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Abstract 

 

This thesis is an inquiry into the nature and causes of the index effect at the Oslo Stock 

Exchange Benchmark Index (OSEBX). Whether individual stocks experience abnormal 

returns upon entry into the U.S S & P 500 index has long been discussed in financial 

academic literature and is often referred to as the index effect. In the earliest studies, the 

results indicated that market frictions such as demand shocks caused by index funds are the 

most probable cause of the index effect at the S & P 500. However, more recent studies 

suggest that inclusion into the index has informational content, as well. Through a 

comprehensive analysis of index revisions at the OSEBX in the period from 2003 to 2013, 

our results shed new light on the index effect. An integral part of our analysis is the 

selection criterion of the index; this affects the research design and enables us to analyze 

stocks added to and removed from the index in the same manner. We employ event study 

methodology to analyze both price effects and trading volume associated with index 

revisions. The Fama-French three-factor model is used to calculate expected and abnormal 

returns. Our results provide strong evidence for the claim that the index revisions on the 

OSEBX is likely to be an information-free event caused by index funds’ excess supply and 

demand. These results are in violation of the efficient market hypothesis, as shareholder 

wealth is significantly affected without any new information being made accessible to the 

market. We reject the notion of improved liquidity related to index membership, but fail to 

reject the hypothesis of increased attention as being a partial cause of the index effect on 

the OSEBX. 
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Preface 

 

Finance is a relatively new field in economics and a great deal about asset prices and 

financial decision-making has yet to be discovered and explained. Since its inception in the 

1950’s, the field has relied on intuitively sound but simplistic models that try to explain 

human action in capital markets. However, we often find that the aggregate actions of 

market participants deviate from the theoretical foundations taught in finance textbooks and 

in classrooms at business schools.  Therefore, the current goal of academic finance should 

be closing the gap between theory and real-world application. One part of this quest is to 

point out and raise awareness of anomalies that deviate from the doctrine of perfect capital 

markets.  

Inspired by this, we had the idea to do an event study to try to see if asset prices in fact 

changed rapidly according to new information in line with the efficient market hypothesis. 

We looked at previous event studies of mergers and acquisitions, dividend and earnings 

announcements, and trading by corporate insiders, but none of these topics inspired us 

sufficiently. Later on we found a paper on “the index effect” by Andrei Shleifer (1986) 

called “Do demand curves stocks slope down?” which found that stocks added to the 

S & P 500 index obtained a price premium. As it was not obvious to us why this would 

happen we decided to get to the root of the problem, and discover if it applied to other 

markets, such as the Oslo Stock Exchange. 

We would like to thank our academic supervisor Lisbeth La Cour for valuable advice 

during the culmination of our master degrees. We would also like to express our gratitude 

to parents, siblings, and friends who supported us and helped us keep focus when the 

temptations of summer were too hard to resist on our own.  
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1. Introduction 

 

This thesis is an inquiry into the nature and causes of the index effect at the Oslo Stock 

Exchange Benchmark Index (OSEBX). In studies from the United States it has been 

observed that stocks included in the notorious S & P 500 index obtain a price premium; this 

is often referred to as the index effect. Shleifer (1986) was the first to formally research the 

index effect on the S & P 500. He reported that a price increase for new index constituents 

lasted for several days after the announcement. Shleifer (1986) concluded that this price 

impact was due to the fact that stocks had downward-sloping demand curves at least in the 

short term. Not long after this paper Jain (1987) rejected the hypothesis of price pressure. 

Jain (1987) found positive abnormal returns as well, but when he compared the results to a 

control group of similar stocks he found the same results. Dhillon and Johnson (1991) also 

rejected the price pressure hypothesis and argued that index revisions could have 

informational content. Although some studies show indications of market inefficiencies, 

Edmister, Graham, Pirie (1994) found indications of the stocks on the S & P 500 to be close 

substitutes and liquid, arguing that the market is efficient. Brooks, Kappou, and 

Ward (2008) show similar results as Dhillon and Johnson (1991) in that stocks added to the 

index have positive long-term price effects and provide information to market participants.  

An interesting aspect of the Norwegian market is the methodology used for determining the 

composition of the OSEBX index. The method is purely mathematical and based on public 

information, in contrast to the methodology of the S & P 500. In other words, the method 

should not contain new information about the added or deleted stocks. According to the 

efficient market hypothesis, if the announcement of the new constituents does not contain 

new information then the prices should be unaffected, as all information available to the 

market should be part of the prevailing stock prices. Thus, abnormal stock price increases 

or decreases in connection with index revisions on the OSEBX would indicate market 
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inefficiencies. These findings lead to the question; do index revisions on the OSEBX 

communicate information to the market?  

Building on the work of Shleifer (1986) and successive studies on the topic, research has 

been performed on other indices outside the U.S. Chung and Kryzanowski (1998) found a 

temporary price effect when examining the Canadian TSE300 index and Bechmann (2004) 

found a permanent change in price level for both additions and deletions when he studied 

the Danish KFX blue-chip index. Even though there have not been many studies 

investigating these anomalies in Norway, the ones that exist show similar indications. 

When Myhre and Nybakk (2012) looked at the Norwegian OBX index they found 

significant results after the financial crisis. Knutsen (2014) showed similar results when he 

investigated the Norwegian OSEFX index. Bechmann (2004) demonstrated the importance 

of studying both additions and deletions because it enables the discovery of asymmetric 

results, something that to our knowledge had not been done on the OSEBX before. 

Different theories for the index effect have been developed over the years and potential 

asymmetries between additions and deletions enable us to get further insight into the 

validity of these theories.  

The Norwegian market differs to some degree from the U.S. market. For starters it is a lot 

smaller and its composition of sectors is heavily weighted in energy (Figure 1). The biggest 

company listed on Oslo Stock Exchange (OSE) is Statoil ASA whose market value weight 

was 31 % in the OSEBX in 2009 but fell to 24 % in early 2015 when the price of crude oil 

plummeted. The OSEBX consists of between 50-80 stocks; when one stock is this large 

there will be a lot of small companies as well. The 40 smallest firms on the OSEBX in the 

start of 2015 made up only 40 % of the index.  We wondered; does the index effect vary 

based on firm size? 
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Figure 1 Differences in Sector Size 

 

The figure shows the size of the sectors at three stock exchanges in percent of their national 

benchmark index market capitalization in early 2015. OSEBX is black, S & P 500 is grey and FTSE 
100 is light grey. Source: DataStream and Newsweb, S&P 500 Factsheet (2015, April 13) and FTSE 

Factsheet (2015, April 13). 

 

According to Brooks et al. (2008), the S & P changed their methodology in 1989 to cope 

with implications of the index effect. Previously the agency had allowed just a couple of 

days between the announcement of the new constituents and the date that the new index 

composition became effective. We will also refer to this period as the “announcement-

period”. The thought behind the change was that price pressure would be reduced if the 

announcement-period was longer, as the pressure on stock prices would be distributed over 

several days. Large index funds replicating the S & P 500 have to re-balance their portfolio 

when the index changes. Especially in the U.S., these funds are very large, so when they 

respond to market changes on a single day’s notice by buying all at once, price pressure can 

result. If other investors re-balance their portfolios based on the changes in the index, they 

will further increase prices and volumes. A longer announcement-period can even out the 

trading of these players.  
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But what about the Norwegian market? There has been a rapid increase in index funds’ 

capital over the last decade; do Norwegian index funds tracking the benchmark index 

induce increased prices and volumes? The OSE has also changed the length of the 

announcement-period, similar to the S & P. This could be for the same reasons as the 

S & P, but have the changes had the same effect on the behavior of the price response to 

index revisions? 

From the discussion above we propose the following hypotheses: 

1. The event communicates information to the market 

2. There are differences in the market response between additions and deletions  

3. The index effect is related to firm size 

4. The market response associated with index revisions is related to index fund’s 

rebalancing activities 

5. The announcement method of the OSEBX influence the market response associated 

with index revisions  

To be able to investigate the index effect in the Norwegian market, more specifically on the 

OSEBX index for the period 2003-2013, we use publicly available market data. We will 

apply the famous Fama & French’s three factor model (FF3F) (Fama & French, 1992) as 

our performance measure. The work of Ødegaard (FF3-factors, 2015) on calculating the 

FF3-factors on the OSE has facilitated and simplified our calculations. It enables us to use 

another more complex method to calculate expected returns. Brooks et al. (2008) also use 

the FF3F-model in their paper. Since the market model has been used in earlier research on 

the OSE we will show some results indicating robustness across the return-models. 

The thesis is divided into nine chapters, with the last two chapters containing references 

and an appendix. The first chapter will provide some background information that is 

important for our thesis. In chapter 2 we explain the different competing theories developed 

to explain the index effect and a more extensive run-through of the earlier Norwegian and 

foreign studies. In chapter 3 we will explain and discuss our reasoning for our choice of 
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methodology. Chapter 4 shows our results and analysis of these results. In chapter 5 we run 

cross-sectional regressions in order to test the theories further. In chapter 6 we discuss the 

internal validity and the technical design of our study. The last part is a concluding chapter, 

which also describes our limitations, recommendations for future research and economic 

implications of our results.  

 

1.1 The Efficient Market Hypothesis 

 

1.1.1 Definition 

A market is efficient when prices reflect all available information. When new information 

occurs, it should be incorporated rapidly into security prices. This implies that stock prices 

should follow a random walk. A random walk is justifiable since as new information 

develops randomly so will changes in stock prices. This is to say that stock price changes 

are independent and identically distributed (i.i.d) (Fama, 1970). Another view is that stock 

prices should really follow a submartingale, which implies that expected changes in prices 

can be positive in order to compensate for the time-value of money and exposure to 

systematic risk (Bodie, Kane, & Marcus, 2011). 

 

1.1.2 Empirical Work 

The empirical tests performed on the efficient market hypothesis (EMH) have been divided 

into three categories based on what is regarded as “all available information”. Weak form 

tests only include historical prices. Semi-strong tests consider if public information about 

the firm is efficiently incorporated into stock prices, such as dividend announcements, 

earnings forecasts, and capital structure decisions. The strongest form tests consider all 

information, including information held by investors that have insider information (Fama, 

1970). Empirical evidence for the various forms of the EMH has been gathered on many 
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markets and over different time periods. The weak test literature is vast; generally, there is 

strong evidence in support of these tests.  Although statistically significant short-term serial 

correlations can be found (breaking with the i.i.d assumption), this is not enough to declare 

the market inefficient.  The semi-strong tests are of great importance and provide evidence 

that the market quickly incorporates new information in stock prices. The strong tests 

should be interpreted with caution as their parameters are very strict and probably not 

realistic, but deviations from market efficiency are found in some studies (Fama, 1970). 

More recently, Fama (1991) proposed to label the tests differently. Weak tests were now 

called tests of return predictability, semi-strong tests were labeled as event studies and 

strong tests as private information tests. The newer return predictability tests have similar 

results as the earlier works. There are small serial correlations in short-term stock prices 

suggesting that stock prices can have momentum properties (Bodie et al., 2011). Event 

studies provides the clearest evidence of market efficiency; a large amount of studies find 

that average stock prices adjust rapidly to new information concerning the firm’s 

fundamentals. The private information literature is less clear, because in order to evaluate 

the access investors have to private information, one has to measure abnormal returns over 

a longer period than is necessary in an event study. These studies use less-than-perfect 

market equilibrium models to adjust for risk, so if an investment strategy has abnormal 

returns, one is torn between rejecting the EMH and rejecting the risk adjustment model. 

Statistical inference of these studies is regarded as rather weak (Bodie et al., 2011 and 

Fama, 1991).  

 

1.1.3 Behavioral Finance and Arbitrage 

Behavioral finance argues that classic financial theory does not take into account the fact 

that people have limited capacity to process information and therefore make suboptimal 

decisions. The EMH would argue that arbitrage would align security prices caused by 

irrationality with fundamental values. However, there are limits to arbitrage (Bodie et al., 
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2011). Arbitrage by definition is risk-free profit at no initial cost. Barberis and Thaler 

(2003) show that there are costs and risk associated with strategies designed to eliminate 

mispricing. Thus, limits to arbitrage make it possible for asset prices to deviate from 

intrinsic values over longer periods of time.  One of these risks is known as fundamental 

risk. Fundamental risk occurs when there is uncertainty associated with the duration of the 

mispricing; the stock price may take a longer time than expected to return to its intrinsic 

value or may even get more mispriced over the trader’s investment horizon. There are also 

costs linked with the gathering of information necessary to value the stock. Traders also 

face model risk when there is uncertainty about the model used to value a stock, which also 

limits arbitrage on perceivably mispriced stocks (Bodie et al., 2011). The limits to arbitrage 

include short selling constraints. In order to short sell one has to borrow a stock and the 

market for borrowing is often scattered, so finding shares could sometimes prove to be 

difficult (Jones & Lamont, 2002). Short selling of Norwegian large capitalization stocks is 

not difficult for any investor in Norway and could easily be done through an online broker 

such as Netfonds or Nordnet. However, smaller stocks are to a large degree contained to 

investment banks and others with the network needed to get hold of stocks available for 

shorting. There are also costs and high risk associated with short selling. One has to pay 

interest to the lender of the stock. The risk is also higher for short positions than it is for 

long positions, as the maximum loss an investor with a long position can incur is 100% 

while a short position has a theoretically infinite downside.  

An important aspect of the EMH is that the demand curve of stocks is horizontal or 

perfectly elastic (appendix Figure A5). This is possible if stocks are considered as a claim 

on an uncertain cash flow and not a unique entity. Thus, given that there exist single stocks 

or portfolios of securities that represent similar earnings and risk, arbitrage between perfect 

substitutes keeps the demand curve flat (Scholes, 1972). Research from the US market 

suggests that there are few perfect substitutes for stocks, making it hard for long-short 

strategies to perfectly remove risk (Wurgler & Zhuravskaya, 2002).  
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It is difficult to imagine that markets are perfectly efficient all the time, therefore Grossman 

and Stiglitz (1980) propose that there is an “equilibrium degree of disequilibrium” in 

capital markets, where prices reflect the information of informed investors (e.g. analysts 

and fund managers), but only to an extent, so those who seek to gather more information 

receive some form of compensation. As long as arbitrage has a cost, there has to be some 

compensation for costs incurred when discovering the arbitrage opportunities. And the 

more informed investors there are, the more efficient the market is, as competition 

increases efficiency. Fama recognizes the problem of transaction costs and the fact that not 

all information is freely available in both his 1970 and 1991 papers on efficient capital 

markets.  However, financial theory still tends to use the strict efficient capital market 

assumptions when explaining market behavior. 

 

1.1.4 Implications of the Efficient Market Hypothesis 

Investments are guided by prices. Incorrect prices could lead to inappropriate investments 

in the real economy, so efficient markets leads to efficient capital allocation. If the EMH is 

valid, there should be no way of making excess returns by performing technical analysis, as 

it is based on historical prices. The use of fundamental analysis to obtain excess returns is 

also doomed to fail as it is based on publicly available information. This implies that no 

investors are likely to enjoy persistent abnormal returns over time. Based on the EMH 

investors should follow a passive investment strategy, buying and holding a well-

diversified portfolio (Bodie et. al. 2011). 

 

1.2 The S&P 500 

 

A large and diverse body of research regarding financial markets is produced in the U.S. 

This is partly because of the size and amount of listed companies on the stock exchanges. 
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The Norwegian market is in contrast much smaller and less explored. The significant 

difference in the amount of capital invested in the U.S. indices and Oslo Stock Exchange is 

interesting. Even though the index funds are growing in Norway, they are still considerably 

smaller; since this paper relies to a large degree on comparisons with U.S. studies, we 

should discuss the characteristics of the two markets. Another phenomenon which will 

influence our study is the difference in index revision methodology. We will therefore 

explain the differences to give the reader a better understanding of the underlying factors 

driving the indices’ rebalancing scheme.  

Figure 2 Historical Trend S & P 500 

 

The left axis (black line) shows the total return index for S & P 500 and the right axis (grey line) 
shows the 5-day trailing standard deviation. Source: DataStream 

 

The S & P 500 index is the most famous of the indices constructed by the S & P Dow Jones 

Indices LLC. The agency’s history goes back to 1896 when Dow developed the Dow Jones 

Industrial Average, also known as the Dow 30, which contains the 30 largest listed 

companies in the U.S. Today, S & P Dow Jones have over 1 million indices covering a 
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spectrum of asset classes around the world, including futures and options (S&P 500 history, 

2015). 

The S & P 500 index is designed to reflect the U.S. equity markets and economy. The index 

is value-weighted and includes large and influencing companies from prominent industries 

known as large-cap companies. The constituents capture approximately 80 % of the market 

(S&P 500 Factsheet, 2015). Due to these properties the S & P 500 serves as a good 

representation of the U.S. market. It is also “fair” in the sense that an investor can replicate 

the weights in the index to obtain the same performance and use the index in relation to 

various investment products because of the constructed liquidity (S&P 500 Methodology, 

2015). 

A change in the S & P 500 index occurs quarterly, if needed, and is usually announced one 

to five days before the changes take effect (S&P 500 Factsheet, 2015). When the index 

changes its constituents it does so in accordance with the eligibility criteria:  

 US$ 5.3 billion or more in unadjusted market capitalization, but the firm’s and 

sector’s historical trends are also considered,  

 50 % public float as a criteria for liquidity,  

 an adequate liquidity-to-price relationship of 1.00 or greater and a minimum trade 

of 250,000 shares in each of the six months before review,  

 the characteristics of a U.S. company,  

 at least 50 % of the stock is publicly floating,  

 sector classification, 

 financial viability in terms of earnings, equity and balance sheet leverage,  

 the effects of an initial public offering has “cooled down” before an addition and  

 it has to be an U.S. common equity listed on NYSE, NASDAQ Global Select 

Market, NASDAQ  Select Market or NASDAQ  Capital Market.  
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Constituents that are “involved in mergers, acquisitions or significant restructuring such 

that they no longer meet inclusion criteria” or “substantially violate one or more of the 

addition criteria” (S&P 500 Methodology, 2015, p. 6) are subject to deletion from the 

index. 

The S & P 500 Index is operated by the U.S. Index Committee, which consists of 

professionals from the S & P Dow Jones Indices’ staff. The committee reviews actions on a 

monthly basis that can affect the index’s composition, the index’s representation of the 

market, changes to the index, and market events. The information discussed and produced 

in the reviews can affect the market and are therefore confidential. The committee also 

reviews the methodology at least once every 12 months to ensure that the index fulfills its 

objective. The Index Committee may consult other professionals such as financial experts 

and market participants (S&P 500 Methodology, 2015 and S&P 500 Factsheet, 2015) 

 

1.3 The OSE and the OSEBX 

 

The OSEBX index is the most used of the indices at OSE. The OSE was founded in 1819 in 

Christiania (now known as Oslo). At that time the exchange’s main tasks was to facilitate 

currency transactions and bill of exchange trade. It was not until 1881 that the OSE started 

listing securities. Since then the OSE has grown partly because of mergers with other 

Norwegian stock exchanges, strategic alliances, and technological modernization in the 

form of electronic trading. Today, the OSE is the only Nordic exchange not owned by 

NASDAQ. Oslo Børs VPS Holding ASA owns 100 % of Oslo Børs ASA and is traded 

OTC (OSE History, 2015). 

The OSEBX index was first introduced as the benchmark index in 2001. Before that time 

the Total Return Index was used to represent all the shares listed on the OSE and, in turn, 

on the Norwegian market. OSEBX follows the standards of MSCI Barra and Standard & 
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Poor, which made it simpler for investors to compare firms in the same sector between 

countries (OSE Milestone, 2015). The purpose of the OSEBX serving as the benchmark 

index is to secure investability and tradability in a representative sample of the market. It is 

also easier to use for international investors because of the adoption of the Global Industry 

Classification Standard (GICS) (OSEBX Methodology, 2015).  

Figure 3 Historical Trend OSEBX 

 

The left axis (black line) shows total return index for OSEBX and the right axis (grey line) shows 
the 5-day trailing standard deviation. Source: Datastream 

 

All of the stocks on the OSE can be included in an index, but when it comes to secondary 

listings and foreign domicile only outstanding shares registered in The Norwegian Central 

Securities Depository (VPS) can be included. The OSEBX is reviewed semi-annually and 

the changes take effect on the first trading day of December and June. The announcement is 

made at least one week before the effective date (ED). Beyond mere eligibility, there are 

three main criteria considered for inclusion: free-float adjusted market capitalization, 

liquidity, and an industry target. The constituents are selected based on publicly available 

formulas with numerical targets of the three criteria. Firms that are outside acceptable 
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ranges might be deleted from the index. The number of shares of the index members is 

fixed in the period between reviews except when there are corporate actions that make 

adjustments necessary. Corporate actions such as mergers, spin-offs and splits may cause 

OSE to rebalance the index (OSEBX Methodology, 2015).  

 

1.4 Investment Funds 

 

The most common type of equity fund is an open-ended investment fund, also known as a 

mutual fund. An open-ended fund does not have a limit on the number of shares offered in 

the fund. Through an investment fund a single investor can reach a high degree of 

diversification by holding fractions of many financial securities, compared to holding a 

small amount of securities. Investment funds also provide investors with professional 

management that relieves them of the need and time necessary to obtain knowledge about 

the functions of capital markets and manage their positions. Investment funds can also 

provide economies of scale, saving investors transaction costs in the form of brokerage fees 

(Bodie et al., 2011). 

Investment in funds has become increasingly popular in Norway over the years. By the end 

of 1982 the total market capitalization of mutual funds in Norway was approximately 290 

million NOK. In the following eight years this number had increased to 8.5 billion NOK 

(Gjerde, 1991). The growth has continued and is now at an all-time high, tipping the 80 

billion NOK mark in 2014 (Figure 4). 

 

1.4.1 Fund management 

The majority of mutual funds at the Oslo Stock Exchange follow an active management 

strategy. Active fund management is an attempt to beat their benchmark by using market 

timing and identifying mispriced stocks. This requires superior information or skill in order 
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to obtain excess returns. Information gathering and development of capabilities comes at a 

cost, resulting in high management fees for funds following an active strategy (Sørensen, 

2009). The strategies are numerous and could, for instance, involve quantitative methods of 

discovering short-term trends or reoccurring patterns in security prices.   

Figure 4 Norwegian Mutual Fund’s Assets under Management 2003 - 2014 

 

Source: Verdipapirfondenes forening (2015). 

There is little evidence to support the statement that Norwegian equity fund managers over 

time outperform a passive investment benchmark. This implies that it would be best for 

Norwegian investors to choose a fund that replicates the index with the lowest cost possible 

(Sørensen, 2009). This is a common empirical argument, relevant not just for Norway but 

also for other markets; persistent excess returns by the active management funds are 

difficult to find (Mailkiel, 2003). 

The objective of passive investment strategies is to invest in a well-diversified portfolio that 

makes no attempt to beat the market; this strategy is in line with the predictions of the 

EMH. The most used passive investment strategy is investment through index funds. Index 

funds try to track a broad benchmark index by buying and holding some or all index 
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constituents, consequently replicating the risk and return of the index. Because of their 

broad portfolios of stocks and simple strategy, index funds enjoy a high degree of 

diversification and low management fees (Bodie et al., 2011).  

 

1.4.2 Index Fund Trading Strategies 

In theory, index fund management is simple, but in real world capital markets there are 

several issues associated with exact replication of the index. The performance of index 

funds is measured by the tracking error. The tracking error is defined as the difference 

between the portfolio return and the benchmark index return. The tracking error expresses 

the failure of the management to track the index (Frino & Gallagher, 2001). As an example, 

KLP AksjeNorge Indeks ΙΙ, the largest index fund in Norway, has an average annual 

tracking error the last three years of 0.14 % (Morningstar, 2015). 

A tracking error occurs because the benchmark portfolio is a “paper portfolio” that does not 

take market frictions into account (Perold, 1988). These market frictions are mostly tied to 

transaction costs associated with trading stocks. Trading occurs because of clientele cash 

flow, rebalancing and index revisions, the latter of which is examined in this thesis. Trading 

brings up issues of timing, capital gains tax liabilities and brokerage fees. When indexed 

portfolios do not perfectly mimic the benchmark index, the magnitude of the tracking error 

increases with the underlying index’s volatility (Frino & Gallagher, 2001).  

There two main strategies to replicate an index are; full replication and sampling. A fund 

that practice full replication copies the index’s every move, including both constituents and 

the index weights. Since the OSEBX is a value-weighted index each stock has its own 

index weight. The index revisions use closing prices to calculate the weights, which imply 

that funds that follow a full replication strategy must also buy and sell at closing prices 

(Blume & Edelen, 2003 and OSEBX Methodology, 2013). The advantage of mimicking the 

index to the letter is minimizing tracking errors; still, prices could get higher because of 

demand shocks, imposing a cost on investors in index funds. Another strategy is to start 
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buying shares before the ED, as fund managers are more concerned with price than with 

tracking error. A final strategy spreads the trading over different points in time, for 

example, 1/3 of trades might occur before the ED, 1/3 on the ED, and 1/3 after the ED 

(Brooks et al., 2008).  

Blume and Edelen (2003) discovered that if an index fund buys stock on the morning of the 

announcement of the index revision, they would receive an extra return of 0.192% on 

average each year, based on data from the S&P 500 in the years 1995 to 2000. However, 

Beneish and Whaley (1996) found that this early-trading strategy results in a tracking error, 

and index funds will for the most part trade at closing prices. The tracking error is an 

important monitoring mechanism for the investors of an index fund. The additional returns 

given up to maintain a smallest possible tracking error can be regarded as the agency cost 

associated with handing over investment decisions to the investment fund. 

The sampling strategy involves holding a representative selection of stocks rather than 

every stock on an index. For instance a fund holding Statoil, Telenor, and DNB would hold 

approximately 45 % of the total OSEBX index, while holding the 15 largest stocks of the 

index would hold 81.5% of the index.
1
 Applying this strategy results in a higher tracking 

error, but lower trading costs. In practice, index funds (including KLP AksjeNorge 

Indeks ΙΙ) usually replicate the entire index. 

 

1.4.3 Index funds and the Index Effect 

A plausible explanation of the index effect is price pressure caused by index fund trading 

around the ED of the index revision. Norwegian index funds have experienced a great 

increase in popularity the last decade both institutional and private investors seek to lower 

risk and management fees through passive portfolio management. If the index effect were 

                                                
1
 15.05.2014 
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related to demand from index funds, we would expect the magnitude of the effect to grow 

over time (Blume & Edelen, 2003).  

Figure 5 Norwegian Index Fund’s Assets under Management 2002 - 2014 

 

The left axis (bars) shows Norwegian index fund’s assets under management and the right axis 

(line) shows the assets in relation to the market capitalization of OSEBX. Source: 
Verdipapirfondenes forening (2015, April 8) and OSEBX index info (2015, March 10). 

 

The capital invested in index funds in Norway is small compared to in the United States. At 

the end of year 2000 almost $ 1 trillion was invested in index funds that tracked the 

S & P 500, this is approximately 8 % of the market value of the constituents in the index 

(Blume & Edelen, 2003). Now, fifteen years later, there is around twice as much capital 

invested in index funds tracking the S & P 500, with 10 % of the market value invested in 

index funds (S&P 500 Market value, 2015). In Norway, on the other hand, indexed assets 

only amount to NOK 11.5 billion and 1.48% relative to the OSEBX market capitalization 

(Figure 5). 

 

0.0% 

0.2% 

0.4% 

0.6% 

0.8% 

1.0% 

1.2% 

1.4% 

1.6% 

NOK 0 

NOK 2 

NOK 4 

NOK 6 

NOK 8 

NOK 10 

NOK 12 

NOK 14 

2002 2004 2006 2008 2010 2012 2014 

B
il
li

o
n
s 



Page 24 of 146 
 

2. Competing Theories and Earlier Studies 

 

In the following chapter we will present the different hypotheses developed in numerous 

studies about index revisions. Some of the main elements separating the hypotheses from 

each other are temporary and permanent effects regarding price and volume changes during 

an event. We have drawn sketches of the expected behavior of the abnormal returns and 

volume in the different scenarios in the appendix (Figure A1). 

 

2.1 The Price Pressure Hypothesis 

 

The price pressure hypothesis states that abnormal returns associated with index revisions is 

caused by a demand or supply shock in which the market cannot fully absorb at the current 

price level. If a stock is added to the index it will lead to an outward shift in the demand 

curve for the stock, consequently increasing the price (appendix Figure A4). This assumes 

that the supply of the stock is constant and that the demand curve for the stock is 

downward-sloping. Since prices are driven by demand and not new information, this 

hypothesis conflicts with the EMH (Shleifer, 1986). On the other hand, if a stock is 

removed from the index, an outward shift in the supply curve for stocks will lead to a price 

decrease given that the demand curve for stocks is downward-sloping.  

The supply/demand shock is believed to be a consequence of index funds rebalancing close 

to the ED of the new index composition. Index funds’ absolute preferences for certain 

stocks are inconsistent with the assumption that stocks have perfect substitutes, which 

allows stocks to have less-than-perfect elastic demand curves. Along with the price effect, 

there is expected to be an increase in trading volume around the ED caused by index fund 

rebalancing (Wurgler & Zhuravskaya, 2002). The effect is expected to be temporary as the 

price reverts to reflect the long-term equilibrium price, assuming no new information about 



Page 25 of 146 
 

the stock’s risk, profitability or other price influencing information has been made available 

(Brooks et al., 2008).   

Bechmann (2004) provides four possible reasons for an increase in the supply/demand for 

stocks following index revisions. Firstly, the existence of index funds as described above. 

Secondly, active portfolio managers often use indices for benchmarking and may have an 

incentive to invest in the stocks entering the index. Thirdly, foreign investors are attracted 

to the major stock indices. Finally, derivatives also trade on the market index. Investors can 

hedge risk by using futures and options to increase trade in index constituents. 

 

2.2 The Imperfect Substitutes Hypothesis 

 

This hypothesis is an extension of the price pressure hypothesis. The hypothesis states that 

stocks don’t have close substitutes. In other words, investors look at one stock differently 

from another because the stocks have firm-specific characteristics. The demand curve for 

stocks will be downward-sloping in the long run because the absence of perfect substitutes 

will reduce arbitrage activity to flatten the demand curve. When there is a demand shock, 

the demand curve has to shift outwards; the price increases to form a new equilibrium. 

When there is a supply shock, the supply curve shifts outwards, lowering the price (Chen, 

Noronha, and Singal, 2004).  

The effect of a supply/demand shock will increase the trading volume, but it is difficult to 

say if the effect is permanent or temporary. Stocks that are part of an index are generally 

more traded than the stocks not included in the index. In this case the effect on volume is 

permanent as long as the stock is part of the index. However, if investors only use a buy-

hold strategy, the volume effect will be observed for a short period. Thus, the hypothesis 

has a temporary volume effect, but its permanence is ambiguous (Bechmann, 2004).  
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2.3 The Liquidity/Information Cost Hypothesis 

 

The hypothesis assumes that being a member of the index results in more attention from the 

financial media and analysts in investment banks. This leads to two different explanations 

of price and volume effects associated with index revisions, one based on liquidity and one 

based on the availability of information concerning the stock in question.  Stocks included 

in an index will enjoy increased liquidity because increased attention will draw new 

investors to invest in the stock. Increased liquidity implies that the liquidity risk premium 

falls because it is easier to sell the stock when it is convenient; in time, this will 

permanently increase the stock price. In the event of increased liquidity, we would expect 

to see higher volume after inclusion in the index. A symmetric response is expected for 

deletions, with lower volume and consequently a lower price following the stock’s removal 

from the index (Harris & Gurel 1986). More information is generally considered in 

conjunction with a lower risk profile, as there is less uncertainty around the company. A 

return premium is demanded from investors to compensate for the effort they have to put in 

to find information about the firm, and a risk premium is demanded for the information 

asymmetry. More attention could also reduce agency costs, as more scrutiny will be 

imposed on the company (Dhillon & Johnson 1991).  

 

2.4 The Attention Hypothesis 

 

Similar to the hypothesis described above, the attention hypothesis, developed by Merton 

(1987), also states that increased attention will lead to a permanent stock price appreciation, 

but the proposed mechanism is different. The hypothesis states that news which attracts 

market attention can lead to a permanent stock price appreciation since it draws new 

potential investors to the firm. Merton proposes a model where each investor knows only 
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about a subset of the available securities when selecting their optimal portfolio. These 

investors will only use security k in their portfolio if they know about it. Merton examines 

the Security Market line relation with the incomplete-information model and shows that an 

investor’s market portfolio will not be mean-variance efficient. Thus, investors will have 

incomplete information and not hold the optimal portfolio. To obtain information about 

firm k, a cost must be paid; if the investor must pay this cost for each firm before making an 

investment decision, the investor will only hold a subset of stocks.  

When a stock is included in an index for the first time, it is likely that it will get increased 

attention from media, professional investors, institutions and other investors. This attention 

can reduce the cost of attaining and processing information and reduce an investor’s 

unsystematic portfolio risk. As explained in Merton (1987) the firm’s cost of capital can 

decrease when the relative size of the firm’s investor base increases, which in turn will 

increase the firm’s market value. This increase can be obtained if the firm uses resources to 

induce investors to become shareholders or it can follow from increased attention in the 

media and/or from analysts. Either way, the shadow cost is reduced.  

The effect should not be the same for deletions; investors are still familiar with deleted 

stocks. Merton (1987) does not discuss the influence on changes in trading volumes. 

 

2.5 The Information Signaling Hypothesis 

 

The information signaling or the certification hypothesis states that being added or deleted 

from an index is viewed as good or bad news for the stock’s future profitability, 

respectively; i.e. there is a symmetric response to index changes. As a result, index 

revisions have information content and the price effects do not break with the EMH. One 

effect of inclusion into the index could be that it is easier to attract new capital (Brooks et 

al., 2008). 
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In indices like the S & P 500, where a committee uses private or subjective opinions to 

decide the criteria for the composition, there might be some information content in index 

revisions. According to Bechmann (2004) the decision of the S&P 500 committee might be 

seen as revealing new information, which causes changes in stock prices, because they base 

the selection on “loose selection criteria” such as the mandate that “firms in the S&P 500 

must be leading companies” (p. 4).  

 

2.6 Academic Review 

 

The index effect has been subject to extensive scrutiny over the years. The research on the 

S & P 500 has drawn the most attention, but there exists some literature on the Norwegian 

market as well. The following is a selection of the academic literature that is most relevant 

to this topic in our opinion, including an overview of previous findings and results. 

 

2.6.1 Do Demand Curves for Stocks Slope Down? By Shleifer 1986 

Shleifer (1986) examines inclusions to the S & P 500. He is the first to discuss the slope of 

stocks’ demand curves associated with index revisions. He finds a significant increase in 

abnormal returns after announcement day (AD) subsequent to September 1976 and that the 

price increase is consistent from AD to at least 10-20 trading days after the ED.  

Another finding is that the abnormal returns at the AD have grown over the years, as have 

the index funds. Shleifer argues that the S & P could improve their selection process as a 

response to the growth of index funds; an inclusion might be good news about a firm’s 

future prospects if S & P knows the likelihood of financial distress. If S & P’s bond ratings 

relates to the price and volume effects, a bond rated as unsafe should produce a positive 

revaluation of the stock if included in the index. However, his results show that S & P has 

no special information in terms of firms’ future prospects and longevity.  
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Other explanations of his findings are transaction costs, market segmentation and the 

liquidity hypothesis. If large block holders rebalancing their portfolios must bear costs, the 

initiating buyers should compensate the sellers with a premium.  Transaction costs do not 

explain his findings well enough, since the price effects had risen to over 3 % in his sample 

versus an assumed trading cost of 1 %.  This explanation is not studied further; he cannot 

ascertain when these buyers buy the included shares. The liquidity hypothesis proposes that 

stocks included in an index get better coverage from analysts and investors because of 

greater institutional interest. This will increase the available information about the company 

and trading volume can increase to a degree. Higher liquidity might decrease the bid-ask 

spread and the required rate of return, which in turn results in a price increase after the 

inclusion. To test for this hypothesis, Shleifer looked at the difference in excess returns 

between firms that were and were not part of the Fortune 500. The idea was that lesser-

known firms should produce higher abnormal returns according to the hypothesis. Firms in 

the Fortune 500 are generally larger and better known, but he did not find any significant 

difference.  

 

2.6.2 The effect on stock price of inclusion in or exclusion from the S&P500 

by Jain 1987 

Jain (1987) investigates the index effect on the S & P 500 from 1977 to 1983 with regard to 

both inclusions and exclusions. He finds positive abnormal returns on the ED for 

inclusions, but when he compares with a control group, he finds the same effect. He 

concludes that there is no support for the price pressure hypothesis for inclusions. 

Moreover, Jain finds that there are significant negative abnormal returns for exclusions.  

To find out if small and large firms react differently to news he divided the sample into 

three groups based on firm size. Since smaller firms may have less frequent news 

announcements they may have more concentrated information per announcement and 
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thereby earn higher abnormal returns than large firms. Excess returns showed to be evident 

in all three groups but there was no significant difference between them.  

He concludes that the index revisions have information content and that demand produced 

by index funds is not a good enough explanation. Even so, he argues that the results can be 

beneficial to financial analysts. The decisions of the S & P can be anticipated by forecasting 

models. Given information about mergers, bankruptcies, etc., they can anticipate the stocks 

that are most likely to be excluded from the index.   

 

2.6.3 Changes in the Standard and Poor's 500 by Dhillon and Johnson 1991 

The paper investigates stock inclusions in the S & P 500 index from 1978 to 1988. The 

authors found effects contradicting the price pressure and imperfect substitute’s hypothesis 

earlier discovered by Schleifer (1986) and Harris and Gurel (1986), respectively. In 

addition to looking at the stock returns and volume they examine the returns of call and put 

options, as well as bonds. This allows them to test the price impact from another direction 

as options are based on future stock performance and should not be affected by a temporary 

stock price increase. Another reason is due to the market maker’s trade in the stock’s 

options. This will cause the effect to be shared between stocks and option market makers.  

Their findings include price increases for stocks, bonds and call options for firms being 

included in the S & P 500. Put option prices decline which shows that a call price increase 

is not attributable to a variance increase. The price pressure hypothesis is rejected, while 

they find evidence for the information content hypothesis. The imperfect substitute’s 

hypothesis could also be an explanation for their results if stocks, calls, puts, and bonds for 

a firm were close substitutes, but such a scenario might not be reasonable in the real world.   
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2.6.4 Excess returns of index replacement stocks by Edmister, Graham & 

Pirie 1994 

This paper researches excess return associated with replacements on the S & P 500 index 

from 1983 to 1989. The authors argue that using a pre-estimation period introduces bias 

into estimated marked model coefficients, as replacements tend to have performed well 

prior to inclusion. By using a future estimation window, they can take into account the 

selection criteria effect. To see this effect they calculate difference in means of the market 

model parameters with pre- and post-estimation windows. The method shows a significant 

difference in the alpha values.  

They find no relationship between price increase and abnormal volume, suggesting that the 

demand curve is elastic in the short run. The excess returns do not reverse, supporting their 

rejection of the price pressure hypothesis.  There is also no relationship between the price 

increase and the amount invested in index funds. They conclude that this is consistent with 

elastic demand curves for stocks.  The evidence supports market efficiency, in that the 

market is liquid and stocks are close substitutes.   

 

2.6.5 Are the market effects associated with revision to the TSE300 index 

robust? By Chung and Kryzanowski 1998 

The paper examines the index effect on the Canadian TSE300 index from 1990 to 1994. 

Their methodology takes the selection criterion effects into account, as well as thin trading 

and post-revision abnormal performance. The authors discuss the importance of using 

market adjusted trading volumes. They also use various Fama-French factors such as 

illiquidity and large trade activity to calculate returns. 

Their results show significant increases in trading activity for multiple measures such as 

relative volume, number of large trades, relative spreads and number of analysts both for 

additions and deletions. However, the results change when examining long-term effects.  
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The abnormal returns are further tested with models more robust than the market model. 

The alpha estimates indicate that stocks performing better or worse than others will be 

picked for additions or deletions, respectively, and the mean beta estimates suggest that the 

relative spread variable can explain the abnormal returns of the events.  

After looking at determinants for the cumulative abnormal returns in the announcement 

window they conclude with temporary price effects since the findings support the price 

pressure and liquidity hypothesis. 

 

2.6.6 Price and Volume effects associated with changes in the Danish Blue-

Chip index – The KFX index by Bechmann 2004 

Bechmann (2004) looks at additions and deletions on the KFX blue chip index in the period 

of 1989 to 2001. Like the OSEBX, the KFX index has rigid rules based on publicly 

available information regarding the index constituent’s selection process. Inclusion in the 

index should therefore be a non-informative event.  

The author finds positive average abnormal returns for additions of 0.65 % and 0.97 % on 

the day after the AD and the day before the ED, respectively. For deletions, there are 

significant abnormal returns of -0.63 % on the day before the ED. 

He finds that firms have higher trading volume after addition and lower trading volume 

after deletion indicating that membership in the index affects the volume and consequently 

the liquidity of the stock. When conducting a cross-sectional analysis he finds that 

increased attention for the stock is associated with being an index constituent.  The price 

effects are permanent and are consistent with the selection criterion perspective, downward 

sloping demand curve, and liquidity hypothesis. The effect has also increased over time.  
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2.6.7 The Price Response to S&P 500 Index Additions and Deletions: 

Evidence of Asymmetry and a New Explanation by Chen, Noronha & 

Singal 2004 

This paper examines the price effect of changes to the S & P 500 index for both additions 

and deletions. The authors find a permanent price effect for additions but only a temporary 

effect for deletions. They try to explain the asymmetric response by looking at investor 

awareness, changes in the firms operating performance, changes in liquidity and changes in 

Merton’s shadow cost. The effect on turnover indicated a temporary effect for both events. 

Their results question the validity of the downward-sloping demand curves, the information 

hypothesis and the liquidity hypothesis. They argue that investor awareness partly explains 

the asymmetric price response. Increased awareness of the company from an addition can 

make investors expect higher expected returns because the firm might perform more 

efficiently due to increased monitoring by investors and analysts.  

 

2.6.8 A re-examination of the index effect: Gambling on additions to and 

deletions from the S&P 500’s ‘gold seal’ by Brooks, Kappou & Ward 

2008 

Brooks et al. (2008) investigate the index effect on stock inclusions and exclusions on the 

S&P 500 from 1990 to 2002. They use the Fama-French three-factor model to calculate 

abnormal returns during the event window. They run short-term and long-term tests 15 and 

180 trading days after the ED of the inclusion, respectively. Both event windows begin 5 

days before the AD. 

The paper investigates the difference in post- and pre-event estimation of the expected 

returns and finds a significant difference in estimates. The authors argue that previous 

papers using pre-event estimation may have used biased coefficient estimates because firms 

are likely to have overperformed prior to inclusion; thus, abnormal returns would look 
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lower after inclusion. In order to calculate abnormal trading volume, they use relative 

trading volume, which is adjusted for market movements.  

The authors also look at volatility and long-term performance of stocks and find an increase 

in trading volume around the AD and the ED. A further finding is a price increase and an 

increase in earnings per share after inclusion, which leaves the PE-ratios untouched. 

However, deletions experience a significant fall in price. Their conclusion is that S&P 500 

membership has long-term effects and does not appear to be an information-free event; this 

supports the information content hypothesis. The authors find no evidence for price 

pressure, and they fail to reject both the liquidity hypothesis and the attention hypothesis.   

 

2.6.9 “Indekseffekten – en empirisk studie av pris- og volumeffekter ved 

inkludering av aksjer i OBX-indeksen” by Myhre and Nybakk 2012 

Myhre and Nybakk (2012) research price and volume effects associated with revisions on 

the Norwegian OBX index from 1997 up until 2012 for their master thesis. The OBX index 

consists of the 25 most liquid stocks on the Oslo Stock Exchange. They expect to find 

positive abnormal returns and an increase in volume when a stock is added to the OBX. 

The authors also expect the effect on both price and volume to be stronger after 2008, 

because risk-averse investors will allocate more capital to index funds in the aftermath of 

the financial crisis. The authors do not find a significant index effect for the period as a 

whole. However, they observe statistically significant positive abnormal returns of 2.3 % 

the day before the ED from the period 2008 to 2012. They also observe high abnormal 

trading volume the day before the ED. They conclude that the price pressure observed in 

the later sample can be explained by index fund trading, as index funds increased their 

presence in Norway during this period. They also provide examples of trading strategies 

available to take advantage of the mispricing. The results indicate that speculation in the 

index effect is not profitable, as risk and transaction costs will make any returns 

insignificant. 
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2.6.10 ”Indekseffekten på Oslo Børs Fondindeks – En studie på pris- og 

volumeffekter ved inkludering av aksjer” by Knutsen 2014 

This master thesis investigates if there is abnormal price and trading volume effects 

associated with stock inclusions on the OSEFX index from 2002 to 2014. The OSEFX is a 

capped version of the OSEBX index, consisting of the most tradable stocks on the OSE. 

Knutsen expects to find abnormal return and volume when a stock is added to the OSEFX, 

that the effect is stronger for first-time additions, and that the effect is stronger after the 

financial crisis.  

The author finds abnormal returns of 0.67 % and 2.48 % on the day after the AD and the 

day before the ED, respectively. He also finds increased volume on the day before the ED.  

He finds less significant return and volume effects in the sample for first-time additions and 

concludes that there is no increased attention for newcomers. In line with Myhre and 

Nybakk (2012), he finds that the effect has been stronger after the financial crisis. The price 

reversal after the ED is consistent with the price pressure hypothesis.  

 

2.7 Difficulties Comparing Studies 

 

One should compare studies from different indices with caution, especially when there are 

differences in the selection criterion of the index. Even though the criteria of S & P have 

statistical measures to follow, there might be room for the index committee to decide, to 

some degree, the constituents of the S & P 500. If so, the additions and deletions might 

contain information useful to investors. Jain (1987) found evidence of changes in the S & P 

500 providing information content.  We argue that methods which are described as ”the 

sum of the most recent four consecutive quarters’ as-reported earnings should be positive”, 

”another measure of financial viability is a company’s balance sheet leverage, which should 

be operationally justifiable in the context of both its industry peers and its business model” 
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(S&P 500 Methodology, 2015, p. 6), in addition to financial analyses where there has to be 

made assumptions, the index committee’s opinion of which stocks are suitable could 

provide the market with new information. This makes it difficult for market participants to 

understand and anticipate the composition of the index. On the other hand, the OSEBX 

index is more transparent because it uses publicly available information and rigid rules to 

determine the constituents. As a consequence, it is easier, to some extent, to forecast the 

changes in OSEBX. This might cause price and volume effects to be different in nature 

than on the S & P 500.  

During the time period of our study the OSE changed their announcement method. Before 

the current method described in section 1.3 they used to announce a preliminary list of 

constituents. This list was usually made available for the markets a few weeks before the 

final listing with implementation a couple of days later. The S & P 500 also changed their 

methodology. In 1989 they increased the length of the announcement-period to reduce 

potential price pressure (Brooks et al., 2008). 

The size of the U.S. market and the S & P 500 index is tremendous, especially in 

comparison to the Norwegian market. As of May 29
th
, 2015, the total market capitalization 

of the S & P 500 constituents was NOK 154,858 billion (S&P 500 Factsheet, 2015), while 

the total for OSEBX was only NOK 996 billion (DataStream). We can also view the size in 

terms of the indices’ biggest stocks: Apple Inc.’s market cap. as of May 29th was NOK 

5,884 billion while Statoil ASA’s market cap. was NOK 465 billion. Also, the S&P 500 

consists of 502 constituents versus OSEBX’ 54 (June 14th 2015).
2
 

But the S & P 500 is also very international; a lot of the revenue generated by many of 

these firms comes from foreign operations. In fact, 261 of the constituents have more than 

15 percent of their revenues coming from other countries (Platt, 2015), indicating that they 

are very influenced by global trends. Instead of investing in a foreign market, investors can 

                                                
2  Exchange rate NOK 7.839/USD retrieved 27.6.2015. The values were retrieved from the database 

DataStream and Newsweb.no. 



Page 37 of 146 
 

reduce their risk by investing in U.S. stocks exposed to the same market. Although some 

Norwegian companies like Statoil ASA are quite exposed to foreign markets, their 

international presence is weaker than U.S. companies in general. Many of the companies at 

OSEBX are small and only exposed to the Norwegian or Scandinavian market. As we saw 

in Figure 1, the S & P 500 is much more diversified in terms of sectors, foreign market 

exposure and amount of stocks. Since these two stock markets and indices are quite 

different we can expect studies to produce different results and it can make the external 

validity questionable. We will primarily compare our results with the two Norwegian 

master theses and the Bechmann (2004) paper from the Danish market, but also look at 

results from the U.S.  

Despite the dissimilarities, our methodology is in line with studies about the index effect in 

general. We use both well-known methods and methods suggested by former research and 

thus provide stronger internal validity. The methodology will be presented and discussed in 

the next chapter. 
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3. Event Study Methodology 

 

In order to isolate and measure the economic impact an event has on the value of a 

company and to see if the market incorporates new information efficiently, event study 

methodology can be employed. This research method has been widely used in the field of 

economics, finance, and accounting. Examples where event studies have been used are in 

the event of mergers and acquisitions, capital structure and corporate expenditure decisions, 

new regulations, and earnings announcements (Skrepnek & Lawson, 2001). 

The work published by James Dolley in 1933 is recognized as the first event study in 

finance. In this study he looks at the price effect associated with stock splits, using a sample 

of 95 events from 1921 to 1931. He finds a price increase in the majority of the events. As 

the years went by, more robust methods were used in event studies, for instance, by 

controlling returns for market movements and removing confounding events (MacKinlay, 

1997). Although the event study methodology is under constant improvement, the 

methodology introduced in Fama, Fisher, Jensen, and Roll (1969) widely cited paper “The 

Adjustment of Stock Prices to New Information” is still used today as a template for most 

event studies in financial economics (Binder, 1998). 

In this chapter we will explain the steps in the event study methodology. First we will 

explain our performance measures, then the data and estimation process. Moreover, we will 

describe the statistical testing and cross-sectional regressions employed in the analysis.  

 

3.1 Normal Return Models 

 

The normal return is the return that can be expected from a stock given its exposure to risk 

and is an important aspect of event studies. We can divide normal return models in two 
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categories; statistical models and economic models. Statistical models describe asset price 

movements on the basis of statistical assumptions and not on economic arguments. 

Economic models on the other hand use assumptions of investors’ behavior combined with 

statistical assumptions (MacKinlay, 1997). In this section we will explain the different 

normal return models one can use in event studies, discuss the pros and cons, and conclude 

with our choice of model.   

 

3.1.1 Constant Mean Return Model 

One of the most commonly used normal return models is the constant mean return model. 

The normal return for security i at time t,    , equals the mean return for security i at time t 

plus a disturbance term,    , where we assume          and            
 .  

              (1) 

As with most statistical models they assume that returns follow a normal distribution and 

that returns are distributed identically and independently (i.i.d) through time. Although it is 

the simplest of models, Brown and Warner (1985) find that the model produces similar 

results to more advanced models. The reason for this is that the variance of abnormal 

returns is not significantly reduced by the use of more advanced models in event studies 

(MacKinlay, 1997). However, it is important to note that the study by Brown and Warner 

(1985) only look at short-horizon events. Long-horizon event studies have other 

requirements, which will be discussed later.  
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3.1.2 The Market Model 

The market model describe the relationship between the return of security i at time t,    , 

and the excess return of the market m at time t,    .
3
 The intercept,   , is the stock’s firm 

specific risk premium and the slope,   , explains the stock’s sensitivity to the market. This 

model also assumes          and            
 .  

                     (2) 

One common approach is to use a broad index of the firm’s local stock market. This 

technique assumes that the index is a proxy for the stock’s sensitivity to systematic risk. 

The model also includes the firm specific return in the form of alpha or the intercept of the 

regression (Bodie et al., 2011).  

 

3.1.3 The Capital Asset Pricing Model 

The Capital Asset Pricing Model (CAPM) developed by Sharpe (1964) and Lintner (1965), 

although similar to The Market Model, is constructed on the basis of economic arguments.  

Assumptions: 

 There are many investors and they are price-takers. 

 Investors hold portfolios for one identical holding period. 

 Investors can only invest in publicly traded financial assets. 

 There are no market frictions such as taxes or transaction costs.  

 All investors hold efficient portfolios, meaning they are mean-variance optimizers. 

 Investors have homogeneous expectations. 

Based on these assumptions, investors will hold a combination of the risk free asset and the 

market portfolio, depending on their risk aversion. The portfolios is perfectly diversified 

                                                
3 Excess return is return excess of the daily risk-free rate. The risk-free rate is calculated from monthly 

interest rates for government bonds provided by Ødegaard’s web-page (Risk-Free 2015, March 15). 
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thus the only risk involved is the systematic risk. The expected return of a security is the 

product between the risk premium of the market and the beta coefficient (Bodie et al., 

2011). 

                 (3)  

The CAPM, even though it was widely used in event studies during the 70’s, has been 

replaced by the less restrictive Market Model (MacKinlay, 1997). The CAPM has received 

a lot of criticism that it does not do a good job of explaining the variance in returns in for 

instance small firms (Fama and French, 1996). Its simplistic assumptions and restrictions 

do not make it applicable to practical use (Fama & French, 2004). 

 

3.1.4 Arbitrage Pricing Theory 

Equilibrium market prices rule out arbitrage opportunities, combining this assumption with 

multifactor models results in Arbitrage Pricing Theory (APT) developed by Stephen Ross 

(1976). As with the CAPM, APT also creates a security market line relating expected 

returns to risk, but the model has less restrictions. There are several factors that influence 

returns, e.g. interest rates, the price of oil, inflation or factors including firm characteristics. 

The downside with the APT-model is that finding the right factors have proven to be tricky 

and time-consuming (Bodie et al., 2011). 

                       (5) 

 

3.1.5 The Fama-French Three Factor Model 

The Fama-French Three-Factor model (FF3F) is a multifactor asset pricing model in the 

spirit of APT, which uses the two firm characteristic factors firm size,     (small minus 

big), and book-to-market ratio (B/M),     (high minus low), in addition to the market 

index as proxies for the systematic risk. In comparison, the market model assumes that the 

market index alone captures the systematic risk.  
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                                              (6) 

In order to calculate the risk factors the stocks are first allocated into 6 portfolios 

determined by size and B/M-factor. The size factor, called SMB is measured by taking the 

difference in average returns between small firms and big firms. The HML factor is 

measured by taking the difference in average returns between high B/M and low B/M 

stocks (Fama & French, 1996). 

 

Figure 6 SMB and HML Portfolios 

   

Book-to-Market 

  L M H 

Size 
Small S/L S/M S/H 

Big B/L B/M B/H 

dd 

The figure shows the six portfolios according to the methodology of calculating the FF3Fs where 

stocks are allocated based on size and book-to-market. 

 

The Fama-French factors are empirically motivated and do not have an economic intuitive 

and logical interpretation such as the CAPM. Moreover, some attempts have been made in 

order to explain the patterns in returns given by the Fama-French factors. 

 

Small firms and high book-to-market ratios are not in itself a risk factor, although they 

might represent some unidentified variables that proxies systematic risk independently of 

market betas (Fama & French, 1993). Fama and French (1995) argue that HML is a proxy 

for financial distress. Firms with low earnings tend to have high book-to-market ratios and 

positive loadings on HML and vice-versa for firms with high earnings. It is discovered that 

investors have wrong expectations with regard to high book-to-market stocks, as they 

systematically underestimate their future earnings (Porta, Lakonishok, Shleifer, & Vishny, 
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1997). Thus, it looks like investors want risk compensation for investing in a high book-to-

market stock. Small firms are usually not included in the benchmark index, this gives 

mutual fund managers incentives not to invest in these stocks, because this might cause 

deviations from the benchmark, therefore a premium must be incorporated in small stocks 

(Maug & Naik, 1995). Small stocks would also be more sensitive to business conditions. 

To sum up, firms with high book-to-market values and small firms have higher returns, 

hence they can reflect characteristics that require risk premiums. 

 

We used data provided by Ødegaard (FF3-factors, 2015) to calculate our FF3F-model 

expected returns. He has calculated the HML and B/M factors using all of the stocks at the 

Oslo Stock Exchange All Share Index (OSEAX). He uses daily observations of the last 

trading price of the day. The data is filtered in accordance with Fama & French (1992) to 

remove stocks that are not representative for the returns in the stock exchange. The stocks 

needed to have a minimum of 20 trading days before they entered the sample, a stock price 

above NOK 10 and total value outstanding of minimum NOK 1 million (Ødegaard, January 

2015). 

 

3.1.6 Carhart 1997 Model 

 

                                                              (7) 

 

Carhart (1997) develops a four-factor model by adding a momentum variable (        to 

the FF3F-model. The momentum variable incorporates the momentum anomaly found by 

Jegadeesh and Titman (1993), which states that following a strategy of buying previous 

winners and selling losers gives significant positive returns when the holding period is 3 to 

12 months. 
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3.1.7 Control and Treatment Groups 

Another method of calculating normal returns is to compare the actual returns to a non-

event sample. The sample should contain carefully selected stocks that are close substitutes 

to the event stocks (Bechmann, 2004). Jain (1987) uses this method complementary to the 

market model in his event study on index revisions on the S&P 500. The problem with this 

approach is the limited selection of suitable stocks on the OSE. 

 

3.1.8 Discussion 

The potential benefit of factor models is that they aim to reduce the variance of the 

abnormal returns, by increasing the explanatory power of the normal return model. For 

instance by adjusting for market movements, the market model presents an opportunity to 

better estimates over the constant mean return model and lead to clearer detection of event 

effects. Including additional factors on top of the market factor, generally for event studies, 

provide only marginally better explanatory power. Therefore, there should be little 

reduction in variance of the abnormal return from the use these approaches. However, there 

are cases where applying multifactor models could improve on the market model, for 

instance if the sample firms are in the same industry or in the same market capitalization 

segment (MacKinlay, 1997). 

The importance of choosing the right normal return model has a lot to do with the design of 

the event study, in particular if it is a long-term study. Kothari and Brown (2004) define 

event studies lasting from one year to five year as long-term studies. Using this definition 

and their argumentation, our event study is short-term and the estimation of normal return 

is not as critical as it would be with long-term studies, since deviations of expected returns 

should be of little economic significance. This is in line with Brown and Warner (1985) 

who writes that in short term event studies there is little difference between normal return 

models. Fama (1998) also reiterate the point that a long-term study is much more exposed 

to errors in methodology rather than short term studies.  
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In spite of this we will use the FF3F-model as our main normal return model. We base this 

choice on research done by Næs, Skjeltorp and Ødegaard (2009) who find that the size 

factor is a relevant risk proxy for stocks on the Oslo Stock Exchange. The reason for not 

using Carhart four-factor model is that the same research indicates that the momentum 

factor is not relevant for stocks on the Norwegian stock market. We will also use the 

market model and compare the results.  

 

3.2 Volume Measures 

 

Our event study also investigates the volume effects associated with index revisions. We 

use the volume measure to look at trading activity and changes in liquidity. Næs et al. 

(2009) points out the difficulties with the term liquidity because it can be measured in 

different ways. It can be measured by looking at the cost of trade, how fast a stock can be 

traded and the amount available for trade. Previous research has tried to capture trading 

activity in different ways. Myhre and Nybakk (2012) and Knutsen (2014) use the trading 

volume in the event window divided by the average trading volume calculated from the 

estimation window as their volume measure. If the volume ratio is different from unity 

there is abnormal volume. This method is flawed as it does not take market movements into 

account (Chung and Kryzanowski, 1998). To observe the buying of large blocks by large 

investors such as index funds other measures have been defined. Many studies have tried to 

explain the index effect by the presence of index funds and its connection to the price 

impact observed. The following takes a closer look at the different methods used in earlier 

literature and concludes with our method of choice.  

To look at the amount index funds and self-indexing investors buy when there is an index 

change Shleifer (1986) looked at the difference between the volume at implementation and 

the average daily volume the past six months. The volume was calculated as the firm 
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volume in relation to the number of shares outstanding, also known as turnover. Turnover 

is also used by Bechmann (2004) and Chen et.al (2004). If a stock’s volume can be 

considered as high depends on the total of shares outstanding for the stock, but market 

movements can also influence volume. A study done by Beneish and Gardner (1995) used a 

market adjusted and a non-market adjusted measure and showed that both models produce 

similar results. Harris and Gurel (1986) calculate the cross-sectional means of the volume 

ratios for the different companies at time t to determine the trading activity. The volume 

ratio is described as the relation between the firm’s trading volume and the market’s trading 

volume in the event-time period t, divided by the relation between the average trading 

volume of the firms and average trading volume of the market in the pre-event window. 

Similar methods have been used in many later studies. Bechmann (2004) adjusted for 

market movements but didn’t take the cross-sectional mean. He also looked at monetary 

units instead of number of shares traded. Brooks et al. (2008) define the volume ratio as the 

average relative volume ratio in the estimation period instead of the average stock volume 

divided by average index volume. Chung and Kryzanowski (1998) apply different measures 

to indicate trade behavior. Firstly a relative volume measure, which is the number of shares 

traded, divided by the number of shares traded for the index. Secondly, they calculate the 

percent large trades as the total number of shares traded (over 10,000 shares) divided by the 

total number of shares traded. This measure is used to observe potential large block trade 

by large traders such as index funds. Thirdly, they use a relative spread measure which is 

the asking price minus the bidding price divided by the mid-spread. Lastly, they look at the 

bid size in number of board lots. Elliot et al. (2006) also look at liquidity in terms of bid-

ask spreads. They argue that liquidity can influence bid-ask spreads when institutional 

investors invest more heavily to attain ownership or when investors such as mutual funds 

increase their ownership in the stock.  

       
 

 
      

 
     (8) 

       
   

   
 
  

  
  (9) 
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We will apply the mean volume ratio,     , proposed by Harris and Gurel (1986) to 

examine trading activity (equation 8). This is because of the extensive use in previous 

research and the fact that it takes market movements into account. It provides a market 

adjusted measure in the sense that if the stock volume at day t is held constant and the 

market volume increases (decreases) from the day before the ratio will decrease (increase) 

indicating less (more) trade in the stock. In the same manner if the market volume is held 

constant and the stock’s volume increases (decreases) from the day before the ratio will 

increase (decrease) indicating more (less) trade in the stock. Thus, market movements are 

adjusted for. In equation 9 the V with subscript m reflects the average market volume, i 

reflects the average security volume in the estimation window and V with subtitle it and mt 

reflects the volume in the event window. The product of the fractions equals the volume 

ratio,     . Although Brooks et al. (2008) modifies the volume ratio formula because of 

improved characteristics, they have not explained it any further and we have not found any 

studies that support that view in relation to the index effect. Another aspect of the ratio is 

use of trade amount or monetary units. OSE’s inclusion criteria are based on historical 

information of volume in units. If investors would try and forecast inclusions and additions 

they would have to look at volume in units and not its value to correspond with the criteria 

to optimally replicate the process. But it also depends on what the Norwegian market 

emphasizes when looking at trading volume. Still, since there doesn’t seem to be a 

consensus, we will be using the number of shares traded. Because of time constraints we do 

not look at large block trades and bid-ask spreads as conducted in Chung and 

Kryzanowski (1998) despite the fact that it would have enabled us to look closer at what 

volume measures corresponds best to OSE and the influence of index funds.   

The mean volume ratio will be larger than 1 if there are abnormal volumes in the event 

window. The cross sectional means will show a potential index effect for each day in the 

event window. 
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3.3 Event and Estimation Window 

 

In order to estimate the normal return model we need to define an estimation window.  

There has been produced a lot of research on the topic, but the methodology differs, 

especially with regards to the choice of the normal return model, the length, and the 

position of the estimation window. The coefficients of the normal return model can be 

estimated through a pre-event, post-event, or pooled (combination of pre- and post-event) 

window (Skrepnek & Lawson, 2001). The most common approach to use in event studies is 

an estimation window prior to the event, ending before the event window so as to not 

overlap. However, some events may alter the parameters of the normal return model, giving 

biased estimates (MacKinlay, 1997). When studying the index effect on the S&P 500, Jain 

(1987) tests differences between pre-and post-estimation windows, he finds that parameters 

are non-stationary, thus using pre-event estimation will cause biased results. Edmister et al. 

(1994) further investigate the instability of parameter estimation in event studies on the 

index effect and come to the same conclusion as Jain (1987). They regard the change in 

coefficients as a consequence of the S&P 500 selection criteria, where they find that the 

membership committee picks stocks that have outperformed the market over the two 

previous years. Finally, in newer research on the S&P 500, Brooks et al. (2008) find 

significant difference in parameter values between pre- and post-estimation of the FF3F-

model, concluding that prior studies of the index effect that did not take this into account 

have reached false conclusions based on biased estimation of their normal return model. 

Recognizing the results of Jain (1987) and Edmister et al. (1994), Bechmann (2004) uses a 

post-estimation window when looking at the index effect on the Danish blue-chip stock 

index KFX in order to mitigate the selection criteria bias. The KFX selects stocks in a 

similar way to the OSEBX at the time of Bechmann’s study, in that the main criteria are 

turnover and market capitalization. This may lead to stocks being included as a result of 

high stock price performance prior to inclusions and stock price decrease prior to being 

removed from the index, creating bias in expected returns.   
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Our choice is to use a post-event estimation window because the event may potentially 

change the stock’s sensitivity to the factors in the FF3F-model as discussed above. 

The length of the estimation window is 250 daily observations; this is supported by 

Skrepnek and Lawson (2001) who say to use 100 to 300 observations and not to exceed this 

because of the tradeoff between statistical accuracy and appropriate parameter estimates. 

Bechmann (2004) use 140 daily observations and Brooks et al. (2008) use 250 daily 

observations. 

We have also chosen to use the same estimation window for the trading volume measure, as 

there might be some selection bias here as well. Stocks that are included in the index could 

have experienced heavier trading in the period before inclusion and vice versa for deletions. 

This can bias the estimated volume we use in our volume measure.  

 

Figure 7 Event and Estimation Window 

 

The figure shows the length of the event and estimation window. AD for a firm varies with the 

period used and is therefore not given a specific time in the figure. 

 

Our event window is 60 days prior to and 100 days after the ED. This event window should 

be able to catch trading associated with anticipation of revision and to observe permanent 

effects or reversals. Dhillon and Johnson (1991) use a symmetric event window of 60 days 

before and after to the event. Bechmann (2004) uses an event window of 120 days prior to 
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and 120 days after the event.  The number of days between the ED and the AD varies 

throughout the sample because of weekends and holidays, and also the announcement 

method of the OSEBX.  

 

3.4 Selection Criteria for Data 

 

The main selection criterion for the firms in the sample is that they have to be either 

included or deleted from the OSEBX index in the time period 2002-2014. The event dates 

and the relevant firms were collected through OSE official news channel “newsweb.no”. 

Volume data for the market were provided from OSE information department by e-mail. 

Share prices and firm-specific trading volume were obtained from DataStream.  

We performed three scans on the dataset in order find the observations that would yield the 

most unbiased results. This way we can have a clean sample, which we can reliably draw 

conclusions from. In the first scan we checked that there was sufficient data available in 

order to calculate the estimation window and the event window, each stock had to have 60 

days prior to the index revision and 350 days after. Stocks that did not fulfill this condition 

were removed from the sample. For instance there is no share price data from firms that is 

delisted from the stock exchange in the aftermath of being removed from the index. Fast 

entries was also removed, this is stocks that immediately after being listed on the stock 

exchange is included in the index, thus there will not be a sufficient event window 

available.   

 Secondly, we investigated the news around the AD and the ED for each and every stock, in 

order to remove observations that were likely to be shaped by events other than the index 
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revision.
4
 Examples of these events are new executives, mergers and acquisitions, and also 

spin-offs. We also had to remove stocks from the sample that were added to/deleted from 

the index because of name-changes or reconstruction of the firm because of the same 

reasons mentioned previously.  

Finally, for the last scan we took a closer look at highly volatile stocks with regards to both 

returns and volume in the whole event window. Stocks with extreme observations in either 

volume or returns were investigated further. The last scan gave us some difficulties because 

even though there was not always any formal news published in period, in some cases the 

observations was so extreme that it was best to remove the observations just to be on the 

safe side. An example is the stock RIE removed from the index in 2007, had a VR of 622 

on day 87 in the event window, this will in a sample of around 100 stocks bias the average 

results drastically. Another example is the addition of MHG in 2002, the stock was highly 

volatile with the highest daily return being 34 % and the lowest being -43 %, 11 

observations were over 10 % and 17 under -10 % during the event window.  

In comparison with other studies of the index effect, Elliott et al. (2006) use 60% (147 out 

of 246) of their initial sample of additions. They remove stocks that have merged, where 

one was member of the index. Also name changes, corporate restructurings and spin offs 

were removed. Brooks’ et al. (2008) final sample consists of 272 additions, which is 77 % 

of their initial sample. They cleaned the sample of insufficient historical and event data. 

Edmister et al. (1994) use 77% of their initial sample. Bechmann (2004) removes delisting, 

name changes, mergers and spin offs. Chung and Kryzanowski (1998) clean up their 

sample of penny stocks and confounding events. 

In the other Norwegian studies, Knutsen (2014) and Myhre and Nybakk (2012) uses 53% 

and 55 %, respectively, of their initial dataset of additions (187 and 112). 

                                                
4
 News about firms were reviewed through www.netfonds.no who collects news from www.newsweb.no and 

one of Norway’s largest financial news providers www.hegnar.no. 

http://www.netfonds.no/
http://www.newsweb.no/
http://www.hegnar.no/
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We started out with a sample of 185 additions and 186 deletions, after the three scans we 

ended up with a sample of 102 additions (55 % of the original sample) and 91 deletions (49 

% of the original sample). A problem with reducing the sample to this extent is that we 

could over- or understate the effect by leaving out important information.  

Survivorship bias could be present in our data set as firms that go bankrupt during our 

estimation window is not included in the sample due to the lack of data required for our 

estimation period. Since these stocks would reduce potential effects if included in the 

sample they cause an upward bias in the deletion sample.   

 

3.5 Expected Returns 

 

We define normal returns as the expected returns of The Market Model and the FF3F-

model. The actual stock return is defined as lognormal change in closing price
5
 as these fit 

better to the normality assumption (Henderson, 1990). We have decided to use the OSEAX 

to function as the market index in the market model and in the FF3F-model. We chose 

OSEAX because Ødegaard (January, 2015) uses approximately all of the shares on OSE to 

calculate the FF3-factors and the index covers all sectors and stocks on OSE. Bechmann 

(2004) also encourages the use of an all-share index, because the index revision at OSEBX 

can influence the returns of the OSEBX itself. We assume that OSEAX capture macro and 

local market variations. We could have included the MSCI World Index to better capture 

macro variations. To keep The Market Model and the FF3F-model fairly the same we 

would have to include the factor in the FF3F-model as well which would increase the 

complexity.  

We regress the market risk premium on the returns for each security i in the estimation 

window. By running the regression (eq. 10) we can estimate the intercepts and slope 

                                                
5 Return Index (RI) in DataStream. 
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coefficients, which will be used to calculate the expected returns, E      , of the securities 

in the event window. 

                         (10) 

The two FF3-factors in addition to the market risk premium will be regressed on the returns 

for each security i in the estimation window. By running the regression (eq. 11) in the 

model estimation window we can estimate the intercepts and slope coefficients, which will 

be used to calculate the expected returns, E      , of the securities in the event window. 

                                                 (11) 

 

3.6 Abnormal Returns 

 

The calculation of abnormal returns,      , is defined as the difference between actual log-

returns for security i at time t,     , and the expected returns for security i at time t,        , 

calculated using the two models.  

                     (12) 

To see if there is abnormality in returns in the event window we calculate the average 

abnormal returns for all securities, N, each day as showed in equation 13. Using equation 8 

can see the abnormality in volume. The arithmetic mean of the abnormal returns is:  

    
       

 

 
      

 
     (13) 

After determining if there is a abnormal returns in the event window, we will look at 

different time periods to see if we can find higher abnormal returns in some particular time 

period within the event window. To do this we calculate the cumulative abnormal return 

(CAR) for each event type in a given time period. CAR is calculated by summarizing    
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from day t1 to t2 [t1; t2] in the event window for additions and deletions separately. The [t1; 

t2] interval depends on which period we will study. 

          =     
       

    
  (14) 

It will allow us to examine if the index effect is permanent or not, i.e. if the effect is not 

permanent the CAR decreases after an inclusion’s ED because the actual returns moves to 

its previous level. If the effect is permanent then the CAR should even out at a higher price.  

 

3.7 Hypotheses 

 

In order to draw statistical inference from our findings we conduct statistical significance 

tests. Hypothesis testing involves using data to compare the null hypothesis to an 

alternative hypothesis. The null hypothesis considers if the population mean is equal to or 

smaller/greater than a specific value. The alternative hypothesis holds if the null is rejected, 

(Stock & Watson, 2012). 

 

3.7.1 Temporary effects 

First, we would like to know if there exists an index effect on OSEBX. To find indications 

of it we have to look at abnormal returns and abnormal volume. The tests we conduct are 

two-sided for returns, so we can examine both positive and negative effects. In the case of 

the volume measure we use a one-sided test because we expect volume ratios higher than 1. 
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These hypotheses make it easy to examine a price impact on critical event days.  

 

3.7.2 Permanent Effects 

Our definition of the previous hypotheses does not exclude the possibility of a permanent 

price and/or volume effect. There might be a permanent effect even if a temporary effect 

exists. We expect the cumulative abnormal returns to positive (negative) for additions 

(deletions) if there are permanent effects. Accepting our null hypotheses can indicate a 

reversal of the prices after the ED. 

                

                

If there are permanent volume effects after a stock has been added or deleted from OSEBX 

the mean volume ratio should be consistently higher (lower) after an addition (deletion). To 

investigate this effect we look at the average of the mean volume ratios in the period before 

and after the event. We use the notation B for a period after the ED and A for a period 

before AD. 

              
               

      

              
               

      

The alternative hypothesis will be           
               

      for deletions.  

The periods for            will not include the days close to the ED where we expect price 

pressure and increased trading activity. The average mean volume ratio before the ED will 
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be even higher if these effects are present. We want to look at the long-term change in 

volume level to see if it is consistent with the different perspectives on the index effect.  

By defining the permanent effect hypotheses in this manner we can table several outcomes, 

which will show us indications of the presence of the different index effect hypotheses. 

Figure 8 Permanent Effects Outcome 

 

Additions Deletions 

Price Volume Index Effect Price Volume Index Effect 

      

Liquidity/cost 

Selection Bias 

Attention 

Imperfect substitutes 

      

Liquidity/cost 

Selection Bias 

Imperfect substitutes 

      
Attention 

Imperfect substitutes 
      

Imperfect substitutes 

      Possible Price Pressure       Possible Price Pressure 

      Possible Price Pressure       Possible Price Pressure 

      

The figure shows the different possible outcomes from our hypotheses about permanent effects. We 

write “possible price pressure” since we can’t rule out the possibility of no temporary effect if we 

reject    for price pressure. 

 

3.8 Statistical Testing 

 

3.8.1 Type 1 and Type 2 Errors 

When conducting a hypothesis test one can make two types of errors. Type 1 error occurs 

when you reject the null, when it in fact is true. Type 2 error is when you fail to reject the 

null when it is false. The probability you accept of conducting a type 1 error is the 
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significance level of the test. The significance level is usually pre-specified, and 

corresponds to a critical value which can be compared to the value of the test statistic 

(Stock & Watson, 2012).   

 

3.8.2 Statistical Testing in Event Studies 

There are a lot of potential problems that can arise while testing for statistical significance 

in event studies. First of all, the statistical assumptions rarely hold for daily asset prices, as 

they usually suffer from non-normality and event induced volatility (Brown and Warner, 

1985).  

AR-estimators have often cross-sectional correlation, AR-estimators have different 

variances across firms and they are not independent over time. Practically, these problems 

have minor implications, but there have been developed solutions to these problems, that 

can be applied if they were to get too severe (Binder, 1998). 

Abnormal daily returns suffer from non-normality, however, when you take the mean 

abnormal return across firms it will converge to normality as the number of firms in the 

sample increases (Brown and Warner, 1985). 

We have identified the major econometric issue in this study to be cross-sectional 

dependence, also known as event clustering. Clustering is when event windows overlap 

across securities and if not dealt with properly can cause invalid inference (MacKinlay, 

1997). Clustering implies that covariance of the residuals are different from zero. This 

reduces the power of our tests (Skrepnek and Lawson, 2001). Figure 9 describes the 

clustering of events. Most observations will coincide with at least 1 other observation, but 

usually more, thus cross-sectional dependence is possible. One technique that can mitigate 

the effects of clustering is to use a more sophisticated normal return model, rather than the 

constant mean return model, for instance the market model or the FF3F-model. A second 

technique is to modify the test statistic (Brown and Warner, 1985). We will do both.  
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Figure 9 Distribution of Events 

 

The figure shows the number of additions (dark) and deletions (light) at both spring and fall each 

year from 2002 to 2013.  

 

Shifts in variance induced by the event, can in some event studies underestimate the 

variance of the event abnormal returns (Kothari and Warner, 2004). However, since index 

revisions should be an information free event, which should not increase uncertainty about 

the fundamental value of the company, this should not be a big problem. Different variance 

across firms can be fixed by standardizing AR’s before aggregating. This modification can 

eliminate bias caused by the firms with relatively high variances, thus it could provide more 

powerful tests.  

3.8.3 Parametric Tests 

For consistency we apply three parametric tests: one standard cross-sectional t-test, one that 

takes clustering into account, and lastly a parametric test that controls for differences in 

variance, shifts in variance, and incorporates information from the estimation period.  
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Cross-sectional test 

The first parametric test we will conduct is a simple cross-sectional test. The test assumes 

that each stock’s abnormal return is independent and identically distributed (i.i.d), thus 

normality is assumed in large samples. Based on these assumptions, the test statistic will 

follow a student t distribution (Binder, 1998). The test requires that the securities’ abnormal 

returns are uncorrelated. However, the test is not affected by event-induced shift in variance 

(Boehmer, Masumeci, and Poulsen, 1991). 

The standard deviation will be estimated across firms for each event date t following the 

same procedure as Scholes (1972). 

         
 

    
           

 
 
    

 

 
  (15) 

The standard deviation is divided by the square root of the number of firms (N), in order to 

produce the standard error (Binder, 1998).  

             
      
 
     

  

  (16) 

This method for significance testing will also be conducted for the mean volume 

ratios,     , at time t. 

In order to test the CAR we have to assume that that      are independent over time.  The 

variance is then aggregated and the square root is taken in order to obtain an estimate of the 

standard deviation (MacKinlay, 1997).  

                          
  

  
     

 

   (17) 

Furthermore, the estimator of the standard deviation is divided on the square root of the 

number of firms in the sample, again to get the standard error.  
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  (18) 

Crude dependency adjustment (Brown and Warner, 1985) 

This test assumes that event induced variance is insignificant, which in our case should be a 

reasonable assumption. It also allows for cross-sectional dependence in security-specific 

abnormal returns (Boehmer et al. 1991). Since the test statistic uses the variance from the 

estimation period it incorporates the cross-dependence that exists across the returns of the 

sample firms (Kothari and Warner, 2004). 

We aggregate the abnormal returns across firms, per estimation date t. The standard 

deviation is calculated from the time-series of aggregated abnormal returns estimation 

window. The statistic follows a t-distribution under the null hypothesis.  

        
 

   
    

     
       (19) 

          
                  

     

   

 

  (20) 

              
      

      
  (21) 

             
           

            
  (22) 

Standardized Cross-Sectional Test (Boehmer et al. 1991) 

This test allows for shifts in variance, differences in variance across firms, and it also 

incorporates information from the estimation period. A strict assumption is however 

imposed, abnormal returns must be cross-sectionally uncorrelated. 
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First we standardize the abnormal returns for each stock, using the standard deviation of 

abnormal returns obtained from the estimation period.
6
  

 

       
    

      
  (23) 

Then we aggregate the standardized abnormal returns across firms per event date t. 

      
 

 
      

 
     (24) 

Furthermore, we find the standard deviation for each event date t, just like in the earlier 

cross-sectional test.  

          
 

    
             

 
 
    

 

 
  (25) 

Finally, the test statistic can be calculated as the ratio between the mean and the standard 

error. The statistic will follow a student t distribution.  

             
        
 
      

  

  (26) 

Cumulative standardized abnormal returns can be calculated in the same manner as 

previously explained.  

Difference-in-Means 

To examine the difference in the level of trading volume before and after the event we 

calculate the difference-in-means. The method assumes that the      for the two periods 

are independent random variables and comes from two different randomly selected 

samples. It follows that the population variances for the two variables,   , are unequal and 

                                                
6
 It is customary to adjust the standard deviation for the prediction error of the normal return model. 

However, this can be ignored if the estimation period is sufficiently long, (Serra, 2004 and MacKinlay, 1997).    
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unknown and needs to be estimated using the sample variances (Stock, & Watson, 2012)
7
. 

The notation B describes the first sample were the mean and variance is calculated for a 

period after the ED and A describes the second sample were the mean and variance is 

calculated for a period before AD. 

              
               

      
  
 

  
 

  
 

  
  (27) 

By assuming that the number of observations,  , in the samples is large, the t-statistic has a 

standard normal distribution.   

   
                              

                                
  (28) 

 

3.8.4 Non-Parametric Tests 

Parametric tests have strict assumptions, for instance they often assume that the data follow 

a normal distribution. Non-parametric tests on the other hand are less restrictive, in that 

they usually make no assumption of the observation’s distribution (Brown and Warner, 

1980). Non-parametric tests are also less affected by extreme outliers (Cowan, 1992). In 

event studies it is common to use non-parametric tests complementary to the parametric 

tests.  

 

We use a version of Cowan’s (1992) general sign test, which is similar to the test used in 

(Brooks et al., 2008) research on the index effect in the US. 

             
    

        
  (29) 

                                                
7 The variance before the event is almost 3 times larger for additions and 1.5 times larger for deletions, thus 

far from equal. 
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The z-statistic takes into account the number of firms in the sample, N, actual number of 

firms with a positive or negative AR, A, and the estimated percentage of positive or 

negative AR from the estimation window, p. The test is not restricted by the assumption of 

normality, but rather uses a normal approximation to the binomial distribution of p (Cowan, 

1992). 

 

3.9 Cross-Sectional Analysis 

 

We will also test the theoretical intuition through cross-sectional regressions by looking at 

the relationship between      and variables that are believed to be associated with the 

theory.  

                              (30) 

     is the abnormal return for firm i and the dependent variable of the regression, with 

explanatory variables       for each regressor k at time t.     is the error term and    is the 

intercept.  

Under the Ordinary Least Squares (OLS) - assumptions of: 

 Strict exogeneity, which implies that:           
     

 Errors are i.i.d 

 No extreme outliers 

 No multicollinearity 
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4. Analysis of Findings 

 

In this chapter we will present and discuss our results. We separate the chapter into 

temporary and permanent effects. In the temporary effects section we will look at price and 

volume effects surrounding the main event dates in our study, namely the AD and the ED 

of the index revisions. The AD is the first full trading day after the announcement and the 

ED is the day were the new index composition is implemented. In the permanent effects 

section we will look at price and volume levels in the event window. We will also divide 

the sample into three groups based on firm size and see if there are any differences. The 

abnormal returns and mean volume ratios for the whole event window can be found in the 

appendix (table A2, A3 and A4) 

 

4.1 Temporary Effects 

 

4.1.1 Price Effects 

In table 1, we can see that on the day before and after the AD there are no significant 

returns in both samples. On the AD, however, we report statistically significant average 

abnormal returns for both additions and deletions. The economic magnitude of the 

abnormal returns is approximately the same for the two samples, although as expected the 

abnormal returns are positive for additions and negative for deletions. We can see that the 

effect is rather small in an economic sense, with both samples showing an average effect of 

less than 1 %. The abnormal returns are statistically significant on a 1 % level for both 

samples using the t-test. The z-test, testing for positive abnormal returns for additions and 

negative abnormal returns for deletions, is also significant, although at a lower significance 

level: 5 % for additions and 10 % for deletions. This may suggest that the power of the 

t-test is lower because of outliers in the sample. We also report statistically significant 
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negative abnormal returns for deletions on AD+2 and AD+4. The z-stat for these 

observations, however, indicates that outliers could skew the results and cannot be 

interpreted as a common occurrence for the whole sample. The same can be said for AD+4 

and AD+5 for additions.  

Table 1 Average Abnormal Returns for Additions and Deletions 

                    

  Additions   Deletions 

t       
  t-stat Z-stat 

No. of 

firms 

 

      
  t-stat Z-stat 

No. of 

firm 

AD-3 0.42% 1.31 0.65 102 
 

-0.18% -0.53 -1.40 91 

AD-2 -0.25% -0.78 -2.13 102 
 

-0.33% -0.99 0.91 91 

AD-1 0.16% 0.49 1.04 102 
 

-0.06% -0.18 0.28 91 

AD 0.76% 2.39** 1.64* 102 
 

-0.84% -2.49** 1.95** 91 

AD+1 0.18% 0.55 -1.54 86 
 

-0.16% -0.46 -0.98 80 

AD+2 0.23% 0.71 -1.54 79 
 

-0.82% -2.42** -0.98 76 

AD+3 0.11% 0.35 -3.52 57 
 

0.53% 1.56 -4.97 64 

AD+4 0.89% 2.76*** -2.33 57 
 

-0.87% -2.55** -3.08 60 

AD+5 0.67% 2.1** -3.91 53 
 

0.54% 1.58 -4.55 60 

ED-3 0.33% 1.03 0.05 102 

 

-0.07% -0.22 -0.56 91 

ED-2 -0.12% -0.36 -1.14 102 
 

-0.36% -1.06 0.91 91 

ED-1 2.15% 6.7*** 6.79*** 102 
 

-2.86% -8.44*** 4.68*** 91 

ED -0.48% -1.50 -0.74 102 
 

1.93% 5.7*** -4.97 91 

ED+1 -0.03% -0.09 -0.54 102 
 

0.56% 1.64 -0.56 91 

ED+2 -0.41% -1.27 0.05 102 
 

0.46% 1.35 -0.98 91 

ED+3 0.14% 0.42 0.84 102 
 

0.44% 1.30 -0.56 91 

ED+4 -0.19% -0.60 -0.74 102 
 

0.62% 1.83* -2.24 91 

ED+5 -0.52% -1.61 0.05 102 
 

0.55% 1.62 -1.40 91 

                    
 

The table shows the average abnormal returns around for [AD-3, AD+5] and [ED-3,ED+5]. To test 

for significance a two-sided parametric crude dependency adjusted t-test (Brown & Warner 1985) 

and a non-parametric one-sided z-test has been used. *, ** and *** denote significance at the 10 %, 
5 % or 1 % level. 
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For additions we find an average abnormal return of 2.15 % (statistically significant at a 1 

% level) the day before the ED. The positive abnormal return is followed by three days of 

negative returns, which are statistically insignificant.  

For deletions we find an average abnormal return of -2.86 % (statistical significant at a 1 % 

level). On the ED we report a 1.93 % abnormal return, which is statistically significant at 

the 1 % level for the t-test. The z-test is not calibrated to test for positive abnormal returns 

for deletions, so we cannot draw any statistical inference from the test in this case.  

 

4.1.2 Volume Effects 

In table 2 the MVR shows that the volume is significantly higher than unity for additions 

around the AD. This is, however, true for almost the whole period before the ED for 

additions. Accordingly, the statistical inference one can draw from the additions sample is 

rather limited in this case. We can also see that less than half the sample around the AD has 

a MVR higher than one (except AD-2 and AD+5), so the averages are not necessarily 

representative of the whole sample. Much of the same can be said for the deletion sample. 

Therefore the magnitude of the MVR and the fraction of the observations with a MVR over 

1 will help us to find reliable volume effects.  

Looking at the MVR we find that there is a highly significant increase in volume associated 

with the day before the ED. We find a MVR of 4.49 and 3.66 for additions and deletions, 

respectively. In both samples, a majority of the observations have a higher volume ratio 

than one on the ED-1, indicating that the results are reliable. In the additions sample on 

AD+5 we report that over 64 % of the sample has a MVR over 1 and the t-stat is highly 

significant. This is a result of AD +5 being equal to ED-1 for a number of firms in the 

sample.   
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Table 2 Mean Volume Ratios for Additions and Deletions 

                    

  Additions   Deletions 

t      t-stat 

% over 

1 

No. of 

firms 

 
     t-stat 

% over 

1 

No. of 

firms 

AD-3 2.11 2.68*** 48% 102 
 

1.67 2.64*** 44% 91 

AD-2 2.22 2.42*** 51% 102 
 

1.21 1.26 37% 91 

AD-1 1.72 2.31** 41% 102 
 

1.38 1.41** 33% 91 

AD 1.65 2.32** 44% 102 
 

1.72 2.62*** 44% 91 

AD+1 1.58 3.31*** 49% 86 
 

2.24 2.46*** 49% 80 

AD+2 2.60 1.41* 47% 79 
 

1.65 3.01*** 43% 76 

AD+3 1.31 2.27** 46% 57 
 

1.52 2.36** 50% 64 

AD+4 1.67 2.1** 42% 57 
 

1.23 1.54* 45% 60 

AD+5 1.88 4.87*** 64% 53 
 

1.87 1.8** 45% 60 

ED-3 1.49 2.27** 48% 102 

 

1.99 2.87*** 54% 91 

ED-2 1.54 3.05*** 44% 102 
 

1.46 2.96*** 46% 91 

ED-1 4.49 3.83*** 65% 102 
 

3.66 6.26*** 76% 91 

ED 1.37 2.68*** 51% 102 
 

1.73 3.52*** 52% 91 

ED+1 1.54 2.7*** 40% 102 
 

1.69 1.38* 41% 91 

ED+2 1.34 1.81** 41% 102 
 

1.46 2.32** 38% 91 

ED+3 1.38 1.41* 37% 102 
 

1.94 3.29*** 48% 91 

ED+4 1.84 1.10 36% 102 
 

1.77 2.1** 41% 91 

ED+5 1.14 0.91 33% 102 
 

1.13 0.78 33% 91 

                    
 

The table shows the mean average volume ratios for [AD-3, AD+5] and [ED-3,ED+5]. To test for 
significance a one-sided parametric t-test (Scholes 1972) has been used. The table also shows the 

percentage of mean volume ratios higher than one. *, ** and *** denote significance at the 10 %, 5 

% or 1 % level, respectively. One sided test.    

 

4.1.3 Discussion of Hypotheses 

In this section we will discuss the prevailing hypotheses of index effects in light of our 

results in the previous sections of the temporary effects.  
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There are three possible explanations for why we can see a significant price change on the 

AD:  

 Investors incorporate new information  

 Index funds change their portfolio 

 Arbitrageurs take advantage of expected price pressure around the ED.  

If an addition into the index provides the market with positive information about the 

fundamental values of the firm, rational investors will buy the stock until it reaches its new 

equilibrium price. The opposite response would be expected for deletions, as being 

removed from the index being thought of as negative news.  The selection criterion for the 

OSEBX does not directly state anything about the earnings potential or the risk of the firm, 

so rational investors would not change their share price target on the basis of index 

revisions. However, there could be some indirect effects of index revisions. As mentioned 

in Chapter 2, both the liquidity/information cost and the attention perspective could change 

the market’s perception of the stock. Increased liquidity for additions could reduce spreads, 

which removes the liquidity premium imposed on illiquid stocks. This will again lower 

investors required return. Being included in the index could produce more information for 

instance analysts, reducing the cost of information for investors. Similarly, the attention 

perspective states that increased attention could lead to lower required return by investors, 

as they will reduce unsystematic risk exposure by adding another stock to their portfolio. If 

these perspectives are the prevalent cause of the index effect, we would expect a price 

effect on the AD. Therefore, the price increase on the AD could be regarded as the market 

incorporating the new information about the stock.  It is, however, worth making the point 

that we observe a symmetric effect for additions and deletions. This has some implications 

for the attention hypothesis, which only predicts a price change for additions. It is possible, 

however, that changes in price for additions and deletions are associated with separate 

theories. The results on AD for both samples are in line with the liquidity hypothesis; the 

market response is consistent with investors changing their discount rate with expectations 
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of a change in the liquidity risk premium. We will need to look at the permanent effects of 

price and volume to determine if these theories are valid.   

The volume around the AD is normal with regard to the rest of the event window which 

makes it difficult to analyze. If index funds rebalance at the AD, we would expect to see 

significantly higher volume than what the results show, so this is also unlikely to be the 

case for the price effects around AD.  

Another explanation for the price effect on AD is arbitrageurs front-running index funds by 

taking positions in the stock with expectations of a price change in the stock around ED. 

This could create a price impact at the AD.  

In chapter 2, we introduced two other theories called the price pressure theory and the 

imperfect substitute’s theory. Both perspectives are based on downward-sloping demand 

curves and do not imply that any new information is communicated to the market. Price 

effects around the ED are expected to be positive for additions and negative for deletions. 

The price pressure perspective states that this is only in the short run, while the imperfect 

substitute’s theory would suggest that the shift in the demand curve is permanent. The 

index weights is calculated based on closing prices the day before the ED, so index funds 

following a full replication strategy will therefore seek to rebalance their portfolio on the 

day before the ED. The results reported are highly consistent with the expectations of the 

price pressure hypothesis and the imperfect substitute’s hypothesis. We expected that index 

funds would rebalance on the day before the ED and that this would lead to higher demand 

for the added stocks and a higher supply for deleted stocks. The effect is consistent with the 

idea that investors’ specific preferences regarding stock selection will lead to a price effect 

when trading occurs. The price pressure theory suggests that we will see a price correction 

after the price jump at ED-1. Although the positive price change for additions is followed 

by three days of negative returns, the effect is weak and not statistically significant. For 

deletions, the price correction is significantly negative on the first day, reducing the price 
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shock on ED-1 by 1.93 %. The price shock for deletions is fully corrected in the matter of 

three days. 

In comparison to other studies, Bechmann (2004) finds abnormal returns of 0.65% for 

additions on the day after AD and no significant abnormal returns for deletions around the 

AD. Knutsen (2014) reports an abnormal return of 0.67% on the day after AD for 

additions, but we believe that this is due to his definition of the AD. Bechmann (2004) 

reports highly significant abnormal returns for additions and deletions on the day before the 

ED of 0.66% and -0.63%, respectively. While Knutsen (2014) find abnormal returns of 

2.48 % and increased trading volume on ED-1, both statistically significant and both 

similar to our results.  

 

4.2 Permanent Effects 

 

4.2.1 Price Level 

In the previous section, we found that there is a clear temporary effect the day before the 

ED. In this section we are more interested in looking at long-term effects of index 

revisions, in particular on the level of the price and the volume.  

Figure 10 shows the CAR from 60 days before the ED to 100 days after. Additions have a 

an average CAR of 4.9 % for the period as a whole and overperforms compared to the risk-

adjusted returns of the FF3F-model; on the other hand deletions have a negligible 

cumulative abnormal return of 0.64 % for the 161 days in the event window (table 3). In 

other words, the price for additions does not fully reverse, while the deletions sample 

reverses to around the level at the beginning of the event window.  
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Figure 10 Cumulative Abnormal Returns around Effective Date 

 

The figure shows the cumulative abnormal returns for the event window for both additions (dark) 

and deletions (light) [ED-60, ED+100].  

 

In table 3 we report CAR for four periods in the event window. Since we are interested in 

potential long-term effects we look at a period before and after the ED. For additions in 

table 3 we can see a positive CAR of 8.32 % in the 60 days leading up to the ED, which is 

statistically significant at a 1% level; we can see that 60 % of the stocks in the additions 

sample overperform before inclusion into the index. In the period after ED-1, the additions 

have an average CAR of -2.94 %. For deletions, we can see a negative CAR in the 60 days 

before the ED of 9.86 %, followed by a positive CAR of 8.57 % in the rest of the event 

window. We can see that 58 % of the stocks in the deletions sample underperform before 

exclusions from the index.   

 

 

-10.0% 

-8.0% 

-6.0% 

-4.0% 

-2.0% 

0.0% 

2.0% 

4.0% 

6.0% 

8.0% 

10.0% 
-6

0
 

-5
5
 

-5
0
 

-4
5
 

-4
0
 

-3
5
 

-3
0
 

-2
5
 

-2
0
 

-1
5
 

-1
0
 

-5
 

0
 

5
 

1
0
 

1
5
 

2
0
 

2
5
 

3
0
 

3
5
 

4
0
 

4
5
 

5
0
 

5
5
 

6
0
 

6
5
 

7
0
 

7
5
 

8
0
 

8
5
 

9
0
 

9
5
 

1
0
0
 



Page 72 of 146 
 

Table 3 Cumulative Abnormal Returns 

     

  Additions  Deletions 

                 t-stat % positiv           t-stat % negative 

(-60, 100) 4.90 % 1.20 48 %  0.64 % 0.15 45 % 

(-60, -1) 8.32 % 3.35*** 60 %  -9.86 % -3.76*** 58 % 

(1, 100) -2.94 % -0.92 41 %  8.57 % 2.53** 37 % 

(-20, 100) 0.88 % 0.25 44 %  5.56 % 1.51 42 % 

        
 

The table shows the cumulative abnormal returns for four periods in the event window the percent 

positive (negative)       
  for additions (deletions) for the specific period. To test for significance, a 

parametric crude dependency adjusted t-test (Brown & Warner 1985) has been used. *, ** and *** 

denote significance at the 10 %, 5 % or 1 % level respectively for a two-sided test. 

 

Figure 11 Cumulative Abnormal Returns around Effective Date [ED-20, ED+100] 

 

The figure shows the cumulative abnormal returns for the period [ED-20, ED+100] for both 

additions (left) and deletions (right).  
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Reducing the time period to a trading month before the ED to 100 days after the ED 

(Figure 11) provides a different view. Starting the interval this close to the ED will allow us 

to observe price effects close to the index revision. In Figure 11 we see that the additions 

sample almost fully reverse from the price reaction on AD and ED-1 over the following 

100 days. As supported by table 3, we can see that under half of the stocks have a 

significant permanent price effect. The deletions sample has a rapid price correction after 

ED-1 and experiences a high positive return in the 100 days after the event.  

Figure 12 Mean Volume Ratio around Effective Date 

 

The figure shows the mean volume ratio for the event window for both additions (left) and deletions 

(right).  

 

4.2.2 Volume Levels 

It is interesting to see if the volume changes after the index revision. The average volume is 

higher in the period prior to the ED compared to the period after for additions. The average 

volume for deletions is significantly higher before the ED compared to the period after. A 

difference-in-means test between the period [ED+7, ED+100] and [ED-60, ED-19] is 

significant at the 5 percent level with a t-stat of 1.76 but not significant for additions. None 
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of the samples seems to have permanently increased in volume. The difference between the 

periods is even bigger for additions with a mean of 1.31 and 1.93 in comparison with 1.30 

and 1.40 for deletions (appendix table A8).  

 

4.2.3 Discussion of Hypotheses 

At first glance, it looks like there is a permanent price effect for additions, since the price 

does not fully reverse to where it originated from (Figure 10). This is consistent with all the 

hypotheses except the price pressure theory, which only predicts a temporary price effect. 

In the case of deletions, the price reverses fully over the course of the event period.  

The first 60 days leading up to the ED is consistent with the selection criterion for both 

samples. The stock selection is based on both volume and market capitalization measures. 

The volume is measured over 12 months before the last trading day in October/April. The 

market cap measure, on the other hand, is calculated on the last trading day in 

October/April, approximately one month before the ED. The implementation of the new 

index constituents will take effect on the first trading day of December and June (OSEBX 

Methodology, 2015). This implies that stocks selected are likely to have increased in 

market value before inclusion and stocks removed from the index are likely to have 

dropped in market value. The CAR graph in Figure 10 runs from 60 days before the ED, if 

we assume that a trading month is about 20 days, the CAR shows for 

September/October/November and March/April/May before the ED. The reason we see a 

high positive CAR in the period between ED-60 and ED can therefore be due to selection 

bias caused by the selection criterion. In short, only stocks that have increased (decreased) 

in market value are added (deleted). This is consistent with our findings in table 3. The 

selection criterion is the reason why we see the trend in CAR prior to the ED, but it is not 

likely to be the reason why we see such significant abnormal returns close the ED. The 

reason for this is that the returns in the case of the selection criterion bias theory is expected 

to be evenly distributed over the reference period and not concentrated on AD and ED-1 
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(Bechmann, 2004). Therefore, only looking at the whole period and not shorter periods 

might make one draw false conclusions about the permanent effects of the index effect. 

Looking at Figure 11 with a CAR calculated for the period 20 days before the ED to 100 

days after the ED, we get a better view of what magnitude and size of the CAR that can be 

attributed to the index effect. We find that the sharp increase in abnormal returns 10 days 

before the ED for additions is believed to be a result of the AD trading and trading before 

the ED. There are several reversals after the ED for additions before the price almost 

returns to the AD price after 100 days. The case for permanent price level change for 

additions is therefore not as strong as Figure 10 implied. For deletions, we can see a rapid 

reversal in the price which is consistent with the price pressure perspective. The fact that 

the price continues to increase after the reversal is complete is not explained by any 

recognized theory.  

The differences in the volume level before and after the ED provide additional explanations 

of the index effect. The liquidity/information cost perspective suggests that stocks will be 

more heavily traded after inclusion in the index if a stock were to be excluded it would be 

traded less. For additions we see a significant drop in the volume level which indicates that 

there are no liquidity improvements based on inclusion in the index. This is a major blow to 

the liquidity hypothesis. One explanation of this result is that if index funds are sufficiently 

large, they could reduce the liquidity in the market, since index funds tend to buy-and-hold 

stocks (Chen et al., 2004). With regards to deletions, there is a significant decrease in the 

volume level. This is consistent with the liquidity hypothesis; however, the lack of a 

negative price level change is not consistent with the liquidity hypothesis. Other than these 

inconsistencies, we argue that if this hypothesis were valid, we would see a symmetric 

market response to the index revision for both samples. We believe that based on the 

evidence, stocks on the OSEBX are part of the index because they are highly traded and not 

the other way around. 
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The addition sample indicates that there is a small permanent change in the price level. This 

could indicate that either the attention or the imperfect substitute’s hypothesis is a valid 

account of what we are observing. Since we also see that there is no permanent price effect 

for deletions, we reject the imperfect substitute’s hypothesis, as we would expect to see a 

symmetric market response between the two samples. However, we also have our doubts 

about the attention hypothesis -- it is important to remember that we are looking at 

averages, and outliers, especially in small samples such as ours, can influence averages. 

When we look at the fraction of the observations that actually have positive CAR for the 

period ED-20 to ED+100, we see that it is less than half. We are therefore skeptical with 

regard to whether there is a permanent effect for additions at all. However, even though we 

cannot fully reject the attention hypothesis for additions, the price pressure hypothesis 

could still be valid. The price develops symmetrically for additions and deletions up until 

the ED-1, but the deletions sample experiences a full and more rapid reversal in the 

aftermath of the price change; this could indicate that prices have more difficulties 

adjusting downward than upward, a view of asset prices that is not consistent with market 

efficiency, but still very plausible. This could be due to the limits of arbitrage or, more 

specifically, short-selling constraints, which can lead to overpricing. The additions price is 

in a falling trend in the five trading months after ED-1; it is plausible that additions simply 

take a longer time to correct than deletions. This line of argument implies that the demand 

curve for stocks is downward-sloping in the short run when stocks are included in the 

OSEBX. We provide strong evidence for the validity of the price pressure hypothesis with 

regard to the deletion sample. Both the price effect and the volume effect are highly 

consistent with the theory of a short-term downward-sloping demand curve for stocks.  

In comparison, Bechmann (2004) attributes a permanent effect to both additions and 

deletions in his study on the Danish KFX index, finding that the liquidity/information cost 

hypothesis and the imperfect substitute’s hypothesis are the most likely to be accurate. 

Knutsen (2014) finds that the effect is only temporary, concluding that the price pressure 

hypothesis is most likely. 
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4.3 Size 

 

It is interesting to see if firm characteristics play a part in explaining the index effect. We 

divide the sample in three different size categories: small, medium, and large. The size 

measure is the free float market capitalization of the stock relative to the market 

capitalization of the OSEBX; this parameter is alo known as the index weight. Some 

descriptive statistics are provided in the appendix table A5. 

We provide two competing theories of why firm size should matter in the context of index 

revisions: 

1. Large firms are usually better-known than small firms. The expectation based on the 

attention hypothesis is that large firms should have lower abnormal returns than small firms 

included in the index because investors are more likely to have heard about large firms, so 

the shadow cost ought to be lower for investors (Chen et al. 2004).  

2. Larger firms are more attractive investment objects than smaller firms, and therefore 

more investable for equity funds that have restrictions imposed on what stocks they can 

hold. There is less demand for small stocks for liquidity reasons and relatively higher 

transaction costs (Brooks et al., 2008). With regards to this theory, we should see higher 

abnormal returns for large firms added to the index. This is an extension of the price 

pressure hypothesis.  

 

4.3.1 Temporary Effects 

For additions in table 5, large and medium sized firms have higher abnormal returns than 

small firms. Large firms are the only category that has statistically significant abnormal 

returns. In the case of deletions it is the small firms that have the greatest impact in terms of 

abnormal returns; however, large firms are the only ones with statistically significant 

abnormal returns. 
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Table 4 Abnormal Returns for Three Size Samples: AD 

    

  Additions 

 

Deletions 

Size       
  t-stat      t-stat 

 

      
  t-stat      t-stat 

Small 0.58% 0.92 1.46 1.17 

 

-1.12% -1.42 1.74 1.29* 

Medium 0.72% 1.37 2.00 1.41 

 

-0.50% -0.97 1.66 1.67** 

Large 1.00% 2.38** 1.49 1.93** 

 

-0.92% -1.75* 1.77 1.66** 

Sample 0.76% 2.5** 1.65 1.34 

 

-0.84% -2.38** 1.72 2.62*** 

          
 

The table shows both abnormal returns and mean volume ratios for the whole sample and the 
sample divided by the size categories small, medium and large for additions and deletions on the 

announcement date. To test for significance the two-sided t-stat Scholes (1972) is used for mean 

volume ratios and the abnormal returns. *, ** and *** denote significance at the 10 %, 5 % or 1 % 
level, respectively. 

In table 5, on ED-1 all categories in both samples have statistically significant returns. 

Again, for additions, the large firms have the highest abnormal returns, while for the 

deletions the small firms have the lowest abnormal returns.  

Table 5 Abnormal Returns for Three Size Samples: ED-1 

                    

  Additions 

 
Deletions 

Size       
  t-stat      t-stat 

 

      
  t-stat      t-stat 

Small 2.16% 3.03*** 3.14 1.94** 

 

-3.26% -3.96*** 2.39 2.88*** 

Medium 1.82% 1.67* 5.22 3.15*** 

 

-2.10% -2.98*** 3.62 3.36*** 

Large 2.46% 6.09*** 5.11 1.93** 

 

-3.22% -6.42*** 4.91 4.71*** 

Sample 2.15% 6.70*** 4.49 3.83*** 

 

-2.86% -7.24*** 3.66 6.26*** 

          
 

The table shows both abnormal returns and means volume ratios for the whole sample and the 

sample divided by the size categories small, medium and large for additions and deletions on the 

day before the effective date. To test for significance the two-sided t-stat Scholes (1972) is used for 

mean volume ratios and the abnormal returns. *, ** and *** denote significance at the 10 %, 5 % or 
1 % level, respectively. 
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4.3.2 Permanent 

Looking at additions in Figure 13, we find that small firms deviate from the rest of the 

sample. Small firms do not have the same build up in price before inclusion that medium 

and large firms have. For the deletions sample the three size categories have very similar 

behavior up to ED+70, where small firms begin falling while medium and large firms 

continue rising.   

Figure 13 Cumulative Abnormal Returns for Three Size Samples: ED 

 

The figure shows the difference in cumulative abnormal returns for three size samples in the event 
window with respect to the effective date. The dark line is large firms, the grey line is medium firms 

and the light grey line is small firms. The left figure shows additions and the right figure shows 

deletions.  

 

4.3.3 Discussion of Hypotheses 

The attention hypothesis predicts that more attention would give rise to higher abnormal 

returns for small firms than for large firms when added to the index. If we assume that this 

effect would be clear on the AD, we can reject this hypothesis.  
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Large firms have the highest abnormal returns for additions on ED-1. Large and medium 

firms also have the highest MVR for additions. This could be a result of the fact that index 

funds that only use a sample replication strategy and do not hold the entire index are more 

likely to hold larger firms than small firms as these constitute a larger part of the index, so 

therefore the demand is higher when they are included. Medium and large firms are more 

attractive investment prospects not only for index funds but also for other equity funds 

(Brooks et al., 2008). This is also consistent with the fact that trading volume for large and 

medium firms is also higher than for small firms in the deletion sample. There is little 

difference between abnormal returns of small and large firms in the deletions sample; this is 

not consistent with the price pressure hypothesis.  

We see that in Figure 13 for additions, small firms deviate from the large and medium 

firms, especially in the run up to the ED. The deviation before ED could imply that an 

increase in trading volume is the most important part of the selection criterion for small 

firms. There are no major differences between the firms based on size. This could partly be 

due to the fact that firms that are included in or excluded from the index are rather small in 

size at the time of inclusion or exclusion compared to the stable long-run index 

constituents.  
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5. Cross-sectional Analysis 

 

In line with the price pressure perspective we report positive abnormal returns and negative 

abnormal returns on the day before the implementation of the index revision. Given that 

index revisions is a non-information event and that the stock market is liquid we would 

expect the abnormal returns to reverse rapidly back to the stock’s equilibrium price after a 

case of price pressure. In this section we will examine the relationship between the price 

pressure and variables that are believed to influence the magnitude of the price pressure 

using cross-sectional regression analysis. First, we will test to see if there is a significant 

price correction on the ED. Then we will look at the relationship between the volume and 

the abnormal return on the ED-1. Moreover, we will conduct regressions that give insight to 

the relationship between index fund demand and abnormal returns on the ED-1. Lastly we 

look at the differences in firm size. 

 

5.1 Price Pressure Analysis 

 

In order for the results to be fully consistent with the price pressure perspective the 

abnormal returns ought to quickly reverse the next day.  

Elliott et al. (2006) present a test that sheds light on the nature of the potential price 

pressure. In the event that an index revision actually has some informational content, this 

should be incorporated in the price at the AD, thus the demand surrounding the ED is 

assumed to be demand from index funds. If there is price pressure on the day before ED it 

should be reversed by ED. By regressing          on        we get an indication of 

whether the price shock is related to a potential reversal on the day after.  

                          (R1) 
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In the strictest interpretation of the price pressure hypothesis, that the    coefficient should 

be close to one and the sign negative, consistent with a full correction in prices on the next 

day.  

Elliott et al. (2006) also propose removing observations that have negative (positive for 

deletions) abnormal returns the day of the assumed price pressure, because this is not 

consistent with the price pressure hypothesis and might contain information from 

confounding events.  

Table 6 Reversal after the Effective Date 

            

  Panel A 

 

Panel B 

  Whole Sample 

 

Sample w/o 

negative/positive 

  Addition Deletion 

 

Addition Deletion 

Intercept 0.000 0.011*** 

 

-0.004 0.01 

  (0.96) (0.017) 

 

(0.30) (0.144) 

  

            -0.23*** -0.28*** 

 

-0.10 -0.29** 

  (<0.01) (<0.01) 

 

(0.155) (0.02) 

  

     Adj.    0.136 0.073 

 

0.00 0.05 

N 102 91 

 

83 70 

        

 

  
 

Panel A: Regression R1 for the whole sample.  

Panel B: Regression R1 without negative (positive) abnormal returns the day before the effective 

date for additions (deletions).  

The table shows coefficient values and the p-values in parentheses with the significance denoted *, 

** and *** at the 10 %, 5 % or 1 % level, respectively for a two sided test. 

 

In table 6, panel A, the regression coefficient for        is statistically significant at a 1 % 

level and have the expected negative sign for both additions and deletions. The association 

between the price shock and the reversal is stronger for deletions than for additions since 
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the coefficient on        is -0.23 for additions and -0.28 for deletions. Since the reversal 

is related less than one-to-one the price is not fully reversed the next day. With the 

modified sample in table 6, panel B, we find no significant relationship between the price 

reversal and the price shock for the additions. The explanation for this result is that 85 % of 

the sample has negative correlation with the next day returns that is why we see a 

statistically significant relation between returns on ED-1 and ED when we look at the 

whole sample. However, only 83 of the 102 stocks have a positive return on the ED-1. Out 

of these stocks only 63 % of the sample has a negative correlation with the next day returns, 

and that is why we find no statistically significant relationship in the modified sample. The 

majority of the addition sample is therefore not consistent with the strictest form of the 

price pressure hypothesis. For deletions the price pressure hypothesis is valid as the 

coefficients are significantly negative for both samples, although it does not reverse fully. 

 

5.2 Determinants of Price Pressure 

 

In this section we will build on our previous results and present various variables and 

model specifications attempting to explain the price pressure observed. 

If the price impact is associated with increased supply/demand, we expect there to be a 

significant relationship between the trading volume and the abnormal return. As we have 

seen in chapter 4, there are statistically significant price and volume effects on the day 

before the ED. It is therefore interesting to see if there is a relationship between these two 

variables. We use a natural logarithm (Ln) transformation of the volume ratio in order to 

create a linear relationship between          and             . The model is specified in 

regression R2. 
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Figure 14 Log Volume Ratio 

 

Output from SAS. Left graph is before the Ln transformation and the graph to the right is the 

volume ratio after the LN transformation. This is for the addition sample, deletion sample is in 

appendix figure A6.  

 

Results are less severe for deletions, but still the Ln transformation is a better specification 

for this sample as well.  

                                  (R2) 

If the demand for stocks by index funds is related to the price pressure around the ED we 

should expect to see a stronger price reaction for firms with a high index fund demand 

(Wurgler & Zhuravskaya, 2002). Where index fund demand is defined as the index weight 

multiplied with the aggregate index fund capitalization tied to the OSEBX. As an example, 

the stock with the lowest index fund demand, in NOK terms, is Gresvig (GRE) added to the 

index in 2002 with 27 thousand NOK in index fund demand, intuitively this demand shock 

would not influence the price that much. On the other hand, the largest index fund demand 

observation is 52.3 million NOK when Kongsberg Gruppen (KOG) was added to the index 

in 2010, this is a substantial amount of money.  
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                                                       (R3) 

An alternative specification of index fund demand used by both Elliott et al. (2006) and 

Edmister et al. (1994) is also tested:  

                                                                       (R4) 

Where relative index fund capitalization is defined as aggregate index fund capitalization 

divided by the OSEBX market capitalization. We would expect that the relative portion of 

the market value of the index held by index funds should be a determinant of the price 

pressure. The intuition is that the higher the portion of the market value is indexed should 

be related to stronger price pressure as more capital need to be allocated in the index 

constituents causing a bigger shift in the demand curve for stocks.   

Looking at Panel C in table 7 we can see that the sign of the volume measure is positive for 

additions and negative for deletions, indicating that an increase in volume is associated with 

positive abnormal returns for additions and negative abnormal returns for deletions. The 

results from the regression states that there is statistical significant relationship between the 

volume and the abnormal returns for both samples. A 100% change in volume is associated 

with an abnormal return of 0.4% for additions and -0.67% for deletions. The explanatory 

power of the regression, however, is rather dismal suggesting that there are some omitted 

variables. 

Looking at Panel D in table 7 we find that the index fund demand variable has no 

explanatory power on the price pressure. The product of the index weight and the index 

fund capital is the index fund demand in each stock. In unreported univariate regressions 

we find that there is no significant relationship between the dependent variable and either 

the index weight or the index fund capital variable for additions. For deletions we find that 

index fund capital is statistically significant, but the index weight is very insignificant. 

Using the alternative specification shown in Panel E we find that there is a statistically 

significant relationship between relative index fund capitalization and the abnormal return 
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for deletions. Upon inclusion of the relative index fund cap variable the volume variable is 

no longer significant, however the coefficient does not change much indicating that it is 

stable. An increase of one percentage point in the relative index fund capitalization measure 

is associated with a 3.3 percentage point decrease in abnormal returns for a firm being 

removed from the index.  

Table 7 Determinants of Price Pressure 

                  

  Panel C 

 

Panel D 

 

Panel E 

  Addition Deletion 

 

Addition Deletion 

 

Addition Deletion 

Intercept 0.019*** -0.023*** 
 

0.020*** -0.022*** 
 

0.02*** -0.011* 

  (<0.01) (<0.01) 

 

(<0.01) (<0.01) 

 

(<0.01) (0.087) 

  

                     0.004* -0.006** 
 

0.004* -0.005* 
 

0.003 -0.004 

  (0.087) (0.02) 

 

(0.098) (0.055) 

 

(0.125) (0.118) 

  

        Index Fund 

Demand 
- - 

 

0.000 0.000 

 

- - 

   

(0.583) (0.185) 

   

          

        Rel. Index 

Fund 

Capital 

- - 

 

- - 

 

-0.180 -0.033*** 

      
(0.540) (<0.01) 

          

        Adj.    0.010 0.035 

 

0.000 0.033 

 

0.000 0.106 

N 102 91 

 

102 91 

 

102 91 

                  
 

Panel C: Show regression R2.  

Panel D: Shows regression R3. 

Panel E: Shows regression R4. 

The table shows coefficient values and the p-values in parentheses with the significance denoted *, 
** and *** at the 10 %, 5 % or 1 % level, respectively for a two-sided test. 
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From the prior analysis of the sample grouped on the basis of size we found some 

differences between small and large firms. Here we use dummy variables to test if size is a 

determinant of the price pressure. 

                                                    (R5) 

Table 8 Price Pressure Controlling for Size 

            

  Panel F 

 

Panel G 

  Addition Deletion 

 

Addition Deletion 

Intercept 0.0157* -0.015*** 

 

0.015 -0.003 

  (0.054) (0.037) 

 

(0.140) (0.672) 

  

                  0.004* -0.007** 

 

0.004 -0.004 

  (0.086) (0.015) 

 

(0.141) (0.109) 

  

     Small 0.005 -0.015 

 

0.005 -0.012 

  (0.649) (0.126) 

 

(0.650) (0.180) 

      

Large 0.006 -0.008  0.006 -0.009 

 (0.555) (0.390)  (0.560) (0.296) 

  

     RelIndex 

Fund Capit. 
- - 

 

0.057 -0.032*** 

   

(0.976) (<0.01) 

       

     Adj.    -0.007 0.039 

 

-0.018 0.106 

N 102 91 

 

102 91 

            
 

Panel F: Regression R5 to test for the demand’s relation with price and controlling for firm size. 

Panel G: Regression R5 but controls relative index fund capitalization in addition to firm size. 

The table shows coefficient values and the p-values in parenthesis with the significance denoted *, 
** and *** at the 10 %, 5 % or 1 % level, respectively. It is conducted a two sided test for the size 

dummies, as the theory is not clear as to which direction the effect moves.  
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We therefore regress the dummy variables for small and large firms with the volume 

variable defined in regression R1 on the abnormal return the day before the ED. In Panel F 

in table 8 we find no statistical significant relationship between firm size and the abnormal 

returns on ED-1 for neither additions nor deletions. We can see that volume and the index 

fund demand is consistent even when controlling for size.
8
  

As mentioned earlier, OSE has changed the methodology in terms of the number of days 

between the AD and the ED. This interval fluctuates from revision to revision but the AD 

should be at least one week before the ED (OSEBX Methodology, 2015).  

                          
 
     (R6) 

Table 9 Price Pressure Announcement Day Change 

            

  Additions Deletions 

 
Additions Deletions 

 

CAR(Days) CAR(Days) 

 

CAR(Days) CAR(Days) 

Intercept 0.030 0.012 

 

-0.020 0.032 

  (<0.01)*** (0.23) 

 

(0.24) (0.395) 

  

     Days 0.000 -0.004 

 

0.019 -0.009 

  (0.64) (0.94) 

 

(>0.99) (0.85) 

  

     Days
2 

- - 

 

-0.001 0.000 

  - - 

 

(>0.99) (0.74) 

  

     Adj.    
-0.007 0.022 

 

0.111 0.015 

N 102 91 

 

102 91 

            
 

The table shows the coefficient values for regression R6 with and without Days
2
 for both additions 

and deletions. The table shows coefficient values and the p-values in parenthesis with the 

significance denoted *, ** and *** at the 10 %, 5 % or 1 % level, respectively. 

 

                                                
8 Descriptive statistics for the three variables is presented in the appendix table A7. 
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Our previous results and discussions suggest that index funds apply the strategy of 

minimizing tracking error when changing their portfolios. If they weren’t we would expect 

the price pressure to be distributed over multiple days and thus reducing the positive 

(negative) cumulative returns between AD and ED for additions (deletions). We would also 

expect the fluctuations in prices to be reduced if investors have more time to analyze the 

impact on a firm's price when given more time between AD and ED which will reduce 

price pressure. Due to these expectations we investigate the relation between the number of 

days before the ED and the cumulative abnormal returns between the AD and the ED for 

each firm i. 

In contrast to Brooks et al. (2007) we find no significant relationship (table 9). It might be 

that there is a more complex pattern. Building on the previous argument of a negative 

(positive) relation for additions (deletions), we can expect the negative (positive) relation to 

be diminishing as the number of day’s increases, showing a non-linear relationship. We 

would expect the impact to be small when the number of days increases over a certain point 

because investors will have been given more than enough time to analyze and make 

investment decisions and index funds would most likely not buy and sell too early because 

it results in a significant tracking error. To examine the possibility of a complex pattern in 

the relation between days and the cumulative abnormal returns we apply a quadratic term to 

the regression. Table 9 shows this relation to also be insignificant.  

 

5.3 Discussion 

 

In the first part of the cross sectional analysis we found that the data is consistent with the 

price pressure hypothesis for deletions and not so much for the additions sample, this is 

also in line with our results and analysis from chapter 4.  
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In chapter 4 we also found what seemed to be a relationship between the volume and the 

abnormal return. In this chapter we found that the relationship is less clear. It is surprising 

that the volume variable does not explain more of the variation in the abnormal returns, but 

as Elliott and Warr (2003) point out it is not necessarily the increase in trading activity that 

moves the price, but the imbalance between buyers and sellers and the elasticity of 

downward sloping demand curve.  

We failed to prove a connection between index funds and the market response for the 

additions sample, like many others; Edmister et al. (1994), Elliott and Warr (2003), and 

Wurgler and Zhuravskaya (2002) have struggled to find a connection. In the case of the 

OSEBX it could be that the index fund capital is too small relative to the market value of 

the index. It is suggested by Elayan and Pinfold (2000) in their study of the index effect on 

indices in New Zealand, that any index effect could not solely be attributed to index fund 

trading, since passive management funds only owned 0.5 % of the market value of the 

stock exchange. The same can be said for the Oslo stock exchange. In 2014 index funds 

owned 1.5 percent of the Oslo Stock Exchange Benchmark Index (Figure 5), which is a 

rather small portion of the market. In unreported results (appendix table A9) we regress the 

relative index fund capital variable on the ln(VR) variable and we find a highly statistical 

significant positive relationship between the variables for both additions and deletions. This 

suggests that increased index fund capital is associated with higher trading on the ED-1, 

which is very consistent with theory. The reason we don’t find a significant relationship 

between addition’s abnormal return and index fund capital is that a 2.6 % increase in the 

price could be enough to convince the average investor to sell their share. This could be 

enough to cover the transaction costs and premium investors demand for changing their 

portfolios. This is consistent with Harris and Gurel’s (1986) findings, which suggests that 

there could be a market mechanism that caps the price increase. For deletions we did not 

find this as the abnormal returns decreases as the index fund capital increases. Thus it could 

be a case were investors demand a larger discount to buy a stock, we assume they had no 

intention of buying in the first place, than the premium they require to sell a stock. 
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Moreover, we did find a strong relationship between index fund demand and abnormal 

returns on ED-1 for deletions. This further bolsters the story of price pressure hypothesis 

being the leading cause of abnormal returns for deletions. 

Our tests also find no relation between the change in announcement method and the 

abnormal returns based on our theoretical framework. This result might be due to several 

reasons. For example, one might be that Norwegian index funds choose to minimize their 

tracking error thus not being influenced by the number of days in the announcement-period, 

which is consistent with our expectations based on our earlier discussions. A second reason 

might be that before OSE changed their methodology, when the number of days was less 

than the later part of the sample, they used to pre-announce the change in constituents 

making the impact of the methodology difference small (appendix table A6).  

The tests on firm size contribute little to the overall analysis as we struggle to find any 

significant differences in abnormal returns based on firm size.  

The price effect for additions is to some degree ambiguous because it’s difficult to 

determine if the data display a permanent price effect. There have been some attempts to 

explain permanent effects by identifying determinants and using proxies for the different 

hypotheses. Chen et.al. (2004) found the price to permanently change in their study and 

attributed it to the attention hypothesis. To see if there was a relation between investor 

recognition and the new price equilibrium they examined the change in Merton’s (1987) 

shadow cost from the period before and after the event. Despite finding significant results 

for the shadow cost the robustness was poor because the other included variables are highly 

correlated with the shadow cost. Bechmann (2004) examines multiple variables in relation 

to the permanent price effect he finds after ED. Trying to explain this permanent effect he 

runs a regression that incorporates variables to proxy for the imperfect substitute’s and 

liquidity/information hypothesis in addition to change in systematic risk, change in volume, 

newcomers and trend. This regression also showed problems of multicollinearity.  
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Our results show significant and positive (negative) cumulative returns before the ED for 

additions (deletions) but not after. The CAR graph in Figure 10 does not persuade us of 

permanent price effects either. It could be interesting to examine determinants of the 

increased cumulative abnormal returns to some degree due to the ambiguity. But specifying 

a model requires us, to mention a few hurdles, to identify variables, find proxies, find 

suitable data and spending time cleaning them, and then control for statistical issues such as 

multicollinearity. Some of the hypotheses attempting to explain the index effect have 

similar characteristics in terms of price and volume changes making it probable that proxies 

will suffer from multicollinearity. Therefor we argue that investigating permanent price 

effects, due to the difficulties specifying a model, is not a viable option.  
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6. Analysis of the Methodology 

 

In this chapter we will take a critical look at the methodology used in this study and discuss 

issues concerning the data, the normal return model and the statistical testing employed.  

 

6.1 Normal Return Model 

 

6.1.1 Choice of Normal Return Model 

We find that the difference between the market model and the FF3F-model is small. The 

market model estimates higher returns for additions and higher returns for deletions than 

the FF3F-model, but the differences are economically insignificant.
9
  

Figure 15 Fama-French 3 Factor Model vs. Market Model 

 

The figure shows the difference in cumulative abnormal returns between the Fama and French 

Three-Factor model (dark) and the Market Model (light). The left figure shows additions and the 
right figure shows deletions.  

                                                
9 See appendix table A1 for statistics. 
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In unreported statistical tests on abnormal returns estimated by the market model, we find 

that the abnormal returns are of similar size and magnitude as with the FF3F-model.  

One of the arguments for using a multifactor model such as the FF3F is that it could reduce 

the variance. In the aftermath of the estimation process, we discover that the standard error 

of the regression between the two models is almost equal. The FF3F model does have 

higher explanatory power in both samples, but the improvement is minimal (table 10). This 

suggests that using the FF3F-model in short-term event studies on the Norwegian stock 

market does not add any practical value over the market model. 

Table 10 Fama-French 3 Factor Model vs. Market Model Statistics 

                

  Additions 

 
Deletions 

  FF3F MM Difference 

 
FF3F MM Difference 

Adj.    0.171 0.155 0.016 

 

0.124 0.107 0.017 

SE 0.027 0.028 0.000 

 

0.028 0.028 0.000 

        

        
 

The table shows the difference of the average values of the Fama & French Model and the Market 
Model. 

 

6.1.2 Estimation of the Normal Return Model 

The estimation period is of great importance when conducting an event study on the index 

effect when one of the selection criterions is market value. Using an estimation window 

prior to the event can lead to biased estimation of the normal return model. Comparing our 

study to Knutsen’s (2014) study on index additions, we discover that our CAR graph is 

rather different from his, even though we have a similar sample. He produces a flat CAR 

line moving around 0 % while we get a clear increase in CAR leading up to the ED. After a 

similar jump in prices on AD and ED-1 to us, Knutsen finds that the price fully reverses 

after 16 days, while we find that the price for additions almost reverses after 100 days. The 

difference can be attributed to the estimation period used. As Edmister et al. (1994) show, 
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historic estimation overstate the alpha values of the normal return model resulting in a low 

CAR before the ED and a more rapid price reversal after the inclusion. This can lead to the 

wrong conclusion about the index effect on the OSEBX.   

Our results are based on OLS regressions of daily returns for each stock individually. In 

order to draw statistical inference from our results we need to make sure that these 

regressions provide reliable estimators of abnormal returns. We have randomly chosen 10 

stocks from each of the additions and deletions sample and ran some statistical tests on the 

estimation window data to see if the OLS estimators of the normal return model are the best 

linear conditionally unbiased estimator (BLUE).  

We provide one example explaining the tests and results using Aker American Shipping 

ASA in 2006.
10

  

Strict exogeinity 

The conditional distribution of the error term given X has a mean of zero. This is an 

assumption we need to believe is true as it is difficult to know what the error term consists 

of. However, it is likely that there could be some omitted variable bias that can cause this 

assumption to break.  

I.I.D 

Breusch-Godfrey serial correlation test fails to reject the null with a p-value of 0.31 that 

there is no autocorrelation of the residuals in the first order autocorrelation. Autocorrelation 

between residuals is a consistent problem for the whole dataset, for both additions and 

deletions.  

 

 

                                                
10 Ticker AKASA, now known as American Shipping Company ASA with the ticker AMSC. 
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Distribution of Errors 

 

Figure 16 Residuals FF3F-model 

 

This figure contains a residual plot of the residuals (to the left), the residuals plotted against the 

quantiles of normal distributions (middle) and a histogram of residuals (right). Output from SAS. 

 

It’s sometimes difficult to decide if the variance is homoskedastic looking at the residual 

plot, in this case we provide a test further down. The residuals move close to the line in the 

residual-quantile plot indicating that the data follow a normal distribution. There are only a 

couple of outliers and they are not very large. From the histogram to the right and because 

of the outliers in the middle graph, it looks like the data follows a t-distribution with a lot of 

mass around the mean and with heavier tails than the normal distribution. We use 250 days 

to estimate the normal return model, it is therefore assumed that the residuals are normally 

distributed around the mean, which has an expected value of zero. From the tested sample 

we find that the majority follow a t-distribution. There are some deviations, a few 

distributions are skewed and some have large outliers as is common when working with 

financial data.  
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Heteroskedasticity 

We perform a test for ARCH disturbances to see if there is presence of heteroskedasticity 

over time. The p-value for the LM-statistic is significant at the 1 percent level and indicates 

that there is presence of hetereoskedasticity over time. Around half of our tested sample 

had heteroskedastic variance.  

BLUE 

In the presence of heteroscedasticity and autocorrelation OLS estimators are still unbiased 

and in large samples normally distributed, however they are no longer BLUE. This means 

that the standard errors will be biased and can make it difficult to draw reliable conclusions 

regarding the statistical significance of the coefficients in the normal return model 

(Gujarati, 2004).  

 

6.2 Distribution of Abnormal Returns 

 

For our statistical tests to be reliable we assume that the abnormal returns follow a normal 

distribution. Since we do not know the standard deviation we need an estimator. Therefore 

we use a t-distribution, this will with enough degrees of freedom converge towards normal 

distribution because of the central limit theorem. However, our analysis indicates that our 

sample size is too small for this to occur.  For the critical event days ED-1 and AD we find 

that the normality assumption does not hold. Statistical inference from the t-tests needs 

therefore to be interpreted with caution. The role of the non-parametric sign test is vital in 

this context as the assumption about the distribution is not as strict.   
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Figure 17 Distribution of Average Abnormal Returns 

 

The diagram to the left shows a histogram of the abnormal returns on ED-1 for additions, while the 

QQ-graph to the right shows the abnormal returns for additions on ED-1 plotted against the quantile 

of a normal distribution. Output from SAS. 

Because the assumptions of the distribution of abnormal returns are probably not fulfilled 

we provide statistical tests with different properties. The three parametric statistical tests 

differ in their variance estimator. They are all statistically significant at a 1 % level. The 

results are robust to different specifications of statistical testing (table 11).  

Table 11 T-tests 

          

  Effective Date - 1  

  Scholes, 1972 BW, 1985 BMP, 1991 Cowan, 1992 

Additions 4.76 6.7 4.1 6.79 

Deletions -7.24 -8.44 -7.09 4.68 

          
 

The table shows the t-stats for four different t-test methods using       
    . 
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6.3 Cross-Sectional Analysis 

 

The OLS assumptions do possibly not hold for all regressions. The i.i.d assumption is likely 

to break as there probably is cross-correlation between residuals of the stocks because of 

event day clustering. This does not make the OLS estimator biased or inconsistent, but it 

could create biased OLS standard errors (Stock & Watson, 2012). There are also concerns 

about the exogeneity of the explanatory factors as they might be related to the error term, 

this could be due to omitted variable bias. Omitted variable bias is when a variable is a 

determinant of the dependent variable and is correlated with the regressors is left out of the 

regression (Stock & Watson, 2012). Possibly we have left out some important variables, 

but figuring out which variables are left out is difficult. We have tried to apply the right 

model specification for instance with regard to the log transformation of the volume 

variable. Although we can also have employed the wrong functional form of the regression 

in other cases, this misspecification can make the OLS estimators biased. We have run tests 

of heteroskedasticity and where the variance is not homoscedastic we have employed 

heteroskedastic robust standard errors.  As a result of omitted variable bias and perhaps 

model specification, the regressions explain little of the variation in the dependent variable. 

As Wurgler and Zhuravskaya (2002) point out, the error component of the event day 

returns could suppress the effects of the explanatory variables and result in low explanatory 

power of the regression, since the effects may be similar across firms it may be difficult to 

find a clear effect in a cross-sectional regressions. All regressions are free of 

multicolinearity following tests done by the statistical software. 

The data is collected from VFF, Oslo Stock Exchange, and Datastream, a set of reliable 

sources. However, the data was incomplete in some cases. The market capitalization for the 

OSEBX was estimated for the years 2002 and 2008. The index fund capital was also 

estimated for the year 2002. This estimation was a simple average of the year before and 

the year after. The index fund capital has possibly also has been measured imprecisely. The 
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index funds are manually identified by the word “Index” in their name and only fund 

management firms that are registered at the VFF are included. “Closet index funds” are not 

counted as these are hard to identify. Thus, passive investment in the index is probably 

understated. This may have caused some measurement error in the variables Index fund 

capital relative to OSEBX and the index fund demand. The fact that these variables are 

measured annually and not semi-annually in line with the rest of the data-set leads to little 

variation in the variable and therefore little precision. 

 

6.4 Sample Selection 

 

We performed three scans on the dataset in order to remove information contamination of 

the event period. The results before the third scan of the dataset indicate that the CAR for 

additions would reverse back to the AD price level around the end of the period. After 

removing extreme observations we found that the CAR for additions would in fact not 

reverse back to the AD price level. We also find no permanent effect when we look at the 

after 2008 observations. The results concerning the ED and the AD are independent of 

which sample was used. There is a concern that the long-term price effects in the addition 

sample are sensitive to sample selection.  

 

6.5 Discussion 

 

We have shown that there are statistical issues using daily returns when estimating the 

normal return model. Deviations from normality, heteroskedasticity, and autocorrelations 

do not yield the most efficient estimation process. However, the biases in estimation of the 

normal return model are of little significance when testing abnormal returns. What are of 
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importance are the use of a well-specified statistical test and a proper estimation of the 

variance (Brown & Warner, 1985). We provide three parametric tests and one non-

parametric test for consistency. All the tests report the same statistical significance for 

ED-1.  When it comes to the cross-sectional analysis the issues of omitted variable bias 

discussed imply that we should interpret the results with caution. 
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7. Conclusion 

 

This thesis is an inquiry into the nature and causes of the index effect at the Oslo Stock 

Exchange Benchmark Index. The study contributes to different areas of financial 

economics such as the hidden costs of index fund management, the slope of the demand 

curve for stocks, and market efficiency on the Oslo Stock Exchange.  

Whether individual stocks experience abnormal returns on entry into the S & P 500 index 

has long been discussed in financial academic literature; this phenomenon is often referred 

to as the index effect. In the earliest studies, the results indicated that market frictions such 

as demand shocks caused by index funds are the most probable cause for the index effect at 

the S & P 500, however more recent studies suggest that inclusion into the index has 

informational content as well. Inclusion into the index could be regarded as good news in 

light of increased attention, liquidity, or as an indicator of the quality of the firm. The term 

“index effect” suggests that every stock that is included into an index should experience 

abnormal returns; however, the results and theories are not universally applicable and we 

find that the effect differs when comparing studies from different indices. The differences 

mostly stem from the selection criterion of the index; this is at the core of our analysis. In 

the case of the OSEBX, the index constituents are added and deleted based on the same 

selection criterion, which provides us with a great opportunity to research both additions 

and deletions in the same manner and see if there is a symmetric market response to the 

event. This is not possible in studies conducted on the S&P500 as stocks are usually deleted 

from the index as a result of mergers, acquisitions, or bankruptcy.  

Previous studies report that the index effect is in fact present in the Norwegian stock 

market, however the literature is still incomplete with regards to several vital aspects of the 

index effect.  
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This thesis has made an attempt to analyze the following hypotheses: 

1. The event communicates information to the market 

2. There are differences in the market response between additions and deletions  

3. The index effect is related to firm size 

4. The market response associated with index revisions is related to index funds’ 

rebalancing activities 

5. The announcement method of the OSEBX influences the market response 

associated with index revisions  

Through a comprehensive analysis of index revisions on the OSEBX in the period from 

2003 to 2013, our results shed new light on the index effect on the OSEBX.  

 

7.1 Findings 

 

We reject the liquidity hypothesis based on evidence from both additions and deletions. For 

additions the evidence against the hypothesis is rather convincing. We find that the average 

volume level for additions declines after inclusion in the index. We have only looked at one 

measure of liquidity, but we conclude that this is sufficient in this case. For deletions we 

find a decline in liquidity, in line with the hypothesis. However, the absence of a negative 

change in price level does not complement the story of investors demanding a liquidity risk 

premium. This premium would only be imposed if there was not sufficient liquidity in the 

market; this does not seem to be the case. The liquidity hypothesis also predicts a 

symmetric market response, which is also refuted based on our data. 

The selection criterion hypothesis is highly important to discuss in the case of the OSEBX, 

it has not been covered sufficiently in previous studies. The data suggest that both the 

samples act in accordance with the hypothesis up until the index revision. For additions we 

see that stocks overperform with regards to both volume and returns, while for deletions we 
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find that stocks have low returns before being excluded from the index. The selection 

criterion hypothesis states that stocks will stabilize at the price level after the event; this is 

not the case for either sample. We also see that a large fraction of the abnormal returns are 

a consequence of trading on AD and ED-1, which is not consistent with the theory as we 

would expect the abnormal returns to be evenly distributed in the period before ED. We 

therefore reject the selection criterion hypothesis. 

The attention hypothesis predicts a positive permanent change in price level for additions. 

We do find that the price does not fully reverse over the course over the event window; this 

could indicate a small permanent effect in the price. We do however emphasize the fact that 

the addition sample is sensitive to the sample selection and that the permanent price level 

effect disappears when we keep the extreme observations in the sample or when we only 

look at the after 2008 observations. We also find that less than half the sample has a 

permanent effect, which makes the permanent price effect unlikely. Because we do not 

have additional data that could help us analyze this theory further, we decided to err on the 

side of caution and conclude that we fail to reject this hypothesis. The index effect on the 

OSEBX may partially be a consequence of new information communicated to the market in 

the form of increased attention for additions.    

We are certain that index funds are a large contributor to the index effect at the OSEBX. 

The supply and demand effects of this trading activity can take the form of a long-term 

effect or a short-term effect. The imperfect substitute’s hypothesis predicts a long-term 

downward-sloping demand curve. We regard this as less likely than the attention 

hypothesis because of the asymmetry between additions and deletions; we therefore reject 

the hypothesis. This leaves us with the price pressure hypothesis, which appears to be the 

theory most consistent with the data. The hypothesis states that based on index fund’s 

absolute preferences for index constituents and because they are under the strict monitoring 

mechanism of the tracking error, they create a short-term downward-sloping demand curve 

for stocks. This results in a temporary positive price impact for additions and a negative 

price impact for deletions. Since the Oslo Stock Exchange calculates the index weights 
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using the closing prices on the day before the implementation of the new index 

composition, we would expect to see the price change on that day if the price pressure 

hypothesis is the cause of the index effect. We find strong price reactions in both samples 

and large increases in trading volume on this day, indicating index fund trading. Our cross-

sectional regressions are however ambiguous as to whether index fund capital is related to 

price pressure. When performing the tests done in previous studies on the index effect we 

find that this theory only holds for deletions. However, when we look at the relationship 

between trading volume and index fund capital, we find that there is a strong positive 

relationship between the two variables for both samples. We therefore found a link between 

index funds and the index effect. The price pressure hypothesis predicts a rapid price 

correction, which is the case for deletions but not for additions. This raises doubt about the 

validity of the hypothesis for additions, however we do find plausible explanations for this, 

namely short selling constraints that enables stocks to be overpriced for a longer period of 

time than underpriced. Because of the symmetrical price effect and the large increase in 

trading volume at ED-1 (which is difficult to explain as anything other than index fund 

trading), we conclude that stocks have short-term downward-sloping demand curve in the 

presence of large supply and demand shocks. 

We find that larger firms to some degree have a higher demand when included into the 

index. But the rest of the analysis on firm size leaves much to be desired.  

We did not find a clear relationship between the announcement method and the index 

effect.  

 

7.2 Implications 

 

Investors in index funds use the tracking error as a monitoring mechanism to ensure that 

the investment fund sticks to the agreed-upon approach of tracking the index. This will be 
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the fund’s success criterion used in performance evaluations and marketing of the fund. In 

the presence of price pressure, the investors of index funds incur increased agency costs, 

because index funds try to rebalance near to the closing price at ED-1. The agency costs 

can be defined as the opportunity cost of failing to rebalance before the ED-1, when the 

price shock is observed. In a study conducted by Edelen and Blume (2003) on S&P 500 

index revisions, they find that index funds can reach a higher return of 0,192% per year, 

without increasing the risk of the portfolio, simply by trading at opening prices instead of 

closing prices. However, this leads to a significant tracking error and is therefore not an 

attractive strategy to follow.  

Index fund management face a trade-off between full replication at a high cost or spreading 

their trading and increasing their tracking error. The data suggests that index funds choose 

the former approach in order to maintain the lowest possible tracking error. On a positive 

note, it seems like the price increase on additions has reached a roof, since we find that it 

does not increase in line with the index fund capital. 

The Oslo Stock Exchange, the provider of the OSEBX index, has a responsibility to 

enhance market efficiency. Looking at the EMH as the ideal behavior of markets where 

stock markets are perfectly liquid, stocks have perfect substitutes, and asset prices only 

change when new information develops, one would conclude that price pressure should not 

exist. The S&P 500 changed their announcement method in 1989 in order to decrease the 

price pressure, seemingly caused by index funds. They did this by increasing the interval 

between AD and ED (Brooks et al., 2008). The OSE also did a similar change in the 

announcement method in June 2008 by increasing the days between AD and ED. Going 

from 1-6 days to approximately 12 days between AD and ED. The theory behind this 

change is that it will enable index funds to spread their trading over the course of the 

announcement period if they wish to do so, not just around the ED. This is not a valid 

argument for the OSEBX; each index fund can forecast which stock is to be included or 

deleted and the announcement method is unimportant. As Bechmann (2004) writes, Danish 

investment banks have released predictions of index revisions at the KFX Index for years 
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because the selection criterion is so transparent. The index fund can thus rebalance at the 

economically optimal time, independently of the AD. We also see that in spite of the 

announcement change index funds still rebalance at ED-1, which is consistent with this 

view. However, the change in announcement method also has another theoretical function: 

it gives active investors and arbitrageurs time to prepare for the supply and demand shock 

caused by index revisions by being the counterpart of the trade, thus reducing the price 

impact (Petajisto, 2011).  

Because of the AD and the transparency involved in selection of stocks, arbitrageurs can 

trade before index funds, anticipating their behavior and make a decent return. The 

significant price impact on the AD indicates that this is true. The simplest strategy in the 

case of additions is to short a substitute and buy the stock before inclusion, or vice versa for 

deletions. Arbitrage, at least in its absolute theoretical sense, would not be the correct term 

to use in this scenario as the strategy is not riskless, nor is it at no initial cost. The risks 

involved in trading on index revisions are substantial: 17 % of additions had negative 

abnormal returns, while 23 % of the deletions had positive abnormal returns on the day 

before implementation in our sample. Although a significant portion of the observations 

were in line with the expectations, trading on index revisions is certainly not risk free. It is 

also necessary to find a suitable substitute, which is not easy on such a small stock 

exchange as the OSE. The average number of firms being added to or deleted from the 

index is approximately 4 each way in our sample. Following a long-short strategy could 

leave the trader with an under-diversified portfolio and exposed to firm-specific risk 

(beyond what is intended by the strategy). As mentioned in the methodology chapter, we 

had to remove observations in the sample because of confounding events near or on the 

event date. Confounding events impose risk on the trader. In the case of index revisions, 

arbitrageurs are taking risky gambles. Another possible strategy to take advantage of the 

price pressure is to buy or short after a price pressure has in fact affected the stock price. 

Especially for the deletions sample this could seem like decent strategy, as the price 

correction is rapid.  



Page 108 of 146 
 

Arbitrage between perfect substitutes keeps demand curves for stocks flat. The logic behind 

this is that any deviations between the stocks intrinsic value and the market value will 

rapidly be arbitraged away. This is embedded in most financial theory, e.g. arbitrage 

pricing theory, the CAPM, net present value rules, and the Modigliani-Miller theorems. 

This implies that supply and demand has no role to play in finance. The implications of our 

study on the demand curves for stocks are limited because of its small and narrow scope; 

however, it represents an opportunity to test market efficiency in an information-free event, 

making information contamination small. In Scholes’ 1972 study of the slope of the 

demand curve, he examines the abnormal returns associated with large block sales. In this 

type of study it is difficult to control for information related to the shock, so the results are 

not as reliable as in an event study on index revisions (Wurgler & Zhuravskaya, 2002). Our 

results indicate that supply and demand have an effect on asset pricing and at least in the 

short term the demand curve for stocks is indeed downward-sloping. This is a result of the 

stock market being less than infinitely liquid and the fact that stocks do not have perfect 

substitutes. Because of the latter consideration, index funds need to buy/sell one particular 

stock at almost any price instead of buying/selling a substitute or a portfolio of stocks that 

have comparable risk and return.    

Studies of this design for other indices have provided results that may impact firms’ 

fundamental values. Increased attention and liquidity effects can lead to lower agency costs 

and a lower cost of capital. We fail to reject the attention hypothesis and therefore being an 

index member could be positive for the firm.    

We argue that our research improves on past studies on index revisions on the Norwegian 

stock market. We demonstrate the importance of using a post-estimation window when part 

of the selection criterion is market value. Studying both additions and deletions enables us 

to draw more reliable conclusions about the theoretical framework.   
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7.3 Limitations and Future Research 

 

We would recommend that future research on the topic should investigate perspectives that 

have not been investigated thoroughly in our study, such as the attention perspective or the 

liquidity perspective. 

When it comes to the attention perspective, it could be interesting to look at Merton’s 

(1987) shadow cost (explained in section 2.4). This measure could be implemented as an 

explanatory variable in a cross-sectional regression such as Chen et al. (2004) and 

Elliott et al. (2006) perform. Both studies find results that indicate that the shadow cost is 

important for explaining the index effect for additions.  

             
               

                
 

         

                      
 

In the shadow cost formula firm size is defined as the market cap of equity. The residual 

standard deviation is defined as the change in firm specific risk, which is given by the 

standard deviation of the difference in returns between the stock and the market index in 

the estimation period and the period after the event. As a simpler alternative to Merton’s 

shadow cost, one could only use the number of shareholders in the period after inclusion 

relative to the period before inclusion. One could also create an attention index as 

Bechmann (2004) did to use as an explanatory variable in the cross-sectional regression. 

The attention index can be defined as the number of times the stock is mentioned in the 

financial media before inclusion relative to the period after inclusion. Bechmann (2004) 

find that the attention index is positively related to additions and negatively related to 

deletions.  

The liquidity perspective could also be investigated further by looking at relative bid-ask 

spreads before and after index revisions. For additions a lower spread would be expect after 

inclusion and a higher spread would be expected for deletions.  
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Since we discovered that volume is not as related to price as one might suspect in this case, 

it would be interesting to investigate the supply side conditions of the stocks. If a 

significant fraction of the outstanding shares are stock closely held or restricted to selling, it 

can be more difficult for the market to provide liquidity, thus a stronger index effect should 

be observed. Edmister et al. (1994) propose using this test.  

Other paths could also be taken that touch on the subject of downward-sloping demand 

curves for stocks in a different setting, for instance in the context of large block sales, 

takeovers, stock repurchases or equity issues as proposed by Wurgler and 

Zhuravskaya (2002). 

Otherwise, research can be done on the trading strategies of index funds and the 

minimization of the tracking error. For instance, tests could be conducted to see if different 

trading strategies can improve the return of the index fund investors without increasing the 

risk in light of index revisions at the OSEBX.  

 

7.4 Concluding Remarks 

 

In light of new evidence on the OSEBX, we find that it is unlikely that the event 

communicates information to the market but increased attention for stocks included in the 

index could be a partial explanation for the index effect for additions. There are differences 

in the market response between additions and deletions; we believe these are likely to be 

caused by short selling constraints enabling stocks added to the index to be overpriced over 

time. The index effect does not vary significantly based on firm size and the announcement 

method is of little meaning to the index effect. We conclude that during supply and demand 

shocks related to index revisions, stocks have short-term downward sloping demand curves, 

caused by index funds’ rebalancing of portfolios. It is interesting, however, to see how 
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efficiently the market corrects this price shock, especially with regards to the deletion 

sample.  
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9. Appendix 

 

Figure A1 Sketch of Hypotheses 

 

Price Pressure 

 

 

 

Imperfect substitutes 
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Liquidity/cost hypothesis 
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Attention hypothesis 

 

                               

No additional effects in regards to the attention hypothesis. 

 

 

Selection Criterion Bias 

 

 

The figure shows a rough sketch of the believed movement of the abnormal returns and mean 
volume ratios in the event window. 
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Table A1 Statistics Fama & French Three-factor Model and Market Model 

                

  Panel A 

  Additions   Deletions 

  Average Median # significant   Average Median # significant 

Adj. R
2 

0.171 0.150 -   0.124 0.092 - 

SER 0.027 0.024 -   0.028 0.027 - 

Alpha -0.001 0.000 11   -0.001 0.000 20 

    0.939 0.925 96   0.894 0.768 82 

     0.350 0.339 44   0.385 0.255 31 

     -0.148 -0.108 31   -0.150 -0.086 30 

                

  Panel B 

  Additions   Deletions 

  Average Median # significant   Average Media # significant 

Adj. R
2 

0.155 0.119 -   0.107 0.064 - 

SER 0.028 0.024 -   0.028 0.027 - 

Alpha 0.000 0.000 11   0.000 0.000 22 

    0.761 0.709 94   0.670 0.589 81 

                
 

Panel A: Shows the average and median values across all firms in addition to the number of 

significant coefficients for all firms for both additions and deletions calculated by the Fama & 

French Three-Factor model. 

Panel B: Shows the average and median values across all firms in addition to the number of 

significant coefficients for all firms for both additions and deletions calculated by the Market 

model. 
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Table A2 Abnormal Return around the Effective Date for Additions 

                    

  Additions 

t       
  t-stat

a 
t-stat

b 
t-stat

c 
Z-stat

d 

-60 -0.24% -0.61 

 
-0.85 

 
-0.74 

 
-0.54 

 -59 0.17% 0.58   0.62   0.52   -0.15   

-58 -0.09% 0.69   -0.27   -0.27   1.04   

-57 0.21% 0.40   0.75   0.66   1.44 * 

-56 0.36% 0.69   1.24   1.11   0.45   

-55 0.29% 1.32   0.98   0.91   1.44 * 

-54 0.20% 0.51   0.59   0.61   0.84   

-53 -0.04% -0.38   -0.16   -0.13   -0.15   

-52 0.27% 1.21   0.99   0.83   0.05   

-51 -0.18% -0.47   -0.77   -0.57   -0.94   

-50 0.50% 1.70 * 1.81 * 1.56   1.64 * 

-49 -0.12% -0.49   -0.56   -0.39   0.25   

-48 -0.27% -0.91   -1.15   -0.85   0.05   

-47 0.39% 0.91   1.61   1.21   1.64 * 

-46 0.16% 0.18   0.66   0.50   1.24   

-45 -0.08% -0.60   -0.32   -0.25   -0.15   

-44 0.29% 1.10   0.90   0.91   0.05   

-43 0.52% 2.47 ** 1.86 * 1.61   3.02 *** 

-42 -0.15% -0.09   -0.52   -0.46   0.05   

-41 -0.36% -1.16   -1.25   -1.13   -1.93   

-40 0.16% 0.35   0.64   0.49   -0.15   

-39 0.30% 1.08   0.95   0.93   2.63 *** 

-38 0.04% 0.49   0.13   0.14   0.05   

-37 -0.45% -1.27   -1.62   -1.39   0.25   

-36 0.55% 1.70 * 1.52   1.71 * 0.05   

-35 -0.42% -2.01 ** -1.66 * -1.31   -0.74   

-34 -0.28% -1.60   -1.23   -0.89   0.05   

-33 -0.19% -1.73 * -0.68   -0.58   0.45   

-32 0.40% 1.36   1.30   1.23   0.84   

-31 0.49% 1.31   1.86 * 1.52   2.63 *** 

-30 0.60% 1.79 * 1.80 * 1.89 * 0.05   

-29 0.47% 1.03   1.30   1.45   0.84   

-28 0.02% -0.07   0.07   0.07   0.05   
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-27 -0.01% 0.46   -0.03   -0.03   0.84   

-26 -0.34% -0.29   -1.24   -1.05   0.65   

-25 0.66% 1.26   1.41   2.06 ** 0.25   

-24 0.18% 0.21   0.59   0.55   -0.15   

-23 0.13% 1.48   0.50   0.39   -0.54   

-22 0.15% 1.11   0.60   0.47   0.05   

-21 -0.25% -0.94   -1.03   -0.77   -0.35   

-20 0.19% 1.15   0.70   0.59   0.45   

-19 0.79% 1.75 * 2.21 ** 2.48 ** 2.23 ** 

-18 -0.09% -0.96   -0.38   -0.29   -0.54   

-17 -0.18% -0.98   -0.65   -0.57   -0.54   

-16 0.04% 0.50   0.17   0.11   0.65   

-15 -0.51% -1.80 * -1.87 * -1.60   -1.14   

-14 -0.21% -0.37   -0.91   -0.66   -1.34   

-13 -0.19% -0.40   -0.59   -0.58   0.84   

-12 -0.09% -0.35   -0.31   -0.27   0.65   

-11 0.80% 3.12 *** 3.16 *** 2.49 ** 3.62 *** 

-10 0.18% 0.42   0.53   0.55   0.65   

-9 0.13% 1.23   0.58   0.40   1.64 * 

-8 0.13% 0.15   0.47   0.41   0.65   

-7 0.22% 0.97   0.85   0.68   1.44 * 

-6 -0.02% -0.18   -0.06   -0.05   -0.74   

-5 0.35% 1.28   1.28   1.10   0.25   

-4 0.41% 0.94   1.39   1.27   0.05   

-3 0.33% 1.12   1.28   1.03   0.05   

-2 -0.12% 0.05   -0.39   -0.36   -1.14   

-1 2.15% 4.10 *** 4.76 *** 6.70 *** 6.79 *** 

0 -0.48% -1.67 * -1.76 * -1.50   -0.74   

1 -0.03% 0.00   -0.11   -0.09   -0.54   

2 -0.41% -1.60   -1.62   -1.27   0.05   

3 0.14% 0.53   0.53   0.42   0.84   

4 -0.19% -0.20   -0.86   -0.60   -0.74   

5 -0.52% -2.17 ** -1.89 * -1.61   0.05   

6 0.35% 0.96   1.40   1.09   0.25   

7 0.70% 2.43 ** 2.81 *** 2.20 ** 2.63 *** 

8 -0.55% -2.41 ** -2.00 ** -1.71 * -3.91   

9 -0.02% -0.17   -0.06   -0.05   0.25   
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10 -0.31% -1.66 * -1.19   -0.96   0.25   

11 -0.21% -1.05   -0.76   -0.66   -1.34   

12 -0.17% -0.98   -0.65   -0.54   0.25   

13 -0.12% -0.05   -0.34   -0.36   -1.73   

14 -0.10% 0.12   -0.42   -0.32   0.84   

15 0.15% -0.20   0.62   0.46   0.84   

16 -0.03% -0.25   -0.11   -0.10   -0.54   

17 0.46% 1.49   1.67 * 1.44   1.83 ** 

18 -0.17% -0.65   -0.69   -0.55   0.84   

19 0.16% -0.41   0.68   0.49   -1.14   

20 -0.07% 0.52   -0.24   -0.22   -0.15   

21 0.29% 0.87   1.26   0.90   -0.15   

22 -0.13% -0.13   -0.47   -0.40   -0.54   

23 0.04% -0.06   0.15   0.12   -0.15   

24 0.41% 1.23   1.63   1.29   1.44 * 

25 0.03% -0.49   0.10   0.09   0.25   

26 0.08% -0.25   0.31   0.25   -0.35   

27 -0.44% -1.80 * -1.39   -1.37   -0.74   

28 0.55% 2.58 ** 2.07 ** 1.72 * 0.84   

29 -0.06% -0.43   -0.19   -0.19   -2.13   

30 0.36% 0.94   1.09   1.11   0.84   

31 0.07% 0.39   0.27   0.22   0.25   

32 -0.10% -0.50   -0.37   -0.31   -0.15   

33 -0.21% -1.11   -0.91   -0.66   -0.94   

34 -0.26% -0.11   -1.08   -0.81   -1.34   

35 0.02% 0.03   0.10   0.07   1.04   

36 -0.12% -0.04   -0.42   -0.37   0.25   

37 -0.54% -1.71 * -1.90 * -1.68 * 0.05   

38 0.10% 0.78   0.32   0.33   0.65   

39 -0.20% -0.34   -0.78   -0.61   -0.54   

40 -0.25% -0.79   -0.92   -0.79   -0.35   

41 -0.33% -0.79   -1.04   -1.03   0.05   

42 1.06% 3.28 *** 3.59 *** 3.32 *** 3.22 *** 

43 0.64% 2.46 ** 2.33 ** 1.99 ** 1.44 * 

44 0.13% 0.76   0.44   0.41   0.05   

45 -0.35% -1.29   -1.49   -1.09   -1.73   

46 0.13% 0.28   0.35   0.39   -0.15   
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47 -0.24% -0.86   -1.07   -0.75   -0.94   

48 0.30% 1.09   1.09   0.95   0.84   

49 -0.21% -1.04   -0.93   -0.65   -0.15   

50 0.22% 0.34   0.73   0.68   0.25   

51 -0.77% -2.74 *** -3.54 *** -2.41 ** -2.13   

52 0.11% -0.22   0.47   0.34   0.65   

53 -0.12% -0.64   -0.41   -0.36   1.24   

54 -0.38% -0.92   -1.29   -1.17   -0.74   

55 0.01% 0.27   0.02   0.02   -0.15   

56 -0.22% 0.21   -0.51   -0.67   -0.35   

57 0.13% -0.24   0.37   0.41   -0.54   

58 -0.02% -0.19   -0.09   -0.08   0.45   

59 -0.11% -0.40   -0.45   -0.35   -0.74   

60 0.14% -0.04   0.59   0.42   1.04   

61 -0.45% -1.36   -1.51   -1.40   0.25   

62 0.42% 1.13   1.31   1.32   0.25   

63 -0.04% -0.89   -0.18   -0.13   0.84   

64 0.20% 0.82   0.85   0.62   -0.35   

65 -0.46% -1.51   -1.62   -1.43   -0.94   

66 -0.10% -0.78   -0.47   -0.31   0.45   

67 -0.09% -0.30   -0.26   -0.29   0.45   

68 -0.08% 0.06   -0.32   -0.26   -0.15   

69 -0.39% -1.68 * -1.28   -1.22   -0.74   

70 0.26% 0.39   0.80   0.80   0.25   

71 0.10% 0.86   0.32   0.32   1.64 * 

72 0.15% 0.53   0.63   0.47   0.84   

73 -0.42% -2.10 ** -1.58   -1.32   -1.34   

74 0.89% 2.90 *** 2.97 *** 2.78 *** 2.03 ** 

75 -0.28% -1.27   -0.92   -0.88   -2.13   

76 -0.07% 0.77   -0.26   -0.21   -0.74   

77 0.21% 1.00   0.78   0.65   2.63 *** 

78 -0.11% 0.25   -0.30   -0.33   0.25   

79 0.18% 0.67   0.63   0.56   0.45   

80 -0.32% -0.99   -1.22   -0.98   -0.74   

81 -0.13% -1.05   -0.49   -0.39   0.25   

82 -0.23% -1.03   -1.02   -0.71   -0.74   

83 -0.13% -0.03   -0.47   -0.39   -1.73   
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84 0.45% 1.51   1.70 * 1.42   2.63 *** 

85 -0.66% -1.78 * -2.19 ** -2.05 ** -1.14   

86 0.10% 0.76   0.45   0.32   -0.35   

87 -0.13% -0.11   -0.60   -0.39   -1.34   

88 -0.19% -0.43   -0.42   -0.59   0.25   

89 0.23% 0.97   0.82   0.70   2.23 ** 

90 0.26% 1.17   1.15   0.81   0.45   

91 -0.26% -1.50   -0.94   -0.82   -0.35   

92 -0.14% -0.83   -0.57   -0.45   -0.54   

93 -0.21% -0.56   -0.72   -0.64   -0.74   

94 -0.20% -1.00   -0.77   -0.64   0.45   

95 -0.42% -1.12   -1.33   -1.31   -0.35   

96 0.28% 1.08   0.88   0.87   0.65   

97 -0.02% -0.39   -0.10   -0.07   -0.15   

98 0.21% 0.80   0.79   0.65   -0.74   

99 0.17% 0.12   0.72   0.54   0.05   

100 -0.35% -1.11   -1.24   -1.10   -0.74   
 

a
 is the two-sided standardized t-test by Boehmer et.al. (1991). 

b
 is the two-sided standard t-test by Scholes (1972). 

c
 is the two-sided crude dependency adjusted t-stat by Brown and Warner (1985). 

d
 is a one-sided version of Cowan’s (1992) z-stat. 

The table shows the abnormal returns with respect to the effective date. *, ** and *** denote 
significance at the 10 %, 5 % or 1 % level, respectively. 
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Table A3 Abnormal Returns around the Effective Date for Deletions 

                    

  Deletions 

t       
  t-stat

a 
t-stat

b 
t-stat

c 
Z-stat

d 

-60 0.11% 0.46 

 
0.31 

 
0.32 

 
-0.98 

 -59 -0.78% -2.10 ** -2.05 ** -2.31 ** 1.74 ** 

-58 -0.78% -2.52 ** -2.60 ** -2.30 ** 2.16 ** 

-57 0.08% 0.34   0.24   0.22   -0.56   

-56 -0.38% -1.66 * -1.26   -1.13   -0.98   

-55 -0.03% -0.11   -0.08   -0.07   -0.56   

-54 0.42% 0.96   0.95   1.23   -1.82   

-53 0.50% 1.18   1.45   1.48   -0.56   

-52 0.22% 0.89   0.53   0.64   -0.14   

-51 -0.47% -2.02 ** -1.49   -1.39   0.07   

-50 0.48% 0.86   1.28   1.41   -0.56   

-49 0.04% 0.11   0.10   0.13   1.11   

-48 0.15% 0.63   0.35   0.45   0.07   

-47 0.09% 0.39   0.25   0.25   -1.82   

-46 -0.46% -1.63   -1.36   -1.34   1.11   

-45 -0.52% -1.84 * -1.38   -1.54   1.11   

-44 -1.05% -2.66 *** -3.06 *** -3.08 *** 2.58 *** 

-43 -0.58% -2.26 ** -2.33 ** -1.72 * 0.07   

-42 -0.11% 0.26   -0.25   -0.31   0.70   

-41 0.23% 0.17   0.82   0.69   0.07   

-40 -0.89% -2.82 *** -3.33 *** -2.62 ** 2.58 *** 

-39 0.30% 1.06   0.79   0.89   -0.98   

-38 0.25% 0.98   0.87   0.75   1.11   

-37 -0.75% -1.78 * -2.51 ** -2.21 ** 1.11   

-36 0.08% -0.33   0.24   0.25   1.32 * 

-35 0.29% 0.73   0.58   0.87   0.70   

-34 -0.03% -0.07   -0.08   -0.08   1.11   

-33 -0.04% -0.22   -0.17   -0.12   -0.35   

-32 0.11% 0.09   0.35   0.33   -0.56   

-31 -0.37% -1.15   -1.12   -1.09   1.11   

-30 -0.31% -2.26 ** -1.43   -0.91   1.95 ** 

-29 0.30% 1.09   1.18   0.90   -0.98   

-28 -0.89% -2.66 *** -2.32 ** -2.62 ** 2.37 *** 
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-27 -0.58% -1.29   -1.94 * -1.72 * 0.07   

-26 0.17% 0.65   0.58   0.50   -0.35   

-25 -0.23% -0.62   -0.81   -0.67   0.49   

-24 -0.47% -1.36   -1.19   -1.39   1.32 * 

-23 0.85% 1.68 * 2.02 ** 2.50 ** -1.40 * 

-22 0.03% 0.31   0.09   0.08   0.07   

-21 0.00% -0.23   -0.01   -0.01   0.28   

-20 0.64% 2.80 *** 2.16 ** 1.88 * -1.82   

-19 1.06% 2.30 ** 2.65 *** 3.13 *** -2.45   

-18 -0.22% -1.53   -0.58   -0.66   1.95 ** 

-17 -0.06% 0.11   -0.16   -0.17   -0.98   

-16 0.09% 0.03   0.27   0.26   0.07   

-15 0.14% 0.43   0.39   0.40   0.49   

-14 -0.38% -1.21   -1.07   -1.13   0.07   

-13 0.10% 0.28   0.31   0.28   0.07   

-12 -0.57% -2.67 *** -2.27 ** -1.67 * 1.95 ** 

-11 -0.55% -1.39   -1.80 * -1.63   1.11   

-10 -0.03% -0.80   -0.10   -0.08   0.91   

-9 -0.55% -1.58   -1.72 * -1.63   0.49   

-8 -0.29% -0.41   -0.82   -0.86   0.49   

-7 -0.60% -1.51   -1.39   -1.78 * 0.70   

-6 0.05% 0.07   0.13   0.14   -1.40   

-5 -0.17% -0.93   -0.49   -0.49   -0.56   

-4 -0.20% -0.63   -0.78   -0.60   0.28   

-3 -0.07% 0.05   -0.24   -0.22   -0.56   

-2 -0.36% -1.39   -1.21   -1.06   0.91   

-1 -2.86% -7.09 *** -7.24 *** -8.44 *** 4.68 *** 

0 1.93% 4.32 *** 5.03 *** 5.70 *** -4.97   

1 0.56% 1.66 * 1.82 * 1.64   -0.56   

2 0.46% 0.81   1.16   1.35   -0.98   

3 0.44% 1.64   1.47   1.30   -0.56   

4 0.62% 1.38   1.58   1.83 * -2.24   

5 0.55% 1.98 * 1.98 * 1.62   -1.40   

6 -0.11% -0.41   -0.32   -0.32   -1.61   

7 0.06% 0.41   0.20   0.19   -0.14   

8 0.23% 0.56   0.63   0.66   0.49   

9 0.38% 0.50   1.01   1.11   -0.77   
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10 -0.26% -0.65   -0.60   -0.76   1.74 ** 

11 -0.08% -0.51   -0.27   -0.24   1.11   

12 0.48% 1.62   1.67 * 1.43   -1.61   

13 0.26% 0.81   0.83   0.77   -0.14   

14 0.36% 0.87   1.13   1.06   -0.14   

15 -0.52% -1.46   -1.86 * -1.54   1.32 * 

16 0.26% 0.51   0.77   0.77   0.07   

17 0.29% 0.83   0.90   0.87   -0.35   

18 -0.56% -2.41 ** -1.96 * -1.66 * 0.91   

19 0.47% 2.17 ** 1.75 * 1.38   -1.61   

20 0.85% 3.23 *** 2.96 *** 2.50 ** -1.82   

21 0.16% 0.48   0.60   0.49   -0.56   

22 -0.48% -1.30   -1.17   -1.41   0.91   

23 0.16% 0.10   0.55   0.48   -0.77   

24 0.73% 1.69 * 1.64   2.14 ** -1.19   

25 0.16% 0.00   0.51   0.48   0.07   

26 0.50% 1.06   1.29   1.46   -1.19   

27 0.18% -0.10   0.53   0.53   -0.14   

28 -0.39% -0.72   -0.83   -1.16   -0.98   

29 -0.09% -0.47   -0.30   -0.27   -0.77   

30 0.58% 1.83 * 1.98 * 1.70 * 0.28   

31 0.05% 1.08   0.16   0.16   -1.19   

32 0.30% 1.27   1.26   0.87   -0.77   

33 0.12% 0.15   0.42   0.35   -0.35   

34 0.35% 0.91   1.03   1.03   -0.35   

35 0.01% 0.31   0.04   0.03   0.07   

36 -0.63% -2.06 ** -2.03 ** -1.85 * 1.11   

37 -0.37% -1.63   -1.34   -1.10   2.16 ** 

38 -0.10% 0.19   -0.33   -0.30   1.11   

39 -0.14% -0.57   -0.35   -0.40   1.32 * 

40 0.17% 0.39   0.52   0.49   -1.19   

41 0.40% 2.28 ** 1.51   1.17   -1.61   

42 0.23% 0.71   0.66   0.66   -0.14   

43 -0.53% -1.69 * -1.84 * -1.57   1.11   

44 -0.01% -0.60   -0.07   -0.04   0.70   

45 0.44% 0.87   1.12   1.29   -0.98   

46 -0.19% -0.90   -0.39   -0.56   0.70   
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47 -0.75% -0.85   -1.42   -2.21 ** 0.49   

48 0.06% -0.11   0.21   0.16   -0.98   

49 0.51% 1.56   2.06 ** 1.51   -1.19   

50 -0.04% -0.82   -0.17   -0.13   -0.35   

51 -0.07% 0.21   -0.21   -0.20   0.28   

52 0.16% -0.12   0.59   0.47   -0.56   

53 0.64% 2.34 ** 1.84 * 1.87 * -2.45   

54 -0.18% -0.55   -0.54   -0.55   0.49   

55 -0.04% -0.40   -0.12   -0.12   0.07   

56 0.27% 0.14   0.51   0.80   -0.14   

57 0.12% 0.27   0.31   0.35   -1.40   

58 -0.02% 0.01   -0.06   -0.05   1.32 * 

59 0.04% 0.55   0.13   0.11   -0.98   

60 -0.04% 0.78   -0.10   -0.10   -1.40   

61 0.16% -0.51   0.28   0.46   -0.35   

62 -0.15% 0.00   -0.43   -0.44   0.07   

63 0.23% 1.39   0.62   0.68   -1.40   

64 0.07% -0.19   0.21   0.21   -0.98   

65 0.70% 2.39 ** 2.08 ** 2.06 ** -1.40   

66 0.30% 1.14   0.89   0.87   -0.56   

67 0.23% 0.08   0.65   0.66   -0.56   

68 -0.16% -0.47   -0.47   -0.46   -0.56   

69 0.02% -0.68   0.06   0.06   1.95 ** 

70 0.26% 1.22   0.69   0.78   -1.61   

71 0.16% 0.66   0.60   0.48   -0.56   

72 0.38% 1.36   1.14   1.11   0.28   

73 -0.19% -0.83   -0.48   -0.55   1.11   

74 0.04% 0.10   0.10   0.10   0.49   

75 -0.12% -0.60   -0.40   -0.35   1.95 ** 

76 0.71% 1.88 * 1.88 * 2.09 ** 0.49   

77 -0.36% -0.74   -1.12   -1.06   -0.35   

78 0.07% -0.19   0.17   0.20   -0.56   

79 0.22% 0.51   0.62   0.66   -1.82   

80 -0.30% -0.25   -0.73   -0.88   0.28   

81 0.04% 0.19   0.14   0.12   0.28   

82 -0.07% 0.11   -0.24   -0.21   0.28   

83 -0.54% -1.28   -1.38   -1.58   1.11   
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84 -0.19% -0.59   -0.63   -0.55   0.28   

85 -0.43% -0.92   -1.32   -1.27   2.16 ** 

86 0.15% -0.36   0.36   0.44   -0.35   

87 -0.42% -1.63   -1.19   -1.23   0.49   

88 -0.08% -0.09   -0.24   -0.23   -0.35   

89 0.14% 0.89   0.50   0.42   -0.98   

90 0.19% 1.31   0.59   0.56   -0.98   

91 0.06% 0.47   0.20   0.17   0.28   

92 0.62% 1.06   1.84 * 1.82 * -0.98   

93 0.21% 1.42   0.78   0.62   -1.61   

94 -0.12% 0.07   -0.33   -0.36   -1.19   

95 -0.26% -0.61   -1.00   -0.77   0.07   

96 0.16% 0.21   0.56   0.46   -0.35   

97 -0.59% -2.15 ** -1.94 * -1.73 * 0.91   

98 0.23% 0.98   0.79   0.67   0.70   

99 0.08% 0.69   0.33   0.23   0.07   

100 0.18% 0.53   0.81   0.53   -0.77   

                    
 

a
 is the two-sided standardized t-test by Boehmer et.al. (1991). 

b
 is the two-sided standard t-test by Scholes (1972). 

c
 is the two-sided crude dependency adjusted t-stat by Brown and Warner (1985). 

d
 is a one-sided version of Cowan’s (1992) z-stat. 

The table shows the abnormal returns with respect to the effective date. *, ** and *** denote 

significance at the 10 %, 5 % or 1 % level, respectively. 
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Table A4 Mean Volume Ratios around the Effective Date  

    

  Additions   Deletions 

t      t-stat % over 1 

 

     t-stat % over 1 

-60 2.06 2.88 *** 45% 

 

1.36 1.97 ** 35% 

-59 1.69 2.04 ** 39% 

 

1.15 0.77 

 

35% 

-58 1.40 2.26 ** 47% 

 

1.02 0.15 

 

38% 

-57 1.90 3.64 *** 49% 

 

1.65 1.88 ** 33% 

-56 2.07 2.51 *** 48% 

 

1.28 1.75 ** 46% 

-55 1.96 2.87 *** 51% 

 

1.49 2.48 *** 43% 

-54 2.27 3.04 *** 48% 

 

1.45 1.63 * 41% 

-53 2.11 3.20 *** 48% 

 

1.16 0.97 

 

40% 

-52 1.78 2.95 *** 43% 

 

1.45 1.68 ** 37% 

-51 1.71 3.28 *** 47% 

 

1.02 0.15 

 

35% 

-50 1.52 2.44 *** 44% 

 

0.88 -1.10 

 

30% 

-49 1.63 2.07 ** 47% 

 

1.45 1.94 ** 41% 

-48 1.60 2.21 ** 45% 

 

1.07 0.56 

 

38% 

-47 1.40 2.22 ** 47% 

 

1.25 1.15 

 

35% 

-46 1.77 2.76 *** 44% 

 

1.34 1.29 * 32% 

-45 1.79 2.89 *** 47% 

 

1.56 2.14 ** 42% 

-44 1.94 4.27 *** 52% 

 

1.64 1.71 ** 40% 

-43 2.12 3.04 *** 45% 

 

1.13 0.62 

 

33% 

-42 1.72 3.40 *** 46% 

 

1.53 1.95 ** 36% 

-41 1.94 2.68 *** 51% 

 

1.40 1.33 * 37% 

-40 1.74 2.64 *** 47% 

 

2.42 1.08 

 

36% 

-39 2.45 2.06 ** 49% 

 

1.62 2.28 ** 46% 

-38 1.56 2.48 *** 41% 

 

1.41 1.38 * 37% 

-37 1.48 2.36 ** 41% 

 

1.71 1.70 ** 42% 

-36 1.89 2.38 *** 43% 

 

2.36 1.69 ** 45% 

-35 1.40 2.31 ** 48% 

 

2.01 1.81 ** 43% 

-34 1.52 2.11 ** 41% 

 

1.30 1.18 

 

42% 

-33 1.80 3.10 *** 43% 

 

1.07 0.45 

 

36% 

-32 2.93 2.47 *** 50% 

 

1.33 1.42 * 35% 

-31 1.95 3.50 *** 52% 

 

1.22 1.01 

 

27% 

-30 2.50 3.62 *** 54% 

 

1.40 1.89 ** 35% 

-29 2.58 3.05 *** 44% 

 

1.04 0.25 

 

30% 

-28 2.03 2.74 *** 52% 

 

1.30 1.36 * 34% 
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-27 2.93 2.24 ** 53% 

 

1.31 1.65 * 42% 

-26 1.95 2.53 *** 46% 

 

1.18 1.05 

 

41% 

-25 2.34 2.45 *** 44% 

 

1.83 1.30 * 38% 

-24 2.29 2.54 *** 48% 

 

1.04 0.26 

 

32% 

-23 2.26 1.93 ** 47% 

 

1.27 0.97 

 

34% 

-22 1.86 2.15 ** 50% 

 

1.30 1.61 * 38% 

-21 1.55 2.88 *** 51% 

 

1.30 1.60 * 38% 

-20 1.29 1.78 ** 42% 

 

1.38 1.49 * 34% 

-19 2.44 3.23 *** 55% 

 

1.63 2.08 ** 42% 

-18 1.58 3.19 *** 50% 

 

1.29 1.23 

 

35% 

-17 2.04 4.22 *** 53% 

 

1.50 2.01 ** 45% 

-16 1.62 2.70 *** 48% 

 

1.81 2.54 *** 49% 

-15 1.80 2.87 *** 52% 

 

1.26 1.31 * 38% 

-14 1.72 3.82 *** 50% 

 

1.18 1.06 

 

40% 

-13 1.74 1.73 ** 42% 

 

1.07 0.47 

 

30% 

-12 1.50 2.41 *** 48% 

 

1.64 2.16 ** 38% 

-11 1.72 2.26 ** 47% 

 

1.08 0.39 

 

30% 

-10 2.42 1.40 * 44% 

 

2.28 2.15 ** 40% 

-9 1.35 2.22 ** 43% 

 

1.18 0.55 

 

26% 

-8 2.03 2.30 ** 41% 

 

1.71 1.77 ** 35% 

-7 1.37 2.50 *** 50% 

 

1.54 2.14 ** 45% 

-6 1.95 2.33 ** 45% 

 

1.97 2.20 ** 45% 

-5 2.37 2.16 ** 44% 

 

1.88 2.79 *** 51% 

-4 1.35 1.38 * 34% 

 

1.78 2.61 *** 52% 

-3 1.49 2.27 ** 48% 

 

1.99 2.87 *** 54% 

-2 1.54 3.05 *** 44% 

 

1.46 2.96 *** 46% 

-1 4.49 3.83 *** 65% 

 

3.66 6.26 *** 76% 

0 1.37 2.68 *** 51% 

 

1.73 3.52 *** 52% 

1 1.54 2.70 *** 40% 

 

1.69 1.38 * 41% 

2 1.34 1.81 ** 41% 

 

1.46 2.32 ** 38% 

3 1.38 1.41 * 37% 

 

1.94 3.29 *** 48% 

4 1.84 1.10 

 

36% 

 

1.77 2.10 ** 41% 

5 1.14 0.91 

 

33% 

 

1.13 0.78 

 

33% 

6 1.77 1.65 * 43% 

 

1.77 1.35 * 36% 

7 1.30 1.50 * 35% 

 

1.59 2.02 ** 36% 

8 1.23 1.36 * 38% 

 

2.30 2.01 ** 36% 

9 1.41 2.65 *** 46% 

 

1.79 2.20 ** 40% 
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10 1.16 1.12 

 

38% 

 

2.11 1.79 ** 43% 

11 1.61 2.55 *** 40% 

 

1.54 1.30 * 35% 

12 1.37 2.26 ** 37% 

 

1.39 1.35 * 42% 

13 1.42 2.38 *** 42% 

 

1.35 1.38 * 35% 

14 1.58 2.47 *** 42% 

 

1.55 1.50 * 37% 

15 1.23 1.24 

 

38% 

 

1.70 1.24 

 

27% 

16 1.64 1.87 ** 41% 

 

1.35 1.39 * 37% 

17 1.41 1.81 ** 39% 

 

1.36 1.70 ** 36% 

18 1.36 1.72 ** 39% 

 

1.26 1.23 

 

34% 

19 1.01 0.08 

 

33% 

 

1.24 1.10 

 

30% 

20 1.46 1.98 ** 37% 

 

1.39 1.89 ** 41% 

21 1.31 2.03 ** 41% 

 

1.09 0.51 

 

40% 

22 1.39 1.00 

 

37% 

 

1.18 0.87 

 

32% 

23 1.09 0.67 

 

41% 

 

0.95 -0.31 

 

27% 

24 1.16 0.88 

 

34% 

 

1.24 1.21 

 

33% 

25 1.06 0.34 

 

29% 

 

1.40 1.52 * 32% 

26 1.15 1.11 

 

33% 

 

1.96 1.15 

 

36% 

27 1.23 1.31 * 34% 

 

1.54 1.52 * 29% 

28 1.22 1.28 

 

35% 

 

1.65 1.79 ** 30% 

29 1.38 1.32 * 38% 

 

1.17 0.93 

 

27% 

30 1.30 1.17 

 

30% 

 

1.26 0.99 

 

29% 

31 1.62 2.12 ** 38% 

 

1.02 0.12 

 

25% 

32 1.26 1.11 

 

35% 

 

1.96 1.56 * 33% 

33 1.39 1.60 * 39% 

 

1.05 0.23 

 

24% 

34 1.47 1.20 

 

26% 

 

1.17 0.93 

 

32% 

35 1.28 1.25 

 

32% 

 

1.07 0.53 

 

34% 

36 1.08 0.73 

 

39% 

 

1.72 1.48 * 41% 

37 1.70 2.13 ** 37% 

 

1.06 0.38 

 

34% 

38 1.37 1.80 ** 32% 

 

1.48 1.66 ** 35% 

39 1.52 2.21 ** 37% 

 

0.99 -0.06 

 

29% 

40 1.08 0.58 

 

37% 

 

1.02 0.18 

 

31% 

41 1.47 2.27 ** 44% 

 

1.26 1.05 

 

40% 

42 1.53 2.24 ** 43% 

 

1.16 0.73 

 

30% 

43 1.21 1.39 * 33% 

 

1.27 0.94 

 

32% 

44 1.34 1.93 ** 39% 

 

1.04 0.27 

 

29% 

45 1.06 0.45 

 

34% 

 

1.36 0.85 

 

35% 

46 1.70 1.73 ** 43% 

 

1.15 0.76 

 

34% 
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47 1.41 1.06 

 

33% 

 

1.48 1.26 

 

31% 

48 1.39 1.68 ** 37% 

 

1.25 1.48 * 41% 

49 1.64 1.48 * 41% 

 

1.13 0.58 

 

32% 

50 1.44 1.78 ** 37% 

 

1.06 0.35 

 

33% 

51 1.33 1.14 

 

32% 

 

1.02 0.15 

 

32% 

52 2.03 1.57 * 39% 

 

1.08 0.61 

 

37% 

53 1.53 1.70 ** 38% 

 

1.41 1.76 ** 35% 

54 1.45 1.71 ** 36% 

 

1.24 0.87 

 

36% 

55 1.05 0.39 

 

36% 

 

1.23 1.14 

 

36% 

56 1.00 0.04 

 

40% 

 

1.38 1.27 

 

30% 

57 1.41 2.06 ** 46% 

 

1.30 1.04 

 

31% 

58 1.30 1.41 * 43% 

 

1.87 2.05 ** 36% 

59 1.39 1.63 * 39% 

 

1.28 1.34 * 32% 

60 0.97 -0.30 

 

34% 

 

1.06 0.27 

 

34% 

61 1.12 0.94 

 

34% 

 

1.14 0.88 

 

41% 

62 1.40 2.49 *** 42% 

 

1.42 1.50 * 34% 

63 1.55 2.13 ** 43% 

 

1.34 1.42 * 42% 

64 1.31 1.13 

 

36% 

 

1.93 2.30 ** 42% 

65 1.29 1.08 

 

41% 

 

1.27 1.20 

 

35% 

66 1.29 1.45 * 36% 

 

1.19 1.19 

 

30% 

67 1.18 1.13 

 

39% 

 

1.16 0.63 

 

25% 

68 0.84 -1.83 ** 30% 

 

1.38 0.74 

 

29% 

69 1.08 0.66 

 

39% 

 

0.90 -0.85 

 

27% 

70 1.29 1.44 * 38% 

 

1.15 0.66 

 

34% 

71 1.12 0.79 

 

36% 

 

1.08 0.45 

 

30% 

72 1.01 0.11 

 

39% 

 

1.05 0.40 

 

32% 

73 1.30 1.15 

 

35% 

 

0.91 -0.70 

 

31% 

74 1.28 1.54 * 38% 

 

1.26 0.76 

 

33% 

75 1.45 1.83 ** 43% 

 

1.35 1.55 * 36% 

76 1.26 1.00 

 

30% 

 

1.05 0.35 

 

34% 

77 1.41 1.16 

 

34% 

 

1.28 1.30 * 31% 

78 1.77 2.18 ** 38% 

 

1.24 1.58 * 40% 

79 1.80 1.90 ** 41% 

 

1.21 1.51 * 38% 

80 1.08 0.48 

 

29% 

 

1.22 1.16 

 

32% 

81 1.04 0.28 

 

35% 

 

1.26 1.29 

 

35% 

82 1.63 0.91 

 

33% 

 

1.22 1.05 

 

30% 

83 0.94 -0.39 

 

31% 

 

1.24 1.25 

 

36% 
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84 1.82 1.64 * 37% 

 

1.54 1.64 * 31% 

85 1.36 1.82 ** 38% 

 

1.33 1.32 * 35% 

86 1.28 1.82 ** 46% 

 

1.35 0.99 

 

38% 

87 1.06 0.30 

 

23% 

 

1.18 0.98 

 

42% 

88 1.50 1.57 * 34% 

 

0.96 -0.30 

 

26% 

89 1.10 0.54 

 

27% 

 

1.06 0.50 

 

37% 

90 1.13 1.12 

 

36% 

 

1.16 0.91 

 

32% 

91 1.18 1.03 

 

40% 

 

0.95 -0.41 

 

34% 

92 1.50 1.39 * 33% 

 

1.22 0.86 

 

32% 

93 1.41 1.21 

 

33% 

 

1.17 0.90 

 

30% 

94 1.20 1.10 

 

36% 

 

1.62 0.97 

 

38% 

95 1.68 1.11 

 

34% 

 

1.25 1.49 * 38% 

96 1.00 0.02 

 

35% 

 

1.20 1.06 

 

33% 

97 1.00 -0.04 

 

39% 

 

1.30 1.09 

 

32% 

98 0.94 -0.62 

 

34% 

 

1.19 0.58 

 

27% 

99 0.90 -0.82 

 

32% 

 

1.13 0.34 

 

27% 

100 1.00 -0.02 

 

33% 

 

1.13 0.43 

 

30% 
 

The table shows the mean volume ratios for all t in the event window with respect to the effective 

date. To test for significance the standard t-test by Scholes (1972) is used. The table also shows the 

percentage of mean volume ratios over one per t. *, ** and *** denote significance at the 10 %, 5 % 
or 1 % level, respectively for a one-sided test. 
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Figure A2 Average Abnormal Returns around Effective Date - Additions 

 

The figure shows the average abnormal return for additions in the event window. 

 

Figure A3 Average Abnormal Returns around Effective Date - Deletions 

 

The figure shows the average abnormal return for deletions in the event window. 
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Table A5 Descriptive Statistics for Size 

                    

Panel H: Additions 

        
                   

  Max Min Median   Max Min Median   N 

Large 6.91% -4.04% 2.27%   71.868 0.008 1.537   34 

Medium 12.08% -28.11% 1.80%   33.243 0.014 1.695   34 

Small 14.52% -4.63% 1.17%   38.001 0.033 1.668   34 

                    

        
               

  Max Min Median   Max Min Median   N 

Large 6.01% -4.95% 1.00%   8.053 0.008 1.019   34 

Medium 9.12% -5.89% -0.02%   22.997 0.013 0.575   34 

Small 13.15% -8.53% 0.49%   10.963 0.000 0.552   34 

                  

                     

Panel I: Deletions 

        
                   

  Max Min Median   Max Min Median   N 

Large 0.69% -10.01% -2.51%   21.470 0.068 3.494   31 

Medium 4.84% -10.13% -1.83%   17.297 0.000 2.384   30 

Small 4.98% -13.54% -2.60%   12.199 0.000 1.404   30 

                    

        
               

  Max Min Median   Max Min Median   N 

Large 6.69% -7.50% -0.64%   11.286 0.025 0.967   31 

Medium 4.66% -8.56% -0.93%   7.169 0.000 1.028   30 

Small 7.95% -13.54% -0.87%   15.004 0.000 0.593   30 

                    
 

Panel H: Additions. Panel I: Deletions. 

The tables show the max, min and the median of the abnormal returns and the mean volume ratios 
for the three size categories: small, medium and large. The table also includes the number of firms, 

N, in each size category. 
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Table A6 Days between the Announcement Date and the Effective Date 

      

AD ED 

Days 

Between 

28-06-2002 01-07-2002 1 

30-12-2002 02-01-2003 2 

30-06-2003 01-07-2003 1 

29-12-2003 02-01-2004 3 

28-06-2004 01-07-2004 3 

27-12-2004 03-01-2005 5 

28-06-2005 01-07-2005 3 

22-12-2005 02-01-2006 6 

23-06-2006 03-07-2006 6 

28-12-2006 02-01-2007 2 

27-06-2007 02-07-2007 3 

04-12-2007 02-01-2008 4 

05-06-2008 01-07-2008 18 

11-12-2008 02-01-2009 12 

14-05-2009 02-06-2009 11 

13-11-2009 01-12-2009 12 

12-05-2010 01-06-2010 11 

15-11-2010 01-12-2010 12 

12-05-2011 01-06-2011 13 

11-11-2011 01-12-2011 14 

16-05-2012 01-06-2012 10 

16-11-2012 03-12-2012 11 

14-05-2013 03-06-2013 12 

      

Average   7.6 days 

      

Max   18 

Min   1 

Median   6 

      
 

The table shows the number of days between the announcement date and the effective date for each 
index revision in the sample and some descriptive statistics.  
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Figure A4 Supply and Demand 1 

 

A description of the effects of a downward sloping demand curve. 

 

 

 

Figure A5 Supply and Demand 2 

 

A description of the effects of a horizontal demand curve.  
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Table A7 Determinants 

        

  Additions 

  Index Demandi 

Index Fund Market 

Capi OSEBX Market Capi 

Max 52.29 8,496 1,053,572 

Min 0.03 53.10 251,229 

Average 6.73 

  Median 3.07 

  N 102 

          

  Deletions 

  Index Demandi 

Index Fund Market 

Capi OSEBX Market Capi 

Max 42.14 8,496 1,053,572 

Min 0.04 53.10 251,229 

Average 5.86 

  Median 1.96 

  N 91 

          
 

The table shows descriptive statistics for the variables used in regression R3 and R4. Values in 
NOK million. 
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Figure A6 Scatter plot Log Volume Ratio Deletions 

 

The left graph show VR_i at ED-1 and the right graph shows Ln(VR_i) at ED-1 for the regression 

R2 for deletions. 

 

Table A8 Difference-in-Mean for Volume 

   

  Additions  Deletions 

        Mean 
t-stat      

(B-A) 

 
Mean 

t-stat      

(B-A) 

A (-60, -19) 1.93 
-9.40 

 1.40 
-1.76** 

B (7, 100) 1.31  1.30 

      
 

The table shows the difference-in-mean of two periods. A period after the effective date and a 

period before the announcement date. The period around the effective date is excluded so we don’t 

incorporate temporary effects. To test for significance the one-sided standard t-stat described in 
Scholes (1972) is used. The results are not dependent on the sample period. *, ** and *** denote 

significance at the 10 %, 5 % or 1 % level, respectively. 
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Table A9 Trading Volume and Index Fund Capital 

         

  Additions  Deletions 

   LN(VR)  LN(VR) 

 Intercept -0.52  0.27 

   (<0.01)***  (0.18) 

   

 

 

  Rel. Index  2.94  1.08 

 Fund Capital (<0.01)***  (<0.01)*** 

   

 

 

    

 

 

  Adj.    0.344  0.08 

 N 102  91 

          
 

The table shows coefficient values and the p-values in parenthesis with the significance denoted *, 

** and *** at the 10 %, 5 % or 1 % level, respectively. 

 

 

 

 

 

 

 

 

 

 

 


