001 0.001 0.003 0.006∗ 0.004∗

(0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.002) (0.002) (0.002) (0.003) (0.002)

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Table 13: Quality-sorted portfolio summary statistics for equally weighted portfolios.

Table 13 shows exactly what one would like to see, when looking for a connection between

quality and returns. Even though the lowest annual excess return is in P5, and the maximum

return is achieved by P7, there is still a significantly higher annual excess return in the top

four portfolios than in the lowest four portfolios, indicating that a higher quality leads to a

higher annual excess return. This is the first time, that the results are in line with the theory.

Regarding the volatility within the 10 portfolios, it does not align perfectly from highest to

lowest, but it is still significantly better than the previous strategies, as the top 3 quality

portfolios has the lowest volatility of all, indicating that higher quality is also correlated with

higher safety. These results lead to a Sharpe ratio that is much greater for the high-quality
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portfolios than the low-quality ones. The High-minus-Low factors also perform decently, with

e.g. HML3 having a Sharpe ratio of 0.34, which is a vast improvement from the base case for

which the HML3 has a Sharpe ratio of −0.22.

The fact that the portfolios are equally weighted has also given the quality-sorted portfolios

a lower CAPM beta in general. This makes sense as the weights in the portfolios are now

further away from the market weights. Both the CAPM alpha and three-factor alpha have

improved and shows a higher correlation between quality an excess return when controlling for

market-returns, size and value. The first five portfolios (except P2) have a negative alpha, and

the last four portfolios have a positive alpha. It is still essential to keep in mind that none of

the alphas are significant, so the results lack a bit of conviction in order to show the complete

picture. However, for both of the HML factors, the three-factor alphas are now significant on

a 10% level, which is very promising.

To see if the equally weighted strategy has improved the QMJ portfolio’s performance and

the four sub-portfolios, a table of the portfolio summary statistics will now be presented and

compared to the excess returns of the market.

Big Quality Small Quality Big Junk Small Junk QMJ Market

ERannual 0.1060 0.1140 0.1366 0.0719 0.0058 0.1202

σannual 0.1840 0.1628 0.2222 0.1986 0.1235 0.1627

SRannual 0.5764 0.7002 0.6148 0.3619 0.0468 0.7388

CAPM β 0.960∗∗∗ 0.718∗∗∗ 0.978∗∗∗ 0.790∗∗∗ −0.045

(0.035) (0.041) (0.055) (0.054) (0.044)

CAPM α −0.001 0.002 0.002 −0.002 0.001

(0.002) (0.002) (0.003) (0.003) (0.002)

3-factor α −0.001 0.002 0.002 −0.003 0.001

(0.002) (0.001) (0.003) (0.002) (0.002)

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Table 14: QMJ portfolios summary statistics for equally weighted portfolios.

The factor loadings for the three-factor model applied to the QMJ returns with equally weighted

firms are shown in the regression-equation below. Table 27 in appendix B.iv, shows the signifi-

cance level of the the coefficients, as well as the factor loadings for the two quality-sorted HML
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portfolios:

RQMJ
t = 0.003− 0.096RMKT

t − 0.268RHML
t − 0.169RSMB

t + εt (63)

Looking at the factor loadings, which are all significant on at least a 5% level, it is notable that

the market (MKT) and size (SMB) factors now are higher than the base case in absolute terms,

while the value (HML) coefficient is a bit smaller. This indicates that the equally weighted

QMJ portfolio moves even more in the opposite direction of the market and the returns from

small-cap stock. This is not ideal in the case of the Danish market, where, in the base case,

a lot of the returns are driven by the Small Quality portfolio. The consequence hereof is also

reflected in the returns of the QMJ portfolio in table 14.

Even though the quality-sorted portfolios showed a promising effect, just by looking at the

returns from the higher ranked quality portfolios, this is not reflected in the returns for the

QMJ portfolio. All of the summary statistics for the equally weighted QMJ portfolio’s returns

have worsened compared to the base case, with the only exception being the volatility, which

is slightly lower in the current case. The poor results are due to the way that the QMJ factor

is constructed. The results from table 13 and 14 indicates that the Big Junk portfolio consists

of some higher quality firms, but due to the lack of large firms in the Danish market, they

are forced into the junk portfolio. This issue will be looked at later in section 4.5, where the

portfolios will be quality-sorted before they are sorted by size.

Table 14 shows that the excess return from the Big Junk portfolio is the highest of the four

sub-portfolios but also with the highest volatility, giving it a Sharpe ratio that is only exceeded

by the Small Quality portfolio. The low volatility in the Small Quality portfolio indicates that

the strategy has worked in making the returns more stable, but at the same time also lowered

the total returns by a large margin. Regarding the CAPM betas, the two small portfolios have

seen a downward shift in contrast to the base case. In the base case, Small Quality had a

CAPM beta of 0.852 where it is 0.718 in the equally weighted model. Meanwhile, Small Junk

has changed a bit more, going from 0.906 to 0.790. The only noticeable difference in the CAPM-

and three-factor alpha from the base case is that the Small Quality portfolio is not significant

anymore, and the Big Quality portfolio now has a slightly negative value of −0.001 compared

to the 0.001 from the base case.

In order to see the changes that have been made within the big portfolios, figure 25 and 26,

which show the weights of the different firms throughout the years will be inspected. The

individual firms in the portfolios have not changed from the base case, but the weight they

carry will now depend on the number of firms in the portfolio for the given year.

Figure 25 and 26 show that there are years with only very few firms in the big portfolios leading

to weights of 0.33, which still is too high in regards to the idiosyncratic risk. As mentioned
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in the introduction in section 1, the acceptable amount of firms in a well-diversified portfolio

is around 30, which means that the ideal weight of each stock within the portfolio should be

around 3− 4%. The two figures show that even in the years with the greatest number of firms

in the portfolios, the weight of the individual firm is still 12−14%, which is way higher than the

3− 4%. This again shows that the Danish market may be too small for a strategy like this to

work properly since there are not enough firms on the market to generate four well-diversified

portfolios.

Figure 25: Overview of the Big Quality members and the weight for each year of the portfolio,

with equal weight allocated to all portfolio members.

Figure 26: Overview of the Big Junk members and the weight for each year of the portfolio,

with equal weight allocated to all portfolio members.
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The portfolio members of the Small Quality and the Small Junk portfolios have also been

represented in two figures in appendix 4.4. These are the same companies as in the base case

but weighted equally. The resulting weights are between 0.04 and 0.09, and thus a lot closer to

what would be regarded as a diversified portfolio by Statman (1987).

The yearly effect from using the equally weighted portfolios on the QMJ portfolio can be seen

in figure 27. The changes from the base case to this equally weighted strategy is significant

throughout the whole period. Most noticeable is that the returns are less extreme than previ-

ously. However, this makes sense as the aggregate return now depends less on a single firms

returns, as the portfolio is more diversified.

Figure 27: Yearly returns for the equally weighted QMJ strategy vs the market.

The effect that the equally-weighted approach has on the accumulated return for the four sub-

portfolios and the QMJ factor can be seen in figure 28. It is clear to see that the Small Quality

portfolio performs a lot worse than in the base case, where the overall return of ∼ 3300% has

now dropped to ∼ 1100%. This is consistent with the larger negative coefficient of the SMB

factor loading. It also corresponds with the annual excess return for the Small Quality portfolio

in table 14 decreasing from 0.16 in the base case to 0.11. The greatest improvement in the four

sub-portfolios is for the Big Junk portfolio, which has increased from the base case of ∼ 1000%

to ∼ 1500% with the equally weighted portfolios strategy. Even though the idiosyncratic risk

has decreased, the overall performance of the QMJ portfolio has not increased. From the

base case, the QMJ portfolio ended with a total accumulated return of 82% whereas the total

accumulated return for the equally weighed portfolios turned out to be negative, with a value

of −4.6%. This again indicates that the Danish market is too small for a strategy like this to

work as intended since the Big Junk portfolio performs better than the quality portfolios, even

though the HML1 and HML3 factors showed a promising result in table 13.
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Figure 28: Accumulated returns for the equally weighted QMJ strategy and the excess returns

for the sub-portfolios vs the market.

4.4.2 Quality with Quality Weighted Portfolios

Another approach to take in order to put more focus on the quality measures is to use the

quality z-scores to weigh the firms in the portfolios, as shown in equation (50). In doing so, the

higher quality firms will affect the return even more. If the higher quality firms really are of a

higher quality and thereby perform better, a more significant premium would be expected by

using this strategy.

To see the effect of this approach, the quality-sorted portfolios will first be analysed, as this

will show the effect directly, since the QMJ portfolio has the flaw of putting some quality firms

in the Big Junk portfolio due to the lack of larger firms in the Danish market. Table 15 will be

presenting the result of such portfolios.

The results in table 15 is very similar to the results from the equally weighted strategy. This

is entirely unsurprising, as the stocks sorted into the individual portfolios have quality scores

that are not very far from each other. However, the results are still excellent, with the lowest

annualized returns in the lowest quality portfolios and the highest annualized returns in the

high-quality portfolios. Using the quality weighting approach seems to have made the high-

quality portfolios perform even better than before. This is also seen for the two HML factors,

where the alphas are now more significant than for the equal-weighted approach. The difference

between the two methods of weighing the stocks within the portfolios is, however, only causing

a very slight improvement.
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P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 HML1 HML3

ERannual 0.0795 0.0906 0.0784 0.0782 0.0150 0.0852 0.1335 0.1222 0.1233 0.1422 0.0627 0.0464

σannual 0.2518 0.2094 0.2147 0.2363 0.2303 0.2235 0.2285 0.1938 0.1802 0.1714 0.2151 0.1244

SRannual 0.3157 0.4326 0.3651 0.3308 0.0652 0.3814 0.5844 0.6306 0.6842 0.8296 0.2914 0.3729

CAPM β 0.881∗∗∗ 0.690∗∗∗ 0.833∗∗∗ 0.788∗∗∗ 0.769∗∗∗ 0.779∗∗∗ 0.770∗∗∗ 0.790∗∗∗ 0.830∗∗∗ 0.815∗∗∗ −0.066 0.010

(0.073) (0.062) (0.059) (0.070) (0.068) (0.065) (0.068) (0.051) (0.042) (0.038) (0.076) (0.044)

CAPM α −0.002 0.001 −0.002 −0.001 −0.007∗∗ −0.001 0.003 0.002 0.002 0.004∗ 0.006 0.004∗

(0.004) (0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.002) (0.002) (0.002) (0.004) (0.002)

3-factor α −0.003 −0.0002 −0.003 −0.002 −0.007∗∗ −0.002 0.003 0.001 0.002 0.003∗ 0.007∗∗ 0.004∗

(0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.002) (0.002) (0.002) (0.003) (0.002)

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Table 15: Quality-sorted portfolio summary statistics for quality weighted portfolios.

Due to the improvement of the quality weighing being so minute, the effect on the QMJ factor

is also barely visible. The results of the QMJ factor, and the excess return of the four sub-

portfolio and market can be found in appendix B.iv.2, but are showing similar characteristics

as the equally weighted strategy. To get a better understanding of why the results are so

similar, figure 29 and 30 which show the weights of the individual firms through the years will

be inspected.

Figure 29: Overview of the Big Quality members and the weight for each year of the portfolio,

with quality weight allocated to all portfolio members.
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Figure 30: Overview of the Big Junk members and the weight for each year of the portfolio,

with quality weight allocated to all portfolio members.

Figure 29 shows that the quality weighted Big Quality portfolios look very similar to figure 25,

which shows the equally weighted Big Quality portfolios. There are minor changes to be seen,

and two examples of this are, D/S 1912 in 1998 and SimCorp in 2007, where their weight is

only around half that of the highest quality firms within the portfolio for that year. The overall

changes are still negligible. Looking at figure 30, a more significant shift in the weights has

occurred, in contrast to the equally weighted case represented by figure 26. Here, firms like

Dampskibsselskabet Norden in 2011 have a weight of 0, and the same is true for NKT in 2014.

This signifies that firms of relatively high quality have been forced into the Big Junk portfolio,

and thus making a quality weighted approach can be one way to address this issue.

The changes made to the weights in the Big Junk portfolio, observed in figure 30, have not

worked much in favour of the QMJ factor, as seen in figure 31. When putting more weight on

the firms of the lowest quality, the Big Junk portfolio performs even better than before. This is

yet again an indication of the quality measure not working as intended on the Danish market;

especially not when determining large-cap firms to take a short position in. The QMJ portfolio

end with a total accumulated return very similar to the equally weighed strategy, which was

expected since the results showed matching indicators. Thus the quality weighted QMJ factor

gains an accumulated return of −6.9% compared to the equally weighted of −4.6%.
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Figure 31: Accumulated returns for the quality weighted QMJ strategy and the excess returns

for the sub-portfolios vs the market.

Other quality weighting approaches with a larger emphasis on the quality score, has also been

tested. Amongst those:
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but with results that were only slightly better than the equally weighted approach.

4.5 QMJ with Quality-sorting before Size

As indicated a couple of times previously, when sorting on size first and quality afterwards some

of the large companies might get assigned to the Big Junk portfolio even though they are not in

the bottom 30% in terms of quality. This will result in quality firms ending up in junk portfolios

due to the nature of the strategy and the proportion hereof is fairly large, since the Danish

market contains a small number of very large firms. One example of this being an issue is for

the company ISS A/S in the portfolio year of 2020. Here ISS ends up in Big Junk portfolio,

because it is the fifth lowest-ranked within the large firms. However, when quality-sorting ISS

belongs to the P7 portfolio, and is therefore amongst the top 40% in terms of quality. In order

to handle this problem, the approach of quality-sorting the portfolios before assigning them to

a size group will be used. This strategy will continue with the equally weighted portfolios to

keep the idiosyncratic risk as low as possible to get the most transparent results.

When looking at the results in table 16, the change in the strategy does not have a massive

effect on the annual return of the four sub-portfolios and does not affect the QMJ portfolio
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much either. This indicates that the problem might seem larger than it really is, but it is still

noticeable and worth pointing out since the effect could be more significant on another market.

The Small Quality portfolio does perform slightly better than the equally weighted model, but

so does the two junk portfolios, which is exactly the opposite of what one would want to see in

this case.

Big Quality Small Quality Big Junk Small Junk QMJ Market

ERannual 0.1104 0.1317 0.1382 0.0720 0.0160 0.1202

σannual 0.1948 0.1616 0.2110 0.1977 0.1224 0.1627

SRannual 0.5670 0.8150 0.6550 0.3642 0.1307 0.7388

CAPM β 1.073∗∗∗ 0.761∗∗∗ 0.921∗∗∗ 0.774∗∗∗ 0.069

(0.031) (0.037) (0.053) (0.054) (0.044)

CAPM α −0.002 0.003∗ 0.002 −0.002 0.001

(0.001) (0.002) (0.003) (0.003) (0.002)

3-factor α −0.001 0.003∗ 0.002 −0.003 0.001

(0.001) (0.001) (0.002) (0.002) (0.002)

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Table 16: QMJ portfolios summary statistics for sorting quality before size.

The factor loadings for the QMJ strategy with quality-sorting before size is given by equation

below. The coefficient from the market factor is now insignificant and smaller than earlier,

indicating that the market has no effect on the QMJ returns in this particular case. The

HML factor has increased significant from the strategy with equally weighted portfolios, which

signals that this approach of sorting for quality before size, and thereby focusing even more on

the quality of the firm, is negatively correlated to a value investing strategy. This fact is also

pointed out in the introduction of the QMJ paper (Asness et al., 2019, p. 38), since the QMJ

factor is buying and selling stocks based on quality characteristics, irrespective of prices.

RQMJ
t = 0.001− 0.016RMKT

t − 0.386RHML
t − 0.195RSMB

t + εt

The accumulated results from the quality-sorting before size approach in figure 32 shows the

same conclusions as table 16. The extent of the problem with high-quality firms in the Big
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Junk portfolio was not significantly affecting the portfolio returns in a bad way. Another finding

from figure 32 is that the Small Quality portfolio improves a lot from the previous strategy

with equally weighted portfolios, where the accumulated returns were ∼ 1100% compared to

∼ 1800% now, which is a significant improvement. Looking at the Small Quality portfolio in

the equally weighted strategy for a single year, 8 out of 22 firms were from the P7 portfolio.

Compared to this, when quality-sorting first, all members of the Small Quality portfolio comes

from P8, P9 or P10. From this, one can infer that there were not enough high-quality small

firms available for the given year, so by quality-sorting before size, some of the larger market

cap firms have been shifted to the Small Quality portfolio. Two conclusions can be drawn from

this: 1. The Danish market is too small, and 2. Larger firms are of higher quality in general on

the Danish market. The QMJ portfolio showed a slight improvement from the equally weighted

strategy from a total accumulated return of −4.6% to 23.6%.

Figure 32: Accumulated returns for the quality QMJ strategy where quality is sorted before

size and the excess returns for the sub-portfolios vs the market.

4.6 Quality with Different Growth-window

Motivated by the fact that a firm can change from quality to junk and vice-versa during periods

of crisis or growth, and the fact that a five-year growth window leaves out a lot of information

for new firms, a shorter growth window approach will now be analysed. This will be done by

lowering the growth window from five years down to a three-year window. For comparison

purposes, the following section will still make use of the equally weighted portfolios with the

financial sector excluded.

The new growth measures will be defined directly based on the profitability measures. Let Xt

denote the value of a companies profitability measure at time t then the growth will be defined

as follows:
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∆Xt =
Xt −Xt−3

Xt−3

(64)

By having a shorter time horizon, the explanatory power of growth might fall, but it will

also lead to fewer missing values, and thereby a better comparison across firms. The new

distributions are represented by the summary variables in table 17, and the histogram plotted

in figure B.26 in the appendix. While the minimum and maximum values are more extreme,

99% of the values are still centred nicely around zero, and with the number of NA’s reduced to

around 1/3 of before.

Variable Min. 1st Qu. Median Mean 3rd Qu. Max. NA’s

∆GPOA -5311.932 -0.271 -0.027 2.313 0.178 8282.783 428

∆ROE -1597.6780 -1.0680 -0.3078 -1.0847 0.3877 1392.2183 390

∆ROA -1297.8542 -1.0079 -0.2689 0.1581 0.4058 1333.3394 390

∆CFOA -596.0665 -1.4486 -0.6334 -0.2387 0.4030 588.2584 685

∆GMAR -380.1334 -0.1061 0.0000 -0.1724 0.0531 80.5545 621

Table 17: Overview of the growth measures defined directly from the profitability measures

as in equation (64).

When looking at a shorter growth window, the effect that growth will have on price is expected

to be smaller, due to the fact that growth itself will be smaller, as it takes place over three

years instead of five years. Additionally the growth is not as sustainable. This will result in

a smaller coefficient for growth. Hence the quality coefficient will also be smaller than in the

base case growth window. The price regression for the shorter growth window results in the

following values:

P i
t = 0.6387 + 0.2752 ·Qualityit + εit (65)

Compared to the base case with a five-year growth window, the quality regression only decreased

from 0.3098 to now having a value of 0.2752, while the R2 decreased from 0.0681 to R2 = 0.0514

with the shorter growth window. These explanatory variables are, to begin with, very low,

but the added values from the shorter growth windows have decreased the explanatory power

slightly more.

Running a regression with the key parameters for quality which is profitability, growth and

safety, will lead to the following values:

P i
t = 0.6406 + 0.2902 · Profitabilityit + 0.0723 ·Growthit + 0.0071 · Safetyit + εit (66)
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The regression on the key parameters has not changed that much from the base case. Profitabil-

ity which can be seen from figure B.23 in appendix. The safety parameter is not significant,

with a p-value of 0.774. However, growth is still significant even though it has less of an ef-

fect than before, due to the explanation above. The explanatory power of the regression is

R2 = 0.0688, which is a bit less than the base case regression that gave an R2 = 0.0899.

Comparing the quality-sorted portfolios with a five-year growth window in table 13 to the

quality-sorted portfolios with a three-year-window in table 18, shows a significant increase in

annual excess return in HML3 going from 0.0426 to 0.0595 and a slight increase in HML1 going

from 0.0598 to 0.0691. Not only has the annual excess return increased, but the volatility for

the HML1 and HML3 has also decreased a bit, resulting in an even better Sharpe ratio for

both than previously. Looking at the CAPM alpha and three-factor alpha, it is also clear to see

an improvement, as the values are now almost twice as large as in the case with the five-year

growth window and highly significant. In general, everything looks just like what one could

have hoped, with the Sharpe ratios rising for higher quality portfolios as well.

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 HML1 HML3

ERannual 0.0756 0.0371 0.0646 0.0905 0.0590 0.1812 0.1295 0.0775 0.1335 0.1447 0.0691 0.0595

σannual 0.2511 0.2252 0.2124 0.2996 0.2284 0.2965 0.1922 0.1761 0.1681 0.1689 0.2098 0.1215

SRannual 0.3012 0.1646 0.3043 0.3020 0.2582 0.6111 0.6739 0.4401 0.7939 0.8568 0.3294 0.4894

CAPM β 0.863∗∗∗ 0.818∗∗∗ 0.781∗∗∗ 0.864∗∗∗ 0.834∗∗∗ 0.888∗∗∗ 0.778∗∗∗ 0.699∗∗∗ 0.744∗∗∗ 0.779∗∗∗ −0.084 −0.080∗

(0.074) (0.064) (0.060) (0.094) (0.065) (0.092) (0.051) (0.048) (0.041) (0.040) (0.074) (0.043)

CAPM α −0.002 −0.005∗ −0.003 −0.001 −0.004 0.006 0.003 −0.001 0.004∗ 0.004∗∗ 0.007∗ 0.006∗∗∗

(0.004) (0.003) (0.003) (0.005) (0.003) (0.004) (0.002) (0.002) (0.002) (0.002) (0.004) (0.002)

3-factor α −0.003 −0.006∗∗ −0.003 −0.001 −0.004 0.006 0.003 −0.001 0.003∗ 0.004∗∗ 0.007∗∗ 0.006∗∗∗

(0.003) (0.003) (0.003) (0.004) (0.003) (0.004) (0.002) (0.002) (0.002) (0.002) (0.003) (0.002)

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Table 18: Quality-sorted portfolio summary statistics with a more simple type of growth

defined.

When constructing the QMJ factor and the four sub-portfolios, it is observed from table 19 that

both of the big portfolios are achieving a higher return than the model with the longer growth

window. Previously the Big Quality portfolio gained an annual excess return of 0.1060 which

has now increased to 0.1337, and the Big Junk portfolio has increased from 0.1366 to now a

0.1437. This indicates that the changes made, affect the larger portfolio more than the smaller

portfolios. This can also be explained by the fact that the big portfolios consist of fewer firms,

so shifting out a single firm a few times will have a greater impact since the idiosyncratic risk is
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so high. The Small Quality portfolio exhibits almost no change, but the Small Junk portfolio

is slightly worse off by the shorter growth window, going from 0.0718 from the five-year to

now with the three-year a 0.0591. The CAPM beta for the QMJ is twice a large numerically

than the beta from the five-year growth window. However, none of the alphas has changed

significantly.

Big Quality Small Quality Big Junk Small Junk QMJ Market

ERannual 0.1337 0.1117 0.1437 0.0591 0.0213 0.1202

σannual 0.2014 0.1524 0.2300 0.2015 0.1251 0.1627

SRannual 0.6640 0.7329 0.6249 0.2935 0.1702 0.7388

CAPM β 1.013∗∗∗ 0.658∗∗∗ 1.049∗∗∗ 0.818∗∗∗ −0.098∗∗

(0.041) (0.039) (0.055) (0.054) (0.044)

CAPM α 0.001 0.003 0.001 −0.003 0.003

(0.002) (0.002) (0.003) (0.003) (0.002)

3-factor α 0.001 0.002∗ 0.002 −0.004∗ 0.003

(0.002) (0.001) (0.003) (0.002) (0.002)

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Table 19: QMJ portfolios summary statistics with a more simple type of growth defined.

The factor loadings are given by the equation below and are all highly significant. They are all

still negative and has increased significantly from the base case strategy. The fact that they

are now both greater and more significant than earlier is promising since the expected effect is

now showing more clearly. Significance levels are found in table 31 in appendix B.vi.

RQMJ
t = 0.003− 0.151RMKT

t − 0.175RHML
t − 0.350RSMB

t + εt

The accumulated return in figure 33 reveals the same results as table 19. This is, the Big

Quality portfolio performs a lot better, ending with a total return of ∼ 1600% in contrast to

the same case with a longer growth window longer where the total return was ∼ 800%. The

Big Junk portfolio also performs slightly better with a total return of ∼ 1700% whereas the

longer growth window achieved ∼ 1500%. However, the small portfolios perform almost the

same, which was also what table 19 indicated, with the only noticeable difference being, that
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the Small Junk portfolio goes from ∼ 300% to ∼ 200% with the shorter growth window. The

overall return from the QMJ portfolio has had a slight improvement. Previously with the five-

year growth window it ended up with −4.6% in accumulated returns, and now with a three-year

growth window the QMJ factor achieves 39.68% in accumulated returns over a 25 year period.

Figure 33: Accumulated returns for the quality QMJ strategy with a more simple type of

growth defined.

Looking at the portfolios year by year can help explain why the big portfolios are performing

better with shorter growth windows. Comparing figure 34 which contains the firms for the

shorter growth window to figure 25 with the longer growth window. The first detectable

difference in the two figures is that the shorter growth window contains more firms already

from 1999, this make sense since less data is needed when constructing the portfolios. Another

observation is that a number of firms have been changed out over the years, which means

that the shorter growth window has a significant impact on determining which firms should

be included. One of those firms is Novo Nordisk, which is not in the big portfolio every year

anymore.

Looking at the firms in the Big Junk portfolios year by year in figure 35 and comparing it to

figure 26, the pattern is more or less the same as in the Big Quality portfolios. An additional

firm has been included from 1999 and there has been a few more substitutions within the

portfolios. The fact that the Big Quality portfolio has had a more considerable gain from this

strategy than the Big Junk portfolios could indicate the additional firm added in the Big Quality

portfolio is having a better performance than the one added in the Big Junk portfolio. However,

since the idiosyncratic risk is so high, it is hard to conclude anything from these results. The

distribution of the returns for this case is depicted in figure B.25 in the appendix. For all of

the different factors, the mean return is positive while the skewness is slightly negative. As in

the base case, an investor will have to tolerate months with a large negative return but will
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generally have more months where the return is positive.

Figure 34: Overview of the Big Quality members and the weight with a more simple type of

growth defined.

Figure 35: Overview of the Big Junk members and the weight with a more simple type of

growth defined.
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4.7 Quality Portfolios Comparison

To sum up the results from the previous sections the HML3 portfolios for the different strategies

will be compared on annual excess return, volatility and Sharpe Ratio as well as the overall

CAPM- and three-factor alpha and CAPM beta in table 20. Secondly, the different QMJ

portfolios will be compared on the same measures in table 21. Lastly, the accumulated returns

for all the different QMJ strategies will be compared to the Danish QMJ portfolio from the

original paper found on the AQR (2021) website.

HML3 Base case Financial
Financial

vars only

Equally

weighted

Quality

weighted

3-year

Growth

ERannual −0.0347 0.0191 −0.0119 0.0426 0.0464 0.0595

σannual 0.1601 0.1530 0.1591 0.1250 0.1244 0.1215

SRannual −0.2106 0.1245 −0.0750 0.3410 0.3729 0.4894

CAPM β 0.130∗∗ 0.023 −0.069 0.010 0.010 −0.080∗

(0.056) (0.054) (0.056) (0.044) (0.044) (0.043)

CAPM α −0.004 0.001 −0.0003 0.003 0.004∗ 0.006∗∗∗

(0.003) (0.003) (0.003) (0.002) (0.002) (0.002)

3-factor α −0.004 0.0005 −0.001 0.004 0.004∗ 0.006∗∗∗

(0.002) (0.002) (0.002) (0.002) (0.002) (0.002)

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Table 20: HML3 summary statistics for all the different models.

The HML3 portfolio is based on the quality-sorted portfolios and goes long the three portfolios

with the highest quality scores while shorting the three portfolios with the lowest quality scores.

The results from table 20 show that the changes made to the base case model have improved

the performance significantly. The quality-sorted portfolio for the base case model and the two

cases including financial firms showed no sign of consistency in the 10 quality-sorted portfolios,

which is also demonstrated in the lack of return in the HML3 portfolios. When reducing the

idiosyncratic risk by introducing the equally- and quality-sorted portfolios, the consistency

in the quality-sorted portfolios was improved, which is also reflected in the HML3 portfolios.

However, the results from the quality-sorted portfolios still contain a lot of idiosyncratic risk

since the 10 portfolios consist of anywhere between 4 and 13 firms from the periods with the
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least amount to the greatest number of firms on the Danish market. This is worth noticing

since the explanatory power of the results is then lowered in some part.

The way the QMJ portfolio is constructed has shown not to be suitable to the Danish market

due to its nature of the return being controlled by a few very large firms. This issue has been

pointed out throughout the different models and dramatically affects the results.

QMJ Base case Financial
Financial

vars only

Equally

weighted

Quality

weighted

Quality

before size

3-year

Growth

Original

Paper

ERannual 0.0346 0.0391 0.0350 0.0058 0.0059 0.0160 0.0213 0.0325

σannual 0.1456 0.1325 0.1347 0.1335 0.1328 0.1224 0.1251 0.1327

SRannual 0.2377 0.2951 0.2597 0.0468 0.0448 0.1307 0.1702 0.2450

CAPM β −0.021 −0.034 −0.142∗∗∗ −0.045 −0.037 0.069 −0.098∗∗ −0.2203∗∗∗

(0.052) (0.047) (0.047) (0.044) (0.047) (0.047) (0.044) (0.046)

CAPM α 0.003 0.004 0.004∗ 0.001 0.001 0.001 0.003 0.005∗

(0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002)

3-factor α 0.003 0.003 0.004∗ 0.001 0.001 0.001 0.003 0.005∗

(0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002)

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Table 21: QMJ portfolios summary statistics for all the different models.

The result from table 21 appears to draw the opposite conclusion from the results presented for

the quality-sorted portfolios in table 20. Table 21 indicates that the best performing strategy

is the one with the financial data included, followed by the the second case with financial data

included and applicable measures utilized. However, including the financial sector is not a fair

comparison and can therefore not be seen as viable, even though the QMJ portfolios in these

cases performed slightly better than the base case.

Looking at table 21, the results show that the two models that performed the worst were the

equally- and quality weighted approaches. These have the lowest excess return and Sharpe ratio

and have the lowest alpha. The base case strategy shows similar results to the original paper

in terms of the annual excess return, volatility and Sharpe ratio. When looking at the more

technical terms such as the CAPM beta, the difference is more significant. The CAPM beta
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for the original paper −0.22, is highly significant and larger in absolute value, whereas the base

case only had an insignificant CAPM beta of −0.021. The CAPM alpha and the three-factor

alpha are positive and significant for the QMJ paper, with a value of 0.005. In contrast, looking

at the base case or the case where the financial sector was included, no significant alphas were

observed.

Looking at the accumulated returns for the different models will help ascertain the minor

differences that appear between them. The accumulated returns for the various models and the

original paper are presented in figure 36. Here one have to focus especially on the Base case,

the case With financial data, and AQR, which is the returns produced by Asness et al. (2019).

Figure 36: The accumulated QMJ returns for all of the different models, including AQR’s

Quality Minus Junk factor on the Danish market.

Figure 36 shows that the strategies tend to move in a similar manner and is affected by the same

occurrences or shocks to the portfolios, however, to varying degrees. There are some noticeable

differences, the first of which is that the recovery from the financial crisis in 2008 is not as great

for the equally- and quality weighed portfolios as it is for the remaining. The two strategies

with the financial sector and the base case has a lot steeper slope after the financial crisis in

2008, than the strategies with lower idiosyncratic risk. Another thing to observe is, that even

though the shorter growth window is using equally weighted portfolios, it is still performing

much better in the first couple of years, but like the other equally weighted portfolios the

recovery after 2008 is not as significant.

Page 89 of 107



Quality Investing in the Danish Market 17 May 2021

The one major difference between the AQR portfolio (AQR, 2021) and the base case with and

without financial is also seen in the years after the financial crisis, where the returns of this

portfolio far outpace the returns from all of the other models. Since this thesis follows the

strategy presented in the original paper very closely, these results are somewhat strange. Two

things could explain why the results differ so much. First, the average number of firms in the

original paper is a bit higher than the average number of firms used in this thesis. Since the

idiosyncratic risk is so pronounced the added effect of a few firms could significantly influence

the result. A second explanation could be that they use a slightly different strategy on the

Danish market than they present in the original paper, possibly modified to smaller markets.

The implications of these results and the various factors that can be thought to influence them

will be discussed in the upcoming section.
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5 Discussion

The results indicate that the Quality Minus Junk strategy is not a market beating strategy when

applied to the Danish stock market. The QMJ portfolio on the Danish market performs worse

than a passive market portfolio, which suggests that the QMJ strategy either does not apply

to a small market like the Danish or is simply not a market beating strategy. In this thesis,

modifications of the QMJ strategy has been done in the hope of creating a better performing

portfolio. Several modifications were considered: Including and excluding the financial sector

from the data, changing how the weights on each stock are determined, sorting quality before

size, and changing the growth window. The results suggest that quality should be defined

separately for the financial sector, which agrees with what past literature suggests. The analysis

also confirms the hypothesis stated in the introduction: Applying the QMJ strategy on a small

market might create trouble with the idiosyncratic risk because of the way the portfolio is

constructed. The results suggest that the strategy is not suitable, or at least that it should be

accustomed.

In this thesis, the results are primarily reported based on the classical CAPM because the

dynamic asset pricing model was derived in the framework of the CAPM. However, several

other models could have been used to explain the portfolio returns instead. In Fama and

French (1992) the classic CAPM is criticized, and the authors challenge the assumptions about

the efficiency of the market portfolio and that stock returns are solely defined by a positive

linear function of the market beta. Fama and French created an asset pricing model based on

three factors as an alternative to the classical CAPM. In Fama and French (1992) they show

that besides the market factor, the size of the firm and the book-to-market ratio add to the

explanation of stock returns on US stock data from 1962-1989. In this thesis, the three-factor

model is applied and results in negative coefficients on both the SMB and the HML factors

and yields a positive three-factor alpha larger than the alpha achieved from using the classic

CAPM. The regression analysis for the two asset pricing models also demonstrated that the

R2 is greater for the three-factor model. For the base case model, the R2, when only including

the market return is R2
CAPM = −0.002, but when including the SMB and HML factors the

explanatory power is raised to R2
3factor = 0.067. Therefore, when the data used are from the

Danish market, it seems more relevant to apply the three-factor model by Fama and French.

The three-factor alpha for the QMJ factor is slightly positive in all cases but only significant for

one out of seven of the methodologies tested, which is not enough to conclude that implementing

the strategy in practice would be an alpha-generating approach. The results from the base

case and the two scenarios, which include the financial sector, are directly comparable with

the results published by Asness et al. (2019) on their website. From this, it is seen that the

strategies implemented in this thesis moves in a very similar manner, and ends up with a slightly

higher or the same return.
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In general, all of the intended improvements to the QMJ factor falls short and performs worse

or the same as the base case. The main reason for this is that shorting the Big Junk portfolio

always leads to a negative return. The Danish market is seemingly too small to contain large

firms that can be categorized as junk. This reasoning is further established when observing

the results from the quality-sorted portfolios. There is a significant difference between the

high-quality portfolios’ returns and the low-quality portfolios’ when the idiosyncratic risk is

limited by equally weighting or quality weighting. This trend continues when sorting quality

before size and when the growth window is shortened, as seen by the fact that all of these

have a positive alpha for the High-minus-Low portfolios. When looking at the quality-sorted

portfolios, a major part of the top 30% is large-cap firms. To illustrate this dependency between

quality and size, a linear regression has been performed, with quality as a function of the log

of market cap.

zquality = −0.795149 + 0.120773 · log(market cap in millions)

The regression has a low R2 of 0.07272. However, the coefficient in front of the market cap

term is highly significant with a t-value of 13.67, signalling that there is indeed a connection

between quality and size. Therefore, constructing a QMJ factor which forces these large firms

into a junk portfolio decreases the potential returns materially.

Using the 80th percentile as the break-point between the small and large portfolios plays a

part in increasing the idiosyncratic risk as, in the Danish market, a few firms are very large,

and the rest notably smaller. The different strategies have therefore also been tested using

the mean and the median as the break-point instead. Using the mean results in much the

same as the 80th percentile with very few firms in the two big portfolios. The results from

using the median as the break-point is illustrated in appendix C.i, where it can be seen, that

a lot of additional firms are included in the big portfolios. The portfolios are equally weighted

because otherwise, the largest firms, such as Novo Nordisk, would still make up over 70% of

the portfolio-weights in certain periods. While the results of this procedure, shows that Small

Quality is able to generate a significant positive alpha, the Big Junk portfolio is outperforming,

and as a consequence, the QMJ factor is only able to generate insignificant alpha.

The presence of high levels of idiosyncratic risk makes it difficult to conclude if the QMJ

strategy is indeed applicable, which will be discussed further in section 5.4. The implications

and limitations in the different areas of this study will be discussed further in the upcoming

sections. Section 5.1 discusses issues with the collection and implementation of the data. Section

5.2 discusses the relevance of each variable included in the QMJ factor. In the last section of the

discussion, the QMJ strategy approach will be discussed further by focusing on the relevance

and applicability in different environments.
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5.1 Data Discussion

The majority of the data used in this thesis is attained using Compustat databases, which is

the same source used in Asness et al. (2019). Compustat is a very well renowned database.

However, when looking through the data and comparing it with annual reports published from

the companies included, not all numbers seemed to correspond one-to-one, especially as one

moves further down the income statement. For instance, FLSmidth in 2013, where the total

revenue in both places is 26, 923 DKK mio., but the net income differs, with −784 DKK mio.

on their annual report compared to −778 DKK mio. in the data. This is a minor difference,

which will have to be accepted to avoid excessive data mining. In general, the data quality

has improved over time, and these inconsistencies become less frequent, which can probably be

attributed to accounting practices being more aligned.

The same phenomenon is seen for the stock data, where the consistency of the data is a lot

better today than 20 years ago. Some stocks are either missing data or are very illiquid, as

the data only contains a few observations per month. In that case, the monthly returns can be

approximated, but the stock’s beta is not included as a safety measure. The illiquidity might

also be a problem if the QMJ strategy were to be implemented in practice, as one would not

be able to get in or out of a position as easily. Many of these issues seem to have diminished

over time, presumably due to electronic trading becoming more widespread and effective.

A dividend adjustment factor has been used on the stock prices in the data to account for

the fact that a stock’s price typically declines by the same amount as the dividend paid on

the dividend payment date. However, to be entitled to receive a dividend, one must hold the

stock on the record date, which is usually a number of days before the actual payment happens.

Hence, if the portfolio is rebalanced between these two dates, the monthly return will not reflect

that one is entitled to a dividend in the following month or the opposite way around if the stock

has just entered the portfolio. Since dividends are not nearly as frequent on the Danish market

as they are elsewhere (especially in the US), this will have a negligent effect but will still impact

the strategy in a real-life scenario.

In section 3 the complete data-handling process was described, but with a narrow focus on

outlier handling and detection. While outliers have been found, by visual examination and by

identifying extreme values, most of them corresponded to the values found in the firms annual

report and were therefore left in the sample, while the rest have been removed. However,

the influence from outliers is minimized by the design of the quality score, where each of the

measures for profitability, growth and safety is ranked and standardized, and as such, the

process of outlier detection could potentially have been skipped.

Another factor that should be mentioned regarding the data is the proxy for the risk-free rate.

It has become standard practice to use either a short term government bond or the interbank
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offered rate as a stand-in for this theoretical rate. In practice, the risk-free interest rate does

not exist because even the safest investments involve some risk, as even large banks or states

can go bankrupt. The only rate available for Danish government bonds as far back as 1989 is

the 10Y bond, but with monthly rebalancing, this was deemed too long-term, so instead, 1m

and 12m CIBOR rates have been used. For the 12m rate, there were also some issues with

data availability as Bloomberg only has data from 1995 for this rate, and thus for the first six

years, the 12m rate has been extrapolated from the 6m rate by compounding it to one whole

year. While this might lead to a proxy for the risk-free rate that is a little inflated, this rate

is only used for growth, where it is applied to all firms equally, and thus, it does not impact

the returns of the portfolios starting in 1996. Additionally, using a Danish rate will still be

preferable over using a US treasury bill as done in Asness et al. (2019), since this does not

account for currency risk.

In this thesis, an extensive effort has been put into backtesting and ensuring that the strategy

implemented is carried out in the most unbiased way possible. To accomplish this, the data

has not been limited to a specific index, where only the stocks currently trading are observed,

as this will introduce a survivorship bias. Instead, the analysis is focused on the Danish market

as a whole, where stocks can enter and exit freely. As a consequence, the number of firms

can fluctuate, as seen in figure 3 previously, and the same can be said for the idiosyncratic

risk, which will be a lot lower, during the later years, where more firms are included in the

portfolios. Another vital consideration when backtesting is to only trade with information that

was available at the time. For that reason, a six-month time lag has been implemented so that,

for example, firms that end their fiscal year anywhere in 2019 and publish their results are only

traded based on that information after June of 2020. This lag will often be an unnecessarily

large margin, and it is possible that the strategy could have performed better if it were able

to trade based on more current data, where the results from the latest annual report are not

already priced in.

The lack of consistent data will be an issue when backtesting, and this thesis has done its

utmost to correct this. This is evident by excluding the financial sector in the base case, which

was also excluded because many of the profitability and growth measures simply do not apply

to this sector. Another place where the lack of data has been an issue is the growth measures,

where almost 40% of the total measures could not be calculated, even though an overall filter

for at least five years of data has been applied. Using the growth in residual income might be

the theoretical right way to define growth, but using a more simple approach allows for the

comparison of a larger number of firms, and thereby the inclusion of growth in the aggregate

quality score more often, as seen in section 4.6. Furthermore, while requiring at least five years

of data makes sense in terms of evaluating the sustainable profitability, growth and safety of a

firm that one intends to invest in, it does seem a bit counter-intuitive on the short side, as one
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then requires the firm to at least be safe enough to survive for the first five years. This fact

might have impacted the two junk portfolios.

5.2 Variable Discussion

The QMJ factor is based on several financial variables that are modified such that larger values

are always better. However, when reading through the literature on quality investing, what

makes for a high- or low-quality company differs a lot (see section 1.2). In this section, some of

the variables where prominent contradictions can be found in the literature will be discussed.

A comparison and discussion of empirical findings in former research papers and acknowledged

theoretical literature will be presented in this section, along with conclusions made from this

thesis. Furthermore, this section includes a discussion of how the quality score defined by

Asness et al. (2019) could be simplified based on the correlation between the profitability-,

growth-, and safety measures.

5.2.1 Leverage

The quality factor in the QMJ paper is defined such that firms with high leverage gets a lower

quality score. This makes it much harder for firms in the financial sector to get a high-quality

score and thus to be part of the Big- and Small Quality portfolios in a long position. In the

literature about leverage, there exist different opinions and results on whether high leverage is

good or bad. In the research paper by Bhandari (1988) a positive relation between leverage

and returns on US stock data from 1948-1979 is shown. From general theory, it is common

knowledge that a higher level of leverage increases the risk of the equity of the firm (Berk and

DeMarzo, 2014, Chapter 14).

In the research paper Asness et al. (2019) the argument for why quality is associated with low

leverage is based on a literature review of their own. Asness et al. cites two research papers

by Penman et al. (2007) and George and Hwang (2010), where empirical evidence is found

to form the conclusion that a low level of leverage is associated with high alpha. However,

both research papers also state that these results are contrary to common financial theory, in

which taking more risk should be rewarded with a higher expected return. The determination

of whether leverage should be positively or negatively correlated with quality seems uncertain.

According to the results in this thesis, it is not the most levered firms that perform the worst.

An example of this is Copenhagen Airports A/S, which had one of the highest leverages, and

was categorized into Big Junk in June of 2016, but where the stock appreciated by more than

50% during the following 12 months. One can, of course, always find examples in a large data

set to show the opposite of what is true, but this is not a one-off case. Furthermore, requiring all

firms across different sectors and industries to have equally low leverage is not a fair assumption

as some sectors inherently have higher leverage.
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5.2.2 Beta

Another variable that influences the quality factor and is worth discussing is the market beta.

Asness et al. (2019) states that low beta is synonymous with a safe stock and that high beta

is less safe. However, since the Danish market is relatively small, there are fewer very large

firms, and these firms make up a significant part of the total market. As a consequence, most of

the large-cap companies will have a large beta-value as well. Looking only at beta, the results

suggest that one should go short almost all stocks that are part of the C25 Index. The C25

Index contains the 25 most traded stocks in Denmark, and going short this list of stocks would

not have been a good deal historically. Investing against high beta stocks on a small market is

basically the same as going short all large-cap companies.

In Asness et al. (2019) the argument for determining quality as a negative function of beta is

because both Jensen et al. (1972) and Frazzini and Pedersen (2013) arrives at empirical results

that show a positive relationship between low beta and high alpha. These results were achieved

respectively on US stock data from 1926-1966 and US- and global stock data from 1926-2012.

The US market is significantly larger than the Danish, and thus, these results might now be

applicable here. Therefore, it is a question of how much influence beta should have on the

quality measure, and from the results in this thesis, it seems that beta should have less impact

on the quality score of Danish stocks.

5.2.3 Bankruptcy Measures

Two out of five measures in safety are looking at the bankruptcy risk of a firm when determining

its safety. This makes sense since the bankruptcy risk of a firm is inversely associated with the

safety of it. However, the parameters used to determine the bankruptcy risk of a firm in the

QMJ paper (Asness et al., 2019), was created on the US market back in the 1960s and 1980s.

The first issue with Altman’s Z-score and Ohlson’s O-score is that none of them are compatible

with the financial sector. Hence the ranked z-scores for these will be zero, thus placing them in

the middle and giving them a disadvantage when calculating the total safety score. The second

issue is that Altman’s Z-score and Ohlson’s O-score are slightly outdated and does not produce

accurate values on the Danish market nowadays. This shows for Ohlson’s O-score in 2018,

where MT Højgaard gets a 100% bankruptcy probability, which was not accurate since the firm

still exist today. For Altman’s Z-score, the same problem is illustrated in the years 1989-2013,

where Carlsberg has a Z-score below 1.81, indicating that they have a “high probability of

going bankrupt” in those years. When looking a summary statistics for Altman’s Z-score in

the Danish market, 25% of the observations are below 1.9, indicating that a large portion of all

firms is below the “high bankruptcy”-limit.

This is not to say that the bankruptcy measures should be completely discarded. However, since

both of the scores are based on regressions, it would be interesting to see if the coefficients have
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changed over time and if there is a difference between the US market and the European and/or

the Danish market. It would have been ideal to calibrate the Z- and O-score to the Danish

market; however, since the sample size of firms going bankrupt is very small, this would be a

difficult task to accomplish.

5.2.4 Correlation

Since a so called “kitchen-sink” approach has been used to construct the aggregate quality

score, it is a good custom to look at the correlation of the different measures to see if some of

them can be excluded from the model. If this is the case, a more simple quality score can be

potentially be created, that shows the same results with less data and work required. In figure

37 the correlation between the measures that define the profitability parameter is shown for

the year 2009. The figure shows that ROE and ROA are almost perfectly positively correlated.

This result was expected since the two variables are closely related by definition and suggest

a new model that excludes one of the variables. The same is true in some part for CFOA and

ACC, indicating that only one cash-flow measure might be necessary.

Figure 37: Correlation between the ranks of the profitability measures for the year 2019.

Similar plots for growth and safety can be found in appendix C.

Plots that are similar to figure 37 have also been produced for the growth and safety measures

and can be viewed in figure C.33 and C.34 in the appendix. For the growth measures, the

correlation is significant for almost all of the variables. ∆GMAR and ∆GPOA has a correla-
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tion of 0.953 and ∆ROE and ∆ROA has a correlation of 0.838, indicating that a lot of the

growth measures are simply putting an emphasis on the same few companies and that one or

two measures for growth would have been enough to determine which companies are growing

and which are not. Asness et al. (2019) separates themselves from other quality factors by

including growth in the quality score, on an equal basis with safety and profitability. Since the

growth measures are highly correlated, this might be too large an emphasis to put on just one

parameter, which provides limited insight into the companies.

For safety, the measures are a lot less correlated, which can be seen as a good thing since the

measures then provide a broader perspective of how safe the company is and rounds this up in

an aggregate safety score. The two variables that are most correlated are the two bankruptcy

scores, with a correlation of 0.618, which is to be expected. Another interesting observation

is that the beta measure is negatively correlated with most of the other measures, indicating

once again that large companies are ranked low by the BAB-score, while being relatively safe

in all other aspects. Ideally, the measures for a parameter should be uncorrelated but not

negatively correlated. A negative correlation will not broaden the perspective but merely make

the aggregate score less significant as the individual measures counteract each other.

The left side of figure 38 shows a linear regression similar to equation (58), where the price,

expressed as the logarithm of market-to-book, is regressed upon all of the measures for prof-

itability, growth and safety. The quality score constructed by Asness et al. (2019) is very

broadly defined with a lot of measures for profitability, growth and safety. As a consequence,

several of these are not significant when it comes to predicting the value of a firm. For growth

especially, only the change in return on assets is significant on a 10% level. This correspond to

what was just seen in the correlation plots. Meanwhile, four out of five safety measures have

the opposite sign of what was expected, and they are all highly significant.

The right side of the figure shows a reduced model, where the number of variables has been

reduced by iteratively dropping the least significant variable and evaluating the Akaike Infor-

mation Criterion (AIC), that deal with the trade-off between the goodness of fit and complexity

of the model. Here only half of the profitability measures and two out of five growth measures

are kept in the model. The R2 of the reduced model is only insignificantly smaller for the

reduced model. The adjusted R2 is larger for the reduced model, which is not commonly seen,

as adding more variables usually improves the explanatory power of a model. This shows that

using a total of 16 variables to evaluate quality is unnecessary many, since a quality score could

have been constructed with less complexity but the same explanatory power.
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Figure 38: Linear regression of price on all (log market-to-book) on all sub-measures for

profitability, growth and safety compared to a reduced model with only significant variables.

5.3 Parameter Impact on the Quality Factor

The purpose of this section is to look closer at the individual influence of the three key param-

eters, profitability, safety and growth. This will include all of the steps carried out in the base

case analysis, however, with only one of the parameters as the deciding factor used at a time.

The regression of price (given as the log of market-to-book) on the individual parameter will

be presented, and the explanatory power that each parameter has on price will be compared.

The figures and tables related to this section can be read in appendix C.iv.

5.3.1 Profitability Only

The regression of price on the profitability parameter yields the following linear relationship

P i
t = 0.6428 + 0.333 · Profitabilityit + εit

with an R2 of 0.07519. Compared to the results from the base case in section 4.1, this is more

significant on all parameters. The coefficient in front of the right-side variable is higher, and

the explanatory power has been raised slightly from R2 = 0.068 in the base case. This signifies

that profitability is a crucial part of the quality score and plays a prominent role in affecting a

stock’s price.

The quality-sorted portfolios with profitability as the only parameter included show no clear

patterns that a higher profitable firms should have higher Sharpe ratio or higher excess returns.

P3 has, for instance, the highest annualized excess return and Sharpe ratio of all the portfolios,
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while the worst performing is the P1 and P9 portfolios. The lack of consistency was also seen

in the base case and should therefore not be surprising.

A more surprising result, however, is for the QMJ portfolios based on profitability only. All

the portfolios except the Small Junk portfolio and the QMJ portfolio outperform the market

significantly. Still, Big Junk achieves an excessively large return of 18.68% annualized, which

is the highest return seen for any portfolio until now. This result could be due to idiosyncratic

risk or big unprofitable firms growing rapidly into profitability. The fact that these large firms

are not in the quality portfolio is further proof that the Danish market is simply too small to

apply the QMJ strategy on, especially since profitability had a higher explanatory power of

price than the base case quality score.

5.3.2 Growth Only

The regression of price on growth as the only parameter yields the following linear relationship

P i
t = 0.64479 + 0.24016 ·Growthit + εit

with an R2 of 0.04287. The coefficient for growth is lower than for the aggregate quality score

but still significant. The explanatory power is also lower than the base case, indicating that

growth is not as substantial a parameter as profitability. This could be taken into consideration

when constructing the quality score.

When quality is solely defined by growth, the quality-sorted portfolios does not show any

improved consistency, with P2 being the portfolio with the highest annual Sharpe ratio and

excess return.

Looking at the performance of the QMJ sub-portfolios, most of them are now performing

worse than the market through the 25 years. However, the Small Quality portfolio performs

exceptionally well in this case with an annualized excess return of 16.51% and a Sharpe ratio

of 0.7877. This shows that the growth parameter are somewhat useful and can be used to pick

small growth firms while generating excess returns.

5.3.3 Safety Only

When regressing the price of the firms on safety as the only parameter, one arrives a the

following linear relationship

P i
t = 0.64317 + 0.13082 · Safetyit + εit (67)
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with an R2 of 0.01169. The explanatory power of this regression is almost zero, indicating

that the safety parameter are not correlated with price on the Danish market. This was also

seen from figure 38, where most individual safety measures were negatively correlated with

price. There are two possible reasons for this scenario. Either risk is simply not a big issue on

the Danish market, and thus safe firms are not priced in correspondingly, or that the safety

measures used are not working as intended, and other measures for safety should be identified

on the Danish market.

Looking at quality-sorted portfolios for safety-only does not provide a large amount of insight.

Among the sub-portfolios in the QMJ factor, Big Quality is the best performing, indicating

that the safety measures were able to identify Novo Nordisk and a few other well-performing

large firms. However, the other portfolios are not able to beat the market, but the return of

Small Junk has been raised significantly from the base case.

5.3.4 Comparison & summary

The results in the above subsections suggest a redefinition of the QMJ factor. The higher

coefficient and the level of R2 when only using the profitability parameter indicates that this

parameter should have a higher impact on the quality score than safety and growth. In terms

of explanatory power, growth is the second best, and looking at the performance, it shows the

ability to identify small growth firms. Therefore, this factor is also relevant to some extent.

In safety, the explanatory power is very poor, and the quality-sorted portfolios and the QMJ

factor does not show any signs of improvement either. This was common for all three cases and

is due to the shorting part of the strategy, which has previously been shown not to be ideal on

the Danish market. A suggestion from this section could be to redefine the safety measures, or

at least calibrate them to the Danish market because at an overall level, they do not contribute

much to the price of the firms.

5.4 General Discussion of the Strategy

Investing in quality firms is far from any new idea and has been a proven way to generate excess

returns throughout the years. However, the definitions of quality have varied, and a clear-cut

strategy for how to invest is not always presented alongside these definitions (see section 1.2).

The research paper by Asness et al. (2019) tries to end this by creating a broadly defined quality

score and setting up two sets of test scores, which can be used to assess the performance of

quality investing definitively. These test scores represent rather strict criteria for performance

as they require the quality factor to function both when constructing long and short portfolios.

Therefore, comparing the strategy’s return to the market might not be entirely fair. Still, it

should generate an excess return when controlling for market risk, size and value.
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The quality score presented in the paper is based upon a theoretical framework that defines

that the value of a firm will depend on its profitability, growth and safety, but does not come up

with a straightforward way of how these key parameters should be evaluated. To get around

this, Asness et al. (2019) takes a handful of the most common measures for each of these

parameters and constructs an average score. While this method is very straightforward and

easy to implement, it is not very sophisticated and is seen to be lacking, especially on small

markets, with different sectors and a limited number of stocks.

When constructing the QMJ factor, 40% of the market is omitted, and from the remaining 60%,

four portfolios are built. Partitioning the portfolios based on the median or the 80th percentile

in terms of market cap makes it so that the two “Big” portfolios only contain a very limited

number of stocks. Consequently, the risk for these portfolios is not systematic but depends

greatly on how the individual firms fare. Even if the weight of the stocks is changed from a

value weighted approach, such that the largest firms make up a minor part of the portfolios,

it will still not be enough to eliminate the idiosyncratic risk. In Asness et al. (2019) this is

not addressed, even though countries such as Ireland and Portugal are included as positive

proof of the QMJ factor returns with only 46 and 54 stocks in the portfolios on average. The

idiosyncratic risk is indeed also present in the quality-sorted portfolios as these are sorted into

10 different portfolios independent of size. As such, a very large firm might end up together

with many small cap firms, which will lead to the returns being entirely dominated by a single

firm. Equally weighting the portfolios and constructing a High-minus-Low factor that includes

the top and bottom 30% instead of just the 10% makes it so that at least some conclusions can

be made.

Another point of content with the strategy implemented is the approach of comparing all firms

irrespectively of the type of business and the sector they are in. This issue is very prominent

when comparing the financial sector to the rest of the market, as only around half of the defined

measures for profitability, growth and safety apply to this sector. The issue persists even after

excluding the financial sector, which can be seen from the tables presented in appendix C.v,

where the mean for the various measures is compared across sectors. The appendix also shows

the distribution of sectors within the quality-sorted portfolios and displays a clear trend in

terms of which sectors have a higher quality. The sectors Health Care, Information Technology,

and Communication services all have a higher distribution of firms in the top quality portfolios,

while Utilities and Industrials are skewed toward a lower quality. Although it is a valid strategy

to simply overweight sectors in a portfolio based on certain criteria, this is not the purpose of

the QMJ factor or the quality-sorted portfolios. An alternative option would have been a sector

neutral approach which aims to identify the top and bottom firms in terms of quality for each

sector and goes long and short within the sector. However, this methodology is better suited

for a larger market like the US or MSCI Global market tested in Asness et al. (2019), since
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there are only a limited number of firms within each sector in Denmark.

The paper by Asness et al. (2019) defines growth such that it requires six years of historical

data on the firm before it even can be considered in the portfolio. This is done to adjust for

heteroskedasticity and autocorrelation. However, this requirement makes it impossible for new

upcoming firms to be part of the any quality-defined portfolio. In this thesis, the notion has

been challenged by creating a more straightforward form of growth defined over a three-year

period, which generally leads to improved results. Consequently, it can be discussed whether

a five-year period is too slow in adjusting to changes in the firms financials. In the fast-paced

modern world, extraordinary growth-firms can show up and grow into profitability quicker than

ever before. Thus, requiring five years of accounting and stock data before investing can lead

to an investor missing out on some remarkable opportunities. An alternative that has also been

investigated in Asness et al. (2019) is to use analysts forecasts for growth instead of historical

growth. This leads to the factor having a forward-looking element, which is in stark contrast

to the quality score constructed initially, as it is entirely backwards-looking. However, getting

these forecasts would require a tremendous effort in data mining, as all firms are not covered by

analysts equally or even at all. Therefore shortening the growth window is simply an attempt

of finding a way in between, where one does not miss out on exceptional growth but also does

not invest after just one impressive annual report.

From an investor point of view, taking a short position in a stock is not always as easy as taking

a long position. The first issue with shorting is that not all stocks can be shorted. As of May

2021, 42 stock on the Danish market can be shorted on Nordnet out of the 157 stocks listed

on NASDAQ OMX Copenhagen (Nordnet, 2021; NASDAQ, 2021). However, this might be

different for a professional investor. Another issue with short selling is that a minimum margin

is needed to short a stock. Indicating that the strategy is not self-financing in reality, which

it claims (Asness et al., 2019, p. 53). The list of stocks that can be shorted on Nordnet shows

that a minimum margin lies between 115% and 180% when going short the 42 stocks (Nordnet,

2021). That not all stocks can be shorted, and that the strategy is not self-financing in reality

shows that a strategy like the QMJ factor might not apply directly to the real market.

Another couple of issues that have not been addressed in this thesis is the transaction cost of

buying and selling stocks and the influence purchasing a large portion of small stocks would

have on the price. These are both assumptions of the CAPM, stating that they should not be

considered, but they should be acknowledged for a strategy to work correctly in practice. The

fact that the QMJ strategy is not performing in the first place has led to the conclusion that

adding a transaction cost to the monthly rebalancing would be unnecessary. The transaction

cost for a retail investor differs dependent on the platform, but some of the lowest cost available

is 12 DKK + 0.03% for a long position and 1-2% for a short position (DeGiro, 2021). However,

this might be very different for a professional investor. Since the QMJ strategy rebalances every
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month, the transactions costs would offset the accomplished return by a large margin. Hence,

the added expense has not been considered in this thesis. Additionally, if large positions are to

be held in small stocks when using the equally weighted strategy, this results in two separate

issues. First of which is that the price will be affected significantly, as the book depth in these

stocks are often smaller. Secondly, when selling large portions of small stocks, there might

not always be buyers, making the transaction impossible. These issues are noteworthy but not

considered further in this thesis.

Going both long and short based on the same criteria and achieving a positive excess return

is a highly demanding endeavour, which seeks to put the factor on equal footing with the size

and value factors of the Fama and French three-factor model. As seen from the results, this

challenge is not easily overcome, seeing that the short position subtracts a significant part of

the overall returns. This is mainly due to the Big Junk portfolio and from the results presented,

one might infer that the Danish market is simply too small to contain big firms that are so

bad that shorting would ever be beneficial. Both of the High-minus-Low factors from the

quality-sorted portfolios and the QMJ factor has a negative or insignificant beta. Since the

market is growing by approximately 1.300% during the period, the lack of market exposure

makes it almost impossible to outperform the market returns, but this is not the purpose of the

strategy. Because of the negative beta, the quality factors introduced performs exceptionally

well during periods of crises. This is seen throughout the results, where the QMJ and HML

factors outperform the market in 2001, 2008 and 2011. This performance and the low beta could

lead one to conclude that the strategy would be well suited for a highly risk averse investor, but

this is not necessarily the case, as it is shown that the distribution of the returns has a negative

skewness. Thus investors following the QMJ strategy will see periods with significant drops in

their portfolios but an overall positive return, which could prompt risk averse investors to sell

prematurely.

From an investors point of view, if the goal is to beat the market, it can be more readily

achieved by using the quality factor as a screening tool for a long-only portfolio, which could

then be used in creating an equally weighted portfolio of the highest ranked quality firms, as

these are seen to have a significant alpha while maintaining some market exposure.
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6 Conclusion

It can be concluded that the two quality factors, when applied to the Danish market, are not

able to outperform a passive market portfolio. While the portfolio of firms categorized as high-

quality generally tends to perform at the same level as the market or better, the same is also

true for portfolio of large firms categorized as low-quality (junk). Consequently, the QMJ factor

created by Asness et al. (2019), where the return is calculated by using the average return of the

big and small high-quality portfolios minus the average return on the two low-quality portfolios,

is not significant in most cases. The returns from the original paper, Asness et al. (2019), are

likewise unable to beat the market, but does, however, see a significant alpha, which has not

been found in this thesis.

A theme throughout the thesis has been the lack of diversification within the various sub-

portfolios. Since the Danish market is relatively small and dominated by a few larger firms, the

returns will almost always be determined by their performance. For that reason, it becomes

hard to give an accurate interpretation of whether returns are driven by the quality factor or

the individual firms. Additionally, the quality score defined has a definite sector bias, as a large

part of the profitability, safety and growth measures are not applicable or comparable between

sectors.

Different modifications have been implemented upon the factors, including a variety of filters,

different weighting and sorting methods, and the definition of a new type of growth in an effort

to handle these issues. The results from the quality-sorted portfolios indicate that all of these

modifications improve the performance and excess returns generated. However, for the QMJ

factor, the results point in the opposite direction but without being significantly worse. The

thesis reports a relationship between company size and quality, indicating that the Danish

market is simply too small to contain enough large-cap firms, which can be categorized as junk

and perform poorly over time.

The quality score is made up of measures for the three key parameters profitability, growth and

safety. From the results, it is seen that the measures for profitability have the most significant

effect on the price, while the safety measures have almost no impact on the price of a firm. The

safety measures and overall score are generally misleading and do not seem compatible with

the data tested in this thesis.

From an investors point of view, there is not sufficient evidence to suggest that shorting low-

quality firms on the Danish market would ever be beneficial. On the other hand, the results

from the quality-sorted portfolios show that high-quality firms generally perform better over

time. Consequently, if the quality score is to be used on the Danish market, it would be more

useful as a screening tool for finding high-quality firms for a long-only portfolio.
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6.1 Suggestions for Future Research

The main findings of this thesis were that the Danish market is too small and thus introduced

too much idiosyncratic risk in the portfolios. Future research could look at the Nordic markets,

including Sweden and Norway, to accommodate this issue. Including both of these would give

an average of 524 additional firms (Asness et al., 2019), which would be enough firms to have

more than 30 stocks, in each of the portfolios. This would, however, add additional risk in

terms of the countries having different currencies, which are not accounted for by the QMJ

factor.

Another finding in this thesis was that the measures used to categorize the firms into quality

and junk portfolios were not comparable across sectors. Future research could look at more

tailored measures for individual sectors to gain a higher premium. However, this would require

a much larger market since the idiosyncratic risk would be even greater if implemented on the

Danish market.

The results from this thesis showed a problem with especially the Big Junk portfolio performing

quite well throughout the different strategies. A way to get around this could be to use different

measures when searching for quality versus looking for junk. Firms listed on a stock exchange

generally succeed more often than they fail, making it easier to find quality than junk, and as

such, other requirements for going short a stock might be necessary to really benefit from this

type of position. Still, further research would be needed, as the conclusions made in that area

were slightly weak due to the idiosyncratic risk.

Additionally, when looking at the correlations between the individual measures in figure 37,

C.33, and C.34, a large correlation is seen between the measures, making some of them re-

dundant. The conclusion of section 5.3.4 also suggested that it would be an interesting idea

to look at a model with different weights for the more relevant measures or key parameters;

Over-weighting profitability, while toning down growth and maybe altogether redefining safety.

However, taking this a step further and looking at models with different weights in the individ-

ual sectors and different periods, as the society and economy change over time, would be even

more interesting.

In modern times it has become more important to focus on the green restructuring, and in-

vesting in environmental firms has become a popular trend. In the paper Lodberg et al. (2020)

they define a firm’s sustainability score based on three measures: the firm’s ESG (Enviromential

Social Governance) score, the firm’s ability to fulfil the Sustainable Development Goals (SDG)

and lastly the firm’s total CO2 emission. They incorporate this sustainability measure to the

classical investing strategies: Value-, Momentum-, Low Volatility- and Quality investing. They

compare the classical strategies without the above requirements and with the green require-

ments. The authors then create a global stock portfolio based on the two different strategies,
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and the results show that out of the 4 factor strategies, three of them yield a higher return

with a green profile. It could be interesting to apply sustainability requirements like the once

in Lodberg et al. (2020) and use these on the QMJ strategy on the Danish market to see if this

could result in a better performance.

As it becomes easier for both retail and professional investors to gain access to firm data and

invest via a wide variety of strategies, the rules of the market will change, making strategies

that have been performing in the past obsolete. If a strategy continuous to makes money,

nothing will motivate people to take the opposite position, as for every buyer, there needs to

be a seller. Hence, a strategy that has provided alpha for over 25 years is not guaranteed to do

so in the future. Therefore it will always be interesting to see how the quality factor performs

in the future.
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A Documentation for Section 3: Methodology

Data Distribution:

The distribution of the main accounting variables and the measures for profitability, growth, and

safety, are shown on the following pages in horizontal view in order to better visualize entire data set

on a single page.

Code:

The R code used for the production of the Quality sorted portfolios, and the QMJ factor will be

available in a separate appendix, with different files for each of the strategies/models carried out. The

base case scenario can be found in the “Main.R” document.

The code requires one to install the packages presented initially in the file. The code also requires the

specific data sets used to be available in the work-space directory.
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B Documentation for Section 4: Analysis and Results

B.i Documentation for Section 4.1: Persistence of Quality

Price on Quality Regressions over time:

Year 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

bt (Quality Coefficient) 0.260∗∗ 0.346∗∗∗ 0.310∗∗∗ 0.373∗∗∗ 0.381∗∗∗ 0.458∗∗∗ 0.320∗∗∗ 0.249∗∗∗ 0.074 0.049 0.120 0.220∗∗

(0.098) (0.085) (0.092) (0.088) (0.110) (0.101) (0.093) (0.078) (0.092) (0.130) (0.103) (0.106)

at (Constant) 0.477∗∗∗ 0.731∗∗∗ 0.718∗∗∗ 0.422∗∗∗ 0.521∗∗∗ 0.408∗∗∗ 0.249∗∗ 0.013 0.339∗∗∗ 0.603∗∗∗ 0.955∗∗∗ 1.290∗∗∗

(0.099) (0.086) (0.092) (0.093) (0.117) (0.104) (0.096) (0.081) (0.094) (0.136) (0.108) (0.107)

Observations 48 68 70 71 75 89 94 95 94 94 92 107

Adjusted R2 0.113 0.190 0.132 0.194 0.130 0.182 0.103 0.089 −0.004 −0.009 0.004 0.030

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Table 22: Linear regressions of price on quality for the first 12 years.

Year 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

bt (Quality Coefficient) 0.272∗∗∗ 0.327∗∗∗ 0.243∗∗ 0.204∗ 0.273∗∗ 0.207∗ 0.312∗∗∗ 0.395∗∗∗ 0.476∗∗∗ 0.521∗∗∗ 0.361∗∗ 0.479∗∗∗ 0.606∗∗∗

(0.097) (0.100) (0.116) (0.111) (0.117) (0.114) (0.113) (0.119) (0.124) (0.119) (0.143) (0.138) (0.130)

at (Constant) 0.866∗∗∗ 0.178∗ 0.373∗∗∗ 0.512∗∗∗ 0.351∗∗∗ 0.438∗∗∗ 0.718∗∗∗ 0.836∗∗∗ 0.940∗∗∗ 1.100∗∗∗ 1.147∗∗∗ 0.905∗∗∗ 0.907∗∗∗

(0.097) (0.102) (0.118) (0.114) (0.119) (0.116) (0.113) (0.120) (0.125) (0.120) (0.145) (0.138) (0.129)

Observations 114 114 116 118 113 109 109 107 101 95 97 93 89

Adjusted R2 0.057 0.080 0.029 0.020 0.038 0.021 0.058 0.086 0.121 0.161 0.053 0.107 0.191

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Table 23: Linear regressions of price on quality for the last 13 years.
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Regressions:

Figure B.5: Simple regression of price on quality, with and without controlling for size, in the

base case.

Figure B.6: Regression of price on all key parameters in the base case.

Page X of XLI



Quality Investing in the Danish Market 17 May 2021

B.ii Documentation for Section 4.2: Base Case Quality

Small portfolio members for the base case:

Figure B.7: Overview of the Small Quality members and the weight for each year of the

portfolio. Only Companies with a weight above 0.1 has been included.

Figure B.8: Overview of the Small Junk members and the weight for each year of the portfolio.

Only Companies with a weight above 0.1 has been included.
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Factor loadings for Fama and French three-factor model:

HML HML3 QMJ

βMKT −0.297∗∗∗ 0.022 −0.071

(0.100) (0.052) (0.052)

βSMB −1.059∗∗∗ −0.487∗∗∗ −0.152∗∗

(0.121) (0.063) (0.062)

βHML −0.192 −0.206∗∗∗ −0.292∗∗∗

(0.146) (0.076) (0.075)

3-factor α 0.002 −0.004 0.003

(0.005) (0.002) (0.002)

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Table 24: Linear regression with factor loadings for the Fama and French three-factor model

in the base case.
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B.iii Documentation for Section 4.3: Including the Financial Sector

Regressions:

Figure B.9: Simple regression of price on quality, with and without controlling for size, with

financial companies included.

Factor loadings for Fama and French three-factor model:

HML HML3 QMJ

βMKT −0.268∗∗∗ −0.110∗∗ −0.100∗∗

(0.090) (0.048) (0.043)

βSMB −0.736∗∗∗ −0.432∗∗∗ −0.176∗∗∗

(0.127) (0.068) (0.061)

βHML −0.824∗∗∗ −0.542∗∗∗ −0.544∗∗∗

(0.133) (0.071) (0.064)

3-factor α −0.0001 0.0005 0.003

(0.004) (0.002) (0.002)

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Table 25: Linear regression with factor loadings for the Fama and French three-factor model

with the financial sector included.
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Small portfolio members with financial sector included:

Figure B.10: Overview of the Small Quality members and the weight for each year of the

portfolio. Only Companies with a weight above 0.1 has been included. Financial companies

also included.

Figure B.11: Overview of the Small Junk members and the weight for each year of the

portfolio. Only Companies with a weight above 0.1 has been included. Financial companies

also included.
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Regressions for financial sector applicable variables only:

Figure B.12: Simple regression of price on quality, with and without controlling for size, with

financial sector applicable variables only.

Factor loadings for Fama and French three-factor model (financial variables only):

HML HML3 QMJ

βMKT −0.338∗∗∗ −0.187∗∗∗ −0.222∗∗∗

(0.103) (0.054) (0.045)

βSMB −0.730∗∗∗ −0.400∗∗∗ −0.247∗∗∗

(0.145) (0.076) (0.062)

βHML −0.631∗∗∗ −0.390∗∗∗ −0.447∗∗∗

(0.151) (0.079) (0.065)

3-factor α −0.004 −0.001 0.004∗

(0.005) (0.002) (0.002)

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Table 26: Linear regression with factor loadings for the Fama and French three-factor model

with financial sector applicable variables only.

Page XV of XLI



Quality Investing in the Danish Market 17 May 2021

Small portfolio members with financial sector applicable variables only:

Figure B.13: Overview of the Small Quality members and the weight for each year of the port-

folio. Only Companies with a weight above 0.1 has been included. Financial sector applicable

variables only.

Figure B.14: Overview of the Small Junk members and the weight for each year of the

portfolio. Only Companies with a weight above 0.1 has been included. Financial companies

also included. Financial sector applicable variables only.
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Novo Nordisk A/S Stock:

(Useful for comparison with Big Quality portfolio)

Figure B.15: The adjusted stock price for Novo Nordisk through the last 25 years.

A.P. MOLLER - MAERSK A/S Stock:

(Useful for comparison with Big Junk portfolio)

Figure B.16: The adjusted stock price for Maersk through the last 25 years.
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B.iv Documentation for Section 4.4: Different Weights

B.iv.1 Equally Weighted Portfolios

Factor loadings for Fama and French three-factor model:

βMKT −0.201∗∗∗ −0.046 −0.096∗∗

(0.072) (0.044) (0.043)

βSMB −0.613∗∗∗ −0.283∗∗∗ −0.169∗∗∗

(0.087) (0.053) (0.052)

βHML −0.302∗∗∗ −0.071 −0.268∗∗∗

(0.106) (0.064) (0.063)

3-factor α 0.006∗ 0.004∗ 0.001

(0.003) (0.002) (0.002)

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Table 27: Linear regression with factor loadings for the Fama and French three-factor model

with the equally weighted portfolios.

Portfolio members of the two “Big” equally weighted portfolios are shown on the pages

below:
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Figure B.17: Overview of the Small Quality members and the weight for each year of the

portfolio. The Portfolios are equally weighted based on the number of stocks.
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Figure B.18: Overview of the Small Junk members and the weight for each year of the

portfolio. The Portfolios are equally weighted based on the number of stocks.
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B.iv.2 Quality-Weighted portfolios

Big Quality Small Quality Big Junk Small Junk QMJ Market

ERannual 0.1108 0.1247 0.1518 0.0719 0.0059 0.1202

σannual 0.1812 0.1633 0.2343 0.2019 0.1328 0.1627

SRannual 0.6115 0.7640 0.6478 0.3559 0.0448 0.7388

CAPM β 0.941∗∗∗ 0.719∗∗∗ 0.942∗∗∗ 0.793∗∗∗ −0.037

(0.035) (0.041) (0.063) (0.055) (0.047)

CAPM α −0.0002 0.003 0.003 −0.002 0.001

(0.002) (0.002) (0.003) (0.003) (0.002)

3-factor α −0.0001 0.003∗ 0.003 −0.003 0.001

(0.002) (0.002) (0.003) (0.002) (0.002)

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Table 28: QMJ portfolios summary statistics for quality weighted portfolios.

Figure B.19: Yearly returns for the quality weighted QMJ strategy vs the Market.
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Factor loadings for Fama and French three-factor model:

HML HML3 QMJ

βMKT −0.208∗∗∗ −0.049 −0.096∗∗

(0.071) (0.043) (0.046)

βSMB −0.620∗∗∗ −0.281∗∗∗ −0.209∗∗∗

(0.086) (0.052) (0.056)

βHML −0.303∗∗∗ −0.066 −0.267∗∗∗

(0.104) (0.064) (0.068)

3-factor α 0.007∗∗ 0.004∗∗ 0.001

(0.003) (0.002) (0.002)

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Table 29: Linear regression with factor loadings for the Fama and French three-factor model

with the quality weighted portfolios.
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B.v Documentation for Section 4.5: Quality-sorting First

Yearly returns for the QMJ factor:

Figure B.20: Yearly returns for the QMJ strategy where quality is sorted before size vs the

market.

Factor loadings for Fama and French three-factor model:

HML HML3 QMJ

βMKT −0.201∗∗∗ −0.046 −0.016

(0.072) (0.044) (0.039)

βSMB −0.613∗∗∗ −0.283∗∗∗ −0.386∗∗∗

(0.087) (0.053) (0.047)

βHML −0.302∗∗∗ −0.071 −0.195∗∗∗

(0.106) (0.064) (0.058)

3-factor α 0.006∗ 0.004∗ 0.001

(0.003) (0.002) (0.002)

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Table 30: Linear regression with factor loadings for the Fama and French three-factor model

in the case where quality was sorted before size.

Page XXIII of XLI



Quality Investing in the Danish Market 17 May 2021

Portfolio members and their weights:

Figure B.21: Overview of the Big Quality members and the weight for each year of the

portfolio, in the case where quality was sorted before size.

Figure B.22: Overview of the Big Junk members and the weight for each year of the portfolio,

in the case where quality was sorted before size.
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B.vi Documentation for Section 4.6: Different Growth

Regressions for financial sector applicable variables only:

Figure B.23: Simple regression of price on quality and quality parameters, wiith a more

simple type of growth defined.

Factor loadings for Fama and French three-factor model:

HML HML3 QMJ

βMKT −0.208∗∗∗ −0.148∗∗∗ −0.151∗∗∗

(0.072) (0.042) (0.043)

βSMB −0.499∗∗∗ −0.285∗∗∗ −0.175∗∗∗

(0.088) (0.052) (0.052)

βHML −0.307∗∗∗ −0.112∗ −0.350∗∗∗

(0.104) (0.061) (0.061)

3-factor α 0.007∗∗ 0.006∗∗∗ 0.003

(0.003) (0.002) (0.002)

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Table 31: Linear regression with factor loadings for the Fama and French three-factor model

with a more simple type of growth defined.
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Returns:

Figure B.24: Yearly returns for the QMJ strategy with a more simple type of growth defined.

Figure B.25: Distribution of returns with a more simple type of growth defined.
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C Documentation for Section 5: Discussion

C.i Using median as break point for big and small

Big Quality Small Quality Big Junk Small Junk QMJ Market

ERannual 0.1234 0.1246 0.1343 0.0590 0.0273 0.1202

σannual 0.1732 0.1806 0.2047 0.2169 0.1296 0.1627

SRannual 0.7123 0.6896 0.6564 0.2719 0.2108 0.7388

CAPM β 0.943∗∗∗ 0.590∗∗∗ 0.980∗∗∗ 0.690∗∗∗ −0.068

(0.029) (0.055) (0.046) (0.066) (0.046)

CAPM α 0.001 0.004∗ 0.001 −0.002 0.003

(0.001) (0.003) (0.002) (0.003) (0.002)

3-factor α 0.001 0.006∗∗ 0.002 −0.0001 0.002

(0.001) (0.002) (0.002) (0.003) (0.002)

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Table 32: QMJ portfolios summary statistics with median market cap as the break-point for

big and small.

Figure C.27: Accumulated returns for the QMJ strategy and the excess returns for the sub-

portfolios and the market with median market cap as the break-point for big and small.
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Figure C.28: Overview of the Big Quality members and the weight for each year of the

portfolio with median market cap as the break-point for big and small.
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Figure C.29: Overview of the Big Junk members and the weight for each year of the portfolio

with median market cap as the break-point for big and small.
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C.ii Using mean as break point for big and small

Big Quality Small Quality Big Junk Small Junk QMJ Market

ERannual 0.1193 0.1121 0.1197 0.0779 0.0169 0.1202

σannual 0.1706 0.1630 0.2241 0.1967 0.1224 0.1627

SRannual 0.6995 0.6880 0.5343 0.3958 0.1384 0.7388

CAPM β 0.850∗∗∗ 0.741∗∗∗ 1.005∗∗∗ 0.796∗∗∗ −0.105∗∗

(0.036) (0.039) (0.055) (0.053) (0.043)

CAPM α 0.001 0.002 −0.0001 −0.001 0.002

(0.002) (0.002) (0.003) (0.003) (0.002)

3-factor α 0.002 0.001 −0.0004 −0.003 0.003

(0.002) (0.001) (0.003) (0.002) (0.002)

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Table 33: QMJ portfolios summary statistics with mean market cap as the break-point for

big and small.

Figure C.30: Accumulated returns for the QMJ strategy and the excess returns for the sub-

portfolios and the market with mean market cap as the break-point for big and small.
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Figure C.31: Overview of the Big Quality members and the weight for each year of the

portfolio with mean market cap as the break-point for big and small. Slightly fewer companies

are included compared to using the 80th percentile.

Figure C.32: Overview of the Big Junk members and the weight for each year of the portfolio

with mean market cap as the break-point for big and small. Slightly fewer companies are

included compared to using the 80th percentile.
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C.iii Correlation Plots for growth and safety measures:

Figure C.33: Correlation between the rank of the growth measures for the year 2019.

Figure C.34: Correlation between the rank of the growth measures for the year 2019.
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C.iv One Key Parameter Only

Profitability Only:

Figure C.35: Linear regression of price on profitability alone.

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 HML1 HML3

ERannual 0.0748 0.0838 0.2215 0.0702 0.1689 0.1826 0.1257 0.0939 0.0728 0.1243 0.0495 -0.0297

σannual 0.3383 0.2664 0.2586 0.2782 0.2467 0.2575 0.2504 0.2338 0.2305 0.2260 0.3269 0.1852

SRannual 0.2212 0.3145 0.8565 0.2522 0.6845 0.7089 0.5019 0.4015 0.3158 0.5500 0.1514 -0.1604

CAPM β 1.268∗∗∗ 0.831∗∗∗ 0.914∗∗∗ 1.027∗∗∗ 1.034∗∗∗ 0.973∗∗∗ 1.010∗∗∗ 0.901∗∗∗ 0.929∗∗∗ 1.010∗∗∗ −0.257∗∗ −0.057

(0.095) (0.081) (0.075) (0.079) (0.064) (0.072) (0.067) (0.064) (0.061) (0.055) (0.115) (0.066)

CAPM α −0.007 −0.001 0.009∗∗ −0.005 0.004 0.005 0.0002 −0.001 −0.003 0.0001 0.007 −0.002

(0.005) (0.004) (0.004) (0.004) (0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.006) (0.003)

3-factor α −0.008∗ −0.002 0.009∗∗ −0.005 0.003 0.005 −0.00003 −0.001 −0.004 0.0002 0.008 −0.001

(0.004) (0.004) (0.004) (0.004) (0.003) (0.003) (0.003) (0.003) (0.003) (0.002) (0.005) (0.003)

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Table 34: Quality-sorted portfolio summary statistics with profitability only.
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Big Quality Small Quality Big Junk Small Junk QMJ Market

ERannual 0.1402 0.1584 0.1868 0.0814 0.0152 0.1202

σannual 0.2118 0.2091 0.2482 0.2224 0.1528 0.1627

SRannual 0.6617 0.7574 0.7528 0.3659 0.0992 0.7388

CAPM β 0.980∗∗∗ 0.881∗∗∗ 1.159∗∗∗ 0.916∗∗∗ −0.107∗

(0.050) (0.054) (0.058) (0.059) (0.054)

CAPM α 0.002 0.004∗ 0.004 −0.002 0.002

(0.002) (0.003) (0.003) (0.003) (0.003)

3-factor α 0.002 0.003∗ 0.004 −0.003 0.002

(0.002) (0.002) (0.003) (0.002) (0.003)

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Table 35: QMJ portfolios summary statistics with profitability only.

Figure C.36: Accumulated returns for the QMJ strategy and the excess returns for the sub-

portfolios and the market with profitability only.
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Growth Only:

Figure C.37: Linear regression of price on growth alone.

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 HML1 HML3

ERannual 0.1332 0.1698 0.1301 0.0990 0.1629 0.1448 0.1171 0.1252 0.1348 0.1012 -0.0319 -0.0181

σannual 0.2416 0.2197 0.2463 0.2489 0.2284 0.2442 0.1888 0.2094 0.2536 0.1986 0.2564 0.1417

SRannual 0.5513 0.7729 0.5283 0.3978 0.7134 0.5932 0.6202 0.5982 0.5316 0.5097 -0.1245 -0.1278

CAPM β 0.856∗∗∗ 0.721∗∗∗ 1.033∗∗∗ 1.104∗∗∗ 1.127∗∗∗ 1.062∗∗∗ 0.688∗∗∗ 0.818∗∗∗ 1.144∗∗∗ 0.910∗∗∗ 0.054 0.045

(0.070) (0.066) (0.076) (0.084) (0.084) (0.071) (0.112) (0.069) (0.061) (0.047) (0.091) (0.063)

CAPM α 0.002 0.007∗∗ 0.0002 −0.003 0.003 −0.0005 0.001 0.002 −0.0004 −0.001 −0.003 −0.002

(0.003) (0.003) (0.004) (0.004) (0.004) (0.004) (0.005) (0.003) (0.003) (0.002) (0.004) (0.003)

3-factor α 0.002 0.007∗∗ 0.0003 −0.003 0.003 0.0002 −0.0002 0.002 −0.001 −0.0004 −0.002 −0.002

(0.003) (0.003) (0.004) (0.004) (0.004) (0.003) (0.005) (0.003) (0.003) (0.002) (0.004) (0.003)

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Table 36: Quality-sorted portfolio summary statistics with growth only.
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Big Quality Small Quality Big Junk Small Junk QMJ Market

ERannual 0.1102 0.1651 0.1090 0.1242 0.0210 0.1202

σannual 0.2028 0.2096 0.2278 0.2061 0.1445 0.1627

SRannual 0.5431 0.7877 0.4784 0.6026 0.1457 0.7388

CAPM β 1.029∗∗∗ 0.864∗∗∗ 0.987∗∗∗ 0.855∗∗∗ 0.026

(0.041) (0.056) (0.058) (0.054) (0.052)

CAPM α −0.001 0.005∗ −0.001 0.002 0.001

(0.002) (0.003) (0.003) (0.003) (0.002)

3-factor α −0.001 0.004∗∗ −0.001 −0.003 0.002

(0.002) (0.002) (0.003) (0.002) (0.003)

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Table 37: QMJ portfolios summary statistics with growth only.

Figure C.38: Accumulated returns for the QMJ strategy and the excess returns for the sub-

portfolios and the market with growth only.
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Safety Only:

Figure C.39: Linear regression of price on safety alone.

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 HML1 HML3

ERannual 0.1020 0.2081 0.1087 0.0508 0.1349 0.0915 0.1420 0.0996 0.1453 0.1955 0.0934 0.0072

σannual 0.2602 0.3021 0.2696 0.2371 0.2547 0.2139 0.2941 0.2642 0.2357 0.2300 0.3087 0.1908

SRannual 0.3921 0.6890 0.4032 0.2144 0.5297 0.4278 0.4828 0.3771 0.6163 0.8499 0.3026 0.0376

CAPM β 0.771∗∗∗ 1.191∗∗∗ 1.012∗∗∗ 0.954∗∗∗ 1.054∗∗∗ 0.749∗∗∗ 1.129∗∗∗ 1.019∗∗∗ 1.022∗∗∗ 0.871∗∗∗ 0.100 −0.021

(0.081) (0.082) (0.075) (0.063) (0.066) (0.062) (0.081) (0.073) (0.059) (0.064) (0.109) (0.068)

CAPM α 0.001 0.005 −0.001 −0.005∗ 0.001 0.00003 0.0004 −0.002 0.002 0.007∗∗ 0.007 0.001

(0.004) (0.004) (0.004) (0.003) (0.003) (0.003) (0.004) (0.004) (0.003) (0.003) (0.005) (0.003)

3-factor α −0.0001 0.005 −0.002 −0.005∗ 0.001 0.00004 −0.0001 −0.002 0.002 0.008∗∗ 0.008 0.001

(0.004) (0.004) (0.003) (0.003) (0.003) (0.003) (0.004) (0.004) (0.003) (0.003) (0.005) (0.003)

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Table 38: Quality-sorted portfolio summary statistics with safety only.
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Big Quality Small Quality Big Junk Small Junk QMJ Market

ERannual 0.1545 0.1274 0.1240 0.1164 0.0208 0.1202

σannual 0.1987 0.1977 0.2174 0.2422 0.1440 0.1627

SRannual 0.7775 0.6442 0.5703 0.4805 0.1443 0.7388

CAPM β 1.016∗∗∗ 0.858∗∗∗ 0.985∗∗∗ 1.010∗∗∗ −0.061

(0.039) (0.050) (0.052) (0.064) (0.051)

CAPM α 0.003 0.002 0.0005 −0.0004 0.002

(0.002) (0.002) (0.003) (0.003) (0.002)

3-factor α 0.003∗ 0.001 0.001 −0.001 0.003

(0.002) (0.002) (0.003) (0.002) (0.002)

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Table 39: QMJ portfolios summary statistics with safety only.

Figure C.40: Accumulated returns for the QMJ strategy and the excess returns for the sub-

portfolios and the market with safety only.
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C.v Profitability, growth and safety comparison across sectors

15 20 25 30 35 45 50 55 60

Materials Industrials Consumer Discretionary Consumer Staples Health Care Information Technology Communication Services Utilities Real Estate

Sector Mean GPOA Mean ROA Mean ROA Mean CFOA Mean GMAR Mean ACC

15 0.450 0.081 0.038 0.037 -0.006 0.055

20 0.621 0.124 0.011 0.000 0.436 0.040

25 0.670 0.034 0.006 -0.004 0.486 0.046

30 0.363 0.132 0.053 0.043 0.361 0.039

35 0.496 0.312 -0.043 -0.067 0.307 0.002

45 0.793 -0.005 0.026 0.045 0.645 0.053

50 0.629 0.096 0.047 0.059 0.693 0.056

55 0.187 -0.091 -0.030 -0.056 0.505 0.064

60 0.219 0.042 0.002

Table 40: The mean for the profitability measures across sectors.

Sector Mean ∆GPOA Mean ∆ROA Mean ∆ROA Mean ∆CFOA Mean ∆GMAR

15 0.091 0.091 0.030 0.018 0.275

20 0.125 0.075 0.038 0.047 1.752

25 0.082 0.171 0.067 0.036 0.691

30 0.085 0.059 0.026 0.026 0.090

35 0.600 0.221 0.378 0.447 0.879

45 0.233 0.268 0.133 0.199 0.093

50 0.052 0.118 0.048 0.078 0.055

55 -0.216 0.250 0.058 0.034 -0.407

60 1.145 -7.845 0.170

Table 41: The mean for the growth measures across sectors.

Sector Mean BAB Mean LEV Mean O-score Mean Z-score Mean EVOL

15 -0.457 -0.269 0.359 5.651 -0.108

20 -0.604 -0.272 0.121 4.560 -0.285

25 -0.384 -0.272 -0.289 3.466 -0.378

30 -0.604 -0.276 0.909 2.535 -0.082

35 -0.844 -0.194 0.928 8.833 -0.526

45 -0.544 -0.092 0.688 7.669 -0.376

50 -0.358 -0.276 0.139 3.615 -0.206

55 -0.391 -0.319 -0.500 -1.462 -0.326

60 -0.304 -0.583 -14.763

Table 42: The mean for the safety measures across sectors.
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15 20 25 30 35 45 50 55 60

Materials Industrials Consumer Discretionary Consumer Staples Health Care Information Technology Communication Services Utilities Real Estate

Figure C.41: The distribution of quality-sorted portfolios by sectors.
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