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Sammanfattning 

I och med att kraven på likviditetsriskhantering har ökat har vikten av genomgripande 
likviditetsanalyser understrukits. I denna uppsats granskas likviditeten av Stockholmsbörsen 
genom användning av stängningskurser. Transaktionskostnaden utvärderas genom Holdens 
modell medan prispåverkan utvärderas genom Illiq modellen. Sett till de tre segmenten: small 
cap, mid cap och large cap, så visar resultaten att både transaktionskostnaden och prispåverkan 
är störst för small cap och samtidigt minst för large cap. Resultaten visar också att 
transaktionskostnaden för de tre segmenten har minskat mellan 2002-03-20 and 2012-01-06. 
Dock har transaktionskostnaden ökat igen för small cap under andra halvan av tidsintervallet. 
Ingen minskning av prispåverkan har stötts på under den ovan nämnda tidsperioden. Genom en 
kombination av de två modellerna har ett sammansatt mått skapats med syftet att indikera 
likviditeten av en fond. Detta mått kan också användas till att analysera om det är 
transaktionskostnaden eller prispåverkan som driver kostnaden vid en eventuell likvidering av 
aktier i fonden, eller visa vilka aktier som är mest illikvida. Måttet fungerar således som ett 
verktyg för att analysera likviditeten hos stora aktieportföljer. 
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Abstract 
As the demand for liquidity risk management has increased, the importance of comprehensive 
liquidity assessments of exchanges has been highlighted. This thesis investigates the liquidity on 
the Nasdaq OMX Stockholm exchange by using daily end of day data. The transaction cost is 
evaluated using the Holden model and the price impact from trading is evaluated using the Illiq 
model. Considering the three segments; small cap, mid cap, and large cap, the results suggest 
that both the transaction cost and price impact is highest for small cap stocks and lowest for large 
cap stocks. It is also shown that the transaction cost has decreased between 2002-03-20 and 
2012-01-06 for all three segments although the cost is increasing for the small cap segment 
again. No decrease in price impact over this time period could be found. The data behind the 
results has then been used to create a combined liquidity measure with the purpose of indicating 
the liquidity condition of a mutual fund. The combined measure can also be used to assess 
whether it is price impact or transaction cost that contributes most to the liquidity cost when 
liquidating stocks or reveal what stocks in a portfolio that are the most illiquid. It is hence 
suggested as a tool for assessing large portfolios. 
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Abstract

As the demand for liquidity risk management has increased, the importance of compre-
hensive liquidity assessments of exchanges has been highlighted. This thesis investigates
the liquidity on the Nasdaq OMX Stockholm exchange by using daily end of day data.
The transaction cost is evaluated using the Holden model and the price impact from
trading is evaluated using the Illiq model. Considering the three segments; small cap,
mid cap, and large cap, the results suggest that both the transaction cost and price
impact is highest for small cap stocks and lowest for large cap stocks. It is also shown
that the transaction cost has decreased between 2002-03-20 and 2012-01-06 for all three
segments although the cost is increasing for the small cap segment again. No decrease in
price impact over this time period could be found. The data behind the results has then
been used to create a combined liquidity measure with the purpose of indicating the
liquidity condition of a mutual fund. The combined measure can also be used to assess
whether it is price impact or transaction cost that contributes most to the liquidity cost
when liquidating stocks or reveal what stocks in a portfolio that are the most illiquid.
It is hence suggested as a tool for assessing large portfolios.
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Chapter 1

Introduction

The ambition of this thesis is to study the liquidity on the Nasdaq OMX Stockholm ex-
change (Stockholm stock exchange) and apply the results by creating a measure for the
liquidity cost of a mutual fund. The topic of liquidity has been frequently discussed since
the financial crisis in 2008 and the need for further liquidity assessments is high. Hence
this thesis addresses a contemporary topic that is relevant in the financial literature.
The liquidity risk of mutual funds is in particular addressed due to a new regulatory
framework.

Since the financial crisis in 2008, the demand for a more comprehensive liquidity risk
management has not only resulted in general regulation for financial institutions but
has also put pressure on more specific instances. For mutual funds, regulated by the
Undertakings for Collective Investment in Transferable Securities (UCITS) directive,
the recent UCITS IV framework has highlighted liquidity, requiring mutual funds to
individually assess and declare the liquidity risk of their holdings. However, no com-
mon method exists, nor does UCITS IV specify how the requirement of liquidity risk
assessment should be dealt with. In Sweden, the financial supervisory authority did not
mention the liquidity aspects in their commentary response of the UCITS IV directive
(Finansinspektionen, 2011b).

To understand the concept of liquidity, it is important to distinguish between liquidity
and other risk factors that a financial firm encounters. The risk factors that relate to on-
and off-balance sheet variables are referred to as financial risks (Banks, 2005). Financial
risk is commonly divided into market, credit and liquidity risk. Market risk concerns
exposure to the price changes caused by market risk factors. Credit risk concerns the
risk that a counterparty cannot meet its obligations for a transaction. Liquidity risk
is the risk that a loss will occur when capitalising assets. Liquidity risk can be further
separated into two areas; funding and market liquidity risk. Funding risk concerns the
risk that a financial firm cannot fund its positions, and market liquidity risk is the risk
that the liquidity on a market declines when liquidating assets (Drehmann and Niko-
laou, 2009). Although liquidity is used in many contexts, liquidity and liquidity risk
commonly refer to market liquidity risk in the discourse of financial studies.
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Market liquidity can be divided into three main factors; tightness, depth and resiliency
(Kyle, 1985). Tightness is the transaction cost when liquidating a position. Depth con-
cerns the depth of the order books for a stock and what size of trades an exchange can
handle without effecting the price. Resiliency concerns a stocks ability to recover from
the effects of a random event. For example, if an investor capitalises a large volume of
a stock the price may decrease. The resiliency is the time it takes for the stocks’ price
to regain balance. If all three aspects are covered, Kyle suggest that a full liquidity
assessment can be conducted.

Considering the discourse of financial studies, liquidity risk is a subject that has seen
increasing attention. The most direct way to calculate the liquidity of a market is to use
tick data1. Since tick data is not available on all exchanges, there has been an increasing
interest in creating liquidity proxies based on daily end of day data. Most of the research
within this area is developed from recognized studies, such as Roll (1984), with the Roll
model measuring the transaction cost2, or Kyle (1985), with λ measuring price impact3.
Today, there exist adequate proxies for assessing the liquidity cost from end of day data.
Since the amount of research on the area is increasing it is reasonable to believe that
proxies will become even more accurate in the future.

Although there are numerous approaches to liquidity, this thesis has chosen to focus on
two liquidity proxies. The first is referred to as the Holden model by Holden (2009),
measuring the transaction cost of trading, and the second the Illiq measure by Ami-
hud (2002), measuring the price impact of trading. These two proxies will be used
to asses the liquidity on the Stockholm stock exchange and are chosen specifically for
their applicability on smaller markets. There are studies suggesting that these models
are among the most correlated measures with tick data, both on the NYSE, where they
were originally applied, and on smaller exchanges, such as the Stockholm stock exchange
(Goyenko, Holden and Trzcinka, 2009; Holden, 2009).

1Tick data is high frequency data including every transaction, bid and ask price and its corresponding
volume during a day; i.e. transaction to transaction intraday data.

2In the literature, transaction cost is usually referred to as the percent transaction cost to trade an
asset. This will also be the case for this thesis.

3Price impact measures how large orders an exchange can receive for a stock without causing large
shifts in the stocks’ price.
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1.1 Purpose

This master thesis will focus on the assessment of market liquidity using end of day stock
data. The market that will be studied is the Stockholm stock exchange over the last ten
years. Since no extensive studies have been found covering liquidity on the Stockholm
stock exchange, the assessment of its liquidity will in itself be a major contribution. In
addition, a way to use these results when analysing the liquidity of mutual funds using
daily data will be suggested. The following research questions will be answered:

• Is there a difference between the small, mid and large cap segments when compar-
ing transaction cost and price impact?

• Has there been a decrease in transaction cost and price impact for small, mid and
large cap stock over the last ten years?

• How can end of day data be used to assess the liquidity of a mutual fund?

1.2 Outline

• Chapter 2, Regulatory Environment, initially provides a short introduction to the
regulatory environment of the financial industry and its implications on liquidity
management.

• Chapter 3, Theoretical Background, initially reviews the previous research within
the field and the previous results are presented. The second and third part of
the chapter consists of the introduction of the two quantitative methods used to
measure two factors of liquidity risk. The research field of market microstruc-
ture theory is finally touched upon to increase the understanding of the models
introduced.

• Chapter 4, Method, describes the implications of the chosen methods to model
the two liquidity proxies, and the creation of the combined liquidity measure. The
hypotheses are also defined in this chapter.

• Chapter 5, Data, provides an overview of the required data and discusses which
factors that have been taken into account when collecting stock and portfolio data.

• Chapter 6, Results, shows the results from the empirical analysis performed, using
the methodology described in Chapter 4.

• Chapter 7, Conclusion, discusses the implications of the results. Finally further
research is proposed.
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Chapter 2

Regulatory Environment

Following the financial crisis in 2008, liquidity was a frequently discussed topic and the
response from the financial supervisory authorities changed the way in which liquidity
is assessed. The most comprehensive and reforming response was the regulatory frame-
work Basel III, introduced in 2010 by the Basel Committee on Banking Supervision as
a direct response to the 2008 financial crisis. As the framework of Basel III is being
implemented, it is affecting the discourse of liquidity risk, why it is important to review
the basics of the framework.

The main goal with Basel III is to strengthen the ability for banks to manage scenarios
of financial and economic stress and to increase the transparency of banks in general
(Basel Committee on Banking Supervision, 2010). Three areas are pronounced to be
strengthened: regulation, supervision and risk management, through a set of new com-
prehensive measures. The guidelines on how to develop these measures are addressed in
Basel III: International framework for liquidity risk measurement, standards and mon-
itoring. Two measures were highlighted in particular by the committee; the Liquidity
Coverage Ratio (LCR) and the Net Stable Funding Ratio (NSFR). The LCR, which
will become mandatory in 2015, requires banks to have sufficient means of high liquid
assets to be able to survive a 30 day worst case stress scenario. While the LCR covers
short-term scenarios, the NSFR covers scenarios that ranges further than one year. The
objective with the NSFR is to motivate banks to use more stable means of long term
funding, a measure that is planned to be legislated in 2018. However, many countries
have already legislated parts of these measures. In Sweden, the financial supervisory
authority, Finansinspektionen, has conducted a set of reports to adequately meet the
prescriptions of the Basel III framework, which has been mandatory since July 2011
(Finansinspektionen, 2011a).

Regulation for the Swedish mutual fund industry is based on the EU directive UCITS,
a framework with the purpose of aligning regulations in EU membership states to a
common practice for mutual funds (The European Parliament and the Council of the
European Union, 2008). The first edition of the directive was published in 1985, whereas
the latest version was introduced as UCITS IV in 2009. In Sweden the UCITS IV direc-
tive was legislated 2011-10-30 (Anderberg and Brescia, 2009; Swedish Investment Fund
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Association, 2011).

When the UCITS IV directive was introduced it was a elaborated update of UCITS.
The most important motive was to adapt the directive to todays’ financial markets (The
European Parliament and the Council of the European Union, 2008). Another central
issue was to further synchronize legislations between countries in order to work towards
fair competition, while at the same time strengthening the protection of the investors.
By addressing a common set of regulations for licensing, supervision, and organisation
of mutual funds these objectives should be met.

Another aspect of the UCITS IV is the increased emphasis put on liquidity. This has
not only to do with the increasing demand for liquidity management but is also a nec-
essary response to the other changes proposed in UCITS IV. In line with the current
discourse of liquidity risk, much influenced by the Basel III framework, certain demands
have been stated. Within reporting standards it will be mandatory to provide important
information on liquidity risk for each mutual fund covered by the UCITS IV directive.

Two of the largest risk system providers have proposed different approaches on assessing
the liquidity risk of a mutual fund. StatPro uses an approach based on historical simula-
tion (Cintioli, 2011) while MSCI Barra One has not yet decided which method they will
choose (Acerbi, 2011). There are many aspects to liquidity risk but both MSCI Barra
One and StatPro are insinuating that they will focus on market liquidity risk.
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Chapter 3

Theoretical Background

This chapter begins with a review of the previous research relevant to this thesis. Sec-
tion 3.2 explains the Roll model which is the underlying theory to the Holden model,
described in Section 3.3. Finally, the Illiq model is described in Section 3.4.

3.1 Previous research

The liquidity of assets is a frequently researched area and naturally one of the first top-
ics discussed was whether or not liquidity has an effect on asset pricing. One of the
first to publish their empirical research within this field, based on a large data set, was
Amihud and Mendelson (1986) who used daily bid-ask spreads1 between 1960 and 1979
on the NYSE. Amihud and Mendelson confirmed previous research by Stoll and Whaley
(1983); that stock’s expected return is positively correlated with the illiquidity of stocks.
During the same period, Kyle (1985) defined a price impact measure, λ, which is still
widely regarded as the standard for measuring price impact when tick data is available
(Amihud, 2002).

There were other studies, contemporary with Amihud and Mendelson (1986), that did
not particularly focus on liquidity, which still had a lasting impact on the discourse.
Both Roll (1984) and Stoll and Whaley (1983) showed that there existed a strong neg-
ative correlation between the size of the bid-ask spread and the market capitalisation
of a company. A more recent method of Brennan, Chordia and Subrahmanyam (1998)
consisted of adding a liquidity factor to the Fama and French (1993) three factor model.
For the period between 1966 and 1995 their results showed that the risk-adjusted return
of the stocks on the NYSE are statistically significantly negatively affected by volume.

There are many components that can be covered when dealing with liquidity and numer-
ous different approaches. Koch (2009) took a comprehensive approach and studied the
characteristics of liquidity on the German stock market. Instead of focusing on one mea-
sure, Koch looked at four different liquidity components; transaction quantity, speed,
cost and price impact. Since tick data on the German stock market is more limited than

1The bid-ask spread is the difference between the lowest quoted ask and highest quoted bid price.
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on the often studied National Association of Securities Dealers Automated Quotations
(Nasdaq) and NYSE, the study used four different liquidity proxies to capture the liq-
uidity components. To measure price impact, the Illiq measure introduced by Amihud
(2002) was chosen due to the high correlation with benchmarks based on detailed tick
data. For the calculation of the transaction cost a model proposed by Lesmond, Ogden
and Trzcinka (1999) was used. The idea behind this model is that a marginal informed
investor will only trade when the transaction cost is lower than the value of information.
The results found by Koch show that the characteristics of the German stock market
are similar to those previously found on the NYSE and the Nasdaq.

When considering smaller exchanges, tick data might be unavailable or if available ex-
pensive. As a result, one of the largest topics in the area of liquidity research has been
to construct proxies using easily accessible end of day data. Today there exists various
methods to, using end of day data, acquire results that earlier required tick data.

3.1.1 Transaction cost measures

The study by Roll (1984) started what was going to be a series of similar approaches
on measuring the bid-ask spread. Roll assumed that a simple adaptation of a stocks’
autocovariance would be enough to measure the bid-ask spread, given that markets were
efficient Fama (1970). Since the assumptions of the efficient market hypothesis have been
disputed, many models have made new adaptations of the Roll model. Examples are
George, Kaul and Nimalendran (1991), Huang and Stoll (1997), and Stoll and Whaley
(1990).

If tick data is available it is rudimentary to measure the transaction cost. Chordia, Roll
and Subrahmanyam (2001) made a thorough study, using tick data, covering all stocks
on the NYSE between 1988 and 1998 to show patterns of transaction costs. Their study
showed that trading on Tuesdays in general was more liquid than other weekdays and
trading on Fridays showed to be less liquid. The study was extensive, covering ten years
of tick data with 3.5 billion transactions (Chordia et al., 2001).

Due to the limited availability of tick data outside of the United States, Hasbrouck
(2009) compared a new proxy based on Bayesian statistics with benchmarks based on
tick data. Hasbrouck was not the first to suggest proxies using end of day data. For
example Brennan et al. (1998), and Datar, Y Naik and Radcliffe (1998) both proposed
proxies for measuring transaction cost. Hasbroucks results showed that the new proxy
outperformed the previous measures and had a high significant correlation with the tick
data benchmarks. It created the possibility to assess markets where tick data was un-
available and allowed studies further back in time than previously possible.

The study by Hasbrouck is an example of the increasing research area covering proxies
on transaction cost. However, the model proposed by Hasbrouck has been succeeded
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by other measures. Goyenko et al. (2009) conducted a study in which twelve differ-
ent transaction cost proxies were evaluated, both for monthly and annual calculations.
Their findings showed that three out of the twelve measures for the transaction cost were
superior for monthly calculations, by having a high correlation and low mean squared
error compared to the tick data benchmarks. The best measures proposed, when the
computation time was disregarded, was the Holden model by Holden (2009). When the
computation time was taken into account the Effective tick model, defined by Goyenko
et al. (2009), was found to be a good compromise between calculation speed and fit to
the tick data.

Almost all of the studies concerning transaction cost proxies have been conducted on
either the NYSE, Nasdaq or both. On these exchanges, the Holden model is one of
the most acclaimed models and is fully applicable as a measure of transaction cost.
Although there have not been any studies on smaller exchanges including the Holden
model, the underlying components of the Holden model have been thoroughly researched.
Fong, Holden and Trzcinka (2011) provided a recent example when they compared eight
transaction cost proxies on 43 stock exchanges globally, including the Stockholm stock
exchange. The two underlying components of the model, the Roll model and the Ef-
fective tick model were both shown to be highly correlated with tick data benchmarks
on most of the included exchanges, including the Stockholm stock exchange. The con-
clusion of the study was that most of the measures were highly correlated with the
benchmarks and implied that it is unnecessary to use a larger data set consisting of tick
data, when proxies are valid substitutes. The most correlated measure found, when the
computation time was taken into account, was a new measure. However for shorter time
periods, which are analysed in this study, this measure is inadequate to use since this
new measure too often will become zero for frequently traded stocks. Computational
time was not a factor taken into consideration in the choice of proxies for this thesis.

The logic behind the Holden model is to combine the characteristics of a developed Roll
model with the Effective tick model, both highly correlated with tick data benchmarks
on the Stockholm stock exchange. Since Holden (2009) showed that the Holden model
is the most appropriate proxy on the NYSE, the Holden model can thus be considered
as a valid model to use on the Stockholm stock exchange to measure the transaction cost.

3.1.2 Price impact measure

Goyenko et al. (2009) showed that the Illiq measure, proposed by Amihud (2002), is
highly correlated with the benchmarks using tick data when measuring price impact.
The measure is a fraction between the absolute return and traded volume of a stock,
making up a simple but efficient price impact measure. Amihud concluded that the Illiq
measure is strongly correlated with the earlier mentioned λ and other measures that
use tick data on the NYSE. The Illiq measure is also advocated to be used on other
exchanges. In the study by Fong et al. (2011), not only were eight percent transaction
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cost proxies evaluated, a set of eleven price impact proxies were also compared with tick
data from the 43 exchanges. Here the Illiq measure by Amihud was one of top three
performing measures.

3.1.3 Market microstructure theory

Market liquidity is considered in the field of market microstructure theory and some
of its aspects are important to cover to increase the understanding of the thesis. As a
branch of research within finance, market microstructure theory is defined by O’Hara
as ”...the study of the process and outcomes of exchanging assets under explicit trading
rules.” (O’Hara, 2007, p. 1). It investigates the trading mechanisms on markets with
the intention to disclose which factors influence market prices.

Hasbrouck (2007) argues that at least one of the factors below are involved when dealing
with market microstructure theory:

• Sources of value and reasons for trade

• Mechanisms in economic settings

• Multiple characterisations of prices

When considering sources of value and reasons for trade, Hasbrouck differs between com-
mon and private values. The common values are the underlying values of a security or
asset reflecting future cash flows whereas private values concern investment horizon, risk
averseness and other factors that are individual for each investor. With mechanisms in
economic settings Hasbrouck relates to the mechanisms and standards used when trad-
ing. It considers the mechanisms on the market place such as exchanges for derivatives,
search functions, electronic trading. Multiple characterisations of prices addresses the
fact that research is rarely based on the end of day prices. It is also common to use the
spread, the midpoint1, and order depth in the analysis of markets.

One area within market microstructure theory that is of high relevance in this thesis
is the mechanism of the tick size since it is closely connected to liquidity. If a stock
is traded frequently and the bid-ask spreads are small it can be the tick size that de-
termines the transaction cost of a stock. Stocks trading at different price levels have
different tick sizes. For example, if a stock traded on the large cap segment on the
Stockholm stock exchange is trading in the price range of 50 and 100 Swedish Krona
(SEK), then the minimum tick size is 0.05 SEK. If it would have been traded under
50 SEK, the minimum tick size would have been 0.01 SEK. Full tick size tables for the
Stockholm stock exchange are provided in Section 5.

The fact that tick size affects liquidity is a topic that has been frequently researched and
the discourse includes numerous studies. Most of these studies have covered time periods
during which the tick size has been changed by the exchange. The general pattern is

1The value between the highest bid and lowest ask quoted price of a stock
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that, with a decrease of tick size, the transaction cost has decreased while the volumes
traded on the new narrower bid-ask spreads in general have been smaller (Goldstein and
Kavajecz, 2000; Niemeyer and Sandas, 1994). Christie and Schultz (1994) suggested
that bid-ask spreads can be artificially increased by market makers when they showed
that traders were more likely to trade on quarters than on eighths.

3.2 The Roll Model

Many of the transaction cost models based on daily end of day data, the Holden model
included, use the theory of the Roll model. The Roll model has been used with various
modifications but it is convenient to present the model in its general form (Roll, 1984).
It considers the price of a security as a random walk between transactions, where the
price changes are due to the change in public information. The basic features of the
Roll model, which can be described as the price dynamics, are described by Hasbrouck
(2004) as

mt = mt−1 + ut, (3.1)

pt = mt + cqt. (3.2)

Here mt is the logarithm of the quoted midpoint, the value between the highest quoted
bid price and lowest quoted ask price of a stock, related to a transaction. pt is the
logarithm trade price; the actual price of the transaction. ut is the price information,
containing the change in the midpoint value between each transaction. The variable qt

is a directional indicator taking the value of either 1 or -1 depending on whether the
transaction is buy or sell orientated. The variable c is a positive value corresponding to
half of the quoted spread.

Considering ut in (3.2) there are some assumptions made. First, considering price in-
formation, the efficient market hypothesis suggests that all information should be incor-
porated in the price (Fama, 1970), thus the variable ut is considered to have a Normal
distributed with mean zero and variance σ2. The variance reflects new information and
price changes; with no new information, the price will remain unchanged. Second, it was
suggested that the sign of qt is independent of ut. It is hence assumed that ut does not
control if the next transaction will be buy or sell oriented. Combining (3.1) and (3.2)
results in the regression equation,

∆pt = mt + cqt − (mt−1 + cqt−1) = c∆qt + ut. (3.3)

This implies that Cov(∆pt,∆pt−1) = −c2, which corresponds to the first-order autoco-
variance of price changes. Thus the proxy for the bid-ask spread is 2

√
−Cov(∆pt,∆pt−1).

Although still considered as one of the most prominent proxies it has been succeeded by
more advanced measures (Hasbrouck, 2009).
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3.3 The Holden Model

Section 3.3 is based on Holden (2009) if nothing else is stated.

3.3.1 Introduction

The approach by Holden was not the first to be based on the Roll model. The Bayesian
approach by Hasbrouck (2009) and the approach by Huang and Stoll (1997) were other
examples that made use of the characteristics of (3.3). How Holden developed the model
by Huang and Stoll (1997) is explained in Section 3.3.2, which concludes the first part
of the model. The second part was derived from Christie and Schultz (1994) who used
market microstructure theory when they showed that liquidity depends on the tick size
and the behaviour of market participants. The theory of this part is presented in Section
3.3.3, while the application of this theory is covered in Section 3.3.4. Combining Sections
3.3.2 and 3.3.4 through the use of a likelihood function is the core of the Holden model,
described in Section 3.3.5.

3.3.2 The basic model

As was mentioned, the set up for the Holden model is constructed upon the market
microstructure framework of Huang and Stoll (1997). One of the objectives by Huang
and Stoll was to determine the bid-ask spread from three components; adverse infor-
mation, inventory risk and order processing costs. Through the use of monthly data
they constructed a model that included these components. What Holden did was to
modify the model to become usable when using daily end of day data. Defining Vt as
the unobservable fundamental value of a stock at the end of day t, the basic equation is
described as

Vt = Vt−1 +
1

2
αSt−1Qt−1 + εt, (3.4)

where α is the percentage of the half spread attributable to adverse selection, Qt−1 is
the trade indicator and εt covers new public information. The change made here by
Holden is that the variable St−1, the effective spread1, varies over time while Huang and
Stoll held the spread constant. Another change with the Holden model is made in the
set up of the midpoint value, Mt. When Huang and Stoll used monthly data, one of the
components, inventory risk, could be addressed. However, when considering daily end of
day data this characteristic cannot be observed. Instead, the definition of the midpoint
is set up as

Mt = Vt + ωt, (3.5)

where ωt is the cumulated inventory effect of prior trades.

The bid and ask trades, are considered equally likely to occur with the probability µ/2,
where µ is the probability of a trade occurring during a day. The remainder, 1 − µ is

1There are more than one definition of the effective spread. Chordia et al. (2001) defines the effective
spread as the difference between the actual price and the midpoint. The effective spread for the Holden
model is more intuitive since it refers to the traded spread.
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the probability of no trade occurring during the day. The trade indicator Qt is given by

Qt ≡


+1 A trade is buy oriented with probability = µ/2

0 If no trade is made with probability = 1− µ

−1 A trade is sell oriented with probability = µ/2.

(3.6)

With all the equations defined it is possible to combine (3.4) and (3.5) to

∆Mt =
1

2
αSt−1Qt−1 + εt +∆ωt, (3.7)

where ∆ is the change operator between two consecutive days. To apply the above
equation the involvement of stock data is required to involve stock data. If Pt is the
observed trade price and ηt(St) is the function of rounding the price to the same price
level or price cluster as St, then the equation for the price is expressed as

Pt = Mt +
1

2
StQt + ηt(St). (3.8)

To explain the rounding term, ηt(St), more thoroughly an example is used. If the spread
is S1 = 0.1, then P1 is rounded by η1(S1) to the nearest decimal of 0.1, i.e. one of the
values 0.1, 0.2, . . . , 0.9, 1; for example from 0.92 to 0.9 by η1(0.1) = -0.02.

Combining (3.7) and (3.8) the equation for the daily change in midpoint and price change
process can be defined as

∆Pt =
1

2
StQt − (1− α)

1

2
St−1Qt−1 + et, (3.9)

where the error terms are collected so that et ≡ ϵt+∆ηt+∆ωt. The assumption is that
et ∼ N (ē, σe), where ē is the mean and σe is the standard deviation.

The half spread on day t, Ht, is defined as

Ht ≡
1

2
StQt. (3.10)

The last step to complete the basic model set up is to combine (3.9) with (3.10). The
resulting equation is

et = ∆Pt − (Ht − (1− α)Ht−1), (3.11)

that constitutes the basis for one of two components used in the likelihood function in
Section 3.3.5.

The set up in (3.11) is similar to that of Roll (3.3), p. 10. However, (3.11) includes
the components adverse selection and order processing costs. Roll used the set up to
calculate the autocovariance accounting for the serial covariance of trade prices. The
Holden model accounts for serial covariance with another approach. This has to do with
the second component in the likelihood function: price clustering.

12



3.3.3 Price clustering

Price clustering is a concept that was highlighted by Christie and Schultz (1994) in a
study which would provide the fundamentals for the second part of the Holden model.
The definition of price clustering is that trading is more likely to occur on rounder in-
crements. What is meant by rounder increments is that 0.50 SEK is rounder than 0.10
SEK and 0.10 SEK is rounder than 0.01 SEK. The same logic applies when prices are
traded on fractions1, where halves are rounder than quarters and quarters are rounder
than eighths. When the study by Christie and Schultz (1994) was conducted targeting
the NYSE and Nasdaq, stocks were traded on fractions. Holden provided a framework
for accounting for decimal increments as well and provided evidence that the cluster
effect is present on decimal traded exchanges.

Reasons why rounder increments are preferred were identified by Harris (1991). He
argued, from the results of the study, that the incentives of clustering behaviour is to
reduce negotiation cost and the amount of information exchanged between market par-
ticipants. The results from studies using the Holden model suggests that the cluster
effect is still highly present in today’s electronic markets.

The characteristic of the cluster effect incorporated into the Holden model is rather in-
tuitive. If the minimum tick size of a stock is 0.05, then there is a limited amount of
increments possible; 0.05, 0.10, 0.15, . . . , 0.95, 1.00. If a series of closing prices of such a
stock contains a decimal of 0.05 it is a high probability that the stock trades on a 0.05
spread. To express this with an example; if three consecutive end of day prices of a
stock are 30.35, 30.40 and 30.45, there is a high probability that traders trade the stock
with a spread of 0.05. However, if the same stock trades for 30.50, 31.00 and 30.50,
there is a high probability that the stock is traded on 0.50 spreads instead. Christie
and Schultz (1994) showed, in a comparison between the Nasdaq and the NYSE, that
NYSE had smaller spreads since Nasdaq dealers held their prices on even increments
of the tick size and indirectly spurred a behaviour to trade with larger spreads and
hence higher transaction costs. The Holden model uses this characteristic to determine
the effective spread. Instead of using tick data, Holden argues that the characteristic
of the end of day price includes information of which effective spread that has been used.

Holden suggest that the behaviour of a trader is divided into two steps; first the trader
decides on what fraction (or decimal increment) to trade and then on which price. If a
minimum price increment of a quarter is used, the trader decides whether to trade on
quarters, halves or wholes, after which the trader decides on a price. With the logic of
Christie and Schultz, Holden suggests that information about the effective spread can
be derived from the price clusters of the end of day prices. From this assumption the
second and last part of the likelihood function is constructed.

1With trading on fractions, values such as 1
2
, 1
4
, 1
8

or 1
16

are considered, whereas trading on decimals
concerns decimals such as 0.01, 0.05, 0.10, 0.20, 0.25, 0.5 or 1.0.
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3.3.4 Set up of the clustering model

The effective spread on day t, St, can, for a stock in the Holden model, take on a limited
amount of spreads, J , depending on the price grid. The feasible spreads are denoted as
sj , j = 1, 2, . . . , J , where each spread has the corresponding probability γj . If a stock is
traded on a minimum of quarters, then the possible spreads are 1

4 ,
1
2 , and 1, each with

the probabilities of γ1, γ2 and γ3 accordingly. If using decimal places, the price grid
is decided by the minimum tick size e.g. the minimum spread. The largest spread is
generally set to one, i.e. it is assumed that traders do not trade on larger spreads than
that.

The probability of a trade to be either sell oriented, buy oriented or non occurring, is
the same as in (3.6), i.e. µ/2, µ/2 and 1− µ correspondingly, where the trade direction
is indicated by Qt. The sign of the half spread, Ht, is decided by Qt; if Qt is positive,
indicating a buy oriented trade, the half spread will be +1. The opposite holds if Qt

equals -1. For each possible spread two half spreads are possible; h+j and h−j , for
spreads j = 1, 2, . . . , J . Here the sign of j indicates whether the trade is buy or sell
oriented. If no trade has occurred, the half spread is zero, Ht = h0 = 0.

To explain how a price is divided into a cluster the example of quarters will be applied.
The possible spreads are s1 =

1
4 , s2 =

2
4 and s3 =

4
4 . There are four possible increments

for a stock trading on quarters; 1
4 ,

2
4 ,

3
4 and 4

4 . If the stocks’ increment is 1
4 or 3

4 it is
unique in that it does not overlap any of the rounder spreads, 2

4 and 4
4 .

1
4 and 3

4 together
constitute the first cluster. In the same way, if a stock is trading on 2

4 this value is unique
in that it does not overlap the rounder spread 4

4 .
2
4 constitutes the second cluster. The

third cluster is constituted by 4
4 . A cluster is hence a set of increments that do not

overlap any of the rounder spreads.

A cluster on day t is defined as Ct. Clusters referring to Ct = 1, 2, . . . , J refers to price
clusters. Depending on which increment a stock is traded on, it will be divided into
different clusters. Cluster one includes prices on increments overlapping the increments
of the first spread, s1, but not rounder increments of larger spreads. The second cluster
includes stock prices that overlaps increments of the second spread, s2, but not rounder
increments of larger spreads. A price grid of quarters will be used again to show how to
divide price increments into clusters. The clusters are the following: Ct = 1 constitute
increments 1

4 and 3
4 , Ct = 2 constitute price increment 2

4 and Ct = 3 constitute price
increment 4

4 . To clarify, 2
4 and 4

4 are not included in cluster one since they are rounder
increment of the second spread, s2.

If there are no trades during a day, the midpoint between the quoted bid and ask prices
will be used to constitute, Ct = J + 1, J + 2, . . . , 2J , referring to the midpoint at day
t. Midpoint clusters are made up by Ct = 4 including midpoints 1

8 ,
3
8 ,

5
8 and 7

8 , Ct = 5

including midpoints 1
4 and 3

4 and Ct = 6 including midpoint 1
2 .
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The above mentioned variables constitute the cluster theory. According to Holden, a
trader decides on a spread to trade on. The trade can be either sell or buy oriented
which will decide the sign of the half spread. Depending on the increment of the price
traded on it falls into cluster Ct. This is illustrated in Figure 3.1 where a price grid of
quarters is described.
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Figure 3.1: Set up of the Holden model on a quarter price grid. The first level
of branches in the figure represents the spreads, s1, s2 and s3 along with the according
probabilities on the branches; γ1 , γ2 and γ3. The next level discloses the trade direction
indicator Qt where the expressions over the branches represent the probabilities. The
indicator Qt decides whether the half spread is positive or negative. The last level of
the tree display the price clusters Ct = 1, Ct = 2 and Ct = 3 as well as the midpoints
Ct = 4, Ct = 5 and Ct = 6. The branches of the last level illustrates the probabilities of
a stock price to fall in each cluster, once sj and Qt are determined.

In Figure 3.1 there are three possible spreads, s1 = 1
4 , s2 = 1

2 and s3 = 1, with the
corresponding probabilities γ1, γ2 and γ3. For each spread the probability µ for a trade
is assumed to be the same. When the spread sj and the trade indicator Qt have been
decided, the probability is equally large to fall on either price increment. When con-
sidering a trade where the spread is s1 = 1

4 and Qt = 1, there are four possible price
increments: 1

4 ,
2
4 ,

3
4 and 4

4 . Holden assumes that the probability of each price increment
is the same, in this case 1

4 . Hence, the probability that the price would fall into cluster
one, Ct = 1, is 2

4 since it includes the two price increments 1
4 and 3

4 . The probabilities
for Ct = 2 and Ct = 3 are both 1

4 . The branches in the last level of Figure 3.1 illustrates
these probabilities.

A stock, trading on a price of 253
4 SEK, is used to explain the logic behind the figure.

The increment of this stocks’ price belongs to cluster one, Ct = 1 since it does not
belong to any increments of the rounder clusters. As is illustrated in Figure 3.1, the
only feasible spread for cluster one is γ1. If instead the stock is traded on a price of 251

2 ,
then the increment is 1

2 and belongs to cluster two, Ct = 2. For cluster two there are
two feasible spreads; s1 = 1

4 and s2 =
1
2 .
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The idea with the Holden model is to sort end of day prices into clusters and, in combi-
nation with (3.11), p. 12, calculate the probability for each spread where the common
factor is the half spread. How this is done is explained in the next section.

3.3.5 Combined approach - setting up the likelihood function

From the characteristic of the recorded price, the Holden model uses three succeeding
days to include serial covariance between prices. Through avoiding too many prices the
complexity of further calculations will be reduced. The model then uses a likelihood
function to calculate the probabilities.

Considering three consecutive end of day trade prices for a stock: Pt, Pt+1 and Pt+2,
these uniquely correspond to price clusters: Ct, Ct+1 and Ct+2. For each of the cor-
responding clusters a set of half spreads are feasible: Ht, Ht+1 and Ht+2. Following
the example of quarters, if the price Pt is traded on a quarter and therefore belongs
to cluster one, Ct = 1, then the half spread set day t consists of h+1=1

8 and h−1=−1
8 ,

where the first half spread is buy oriented and the second is sell oriented. When the set
of half spreads are collected the likelihood function can be calculated.

To summarize, these are the parameters that are unknown in the likelihood function:

• (γ1, γ2, ..., γJ−1), the spread probabilities. The constraint is 0 ≤ γj ≤ 1 for
j = 1, 2, ..., j and the probabilities should sum to one: ΣJ

j=1γ̂j = 1. The excluded
variable γJ is easily calculated if the other spread probabilities are found. The
restriction for it can be stated as 1− ΣJ−1

j=1 γ̂j ≥ 0 and 1− ΣJ−1
j=1 γ̂j ≤ 1.

• µ, i.e. the probability of a trading day. The restriction is that 0 ≤ µ ≤ 1.

• σe, the standard deviation of the error variable from (3.9), p. 12. The restriction
is that σe ≥ 0.

• e, the mean of the error variable from (3.9), p. 12. It is not restricted.

• α in (3.9), p. 12, corresponding to the percentage of the spread that is incurred
by adverse selection. The restriction is that 0 ≤ α ≤ 1.

The probability for the price triplet can be expressed as the conditional probability given
the above unknown variables through

Pr(Pt, Pt+1, Pt+2|µ, γ1, γ2, . . . , γJ−1, e, σe, α) =∑
Ht,Ht+1,Ht+2∈H

{
Pr(Ct) · Pr(Ct+1) · Pr(Ct+2)

· Pr(Ht|Ct) · Pr(Ht+1|Ct+1) · Pr(Ht+2|Ct+2)

· N (Pt+1 −Ht+1 − (Pt − (1− α)Ht))

· N (Pt+2 −Ht+2 − (Pt+1 − (1− α)Ht+1))
}
.

(3.12)
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Here N (·) constitute the Normal density function with mean e and standard deviation
σe. The variable T stand for the aggregated time period over which the likelihood
function is optimized. The overall likelihood function is set up as

Likelihood function =

T−2∑
t=1

Ln(Pr(Pt, Pt+1, Pt+2|µ, γ1, γ2, . . . , γJ−1, e, σe, α)). (3.13)

The constraints for (3.13) are stated in the bullet list above and the equations of the
probability functions are defined in Section 3.3.6. The terms in equation (3.12), p. 16,
are received from the logic of (3.11). The target is to find the probabilities, γj , for each
spread and use these to calculate

percent Effective cost =
ΣJ
j=1γ̂jsj

P
, (3.14)

where P is the mean of the price over the considered time period T . The measure percent
Effective cost thus represent the weighted mean effective spread over period T .

3.3.6 Decimal price grid probabilities

When the price grid has been decided upon, there is a limited number of trade prices and
midpoints for each spread j, denoted as Aj and AJ+j accordingly, where j = 1, 2, . . . , J .
The variable Dj,k is then denoted as the number of price increments of the jth spread
that overlap the kth spread. The probability for a price cluster and a midpoint cluster
respectively are

Pr(Ct = j) =

j∑
k=1

γkµ
Dj,k

Ak
, j = 1, 2, . . . , J, (3.15)

Pr(Ct = J + j) =

j∑
k=1

γk(1− µ)
DJ+j,k

AJ+k
, j = 1, 2, . . . , J. (3.16)

The next part in (3.12) is to get the conditional probability of the half-spreads. For a
price cluster this is

Pr(Ht = hk|Ct = j) =
γ|k|(

µ
2 )

Dj,|k|
A|k|

Pr(Ct = j)
, k ̸= 0, k ≤ j, and j = 1, 2, . . . , J, (3.17)

Pr(Ht = h0|Ct = j) = 0, j = 1, 2, . . . , J, (3.18)

where (3.18) includes the half spread h0 that refers to a no-price midpoint value. If,
instead of a price cluster, a midpoint is present the conditional probabilities are

Pr(Ht = hk|Ct = J + j) = 0, k ̸= 0, k ≤ j, and j = 1, 2, . . . , J, (3.19)

Pr(Ht = h0|Ct = J + j) = 1, j = 1, 2, . . . , J. (3.20)

With these equations all means for calculating the Holden model with (3.14) has been
provided.
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3.4 The Illiq method

As with transaction costs measures, the most common methods used for price impact
are based on tick data. Illiq is as the Holden model a proxy, although it measures
price impact. While the Holden method provides the percent Effective cost, the Illiq
method contributes with a ratio that approximates daily price impact of the order flow.
What it shows is the percentage price change per SEK of traded volume, a measure
highly correlated with λ defined by Kyle (1985). The ratio |Ri,m,d|/V OLi,m,d, provides
the absolute relative price change per SEK of daily traded volume. For this thesis a
monthly estimate of the ratio is calculated,

Illiqi,m =
1

Di,m

Di,m∑
t=0

|Ri,m,d|
V OLi,m,d

. (3.21)

Here Ri,m,d is the return and V OLi,m,d is the traded volume in SEK for stock i on day
d in month m, while Di,m is the sum of days where V OLi,m,d > 0 for stock i and month
m. In this fashion Illiq is constructed for longer time periods. Illiq is primarily used as a
yearly measure in previous research but it has also been shown by Amihud (2002) that
monthly estimates are strongly correlated with benchmarks based on tick data.

A limitation with the Illiq model is that the measure leads to biased results for stocks
trading on prices around 1 SEK and on small volumes. This results from the character-
istics of (3.21) and the ratio |Ri,m,d|/V OLi,m,d. If a stock is traded on low prices, small
changes in the price can result in large returns. If at the same time the volume traded
during a day is small it can influence the ratio so the Illiq measure becomes abnormally
high.
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Chapter 4

Method

The liquidity on the Stockholm stock exchange is measured by using two different prox-
ies; one for transaction cost and one for price impact. The first is the Holden model,
which is used to calculate the percent Effective cost and provides a proxy for transaction
costs. The second factor of liquidity that is considered is price impact where (3.21), p.
18 is used to calculate the Illiq measure.

This chapter starts by explaining the implications when applying the Holden model on
the Stockholm stock exchange. The next section explains the modelling behind the
statistical results and the hypotheses. Finally, the last section illustrates the modelling
behind the combined liquidity measure for a mutual fund.

4.1 Set up of the Holden model

For the calculation of the likelihood function (3.13), p. 17, the spreads, sj , needs to be
defined. The roundest increment, and therefore the largest spread, is chosen to be 1.00
SEK. When surveying time series on the Stockholm stock exchange this is reasonable
since there are no time series that suggest trading occurring on larger spreads than 1.00
SEK. The smallest price increment traded on is 0.01 SEK, which constitutes the smallest
spread. The tick size Table 5.1 shows the possible spreads depending on which segment
and price range a stock is trading within. The seven spreads that will be considered
are 0.01, 0.05, 0.10, 0.20, 0.25, 0.50 and 1.00 SEK. The number of possible spreads are
restricted by the tick sizes defined in Tables 4.1 and 4.2.
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Stock Price γ1 γ2 γ3 γ4 γ5 γ6 γ7

0.00 - 4.99 0.01 0.05 0.10 0.20 0.25 0.50 1.00
5.00 - 14.95 0.05 0.10 0.20 0.25 0.50 1.00 -
15.00 - 49.90 0.10 0.20 0.25 0.50 1.00 - -
50.00 - 149.75 0.20 0.25 0.50 1.00 - - -
150 - 499.75 0.25 0.50 1.00 - - - -
500.00 - 0.50 1.00 - - - - -

Table 4.1: Possible spreads for small or mid cap stocks. The table shows the
possible spread sizes in the Holden model when trading at different price levels for small
cap or mid cap stocks.

Stock Price γ1 γ2 γ3 γ4 γ5 γ6 γ7

0.00 - 49.99 0.01 0.05 0.10 0.20 0.25 0.50 1.00
50.00 - 99.95 0.05 0.10 0.20 0.25 0.50 1.00 -
100.00 - 499.9 0.10 0.20 0.25 0.50 1.00 - -
500.00 - 0.20 0.25 0.50 1.00 - - -

Table 4.2: Possible spreads for large cap stocks. The table shows the possible
spread sizes in the Holden model when trading at different price levels for large cap
stocks.

Tables 4.1 and 4.2 illustrate the difference between the large cap segment, and the small
or mid cap segment. Table 4.2, shows that large cap stocks, trading at prices up to 49.99
SEK, are traded on a tick size of 0.01 and will have seven possible spreads in the Holden
model. In comparison only stocks trading at a price up to 4.99 SEK, when considering
small or mid cap stocks, have seven spreads in the Holden model.

When the number of spreads is decided it is possible to set up the model in accor-
dance with Figure 3.1. Continuing the example with seven spreads above, this leads
to seven clusters and seven midpoints; Ct = 1, Ct = 2, . . . , Ct = 7 and Ct = 8, Ct =

9, . . . , Ct = 14 accordingly. Cluster Ct = 1 includes unique 0.01 increments which are
not included in any of the other clusters, Ct = 2 is the cluster of unique 0.05 values and
so on. Ct = 8 is a midpoint of the spread 0.01, Ct = 9 is a midpoint of the spread 0.05
and so on.

The next step is to approach the likelihood function, (3.13), p. 17, and its associated
equations. To explain the use of the variables Aj and Dj,k in (3.15), (3.16), (3.17) and
(3.18), p. 17, it is intuitive to use a table, Table 4.3. In the first row of the table j = 1

and the spread is 0.01 SEK. The corresponding Aj value, A1 = 100 shows that there are
100 price increments for this spread, i.e. 0.01, 0.02, . . . , 0.99, 1.00. The corresponding
values in the last column shows D1,1, the number of unique price increments (that do not
overlap any of the rounder spread increments) for the first spread, 0.01, that overlap the
first spread, 0.01. These values sum to 80, that is, there are 80 values of 0.01 that do not
overlap any of the rounder spread increments. The other rows are set up in the same way.
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The last of the equations in the likelihood function is the Normal density function to
which all values are known. Hence, the calculations are possible to solve.

The tick size table changes by the Stockholm stock exchange during the last ten years
have been disregarded in the set up of the Holden model. The trial runs showed that
using todays’ tick size tables provided the same results as when shifting the tick size ta-
ble for the changes made by the Stockholm stock exchange. To decrease the complexity
of the model, only the current tick size table, Table 5.1, is used.
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4.2 Statistical analysis

The statistical analysis of the data set is performed on the results from the Illiq and
Holden model with full data availability. The mean and median for each segment and sec-
tor is calculated for each time block, which are the values used in the statistical analysis.

The tool used for the statistical test is a paired Student’s t-test that is used to decide
whether there is a significant level of difference between two time series. The different
confidence levels tested are 95%, 99% and 99.9%. The four hypotheses to be tested are
defined below.

Hypothesis 1 – There exists a difference in transaction cost between small,
mid and large cap stocks

Hypothesis 1 aims to test whether there exists a statistical difference in transaction cost
between the different segments. For this the mean is calculated for each segment for
all time blocks. 189 out of the 270 stocks have full data availability and are therefore
used in the percent Effective cost calculation, see Table A.1 for a detailed list of which
stocks are included. Previous research suggests that the defined hypotheses should be
confirmed (see for example Stoll and Whaley (1983)). The null hypotheses are defined as

Hypothesis 1.1 – The large cap segment has a lower transaction cost than the
mid cap segment.
Hypothesis 1.2 – The mid cap segment has a lower transaction cost than the
small cap segment.
Hypothesis 1.3 – The large cap segment has a lower transaction cost than the
small cap segment.

Hypothesis 2 – There has been a decrease in transaction cost over the last
ten years for the three segments

Hypothesis 2 aims to test whether there has been a decrease in transaction cost over
time. For this the mean is calculated for each segment for all time blocks. 189 out of
the 270 stocks have full data availability and are therefore used in the percent Effective
cost calculation, see Table A.1 for a detailed list of which stocks are included. The first
and fourth periods defined in Table 5.2 are compared to see if there has been a decrease
over time in transaction cost. Previous research suggests that the defined hypotheses
should be confirmed (see for example Goldstein and Kavajecz (2000)). The comparison
is done for all the three segments, thus the null hypotheses are defined as

Hypothesis 2.1 – Large cap stocks have a lower transaction cost in the fourth
period than in the first period.
Hypothesis 2.2 – Mid cap stocks have a lower transaction in the last 20 periods
than in the 20 first periods.
Hypothesis 2.3 – Small cap stocks have a lower transaction cost in the last 20
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periods than in the 20 first periods.

Hypothesis 3 – There exists a difference in price impact between small, mid
and large cap stocks

Hypothesis 3 aims to test whether there exist a statistical difference in price impact
between the different segments. For this the mean is calculated for each segment for all
time blocks. 180 out of the 270 stocks have full data availability and are therefore used
in the Illiq calculation, see Table A.1 for a detailed list of which stocks are included. To
test whether the same characteristics can be shown for price impact as has been shown
for transaction cost in the previous research (Stoll and Whaley, 1983), the following null
hypotheses are defined

Hypothesis 3.1 – Large cap stocks have a lower price impact than mid cap
stocks.
Hypothesis 3.2 – Mid cap stocks have a lower price impact than small cap
stocks.
Hypothesis 3.3 – Large cap stocks have a lower price impact than small cap
stocks.

Hypothesis 4 – There has been a decrease in price impact over the last ten
years

Hypothesis 4 aims to test whether there has been a decrease in price impact over time.
For this the mean is calculated for each segment for all time blocks. 180 out of the 270
stocks have full data availability and are therefore used in the Illiq calculation, see Table
A.1 for a detailed list of which stocks are included. The first and fourth periods defined
in Table 5.2 are compared to see if there has been a decrease over time in price impact.
The aim is to test whether the same change over time can be shown for price impact as
has been shown for transaction cost in the previous research (Goldstein and Kavajecz,
2000). The comparison is done for all the three segments, thus the null hypotheses are
defined as

Hypothesis 4.1 – Large cap stocks have a lower monthly price impact in the
fourth period than in the first period.
Hypothesis 4.2 – Mid cap stocks have a lower monthly price impact in the
fourth period than in the first period.
Hypothesis 4.3 – Small cap stocks have a lower monthly price impact in the
fourth period than in the first period.
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4.2.1 Hypotheses summarized

Hypothesis Null Hypothesis

1.1/3.1 The large cap segment has a lower transaction cost/price impact
than the mid cap segment.

1.2/3.2 The mid cap segment has a lower transaction cost/price impact
than the small cap segment.

1.3/3.3 The large cap segment has a lower transaction cost/price impact
than the small cap segment.

2.1/4.1 Large cap stocks have a lower transaction cost/price impact
the fourth period than the first period.

2.2/4.2 Mid cap stocks have a lower transaction cost/price impact
the fourth period than the first period.

2.3/4.3 Small cap stocks have a lower transaction cost/price impact
the fourth period than the first period.

Table 4.4: Hypotheses summarized. The table provides a summary of the hypotheses
to be tested. The first period is the first 20 time blocks and the fourth period is the last
21 time blocks.

4.3 Combined liquidity measure

To take into account the two models calculated; Illiq and the percent Effective cost, a
combined liquidity measure is suggested to measure the liquidity cost. Kyle (1985) iden-
tifies three factors of liquidity; tightness, depth and resiliency. For the proposed model,
the factors tightness and depth are taken into account but the factor resiliency is not.
The market is assumed to have perfect resiliency, which implies that the price impact
by selling stocks is merely temporary and only effects the price of the stocks being sold
and not the market price of the inventory.

For each stock transaction cost and price impact is combined to create a liquidity cost
dependent on the SEK volume of a trade. The combination is defined as,

yi(V ol) = τi +
1

2
Illiqi · V ol, (4.1)

where τi is the transaction cost for stock i, Illiqi is the price impact for stock i, V ol

is the SEK volume that is traded and yi(V ol) is the percentage cost of trading stock i.
Equation 4.1 is calculated for all 270 stocks. An estimate of the total liquidity cost, the
combined measure, when liquidating positions in a mutual fund is calculated by

Liq. risk =

270∑
i=1

yi(holdi · s_voli) · holdi · s_voli. (4.2)

The variable holdi is the amount in SEK that has been invested in stock i. s_voli is
the percentage of how large part of stock i that should be liquidated. Liq. risk thus
provides a SEK value of how much it would cost to liquidate s_voli percent of each
stock i, i = 1, 2, ..., 270, in a mutual fund. Thus (4.1) and (4.2) together constitute the
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combined approach.

The aim with the combined approach is to evaluate the liquidity cost when looking at
different levels of liquidation. If for example 10 percent of the total market value of a mu-
tual fund is to be liquidated, the liquidity cost can be managed by choosing what amount
of each stock that is to be liquidated. For this purpose, (4.2) is minimised over the dif-
ferent s_voli values. The liquidation is solved by Matlab were the constraints are that
the sum of s_voli shall equal the amount of the mutual fund that is to be liquidated and
that the maximum value that can be sold of a stock i is the amount invested in the stock.

The purpose of the combined approach is to provide a direct indicator on what the liq-
uidity cost might be when liquidating fractions of a mutual fund portfolio. It shows how
sensitive a mutual fund is to the two liquidity factors, transaction cost and price impact
if a mutual fund needs to liquidate large amounts of their assets within one day.

To provide a comparative measure, the combined liquidity measure is also calculated as
a percentage where the denominator is the market value of the mutual fund resulting in

percent Liq. risk =
Liq. risk∑270
i=1 holdi

. (4.3)

To see the stability of the percent Liq. risk calculation in (4.3) the resampling method
bootstrap is used. The bootstrap is performed through the following steps:

For each stock with k time blocks, the resampling is performed for both Illiq and percent
Effective cost, separately.

1. Draw k random results with replacement from the existing time series.

2. Calculate a mean for the drawn values in step 1.

The above steps are performed for each stock in the mutual fund. The means are then
used to calculate percent Liq. risk in (4.3). This is repeated 1,000 times and provides
the possibility to analyse the stability of the results. The 1,000 percent Liq. risk values
calculated using the 1,000 different bootstraped values will be centered around its mean,
and depending on how unstable the results are the standard deviation will differ. The
resampling calculation is calculated for eight different liquidation levels, ranging between
10% and 80%.

4.3.1 Limitations of the combined approach

There are some limitations to the applicability of the combined approach. The portfolio
applied in this thesis has a total market value of 6 billion SEK. An issue is that, the larger
the volume, the more inaccurate the measure becomes. As always, when considering
liquidation of large quantities, it is difficult to assess how the market will react. The
Illiq measure is however limited since it includes both buy and sell oriented transactions.
As the volume becomes larger for sell oriented transactions it is reasonable to assume
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that the measure may become more inaccurate since it builds on both buy and sell
oriented trades.
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Chapter 5

Data

5.1 Stock data

To be able to perform the study, a sufficiently large data set was required. The time
period chosen ranges between 2002-03-20 and 2012-01-20, constituting approximately
ten years of data, and all 290 stocks currently listed on the Stockholm stock exchange
were considered. The collected time series consist of end of day data and includes clos-
ing, bid and ask prices and trading volume in SEK. The data was collected in both
unadjusted and adjusted formats due to the different requirements of the proxies used.
The unadjusted data includes the actual prices traded, which are required by the Holden
model. Some required adjustments were done to days with no trades by calculating the
midpoint price between the end of day quoted bid and ask prices in accordance with the
theory of Holden (2009). The data was adjusted for splits and other corporate events,
and was required for the daily return calculation of Illiq, a calculation that would be bi-
ased if unadjusted data was used. The source for the stock data collection was Thomson
Reuters Datastream.

The three segments; small, mid and large cap on the Stockholm stock exchange are
categorised by the market capitalisation of a company. Companies with a market cap-
italisation above 1 billion EUR are placed in the large cap segment, below 150 million
EUR in the small cap and the companies with a market capitalisation between 150 mil-
lion and 1 billion EUR are segmented as mid cap stocks. The number of stocks in each
sector is illustrated in Table A.2.

Information about tick sizes is also required. For the Stockholm stock exchange the most
recent change was made in October 2009 altering the tick sizes for large cap stocks to
increase the liquidity of the exchange. Minimum tick sizes differ for different price levels
and segments. The tick size levels in Table 5.1 show the two current tables dividing stocks
depending on if they are a part of the large cap segment or the small or mid cap segment.
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Small cap & Mid cap Large cap

Stock price Tick size Stock prize Tick size

0.00 - 4.99 0.01 0.0000 - 0.4999 0.0001
5.00 - 14.95 0.05 0.5000 - 0.9995 0.0005
15.00 - 49.90 0.10 1.0000 - 1.9990 0.0010
50.00 - 149.75 0.25 2.0000 - 4.9980 0.0020
150.00 - 499.50 0.50 5.0000 - 9,9950 0.0050
500.00 - 4,999.00 1.00 10.0000 - 49.9900 0.0100
5,000.00 - 5.00 50.0000 - 99.9500 0.0500

100.0000 - 499.9000 0.1000
500.0000 - 999.5000 0.5000
1,000.0000 - 4,999.0000 1.0000
5,000.0000 - 9,995.0000 5.0000
10,000.0000 - 19,990.0000 10.0000
20,000.0000 - 39,980.0000 20.0000
40,000.0000 - 49,960.0000 40.0000
50,000.0000 - 79,950.0000 50.0000
80,000.0000 - 99,920.0000 80.0000
100,000.000 - 100.0000

Table 5.1: Current tick size table in SEK for the Stockholm stock exchange.
The tick sizes are divided depending on if a stock is traded as a large cap stock or, small
cap or mid cap stock. Source: Nasdaq OMX (2012).

5.1.1 Limitations

A limitation with the collected data that needs to be taken into consideration when
evaluating the results is that stocks traded on the Stockholm stock exchange can also
be traded on other exchanges in Stockholm. In October 2011, 69% of the trading was
conducted at Nasdaq OMX Stockholm, 20% on Chi-X, 6% on Burgundy and the rest
was traded on other markets (Source: Thomson Reuters DataScope). However, both
Chi-X and Burgundy use the same tick sizes for trading in Stockholm as the Stockholm
stock exchange why there are no differences in the set up if the Holden would be applied
on these alternative markets. Further effects from additional exchanges will be discussed
in the further research section.

5.2 Portfolio data

The calculation of the combined liquidity measure requires detailed information about
the holdings of a mutual fund. The holdings from the last available publicised holding
report for a mutual fund were collected for this purpose and are provided in Table A.4.
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5.3 Excluded data

Twenty stocks were excluded from the data set, out of the 290 stocks listed on the
Stockholm stock exchange. The reasons for excluding these stocks are listed in Table
A.3. Seventeen stocks were removed due to very low volumes throughout the entire
time period. The limit for exclusion due to low volume was that trading would have to
occurred on at least 75 percent of the trading days in the time period. Three stocks were
removed due to that they were delisted during the data acquisition phase and therefore
had incomplete data sets. They are denoted as missing data in Table A.3.

For the statistical testing, only stocks with time series covering the whole time period
between 2002-03-20 and 2012-01-06 were included, thus excluding stocks that were listed
later than 2002-03-20. The reason was to ensure that the results would not be biased.
This exclusion limits the data to at most removing 90 out of the 270 stocks. A detailed
list is provided in Table A.1 over which stocks have data for the Illiq measure and Holden
model respectively.

5.4 Calculation periods

The calculation period was defined as a period covering 30 trading days. This created
81 time blocks for which the Holden calculation is performed, providing 81 results. The
same 30 trading day periods were chosen for the Illiq calculation. To be able to compare
the change over time these time blocks were divided into the four periods defined in
Table 5.2.

Period Time blocks Dates

Start End

1 1 – 20 2002-03-20 2004-10-06
2 21 – 40 2004-10-07 2007-02-20
3 41 – 60 2007-02-21 2009-07-16
4 61 – 81 2009-07-17 2012-01-06

Table 5.2: Division of the chosen time period. The table shows the four periods
defined, consisting of specific time blocks. The four periods are limited by a start and
end date shown in the two last columns.

5.5 Tools for modelling

The tool used for the mathematical modelling is Matlab and the analysis of the results
was performed with Microsoft Excel.
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Chapter 6

Results

The result section is divided into four subsections. The first covers the most general
results to get a picture of what the liquidity proxies disclose. The second part discusses
the Holden model. Results between different time blocks, market segments and market
sectors are provided. The third part concerns the same parameters as part two but
focuses on results provided by the Illiq method instead. In the last part, the two models
are combined and applied on a mutual fund.

The results generated by the Holden model are referred to as percent Effective cost
measuring transaction cost. The results generated by the Illiq method are referred to as
Illiq, measuring the price impact per volume traded in SEK.
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6.1 General results

To get an overview of the results and the characteristics of the values generated by
the Holden model and Illiq method, the mean and the median values are collected for
different segments and displayed in Table 6.1.

Percent Effective cost

Segment Mean Median*
Small 1.47% 1.11%
Mid 0.84% 0.62%
Large 0.36% 0.32%

Total 0.94% 0.72%

Illiq

Segment Mean Median*
Small 0.00023% 0.000015%
Mid 0.000016% 0.0000036%
Large 0.0000045% 0.0000015%

Total 0.00010% 0.0000078%

Table 6.1: General results. The mean and median* values of the percent Effective
cost and Illiq calculated for small, mid and large cap stocks traded on the Stockholm
stock exchange with full time series between 2002-03-20 and 2012-01-06. For a list of
the stocks used see Table A.1. Total mean and median* values over all stocks are also
included. The median* reflects the mean of the medians for all considered stocks.

Table 6.1 suggests that the mean percent Effective cost, when trading on the Stockholm
stock exchange, is 0.94%. The median is 0.72% suggesting that the general transaction
cost might be slightly lower. Considering the segments, both the mean and the median
of the percent Effective cost is highest for small cap stocks and smallest for large cap
stocks. The median values are generally smaller than the mean values, a difference that
is largest for small cap stocks. Considering Illiq in 6.1 the suggested mean price im-
pact per volume, through the Illiq measure, is 0.00010%. The median is much smaller;
0.0000078%, since some values, especially small cap stock values, increase the mean.
As with the percent Effective cost, the mean and median Illiq is highest for small cap
stocks and smallest for large cap stocks. Median values are also in general smaller per
segment, suggesting that there exist stocks increasing the mean on all segments. The
values in Table 6.1 are calculated on stocks with full data ranging over the whole period
2002-03-20 and 2012-01-06 to provide fair results. In Table B.1 the same calculations as
in Table 6.1 are provided, but includes all stocks, showing similar results.
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6.2 Percent Effective cost from the Holden model

To get an overview how the percent Effective cost has changed over time, Figure 6.1
displays the development of the mean and median.
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Figure 6.1: Mean and median percent Effective cost. The Figure shows the
mean and median of percent Effective cost for all the stocks traded on the Stockholm
stock exchange with full time series between 2002-03-20 and 2012-01-06. For a list of
the stocks used see Table A.1. The median reflects the mean of the medians for all
considered stocks.

Figure 6.1 illustrates that the percent Effective cost today is lower compared to the
beginning of 2002. The peak in the beginning of the studied time period occurred at
the same time as the burst of the dot-com bubble. There is also a slight peak in the
values around the financial crisis in the end of 2008. Otherwise the visible changes are
too small to draw any conclusions, leaving the mean percent Effective cost varying be-
tween 0.6% and 1.1%. When considering segments the consensus from studies on large
exchanges such as the NYSE and Nasdaq is that the percent Effective cost is higher
for the small cap segment and lower on the large cap segment. Since the overall mean
and median values over ten years suggest that this is true it is reasonable to make a
thorough investigation of the data, to see if there is a significant statistical difference
between segments on the Stockholm stock exchange.

33



0.0%

0.5%

1.0%

1.5%

2.0%

2.5%

3.0%

3.5%

May 2002 Sep 2003 Jan 2005 May 2006 Sep 2007 Jan 2009 May 2010 Sep 2011

P
e
r
c
e
n

t 
E

ff
e
c
ti

v
e
 c

o
s
t

Mean - Small cap Mean - Mid cap Mean - Large cap

0.0%

0.5%

May 2002 Sep 2003 Jan 2005 May 2006 Sep 2007 Jan 2009 May 2010 Sep 2011

Time

Figure 6.2: Mean percent Effective cost for the three segments. The figure
shows the mean of the percent Effective cost for small, mid and large cap stocks traded
on the Stockholm stock exchange with full time series between 2002-03-20 and 2012-01-
06. For a list of the stocks used see Table A.1.

Figure 6.2 illustrates the mean percent Effective cost per segment over the studied time
period and gives an overview on how transaction costs have increased or decreased for the
different segments. It is evident that the mean percent Effective cost of large cap stocks
in general has been lower, while the mean of the small cap has been highest. Only at
two points in time has this order been changed; around September 2003 and November
2006 where, on both occasions, mid cap surpassed small cap on being the most expen-
sive. If considering the relative cost between the segments over time it decreased after
2002 and between 2006 and 2007 it was relatively small between all segments. However,
if considering the time period between 2009 and 2011 it can be seen that the relative
cost has increased again, suggesting that there are significant differences between the
segments. This relationship also holds if the median is considered, see appendix B.1.
That this relationship holds statistically is shown in Table 6.2.

T-test - Mean Probability of difference

Small cap and Mid cap 100.00% (∗∗∗)
Mid cap and Large cap 100.00% (∗∗∗)

Small cap and Large cap 100.00% (∗∗∗)

Table 6.2: Student’s t-test percentage Effective cost over segments. The chart
illustrates t-tests between segments when considering the mean value of percent Effective
cost for stocks traded on the Stockholm stock exchange with full time series between
2002-03-20 and 2012-01-06, see Table A.1. If a test is significant the brackets shows
whether the significance level is 95% with (∗), 99% with (∗∗) or 99.9% with (∗∗∗) while
no significance is represented by (−).

According to Table 6.2 it is evident that the percent Effective cost differ between the
samples. The difference between all of the segments is 99.9% significant (***). Hence

34



hypothesis 1, that there exists a difference in transaction cost between small, mid and
large cap stocks, can be confirmed.

Another aspect is the change of percent Effective cost over time. Returning to Figure
6.2 it shows how the mean has fluctuated for small cap stocks. After 2002 the mean per-
cent Effective cost for the small cap segment decreased until February 2007 after which
it increased. The mean for mid cap segment varies less in the second half of the time
period compared to the first half. The mean for large cap stocks has decreased steadily
since 2002. A peak during the financial crisis in the period covering November 2008
could have been expected. There is however no significant change in Figure 6.2 during
this period; the only evidence of this is that the values fluctuate more after November
2008. When considering the median it is possible to distinguish a slight change during
the financial crisis, see Figure B.1.

To see whether the changes over time have been significant, the results have been divided
into the four periods on which Student’s t-tests have been conducted for each segment
resulting in Table 6.3.

T-test over time Probability of decrease

Small cap Mid cap Large cap

Period 1 and Period 4 99.46% (∗∗) 100.00% (∗∗∗) 100.00% (∗∗∗)
Period 1 and Period 2 100.00% (∗∗∗) 99.33% (∗∗) 100.00% (∗∗∗)
Period 1 and Period 3 100.00% (∗∗∗) 100.00% (∗∗∗) 100.00% (∗∗∗)
Period 2 and Period 3 − 77.31% (−) 32.67% (−)
Period 2 and Period 4 − 93.48% (−) 100.00% (∗∗∗)
Period 3 and Period 4 − 99.96% (∗∗∗) 100.00% (∗∗∗)

Table 6.3: Student’s t-test percent Effective cost over time. The table presents
the results for Student’s t-tests conducted over segments for the percent Effective cost
value between the four periods of the study. Period 1 ranges between 2002-03-20 and
2004-10-06, period 2 ranges between 2004-10-07 and 2007-02-20, period 3 ranges between
2007-02-21 and 2009-07-16 and period 4 ranges between 2009-07-17 and 2012-01-06.
Stocks traded on the Stockholm stock exchange with full time series between 2002-03-20
and 2012-01-06 are included, see Table A.1. If a test is significant the brackets show
whether the significance level is 95% with (∗), 99% with (∗∗) or 99.9% with (∗∗∗) or no
significance (−). The results denoted with − have increased over the time period.

Table 6.3 shows that the probability of a decrease between period 1 and period 4 is of
99.9% significance (***) for the mid and large cap segments and of 99% significance (**)
for small cap. Hence, there is a statistically significant difference for all of the segments
between the periods set up in the hypotheses. Considering large cap and mid cap, there
has been a constant decrease over time. The mean percent Effective cost for small cap
has also decreased between period 1 and period 4. However, the results suggest that
there has been an increase since period 2 for small cap although the transaction cost
levels of period 4 are still lower than those of period 1. The comparisons between periods
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that are not significantly different are between period 2 and 4 for the mid cap segment
and between period 2 and period 3 for the mid and large cap segments. Hypothesis 2,
that there has been a decrease in transaction cost over the last ten years can be con-
firmed although the pattern is that the mean percent Effective cost has been increasing
again for the small cap segment.

When considering a sector classification, the Stockholm stock exchange has too few
stocks in each sector to make any statistical conclusions. However certain patterns are
visible when a chart consisting of the mean percent Effective cost is constructed. Figure
B.2 illustrates that the pattern of small, mid and large cap segments are evident for
almost every sector, suggesting that there is no difference between sectors when assessing
the effective cost. That some small cap columns peak does not bring any significance to
the general results since too few stocks are represented in those sectors (see table A.2).

6.3 Illiq

The time series of the mean of the Illiq measure is illustrated in figure 6.3. The median
is also included as a reference.
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Figure 6.3: Mean and median Illiq. The figure shows the mean and median of Illiq
for all the stocks on the Stockholm stock exchange with full time series over the time
period between 2002-03-20 and 2012-01-06. For a list of the stocks used see Table A.1.
The median reflects the mean of the medians for all considered stocks.

From Figure 6.3 the results suggest that there are a couple of peaks in the time series of
mean Illiq values in the second half of the period. The highest peaks occur in November
2008, during the financial crisis, and in November 2010, during the euro crisis. It is
evident that the Illiq measure does not peak for all stocks since the median is much
smaller than the mean.

As with the percent Effective cost, the mean for the three segments are provided in
Figures 6.4, 6.5 and 6.6. The disparity between the segments is large why it would be
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futile to present the three segments in the same Figure, see Figure B.3. Therefore each
segment is assessed in a separate figure. When comparing the overall results of Illiq,
Figure 6.3 shows that the mean values sometimes are much larger than the median.
This implies that there are values increasing the mean why it could be interesting to
provide median values as a complement for the three segments. This is done in Figures
B.4, B.5 and B.6, in Appendix B.
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Figure 6.4: Mean Illiq for small cap. The time series for the mean value of the
Illiq method for small cap stocks on the Stockholm stock exchange with full time series
over the time period between 2002-03-20 and 2012-01-06. For a list of the stocks used
see Table A.1.
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Figure 6.5: Mean Illiq for mid cap. The time series for the mean value of the Illiq
method for mid cap stocks on the Stockholm stock exchange with full time series over the
time period between 2002-03-20 and 2012-01-06. For a list of the stocks used see Table
A.1.
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Figure 6.6: Mean Illiq for large cap The time series for the mean value of the Illiq
method for large cap stocks on the Stockholm stock exchange with full time series over
the time period between 2002-03-20 and 2012-01-06. For a list of the stocks used see
Table A.1.

Figures 6.4 to 6.6 provide the time series for mean Illiq for the different segments. The
differences between the segments are illustrated if the scales of the vertical axes in the
figures are considered. The mean Illiq for small cap is higher than for mid cap and the
Illiq for mid cap is higher than for large cap. Figure 6.4 illustrates that the price impact
for small cap decreased in the beginning of the time period, but has some major peaks,
for example in November 2008 and in November 2010. This pattern is also present for
the mid and large cap segments, although their mean Illiq values are lower. Considering
the median values the peak in November 2008 is present for all three segments although
not as evident. To decide whether there is a difference between the segments the same
Student’s t-test is conducted that was performed for the Holden model in Table 6.2.

T-test - Mean Probability of difference

Small cap and Mid cap 95.77% (∗)
Mid cap and Large cap 99.94% (∗∗∗)

Small cap and Large cap 98.43% (∗)

Table 6.4: Student’s t-test for Illiq for the three segments. The chart illustrates
Student’s t-tests between segments when considering the mean value of Illiq for stocks
traded on the Stockholm stock exchange with full time series between 2002-03-20 and
2012-01-06, see Table A.1. If a test is significant the brackets shows whether the signif-
icance level is 95% with (∗), 99% with (∗∗) or 99.9% with (∗∗∗) while no significance is
represented by (−).

When comparing the Student’s t-test over the mean, Table 6.4 shows that the difference
between mid cap and small cap as well as mid cap and large cap is of 95% significance
(∗). The significance level between small cap and large cap is 99.9% (∗∗∗). Hence, there
is evidence of significant differences between the segments, confirming Hypothesis 3.
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Considering changes over time, the time series has been divided into the same four time
periods as with the Holden model in Table 6.5 and Student’s t-tests between time series
and segments have been performed.

T-test over time Probability of decrease

Small cap Mid cap Large cap

Period 1 and Period 4 86.16% (−) 93.48% (−) 59.71% (−)
Period 1 and Period 2 99.99% (∗∗∗) 99.99% (∗∗∗) 97.51% (∗)
Period 1 and Period 3 61.39% (−) 9.28% (−) 82.02% (−)
Period 2 and Period 3 99.99% (∗∗∗) 91.94% (−) 90.88% (−)
Period 2 and Period 4 90.37% (−) 95.07% (∗) 73.40% (−)
Period 3 and Period 4 84.28% (−) 76.76% (−) 29.69% (−)

Table 6.5: Student’s t-test Illiq over time. The table presents the results for
Student’s t-tests conducted over segments for the Illiq value between the four periods of
the study. Period 1 ranges between 2002-03-20 and 2004-10-06, period 2 ranges between
2004-10-07 and 2007-02-20, period 3 ranges between 2007-02-21 and 2009-07-16 and
period 4 ranges between 2009-07-17 and 2012-01-06. Stocks traded on the Stockholm
stock exchange with full time series between 2002-03-20 and 2012-01-06 are included,
see Table A.1. If a test is significant the brackets shows whether the significance level is
95% with (∗), 99% with (∗∗) or 99.9% with (∗∗∗) while no significance is represented by
(−).

Table 6.3 shows that there is no statistical significant difference for any segment between
period 1 and period 4. When considering Figures 6.4 to 6.6 there are some peaks for all
segments although the mean is generally on the same level suggesting that the difference
over time is small. There are a few periods that are statistically significantly different;
period 1 and 2 are statistically significantly different for all segments and period 3 and
period 4 are different with significance (∗∗∗) for small cap. Hypothesis 4, that there has
been a decrease in price impact over the last ten years, is rejected.

As with the percent Effective cost, the performance of different sectors is shown in Fig-
ure B.7. It is useful to see how some stocks peak in this diagram; an effect of small cap
stocks. This will be insightful in the coming calculations when combining the percent
Effective cost and Illiq.
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6.4 Combining the two liquidity measures

A way to assess the liquidity of a portfolio is to combine the two models. As stated,
the Holden model is used to measure the transaction cost whereas Illiq measures the
price change attributable to volume. These measures are applied in the proposed com-
bined approach in (4.2), p. 25, which is used to assess the liquidity cost of an example
portfolio, defined in Table A.4. In order to show how the input into the model might
differ depending on which stocks that are considered, three stocks are assessed separately.

On the following page examples are provided for one stock in each segment for which the
yj,i(V ol) has been calculated for volumes between one SEK and one million SEK using
(4.1), p. 25. The results are illustrated in Figure 6.7. As expected the slope is steeper
for the small cap stock implying a larger increase in percent combined liquidity cost for
capitalising small cap stock than mid and large cap stocks. This implies that the Illiq
value is larger for the small cap stock than for the mid and large cap stocks. The initial
value is also highest for the small cap stock and lowest for the large cap stock. This
results from the large cap stock having the smallest percent Effective cost and hence a
lower transaction cost. The transaction cost is independent of the amount of volume
traded. The results from the three examples are all in accordance with the results in
Sections 6.2 and 6.3.
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(a) Large cap segment. Percent Effective cost = 0.072% and Illiq = 3.95 ·
10−11%/SEK of traded volume.
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(b) Mid cap segment. Percent Effective cost = 0.34% and Illiq = 1.5 ·
10−9%/SEK of traded volume.
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(c) Small cap segment. Percent Effective cost = 0.44% and Illiq = 7.3 ·
10−9%/SEK of traded volume.

Figure 6.7: Combined liquidity measure for three single stocks. The calcula-
tions are based on the calculations for the 30 trading day period from 25/11/2011 to
06/01/2012. The figures are calculated using (4.2) with the specified values under each
figure. The value with which the line crosses the vertical axis is the percent Effective cost
and the angle of is decided by the price impact measure, Illiq.
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6.4.1 Bootstrap

To proceed with the calculation of Liq. Risk in (4.2), p. 25, and see how uncertain
the liquidity cost is, the bootstrap method is used. The bootstrap is calculated for
each stock of the example portfolio, calculations which are combined in the Liq. Risk
calculation, to provide information about how the liquidity cost might fluctuate. The
results from using the bootstrap method for one stock, Atlas Copco ser. A, are shown in
Figures 6.8 and 6.9, illustrating the mean of percent Effective cost and Illiq. The results
illustrate that the mean percent Effective cost ranges between 0.12% and 0.21% and the
majority of samples are close to the mean of 0.17%. Similar characteristics are found in
Figure 6.9, for the mean of Illiq. It is centered around the mean value but has a wider
distribution than the mean percent Effective cost plot.
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Figure 6.8: Results using the bootstrap method for the percent Effective cost.
The figure shows the mean of percent Effective cost for Atlas Copco ser. A when using
the resampling method to calculate an interval for the percent Effective cost measure.
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Figure 6.9: Results using the bootstrap method for the Illiq measure. The
figure shows the mean of Illiq for Atlas Copco ser. A when using the resampling method
bootstrap to calculate an interval for the Illiq measure.
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6.4.2 Application on a mutual fund

The results when calculating the combined liquidity measure for the mutual fund with
the holdings shown in Table A.4 can be seen in Table 6.6 and Figure 6.10 showing the
percentage cost of liquidating different fractions of the mutual funds’ holdings.

% Liquidated Liquidation cost

Min Mean Max

10 0.02% 0.03% 0.04%
20 0.06% 0.06% 0.16%
30 0.11% 0.12% 0.37%
40 0.21% 0.22% 0.74%
50 0.38% 0.41% 0.76%
60 0.78% 0.92% 1.24%
65 1.12% 1.34% 1.70%
70 1.67% 2.01% 3.06%
75 2.69% 3.52% 5.44%
80 5.58% 6.66% 8.88%

Table 6.6: Results for the liquidity calculation for a mutual fund with no
small cap stocks and a maximum of 30 stocks. The minimum, mean and max-
imum values are found by resampling the results 1,000 times. The liquidation cost is
calculated by dividing with the total market value of the mutual fund before the liquida-
tion begins.
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Figure 6.10: Results from optimal liquidation. The figure shows the combined
liquidity cost in a percentage of the total market value of a mutual fund. For each per-
centage liquidated the minimum, mean and maximum are calculated from the resampled
values using the bootstrap methodology.

Table 6.6 shows the liquidity cost mean and the liquidity cost intervals between min-
imum and maximum values calculated from the bootstrap method. It is shown that
the mean in general is closer to the minimum value and that the mean increases as the
liquidation levels becomes higher. It is also suggested that the intervals increases as the
liquidation levels increase. To illustrate the difference between the intervals, Figure 6.10
is provided, illustrating how the change in minimum, mean and maximum values change
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throughout the entire span of the calculated liquidation levels. It shows how large the
uncertainty factor becomes when liquidating large holdings.

That the uncertainty becomes larger for larger volumes is proposed in Section 4.3.1,
and it is important to consider the size of the example portfolio to get a relative per-
spective. The example portfolio has a market value of 6 billion SEK. A mutual fund
with a larger market value and a similarly balanced portfolio will probably have a larger
dispersion from the mean suggesting larger uncertainty if liquidating the same fractions.
In opposite, a mutual fund with a smaller portfolio and a similar balanced portfolio, will
probably have a smaller uncertainty. The dispersion from the mean for larger volumes
is mainly attributable to Illiq and portfolios consisting of stocks with high Illiq values
will have larger uncertainty for high liquidation levels.
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Figure 6.11: Percent liquidated of each stock for the mutual fund. The Figure
shows the percent of each stock liquidated when 20% of the mutual fund is liquidated.

To see the result of the liquidation, when applying the combined measure, Figure 6.11 is
provided. As expected the large and mid cap stocks are the most liquidated, since they
have a lower transaction cost, and a lower price impact per volume. Some of the small
cap stocks are not liquidated at all since they have too high transaction costs. These
results are in line with the general results presented earlier in the results section and il-
lustrates how the transaction cost and price impact influences the liquidity of a portfolio.
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Figure 6.12: Holdings before and after liquidating 20% of a mutual fund in
SEK. The figure illustrates the results after liquidating 20% of a mutual fund using the
optimal approach, minimising the combined liquidity risk measure proposed in Section
4.3.

In Figure 6.12 the shift of how the portfolio is balanced is shown when 20% of the mutual
fund is liquidated. The most expensive stocks to liquidate are left unchanged and of the
more liquid stocks, large quantities have been liquidated. This affects the balance of
the portfolio which implies that it is less liquid than before, since it contains a higher
proportion of illiquid stocks.

To summarise, the combined approach minimises the liquidity cost when liquidating
stocks in a portfolio. The model thus provides an indicator of the liquidity by assessing
the liquidity cost when liquidating fractions of a portfolios holdings. It also shows what
stocks that are most or least liquid and how the balance will be affected from such a
liquidation. In this way the combined approach provides a tool to measure the liquidity
of a mutual fund or any other large portfolio.
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Chapter 7

Conclusions

The aim of this study was to assess the liquidity on the Stockholm stock exchange and
create a liquidity measure for a mutual fund. The first research question concerned
whether there are differences between small, mid and large cap stocks for transaction
cost and price impact. The second concerned whether there has been a decrease in
transaction cost and price impact for small, mid and large cap stocks over the last ten
years. Four hypotheses were defined to address these questions;

Hypothesis 1 – There exists a difference in transaction cost between small,
mid and large cap stocks.
Hypothesis 2 – There has been a decrease in transaction cost over the last
ten years for the three segments.
Hypothesis 3 – There exists a difference in price impact between small, mid
and large cap stocks.
Hypothesis 4 – There has been a decrease in price impact over the last ten
years.

For this, liquidity proxies were used based on end of day data. The Holden model was
used to assess transaction cost, and the Illiq method was used to assess price impact.
These models were chosen since both the Holden model and the Illiq method have been
shown to be adequate proxies when comparing different proxies with tick data (Goyenko
et al., 2009).

The hypotheses were tested with Student’s t-tests, and the results for the hypotheses
are summarised in Tables 7.1 and 7.2.
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Hypothesis Hypothesis Significance

1.1 The large cap segment has a lower transaction cost
(∗∗∗)than the mid cap segment.

1.2 The mid cap segment has a lower transaction cost
(∗∗∗)than the small cap segment.

1.3 The large cap segment has a lower transaction cost
(∗∗∗)than the small cap segment.

2.1 The large cap segment has a lower transaction cost
(∗∗)the fourth period than the first period.

2.2 The mid cap segment has a lower transaction cost
(∗∗∗)the fourth period than the first period.

2.3 The small cap segment has a lower transaction cost
(∗∗∗)the fourth period than the first period.

Table 7.1: Results for Hypotheses 1 and 2. The table provides a summary of the
results for Hypotheses 1 and 2. The first period is the first 20 time blocks and the fourth
period is the last 21 time blocks. If a test is significant the brackets shows whether the
significance level is 95% with (∗), 99% with (∗∗) or 99.9% with (∗∗∗) while no significance
is represented by (−).

That companies with larger market capitalisation in general have a lower transaction
cost has been shown repeatedly through several studies (Roll, 1984; Stoll and Wha-
ley, 1983). That these results also holds on the Stockholm stock exchange is strongly
suggested by the results in this thesis. Hypothesis 1.1 to 1.3 above suggest that the
difference between the segments can be concluded with 99.9% significance. It can hence
be concluded that Hypothesis 1 holds on the Stockholm stock exchange as well.

That the liquidity cost has decreased has been shown for the NYSE by Goldstein and
Kavajecz (2000). The reduction of tick sizes over time also provides the opportunity
to trade on smaller spreads. However, this is not always the case since traders tend
to trade on prices with rounder increments (Christie and Schultz, 1994). The results,
through Hypotheses 2.1 to 2.3, suggest that there has been a significant decrease over
the period 2002-03-20 to 2012-01-06 for all segments on the Stockholm stock exchange.
For mid cap and large cap, this decrease has been of 99.9% significance, where the re-
sults reveal a steady decline in price throughout the whole period. For small cap stocks,
the decrease is 99% significant, although the results suggest that the transaction cost
is increasing during the last five years. Relative to the other segments the cost for the
small cap segment has also increased. The conclusion is that the transaction cost on the
Stockholm stock exchange has become lower between 2002-03-20 and 2012-01-06 and
that Hypothesis 2 holds.
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Hypothesis Hypothesis Significance

3.1 The large cap segment has a lower price impact
(∗∗)than the mid cap segment.

3.2 The mid cap segment has a lower price impact
(∗∗)than the small cap segment.

3.3 The large cap segment has a lower price impact
(∗∗∗)than the small cap segment.

4.1 The large cap segment has a lower price impact
(−)the fourth period than the first period.

4.2 The mid cap segment has a lower price impact
(−)the fourth period than the first period.

4.3 The small cap segment has a lower price impact
(−)the fourth period than the first period.

Table 7.2: Results for Hypotheses 3 and 4. The table provides a summary of the
results for Hypotheses 3 and 4. The first period is the first 20 time blocks and the fourth
period is the last 21 time blocks. If a test is significant the brackets shows whether the
significance level is 95% with (∗), 99% with (∗∗) or 99.9% with (∗∗∗) while no significance
is represented by (−).

Since it has been proved that companies with smaller capitalisation have a higher spread
it is reasonable to believe that the price impact is largest for small cap stocks and small-
est for large cap stocks, when considering the three segments. This is also suggested by
the results, through Hypothesis 3.1 to 3.3, which suggest that the difference between
large cap and small cap stocks is of 99.9% significance (∗∗∗). The difference between the
other segments is of 99% significance. Hypothesis 3 is hence confirmed.

The last hypothesis, Hypothesis 4, testing whether there had been a change in price
impact over time showed no significance. It could have been suggested that the price
impact would have decreased on the Stockholm stock exchange since the transaction cost
has decreased during the same time period. The results however rejected this hypothesis.

The last research question of this thesis concerned whether there was a way to use simple
means to construct a liquidity risk proxy to give an indication of the liquidity cost of
an equity portfolio held by a mutual fund. With the aid of the Holden model and the
Illiq measure, a liquidity model was proposed covering the two market liquidity factors
tightness and depth. The aim of the model is to assess the cost of liquidating fractions
of a portfolio and monitor how this cost changes. Through the measure it is possible to
monitor the sensitivity of a mutual fund and to show which stocks affect the liquidity
cost the most. It is also possible to see whether it is the price impact or the transaction
cost that affects liquidity the most. The purpose was to create a liquidity proxy, a tool,
for evaluating the liquidity of a portfolio and the combined approach provides a simple
mean for this purpose.

The choice of optimising the liquidation of the stocks in a portfolio when it comes to
liquidity cost builds on reasonable arguments. Firstly, it provides an indicator of which
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stocks that are liquid and which stocks that are not. With the combined approach it is
possible to study which stocks contribute to a higher liquidity cost, and if price impact
or transaction cost influences the liquidity cost the most. Secondly, it provides a simple
tool that provides a direct indicator of the liquidity situation of a mutual fund.

Instead of optimising the liquidation in the combined approach it would be possible to
retain the balance of the portfolio if liquidating the same percentage of each asset in
the portfolio. It could be argued that the balance between assets should be retained
since the balance within a mutual fund is presumably the fund managers optimal port-
folio choice, and a change in the balance will inherit a risk of a decrease in value. This
approach is however not reasonable. Some stocks are highly illiquid and will increase
the cost rapidly when increasing liquidation volumes. It is unreasonable to argue that a
mutual fund manager would take on this cost to keep the portfolio in balance.

The limitations suggested in Section 4.3.1 for the combined approach are confirmed in
the results section. The uncertainty increases rapidly with the size of the liquidated
amount of the mutual fund. Especially the Illiq value increases the uncertainty inter-
val as liquidation volumes become larger. Another issue is that, when liquidating large
amounts of the liquid assets, the resulting portfolio becomes less liquid. The cheapest
liquidation of assets at the moment might not be the cheapest liquidation over time.

The use of the combined approach measure could have several application areas. As
mutual funds are required to assess the liquidity risk through the UCITS IV directive,
means for assessing the liquidity cost of portfolios is required. The proposed measure is
in itself not adequate enough to be used as a reporting tool. It is reasonable to believe
that the liquidity measure of UCITS IV would be formed in line with the LCR of the
Basel III framework since it has become standard within the financial industry when
it comes to short term liquidity risk assessment. The combined approach is however a
more intuitive measure that is more comprehensible for fund managers to be used as an
assessment tool.

49



7.1 Further research

The natural extension of this thesis would be to compare the results from the Holden
model and the Illiq method to tick data and in this way confirm the results further.
There is no doubt that both of the models are highly correlated with the Stockholm
stock exchange but through additional studies on tick data the credibility of these results
could be confirmed further. A second extension would be to increase the data sample to
include data from other markets than the Stockholm stock exchange. Data from dark
pools could also be included, on which large trades often occur with little market insight.

Even though this thesis involves concepts of market microstructure it has not been
an outspoken aim to explain market microstructure factors. There exist studies con-
ducted to explain to what extent tick size changes affects the liquidity of trading on the
Stockholm stock exchange (Niemeyer and Sandas, 1994). If adapting the calculations
to provide more granular data around such events, regression models could be used to
assess whether such events make a difference. The same can be done for certain events
that are suggested to be of major importance, such as the financial crisis or the euro
crisis. This thesis has focused on explaining the change over segments and time rather
than the effects from specific events.

The optimisation of the combined measure has few constraints. The constraints ad-
dressed are that the total amount of assets that can be liquidated is the assets in the
portfolio. It is however possible to add new constraints to restrict the optimisation so
that it reflects a mutual fund managers requirements. For this a qualitative study could
be conducted addressing input from mutual fund managers to account for both a prof-
itable balance of the portfolio and a low liquidity cost.

The suggested application on mutual funds is also subject for research. As liquidated
volumes increase, the proxies naturally becomes less accurate as shown through the
bootstrap. Finding means to assess larger volumes could be a next step to develop this
model. However, this proxy could be used as a first proxy of how the liquidation of
assets in a portfolio might affect the overall liquidity.
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Appendix A

Data tables

Stock Sector Segment

A-Com AB1 Media Small
AarhusKarlshamn AB Food & Beverage Mid
ABB Ltd1 Industrial Goods & Service Large
Acando AB ser. B1 Technology Small
ACAP Invest AB ser. B Personal & Household Goods Small
Active Biotech AB1 Health Care Mid
AddNode AB ser. B1 Technology Small
Addtech AB ser. B1 Industrial Goods & Service Mid
Aerocrine AB ser. B Health Care Small
Alfa Laval AB3 Industrial Goods & Service Large
Allenex AB Health Care Small
Alliance Oil Company Ltd. SDB2 Oil & Gas Large
AllTele Allmänna Svenska Telefonab Telecommunications Small
Anoto Group AB1 Technology Small
Arise Windpower AB Utilities Small
Artimplant AB ser. B1 Health Care Small
Aspiro AB1 Technology Small
ASSA ABLOY AB ser. B1 Construction & Materials Large
AstraZeneca PLC1 Health Care Large
Atlas Copco AB ser. A1 Industrial Goods & Service Large
Atlas Copco AB ser. B1 Industrial Goods & Service Large
Atrium Ljungberg AB ser. B1 Real Estate Large
Autoliv Inc. SDB1 Automobiles & Parts Large
Avanza Bank Holding AB1 Financial Services Mid
Avega Group AB ser. B Technology Small
Axfood AB1 Retail Large
Axis AB1 Technology Mid
B&B TOOLS AB ser. B1 Industrial Goods & Service Mid
BE Group AB Basic Resources Mid
Beijer AB, G & L ser. B1 Industrial Goods & Service Mid
Beijer Alma AB ser. B1 Industrial Goods & Service Mid
Beijer Electronics AB1 Industrial Goods & Service Small
Bergs Timber AB ser. B1 Basic Resources Small

1 Full data available for the Holden model and the Illiq method
2 Full data available for Holden model
3 Full data available for the Illiq method

54



Stock Sector Segment

Betsson AB ser. B1 Travel & Leisure Mid
Bilia AB ser. A1 Retail Mid
Billerud AB1 Basic Resources Mid
BioGaia AB ser. B1 Health Care Mid
BioInvent International AB1 Health Care Mid
Biotage AB1 Health Care Small
Björn Borg AB Personal & Household Goods Mid
Black Earth Farming Ltd. SDB Food & Beverage Mid
Boliden AB1 Basic Resources Large
Bong Ljungdahl AB1 Industrial Goods & Service Small
Boule Diagnostics AB Health Care Small
Brinova Fastigheter AB ser.B Real Estate Mid
BTS Group AB ser. B1 Industrial Goods & Service Small
Bure Equity AB1 Financial Services Mid
Byggmax Group AB Retail Mid
Castellum AB1 Real Estate Large
Catena AB Real Estate Small
Cavotec SA Industrial Goods & Service Small
CDON Group AB Retail Mid
CellaVision AB Health Care Small
Cision AB1 Industrial Goods & Service Small
Clas Ohlson AB ser. B1 Retail Mid
Cloetta AB ser. B Food & Beverage Small
Coastal Contacts Inc Retail Small
Concentric AB Industrial Goods & Service Mid
Concordia Maritime AB ser. B1 Industrial Goods & Service Small
Connecta AB Technology Small
Consilium AB ser. B1 Industrial Goods & Service Small
Corem Property Group AB2 Real Estate Mid
CTT Systems AB1 Industrial Goods & Service Small
Cybercom Group AB1 Technology Small
Dagon AB2 Real Estate Small
Dedicare AB ser. B Health Care Small
DGC One AB Telecommunications Small
Diamyd Medical AB ser. B2 Health Care Small
Diös Fastigheter AB Real Estate Mid
DORO AB1 Technology Small
Duni AB Personal & Household Goods Mid
Duroc AB ser. B1 Industrial Goods & Service Small
East Capital Explorer AB Financial Services Mid
Elanders AB ser. B1 Industrial Goods & Service Small
Electra Gruppen AB Retail Small
Electrolux, AB ser. A1 Personal & Household Goods Large
Electrolux, AB ser. B1 Personal & Household Goods Large
Elekta AB ser. B1 Health Care Large
Elos AB ser. B1 Health Care Small

1 Full data available for the Holden model and the Illiq method
2 Full data available for Holden model
3 Full data available for the Illiq method
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Stock Sector Segment

Enea AB1 Technology Small
Eniro AB1 Media Mid
EnQuest plc Oil & Gas Mid
EpiCept Corporation Health Care Small
Ericsson, Telefonab. L M ser. A1 Technology Large
Ericsson, Telefonab. L M ser. B1 Technology Large
Etrion corp. Utilities Small
eWork Scandinavia AB Industrial Goods & Service Small
Fabege AB1 Real Estate Large
Fagerhult, AB1 Construction & Materials Mid
Fast Partner AB1 Real Estate Mid
Fastighets AB Balder pref. Real Estate Mid
Fastighets AB Balder ser. B1 Real Estate Mid
Feelgood Svenska AB1 Health Care Small
Fenix Outdoor AB ser. B1 Personal & Household Goods Mid
Fingerprint Cards AB ser. B1 Industrial Goods & Service Small
FinnvedenBulten AB Automobiles & Parts Small
FormPipe Software AB Technology Small
Getinge AB ser. B1 Health Care Large
Geveko, AB ser. B1 Construction & Materials Small
Global Health Partner AB Health Care Small
Gunnebo AB1 Industrial Goods & Service Mid
Hakon Invest AB Retail Large
Haldex AB1 Automobiles & Parts Mid
Heba Fastighets AB ser. B1 Real Estate Mid
Hemtex AB Retail Small
Hennes & Mauritz AB, H & M ser. B1 Retail Large
Hexagon AB ser. B1 Industrial Goods & Service Large
HEXPOL AB ser. B Chemicals Mid
HiQ International AB1 Technology Mid
HMS Networks AB Technology Small
Holmen AB ser. B1 Basic Resources Large
Hufvudstaden AB ser. A1 Real Estate Large
Husqvarna AB ser. A Personal & Household Goods Large
Husqvarna AB ser. B Personal & Household Goods Large
Höganäs AB ser. B1 Basic Resources Mid
I.A.R Systems Group AB ser. B1 Technology Small
Image Systems AB1 Industrial Goods & Service Small
Industrial & Financial Systems AB ser. B1 Technology Mid
Industrivärden, AB ser. A1 Financial Services Large
Industrivärden, AB ser. C1 Financial Services Large
Indutrade AB Industrial Goods & Service Mid
Intellecta AB ser. B1 Industrial Goods & Service Small
Intrum Justitia AB Financial Services Mid
Investor AB ser. A1 Financial Services Large
Investor AB ser. B1 Financial Services Large

1 Full data available for the Holden model and the Illiq method
2 Full data available for Holden model
3 Full data available for the Illiq method
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Stock Sector Segment

ITAB Shop Concept AB ser. B Industrial Goods & Service Small
Jeeves Information Systems AB1 Technology Small
JM AB1 Real Estate Mid
KABE AB ser. B1 Personal & Household Goods Small
KappAhl AB Retail Mid
Karo Bio AB1 Health Care Small
Karolinska Development AB ser. B Health Care Mid
Kinnevik, Investment AB ser. A1 Financial Services Large
Kinnevik, Investment AB ser. B1 Financial Services Large
Klövern AB Real Estate Mid
Know IT AB1 Technology Small
Kungsleden AB1 Real Estate Mid
Lagercrantz Group AB ser B1 Industrial Goods & Service Small
Lammhults Design Group AB ser. B1 Personal & Household Goods Small
Latour, Investmentab. ser. B1 Financial Services Large
Lindab International AB Construction & Materials Mid
Loomis AB ser. B Industrial Goods & Service Mid
Lundbergföretagen AB, L E ser. B1 Financial Services Large
Lundin Mining Corporation SDB Basic Resources Large
Lundin Petroleum AB2 Oil & Gas Large
Luxonen S.A. SDB1 Financial Services Small
Malmbergs Elektriska AB ser. B2 Industrial Goods & Service Small
Meda AB ser. A1 Health Care Large
Medivir AB ser. B1 Health Care Mid
Mekonomen AB1 Automobiles & Parts Mid
Melker Schörling AB Financial Services Large
Metro International S.A SDB ser. A1 Media Small
Metro International S.A SDB ser. B1 Media Small
Micronic Mydata AB1 Industrial Goods & Service Small
Midsona AB ser. B1 Personal & Household Goods Small
Midway Holding AB ser. B1 Financial Services Small
Millicom International Cellular S.A. SDB Telecommunications Large
Moberg Derma AB Health Care Small
Modern Times Group MTG AB ser. B1 Media Large
Morphic Technologies AB ser. B Oil & Gas Small
MQ Holding AB Retail Small
MultiQ International AB1 Technology Small
NAXS Nordic Access Buyout Fund AB Financial Services Small
NCC AB ser. A1 Construction & Materials Large
NCC AB ser. B1 Construction & Materials Large
Nederman Holding AB Construction & Materials Small
Net Entertainment NE AB ser. B Travel & Leisure Mid
Net Insight AB ser. B1 Technology Mid
New Wave Group AB ser. B1 Personal & Household Goods Mid
NIBE Industrier AB ser. B1 Construction & Materials Mid
Nobia AB Personal & Household Goods Mid

1 Full data available for the Holden model and the Illiq method
2 Full data available for Holden model
3 Full data available for the Illiq method
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Stock Sector Segment

Nolato AB ser. B1 Industrial Goods & Service Mid
Nordea Bank AB1 Banks Large
Nordic Mines AB Basic Resources Mid
Nordic Service Partners Holding AB ser B2 Travel & Leisure Small
Nordnet AB ser. B1 Financial Services Mid
NOTE AB Industrial Goods & Service Small
Novestra AB1 Financial Services Small
NOVOTEK AB ser. B1 Technology Small
Oasmia Pharmaceutical AB Health Care Small
Odd Molly International AB Personal & Household Goods Small
OEM International AB ser. B1 Industrial Goods & Service Small
Opcon AB1 Automobiles & Parts Small
Orexo AB Health Care Small
Oriflame Cosmetics S.A, SDB Personal & Household Goods Large
Ortivus AB ser. B1 Health Care Small
PA Resources AB2 Oil & Gas Mid
PartnerTech AB1 Industrial Goods & Service Small
Peab AB ser. B1 Construction & Materials Large
Phonera AB1 Technology Small
Poolia AB ser. B1 Industrial Goods & Service Small
Precise Biometrics AB1 Industrial Goods & Service Small
Prevas AB ser. B1 Technology Small
Pricer AB ser. B1 Industrial Goods & Service Small
Proact IT Group AB1 Technology Small
Probi AB2 Health Care Small
Proffice AB ser. B1 Industrial Goods & Service Mid
Ratos AB ser. B1 Financial Services Large
RaySearch Laboratories AB ser. B1 Health Care Small
ReadSoft AB ser. B1 Technology Small
Rederi AB Transatlantic ser. B1 Industrial Goods & Service Small
Rejlerkoncernen AB Industrial Goods & Service Small
Rezidor Hotel Group AB Travel & Leisure Mid
RNB RETAIL AND BRANDS AB1 Retail Small
Rottneros AB1 Basic Resources Small
Rörvik Timber AB ser. B1 Construction & Materials Small
SAAB AB ser. B1 Industrial Goods & Service Large
Sagax AB2 Real Estate Mid
Sagax AB pref Real Estate Mid
Sandvik AB1 Industrial Goods & Service Large
SAS AB1 Travel & Leisure Mid
SCANIA AB ser. A1 Industrial Goods & Service Large
SCANIA AB ser. B1 Industrial Goods & Service Large
SECTRA AB ser B1 Health Care Small
Securitas AB ser. B1 Industrial Goods & Service Large
SEMAFO Inc. Basic Resources Large
Semcon AB1 Industrial Goods & Service Small

1 Full data available for the Holden model and the Illiq method
2 Full data available for Holden model
3 Full data available for the Illiq method
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Stock Sector Segment

Sensys Traffic AB1 Industrial Goods & Service Small
Sigma AB ser. B1 Technology Small
SinterCast AB1 Industrial Goods & Service Small
Skandinaviska Enskilda Banken ser. A1 Banks Large
Skandinaviska Enskilda Banken ser. C1 Banks Large
Skanska AB ser. B1 Construction & Materials Large
SKF, AB ser. A1 Industrial Goods & Service Large
SKF, AB ser. B1 Industrial Goods & Service Large
SkiStar AB ser. B1 Travel & Leisure Mid
Softronic AB ser. B1 Technology Small
SSAB AB ser. A1 Basic Resources Large
SSAB AB ser. B1 Basic Resources Large
StjärnaFyrkant AB1 Telecommunications Small
Stora Enso Oyj ser. A1 Basic Resources Large
Stora Enso Oyj ser. R1 Basic Resources Large
Studsvik AB1 Industrial Goods & Service Small
Svedbergs i Dalstorp AB ser. B1 Construction & Materials Small
Svenska Cellulosa AB SCA ser. A1 Personal & Household Goods Large
Svenska Cellulosa AB SCA ser. B1 Personal & Household Goods Large
Svenska Handelsbanken ser. A1 Banks Large
Svenska Handelsbanken ser. B1 Banks Large
Svolder AB ser. B1 Financial Services Small
SWECO AB ser. B1 Construction & Materials Mid
Swedbank AB pref Banks Large
Swedbank AB ser A1 Banks Large
Swedish Match AB1 Personal & Household Goods Large
Swedish Orphan Biovitrum AB Health Care Mid
Swedol AB ser. B Retail Mid
Systemair AB Construction & Materials Mid
Tele2 AB ser. A1 Telecommunications Large
Tele2 AB ser. B1 Telecommunications Large
TeliaSonera AB1 Telecommunications Large
Tieto Oyj1 Technology Large
TradeDoubler AB Media Mid
Transcom WorldWide S.A SDB ser. A1 Industrial Goods & Service Small
Transcom WorldWide S.A SDB ser. B1 Industrial Goods & Service Small
Transmode Holding AB Technology Mid
Trelleborg AB ser. B1 Industrial Goods & Service Large
Trigon Agri A/S Food & Beverage Small
Unibet Group Plc Travel & Leisure Mid
Uniflex AB ser. B Industrial Goods & Service Small
VBG GROUP AB ser. B1 Automobiles & Parts Small
Venue Retail Group AB ser. B1 Retail Small
Vitec Software Group AB1 Technology Small
Vitrolife AB1 Health Care Small
Volvo, AB ser. A1 Industrial Goods & Service Large

1 Full data available for the Holden model and the Illiq method
2 Full data available for Holden model
3 Full data available for the Illiq method
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Stock Sector Segment

Volvo, AB ser. B1 Industrial Goods & Service Large
Vostok Nafta Investment Ltd, SDB Financial Services Mid
Wallenstam AB ser. B1 Real Estate Large
Wihlborgs Fastigheter AB Real Estate Mid
XANO Industri AB ser. B1 Industrial Goods & Service Small
ÅF AB ser. B1 Industrial Goods & Service Mid
Öresund, Investment AB1 Financial Services Mid
1 Full data available for the Holden model and the Illiq method
2 Full data available for Holden model
3 Full data available for the Illiq method

Table A.1: All stocks used in this thesis. The table includes a complete list for
all the stocks used in the calculations. The footnotes describe for which part of the
calculation a stock has been used.

Sector \Cap size Small Mid Large Total

Automobiles & Parts 3 2 1 6
Banks - - 7 7
Basic Resources 2 4 8 14
Chemicals - 1 - 1
Construction & Materials 4 5 5 14
Financial Services 5 7 10 22
Food & Beverage 2 2 - 4
Health Care 21 6 4 31
Industrial Goods & Service 34 11 15 60
Media 3 2 1 6
Oil & Gas 1 2 2 5
Personal & Household Goods 5 5 8 18
Real Estate 2 13 5 20
Retail 6 6 3 15
Technology 23 5 3 31
Telecommunications 3 - 4 7
Travel & Leisure 1 6 - 7
Utilities 2 - - 2

Total 117 77 76 270

Table A.2: Number of stocks in each sector and segment. Statistics over how
the stocks used in the study are distributed in regards to segment; small, mid and large
cap, and the different sectors listed by Nasdaq OMX Stockholm

60



Stock name Exclusion reason

ACAP Invest AB ser. A Low volume
Corem Property Group AB pref Low volume
Havsfrun Investment AB ser. B Low volume
Holmen AB ser. A Low volume
Hufvudstaden AB ser. C Low volume
Industrial & Financial Systems AB ser. A Low volume
Micro Systemations AB Low volume
Midsona AB ser. A Low volume
Midway Holding AB ser. A Low volume
Modern Times Group AB ser. A Low volume
MSC Konsult AB ser. B Low volume
Orc Group AB Missing data
Ortivus AB ser. A Low volume
ProfilGruppen AB ser. B Low volume
PSI Group ASA Missing data
Ratos AB ser. A Low volume
Seco Tools AB ser. B Missing data
Svolder AB ser. A Low volume
SWECO AB ser. A Low volume
Traction AB ser. B Low volume

Table A.3: Excluded stocks. The table explains the reasons for excluding stocks from
the liquidity calculations performed. Missing data is due to limitations of the possibility
to collect stocks that have been delisted in the data collection phase. Stocks without
turnover on at least 25% of the trading days were also excluded. The exclusion reason
for such a stock is denoted as low volume.
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Mutual fund 1

Asset Market value %

Hennes & Mauritz AB, H & M ser. B 670,320,000 10.92
Autoliv Inc. SDB 486,750,000 7.93
Atlas Copco ser. A 480,300,000 7.83
SKF, AB ser. B 464,310,000 7.57
Elekta AB ser. B 418,625,000 6.82
Unibet Group Plc 417,375,000 6.80
Svenska Handelsbanken ser. A 379,620,000 6.19
SCANIA AB, ser. B 378,400,000 6.17
ÅF AB ser. B 377,435,000 6.15
Indutrade AB 369,900,000 6.03
Alfa Laval AB 367,470,000 5.99
Modern Times Group MTG AB ser. B 364,400,000 5.94
Mekonomen AB 350,625,000 5.71
Systemair AB 233,060,000 3.80
BioGaia AB ser. B 228,000,000 3.72
Cash & Cash Equivalents 120,894,850 1.97
AstraZeneca Plc 29,530,000 0.48

Table A.4: Holdings for the exemplified mutual fund. The table illustrates the
holdings of the example mutual fund used throughout this thesis when calculating the
combined liquidity measure.
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Appendix B

Additional results

% Effective cost

Segment Mean Median*
Small 1.35% 1.06%

Mid 0.75% 0.60%
Large 0.36% 0.33%
Total 0.94% 0.72%

Illiq

Segment Mean Median*
Small 0.00023% 0.000043%

Mid 0.000020% 0.0000070%
Large 0.0000041% 0.0000014%
Total 0.00010% 0.0000078%

Table B.1: General results including all stocks. The mean and median* values of
the percent Effective cost and Illiq calculated for small, mid and large cap stocks traded
on the Stockholm stock exchange. For a list of the stocks used see Table A.1. Total mean
and median* values over all stocks are also included. The median* reflects the mean of
the medians for all considered stocks.
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Figure B.1: The median of percent Effective cost. The median of the percent
Effective cost and Illiq calculated for small, mid and large cap stocks traded on the Stock-
holm stock exchange with full time series between 2002-03-20 and 2012-01-06. For a list
of the stocks used see Table A.1. The median reflects the mean of the medians for all
considered stocks.
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Figure B.3: Mean Illiq over segments. The mean values of Illiq calculated for
small, mid and large cap stocks traded on the Stockholm stock exchange with full time
series between 2002-03-20 and 2012-01-06. For a list of the stocks used see Table A.1.
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Figure B.4: Median Illiq for small cap. The median of Illiq calculated for small cap
stocks traded on the Stockholm stock exchange with full time series between 2002-03-20
and 2012-01-06. For a list of the stocks used see Table A.1.
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Figure B.5: Median Illiq for mid cap. The median of Illiq calculated for mid cap
stocks traded on the Stockholm stock exchange with full time series between 2002-03-20
and 2012-01-06. For a list of the stocks used see Table A.1.
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Figure B.6: Median Illiq for large cap. The median of Illiq calculated for large cap
stocks traded on the Stockholm stock exchange with full time series between 2002-03-20
and 2012-01-06. For a list of the stocks used see Table A.1.
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