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1. Introduction 

 

It is widely accepted that the capital markets do benefit society. The access to capital 

markets is crucial to the allocation of resources. However, in order to benefit the 

society as much as possible the capital markets need to be efficient. The efficiency of 

the capital markets has been a key-issue in financial research for approximately half a 

century. 

 

In order to understand market efficiency we need have an understanding of what 

characterizes an efficient market. In his classical paper Fama (1970) defines an 

efficient market as follows: ”In general terms, the ideal is a market in which prices 

provide accurate signals for resource allocation: that is, a market in which firms can 

make production-investment decisions, and investors can choose among the securities 

that represent ownership of firms’ activities under the assumption that security prices 

at any time ’fully reflect’ all available information. A market in which prices always 

’fully reflect’ available information is called ’efficient.’” The statement by Fama 

(1970) makes it clear that the key question for an efficient market is if all available 

information is incorporated into the securities’ prices, i.e. can investors trust market 

prices? 

 

In a series of papers Fama (1970, 1991 and 1997) surveys the results from different 

market efficiency tests. First, the tests are classified into three different groups based 

on the information subsets; these groups are weak form tests, semi-strong form tests 

and strong form tests (Fama 1970). The weak form tests are tests in which the 

information set consists of historical prices (Fama 1970) and later expanded to also 

include calendar anomalies1 (Fama 1991). The semi-strong form of tests are tests in 

which the information set include other information that is publicly available (Fama 

1970). Lastly, strong form tests include private information into the information set 

(Fama 1970). The conclusion is that prices are generally consistent with market 

efficiency predictions in the long-term (Fama 1997). 

                                                        
1 Calendar anomalies are a group of anomalies in stock prices that can be attributed to a given point in 
time that is known beforehand. For example, a specific month, a specific day in the week, a specific 
time of the day or some other known time that does not introduce new information but still affects 
prices. 
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However, even if we accept the general conclusion that prices are generally consistent 

with market efficiency evidence of calendar anomalies has been documented in many 

international studies covering a wide range of markets and different periods of time. 

The calendar anomalies include the January effect (Rozeff and Kinney 1976, Gultekin 

and Gultekin 1983, Haugen and Jorion 1996), the end-of-the-month effect (Ariel 

1987, Cadsby and Ratner 1991), the weekend effect (French 1980, Gibbons and Hess 

1981) and the intraday U-shape (Wood, McInish and Ord 1985, Cheung 1995). On the 

other hand, although these anomalies are clearly against the efficient market 

hypothesis they are not an implication that investors are not rational. The 

explanations2 for the observed anomalies are usually based on market structure and in 

that sense they are an ”artificial” creation leading to distorted investor behaviour, i.e. 

investors trade under the influence of some other incentive than the normal risk and 

return framework. 

 

The motivation for this study is simply to expand the knowledge around short-term 

stock-return patterns and to offer some explanations for them. By pinpointing the 

problems and the possible causes for them we hope that it would be possible for 

authorities to change market design and remove the causes for inefficiency and thus 

the efficiency of capital markets would be improved. 

 

The purpose of the rest of the introduction is to give an appropriate background for 

the rest of the thesis. Since the thesis has an emphasis on short-term trading patterns, 

the rest of the introduction is focused on theories and empirical findings associated 

with such patterns. In chapter 2 some influential papers on theoretical models for 

short-term patterns are discussed briefly. In chapter 3 the central empirical findings in 

previous studies concerning short-term price-patterns are presented. The introduction 

ends with chapter 4 in which summaries and the central findings of the four essays are 

presented and discussed. 

 

 

                                                        
2 Explanations include taxes (the January effect), uneven distribution of cash flows to the market (the 
end-of-the-month effect), window-dressing (the January and end-of-the-month effects) and inability to 
trade (the weekend and U-shape effects) among others.  
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2. Background 

 

During the opening hours of any financial market prices move on a high frequency 

basis. However, until the middle of the 1980s all available data have been based on a 

much lower frequency such as daily, weekly or monthly observations. The reasons for 

this are the costs and time associated with handling data using a paper based 

technology. The problems with costs and time have been vastly reduced by 

improvements in technology. Today, we are able to handle large amounts of data on a 

single personal computer. Given this, it is not surprising that high frequency data has 

become more and more popular among academics who try to understand short-term 

price movements in financial markets. The key findings of these studies are 

summarized below. 

 

 

2.1 General intraday patterns in financial markets 

 

The first empirical study on intraday stock prices was conducted by Wood, McInish 

and Ord (1985). They constructed an equally weighted minute-to-minute index, based 

946 respective 1138 NYSE3 stocks, for two different time periods, namely September 

1971 to February 1972 and the calendar year of 1982. The index was tested for 

normality and autocorrelation. The authors found evidence of differences in return 

distributions for overnight trades, trades during the first 30 minutes, trades 

immediately before the close and trades during the remainder of the day. Abnormally 

high returns and high standard deviation was found at the beginning and the end of the 

day. This pattern has later become known as the intraday U-shape or the reversed J-

shape. 

 

The results of Wood et al. have later been confirmed in many studies on different 

markets and different time periods. Harris (1986) studied the 15-minute returns of an 

equally weighted portfolio of NYSE stocks for the period December 1981 to January 

1983. Harris (1986) and Smirlock and Starks (1986) confirmed the findings of Wood, 

McInish and Ord regarding the intraday return pattern, they also concluded that the 

                                                        
3 New York Stock Exchange 
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pattern on Mondays deviate from the pattern observed on other weekdays. Mondays 

show a negative return during the beginning of the day, opposed to the positive return 

found for the rest of the days. Jain and Joh (1989) showed that the number of traded 

shares also follow the same intraday U-shape found for returns and standard 

deviations on the NYSE. 

 

Besides studies on NYSE-data, intraday studies have been conducted on several other 

financial markets around the world to rule out the possibility that the results are not 

due to some peculiarities of the US financial markets. The U-shape for returns, 

standard deviations and number of traded shares have been verified on the Toronto 

stock exchange (McInish and Wood 1990), the Swedish stock exchange (Nordén 

1993), the exchange of Hong Kong (Cheung 1995), the Taiwan stock market (Lee, 

Fok and Liu 2001), the stock exchange of Singapore (Ding and Lau 2001) and for the 

Helsinki stock exchange the existence of a U-shape in returns is tested in essay 1 of 

this thesis. 

 

Since the U-shape intraday pattern is well documented many researchers have 

dedicated their efforts to explaining why this pattern exists. Since the pattern exists in 

many markets with different trading mechanisms it is easy to rule out reasons of pure 

technical nature.   

 

Information asymmetry has been proposed as a possible explanation for the intraday 

pattern. Admati and Pleiderer (1988) constructed a theoretical model that explains 

some of the empirically found patterns. In their model the pattern of high volume and 

price reaction is a result of competition between informed traders. This competition is 

intense and improves the terms of trade for liquidity traders leading to a period of 

concentrated trading. They argue that the actual timing of this concentrated trading is 

determined by exogenous factors such as arrival of public information and the amount 

of liquidity trading. Admati and Pleiderer (1988) also argue that since the open and 

the close are characterized by the fact that they are led or followed by a period in 

which it is difficult to trade, liquidity traders as well as informed traders will be active 

during these periods. Admati and Pleiderer (1989) extend their model to also explain 

the patterns in returns. The information asymmetry hypothesis was further exploited 

by Foster and Viswanathan (1990) who argue that information is accumulated during 
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non-trading periods and as a consequence informed traders enter the market as soon as 

possible, i.e. immediately after the market opening. 

 

Brock and Kleidon (1992) on the other hand propose risk sharing as the motive for the 

empirically observed intraday patterns. They argue that information, which affects 

asset prices, evolves nearly continuously over time, whereas the trading of assets goes 

from nearly continuous trading to zero trading. The open and the close are the points 

of discontinuity between continuous and zero trading opportunities. The major 

implications of the Brock and Kleidon (1992) model are increased and less elastic 

demand to trade at the open and the close. There are two main reasons for this 1) the 

accumulation of overnight information in the absence of an opportunity to trade 

means that portfolios at the open have deviated from the optimal, resulting in trading 

activity to re-establish optimal portfolios, 2) in preparation for an overnight 

nontrading period the optimal portfolios at the close will differ from those optimal 

during continuous trading (this is consistent with many short-term traders willingness 

to attempt to close out positions before market closing to avoid overnight risk). Gerety 

and Mulherin (1992) empirically tested the Brock and Kleidon (1992) model. Gerety 

and Mulherin (1992) found that closing volume is positively related to expected 

overnight volatility, while volume at the opening is positively related to both expected 

and unexpected volatility during the previous night. They conclude that the clustering 

of trading around the open and the close is due to investors desire to change the 

exposure to price changes, i.e. risk, when the market is closed. Hedvall (1995) 

compared the Admati and Pfleiderer (1988) model with the Brock and Kleidon (1992) 

model using both transactions and quote data. He concluded that the main trading 

patterns are in line with the Brock and Kleidon (1992) model although several 

features in the data corresponded to the Admati and Pfleiderer (1988) model. 

 

Further theoretical work concerning the effect of market closure was done by Hong 

and Wang (2000). They combine the effect of informational asymmetry and risk 

sharing trading motives to model trading activity and return patterns around market 

opening and closing. Under the right parameters, their model does predict many of the 

observed empirical findings, including: the U-shape pattern in of returns, volatility 

and volume.  

 



 8

Although, the models by Admati and Pfleiderer (1988) and Brock and Kleidon 

(1992), and to some extent Hong and Wang (2000), are regarded as the main models 

in explaining the high activity around the open and close they probably cannot explain 

all the reasons for the observed trading patterns. Further theoretical works concerning 

market opening by Medrano and Vives (2001) and closing by Hillion and Suominen 

(2001) have proposed price manipulation as one possible reason for the empirically 

observed trading patterns. In essay 2 the theory by Suominen and Hillion (2001) is 

tested empirically. 

 

 

2.2 Other short term trading patterns 

 

Besides the opening and closing of markets, there exist other factors that induce non-

normal4 short-term trading. Such factors include derivatives contracts settlement and 

taxes. As with the opening and closing of markets the underlying problems are man-

made restrictions that interfere with the normal pricing process of securities. 

 

Derivatives contracts are securities whose value is based on another security. The fact 

that derivative payoff is dependant on the price of some other asset offer the 

possibility of arbitrage activity or even price manipulation. The problems, associated 

with arbitrage activity or manipulation, are pronounced at maturity for derivatives 

when the settlement is made in cash, typically derivatives based on indexes.   

 

Arbitrage activity is generally considered an efficiency enhancing activity. However, 

when the maturity of the derivative involved grows nearer, and settlement is made in 

cash rather than in the underlying security, the investor needs to unwind his arbitrage 

position, by selling (or buying) the underlying asset or the derivative. Otherwise, he 

will end up with a risky position he does not want (arbitrage activity, by definition, is 

risk free), for further discussion see, for example, Stoll and Whaley (1990).  

 

                                                        
4 By “non-normal trading” we mean trading which is not undertaken in the normal risk-return 
framework of efficient markets. 
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A more sinister reason for the expiration day effect was proposed by Kumar and 

Seppi (1992). They constructed a model based on manipulation of the underlying 

assets immediately before the expiration of futures. The general idea is fairly simple; 

investors earn money by establishing a futures position and then manipulating (by 

trading) the spot price of the underlying asset. Thus, investors influence the settlement 

price. The costs of manipulation are more than made up for by the gains in the futures 

market. In order for this strategy to work, it is crucial that the settlement is made in 

cash and not in the miss priced underlying asset. This type of manipulation is called 

trade-based manipulation, for a general discussion of different manipulation types see 

Allen and Gale (1992).  

 

The expiration day effect was first reported by Stoll and Whaley (1987) who 

examined the so-called triple witching hour. Later, the results by Stoll and Whaley 

(1987) have been confirmed by Stoll and Whaley (1990 and 1991), Herbst and 

Maberly (1990 and 1991) and Hancock (1993). On the other hand Kan (2001) did not 

find any indication of an expiration day effect. All the before mentioned studies have 

attributed the expiration day effect to the unwinding of arbitrage positions. However, 

none of the studies have been designed to separate between unwinding of arbitrage 

positions and manipulation. The possible expiration day effect is further studied in 

essay 3 using Finnish data.  

 

Taxes are generally considered to affect trading at two separate points of time. First, 

since taxation (for most investors and in most countries) equals the calendar year, 

there is tax induced trading5 around the turn of the year, this is widely accepted as one 

of the explanations for the earlier mentioned January effect. Although taxation is 

widely accepted as one of the possible reasons for the January effect, the empirical 

evidence is usually based on observed volume and return seasonality. As a 

consequence, the evidence is generally not very well linked to the hypothesis, see Dyl 

(1977), Reinganum (1983), Keim (1983) and Lakonishok and Smidt (1986) for 

details. However, a working paper by Grinblatt and Keloharju (2002) offer some new 

evidence on the connection between taxation and the January effect. Second, since 

                                                        
5 Tax loss selling, meaning that investors trade looser-stocks in order to be able to report less capital 
gains (usually the same or equivalent shares are bought back fairly soon after they are sold). 
 



 10

different investors are taxed differently for dividend income, tax-induced trading takes 

place around the ex-dividend day as some (lightly taxed) investors prefer dividend 

income and other (heavily taxed) investors have an incentive to avoid dividend 

income. Again, the evidence rests heavily on observations of abnormal trading 

volumes around the ex-dividend day, see Lakonishok and Vermaelen (1986) and 

Michaely and Murgia (1995) for details. In essay 4 we examine this question by 

looking at the trading activity of different tax-clienteles, thus making it possible to test 

the hypothesis more thoroughly.   

 

 

3. The four essays, summary and conclusions 

 

The purpose of the thesis is to look at short-term6 stock returns and possible reasons 

for the observed stock price behaviour. The thesis consists of four independent but 

related essays. The time period varies slightly between essays, but all data fits into the 

time range 1991 to 19997. Below, the four essays are summarized and the central 

findings are briefly discussed. 

 

 

3.1 Essay 1: Intradaily regularities in Finnish stock market returns 

 

The first essay studies the return pattern during the day. The data includes all trades 

on the Helsinki stock exchange during the time period 1991 to 1995. The data were 

used to form 15-minute intraday returns for an equally weighted index. The standard 

OLS dummy regressions technique was used to examine the characteristics of the 

intraday returns. The impact of thin trading, weekdays, daily returns and daily trading 

volume on the return structure was also studied. 

 

The results show that the U-shape found in other securities markets also apply for the 

Helsinki stock exchange. The trading day starts with a period of price discovery 

                                                        
6 By “short-term” we mean a time period ranging from a few minutes to no more than a few days. 
 
7 The time period for the individual essays is: essay 1 1991 to 1995, essay 2 1994 to 1995, essay 3 
1995-1999 and essay 4 1995-1996. 
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immediately after the opening of the continuous trading. The price discovery period 

last for approximately 45 to 60 minutes. During the middle of the day prices seem to 

be fairly stable. Immediately before close there is a large positive return. After the 

close trading continues in the after-hours market. Immediately after the close a large 

price drop can be observed. After the price drop prices remain fairly stable for the rest 

of the after-hours period.  

 

There are two central findings in essay 1. First, prices seem to be stable throughout 

the day except for a one-hour period after the opening and the period around the close. 

Second, the behaviour around the close is puzzling, since trading continues in the 

after-hours market the Brock and Kleidon (1992) hypothesis of rebalancing portfolios 

before the non-trading period does not apply.  

 

 

3.2 Essay 2: Day end returns – stock price manipulation 

 

Essay 2 takes a closer look into the intriguing results in essay 1. Since the return 

pattern around the close clearly cannot be explained by portfolio rebalancing due to a 

non-trading period, another theory is applied. We turn our attention to a model 

developed by Hillion and Suominen (2001). They argue that the pattern at least 

partially can be explained by price manipulation due to the importance of the close 

price as a benchmark. If the closing price is used as a benchmark, we expect that a 

trader might want to influence the closing price to improve his performance during a 

day. Our hypothesis is that, when a trader takes a big net position in a given day, he 

has an incentive to manipulate the closing price upwards (downwards) if he has 

bought (sold) shares during the day. The trader does not benefit financially, rather it is 

a form of window dressing, i.e. the trader reports his activities to a third party. 

 

In line with this hypothesis we expect the return to be unusually high (low) 

immediately before close when a big buyer (seller) is active during the day. This 

happens because the buyer (seller) prefers a higher (lower) closing price and 

manipulates the price upwards (downwards). After the close, we expect the return to 

be unusually low (high) since the price readjusts to its true level. 
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For the period prior to the close, the results generally seemed to be in line with our 

hypotheses. Controlling for the effect of block trading and spread widening8 did not 

alter the results. However, for the period after the close only weak evidence was 

found, although we did get the expected sign. 

 

Overall, the results were fairly weak, especially after the close. We claim to have 

weak support for the hypotheses set forth by Suominen and Hillion (2001), mainly 

because the signs were the expected, but further research, on other markets as well as 

other periods of time, is demanded before the question of whether or not manipulation 

occurs is settled. 

 

 

3.3 Essay 3: The expiration day effect of index options and index futures on the 

underlying assets 

 

In essay 3 we examine the effect of the expiration day of index options and index 

futures on the trading of the underlying shares, specifically the trading volume, 

volatility and price reversal of the shares on the expiration day.  

 

As described above in chapter 2.2 the expiration day effect is dependent on either the 

unwinding of arbitrage positions or price manipulation. Regardless of the underlying 

motives, what we should observe in both cases is an unexpected rise in volume as 

well as a price reversal in the underlying asset. 

  

The time period for this study is 21 expiration days for options and futures on the 

Fox-index between 1995 and 1999. The expiration day price for the Fox-index is 

calculated as the value weighted average price on the expiration day, rather than the 

price at any fixed point of time.  

 

Overall, the results show virtually no indication of an expiration day effect on a larger 

scale. On the other hand, there is clear indication that the effect is more likely to occur 

                                                        
8 Widening the spread is a possible explanation since the price in after-hours trading is limited to the 
lowest price during the day or the bid at the close, whichever is lower, and the highest price during the 
day or the ask at the close, whichever is higher. 
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on expiration days when there are many open futures and in the money options 

contracts. The expiration day effect is also more likely to be observed for shares with 

a high weight in the index but low trading volume.  

 

We support the conclusions by Kan (2001) that the results, concerning expiration day 

effects, found in studies on the US market are not applicable on other markets. Kan 

argues that the possible explanations for the different results include: the difference in 

the way the settlement price is calculated, the difference in the trading mechanism of 

the contracts, the difference in the trading mechanism of the underlying spot markets, 

short selling restrictions, programme trading and macroeconomic factors.   

 

We believe, without any empirical evidence, that key factors in reducing the 

unwanted expiration day effects are: calculation of the settlement price, market 

transparency and restrictions on programme trading. If the settlement price is an 

(volume weighted) average of prices for some length of time instead of the price at a 

fixed point of time, then manipulation will be more costly and therefore the 

profitability of manipulation is diminished. We also argue that the specialist trading 

system in the US can, at least to some extent, explain the differences. A system with 

better transparency probably reduces the unwanted expiration day effects. It also 

seems clear that the unwinding of arbitrage positions is harder if programme trading is 

prohibited.  

 

 

3.4 Essay 4: Evidence on ex-dividend trading by investor category 

 

The purpose of this paper has been to investigate for the identity of the ex-dividend 

date traders using the Finnish unique database that records the trades of all traders on 

the market. We examine arbitrage activity in various investor groups with different 

taxational preferences, to test for stock specific determinants of such arbitrage 

activity, to separate between short-term dividend capturing trading versus longer-term 

tax clientele trading, and to look into the economic importance of such activity. 

 

We found that there were basically two investor groups trading around the ex-

dividend date on the Finnish market. The first group consists of domestic non-
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financial investors, whose trading behaviour can be characterized as dividend 

capturing (buying on the last cum-dividend date, selling on the first ex-dividend date), 

especially so for the subgroup of domestic taxed companies, for which the buy 

probabilities around the ex-dividend date significantly deviated from their normal 

levels. This behaviour is in line with their taxation (the Finnish full imputation 

system), which creates a preference for dividends as compared to capital gains.  

 

The second group consists of foreign investors registered in a nominee name at a 

financial institution, and domestic financial institutions. Whereas the foreign investors 

most likely have clear preferences for capital gains because of the withholding 

(source) tax on dividends, the role of the domestic financials is more obscure. This 

group includes both taxed banks as well as non-taxed mutual funds. Banks may have 

incentives to sell-buy arbitrage if they act as intermediaries for foreign firms, whereas 

the mutual funds may (depending on whether the stock price is expected to drop by 

more or less than the dividend) have incentives for dividend arbitrage in one or the 

other direction especially in high yield stocks.  

 

We also found weak evidence of the arbitrage activity being more severe in high 

yield, high volume stocks in the group of domestic non-financial investors. The 

economic importance of the very short-term arbitrage activity around the ex-dividend 

date seems however to be minor, at least if the tax revenues due to lost withholding 

taxes from the investors doing short-term arbitrage, in its most pronounced way, are 

considered. 
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Abstract 
 
 
The object of this paper is to look at intraday returns on a small equity market. The 
data, which consists of all trades from 1991 to 1995 on the Helsinki Stock Exchange, 
was used to form 15-minute intraday returns for an equally weighted index. The 
general conclusion of this study is that the U-shape of daily returns exists on the 
Helsinki Stock Exchange. A special feature of the Helsinki Stock Exchange is that 
trading continues after the official close, this is called after hours trading. Contrary to 
the option to trade hypothesis the positive returns at the end of the day occurs before 
the official close and not before the actual trading stops. This implies that it is the 
information aspect of closing prices that cause the high returns at the end of the day, 
and that the closing price is a poor measure of the true value of the stock. 
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1 Introduction 

 

Traditional studies of financial markets have relied on price observations drawn at 

fixed time intervals. The extensive testing of market efficiency and studies examining 

asset pricing models have typically examined data on monthly, weekly or daily basis. 

This sampling pattern is largely dictated by data availability. 

 

The availability of intraday stock price data has generated a considerable amount of 

empirical research that offers further insight in understanding the price behaviour over 

the course of the trading day. One of the most interesting and puzzling findings is the 

so-called U-shape of stock returns; stock returns are high immediately after the 

opening, lower in the middle of the day and then again high immediately before the 

close of the stock market. Wood, McInish and Ord (1985) were the first to point out 

the U-shape in intraday returns. They analysed minute-by-minute price changes using 

all NYSE trades from September 1971 to February 1972 and the calendar year 1982. 

The results have been confirmed, among others, by Harris (1986), Smirlock and 

Starks (1986), McInish and Wood (1990) on the Toronto stock exchange, Cheung 

(1995) on the Hong Kong stock exchange, Lee, Fok and Liu (2001) on the Taiwan 

stock exchange and Ding and Lau (2001) on the Singapore stock exchange. 

 

Many theories have been put forward to explain the U-shape of the intraday returns, 

the most well known are the models by Admati and Pfleiderer (1988) and Brock and 

Kleidon (1992). Admati and Pfleiderer (1988) argue that information asymmetry is 

the reason behind the observed U-shape, on the other hand, Brock and Kleidon (1992) 

argue that risk sharing is the motive behind the U-shape. The strength of the Brock 

and Kleidon (1992) model is that it is strongly linked to the empirical findings since 

the risk sharing is closely linked to the opening and closing of securities markets. 

Hedvall (1995) compared the two models and concluded that empirical findings are 

mainly in line with the Brock and Kleidon (1992) model although some features fit 

the Admati and Pfleiderer (1988) model. 

 

Brock and Kleidon (1992) note that although securities prices evolve continuously 

through time, trading is disrupted by markets being closed. The Brock and Kleidon 

(1992) model suggests that since opening and closing the market is the points of time 
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where the market goes from continuous to zero trading and vice versa, the trading at 

these points is increased and less elastic. There is two main motives for this: 1) the 

accumulation of information overnight and the absence of an opportunity to trade lead 

to sub-optimal portfolios at the opening, resulting in trading activity to re-establish 

optimal portfolios, 2) as investors prepare for the overnight non-trading period the 

optimal portfolio will differ from the optimal portfolio during continuous trading, 

again resulting in increased trading activity before the close. 

 

Hong and Wang (2000) continue the work of Admati and Pleiderer (1988) and Brock 

and Kleidon (1992) by allowing trading both on allocational and informational 

grounds. The model by Hong and Wang (2000) is able to explain many of the patterns 

around market opening and closing, including the intraday U-shape of returns, 

volatility and volume. However, depending on the parameters many other patterns 

could be found. The Hong and Wang (2000) model needs further testing with real data 

to validate its existence.   

 

Hillion and Suominen (2001) argue that the observed returns before the close could be 

attributed to agency based manipulation of closing prices. Weak support for this 

hypothesis was found by Felixson and Pelli (1999). 

 

The aim of this paper is to study the pattern of intraday returns on a market with after-

hour trading, the Helsinki Stock Exchange. The returns in the after-hours trading 

immediately after the close may yield some information about the documented high 

returns before close, specifically if the high price before the close is some kind of 

temporary effect or if it is a permanent price change. The return pattern after opening 

is also interesting since it is expected to depend on price discovery. In this study we 

also control for the effects of different weekdays, daily trading volume and daily 

returns. 

 

Studies of the day of the week effect in daily close to close returns have identified 

systematic patterns, especially negative Monday returns, see French (1980), Gibbons 

and Hess (1981), Lakonishok and Levi (1982), Keim and Stambaugh (1984), Rogalski 

(1984) and Martikainen and Puttonen (1996). Harris (1986) studied the day of the 

week effect with 15-minute intraday returns. His study revealed that the only 
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significant difference among weekdays occurred in the first 45 minutes of trading. On 

Monday morning prices tend to drop, while on other weekday mornings they tend to 

rise. The results where confirmed by Cheung (1995) on the Hong Kong Stock 

Exchange, who also found a significant negative return in the first 45 minutes of 

trading on Monday morning and by Smirlock and Starks (1986) whom report negative 

returns for the first trading hours on Monday. However, Cheung (1995) did not 

conclude that Monday morning returns were statistically different from other weekday 

mornings. 

 

In a study of this type trading volume is important. On a small market like the 

Helsinki Stock Exchange thin trading might bias the results, i.e. non-synchronous 

trading could influence the results. The effects of trading volume are controlled for in 

two ways: first we construct indexes with the most liquid stocks as well as indexes 

with all stocks and see if there are any differences between indexes, second we divide 

the data into days with high, normal and low trading volume and compare the results 

between these data sets with each other. 

 

The high returns in the beginning of the trading have been attributed to price 

discovery. To test this hypothesis we divide the data into days with high, normal and 

low daily returns. If the hypothesis of price discovery is correct we then should 

observe higher returns in the beginning of the day for days with high daily returns 

when compared to days with normal return. For days with low daily returns we should 

observe considerably lower returns in the beginning of the trading day when 

compared to days with normal return. 

 

The remainder of the paper is organised as follows. In chapter 2 we present the 

institutional framework. The data and the methodology are presented in chapters 3 

and 4. In chapter 5 the results are presented. Finally, the paper ends with summary 

and conclusions in chapter 6. 
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2 The Helsinki Stock Exchange 

 

The trading system at the Helsinki Stock Exchange is called HETI (Helsinki Stock 

Exchange automated trading and information system). The HETI system is a 

continuous limit order book in which liquidity is provided by members of the 

exchange. The orders are placed in price and time priority and the contents of the limit 

order book, for a particular stock, are shown on computer screen to all members of the 

exchange. 

 

Trading in the HETI starts with a closed call (pre trading) and the unmatched orders 

from the pre trading form the basis for the continuous trading session. The continuous 

trading is followed by the after hours trading. Bilaterally negotiated trades can be 

crossed at the current limit order book price during continuous trading. Odd lots are 

matched at regular intervals to current continuous trading prices. The breakdown of 

the trading sessions during the day is shown below in table 1. 

 

Table 1: The trading day    
                   Date of change 

Type of trading 01.01.1990 01.11.1993 01.01.1994 
Pre trading 9.00-10.00 9.00-10.00 8.30-9.50 
Continuous trading 10.00-14.30 10.00-16.00 10.00-16.00 
After-hours trading I 14.35-17.00 16.05-17.00 16.05-17.00 
After-hours trading II 8.00-8.25 8.00-8.25 8.00-8.25 
 
 

 A special feature of the Helsinki Stock Exchange is the after-hours trading. The after-

hours trading is conducted after the market has closed and before the market opens the 

next day (see table 1). The price level in the after-hours trading is restricted (Helsinki 

Stock Exchange 1994) by the lowest price during the day or the bid at the close, 

whichever is lower, and the highest price during the day or the ask at the close, 

whichever is higher. 
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3 Data 

 

The set of data employed in this study was obtained from the Helsinki Stock 

Exchange and consists of the price and the time for every trade on the exchange for 

the time period January 1st 1991 to December 31st 1995. The data was split into two 

subsets, January 1st 1991 to October 31st 1993 and January 1st 1994 to December 31st 

1995. The reason for the split is that the trading times on the Helsinki Stock Exchange 

were adjusted November 1st 1993 and again January 1st 1994. Table 2 below shows 

the number of trades for both subsets and for each trade type. 

 

Table 2: Number of trades by type    
    1.1.1991 - 31.10.1993    1.1.1994 - 31.12.1995 
 Number of Trades % Number of Trades % 

Type of transaction trades of total trades of total 
After hours trading 59578 12.95% 31580 6.11% 
After hours trading, odd lot 62994 13.69% 18293 3.54% 
Prearranged transactions 56181 12.21% 100466 19.45% 
Continuous trades 226341 49.18% 314720 60.94% 
Opening call 1039 0.23% 969 0.19% 
Supplementary trades 1331 0.29% 3945 0.76% 
Odd lot trades 52768 11.47% 46479 9.00% 
Total 460232 100.00% 516452 100.00% 
 
 

Prearranged transactions might be a problem in this study because trading is done 

before the transaction is actually entered into the HETI-system. Because prearranged 

trades are a big part of the overall trading, this time inconsistency in the data might 

bias the results. The problem is somewhat diminished since the rules for Helsinki 

Stock Exchange clearly states that the transactions have to be entered into the system 

as soon as possible (Helsinki Stock Exchange 1994). 

 

The first period has a total of 460232 trades, which averages 648 trades per day. The 

second period has a total of 516452 trades and averages 1032 trades per day. The 

latter period is clearly more liquid. This corresponds to the fact that Finland 

experienced an economic recession in 1990 to 1992, which had a negative effect on 

stock prices as well as on the volume of trading. After the recession stock prices and 
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the trading volume started to rise in 1993. Figure 1 below shows the development of 

the HEX-yield-index for the period of this study9. 
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Figure 1: Cumulative logarithmic return of the HEX-yield index 
 

 

To study the intradaily return pattern an equally weighted index consisting of all the 

traded stocks for both time periods was calculated for the 30 intraday intervals. The 

return intervals were: 8.00 - 8.25, 8.25 - 10.00, 10.00 - 10.15, ..., 16.45 - 17.00 i.e. 15 

minute intervals except the two first intervals10. 

 

The first thing to calculate was the logarithmic returns for the individual stocks for the 

return intervals: 

  )priceln()priceln(r d 1,- ti,d  t,i,d  t,i, −=     (1) 

The return for interval t for stock i on day d is the natural logarithm of the price of 

stock i at the end of the interval minus the natural logarithm of the price of stock i at 

the end of the previous interval. Prior to calculation the prices were corrected for 

dividends, stock splits and stock emissions. 

                                                        
9 Vertical lines show the end and the beginning of the subsamples 
 
10 The first intervals were set to 8.00-8.25 and 8.25-10.00 because of the breakdown of the trading 
session, see table 1 for details. 
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A problem with the intradaily stock returns is that some of the shares are infrequently 

traded. This leads to some huge 15-minute returns for some less traded shares and 

could induce serial correlation through non-synchronous trading. To address this 

problem we also calculated 3 indexes consisting of the 5, 10 and 20 most traded 

shares11.  

 

After calculating the individual stock returns the return for an equally weighted 

intraday index ( d t,R ) for the Helsinki Stock Exchange was constructed 

  ∑
=

=
N

1i
d  t,i,d t, rR       (2) 

The equally weighted index return is the mean of the individual stock returns for 

interval t on day d (N is the number of shares)12.  

 

 

4 Methodology 

 

In order to test the intraday return patterns the following dummy regression13 was 

applied 

  t

30

mt
1t

td t, D*ainterceptR ∑
≠
=

+=     (3) 

where d t,R  is the return for the market index calculated with model (2), D D1 30..  are 

dummy variables for all the 15 minute intervals except interval m which is the interval 

in continuous trading which has the lowest return14. The intercept in the model will be 

                                                                                                                                                               
 
11 These indexes were revised once a year. If several series of shares in one company were present 
among the most traded shares then only the most traded of these shares was used. 
 
12 The number of stocks in the Helsinki Stock market ranged from 76 in April 1994 to 134 in January 
1991. A fourth of the stock series vanished overnight in January 1993 when the restrictions on foreign 
ownership were lifted. 
 
13 The regressions were done with standard OLS-technique with the Newey and West correction for 
autocorrelation. The lag length in the Newey-West correction was 20. 
 
14 With this technique we get the t-test between the lowest return and all other interval returns. We 
chose the lowest return from continuous trading instead of the lowest return during the whole day 
mainly because the possible time inconsistency problem for after-hours returns (prearranged trades). 
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the mean return for the interval that has the lowest return during continuous trading. 

The coefficients a a1 30..  will be the deviations of the means in intervals 1 through 30 

from the mean return in the interval with lowest return. Thus the mean return for 

interval T is the intercept plus the regression coefficient aT .  

 

 

5 Empirical results 

 

The results from the regressions are shown in table 3 and table 4 below. The results 

for the continuous trading period are the same that has been documented before in 

studies on other securities exchanges. The results show that during the continuous 

trading there exists three clearly different periods, namely the beginning of the day, 

the middle of the day and the end of the day. These three different periods lead to the 

well-known U-shape of intradaily returns. There does not seem to be any differences 

between an index consisting of all shares and indexes consisting of the most traded 

shares, only the 8:00-8:25 and 10:00-10:15 returns in period 1 seem to differ between 

indexes. In both these periods the difference lies in the fact that the broader index is 

slower to react. This leads to the conclusion that thin trading does not explain the 

intradaily return patterns.  

 

 The continuous trading starts with a period of high returns. The returns are 

significantly higher than the lowest continuous trading return for up to one hour after 

the beginning of the continuous trading for period 1. For period 2 the period with high 

returns lasts for 45 minutes. These relatively long periods of high returns are probably 

explained by price discovery. Since Helsinki is one of the first European exchanges to 

open, there is considerable uncertainty regarding the right price level. This uncertainty 

fades slowly as time passes. An alternative explanation could be low trading activity, 

i.e. overnight information, due to lack of trading, is only gradually incorporated into 

the index. However, since the pattern is the same regardless of if all shares or only the 

most traded are included in the index, volume does not seem to be the driving factor.  
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In the middle of the day the prices remain fairly constant, and thus the return for the 

15-minute intervals are close to zero for both periods. This can clearly be seen from 

figure 2 and figure 3 below. 

 

Intradaily returns 1.1.1991-31.10.1993
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Figure 2: The returns for the 15-minute intervals for period 1 
 
 

Intradaily returns 1.1.1994-31.12.1995
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Figure 3: The returns for the 15-minute intervals for period 2 
 



 31

Table 3: Regression results for period 1 (January 1991 to October 1993)          
   Index with all shares Index with 5 most  Index with 10 most  Index with 20 most    
     traded shares  traded shares  traded shares    

Variable Time Estimated T-ratio Mean Estimated T-ratio Mean Estimated T-ratio Mean Estimated T-ratio Mean F1-stat P-value 
name period coefficient   return coefficient   return coefficient   return coefficient   return   

D1 8:00 - 8:25 0.000220 4.67 0.000137 0.000765 4.79 0.000584 0.000520 2.99 0.000389 0.000485 5.52 0.000340 3.93 0.01 
D2 8:25 - 10:00 0.000137 3.29 0.000053 0.000278 2.99 0.000097 0.000244 1.51 0.000113 0.000234 3.56 0.000089 0.33 0.80 
D3 10:00 - 10:15 0.000638 6.77 0.000554 0.001670 5.79 0.001489 0.001128 4.42 0.000997 0.001220 6.36 0.001074 3.62 0.01 
D4 10:15 - 10:30 0.000323 4.84 0.000240 0.000671 3.75 0.000490 0.000615 3.12 0.000484 0.000546 4.42 0.000401 0.93 0.43 
D5 10:30 - 10:45 0.000320 5.46 0.000236 0.000580 3.78 0.000399 0.000366 2.01 0.000235 0.000376 3.38 0.000231 0.67 0.57 
D6 10:45 - 11:00 0.000239 4.11 0.000156 0.000208 1.49 0.000028 0.000245 1.38 0.000114 0.000321 3.26 0.000176 0.54 0.66 
D7 11:00 - 11:15 0.000126 2.19 0.000042 0.000309 2.47 0.000128 0.000127 0.74 -0.000004 0.000219 2.49 0.000074 0.50 0.68 
D8 11:15 - 11:30 0.000142 2.76 0.000058 0.000284 2.34 0.000103 0.000208 1.26 0.000077 0.000243 3.20 0.000098 0.09 0.97 
D9 11:30 - 11:45 0.000127 2.50 0.000043 0.000183 1.63 0.000002 0.000174 1.06 0.000044 0.000185 2.39 0.000040 0.10 0.96 

D10 11:45 - 12:00 0.000120 2.50 0.000036 0.000258 2.41 0.000077 0.000193 1.22 0.000062 0.000181 2.45 0.000036 0.12 0.95 
D11 12:00 - 12:15 0.000077 1.56 -0.000007 0.000005 0.05 -0.000176 0.000063 0.39 -0.000068 0.000123 1.72 -0.000022 1.86 0.13 
D12 12:15 - 12:30 0.000107 2.36 0.000023 0.000235 2.33 0.000054 0.000170 1.07 0.000039 0.000124 1.76 -0.000021 0.36 0.78 
D13 12:30 - 12:45 0.000112 2.34 0.000028 0.000030 0.30 -0.000151 0.000087 0.53 -0.000044 0.000144 2.09 -0.000001 2.12 0.10 
D14 12:45 - 13:00 0.000026 0.53 -0.000058 0.000211 2.09 0.000030 0.000107 0.68 -0.000024 0.000153 2.35 0.000008 0.54 0.66 
D15 13:00 - 13:15 0.000098 1.96 0.000014 0.000203 2.04 0.000022 -0.000131 -0.86 -0.000262 0.000085 0.89 -0.000061 0.56 0.64 
D16 13:15 - 13:30 -0.000084 -2.19 -0.000084 -0.000181 -2.50 -0.000181 0.000031 0.19 -0.000100 -0.000145 -2.72 -0.000291 0.54 0.65 
D17 13:30 - 13:45 0.000100 2.17 0.000017 0.000055 0.52 -0.000126 0.000057 0.36 -0.000074 0.000086 1.27 -0.000060 1.15 0.33 
D18 13:45 - 14:00 0.000127 2.45 0.000044 0.000201 2.01 0.000020 0.000161 1.03 0.000030 0.000137 2.01 -0.000008 0.15 0.93 
D19 14:00 - 14:15 0.000064 1.26 -0.000020 0.000241 2.32 0.000060 0.000142 0.87 0.000011 0.000151 2.09 0.000005 0.32 0.82 
D20 14:15 - 14:30 0.000206 3.57 0.000122 0.000338 2.49 0.000157 0.000229 1.30 0.000098 0.000293 3.24 0.000147 0.09 0.97 
D21 14:30 - 14:45 -0.000212 -3.44 -0.000295 -0.000358 -2.45 -0.000539 -0.000384 -1.84 -0.000515 -0.000339 -2.92 -0.000484 1.09 0.35 
D22 14:45 - 15:00 -0.000177 -2.96 -0.000260 -0.000030 -0.24 -0.000211 -0.000046 -0.26 -0.000177 -0.000030 -0.36 -0.000175 0.27 0.85 
D23 15:00 - 15:15 -0.000010 -0.17 -0.000093 0.000080 0.74 -0.000101 0.000043 0.26 -0.000088 0.000069 0.91 -0.000076 0.03 0.99 
D24 15:15 - 15:30 0.000035 0.69 -0.000049 0.000330 2.97 0.000149 0.000228 1.41 0.000097 0.000235 3.43 0.000090 2.17 0.09 
D25 15:30 - 15:45 0.000048 1.03 -0.000036 0.000156 1.46 -0.000025 0.000111 0.68 -0.000020 0.000118 1.78 -0.000028 0.01 0.99 
D26 15:45 - 16:00 0.000072 1.58 -0.000011 0.000299 2.68 0.000118 0.000173 1.05 0.000042 0.000176 2.48 0.000031 0.80 0.50 
D27 16:00 - 16:15 0.000045 0.96 -0.000038 0.000038 0.29 -0.000143 0.000104 0.61 -0.000027 0.000072 0.93 -0.000073 0.51 0.68 
D28 16:15 - 16:30 -0.000229 -3.90 -0.000313 -0.000347 -2.21 -0.000528 -0.000307 -1.68 -0.000438 -0.000369 -3.23 -0.000514 0.94 0.42 
D29 16:30 - 16:45 -0.000195 -3.51 -0.000278 -0.000358 -2.21 -0.000539 -0.000195 -1.06 -0.000326 -0.000308 -2.78 -0.000454 1.38 0.25 
D30 16:45 - 17:00 0.000107 2.22 0.000023 0.000119 0.93 -0.000062 0.000056 0.33 -0.000075 0.000148 1.83 0.000003 0.43 0.73 

F2-stat (P-value) 17.90 0.00  11.18 0.00  9.31 0.00  14.57 0.00    
Note: F1-stat is the F-statistic for testing the equality of the intraday returns across all indexes. F2-stat is the F statistic for testing the equality of the intraday returns for a given index. The intercept 

is the interval with the lowest return during continuos trading. The intercept for the index with all shares is the interval 13:15-13:30, for the index with the 5 most traded shares the interval 13:15-13:30,  

 for the index with the 10 most traded shares the interval 13:00-13:15 and for the index with the 20 most traded shares the interval 13:15-13:30.  Bold text denote intervals with coefficients that are  

significant at the 1 % level.               
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Table 4: Regression results for period 2 (January 1994 to December 1995)          

   Index with all shares Index with 5 most  Index with 10 most  Index with 20 most    
     traded shares  traded shares  traded shares    

Variable Time Estimated T-ratio Mean Estimated T-ratio Mean Estimated T-ratio Mean Estimated T-ratio Mean F1-stat P-value 
name period coefficient   return coefficient   return coefficient   return coefficient   return   

D1 8:00 - 8:25 0.000160 2.51 0.000067 0.000654 1.93 0.000403 0.000466 2.12 0.000254 0.000294 2.05 0.000160 0.47 0.70 
D2 8:25 - 10:00 0.000167 4.37 0.000073 0.000432 3.24 0.000182 0.000362 3.42 0.000149 0.000296 4.23 0.000162 0.65 0.58 
D3 10:00 - 10:15 0.000494 5.49 0.000401 0.000404 1.38 0.000153 0.000732 3.38 0.000519 0.000705 4.17 0.000571 0.93 0.42 
D4 10:15 - 10:30 0.000251 4.53 0.000157 0.000589 3.10 0.000338 0.000376 2.54 0.000163 0.000390 3.49 0.000256 0.57 0.64 
D5 10:30 - 10:45 0.000123 2.35 0.000030 0.000090 0.55 -0.000161 0.000062 0.47 -0.000150 0.000038 0.39 -0.000096 0.87 0.46 
D6 10:45 - 11:00 0.000081 1.27 -0.000012 0.000270 1.72 0.000019 0.000226 1.86 0.000014 0.000056 0.67 -0.000078 0.26 0.86 
D7 11:00 - 11:15 0.000060 1.17 -0.000033 0.000115 0.78 -0.000135 0.000159 1.43 -0.000053 0.000051 0.48 -0.000083 0.30 0.86 
D8 11:15 - 11:30 0.000060 1.35 -0.000033 0.000046 0.32 -0.000205 -0.000212 -2.61 -0.000212 0.000000 0.00 -0.000134 1.24 0.29 
D9 11:30 - 11:45 0.000029 0.65 -0.000065 0.000082 0.61 -0.000169 0.000092 0.93 -0.000120 0.000016 0.23 -0.000118 0.41 0.75 

D10 11:45 - 12:00 0.000044 1.01 -0.000049 -0.000251 -2.56 -0.000251 0.000079 0.77 -0.000134 -0.000134 -2.45 -0.000134 1.49 0.21 
D11 12:00 - 12:15 0.000079 1.88 -0.000014 0.000138 1.17 -0.000112 0.000158 1.56 -0.000054 0.000046 0.71 -0.000088 0.52 0.67 
D12 12:15 - 12:30 0.000021 0.50 -0.000073 0.000201 1.66 -0.000049 0.000143 1.43 -0.000070 0.000065 0.98 -0.000070 0.04 0.99 
D13 12:30 - 12:45 0.000075 1.79 -0.000019 0.000227 1.73 -0.000024 0.000173 1.66 -0.000039 0.000085 1.24 -0.000049 0.05 0.99 
D14 12:45 - 13:00 0.000027 0.67 -0.000066 0.000090 0.71 -0.000161 0.000028 0.28 -0.000184 0.000004 0.06 -0.000130 0.84 0.47 
D15 13:00 - 13:15 0.000109 2.64 0.000016 0.000326 2.43 0.000075 0.000249 2.37 0.000037 0.000108 1.53 -0.000026 0.44 0.72 
D16 13:15 - 13:30 0.000039 0.87 -0.000055 0.000243 1.88 -0.000007 0.000129 1.23 -0.000084 0.000044 0.60 -0.000090 0.40 0.75 
D17 13:30 - 13:45 0.000079 1.98 -0.000015 0.000117 0.93 -0.000134 0.000136 1.34 -0.000077 0.000118 1.70 -0.000016 1.12 0.34 
D18 13:45 - 14:00 0.000115 2.81 0.000022 0.000281 2.21 0.000031 0.000300 2.96 0.000088 0.000171 2.45 0.000037 0.27 0.84 
D19 14:00 - 14:15 0.000027 0.66 -0.000067 0.000031 0.24 -0.000219 0.000042 0.42 -0.000171 0.000007 0.10 -0.000127 1.26 0.29 
D20 14:15 - 14:30 0.000169 4.13 0.000076 0.000253 1.99 0.000002 0.000281 2.70 0.000069 0.000232 3.05 0.000098 0.47 0.70 
D21 14:30 - 14:45 -0.000093 -2.95 -0.000093 0.000198 1.50 -0.000052 0.000140 1.33 -0.000073 0.000044 0.57 -0.000091 0.09 0.96 
D22 14:45 - 15:00 0.000019 0.48 -0.000075 0.000120 0.98 -0.000131 0.000059 0.60 -0.000154 0.000038 0.55 -0.000096 0.43 0.73 
D23 15:00 - 15:15 0.000042 1.10 -0.000051 0.000192 1.53 -0.000059 0.000127 1.27 -0.000085 0.000013 0.18 -0.000121 0.32 0.81 
D24 15:15 - 15:30 0.000043 0.97 -0.000050 0.000254 2.03 0.000003 0.000126 1.25 -0.000086 0.000057 0.79 -0.000077 0.52 0.67 
D25 15:30 - 15:45 0.000117 2.74 0.000024 0.000338 2.63 0.000087 0.000265 2.56 0.000053 0.000132 1.78 -0.000002 0.40 0.76 
D26 15:45 - 16:00 0.000178 3.20 0.000085 0.000594 3.96 0.000344 0.000484 4.05 0.000272 0.000418 4.66 0.000284 1.77 0.15 
D27 16:00 - 16:15 -0.000399 -4.68 -0.000492 -0.000179 -0.87 -0.000430 -0.000187 -1.14 -0.000400 -0.000260 -2.15 -0.000395 0.11 0.95 
D28 16:15 - 16:30 -0.000103 -1.74 -0.000196 0.000457 2.15 0.000207 0.000277 1.79 0.000064 0.000042 0.41 -0.000092 2.00 0.11 
D29 16:30 - 16:45 0.000073 1.67 -0.000020 0.000467 2.52 0.000216 0.000395 3.01 0.000183 0.000229 2.60 0.000094 1.08 0.36 
D30 16:45 - 17:00 0.000091 2.30 -0.000002 0.000398 2.43 0.000148 0.000241 2.06 0.000029 0.000227 2.87 0.000093 0.64 0.59 

F2-stat (P-value) 11.42 0.00  2.22 0.00  3.56 0.00  5.99 0.00    
Note: F1-stat is the F-statistic for testing the equality of the intraday returns across all indexes. F2-stat is the F statistic for testing the equality of the intraday returns for a given index. The intercept 

is the interval with the lowest return during continuos trading. The intercept for the index with all shares is the interval 14:30-14:45, for the index with the 5 most traded shares the interval 11:45-12:00,  

 for the index with the 10 most traded shares the interval 11:15-11:30 and for the index with the 20 most traded shares the interval 11:45-12:00.  Bold text denote intervals with coefficients that are  

significant at the 1 % level.               
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The return before the close is significantly positive for both periods. This is the same 

pattern that has been reported in several studies earlier (Wood, McInish and Ord 

1985, Harris 1986, McInish and Wood 1990 and Cheung 1995). However, this is an 

important result since trading on the Helsinki Stock Exchange continues after the 

close. This result means that it is not likely that the high returns before close could be 

explained by the fact that the option to trade ends. It is more likely that the high 

returns before close is somehow related to the release of information. The closing 

price of the Helsinki stock exchange is the price that is reported in newspapers and on 

television. Only professional traders and investors are able to monitor the prices in the 

after hours trading through Reuters or through the HETI system. 

 

The behaviour of stock prices in the after-hours market is very interesting. 

Immediately after the closing of the stock market the share prices drop dramatically, 

this is true for both periods. These negative returns persist for 30 minutes. For period 

1 equally dramatic falls in stock prices occur in the intervals 16:15 to 16:45. Some of 

the possible explanations are discussed below. 

 

The first explanation suggested to the author by various experts was that the prices in 

the after-hours trading are lower than the close price simply because the trades in the 

after-hours trading are prearranged trades which actually have taken place earlier 

during the day, but have not been entered into the HETI-system earlier15 (Hedvall 

1994). If this explanation would be the only reason then the negative return 

immediately after the close should be approximately equal to the positive return 

immediately before close. This follows from the fact that prices remain fairly stable 

during the most of the day, if these prearranged trades are done evenly throughout the 

day then the after-close return would be approximately equal in size to the before-

close return. This is clearly not the case. In period 1 the return of the 30-minute 

interval after the close is 5.44 times bigger in absolute terms than the 30-minute return 

before close. For period 2 the 30-minute return after the close is 6.31 times bigger in 

absolute terms than the 30-minute return before close. The magnitude of the negative 

return immediately after close suggests that spill over from continuous trading alone 

                                                        
15 Possible reasons for delayed reporting are lack of time or a desire to keep the trade secret from the 
other market participants. The latter explanation is clearly against the rules of the Helsinki Stock 
Exchange, which clearly states that the trade shall be recorded into the system immediately.  
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cannot explain the negative return after close. It is, of course, possible that the trading 

spill over effect partly explains the negative return after close. 

 

A second possible explanation is that this is the result of activity from foreign 

investors presumably from the United States. If this hypothesis would be true then we 

would expect to find the reaction around 16:00 to 17:00, which corresponds to 8:00 to 

9:00 in New York. This would happen immediately after the close for period 2. 

However, in period 1 this would not be immediately after the close, instead it would 

take place a few hours later in the after-hours trading. This could be the explanation 

for large negative returns found in the after-hours trading for period 1 in the 16:15 to 

16:45 interval. The behaviour on returns in the after-hours trading of period 1 makes 

the hypothesis of influence by investors in United States a possible explanation to the 

negative returns in the after-hours trading. This hypothesis fails to explain the 

negative returns immediately after the close for period 1. This hypothesis also fails to 

explain the reason why the investors in the United States cause the price in Helsinki to 

fall16.  

 

A third hypothesis is presented by Harris (1989). Harris argues that closing prices are 

biased and higher than the true price. If this would be true then we would expect 

prices to rise immediately before the close and to fall immediately after the close. 

Like in the spill over hypothesis above, this biased price hypothesis is unable to 

explain why the drop after the close is so much bigger than the rise before the close. 

However, Hillion and Suominen (2001) argue that investor manipulation of the close 

price could explain the phenomenon. Weak evidence of investor manipulation of the 

close price is reported in (Felixson and Pelli 1999). The biased close price hypothesis 

could probably explain a part of the return-pattern around the close. 

 

 

 

 

                                                                                                                                                               
 
16 Actually, if US activity would have an impact on share prices in Helsinki we would expect this effect 
to be positive. The reason for this is that since the beginning of 1993, when restriction on foreign 
ownership was abolished, US investors have been buying Finnish shares. 
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5.1 Intraday returns for different days of the week 

 

To further study the behaviour of intraday price changes the data was split into 

different weekdays. The results are presented in table 5 and table 6 below. 

 

The U-shape and the after close reaction are still present for all weekdays for both 

periods, but the significance of the pattern is reduced. The F2-statistic in tables 5 and 

6 contains the F-statistic for testing if equality of the intraday returns for a given 

weekday. It is clear that intraday variations exist since all the values of the F2-statistic 

are highly significant for all weekdays and both periods. This confirms the results 

from chapter 5 above were differences in intraday returns were found. 

 

The results for the weekdays were the expected in the sense that the cumulative17 one-

day return for Monday was lower than for the other weekdays for both periods, see 

figure 4 and figure 5 below. This means that the weekend effect found in many earlier 

studies once again gained support. The F1-statistic in tables 5 and 6 contains the F-

statistic for testing if intraday returns are equal across weekdays. The only significant 

values can be found for period 1 in intervals 2 (8:25-10:00) and 26 (15:45-16:00). 

Since none of the intervals in period 2 has a significant F1-statistic the conclusion is 

that there is no variation across weekdays in the intraday returns. The same result was 

obtained by Cheung (1995), however Harris (1986) found that the first 45 minutes for 

Mondays are different than other weekdays. 

 

                                                        
17 We use cumulative returns instead of 15-minute interval returns because this makes it easier to see 
that Monday returns are indeed lower than other day’s returns. 
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Figure 4: Cumulative index returns for different weekdays for period 1 
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Figure 5: Cumulative index returns for different weekdays for period 2 
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Table 5: Results for different weekdays for period 1 (1.1.1991 - 31.10.1993)           
  Monday   Tuesday   Wednesday   Thursday   Friday     

Variable Time Estimated T-ratio Mean Estimated T-ratio Mean Estimated T-ratio Mean Estimated T-ratio Mean Estimated T-ratio Mean F1-stat P-val 
name period coefficient   return coefficient   return coefficient   return coefficient   return coefficient   return   

D1 8:00 - 8:25 0.000251 2.38 0.00006 0.000174 2.15 0.00013 0.000340 2.56 0.00014 0.000337 3.09 0.00028 0.000175 1.54 0.00008 1.83 0.12 
D2 8:25 - 10:00 0.000227 2.18 0.00003 0.000111 1.48 0.00007 0.000175 1.47 -0.00002 0.000095 1.59 0.00004 0.000253 2.22 0.00016 3.28 0.01 
D3 10:00 - 10:15 0.000326 1.97 0.00013 0.000540 2.71 0.00050 0.000870 3.30 0.00067 0.000779 4.23 0.00072 0.000858 3.62 0.00076 1.71 0.15 
D4 10:15 - 10:30 0.000328 2.45 0.00013 0.000212 1.23 0.00017 0.000331 2.05 0.00013 0.000465 3.81 0.00041 0.000464 2.83 0.00037 1.09 0.36 
D5 10:30 - 10:45 0.000324 2.67 0.00013 0.000348 2.52 0.00031 0.000377 2.49 0.00018 0.000428 4.16 0.00037 0.000297 1.88 0.00020 0.86 0.49 
D6 10:45 - 11:00 0.000206 1.63 0.00001 0.000251 2.01 0.00021 0.000231 1.49 0.00003 0.000298 2.82 0.00024 0.000391 2.66 0.00029 1.51 0.20 
D7 11:00 - 11:15 0.000141 1.05 -0.00005 0.000051 0.30 0.00001 0.000360 2.67 0.00016 0.000120 1.41 0.00006 0.000129 0.97 0.00003 0.56 0.69 
D8 11:15 - 11:30 0.000214 1.76 0.00002 0.000003 0.03 -0.00004 0.000193 1.48 -0.00001 0.000252 3.02 0.00020 0.000227 1.72 0.00013 1.40 0.23 
D9 11:30 - 11:45 0.000185 1.46 -0.00001 0.000136 1.25 0.00009 0.000218 1.68 0.00002 0.000186 2.32 0.00013 0.000083 0.66 -0.00001 0.66 0.62 

D10 11:45 - 12:00 0.000227 1.97 0.00003 0.000189 2.06 0.00015 0.000173 1.26 -0.00003 0.000047 0.60 -0.00001 0.000134 1.13 0.00004 0.83 0.50 
D11 12:00 - 12:15 0.000189 1.36 -0.00001 0.000011 0.14 -0.00003 0.000210 1.61 0.00001 0.000049 0.69 -0.00001 0.000097 0.79 0.00000 0.04 0.99 
D12 12:15 - 12:30 0.000211 2.01 0.00002 0.000006 0.07 -0.00004 0.000216 1.72 0.00002 0.000164 2.20 0.00011 0.000113 0.93 0.00002 0.73 0.57 
D13 12:30 - 12:45 0.000283 2.52 0.00009 0.000014 0.17 -0.00003 0.000292 2.15 0.00009 -0.000056 -1.14 -0.00006 0.000141 1.15 0.00004 1.03 0.39 
D14 12:45 - 13:00 -0.000195 -1.94 -0.00019 0.000010 0.13 -0.00003 0.000236 1.98 0.00004 0.000056 0.82 0.00000 -0.000098 -0.91 -0.00010 1.40 0.23 
D15 13:00 - 13:15 0.000173 1.66 -0.00002 0.000055 0.74 0.00001 0.000247 1.50 0.00005 0.000146 1.94 0.00009 0.000039 0.31 -0.00006 0.68 0.60 
D16 13:15 - 13:30 0.000020 0.15 -0.00017 0.000035 0.49 -0.00001 -0.000200 -1.75 -0.00020 0.000115 1.56 0.00006 0.000006 0.04 -0.00009 1.65 0.16 
D17 13:30 - 13:45 0.000111 1.01 -0.00008 -0.000043 -0.72 -0.00004 0.000328 2.54 0.00013 0.000099 1.47 0.00004 0.000140 1.08 0.00004 1.65 0.16 
D18 13:45 - 14:00 0.000418 2.84 0.00022 0.000065 0.69 0.00002 0.000212 1.62 0.00001 0.000074 0.79 0.00002 0.000038 0.29 -0.00006 1.46 0.21 
D19 14:00 - 14:15 0.000056 0.50 -0.00014 0.000014 0.18 -0.00003 0.000281 2.12 0.00008 0.000110 1.14 0.00005 0.000030 0.21 -0.00007 1.18 0.32 
D20 14:15 - 14:30 0.000209 1.54 0.00001 0.000147 1.27 0.00010 0.000450 2.80 0.00025 0.000176 1.70 0.00012 0.000218 1.54 0.00012 0.60 0.67 
D21 14:30 - 14:45 0.000020 0.13 -0.00018 -0.000291 -2.44 -0.00033 -0.000168 -1.24 -0.00037 -0.000277 -1.85 -0.00033 -0.000166 -1.21 -0.00026 0.54 0.71 
D22 14:45 - 15:00 0.000052 0.41 -0.00014 -0.000258 -1.50 -0.00030 -0.000124 -0.89 -0.00032 -0.000216 -2.29 -0.00027 -0.000164 -1.17 -0.00026 0.47 0.76 
D23 15:00 - 15:15 0.000001 0.01 -0.00019 -0.000179 -1.84 -0.00022 0.000220 1.20 0.00002 0.000007 0.09 -0.00005 0.000081 0.64 -0.00002 1.46 0.21 
D24 15:15 - 15:30 0.000083 0.71 -0.00011 -0.000005 -0.06 -0.00005 0.000184 1.38 -0.00002 -0.000026 -0.26 -0.00008 0.000111 0.88 0.00001 0.51 0.73 
D25 15:30 - 15:45 0.000087 0.71 -0.00011 0.000054 0.60 0.00001 0.000153 1.16 -0.00005 0.000084 1.23 0.00003 0.000035 0.29 -0.00006 0.80 0.53 
D26 15:45 - 16:00 0.000228 1.99 0.00003 -0.000074 -0.90 -0.00012 0.000094 0.70 -0.00011 0.000059 0.86 0.00000 0.000235 1.92 0.00014 3.10 0.02 
D27 16:00 - 16:15 0.000181 1.53 -0.00001 0.000054 0.69 0.00001 0.000142 1.08 -0.00006 0.000051 0.67 0.00000 -0.000031 -0.25 -0.00013 0.87 0.48 
D28 16:15 - 16:30 -0.000308 -2.11 -0.00050 -0.000302 -2.96 -0.00034 -0.000116 -0.73 -0.00032 -0.000224 -2.29 -0.00028 -0.000016 -0.11 -0.00011 2.00 0.09 
D29 16:30 - 16:45 -0.000009 -0.07 -0.00020 -0.000297 -2.63 -0.00034 -0.000113 -0.75 -0.00031 -0.000154 -1.54 -0.00021 -0.000226 -1.61 -0.00032 0.53 0.71 
D30 16:45 - 17:00 0.000212 1.87 0.00002 0.000093 0.97 0.00005 0.000229 1.69 0.00003 -0.000014 -0.17 -0.00007 0.000188 1.58 0.00009 0.83 0.51 

    F2-stat (P-value) 2.98 0.00  3.74 0.00  4.14 0.00  6.36 0.00  5.14 0.00    
Note: F1-stat is the F-statistic for testing the equality of the intraday returns across all weekdays. F2-stat is the F statistic for testing the equality of the intraday returns for a given weekday. The intercept is the interval with the lowest 

return during continuos trading. The intercept for Monday is the interval 12:45-13:00, for Tuesday the interval 13:30-13:45, for Wednesday the interval 13:15-13:30, for Thursday the interval 12:30-12:45 and for Friday the interval 

12:45-13:00. Bold text denote intervals with coefficients that are significant at the 1 % level.           
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Table 6: Results for different weekdays for period 2 (1.1.1994 - 31.12.1995)           

  Monday   Tuesday   Wednesda
y 

  Thursday   Friday     

Variable Time Estimated T-ratio Mean Estimated T-ratio Mean Estimated T-ratio Mean Estimated T-ratio Mean Estimated T-ratio Mean F1-stat P-val 
name period coefficient   return coefficient   return coefficient   return coefficient   return coefficient   return   

D1 8:00 - 8:25 0.000057 0.29 -0.00012 0.000236 1.57 0.00006 0.000371 2.58 0.00017 0.000243 1.92 0.00007 0.000282 1.51 0.00014 0.81 0.52 
D2 8:25 - 10:00 0.000205 2.89 0.00003 0.000194 1.35 0.00002 0.000288 2.82 0.00009 0.000275 2.85 0.00011 0.000264 1.57 0.00012 0.96 0.43 
D3 10:00 - 10:15 0.000661 2.21 0.00049 0.000394 2.20 0.00022 0.000676 3.81 0.00048 0.000681 4.02 0.00051 0.000451 2.01 0.00031 0.45 0.77 
D4 10:15 - 10:30 0.000467 3.92 0.00029 0.000463 3.56 0.00029 0.000294 2.05 0.00009 0.000166 1.37 0.00000 0.000251 1.38 0.00011 1.56 0.18 
D5 10:30 - 10:45 0.000223 1.99 0.00005 -0.000172 -1.32 -0.00017 0.000305 2.59 0.00011 0.000207 1.76 0.00004 0.000275 1.48 0.00014 1.62 0.17 
D6 10:45 - 11:00 0.000294 2.93 0.00012 0.000215 1.61 0.00004 0.000133 0.73 -0.00007 0.000154 1.39 -0.00002 -0.000139 -0.83 -0.00014 0.64 0.64 
D7 11:00 - 11:15 0.000179 1.74 0.00000 0.000158 0.95 -0.00001 0.000157 1.44 -0.00004 0.000089 0.60 -0.00008 0.000106 0.57 -0.00003 0.12 0.98 
D8 11:15 - 11:30 0.000213 2.36 0.00004 0.000151 1.03 -0.00002 0.000148 1.26 -0.00005 0.000164 1.43 -0.00001 0.000014 0.08 -0.00013 0.69 0.60 
D9 11:30 - 11:45 0.000078 0.81 -0.00010 0.000067 0.46 -0.00011 0.000164 1.42 -0.00004 0.000188 1.77 0.00002 0.000035 0.20 -0.00010 0.62 0.65 

D10 11:45 - 12:00 0.000138 1.45 -0.00004 0.000075 0.52 -0.00010 0.000146 1.20 -0.00005 0.000223 2.18 0.00005 0.000030 0.18 -0.00011 0.87 0.48 
D11 12:00 - 12:15 0.000247 2.98 0.00007 0.000147 1.04 -0.00003 0.000153 1.37 -0.00005 0.000200 2.00 0.00003 0.000039 0.22 -0.00010 1.13 0.34 
D12 12:15 - 12:30 0.000110 1.21 -0.00006 0.000105 0.74 -0.00007 0.000029 0.24 -0.00017 0.000140 1.40 -0.00003 0.000115 0.64 -0.00002 0.94 0.44 
D13 12:30 - 12:45 0.000074 0.89 -0.00010 0.000072 0.52 -0.00010 0.000256 2.37 0.00006 0.000174 1.68 0.00000 0.000188 0.99 0.00005 1.52 0.19 
D14 12:45 - 13:00 0.000211 2.55 0.00004 0.000064 0.47 -0.00011 0.000038 0.34 -0.00016 0.000105 1.06 -0.00006 0.000113 0.66 -0.00003 1.76 0.14 
D15 13:00 - 13:15 0.000195 2.35 0.00002 0.000076 0.53 -0.00010 0.000340 3.09 0.00014 0.000160 1.49 -0.00001 0.000165 0.93 0.00003 1.72 0.14 
D16 13:15 - 13:30 0.000122 1.37 -0.00005 0.000103 0.76 -0.00007 -0.000200 -2.08 -0.00020 0.000223 1.99 0.00005 0.000144 0.83 0.00000 1.81 0.13 
D17 13:30 - 13:45 0.000168 2.13 -0.00001 0.000135 0.92 -0.00004 0.000157 1.52 -0.00004 0.000113 1.04 -0.00006 0.000214 1.20 0.00007 0.61 0.66 
D18 13:45 - 14:00 0.000075 0.84 -0.00010 0.000263 1.85 0.00009 0.000221 2.08 0.00002 0.000228 2.14 0.00006 0.000176 0.96 0.00004 1.26 0.29 
D19 14:00 - 14:15 0.000083 0.85 -0.00009 0.000177 1.23 0.00000 0.000094 0.85 -0.00011 0.000032 0.30 -0.00014 0.000138 0.77 0.00000 0.96 0.43 
D20 14:15 - 14:30 0.000148 1.88 -0.00003 0.000189 1.25 0.00002 0.000307 2.62 0.00011 0.000269 2.72 0.00010 0.000328 1.73 0.00019 1.28 0.28 
D21 14:30 - 14:45 -0.000175 -2.75 -0.00018 0.000166 1.18 -0.00001 0.000141 1.24 -0.00006 -0.000170 -1.99 -0.00017 0.000081 0.43 -0.00006 1.12 0.35 
D22 14:45 - 15:00 0.000114 1.47 -0.00006 0.000063 0.44 -0.00011 0.000123 1.18 -0.00008 0.000066 0.72 -0.00010 0.000119 0.65 -0.00002 0.32 0.86 
D23 15:00 - 15:15 0.000006 0.08 -0.00017 0.000111 0.78 -0.00006 0.000223 2.00 0.00002 0.000104 0.93 -0.00007 0.000155 0.88 0.00002 1.47 0.21 
D24 15:15 - 15:30 0.000033 0.35 -0.00014 0.000056 0.39 -0.00012 0.000247 2.06 0.00005 0.000126 1.18 -0.00004 0.000143 0.75 0.00000 1.21 0.31 
D25 15:30 - 15:45 0.000148 1.81 -0.00003 0.000296 2.00 0.00012 0.000153 1.35 -0.00005 0.000121 1.13 -0.00005 0.000258 1.41 0.00012 1.65 0.16 
D26 15:45 - 16:00 0.000042 0.37 -0.00013 0.000328 1.91 0.00016 0.000255 1.78 0.00005 0.000361 2.62 0.00019 0.000294 1.51 0.00015 1.53 0.19 
D27 16:00 - 16:15 -0.000410 -1.88 -0.00058 -0.000412 -2.20 -0.00058 -0.000304 -1.26 -0.00050 -0.000187 -1.10 -0.00036 -0.000285 -1.32 -0.00042 0.34 0.85 
D28 16:15 - 16:30 -0.000078 -0.57 -0.00025 -0.000091 -0.58 -0.00026 0.000040 0.26 -0.00016 0.000006 0.04 -0.00016 0.000002 0.01 -0.00014 0.29 0.89 
D29 16:30 - 16:45 0.000200 2.31 0.00003 0.000190 1.17 0.00002 0.000116 0.95 -0.00008 0.000061 0.56 -0.00011 0.000194 1.07 0.00005 1.00 0.41 
D30 16:45 - 17:00 0.000160 1.97 -0.00002 0.000191 1.38 0.00002 0.000241 2.28 0.00004 0.000115 1.12 -0.00005 0.000134 0.76 -0.00001 0.48 0.75 

    F2-stat (P-value) 2.99 0.00  3.22 0.00  3.09 0.00  3.01 0.00  2.44 0.00    
Note: F1-stat is the F-statistic for testing the equality of the intraday returns across all weekdays. F2-stat is the F statistic for testing the equality of the intraday returns for a given weekday. The intercept is the interval with the lowest 

return during continuos trading. The intercept for Monday is the interval 14:30-14:45, for Tuesday the interval 10:30-10:45, for Wednesday the interval 13:15-13:30, for Thursday the interval 14:30-14:45 and for Friday the interval 

10:45-11:00. Bold text denote intervals with coefficients that are significant at the 1 % level.           
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The result concerning weekdays show that the same intradaily regularities exist for 

every day of the week. Furthermore the day of the week effect, found in many 

previous studies, also can be found on the Helsinki security exchange. Monday 

returns seem to be lower than other weekday returns, but we were not able to find 

statistically significant differences between weekdays in any 15-minute period during 

the day.  

 

 

5.2 Intraday returns for days with high, normal and low returns 

 

To study the differences between days with different returns the data was split into 

three equally big parts: days with high return, days with normal returns and days with 

low returns. This was done by calculating the daily returns for the index and then 

assigning every day to the high return, normal return or low return group. By dividing 

the data we hope to find empirical support for the hypothesis that the high returns 

observed after opening depend on price discovery. Given that this hypothesis is true 

we will find high returns after the opening on days with high and normal18 daily 

returns and low returns after the opening on days with low daily return. Also the 

trading spill over hypothesis, which is a possible reason to the observed negative price 

reaction in the beginning of the after-hours trading, is tested. If trading spill over is 

the cause for the price drop in the after-hours trading then for days with high daily 

returns the price drop should be bigger than for the average day whereas on days with 

low daily returns the price drop should be smaller than on the average day.  

 

For days with normal and high returns the U-shape found earlier is evident, the results 

are shown in tables 7 and 8. However, for days with low returns the return after 

opening is lower than during the rest of the day. This is in line with the hypothesis of 

price discovery after the opening of the stock exchange. The return at the close is 

higher than the return in the middle of the day for days with high, normal and low 

returns with the exception of low returns in period 1, which are lower than the middle 

of the day returns. The returns in the after-hours trading immediately after close show 

                                                        
18 We expect a positive initial returns on days with normal daily return since stock prices have 
generally been rising in the studied period. This could be generalised since average stock returns over 
long periods are positive. 
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the characteristic negative returns, this means that whatever the reason for these 

negative returns is, it is obviously not related to the return during the day. The trading 

spill over hypothesis does not gain any support since the return in the beginning of 

after-hours trading is lower on days with low daily return than on other days.  As 

expected19 the test for equal returns for a given time period across days with high, 

normal and low returns show that these are significantly different from each other 

(F1-statistic in tables 7 and 8). The same result was obtained when comparing days 

with low returns to days with normal returns (F3-statistic in tables 7 and 8) as well as 

when comparing normal return days to high returns days (F4-statistic in tables 7 and 

8). The intradaily 15-minute returns are plotted in figures 6 and 7 below. 

 

                                                                                                                                                               
 
19 It was expected that the intraday returns differ between low, normal and high return days since the 
data was split by the daily return that consists of intraday returns. 
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Table 7: Results for days with low, normal and high return for period 1 (1.1.1991 - 31.10.1993)         
  Days with low returns Days with normal returns Days with high returns       

Variable Time Estimated T-ratio Mean Estimated T-ratio Mean Estimated T-ratio Mean F1-stat P-value F3-stat P-value F4-stat P-value 
name period coefficient   return coefficient   return coefficient   return       
D1 8:00 - 8:25 0.000459 5.50 -0.000110 0.000101 2.77 0.000060 0.000258 2.79 0.000456 37.49 0.00 28.02 0.00 25.54 0.00 
D2 8:25 - 10:00 0.000593 6.47 0.000023 0.000055 1.47 0.000015 -0.000073 -1.13 0.000125 4.51 0.01 0.06 0.82 7.35 0.01 
D3 10:00 - 10:15 0.000005 0.05 -0.000565 0.000242 3.16 0.000201 0.001818 9.08 0.002016 94.98 0.00 32.37 0.00 77.68 0.00 
D4 10:15 - 10:30 -0.000570 -6.99 -0.000570 0.000172 3.03 0.000131 0.000955 7.27 0.001154 95.97 0.00 55.20 0.00 61.78 0.00 
D5 10:30 - 10:45 0.000128 1.37 -0.000442 0.000083 1.60 0.000042 0.000909 8.50 0.001107 122.03 0.00 37.16 0.00 103.09 0.00 
D6 10:45 - 11:00 0.000121 1.05 -0.000449 0.000133 2.51 0.000093 0.000620 6.19 0.000818 75.50 0.00 33.14 0.00 56.58 0.00 
D7 11:00 - 11:15 0.000062 0.50 -0.000508 0.000057 1.04 0.000016 0.000414 4.55 0.000612 54.42 0.00 22.29 0.00 49.96 0.00 
D8 11:15 - 11:30 0.000126 1.27 -0.000443 0.000052 1.07 0.000011 0.000408 4.80 0.000607 80.31 0.00 34.23 0.00 60.45 0.00 
D9 11:30 - 11:45 0.000203 1.90 -0.000367 0.000073 1.33 0.000033 0.000272 3.21 0.000470 52.37 0.00 28.21 0.00 30.09 0.00 

D10 11:45 - 12:00 0.000323 3.21 -0.000247 0.000045 0.92 0.000004 0.000153 1.96 0.000352 28.84 0.00 10.57 0.00 24.17 0.00 
D11 12:00 - 12:15 0.000266 2.36 -0.000303 0.000015 0.28 -0.000026 0.000110 1.52 0.000308 31.47 0.00 11.07 0.00 28.81 0.00 
D12 12:15 - 12:30 0.000393 4.26 -0.000177 0.000011 0.25 -0.000029 0.000079 0.99 0.000277 25.35 0.00 8.35 0.00 19.62 0.00 
D13 12:30 - 12:45 0.000328 3.20 -0.000242 0.000090 1.77 0.000049 0.000075 0.98 0.000273 27.24 0.00 19.67 0.00 10.93 0.00 
D14 12:45 - 13:00 0.000212 1.79 -0.000358 0.000032 0.71 -0.000009 0.000001 0.01 0.000199 23.20 0.00 14.59 0.00 14.10 0.00 
D15 13:00 - 13:15 0.000356 3.23 -0.000213 0.000030 0.69 -0.000011 0.000067 1.01 0.000265 21.16 0.00 7.21 0.01 21.18 0.00 
D16 13:15 - 13:30 0.000169 1.44 -0.000401 -0.000041 -1.29 -0.000041 0.000198 3.68 0.000198 22.06 0.00 12.64 0.00 14.17 0.00 
D17 13:30 - 13:45 0.000371 4.04 -0.000199 0.000080 1.55 0.000039 0.000017 0.22 0.000215 17.42 0.00 16.08 0.00 5.38 0.02 
D18 13:45 - 14:00 0.000219 2.16 -0.000351 0.000077 1.43 0.000036 0.000247 2.50 0.000445 37.68 0.00 29.00 0.00 17.74 0.00 
D19 14:00 - 14:15 0.000239 2.21 -0.000330 0.000033 0.61 -0.000008 0.000079 0.90 0.000277 24.00 0.00 15.29 0.00 11.88 0.00 
D20 14:15 - 14:30 0.000011 0.09 -0.000559 0.000160 2.33 0.000119 0.000604 6.21 0.000803 78.87 0.00 46.96 0.00 38.96 0.00 
D21 14:30 - 14:45 0.000142 1.19 -0.000428 -0.000205 -2.85 -0.000246 -0.000408 -3.60 -0.000209 2.03 0.13 2.92 0.09 0.09 0.77 
D22 14:45 - 15:00 0.000116 1.03 -0.000454 -0.000287 -2.94 -0.000328 -0.000204 -2.32 -0.000006 8.86 0.00 1.17 0.28 8.26 0.00 
D23 15:00 - 15:15 0.000284 2.94 -0.000286 -0.000138 -2.34 -0.000178 -0.000023 0.20 0.000176 12.78 0.00 2.30 0.13 11.32 0.00 
D24 15:15 - 15:30 0.000319 3.08 -0.000250 0.000011 0.19 -0.000030 -0.000064 0.90 0.000134 13.09 0.00 7.63 0.01 5.99 0.02 
D25 15:30 - 15:45 0.000393 4.22 -0.000177 0.000003 0.06 -0.000037 -0.000093 -1.30 0.000106 8.89 0.00 4.33 0.04 4.35 0.04 
D26 15:45 - 16:00 0.000384 3.95 -0.000186 0.000063 1.33 0.000022 -0.000056 0.78 0.000142 12.23 0.00 11.64 0.00 3.10 0.08 
D27 16:00 - 16:15 0.000503 5.32 -0.000067 0.000043 0.82 0.000002 -0.000249 -3.26 -0.000050 0.59 0.56 1.24 0.27 0.62 0.43 
D28 16:15 - 16:30 0.000168 1.48 -0.000401 -0.000190 -2.84 -0.000231 -0.000511 -5.11 -0.000313 1.26 0.28 2.74 0.10 0.55 0.46 
D29 16:30 - 16:45 0.000291 2.72 -0.000279 -0.000275 -3.89 -0.000316 -0.000439 -4.60 -0.000241 0.30 0.74 0.17 0.68 0.56 0.46 
D30 16:45 - 17:00 0.000546 5.62 -0.000023 0.000064 1.15 0.000023 -0.000128 -1.71 0.000071 0.86 0.42 0.43 0.51 0.48 0.49 

F2-stat (P-value) 8.48 0.00  6.90 0.00  38.88 0.00        
Note: F1-stat is the F-statistic for testing the equality of a given intraday return across days with low, normal and high return. F2-stat is the F statistic for testing the equality of the intraday returns for a given level of 

return. F3-stat is the F-statistic for testing the equality of a given intraday return across days with low and normal return. F4-stat is the F-statistic for testing the equality of a given intraday return across days with  

normal and high return. The intercept is the interval with the lowest return during continuos trading. The intercept for the index with low return days is the interval 10:15-10:30, for the index with normal return days 

 the interval 13:15-13:30 and for the index with high return days interval 13:15-13:30. Bold text denote intervals with coefficients that are significant at the 1 % level.    
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Table 8: Results for days with low, normal and high return for period 2 (1.1.1994 - 31.12.1995)         

  Days with low returns Days with normal returns Days with high returns       
Variable Time Estimated T-ratio Mean Estimated T-ratio Mean Estimated T-ratio Mean F1-stat P-value F3-stat P-value F4-stat P-value 

name period coefficient   return coefficient   return coefficient   return       
D1 8:00 - 8:25 -0.000251 -1.74 -0.000627 0.000137 2.29 0.000061 0.000696 7.51 0.000766 64.92 0.00 31.09 0.00 52.31 0.00 
D2 8:25 - 10:00 0.000435 4.97 0.000060 0.000110 1.91 0.000033 0.000057 0.95 0.000126 1.77 0.17 0.31 0.58 2.57 0.11 
D3 10:00 - 10:15 0.000019 0.13 -0.000356 0.000448 4.68 0.000371 0.001118 5.71 0.001187 30.61 0.00 23.95 0.00 15.13 0.00 
D4 10:15 - 10:30 0.000166 1.89 -0.000209 0.000162 2.29 0.000086 0.000525 4.91 0.000595 27.90 0.00 10.82 0.00 19.54 0.00 
D5 10:30 - 10:45 -0.000375 -4.27 -0.000375 0.000141 2.31 0.000065 0.000330 4.11 0.000400 31.06 0.00 19.18 0.00 16.41 0.00 
D6 10:45 - 11:00 0.000007 0.06 -0.000368 0.000005 0.05 -0.000071 0.000344 3.60 0.000413 18.35 0.00 4.47 0.04 13.82 0.00 
D7 11:00 - 11:15 0.000027 0.23 -0.000348 0.000038 0.55 -0.000038 0.000216 2.72 0.000285 21.76 0.00 10.01 0.00 13.76 0.00 
D8 11:15 - 11:30 0.000095 0.93 -0.000280 0.000003 0.04 -0.000073 0.000185 2.66 0.000254 25.39 0.00 7.58 0.01 18.56 0.00 
D9 11:30 - 11:45 0.000018 0.17 -0.000357 0.000076 1.31 0.000000 0.000095 1.42 0.000164 27.64 0.00 25.06 0.00 6.14 0.01 

D10 11:45 - 12:00 0.000063 0.60 -0.000312 0.000018 0.31 -0.000058 0.000154 2.23 0.000223 28.26 0.00 13.45 0.00 15.74 0.00 
D11 12:00 - 12:15 0.000134 1.30 -0.000241 0.000067 1.22 -0.000009 0.000137 2.13 0.000207 23.09 0.00 12.84 0.00 12.40 0.00 
D12 12:15 - 12:30 0.000131 1.23 -0.000244 0.000025 0.45 -0.000051 0.000009 0.14 0.000078 12.22 0.00 8.91 0.00 4.30 0.04 
D13 12:30 - 12:45 0.000191 1.86 -0.000184 0.000090 1.66 0.000014 0.000045 0.76 0.000114 10.07 0.00 7.32 0.01 3.34 0.07 
D14 12:45 - 13:00 0.000091 0.92 -0.000285 0.000035 0.65 -0.000041 0.000057 0.96 0.000127 23.63 0.00 16.37 0.00 8.63 0.00 
D15 13:00 - 13:15 0.000135 1.37 -0.000240 0.000063 1.13 -0.000014 0.000232 3.59 0.000302 32.40 0.00 12.50 0.00 20.54 0.00 
D16 13:15 - 13:30 0.000058 0.52 -0.000318 0.000054 0.85 -0.000023 0.000107 1.74 0.000176 21.80 0.00 12.47 0.00 10.60 0.00 
D17 13:30 - 13:45 0.000187 1.82 -0.000188 0.000050 0.87 -0.000027 0.000101 1.42 0.000170 12.66 0.00 5.85 0.02 7.85 0.01 
D18 13:45 - 14:00 0.000190 1.75 -0.000185 0.000120 2.43 0.000043 0.000138 2.27 0.000207 16.26 0.00 10.18 0.00 7.75 0.01 
D19 14:00 - 14:15 0.000119 1.13 -0.000256 -0.000076 -1.99 -0.000076 0.000079 1.30 0.000148 17.06 0.00 5.43 0.02 13.15 0.00 
D20 14:15 - 14:30 0.000269 2.58 -0.000106 0.000094 1.44 0.000018 0.000246 3.59 0.000316 15.19 0.00 2.71 0.10 13.69 0.00 
D21 14:30 - 14:45 0.000038 0.36 -0.000337 0.000012 0.20 -0.000065 0.000076 1.15 0.000145 20.92 0.00 11.15 0.00 10.75 0.00 
D22 14:45 - 15:00 0.000136 1.27 -0.000240 0.000022 0.44 -0.000054 0.000070 1.56 0.000070 10.65 0.00 7.13 0.01 4.43 0.04 
D23 15:00 - 15:15 0.000110 1.10 -0.000266 0.000001 0.02 -0.000075 0.000119 1.71 0.000189 23.06 0.00 8.40 0.00 15.84 0.00 
D24 15:15 - 15:30 0.000087 0.83 -0.000288 0.000055 0.82 -0.000022 0.000090 1.59 0.000160 17.18 0.00 11.04 0.00 5.78 0.02 
D25 15:30 - 15:45 0.000223 2.15 -0.000152 0.000119 2.13 0.000043 0.000111 1.48 0.000181 9.93 0.00 7.62 0.01 3.51 0.06 
D26 15:45 - 16:00 0.000249 2.04 -0.000126 0.000108 1.29 0.000032 0.000279 3.04 0.000348 8.90 0.00 1.96 0.16 7.79 0.01 
D27 16:00 - 16:15 -0.000342 -2.03 -0.000717 -0.000172 -1.21 -0.000249 -0.000578 -4.55 -0.000509 3.15 0.04 5.63 0.02 2.16 0.14 
D28 16:15 - 16:30 0.000143 1.15 -0.000232 -0.000159 -2.15 -0.000236 -0.000190 -1.80 -0.000120 0.61 0.54 0.00 0.98 1.02 0.31 
D29 16:30 - 16:45 0.000278 2.81 -0.000097 0.000091 1.43 0.000015 -0.000046 0.58 0.000023 1.44 0.24 2.75 0.10 0.01 0.92 
D30 16:45 - 17:00 0.000330 3.47 -0.000045 -0.000004 0.07 -0.000080 0.000047 0.75 0.000117 6.97 0.00 0.42 0.52 12.13 0.00 

F2-stat (P-value) 6.69 0.00  3.35 0.00  16.54 0.00        
Note: F1-stat is the F-statistic for testing the equality of a given intraday return across days with low, normal and high return. F2-stat is the F statistic for testing the equality of the intraday returns for a given level of 

return. F3-stat is the F-statistic for testing the equality of a given intraday return across days with low and normal return. F4-stat is the F-statistic for testing the equality of a given intraday return across days with  

normal and high return. The intercept is the interval with the lowest return during continuos trading. The intercept for the index with low return days is the interval 10:30-10:45, for the index with normal return days 

 the interval 14:00-14:15 and for the index with high return days interval 14:45-15:00. Bold text denote intervals with coefficients that are significant at the 1 % level.    
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Figure 6: The 15-minute intraday returns for high, normal and low return days 
for period 1. 
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Figure 7: The 15-minute intraday returns for high, normal and low return days 
for period 2. 
 
 

The results for days with high, normal and low returns show that days with normal 

and high returns follow the same U-shape with a negative after close return as has 

been documented in the base case in chapter 5. For days with low returns the day 

starts with very low returns, which is in line with the hypothesis of price discovery. 
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Nothing can be said about the returns before close for low return days, since the 

results in period 1 differ from the results in period 2. The negative after close return is 

obviously not related to the level of daily return since it was found on days with low 

as well as normal and high return. 

 

 

5.3 Intraday returns for days with high, normal and low trading volume 

 

To study the differences between days with different trading volume the data was split 

into three equally big parts: days with high trading volume, days with normal trading 

volume and days with low trading volume. This was done by calculating the daily 

trading volumes for the Helsinki securities exchange and assigning every day to the 

high volume, normal volume or low volume group. The classification of data into 

groups depending on trading volume is done because liquidity is essential for this type 

of study. If the market is very illiquid it is impossible to find any statistically 

significant intraday patterns.  

 

The empirical results for days with low, normal and high trading volume can be seen 

in tables 9 and 10 below. 

 

The documented U-shape and negative after close return exist for days with normal 

and high trading volume in period 1 and for days with any level of trading volume in 

period 2. For days with low trading volume in period 1 there does not seem to exist 

any pattern, the reason for this might be that the trading was too thin for any kind of 

statistically significant pattern to occur. 

 

For period 1 the returns for the individual 15-minute periods are statistically different 

across days with low, normal and high volume for the most of the day (F1-statistic). 

For period 2 this seems to be the case only one hour after the opening of the 

exchange. Again the reason for the period 1 result is probably the thin trading for days 

with low trading volume. When we look at the difference between days with normal 

and high trading volume for period 1 the difference is statistically significant for 45 

minutes after the opening (F4-statistic), the same result as for period 2. The 15-minute 
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returns for days with low, normal and high trading volume are plotted in figures 8 and 

9 below. 
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Figure 8: The 15-minute intraday returns for high, normal and low volume days 
for period 1. 
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Figure 9: The 15-minute intraday returns for high, normal and low volume days 
for period 2. 
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Table 9: Results for days with low, normal and high volume for period 1 (1.1.1991 - 31.10.1993)         
  Days with low volume Days with normal volume Days with high volume       

Variable Time Estimated T-ratio Mean Estimated T-ratio Mean Estimated T-ratio Mean F1-stat P-value F3-stat P-value F4-stat P-value 
name period coefficient   return coefficient   return coefficient   return       
D1 8:00 - 8:25 0.000214 2.51 0.000034 0.000167 2.40 0.000067 0.000322 3.81 0.000309 9.20 0.00 0.44 0.51 5.29 0.02 
D2 8:25 - 10:00 0.000183 2.44 0.000004 0.000159 2.63 0.000059 0.000110 1.50 0.000097 2.78 0.06 0.01 0.91 0.00 0.99 
D3 10:00 - 10:15 0.000150 1.60 -0.000029 0.000372 2.84 0.000272 0.001431 6.48 0.001418 26.63 0.00 0.27 0.60 1.91 0.17 
D4 10:15 - 10:30 0.000112 1.33 -0.000067 0.000323 3.26 0.000223 0.000576 3.90 0.000563 10.29 0.00 0.81 0.37 6.42 0.01 
D5 10:30 - 10:45 0.000161 1.81 -0.000018 0.000334 3.52 0.000234 0.000507 4.40 0.000494 9.74 0.00 0.10 0.75 4.14 0.04 
D6 10:45 - 11:00 0.000137 1.50 -0.000043 0.000237 2.63 0.000137 0.000386 3.40 0.000373 6.78 0.00 0.23 0.63 2.07 0.15 
D7 11:00 - 11:15 0.000087 1.07 -0.000092 0.000198 2.36 0.000098 0.000134 1.08 0.000121 2.04 0.13 1.24 0.27 0.98 0.32 
D8 11:15 - 11:30 0.000123 1.44 -0.000056 0.000118 1.49 0.000018 0.000225 2.28 0.000212 4.60 0.01 1.21 0.27 0.84 0.36 
D9 11:30 - 11:45 0.000124 1.48 -0.000056 0.000138 1.73 0.000038 0.000161 1.72 0.000148 2.77 0.06 0.03 0.86 0.20 0.66 

D10 11:45 - 12:00 0.000080 0.85 -0.000099 0.000205 2.86 0.000105 0.000115 1.36 0.000102 4.12 0.02 1.93 0.17 0.06 0.80 
D11 12:00 - 12:15 0.000039 0.40 -0.000141 0.000128 1.77 0.000028 0.000105 1.32 0.000092 4.53 0.01 0.01 0.94 2.28 0.13 
D12 12:15 - 12:30 0.000091 1.12 -0.000088 0.000121 1.79 0.000022 0.000150 1.81 0.000137 5.73 0.00 5.04 0.03 1.16 0.28 
D13 12:30 - 12:45 0.000093 1.15 -0.000087 0.000135 1.92 0.000035 0.000149 1.68 0.000136 4.70 0.01 0.63 0.43 0.24 0.63 
D14 12:45 - 13:00 -0.000179 -2.41 -0.000179 0.000043 0.59 -0.000057 0.000077 1.06 0.000064 4.19 0.02 0.55 0.46 0.51 0.48 
D15 13:00 - 13:15 0.000092 1.10 -0.000087 0.000085 1.10 -0.000014 0.000156 2.13 0.000143 4.86 0.01 6.28 0.01 0.35 0.55 
D16 13:15 - 13:30 0.000056 0.55 -0.000124 -0.000100 -1.75 -0.000100 -0.000013 -0.22 -0.000013 0.86 0.42 2.78 0.10 1.37 0.24 
D17 13:30 - 13:45 0.000156 1.91 -0.000024 0.000076 1.00 -0.000024 0.000111 1.55 0.000098 1.96 0.14 0.28 0.60 0.05 0.82 
D18 13:45 - 14:00 0.000184 1.81 0.000005 0.000094 1.23 -0.000006 0.000144 1.67 0.000131 1.25 0.29 2.24 0.14 0.04 0.85 
D19 14:00 - 14:15 0.000088 0.94 -0.000091 0.000021 0.27 -0.000079 0.000122 1.32 0.000109 3.08 0.05 1.33 0.25 0.28 0.60 
D20 14:15 - 14:30 0.000069 0.67 -0.000110 0.000096 1.11 -0.000003 0.000492 4.73 0.000479 14.24 0.00 1.66 0.20 0.51 0.48 
D21 14:30 - 14:45 -0.000118 -1.23 -0.000297 -0.000204 -2.09 -0.000304 -0.000272 -2.26 -0.000285 0.01 1.00 0.02 0.89 0.30 0.59 
D22 14:45 - 15:00 -0.000131 -1.44 -0.000311 -0.000215 -1.92 -0.000315 -0.000144 -1.41 -0.000157 1.28 0.28 0.91 0.34 0.01 0.94 
D23 15:00 - 15:15 -0.000018 -0.21 -0.000197 0.000136 1.28 0.000036 -0.000104 -1.13 -0.000117 2.88 0.06 2.78 0.10 0.00 0.99 
D24 15:15 - 15:30 0.000052 0.57 -0.000127 0.000050 0.63 -0.000050 0.000043 0.51 0.000030 2.12 0.12 0.11 0.74 0.69 0.41 
D25 15:30 - 15:45 0.000063 0.74 -0.000117 0.000048 0.63 -0.000052 0.000075 0.97 0.000062 3.54 0.03 0.08 0.78 0.05 0.83 
D26 15:45 - 16:00 0.000108 1.32 -0.000071 0.000104 1.57 0.000004 0.000046 0.55 0.000033 1.32 0.27 0.56 0.45 1.29 0.26 
D27 16:00 - 16:15 0.000160 2.02 -0.000020 0.000072 1.12 -0.000028 -0.000055 -0.60 -0.000068 0.30 0.74 0.17 0.68 0.00 0.97 
D28 16:15 - 16:30 -0.000190 -1.98 -0.000370 -0.000174 -1.93 -0.000274 -0.000282 -2.50 -0.000295 0.44 0.65 0.31 0.58 0.05 0.82 
D29 16:30 - 16:45 -0.000100 -1.06 -0.000280 -0.000227 -2.58 -0.000327 -0.000215 -2.14 -0.000228 0.51 0.60 0.41 0.52 0.01 0.94 
D30 16:45 - 17:00 0.000239 2.97 0.000060 0.000031 0.38 -0.000069 0.000091 1.12 0.000078 2.57 0.08 1.40 0.24 5.09 0.03 

F2-stat (P-value) 4.43 0.00  4.99 0.00  14.09 0.00        
Note: F1-stat is the F-statistic for testing the equality of a given intraday return across days with low, normal and high volume. F2-stat is the F statistic for testing the equality of the intraday returns for a given level of 

volume. F3-stat is the F-statistic for testing the equality of a given intraday return across days with low and normal volume. F4-stat is the F-statistic for testing the equality of a given intraday return across days with  

normal and high volume. The intercept is the interval with the lowest return during continuos trading. The intercept for the index with low volume days is the interval 12:45-13:00, for the index with normal volume days 

 the interval 13:15-13:30 and for the index with high volume days interval 13:15-13:30. Bold text denote intervals with coefficients that are significant at the 1 % level.    
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Table 10: Results for days with low, normal and high volume for period 2 (1.1.1994 - 31.12.1995)         

  Days with low volume Days with normal volume Days with high volume       
Variable Time Estimated T-ratio Mean Estimated T-ratio Mean Estimated T-ratio Mean F1-stat P-value F3-stat P-value F4-stat P-value 

name period coefficient   return coefficient   return coefficient   return       
D1 8:00 - 8:25 0.000028 0.38 -0.000112 0.000085 0.67 -0.000025 0.000401 3.70 0.000331 5.96 0.00 0.30 0.58 10.53 0.00 
D2 8:25 - 10:00 0.000211 4.26 0.000071 0.000185 2.96 0.000075 0.000146 2.33 0.000076 0.01 1.00 5.30 0.02 0.64 0.43 
D3 10:00 - 10:15 0.000523 3.01 0.000383 0.000385 2.98 0.000275 0.000612 3.87 0.000542 0.82 0.44 4.86 0.03 20.94 0.00 
D4 10:15 - 10:30 0.000133 1.81 -0.000007 0.000193 2.05 0.000083 0.000472 4.58 0.000402 7.17 0.00 8.69 0.00 4.25 0.04 
D5 10:30 - 10:45 0.000072 1.03 -0.000069 0.000074 0.73 -0.000036 0.000267 3.34 0.000197 3.88 0.02 7.11 0.01 3.77 0.05 
D6 10:45 - 11:00 0.000018 0.17 -0.000122 0.000055 0.48 -0.000055 0.000211 2.34 0.000140 2.04 0.13 3.41 0.07 3.42 0.07 
D7 11:00 - 11:15 0.000008 0.09 -0.000133 0.000080 1.04 -0.000030 0.000138 1.53 0.000067 2.01 0.13 4.68 0.03 0.03 0.87 
D8 11:15 - 11:30 0.000026 0.41 -0.000115 0.000077 1.00 -0.000032 0.000115 1.59 0.000045 2.02 0.13 0.95 0.33 3.55 0.06 
D9 11:30 - 11:45 0.000056 0.85 -0.000084 0.000039 0.50 -0.000071 0.000033 0.52 -0.000037 0.20 0.82 1.62 0.20 1.27 0.26 

D10 11:45 - 12:00 0.000016 0.26 -0.000124 0.000083 1.14 -0.000027 0.000063 0.94 -0.000007 1.41 0.25 7.60 0.01 0.00 0.97 
D11 12:00 - 12:15 0.000087 1.43 -0.000053 0.000062 0.91 -0.000048 0.000126 1.97 0.000056 1.60 0.20 4.49 0.04 0.77 0.38 
D12 12:15 - 12:30 -0.000140 -3.08 -0.000140 0.000107 1.54 -0.000003 0.000007 0.10 -0.000064 2.09 0.12 4.11 0.04 2.39 0.12 
D13 12:30 - 12:45 0.000146 2.41 0.000006 0.000060 0.84 -0.000050 0.000054 0.97 -0.000016 0.32 0.72 4.24 0.04 1.55 0.21 
D14 12:45 - 13:00 0.000056 0.98 -0.000084 0.000072 1.04 -0.000038 -0.000070 -1.90 -0.000070 0.37 0.69 1.86 0.17 2.91 0.09 
D15 13:00 - 13:15 0.000038 0.60 -0.000102 0.000167 2.43 0.000057 0.000171 2.71 0.000101 4.54 0.01 0.92 0.34 3.85 0.05 
D16 13:15 - 13:30 0.000133 2.32 -0.000007 -0.000110 -1.97 -0.000110 0.000041 0.60 -0.000029 1.47 0.23 0.01 0.93 1.34 0.25 
D17 13:30 - 13:45 0.000097 1.65 -0.000043 0.000101 1.49 -0.000009 0.000079 1.10 0.000009 0.26 0.77 0.00 1.00 2.86 0.09 
D18 13:45 - 14:00 0.000102 1.58 -0.000038 0.000170 2.49 0.000061 0.000117 1.82 0.000047 1.12 0.33 0.01 0.91 2.25 0.13 
D19 14:00 - 14:15 0.000117 1.74 -0.000023 0.000004 0.06 -0.000105 0.000003 0.05 -0.000067 0.65 0.52 0.02 0.88 3.96 0.05 
D20 14:15 - 14:30 0.000136 2.29 -0.000004 0.000194 2.66 0.000084 0.000218 2.73 0.000147 1.77 0.17 0.94 0.33 16.06 0.00 
D21 14:30 - 14:45 0.000038 0.58 -0.000103 0.000002 0.03 -0.000108 0.000004 0.05 -0.000066 0.19 0.83 0.00 0.95 0.02 0.88 
D22 14:45 - 15:00 0.000112 1.82 -0.000028 0.000016 0.22 -0.000094 0.000029 0.49 -0.000041 0.67 0.51 0.00 0.97 1.56 0.21 
D23 15:00 - 15:15 0.000022 0.35 -0.000119 0.000095 1.38 -0.000015 0.000055 0.79 -0.000016 1.45 0.23 5.51 0.02 1.85 0.18 
D24 15:15 - 15:30 0.000053 0.91 -0.000088 0.000044 0.58 -0.000066 0.000078 0.96 0.000008 0.79 0.46 1.06 0.31 1.08 0.30 
D25 15:30 - 15:45 0.000157 2.52 0.000016 0.000144 1.99 0.000035 0.000087 1.17 0.000017 0.04 0.96 0.95 0.33 2.44 0.12 
D26 15:45 - 16:00 0.000125 1.43 -0.000016 0.000172 1.89 0.000063 0.000271 2.64 0.000200 1.77 0.17 2.04 0.15 0.16 0.69 
D27 16:00 - 16:15 -0.000406 -2.86 -0.000547 -0.000355 -2.24 -0.000465 -0.000402 -3.33 -0.000472 0.12 0.89 0.03 0.86 0.28 0.60 
D28 16:15 - 16:30 -0.000102 -1.09 -0.000242 -0.000071 0.78 -0.000181 -0.000084 0.82 -0.000154 0.29 0.75 1.04 0.31 0.03 0.86 
D29 16:30 - 16:45 0.000099 1.65 -0.000042 0.000109 1.43 -0.000001 0.000062 0.76 -0.000008 0.15 0.86 0.29 0.59 0.89 0.35 
D30 16:45 - 17:00 0.000134 2.36 -0.000006 0.000041 0.62 -0.000069 0.000134 2.28 0.000064 2.72 0.07 3.73 0.05 3.39 0.07 

F2-stat (P-value) 4.67 0.00  3.03 0.00  5.89 0.00        
Note: F1-stat is the F-statistic for testing the equality of a given intraday return across days with low, normal and high volume. F2-stat is the F statistic for testing the equality of the intraday returns for a given level of 

volume. F3-stat is the F-statistic for testing the equality of a given intraday return across days with low and normal volume. F4-stat is the F-statistic for testing the equality of a given intraday return across days with  

normal and high volume. The intercept is the interval with the lowest return during continuos trading. The intercept for the index with low volume days is the interval 12:15-12:30, for the index with normal volume days 

 the interval 13:15-13:30 and for the index with high volume days interval 12:45-13:00. Bold text denote intervals with coefficients that are significant at the 1 % level.    



 
 

The results for days with high, normal and low trading volume follow the same U-

shape with a negative after close return as have been documented in the base case in 

chapter 5. The return pattern differ between days with different volume levels only for 

the first 45-60 minutes after the opening of the securities exchange, for the rest of the 

day the return pattern is the same independent of the trading volume. 

 

 

6 Summary and conclusions 

 

The intradaily return structure of the Helsinki Stock Exchange was examined for the 

period January 1991 to December 1995, except for November and December 1993, in 

order to study the intraday U-shape. The Helsinki Stock Exchange is especially well 

suited for studying the puzzling high returns before close, since the exchange has an 

after-hours market in which the price pattern immediately after close can be studied. 

A number of hypotheses concerning the return pattern around close were tested but 

none were able to fully explain the price behaviour. The hypothesis of price discovery 

at the beginning of continuous trading gained support in this study.  

 

The data consists of all the trades done during the research period. The data was used 

to form 15-minute intraday returns for an equally weighted index. The standard OLS 

dummy regressions technique was used to examine the characteristics of the intraday 

returns. The impact of thin trading, weekdays, daily returns and daily trading volume 

on the return structure was also studied. 

 

The trading day starts with a period of price discovery immediately after the opening 

of the continuous trading. The price discovery period last for approximately 45 to 60 

minutes. Usually high returns are observed during this period but for days with low 

returns this beginning of the day period was characterised by very low returns. 

 

In the middle of the day prices seem to be very stable. The prices remain stable 

regardless of data classification by weekday, daily returns or daily trading volume. 
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Immediately before close there is a large positive return. This seem to be true for all 

studied classifications, except for days with low returns for which the result is 

inconclusive. The effect seems to be temporary since the price falls immediately after 

close. None of the suggested hypotheses: option to trade, spill over from continuous 

trading, US investors activity and biased close price are able to fully explain this 

behaviour. The spill over and biased close hypotheses get the directions of the 

movements around the close right but cannot explain the magnitude of the negative 

returns after the close. Moreover, the spill over hypothesis was refuted when data was 

classified into days with high, normal and low daily volume. 

 

On Helsinki Security Exchange the trading continues immediately after close in the 

after-hours trading period. The only restrictions on the after-hours trading is that the 

price is restricted by the bid at the close or the lowest price during the day, whichever 

is lower, and the ask at the close or the highest price during the day, whichever is 

higher. The return immediately after the close is very low, regardless of how the data 

is classified. Although some of the hypotheses for the after hours return can explain 

the direction of the return, none can explain the magnitude. 

 

It is clear that intradaily returns are drawn from different populations. For all 

classifications of the data into groups and for both periods the hypothesis of equal 15-

minute returns for the trading day is refuted. 

 

The classification of the data into different weekdays resulted in the expected low 

returns on Mondays. However, we were unable to find any statistical differences 

between weekdays for any of the intraday intervals. 

 

When the data was classified by the daily returns we found that the return was 

significantly different for every 15-minute period across days with low, normal and 

high returns.   

 

Lastly, when the data was classified by daily volume we found that for the first 45-60 

minutes the 15-minute returns were different across days with low, normal and high 

daily volume. After this 45-60 minute period no statistical differences could be found. 
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The general conclusion of this study is that the U-shape of daily returns exists on the 

Helsinki Stock Exchange. The high return after the opening of the exchange can be 

attributed to price discovery. We also conclude that the high returns before close seem 

to be a temporary effect, thus implying that the closing price is a poor measure of true 

stock value at the close, however the reason for this behaviour remains unknown. 
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Abstract 

 

In this paper, we examine if closing prices are manipulated. Earlier research has 
shown that closing prices are one of the most used benchmarks against which trader 
performance is evaluated. If a trader takes a big net position a given day, it is likely 
that he wants to enhance his performance by manipulating the closing price. We build 
a simple regression model to test for closing price manipulation in the Finnish stock 
market. Robustness checks were made for the effect of: size of the net position, 
differences in returns across firms, different size of net position for different firms, 
block trades and spread trades. The results before close, for the base case, were in line 
with our hypothesis. However, the robustness checks showed that block trades and 
spread trades explained a part, but not all, of our results. The results after close were 
generally weak, but tilted towards our hypothesis. 
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1 Introduction 

 

Of all stock prices observed during one single day, the closing prices are in many 

ways the most important. Closing prices are used to compute returns analysed by 

practitioners and academic researchers, and they are quoted in the newspapers, 

closing prices are also used to calculate mutual fund net asset values. Closing prices 

are used because they are convenient and because they are assumed to fairly represent 

the end of day value of the stock (Harris 1989). The closing prices should reflect all 

the available information during the trading hours. Studies of intradaily returns have 

found that stock prices systematically increase prior to the close (see for example 

Wood, McInish and Ord 1985, Harris 1986, McInish and Wood 1990 and Cheung 

1995). 

 

The possibility to artificially influence stock prices is an important issue to everybody 

who is involved in trading stocks: securities exchanges, investors, brokers, etc. Two 

different types of manipulation strategies have been studied: action-based 

manipulation and trade-based manipulation (Allen and Gale 1992 and Kose and 

Narayanan 1997). Action-based manipulation is manipulation without trading, for 

example release of false information. Trade-based manipulation is manipulation by 

trading, for example an investor could improve his position in the option or futures 

market by trading large quantities of a stock on the expiration day. Hillion and 

Suominen (2001) present a trade based manipulation model that explains 

manipulative action before the close within an agency theory framework. Their model 

suggests that a broker might manipulate the closing price in order to give a better 

impression of his performance to his customer. 

 

The manipulation of closing prices by traders to enhance trader performance seem to 

be a topic that to our knowledge has not been empirically raised before. There are two 

main reasons for this, both connected with the problems in testing for such price 

manipulation. First, for such tests, we need to know the net-position obtained by a 

trader during the day. This demands data that shows every trade for every trader 

during a day. Such data is usually not available. The second problem is that price 

changes immediately after the close are hard to observe, usually they cannot be 

observed before the opening of the exchange the next day. However, close-to-open 
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returns are rather noisy, since they include information accumulated during a long 

time period. The after hours market at the Helsinki Stock Exchange enables us to 

monitor price reactions immediately after the official close. We also identify and 

control for various other possible explanations for the abnormal return (such as 

definitions of the cut-off value used, block trades, and traders wanting to widen the 

closing spread) before making any conclusions. 

 

The rest of the paper is organised as follows. In chapter 2 we put forward a theory of 

why closing prices may be manipulated, how it could be done and what kind of return 

patterns we would observe given that there is manipulation. In chapter 3 we describe 

our data and the trading system at the Helsinki Stock Exchange. Our regression 

models and our hypothesis for the models are put forth in chapter 4. In chapter 5 we 

discuss methodology and how we control the robustness of the results. In chapter 6 

our results are presented. The paper ends in chapter 7 with a summary of our results 

and our conclusions. 

 

 

2 Benchmarks and market manipulation 

 

The performance of a trader is evaluated against a benchmark. The four mostly used 

are (Collins and Fabozzi 1991): pre-trade, post-trade, intraday and factor adjusted. In 

this paper a post-trade benchmark, specifically the closing price, is used as the 

benchmark against which the trader performance is assumed to be measured. 

 

The use of the closing price as a benchmark should be discussed. In studies of the 

impact costs of trades, Beebower and Priest (1980) used closing prices. Berkowitz, 

Logue and Noser (1988) argue that closing prices are a poor measure of performance. 

There are two reasons for this: over long periods of time, the price of stocks will rise 

roughly two thirds of the days, hence over a large number of trades, natural market 

movements would make the buys appear to be well executed and the sells to be poorly 

executed (Berkowitz, Logue and Noser 1988). The second reason is that several 

studies have shown that closing prices are drawn from distributions that differ from 

the return distribution over the course of a day (Wood, McInish and Ord 1985, Harris 

1986, McInish and Wood 1990 and Cheung 1995). Berkowitz, Logue and Noser 
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(1988) and Hillion and Suominen (2001) suggest that the volume weighted average 

price should be used as a benchmark. We agree on this but since this data is not 

provided by any source, such as Reuters or the securities exchanges, the investors 

cannot obtain this information at a reasonable cost. We argue that since the trade 

weighted average price is not easily available investors have to use the closing price. 

 

Consider a closing price benchmark. A trader’s performance a given day can then be 

computed as (Perold and Sirri 1995) 
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Total performance = Performance Performanceb s+ , (3) 

 

where Performances  is the traders win or loss in selling stocks, Performanceb  is the 

result from buying stocks, b,tq  and s,tq  are the number of shares bought respective 

sold at price pt . Last, sT  and bT  are the number of sell and buy trades. With such a 

measure, the trader will be penalised when he buys (sells) when the price is 

temporarily high (low). 

 

A trader faced with the possibility of poor performance is likely to react and try to 

influence the benchmark if he can. The easiest way to do it is to manipulate the 

closing price by selling or buying shares just prior to the close. This, of course, is 

done only if the cost of manipulation is neglectable or if the costs are below the 

perceived benefits arising from the manipulation. Two alternative strategies for price 

manipulation are graphed in Figure 1. 
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Figure 1: The price around the close 

 

If a trader who’s performance is measured as outlined in equation (3) decides that he 

will improve his performance by manipulating, the closing price will move away from 

the equilibrium price B in Figure 1. If the manipulating trader has bought (sold) 

shares during the day he will make a few more trades just prior to the close to move 

up (down) the closing price to price A (price C). After the close the manipulating 

trader has no incentive to uphold the artificial price level (price A or C) and the price 

will return to the true price after the close. 

 

If there is no manipulation of prices in the period before the close, then the return 

around the close will be 

 

 Return Normal return ei,c-t i,c-t i,c-t= + ,     (4) 

and  

 Return Normal return ei,c+d i,c+d i,c+d= + .    (5) 

Equation 4 is the return for share i from t minutes before the close to the close, it is 

equal to the normal return for the period plus a random noise term. Equation 5 is the 

return from the close to d minutes after the close, it is equal to the normal return plus 

a random noise term. In Figure 1 above, the return in equation 4 is the return from the 

price of the share before the close to the true price B at the close. The return in 

equation 5 is the return from the true price B at the close to the price after the close. 
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If prices are manipulated then equation 4 expands to 

 

 Return Normal return + manipulation effect ei,c-t i,c-t i,c-t i,c-t= + , (6) 

 

and equation 5 expands to: 

 

 Return Normal return + reversal effect ei,c+d i,c+d i,c+d i,c+d= + ,    (7) 

 

where the return for the stock for the period prior to the close is equal to the normal 

return plus the effect of manipulation and a noise term, and for the period after the 

close it is equal to the normal return plus the reversal effect of the manipulation. The 

effect of manipulation can further be split into manipulation upwards and 

manipulation downwards. If this is done the return before the close becomes 

 

    
Return Normal return upward manip +

+  downward manip + e
i,c-t i,c-t i,c-t

i,c-t i,c-t

= +
   (8) 

and after the close 

 

   
Return Normal return reversal of upward manip

reversal of downward manip e
i,c+d i,c+d i,c+d

i,c+d i,c+d

= + +
+ +   (9) 

Our models, which we present in chapter 4, are built on equations (8) and (9). 

 

 

2.1 The manipulator 

 

The question of who is likely to manipulate the closing price has two different 

answers. The first possible manipulator is a broker who has recommended buying or 

selling a stock to his customers (in line with the model by Hillion and Suominen 

2001). If the broker notices that prices are not moving in the right direction he might 

react. In this case his costs are a cost to keep his clients happy. The second possible 

manipulator is an investor who reports his activities to a third party (for example a 

fund manager). In this case, the cost of manipulation is paid to show that the investor 

is doing a good job. Because it is costly to manipulate prices it is likely to be 
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undertaken only when large amounts of money are involved (i.e. big transactions have 

been made during the day). In this paper we do not address the question who the 

manipulator is, we are concerned solely on the question whether or not there is any 

indication of manipulation. 

 

 

2.2 An example 

 

This example shows with real data what happens at the close, the example shows the 

price and trade pattern of the most liquid stock on the Finnish market, the Nokia 

preference share (NOKPS), on a specific day. Table 1 shows the daily cumulative 

buys and sells up to 15 minutes before the official close for all brokers trading in the 

share that specific day. Since we do not want to point out a specific broker firm, on 

the basis of one example, the identity of the brokers is not shown. 

 

Table 1: Cumulative buys and sells 
  BOUGHT   SOLD  
 shares tot. price mean price shares tot. price mean price 
Broker 1 26 400 10 171 400 385.28    
Broker 2 4 300 1 658 500 385.70 5 300 2 043 500 385.57 
Broker 3    6 000 2 316 400 386.07 
Broker 4 8 375 3 251 450 388.23 6 175 2 403 250 389.19 
Broker 5 400 154 400 386.00 200 76 800 384.00 
Broker 6 72 27 592 383.22 4 072 1 564 792 384.28 
Broker 7 19 7 391 389.00 1 019 395 991 388.61 
Broker 8 200 76 800 384.00 200 77 000 385.00 
Broker 9    2 000 770 000 385.00 
Broker 10 135 51 975 385.00 4 535 1 745 975 385.00 
Broker 11    200 77 800 389.00 
Broker 12    10 200 3 928 000 385.10 
 39 901 15 399 508  39 901 15 399 508  
Note: We do not want to point out the specific brokerage firms in this example, instead we use broker 
1...broker 12. The shares column shows the number of bought or sold shares. The total price is the sum 
of the number of shares times the price of a share for every trade during the day. The mean price is the 
total price divided by the number of shares.   
 

15 minutes before the close the last price for the stock was 384 FIM. At this point the 

buyer (acting through Broker 1) notes that he has been buying large quantities of the 

share at a price that is higher than the potential closing price. The buyer then reacts 

and empties the order book of all shares at 385 and then 1 second before the close he 
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makes one last buy at a price that is clearly higher than the market price (see Table 2). 

The share closes at 388 and he is able to report that he has bought Nokia shares for 10 

million FIM at as average price of 385.25 per share, this gives a performance of  

(31400 * (388-385.25)) 86350 FIM as opposed to (26400 * (384-385.28)) -33792 

FIM if he had done nothing. After the close the price returns to 385 FIM in the after 

hours trading. The price development of Nokia is graphed in Figure 2; broker 1 trades 

are marked with vertical lines.  

 

Table 2: The trades around the close 
Time Buyer Seller Shares Price 

144412 Broker 8 Broker 5 200 384 
155734 Broker 1 Broker 2 1600 385 
155734 Broker 1 Broker 10 3200 385 
155959 Broker 1 Broker 6 200 388 
160828 Broker 10 Broker 12 65 385 
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Figure 2: The price of Nokia during the day, vertical lines show Broker 1 trades 
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3 Data 

 

The data set in this study is obtained from the Helsinki Stock Exchange and consists 

of the price, the number of shares, the time and the code for the brokerage firm20 for 

every trade on the Helsinki Stock Exchange for the time period January 1st 1994 to 

December 31st 1995. Since it is feasible to manipulate the closing price only when 

large sums of money are involved, we used only the fifteen most traded shares on the 

Helsinki Stock Exchange for each year (Table 3). In Finland, many companies have 

several stock series listed, we did not include any firm twice, shares not included are 

reported in italic.  

 

Table 3: Trading volume of the stocks     
                    Year 1994                     Year 1995 

Share Trans- Volume  Share Trans- Volume 
 actions 1000 FIM   actions 1000 FIM 

Nokia, preference 17 931 12 836 681  Nokia, preference 57 017 29 821 084 
Nokia, ordinary 12 091 9 152 604  Nokia, ordinary 19 383 10 810 389 
Rauma-repola, series I 17 989 6 081 178  Rauma-repola 17 006 5 780 049 
Kymmene 13 471 4 352 172  Kymmene 14 541 5 234 322 
Enso, series R 12 808 3 489 485  Enso, series R 11 147 3 007 239 
Metsä-serla, series B 8 493 3 209 137  Outokumpu 6 860 1 822 577 
Outokumpu, series A 10 338 2 922 121  Merita, series A 9 574 1 667 249 
Unitas, series A 12 081 2 020 643  Metsä-serla, seriesB 5 325 1 428 753 
KOP 16 040 1 807 087  Valmet, series A 3 529 1 372 415 
Amer-yhtymä, serie A 7 689 1 486 355  Metra, series B 4 522 1 235 289 
Metra, series B 5 232 1 457 571  Cultor, series 2 2 220 1 178 047 
Huhtamäki, series I 7 016 1 340 994  Kesko 6 067 1 111 788 
Kesko 6 530 1 298 980  Enso, series A 3 343 1 107 142 
Valmet, series A 3 498 1 286 371  Pohjola, series B 5 389 1 063 792 
Finnlines 3 187 1 178 671  Huhtamäki, series I 4 400 1 058 599 
Rautaruukki 5 774 1 136 385  Rautaruukki 8 081 1 034 116 

    Hämeen Sähkö 1 454 912 213 
Note: Many of the firms on the Finnish stock market have several stock series listed. However, we did 
not include any firm twice. Shares not included, although they are heavily traded, are reported in italic. 
The years 1994 and 1995 had 251 and 249 trading days, respectively, and with fifteen shares each year 
we get a total number of 3765 and 3714 observations per year (Hämeen sähkö started trading February 
1st 1995). 
 

                                                        
20 The identification of buyers and sellers is crucial for the methodology we use. Without broker codes 
we would not be able to discern buyers and sellers with large net positions. 
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Many of the companies we use are also listed on other securities exchanges21. 

However, this should not be a problem. If a company is listed abroad, then investors 

are able to monitor the price of the share when Helsinki closes. This should reduce the 

manipulation and diminish the significance of our results. 

 

 

3.1 The HETI system 

 

The trading system at the Helsinki Stock Exchange is called HETI (Helsinki Stock 

Exchange automated trading and information system). The HETI system is a 

continuous limit order book, liquidity is provided by members of the exchange. The 

orders are placed in price and time priority and the contents of the limit order book for 

a particular stock are shown on computer screens to all members of the exchange. The 

HETI system closely resembles CATS system, which is used in Paris, Brussels and 

Barcelona. 

 

The trading in the HETI system consists of three different periods. The trading starts 

with a closed call 8.30-9.50 in the morning. The unmatched orders from pre trading 

form the basis for the continuous trading; the continuous trading is conducted between 

10.00 and 16.00. After the close trading continues in the after hours trading. The after 

hours’ trading is conducted after the market has closed (for our time period the close 

was 16.00 and the after hours trading 16.05-17.00 and 8.00-8.25 the next morning). 

The price level in the after hours trading is restricted by (Helsinki stock exchange 

1994) the lowest price during the day or the bid, whichever is lower, and the highest 

price during the day or the ask, whichever is higher. The implication of this rule is 

further discussed in chapter 5. There are no restrictions on who can participate in the 

after hours trading. 

 

 

 

 

                                                        
21 Of the companies in 1994 only Kesko, Finnlines and Rautaruukki were not listed abroad. In 1995 
only Cultor, Kesko, Rautaruukki and Hämeen sähkö were not listed elsewhere. 
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4 Models and hypotheses 

 

The models we test are the equations in chapter 2, equation (8) (before the close) and 

equation (9) (after the close). We use two different sets of variables to measure 

upward and downward manipulation and the reversal of the manipulation in the 

models. 

 

The return in the last 15 minutes of trading before the close is defined as the 

logarithmic difference in the closing price of share i, and the price of share i, 15 

minutes prior to the close 

 

 Ret ice Pricei,c-15 i,close i,close-15= −ln(Pr ) ln( ) .    (10) 

 

The return the first 15 minutes after the close is defined in two different ways. The 

first definition is the logarithmic difference between the closing price and the price 15 

minutes later in the after hours trading. The second definition is the logarithmic 

difference between the closing price and the price 15 minutes after opening the next 

trading day.  The advantage of using the price from the after hours trading is that the 

noise due to new information arriving to the market is clearly smaller than if the price 

after opening the next day is used. The disadvantage of using the price from after 

hours trading is that the trade might in fact have taken place earlier in the day but it 

was not reported earlier, and thus the price is not the true market price at the moment. 

The advantage of the price after opening the next day is that it is from the continuous 

trading and thus represents the true market price at that moment and the disadvantage 

is the increased noise from new information. The return for the period 15 minutes 

after the close 

 

Ret ice Pricei,c+15 i,close+15 i,close= −ln(Pr ) ln( )     (11)  

and  

Ret ice Pricei,c+15 i,open+15 i,close= −ln(Pr ) ln( ) .    (12) 

 

The first model we use is built on the theoretical model presented in chapter 2 

(equations (8) and (9)). 
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Model 1 (M1) 

 

 Ret Intercept + b1* DBuy b2 * DSell b3* DBoth ei,c-15 i,d i,d i,d i,d= + + +  

and  

 Ret Intercept + c1* DBuy c2 * DSell c3* DBoth ei,c+15 i,d i,d i,d i,d= + + +  

 

 H0: b1 or c2 ≤ 0, c1 or b2 ≥ 0 

 H1: b1, c2 > 0 and c1, b2 < 0 

 

In this model the dummy variable DBuy will take the value of 1 only if the big buyer 

makes the last trade and the big seller does not make the last trade, otherwise it will be 

zero. The dummy variable DSell takes the value of 1 if the big seller makes the last 

trade and the big buyer does not, otherwise it will be zero. Buys and sells were 

defined as big if the net position (abs(buys-sells)) for a brokerage firm in a given 

share for a given day was larger than our cut-off point. According to our theory the 

coefficient b1 (b2) should be positive (negative) to show that the return before the 

close is higher (lower) if a big buyer (seller) is active in a given day. Likewise the 

coefficient c1 (c2) should be negative (positive) to show that the return after the close 

is lower (higher) if a big buyer (seller) is active during the day. A third dummy 

variable DBoth takes the value of 1 if both the big buyer and the big seller makes the 

last trade. It is included because we removed those days from DBuy and DSell to 

avoid multicollinearity, but did not want to bias the intercept. Although we do not 

include it in our hypothesis we expect b3 to be positive and c3 to be negative. This 

means that the manipulation is stronger on the buying side, and the reason is the 

restriction on short selling in Finland22. The intercept stands for the normal return 

before and after the close when there are no big traders or the big traders do not make 

the last trade and therefore do not manipulate the closing price. 

 

                                                        
22 Since May 1995 shares can be shorted by borrowing shares. The system is not very popular due to 
high transaction costs. 
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Model 2 (M2) is a modification of model 1 (M1). Physically the models look the same 

but the definitions of the variables differ. In model 1 (M1) DBuy takes the value of 1 

if the big buyer makes the last trade and there is no big seller in the market or the big 

seller does not make the last trade. This means that we do not capture those cases 

where there is manipulation but the manipulator fails to make the last trade. To 

address this problem we define DBuy in model 2 (M2) as the number of buys by the 

big buyer in the last 15 minutes divided by the total number of trades in the last 15 

minutes, however if a big seller is active in the last 15 minutes DSell is set to 0. DSell 

is defined as the number of sells by the big seller in the last 15 minutes divided by the 

total number of trades, however if a big buyer is active in the last 15 minutes DSell is 

0. The variables DBuy and DSell measure the activity of a big buyer (big seller) in the 

last 15 minutes given that there is no active big seller (big buyer) active at the same 

time. The variable DBoth is still a dummy that takes the value of 1 if a big buyer is 

buying and a big seller is selling in the last 15 minutes, again the motivation behind 

DBoth is that we want to avoid multicollinearity and do not want to bias the intercept. 

The hypothesis for the coefficients for DBuy and DSell stays the same. 

 

 

5 Methodology 

 

The models presented in chapter 4 were evaluated using a standard OLS-regression. 

Before the regression we excluded all data points where there was no activity in the 

last 15 minutes since they convey no information of the effect that we are studying, in 

fact they would have tilted the regression towards origo23. Lack of activity led to the 

deletion of 1121 data points 1994 and 1236 data points in 1995. 

 

Since the coefficients of the dummy variable are deviations from the mean return for 

the last 15 minutes before the close and the first 15 minutes after the close, the mean 

return, represented by the intercept in our models, demands some attention. By using 

one intercept we restrict the mean return around the close to be the same for all firms. 

This problem is avoided by using firm specific intercepts.  

 

                                                        
23 We also ran regressions without omitting data; the results were very similar to those reported here. 
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Another problem is that there is no way to know how big the net position for one 

brokerage firm has to be in order to induce interest in manipulating the close price 

(this does not necessary mean that the prices are manipulated). Because we do not 

know how big the net position has to be we use six fixed cut-off points, namely 1, 3, 

5, 7, 10 and 15 million FIM. 

 

The problem with fixed cut-offs is that the higher the traded volume of a share is, the 

higher is the probability that some brokerage firm takes a big net position in the share 

during a trading day. For high fixed cut-offs (10 and 15 million FIM) this leads to 

testing our hypothesis almost only on trading with Nokia shares. To solve this 

problem we also use firm specific cut-off points. The use of fixed cut-off points is 

justified because we believe that it is foremost the market value in FIM that is 

important, not if a net position is big compared to the normal trading volume of a 

share. However, manipulation of a heavily traded share is probably more expensive 

since emptying the order book (at least partially) is required. The firm specific cut-

offs were estimated as follows; first the total volume for each share each day a given 

year was calculated. Then the cut-off was set so that X % of these daily volumes for 

share i was under this cut-off. For example the 30 % cut-off means that 30 % of the 

daily volumes for share i were below the cut-off, i.e. to be classified as a big buyer or 

seller a brokerage firm had to take a net position that was bigger than this cut-off. The 

firm specific cut-offs are reported in appendix A. 

 

We were also concerned by the effect a large volume immediately before the close 

would have on our results. If a stock is very actively traded in the last 15-minutes we 

expect the stock price to rise (fall) due to the high demand (supply) of the stock. 

However, this shift in price has nothing to do with the manipulation effect and may 

bias our results. To control for the effect of block trades we calculated the trading 

volume for the last 15 minutes for every stock each day and removed 10% of the days 

that had the highest volume of every stock. After removing this portion of the data we 

reran the regressions to see if the results changed. 

 

The last problem we address is the limits of prices in the after hours trading set by the 

rules of the Helsinki Stock Exchange (see chapter 3.1). The limits are set by the 

highest and lowest executed price during a day or by the bid-ask spread at the close, 
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whichever makes the trading range larger. If somebody wants to trade in the after 

hours market but the highest and lowest price of the day are such that the target price 

can not be reached, then he is likely to try to widen the spread by trading before the 

close to affect the spread in the desired direction. A closer look at the data reveals that 

in 17.6 % of the daily observations the ask is higher than the highest traded price 

during the day, in 14.7 % of the days the bid is lower than the lowest traded price 

during the day. To control for the possibility that prices before the close are in fact 

driven by somebody who wants to widen the range of possible prices in the after 

hours market we reran our regression after omitting the days in which the ask is 

higher than the highest price during the day and/or the bid is lower than the lowest 

price during the day. 

 

 

6 Results  

 

In this chapter we report our results for the periods before and after the close. The 

theory presented in chapter 2 suggests that if a big buyer (seller) is active during the 

day then the return before the close is higher (lower) than normally and the return 

after the close is lower (higher) than normal. 

 

 

6.1 Results before the close  

 

Six different fixed cut-off points were chosen: 1, 3, 5, 7, 10 and 15 million FIM. This 

means that a to be classified as a big buyer (seller) one broker firm had to take a net 

position in one share of 1, 3, 5, 7, 10 or 15 million FIM in one day. Table 4 below 

show the results for the two models. 

 

The intercept is positive for all models for every cut-off point. In light of earlier 

research this was expected. The intercept represents the mean return in the last 15 

minutes of trading when there are no big buyers or sellers or the big buyers and sellers 

are not active before the close, earlier empirical evidence show that prices tend to rise 

in the last minutes before close. 

 



 70

The 10 and 15 million cut-off points (table 4, panels E and F) seem to be too high. 

The insignificant F-statistics for these cut-off points leads to the conclusion that 

neither of the models is able to explain the variation in the return before the close. 

These results might depend on the fact that as the cut-off rises the number of cases 

where DBuy, DSell and DBoth have a value different from zero falls. It is also 

possible that when huge net positions are taken there might be some external reason 

for this (such as earnings announcements, dividend announcements, rumours of 

mergers etc.), which we do not control for. Because of the low F-statistics not much 

weight is put on the estimated coefficients for the 10 and 15 million cut-offs. 

 

The sign of the coefficients for DBuy and DSell are as expected for all cut-offs except 

for the DSell for the 15 million cut-off point for both models. The significance levels 

are highest for the 3, 5 and 7 million FIM cut-off points. The results in table 4 are 

consistent with our expectations. There does not seem to be any major differences 

between the two models.  
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Table 4: Results before the close with fixed cut-offs     

Model Intercept DBuy DSell DBoth R2 adj. F-value N/df 
  Panel A: 1 million cut-off    

M1 0.00037 0.00063 -0.00111 -0.00036 0.0010 2.31 * 5122 
  (1.53) (1.43) (-2.38) *** (-0.84)    5117 

M2 0.00049 0.00035 -0.00201 -0.00030 0.0013 2.67 ** 5122 
 (1.95) * (0.60) (-3.13) *** (-0.79)   5117 

  Panel B: 3 million cut-off    

M1 0.00028 0.00136 -0.00205 0.00016 0.0020 3.57 ** 5122 
  (1.47) (2.56) *** (-4.09) *** (0.28)    5117 

M2 0.00022 0.00198 -0.00212 0.00039 0.0014 2.78 ** 5122 
 (1.15) (3.04) *** (-3.11) *** (0.77)   5117 

  Panel C: 5 million cut-off    

M1 0.00020 0.00210 -0.00181 0.00154 0.0016 3.07 ** 5122 
  (1.15) (3.25) *** (-3.36) *** (2.41) ***    5117 

M2 0.00019 0.00321 -0.00324 0.00152 0.0027 4.49 *** 5122 
 (1.06) (3.58) *** (-3.71) *** (2.53) ***   5117 

  Panel D: 7 million cut-off    

M1 0.00019 0.00286 -0.00174 0.00234 0.0015 2.96 ** 5122 
  (1.11) (4.28) *** (-2.81) *** (2.56) ***    5117 

M2 0.00019 0.00318 -0.00215 0.00174 0.0009 2.21 * 5122 
 (1.11) (3.36) *** (-1.91) * (2.30) **   5117 

  Panel E: 10 million cut-off    

M1 0.00021 0.00229 -0.00072 0.00334 0.0001 1.15 5122 
  (1.29) (2.58) *** (-1.07) (3.67) ***    5117 

M2 0.00022 0.00216 -0.00169 0.00178 -0.0002 0.78 5122 
 (1.34) (1.93) * (-1.58) (1.80) *   5117 

  Panel F: 15 million cut-off    

M1 0.00023 0.00213 0.00022 0.00403 -0.0004 0.46 5122 
  (1.41) (2.47) *** (0.17) (3.16) ***    5117 

M2 0.00022 0.00321 0.00246 0.00188 -0.0004 0.52 5122 
 (1.35) (3.38) *** (1.08) (1.15)   5117 

Note: The t-statistics are reported in parenthesis under the coefficient estimates. One star (*) denotes 
significance at the 10 % level, two stars (**) denote significance at the 5 % level, three stars (***) 
denote significance at the 1 % level. The t-statistics were modified by the Newey-West method for one 
lag. Also reported are the adjusted R-square, the F-statistic, the number of observations and the degrees 
of freedom. 
 

The coefficient for DBoth is positive except for the 1 million cut-off. Although we did 

not include it in our hypothesis the sign was expected to be positive, this simply 

reflects the fact that short selling is prohibited in Finland. 
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6.2 Robustness of the results before the close 

 

The robustness of the results concerning the return patterns before the close was 

tested by (discussion in chapter 5): 

 

a. using firm specific intercepts, 

b. using firm specific cut-offs, 

c. controlling for block trades, 

d. controlling for traders wanting to influence the spread. 

  

When we used firm specific intercepts the results stayed virtually the same (results 

reported in appendix B). There is no evidence that the use of only one intercept affects 

the results in any way. 

 

The results for firm specific cut-off points (shown in appendix C) are inconclusive. 

Except for the 30 % cut-off the F-value for both models is insignificant. However, the 

coefficients of DBuy and DSell still have the expected sign in all cases. Already in 

chapter 5 we hinted that the use of firm specific cut-offs might not be such a good 

idea since it is likely that the total volume in FIM is critical in the decision to 

manipulate, not the volume compared to the normal volume for the share.  

 

We were also concerned by the effect a large volume before the close would have on 

our results. After omitting block trades (results shown in appendix D), the power of 

the model is clearly poorer, the F-values are significant only for the 5 million cut-off 

and the 3 million cut-off for model 1. The interesting thing is that even if the model 

does a poor job in explaining the returns before the close the coefficients of DBuy and 

DSell (with the exception of DSell, model 2, 15 million cut-off) still have the 

predicted signs, many of them are even statistically significant. It is clear that block 

trades explain a part of our results but not all. 

 

The last thing we control for is the possibility that traders want to broaden the bid-ask 

spread before the close to achieve their target price in after hours trading. We 

controlled for this by removing all observations in which the ask price at the close 
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was higher than the highest price and/or the bid price was lower than the lowest price 

during the day. The result (results shown in appendix E) is that the significance of the 

model, reported by the F-value, is clearly lower. Only Model 1 with a cut-off of 3 

million and both models with a cut-off of 5 million FIM has significant F-values. But 

again the coefficients of DBuy and DSell have the expected signs, with the exceptions 

of model 2 with 1 million cut-off and both models with the 15 million cut-off, and 

many of them are significant. It is clear that the widening of the price range for the 

after hours trading might explain a part of our results, but not all. 

 

The robustness test show that a part of our results in chapter 6.1 can be explained by 

block trades and by trades done to widen the spread. However, even if the results are 

weaker when we control for these things there is still some support for our hypothesis 

of price manipulation. 

 

 

6.3 Results after the close 

 

As outlined in chapter 4 we use two different returns for the period after the close. In 

chapter 6.3.1 we report the results with the return from the close to 15 minutes after 

the close in the after hours trading. In chapter 6.3.2 we use the return from the close to 

15 minutes after the opening the next day. 

 

The expected result is that the variable DBuy will have a negative coefficient and the 

variable DSell will have a positive coefficient. This reflects that a big buyer (big 

seller) would manipulate the close price upwards (downwards) and after the close we 

would observe a more negative (positive) return than usually when the share price 

falls (rises) to its true level. 

 

 

6.3.1 Results with returns from the close to 15 minutes after the close 

 

Table 5 below show the results for the two models for different cut-offs when we use 

the return from the close to 15 minutes after the close in the after hours trading as the 

dependent variable. 
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Table 5: Results with returns from the close to close + 15 min with fixed cut-offs  

Model Intercept DBuy DSell DBoth R2 adj. F-value N/df 
  Panel A: 1 million cut-off    

M1 -0.00023 -0.00090 -0.00001 -0.00049 0.0008 2.02 5122 
  (-1.50) (-2.36) *** (-0.02) (-1.63)    5117 

M2 -0.00026 -0.00046 0.00027 -0.00063 0.0005 1.65 5122 
 (-1.56) (-1.10) (0.57) (-2.10) **   5117 

  Panel B: 3 million cut-off    

M1 -0.00043 -0.00065 0.00025 0.00012 -0.0003 0.56 5122 
  (-3.26) *** (-1.20) (0.40) (0.21)    5117 

M2 -0.00044 -0.00061 0.00050 -0.00006 -0.0005 0.36 5122 
 (-3.27) *** (-1.07) (0.96) (-0.11)   5117 

  Panel C: 5 million cut-off    

M1 -0.00045 -0.00090 0.00049 0.00098 0.0000 1.01 5122 
  (-3.57) *** (-1.34) (0.49) (1.01)    5117 

M2 -0.00043 -0.00127 -0.00041 0.00070 -0.0001 0.92 5122 
 (-3.42) *** (-1.73) * (-0.55) (0.71)   5117 

  Panel D: 7 million cut-off    

M1 -0.00044 -0.00135 0.00102 0.00069 0.0002 1.24 5122 
  (-3.49) *** (-1.82) * (0.90) (0.42)    5117 

M2 -0.00046 -0.00170 0.00230 0.00045 0.0005 1.64 5122 
 (-3.66) *** (-1.89) * (1.66) * (0.37)   5117 

  Panel E: 10 million cut-off    

M1 -0.00043 -0.00167 0.00109 -0.00224 0.0002 1.25 5122 
  (-3.45) *** (-1.79) * (0.61) (-1.85) *    5117 

M2 -0.00047 -0.00078 0.00455 -0.00092 0.0008 2.08 * 5122 
 (-3.80) *** (-0.61) (2.04) ** (-0.52)   5117 

  Panel F: 15 million cut-off    

M1 -0.00043 -0.00312 -0.00044 -0.00173 0.0001 1.09 5122 
  (-3.44) *** (-2.18) ** (-0.20) (-1.35)    5117 

M2 -0.00045 -0.00231 0.00231 0.00035 -0.0004 0.45 5122 
 (-3.66) *** (-0.92) (1.00) (0.13)   5117 

Note: The t-statistics are reported in parenthesis under the coefficient estimates. One star (*) denotes 
significance at the 10 % level, two stars (**) denote significance at the 5 % level, three stars (***) 
denote significance at the 1 % level. The t-statistics were modified by the Newey-West method for one 
lag. Also reported are the adjusted R-square, the F-statistic, the number of observations and the degrees 
of freedom. 
 

The power of the models is nearly null. This is reflected by the low adjusted R-square 

and the low F-values. All the F-values are insignificant at the 5 % significance level. 
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The probable explanation to the poor results is the noise in the 15-minute return after 

the close. The problem is that even if the trade is reported in the after hours trading, 

the trade itself could have been negotiated earlier in the day but not reported earlier 

(for details see Hedvall 1994). This means that the price in the after hours trading that 

we use to compute the return is not the true price at that time. 

 

Even if the models seem to lack explanatory power we like to comment on the 

coefficients of the variables. The coefficient of DBuy, which is expected to be 

negative, is negative for both models with all six cut-offs. The coefficient of DSell, 

expected to be positive, is positive for four cut-offs out of six for model 1 and positive 

for five cut-offs out of six for model 2. 

 

We think that there still is some evidence that prices in fact are manipulated since the 

signs of the coefficients tend to be the expected, but the overall weakness of the 

model should be kept in mind. 

 

 

6.3.2 Results with returns from the close to 15 minutes after opening the next day 

 

Table 6 below show the results when we use the return from the close to 15 minutes 

past the opening the next day as dependent variable. 

 

The results are very similar to those presented in chapter 6.3.1 where we used the 

return from the close to 15 minutes after the close. The F-values for both models are 

still insignificant at the 5 % level except for model 1 with a 3 million FIM cut-off. 

However, the reasons for the insignificant results are probably quite different. 

Whereas the problem in chapter 6.3.1 was that the observed price was not a good 

proxy for the true price at the moment, the price 15 minutes after opening is most 

likely a good proxy for the true price at that time. The problem is instead that 18 hours 

15 minutes has passed in which new information has arrived, which makes the return 

estimate very noisy. 
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Table 6: Results with the return from the close to 15 min after open next day, fixed cut-offs 

Model Intercept DBuy DSell DBoth R2 adj. F-value N/df 
  Panel A: 1 million cut-off    

M1 0.00097 -0.00107 0.00098 0.00033 0.0010 2.26 * 5122 
  (3.57) *** (-1.95) * (1.77) * (0.59)    5117 

M2 0.00111 -0.00069 0.00112 -0.00057 0.0003 1.40 5122 
 (4.62) *** (-1.01) (1.76) * (-1.09)   5117 

  Panel B: 3 million cut-off    

M1 0.00099 -0.00237 0.00116 0.00200 0.0026 4.40 *** 5122 
  (4.55) *** (-2.51) *** (1.33) (2.15) **    5117 

M2 0.00112 -0.00306 0.00118 -0.00048 0.0011 2.46 * 5122 
 (5.44) *** (-2.71) *** (1.12) (-0.49)   5117 

  Panel C: 5 million cut-off    

M1 0.00091 0.00016 0.00127 0.00207 -0.0001 0.86 5122 
  (4.31) *** (0.12) (1.00) (1.29)    5117 

M2 0.00105 -0.00165 -0.00003 -0.00026 -0.0005 0.35 5122 
 (5.32) *** (-1.35) (-0.02) (-0.13)   5117 

  Panel D: 7 million cut-off    

M1 0.00092 0.00121 0.00130 0.00198 -0.0003 0.65 5122 
  (4.45) *** (0.77) (0.70) (0.72)    5117 

M2 0.00101 0.00006 0.00168 -0.00222 -0.0001 0.81 5122 
 (5.04) *** (0.03) (0.82) (-0.66)   5117 

  Panel E: 10 million cut-off    

M1 0.00094 0.00230 0.00069 0.00273 -0.0002 0.72 5122 
  (4.59) *** (1.07) (0.24) (0.64)    5117 

M2 0.00104 -0.00107 -0.00056 -0.00280 -0.0003 0.56 5122 
 (5.20) *** (-0.51) (-0.17) (-0.46)   5117 

  Panel F: 15 million cut-off    

M1 0.00096 0.00433 0.00187 -0.00129 -0.0001 0.89 5122 
  (4.68) *** (1.23) (0.40) (-0.25)    5117 

M2 0.00105 -0.00379 -0.00504 -0.00492 0.0002 1.25 5122 
 (5.27) *** (-0.93) (-0.73) (-0.39)   5117 

Note: The t-statistics are reported in parenthesis under the coefficient estimates. One star (*) denotes 
significance at the 10 % level, two stars (**) denote significance at the 5 % level, three stars (***) 
denote significance at the 1 % level. The t-statistics were modified by the Newey-West method for one 
lag. Also reported are the adjusted R-square, the F-statistic, the number of observations and the degrees 
of freedom. 
 

The coefficient of DBuy is negative in two cases of six for model 1 and in five cases 

of six for model 2. Of all 12 of the coefficients DBuy two are significant at the 5 % 



 77

level, both are negative as expected. The coefficient of DSell is positive in all cases 

for model 1 and in 3 out of 6 cases for model 2.  

 

The results are not impressive but in the only case with a significant F-value (model 1 

with 3 million cut-off) the signs of DBuy and DSell were the expected. Overall the 

performance of the models was not impressive but the result is still somewhat tilted in 

favour of our hypothesis. 

 

 

6.4 Robustness of the results after the close 

 

The robustness of the results was tested (as in chapter 6.2) by using firm specific 

intercepts, using firm specific cut-offs, controlling for block trades and controlling for 

traders who want to influence the spread at the close. 

 

The results stayed the same with firm specific intercept when we use the return from 

the close to 15 minutes after the close. The results are mostly insignificant but the 

signs are the expected (results shown in appendix B). When we use the return from 

the close to 15 minutes after the opening the next day the F-values are significant for 

both models and all cut-offs. The results seem to be significant because there are 

differences in the overnight return between different shares, which is captured by the 

intercept. For the variables DBuy and DSell the results do not change from the earlier 

results reported (results shown in appendix B). 

 

The results (results shown in appendix C) when we used firm specific cut-offs did not 

change very much from the results reported in chapters’ 6.3.1 and 6.3.2. The only 

noteworthy thing is that when we use the return from the close to 15 minutes past the 

opening the next day we get significant F-values for both models for the 40 % cut-off 

and for model 1 with 60 % cut-off. For these significant cases we get the right signs 

for DBuy and DSell, the coefficients are significant at the 5 % level for DBuy with 60 

% cut-off and for DSell with 40 % cut-off. 

 

After excluding block trades the results (results shown in appendix D) remained the 

same. With a few exceptions both models had insignificant F-values for every cut-off 
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with both definitions of the return after the close. The coefficients for DBuy, expected 

to be negative, were negative in 18 of 24 cases, three of these were significantly 

negative. For the return from the close to 15 minutes after opening the next day the 

signs were not the expected for the 7, 10 and 15 million FIM cut-offs. The 

coefficients for DSell, expected to be positive, were positive in 20 of 24 cases, three 

of these were significantly positive. For the return from the close to 15 minutes after 

the opening the next day, using model 2, the signs were not the expected for the 5, 7, 

10 and 15 million FIM cut-offs. 

 

The final thing we control for is the possibility that traders want to broaden the spread 

before the close in order to secure a preferred trading range during the after hours 

market. All days in which the ask was higher than the highest price and/or the bid was 

lower than the lowest price were excluded. The F-values (results shown in appendix 

E) for every cut-off for both models and both definitions on the return after the close 

were insignificant at the 5 % level. The coefficient of DBuy was negative in 19 of 24 

cases, one significantly at the 5 % level. The coefficient of DSell was positive in 19 of 

24 cases, one was significant at the 5 % level. 

 

Overall, the robustness test did not change the results in chapter 6.3. The results still 

remain insignificant but the signs give a slight support to our hypothesis. 

 

 

7 Summary and conclusions 

 

In this paper we examine if traders manipulate closing prices or not. Earlier papers 

have stated that one of the most used performance benchmarks is the closing price 

(Hedvall 1994). If the closing price is used as a benchmark we expect that a trader 

might want to influence the closing price to improve his performance during a day 

(Hillion and Suominen 2001). Our hypothesis is that when a trader takes a big net 

position a given day he has an incentive to manipulate the closing price upwards 

(downwards) if he has bought (sold) shares during the day. 

 

In line with this hypothesis we expect the return to be unusually high (low) during the 

last 15 minutes before close when a big buyer (seller) is active during the day. This 
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happens because the buyer (seller) prefers a higher (lower) closing price and 

manipulates the price upwards (downwards). After the close, we expect the return to 

be unusually low (high) since the price readjusts to its true level. We use six different 

cut-offs24 to classify traders as big buyers and big sellers. The robustness of our 

results is checked towards firm specific mean returns25, firm specific cut-off, block 

trading and traders wanting to widen the bid-ask spread. 

 

For the period prior to the close, the results seemed to be in line with our hypotheses 

except for the highest cut-offs. The coefficient estimates were of the right sign and 

statistically significant. The robustness check showed that the models are not sensitive 

to the use of one intercept instead of firm specific intercepts. The results, however, 

seem to be sensitive to block trading and to the widening of the spread. When we 

controlled for block trading and the widening of the spread, the significance of the 

results dropped but did not disappear. 

 

After the close, we used two different returns: the return from the close to 15 minutes 

after the close in the after hours trading and the return from the close to 15 minutes 

after the opening the next day. The use of both these returns gave very weak results. 

The results did not change in the robustness checks. The weakness of the results is 

likely to depend on the problems in measuring the returns. The return from close to 15 

minutes after the close in the after hours trading suffers from the fact that the price in 

the after hours trading may not be a good proxy for the true price at the moment, 

instead it might be a price that was agreed on earlier in the day. The return from the 

close to 15 minutes after the opening the next day suffers from noise from new 

information arriving to the market during the night. 

 

Overall, the results were weak and insignificant, especially after the close. We claim 

to have weak support for our hypotheses, mainly because the signs were the expected, 

but further research is needed before the question of whether or not manipulation 

occurs is resolved. 

 

                                                        
24 With cut-off we mean the size of the net position that discriminates big buyers and sellers from other 
buyers and sellers. 
 
25 The mean return is captured by the intercept in our models. 
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Appendix A: Firm specific cut-offs 

 

 

Firm specific cut-offs 1994    
YEAR 1994   CUT-OFF  
Share 30% 40% 50% 60% 70% 
Nokia, preference 18 603 790 22 648 392 26 279 007 31 619 139 38 411 800 
Rauma-repola, series I 11 481 620 13 757 002 16 288 774 18 804 740 22 907 146 
Kymmene 7 916 210 9 924 158 11 533 309 14 786 600 16 961 736 
Enso, series R 5 911 950 6 673 380 8 020 553 10 558 460 12 942 188 
Metsä-serla, series B 4 798 436 5 831 710 7 503 800 9 484 200 11 801 682 
Outokumpu, series A 5 324 321 6 500 370 7 754 004 9 521 500 10 997 500 
Unitas, series A 2 805 120 3 234 178 4 092 472 5 008 982 6 132 032 
Kansallis-osake-
pankki 

2 494 520 3 190 006 4 013 679 5 754 180 6 954 536 

Amer-yhtymä, series 
A 

1 428 600 1 949 380 2 882 650 3 943 896 5 276 245 

Metra, series B 1 688 100 2 435 649 3 180 950 4 353 925 5 566 944 
Huhtamäki, series I 2 167 100 2 822 700 3 585 705 4 652 000 5 616 600 
Kesko 1 958 100 2 403 003 3 025 970 3 814 800 4 517 757 
Valmet, series A 964 620 1 371 054 1 878 605 2 945 000 3 918 500 
Finnlines 1 198 800 1 586 800 2 016 200 2 847 528 3 790 800 
Rautaruukki 1 771 135 2 129 955 2 807 013 3 486 824 4 376 475 
 

Firm dependent cut-offs 1995    
YEAR 1995    CUT-OFF  
Share 30% 40% 50% 60% 70% 
Nokia, preference 52 332 969 58 483 553 67 930 170 80 205 888 94 891 043 
Rauma-repola 8 316 979 9 635 502 10 956 250 12 371 501 15 111 607 
Kymmene 8 047 850 9 468 580 11 378 635 13 566 873 15 890 063 
Enso, series R 3 062 930 4 068 180 5 021 425 5 931 745 7 210 775 
Outokumpu 2 254 100 3 002 600 3 709 400 4 648 778 5 465 850 
Merita, series A 1 533 135 2 062 520 2 444 888 3 133 890 4 125 972 
Metsä-serla, series B 1 309 840 1 743 400 2 391 000 3 155 195 3 809 318 
Valmet, series A 809 400 1 365 200 2 111 400 3 327 500 4 200 000 
Metra, series B 1 203 400 1 649 800 2 061 400 2 455 500 3 272 435 
Cultor, series 2 297 810 447 400 745 000 1 090 600 1 475 100 
Kesko 1 244 450 1 627 450 1 986 600 2 316 015 3 043 844 
Pohjola, series B 793 000 1 184 100 1 541 150 1 969 750 2 892 570 
Huhtamäki, series I 795 800 1 074 500 1 641 600 2 021 100 2 811 600 
Rautaruukki 1 262 050 1 717 250 2 222 137 2 699 917 3 333 219 
Hämeen Sähkö 1 495 653 1 910 500 2 491 600 2 953 100 3 765 100 
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Appendix B: Results with firm specific intercepts 
 
 
Results before close      

Model DBuy DSell DBoth R2 adj. F-value N/df 
  Panel A: 1 million cut-off   

M1 0.00054 -0.00114 -0.00047 0.00211 1.47 * 5122 
  (1.18) (-2.40) *** (-1.07)     5098 

M2 0.00025 -0.00204 -0.00040 0.00243 1.54 * 5122 
 (0.43) (-3.14) *** (-0.96)     5098 

  Panel B: 3 million cut-off   

M1 0.00124 -0.00212 0.00005 0.00306 1.68 ** 5122 
  (2.26) ** (-4.08) *** (0.07)     5098 

M2 0.00187 -0.00221 0.00040 0.00251 1.56 * 5122 
 (2.83) *** (-3.16) *** (0.70)     5098 

  Panel C: 5 million cut-off   
M1 0.00208 -0.00172 0.00153 0.00261 1.58 ** 5122 

  (3.12) *** (-3.10) *** (2.31) **     5098 

M2 0.00320 -0.00318 0.00170 0.00387 1.86 ** 5122 
 (3.55) *** (-3.56) *** (2.61) ***     5098 

  Panel D: 7 million cut-off   
M1 0.00287 -0.00153 0.00240 0.00249 1.55 * 5122 

  (4.16) *** (-2.43) *** (2.60) ***     5098 
M2 0.00311 -0.00194 0.00203 0.00201 1.45 * 5122 

 (3.19) *** (-1.68) * (2.62) ***     5098 
  Panel E: 10 million cut-off   

M1 0.00223 -0.00053 0.00340 0.00117 1.26 5122 
  (2.44) *** (-0.81) (3.79) ***     5098 

M2 0.00200 -0.00155 0.00211 0.00096 1.21 5122 
 (1.76) * (-1.49) (2.12) **     5098 

  Panel F: 15 million cut-off   
M1 0.00216 0.00055 0.00367 0.00068 1.15 5122 

  (2.49) *** (0.43) (3.11) ***     5098 
M2 0.00326 0.00307 0.00220 0.00079 1.17 5122 

 (3.33) *** (1.39) (1.39)     5098 
Note: The t-statistics are reported in parenthesis under the coefficient estimates. One star 
(*) denotes significance at the 10 % level, two stars (**) denote significance at the 5 % 
level, three stars (***) denote significance at the 1 % level. The t-statistics were modified 
by the Newey-West method for one lag. Also reported are the adjusted R-square, the F-
statistic, the number of observations and the degrees of freedom. 
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Appendix B: Results with firm specific intercepts (continued) 
 
 
Results with return from close to close + 15 minutes  

Model DBuy DSell DBoth R2 adj. F-value N/df 
  Panel A: 1 million cut-off   

M1 -0.00086 -0.00006 -0.00053 0.00194 1.43 * 5122 
  (-2.26) ** (-0.15) (-1.63)     5098 

M2 -0.00035 0.00024 -0.00072 0.00196 1.43 * 5122 
 (-0.82) (0.51) (-2.28) **     5098 

  Panel B: 3 million cut-off   
M1 -0.00060 0.00017 0.00002 0.00089 1.19 5122 

  (-1.06) (0.28) (0.02)     5098 
M2 -0.00042 0.00050 -0.00021 0.00079 1.17 5122 

 (-0.71) (0.93) (-0.35)     5098 
  Panel C: 5 million cut-off   

M1 -0.00091 0.00038 0.00091 0.00127 1.28 5122 
  (-1.28) (0.39) (0.88)     5098 

M2 -0.00124 -0.00038 0.00050 0.00111 1.24 5122 
 (-1.59) (-0.48) (0.50)     5098 

  Panel D: 7 million cut-off   

M1 -0.00141 0.00068 0.00059 0.00140 1.31 5122 
  (-1.75) * (0.58) (0.35)     5098 

M2 -0.00157 0.00208 0.00019 0.00158 1.35 5122 
 (-1.69) * (1.45) (0.14)     5098 

  Panel E: 10 million cut-off   
M1 -0.00172 0.00056 -0.00247 0.00145 1.32 5122 

  (-1.72) * (0.29) (-2.05) **     5098 
M2 -0.00059 0.00420 -0.00137 0.00206 1.46 * 5122 

 (-0.45) (1.78) * (-0.73)     5098 
  Panel F: 15 million cut-off   

M1 -0.00351 -0.00135 -0.00176 0.00163 1.36 5122 
  (-2.31) ** (-0.61) (-1.45)     5098 

M2 -0.00243 0.00182 -0.00025 0.00087 1.19 5122 
 (-1.01) (0.73) (-0.09)     5098 

Note: The t-statistics are reported in parenthesis under the coefficient estimates. One star 
(*) denotes significance at the 10 % level, two stars (**) denote significance at the 5 % 
level, three stars (***) denote significance at the 1 % level. The t-statistics were modified 
by the Newey-West method for one lag. Also reported are the adjusted R-square, the F-
statistic, the number of observations and the degrees of freedom. 
 



 85

Appendix B: Results with firm specific intercepts (continued)  
 
 
Results with returns from close to 15 minutes after the opening the next day 

Model DBuy DSell DBoth R2 adj. F-value N/df 
  Panel A: 1 million cut-off   

M1 -0.00122 0.00074 0.00008 0.00616 2.38 *** 5122 
  (-2.16) ** (1.30) (0.14)     5098 

M2 -0.00089 0.00072 -0.00094 0.00587 2.31 *** 5122 
 (-1.28) (1.13) (-1.77) *     5098 

  Panel B: 3 million cut-off   

M1 -0.00268 0.00078 0.00185 0.00816 2.83 *** 5122 
  (-2.75) *** (0.87) (1.89) *     5098 

M2 -0.00356 0.00037 -0.00084 0.00679 2.52 *** 5122 
 (-3.08) *** (0.34) (-0.97)     5098 

  Panel C: 5 million cut-off   
M1 -0.00005 0.00117 0.00204 0.00513 2.15 *** 5122 

  (-0.04) (0.89) (1.24)     5098 

M2 -0.00222 -0.00076 -0.00050 0.00508 2.14 *** 5122 
 (-1.79) * (-0.44) (-0.29)     5098 

  Panel D: 7 million cut-off   
M1 0.00096 0.00136 0.00202 0.00496 2.11 *** 5122 

  (0.59) (0.73) (0.74)     5098 
M2 -0.00076 0.00121 -0.00239 0.00518 2.16 *** 5122 

 (-0.49) (0.59) (-0.76)     5098 
  Panel E: 10 million cut-off   

M1 0.00206 0.00108 0.00298 0.00506 2.13 *** 5122 
  (0.94) (0.38) (0.71)     5098 

M2 -0.00188 -0.00086 -0.00269 0.00502 2.12 *** 5122 
 (-0.89) (-0.27) (-0.46)     5098 

  Panel F: 15 million cut-off   
M1 0.00438 0.00266 -0.00081 0.00528 2.18 *** 5122 

  (1.20) (0.56) (-0.16)     5098 
M2 -0.00512 -0.00555 -0.00467 0.00559 2.25 *** 5122 

 (-1.30) (-0.80) (-0.38)     5098 
Note: The t-statistics are reported in parenthesis under the coefficient estimates. One star 
(*) denotes significance at the 10 % level, two stars (**) denote significance at the 5 % 
level, three stars (***) denote significance at the 1 % level. The t-statistics were modified 
by the Newey-West method for one lag. Also reported are the adjusted R-square, the F-
statistic, the number of observations and the degrees of freedom. 
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Appendix C: Results with firm specific cut-offs 
 
 
Results before close       

Model Intercept DBuy DSell DBoth R2 adj. F-value N/df 
  Panel A: 30 % cut-off    

M1 0.00032 0.00154 -0.00265 -0.00035 0.00345 5.45 *** 5122 
  (1.78) * (2.40) *** (-3.69) *** (-0.53)     5117 

M2 0.00030 0.00144 -0.00290 0.00018 0.00238 4.06 *** 5122 
 (1.68) * (2.31) ** (-3.54) *** (0.27)     5117 

  Panel B: 40 % cut-off    

M1 0.00032 0.00073 -0.00255 -0.00021 0.00118 2.51 * 5122 
  (1.84) * (1.00) (-3.14) *** (-0.24)     5117 

M2 0.00028 0.00132 -0.00240 0.00004 0.00082 2.05 5122 
 (1.62) (1.90) * (-2.56) *** (0.03)     5117 

  Panel C: 50 % cut-off    
M1 0.00029 0.00100 -0.00259 0.00007 0.00079 2.01 5122 

  (1.70) * (1.04) (-2.85) *** (0.06)     5117 

M2 0.00025 0.00230 -0.00235 -0.00001 0.00094 2.21 * 5122 
 (1.46) (2.39) *** (-2.03) ** (-0.00)     5117 

  Panel D: 60 % cut-off    
M1 0.00021 0.00224 -0.00005 -0.00024 -0.00003 0.96 5122 

  (1.25) (1.93) * (-0.03) (-0.21)     5117 
M2 0.00021 0.00368 -0.00140 -0.00004 0.00082 2.05 5122 

 (1.24) (2.90) *** (-0.88) (-0.02)     5117 
  Panel E: 70 % cut-off    

M1 0.00022 0.00317 -0.00176 0.00222 0.00028 1.36 5122 
  (1.36) (2.00) ** (-1.26) (1.70) *     5117 

M2 0.00021 0.00479 -0.00162 0.00239 0.00072 1.92 5122 
 (1.27) (2.22) ** (-0.93) (1.61)     5117 

Note: The t-statistics are reported in parenthesis under the coefficient estimates. One star (*) denotes 
significance at the 10 % level, two stars (**) denote significance at the 5 % level, three stars (***) 
denote significance at the 1 % level. The t-statistics were modified by the Newey-West method for one 
lag. Also reported are the adjusted R-square, the F-statistic, the number of observations and the degrees 
of freedom. 
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Appendix C: Results with firm specific cut-offs (continued) 
 
 
Results with return from close to close + 15 minutes   

Model Intercept DBuy DSell DBoth R2 adj. F-value N/df 
  Panel A: 30 % cut-off    

M1 -0.00035 -0.00105 -0.00057 0.00020 0.00041 1.53 5122 
  (-2.64) *** (-1.94) * (-1.10) (0.35)     5117 

M2 -0.00037 -0.00008 0.00009 -0.00095 0.00014 1.18 5122 
 (-2.78) *** (-0.14) (0.14) (-1.80) *     5117 

  Panel B: 40 % cut-off    
M1 -0.00040 -0.00087 -0.00037 0.00012 -0.00023 0.69 5122 

  (-3.09) *** (-1.26) (-0.64) (0.13)     5117 
M2 -0.00039 -0.00058 -0.00026 -0.00072 -0.00035 0.55 5122 

 (-2.99) *** (-0.81) (-0.41) (-0.93)     5117 
  Panel C: 50 % cut-off    

M1 -0.00043 -0.00064 -0.00017 0.00039 -0.00056 0.28 5122 
  (-3.39) *** (-0.79) (-0.25) (0.30)     5117 

M2 -0.00043 -0.00027 0.00004 -0.00059 -0.00064 0.17 5122 
 (-3.36) *** (-0.38) (0.06) (-0.51)     5117 

  Panel D: 60 % cut-off    

M1 -0.00042 -0.00140 -0.00133 0.00141 0.00038 1.48 5122 
  (-3.35) *** (-1.25) (-1.10) (0.88)     5117 

M2 -0.00042 -0.00076 -0.00117 -0.00020 -0.00046 0.40 5122 
 (-3.36) *** (-0.80) (-1.15) (-0.12)     5117 

  Panel E: 70 % cut-off    
M1 -0.00046 -0.00057 0.00315 -0.00193 0.00057 1.72 5122 

  (-3.74) *** (-0.33) (1.50) (-1.13)     5117 
M2 -0.00045 -0.00171 0.00297 -0.00153 0.00048 1.61 5122 

 (-3.64) *** (-0.92) (1.13) (-0.86)     5117 
Note: The t-statistics are reported in parenthesis under the coefficient estimates. One star (*) denotes 
significance at the 10 % level, two stars (**) denote significance at the 5 % level, three stars (***) 
denote significance at the 1 % level. The t-statistics were modified by the Newey-West method for one 
lag. Also reported are the adjusted R-square, the F-statistic, the number of observations and the degrees 
of freedom. 
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Appendix C: Results with firm specific cut-offs (continued)  
 
 
Results with returns from close to 15 minutes after the opening the next day 

Model Intercept DBuy DSell DBoth R2 adj. F-value N/df 
  Panel A: 30 % cut-off    

M1 0.00102 -0.00052 0.00101 -0.00091 -0.00015 0.81 5122 
  (4.51) *** (-0.72) (1.49) (-0.98)     5117 

M2 0.00108 -0.00053 0.00071 -0.00116 -0.00008 0.89 5122 
 (5.15) *** (-0.63) (0.87) (-1.09)     5117 

  Panel B: 40 % cut-off    

M1 0.00101 -0.00165 0.00256 -0.00106 0.00139 2.78 ** 5122 
  (4.69) *** (-1.80) * (2.82) *** (-0.88)     5117 

M2 0.00106 -0.00153 0.00278 -0.00237 0.00206 3.64 ** 5122 
 (5.26) *** (-1.55) (2.79) *** (-1.38)     5117 

  Panel C: 50 % cut-off    
M1 0.00101 -0.00246 0.00255 -0.00027 0.00121 2.55 * 5122 

  (4.77) *** (-1.99) ** (2.58) *** (-0.18)     5117 

M2 0.00103 -0.00322 0.00190 0.00010 0.00085 2.09 * 5122 
 (4.95) *** (-2.23) ** (1.60) (0.07)     5117 

  Panel D: 60 % cut-off    
M1 0.00105 -0.00390 0.00221 -0.00116 0.00129 2.66 ** 5122 

  (5.08) *** (-2.25) ** (1.50) (-0.59)     5117 
M2 0.00107 -0.00474 -0.00016 0.00068 0.00096 2.23 * 5122 

 (5.23) *** (-2.36) *** (-0.08) (0.41)     5117 
  Panel E: 70 % cut-off    

M1 0.00102 -0.00420 0.00327 -0.00271 0.00075 1.95 5122 
  (4.94) *** (-1.52) (1.67) * (-0.86)     5117 

M2 0.00102 -0.00565 0.00330 -0.00165 0.00076 1.98 5122 
 (4.96) *** (-1.53) (1.43) (-0.69)     5117 

Note: The t-statistics are reported in parenthesis under the coefficient estimates. One star (*) denotes 
significance at the 10 % level, two stars (**) denote significance at the 5 % level, three stars (***) 
denote significance at the 1 % level. The t-statistics were modified by the Newey-West method for one 
lag. Also reported are the adjusted R-square, the F-statistic, the number of observations and the degrees 
of freedom. 
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Appendix D: Results when block trades are omitted 
 
 
Results before close       

Model Intercept DBuy DSell DBoth R2 adj. F-value N/df 
  Panel A: 1 million cut-off    

M1 0.00030 0.00046 -0.00088 -0.00057 0.00033 1.38 4609 
  (1.24) (1.02) (-1.76) * (-1.23)     4604 

M2 0.00043 0.00010 -0.00178 -0.00036 0.00075 1.87 4609 
 (1.65) * (0.17) (-2.70) *** (-0.88)     4604 

  Panel B: 3 million cut-off    

M1 0.00022 0.00147 -0.00214 -0.00062 0.00180 3.08 ** 4609 
  (1.14) (2.66) *** (-3.89) *** (-0.90)     4604 

M2 0.00017 0.00220 -0.00165 -0.00029 0.00084 1.97 4609 
 (0.87) (3.19) *** (-2.31) ** (-0.46)     4604 

  Panel C: 5 million cut-off    
M1 0.00017 0.00208 -0.00254 0.00098 0.00144 2.66 ** 4609 

  (0.93) (3.47) *** (-4.15) *** (1.21)     4604 

M2 0.00017 0.00296 -0.00394 0.00120 0.00209 3.42 ** 4609 
 (0.90) (3.07) *** (-3.78) *** (1.87) *     4604 

  Panel D: 7 million cut-off    
M1 0.00015 0.00213 -0.00219 0.00226 0.00044 1.50 4609 

  (0.86) (3.21) *** (-3.23) *** (2.47) ***     4604 
M2 0.00015 0.00238 -0.00166 0.00133 -0.00014 0.84 4609 

 (0.81) (2.57) *** (-1.17) (1.42)     4604 
  Panel E: 10 million cut-off    

M1 0.00016 0.00275 -0.00110 0.00208 -0.00018 0.79 4609 
  (0.89) (2.82) *** (-1.62) (2.84) ***     4604 

M2 0.00016 0.00281 -0.00218 0.00119 -0.00036 0.58 4609 
 (0.93) (2.56) *** (-2.17) ** (0.94)     4604 

  Panel F: 15 million cut-off    
M1 0.00017 0.00250 -0.00017 0.00086 -0.00063 0.27 4609 

  (0.95) (2.49) *** (-0.14) (1.15)     4604 
M2 0.00016 0.00399 0.00094 0.00035 -0.00058 0.33 4609 

 (0.92) (3.97) *** (0.53) (0.17)     4604 
Note: The t-statistics are reported in parenthesis under the coefficient estimates. One star (*) denotes 
significance at the 10 % level, two stars (**) denote significance at the 5 % level, three stars (***) 
denote significance at the 1 % level. The t-statistics were modified by the Newey-West method for one 
lag. Also reported are the adjusted R-square, the F-statistic, the number of observations and the degrees 
of freedom. 
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Appendix D: Results when block trades are omitted (continued) 
 
 
Results with return from close to close + 15 minutes   

Model Intercept DBuy DSell DBoth R2 adj. F-value N/df 
  Panel A: 1 million cut-off    

M1 -0.00022 -0.00054 0.00012 -0.00065 0.00033 1.37 4609 
  (-1.39) (-1.49) (0.30) (-1.97) **     4604 

M2 -0.00026 -0.00039 0.00038 -0.00045 0.00003 1.04 4609 
 (-1.58) (-0.92) (0.77) (-1.53)     4604 

  Panel B: 3 million cut-off    
M1 -0.00036 -0.00031 0.00044 -0.00043 -0.00055 0.36 4609 

  (-2.71) *** (-0.55) (0.85) (-0.65)     4604 
M2 -0.00039 -0.00059 0.00059 0.00028 -0.00048 0.44 4609 

 (-2.84) *** (-0.89) (0.95) (0.58)     4604 
  Panel C: 5 million cut-off    

M1 -0.00037 -0.00089 0.00112 -0.00046 0.00004 1.04 4609 
  (-2.84) *** (-1.30) (1.55) (-0.63)     4604 

M2 -0.00036 -0.00150 0.00017 0.00071 -0.00014 0.83 4609 
 (-2.75) *** (-1.66) * (0.19) (1.20)     4604 

  Panel D: 7 million cut-off    

M1 -0.00037 -0.00090 0.00243 -0.00198 0.00081 1.93 4609 
  (-2.94) *** (-1.36) (2.93) *** (-1.35)     4604 

M2 -0.00038 -0.00103 0.00102 0.00110 -0.00038 0.56 4609 
 (-2.95) *** (-1.16) (1.21) (1.14)     4604 

  Panel E: 10 million cut-off    
M1 -0.00037 -0.00141 0.00274 -0.00369 0.00082 1.94 4609 

  (-2.95) *** (-1.38) (2.14) ** (-1.89) *     4604 
M2 -0.00038 -0.00150 0.00148 0.00179 -0.00025 0.70 4609 

 (-3.01) *** (-1.24) (1.37) (1.17)     4604 
  Panel F: 15 million cut-off    

M1 -0.00036 -0.00308 0.00177 -0.00219 0.00009 1.10 4609 
  (-2.89) *** (-1.76) * (0.84) (-5.81) ***     4604 

M2 -0.00037 -0.00397 0.00078 0.00607 0.00104 2.20 * 4609 
 (-2.98) *** (-1.82) * (0.48) (2.04) **     4604 

Note: The t-statistics are reported in parenthesis under the coefficient estimates. One star (*) denotes 
significance at the 10 % level, two stars (**) denote significance at the 5 % level, three stars (***) 
denote significance at the 1 % level. The t-statistics were modified by the Newey-West method for one 
lag. Also reported are the adjusted R-square, the F-statistic, the number of observations and the degrees 
of freedom. 
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Appendix D: Results when block trades are omitted (continued) 
 
 
Results with returns from close to 15 minutes after the opening the next day 

Model Intercept DBuy DSell DBoth R2 adj. F-value N/df 
  Panel A: 1 million cut-off    

M1 0.00096 -0.00133 0.00118 0.00053 0.00183 3.12 ** 4609 
  (3.46) *** (-2.42) *** (2.05) ** (0.85)     4604 

M2 0.00110 -0.00061 0.00112 -0.00070 0.00039 1.44 4609 
 (4.56) *** (-0.87) (1.71) * (-1.16)     4604 

  Panel B: 3 million cut-off    

M1 0.00099 -0.00308 0.00112 0.00380 0.00504 6.86 *** 4609 
  (4.41) *** (-3.07) *** (1.16) (3.38) ***     4604 

M2 0.00110 -0.00316 0.00097 -0.00043 0.00093 2.07 4609 
 (5.23) *** (-2.60) *** (0.79) (-0.33)     4604 

  Panel C: 5 million cut-off    
M1 0.00091 -0.00041 0.00122 0.00523 0.00095 2.10 * 4609 

  (4.23) *** (-0.31) (0.87) (2.33) ***     4604 

M2 0.00105 -0.00175 -0.00089 -0.00040 -0.00054 0.37 4609 
 (5.21) *** (-1.19) (-0.42) (-0.14)     4604 

  Panel D: 7 million cut-off    
M1 0.00092 0.00147 0.00002 0.00790 0.00082 1.95 4609 

  (4.31) *** (0.97) (0.00) (1.99) **     4604 
M2 0.00102 0.00129 -0.00166 -0.00308 -0.00007 0.91 4609 

 (4.92) *** (0.81) (-0.62) (-0.58)     4604 
  Panel E: 10 million cut-off    

M1 0.00093 0.00306 0.00020 0.01073 0.00098 2.13 * 4609 
  (4.38) *** (1.31) (0.06) (1.85) *     4604 

M2 0.00102 0.00112 -0.00247 -0.00451 -0.00001 0.99 4609 
 (4.95) *** (0.54) (-0.63) (-0.49)     4604 

  Panel F: 15 million cut-off    
M1 0.00094 0.00759 0.00231 0.00306 0.00088 2.01 4609 

  (4.43) *** (1.86) * (0.42) (0.53)     4604 
M2 0.00103 0.00141 -0.00458 -0.01260 0.00139 2.60 ** 4609 

 (4.97) *** (0.37) (-0.59) (-0.56)     4604 
Note: The t-statistics are reported in parenthesis under the coefficient estimates. One star (*) denotes 
significance at the 10 % level, two stars (**) denote significance at the 5 % level, three stars (***) 
denote significance at the 1 % level. The t-statistics were modified by the Newey-West method for one 
lag. Also reported are the adjusted R-square, the F-statistic, the number of observations and the degrees 
of freedom. 
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Appendix E: Results when possible spread trades are omitted 
 
 
Results before close       

Model Intercept DBuy DSell DBoth R2 adj. F-value N/df 
  Panel A: 1 million cut-off    

M1 0.00069 0.00022 -0.00117 -0.00065 0.00059 1.58 3969 
  (2.42) *** (0.44) (-2.19) ** (-1.34)     3964 

M2 0.00083 -0.00014 -0.00237 -0.00048 0.00148 2.47 * 3969 
 (2.72) *** (-0.20) (-3.09) *** (-1.09)     3964 

  Panel B: 3 million cut-off    

M1 0.00051 0.00102 -0.00225 0.00002 0.00197 2.96 ** 3969 
  (2.33) *** (1.72) * (-4.13) *** (0.03)     3964 

M2 0.00045 0.00149 -0.00245 0.00033 0.00120 2.19 * 3969 
 (1.99) ** (2.02) ** (-3.18) *** (0.58)     3964 

  Panel C: 5 million cut-off    
M1 0.00041 0.00185 -0.00216 0.00136 0.00167 2.66 ** 3969 

  (2.00) ** (2.58) *** (-3.67) *** (1.99) **     3964 

M2 0.00039 0.00297 -0.00376 0.00137 0.00296 3.96 *** 3969 
 (1.89) * (2.95) *** (-3.89) *** (2.14) **     3964 

  Panel D: 7 million cut-off    
M1 0.00038 0.00249 -0.00215 0.00201 0.00131 2.31 * 3969 

  (1.95) * (3.45) *** (-3.17) *** (2.15) **     3964 
M2 0.00038 0.00288 -0.00268 0.00148 0.00080 1.80 3969 

 (1.92) * (2.84) *** (-2.13) ** (1.93) *     3964 
  Panel E: 10 million cut-off    

M1 0.00040 0.00214 -0.00101 0.00291 -0.00006 0.93 3969 
  (2.06) ** (2.30) ** (-1.43) (3.13) ***     3964 

M2 0.00041 0.00190 -0.00209 0.00147 -0.00037 0.63 3969 
 (2.12) ** (1.63) (-1.86) * (1.45)     3964 

  Panel F: 15 million cut-off    
M1 0.00042 0.00191 0.00004 0.00323 -0.00071 0.29 3969 

  (2.19) ** (2.07) ** (0.02) (2.43) ***     3964 
M2 0.00040 0.00292 0.00215 0.00140 -0.00065 0.35 3969 

 (2.12) ** (2.84) *** (0.94) (0.83)     3964 
Note: The t-statistics are reported in parenthesis under the coefficient estimates. One star (*) denotes 
significance at the 10 % level, two stars (**) denote significance at the 5 % level, three stars (***) 
denote significance at the 1 % level. The t-statistics were modified by the Newey-West method for one 
lag. Also reported are the adjusted R-square, the F-statistic, the number of observations and the degrees 
of freedom. 
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Appendix E: Results when possible spread trades are omitted (continued) 
 
 
Results with return from close to close + 15 minutes   

Model Intercept DBuy DSell DBoth R2 adj. F-value N/df 
  Panel A: 1 million cut-off    

M1 -0.00009 -0.00091 -0.00029 -0.00069 0.00070 1.70 3969 
  (-0.52) (-2.09) ** (-0.61) (-2.07) **     3964 

M2 -0.00011 -0.00067 0.00014 -0.00080 0.00088 1.87 3969 
 (-0.54) (-1.33) (0.24) (-2.38) ***     3964 

  Panel B: 3 million cut-off    
M1 -0.00035 -0.00047 0.00000 -0.00029 -0.00076 0.23 3969 

  (-2.33) *** (-0.78) (0.00) (-0.48)     3964 
M2 -0.00036 -0.00047 0.00020 -0.00036 -0.00075 0.25 3969 

 (-2.27) ** (-0.77) (0.33) (-0.60)     3964 
  Panel C: 5 million cut-off    

M1 -0.00039 -0.00084 0.00032 0.00034 -0.00051 0.48 3969 
  (-2.66) *** (-1.13) (0.30) (0.40)     3964 

M2 -0.00037 -0.00112 -0.00071 0.00037 -0.00046 0.53 3969 
 (-2.52) *** (-1.39) (-0.86) (0.37)     3964 

  Panel D: 7 million cut-off    

M1 -0.00038 -0.00123 0.00015 0.00084 -0.00032 0.68 3969 
  (-2.60) *** (-1.54) (0.13) (0.50)     3964 

M2 -0.00040 -0.00146 0.00104 0.00047 -0.00036 0.63 3969 
 (-2.78) *** (-1.56) (1.04) (0.39)     3964 

  Panel E: 10 million cut-off    
M1 -0.00038 -0.00143 0.00093 -0.00199 -0.00016 0.84 3969 

  (-2.66) *** (-1.53) (0.48) (-1.60)     3964 
M2 -0.00044 -0.00037 0.00461 -0.00082 0.00085 1.85 3969 

 (-3.06) *** (-0.29) (1.98) ** (-0.45)     3964 
  Panel F: 15 million cut-off    

M1 -0.00038 -0.00248 -0.00049 -0.00081 -0.00040 0.60 3969 
  (-2.67) *** (-1.80) * (-0.22) (-0.75)     3964 

M2 -0.00041 -0.00111 0.00225 0.00071 -0.00076 0.24 3969 
 (-2.92) *** (-0.44) (0.97) (0.25)     3964 

Note: The t-statistics are reported in parenthesis under the coefficient estimates. One star (*) denotes 
significance at the 10 % level, two stars (**) denote significance at the 5 % level, three stars (***) 
denote significance at the 1 % level. The t-statistics were modified by the Newey-West method for one 
lag. Also reported are the adjusted R-square, the F-statistic, the number of observations and the degrees 
of freedom. 
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Appendix E: Results when possible spread trades are omitted (continued)  
 
 
Results with returns from close to 15 minutes after the opening the next day 

Model Intercept DBuy DSell DBoth R2 adj. F-value N/df 
  Panel A: 1 million cut-off    

M1 0.00119 -0.00079 0.00100 0.00030 0.00032 1.32 3969 
  (3.60) *** (-1.22) (1.56) (0.49)     3964 

M2 0.00146 -0.00060 0.00093 -0.00075 0.00013 1.12 3969 
 (5.31) *** (-0.73) (1.23) (-1.28)     3964 

  Panel B: 3 million cut-off    

M1 0.00122 -0.00178 0.00116 0.00174 0.00143 2.42 * 3969 
  (4.78) *** (-1.73) * (1.21) (1.70) *     3964 

M2 0.00137 -0.00200 0.00147 -0.00084 0.00039 1.38 3969 
 (5.79) *** (-1.81) * (1.24) (-0.79)     3964 

  Panel C: 5 million cut-off    
M1 0.00116 0.00047 0.00104 0.00176 -0.00045 0.55 3969 

  (4.74) *** (0.35) (0.76) (1.04)     3964 

M2 0.00133 -0.00114 0.00017 -0.00075 -0.00075 0.24 3969 
 (5.90) *** (-0.86) (0.09) (-0.38)     3964 

  Panel D: 7 million cut-off    
M1 0.00117 0.00185 0.00098 0.00180 -0.00026 0.74 3969 

  (4.85) *** (1.09) (0.49) (0.64)     3964 
M2 0.00128 0.00121 0.00097 -0.00250 -0.00010 0.90 3969 

 (5.54) *** (0.75) (0.44) (-0.74)     3964 
  Panel E: 10 million cut-off    

M1 0.00119 0.00243 0.00092 0.00268 -0.00028 0.72 3969 
  (5.00) *** (1.10) (0.31) (0.60)     3964 

M2 0.00132 -0.00113 -0.00044 -0.00312 -0.00037 0.63 3969 
 (5.75) *** (-0.52) (-0.13) (-0.51)     3964 

  Panel F: 15 million cut-off    
M1 0.00122 0.00453 0.00160 -0.00161 -0.00017 0.82 3969 

  (5.12) *** (1.21) (0.34) (-0.26)     3964 
M2 0.00134 -0.00434 -0.00553 -0.00540 0.00039 1.38 3969 

 (5.84) *** (-0.98) (-0.80) (-0.41)     3964 
Note: The t-statistics are reported in parenthesis under the coefficient estimates. One star (*) denotes 
significance at the 10 % level, two stars (**) denote significance at the 5 % level, three stars (***) 
denote significance at the 1 % level. The t-statistics were modified by the Newey-West method for one 
lag. Also reported are the adjusted R-square, the F-statistic, the number of observations and the degrees 
of freedom. 
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 The expiration day effect of index options and index 

futures on the underlying shares 

 

Karl Felixson  

 

 

Abstract 

 

This paper studies the effect of the expiration day of index options and futures on the 
trading volume, variance and price of the underlying shares. The data consists of all 
trades for the underlying shares in the FOX-index for expiration days during the 
period October 1995 to the mid of year 1999. The main results seem to support the 
findings of Kan 2001, i.e. no expiration day effect on a larger scale. However, some 
indication of an expiration day effect could be found when certain characteristics are 
favourable. These characteristics include: a) a large quantity of outstanding futures or 
at/in the money options contracts; b) there exists shares with high index weight but 
fairly low trading volume. Lastly, there is some indication that the expiration day 
effect is stronger towards the end of the examined period. 
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1.  Introduction 

 

In the last decades the financial markets have been characterised by the development 

of derivative securities such as options, swaps and futures. The positive effects of 

these new securities are that they convey new risk sharing opportunities and thus 

more complete financial markets. On the negative side derivative securities, whose 

payoffs are a function of some other assets' prices, also offer new opportunities of 

price manipulation (Boyer and Demange 1999).  

 

This paper studies the effect of the expiration day of index options and futures on the 

trading of the underlying shares. Although derivatives have a positive effect on the 

financial markets there are some problems associated with them as well. The so-called 

expiration day effect on volume, volatility and price has been empirically tested by 

academic researchers mainly on the US market. Stoll & Whaley (1987, 1990) 

examined the effect of the last hour of trading on simultaneous expiration days of the 

S&P 500 futures and S&P 100 options contracts, known as the “triple-witching” hour. 

They found clear evidence of higher volume, volatility and price reversal though the 

price effect on the spot market was not economically significant. The volatility effect 

was also reported by Day & Lewis (1988) for the period 1983-1986 and Aggrawal 

(1988) for the period 1981-1987.   

 

In an attempt to mitigate the concern of abnormal stock price reactions at the time of 

expiration of derivatives the Chicago Mercantile Exchange, the New York Stock 

Exchange and the New York Futures Exchange changed the settlement of their S&P 

500 and NYSE index futures from the close to the open in June 1987, while the 

options expiration remained untouched.  

 
The effects of moving the S&P 500 expiration quickly become a popular research 

area.   

Stoll and Whaley (1991) compared the pre-June 1987 with the post-June 1987 periods 

and found that the effects on volume, volatility and price reversal merely shifted from 

the close to the opening. Two papers by Herbst and Maberly (1990, 1991) confirmed 

the findings of Stoll and Whaley concerning volatility and price reversal. Hancock 
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(1993) used minute-by-minute S&P 500 index values and confirmed that moving the 

time of expiration did not reduce volatility to normal levels. 

 

In contrast to the above studies Kan (2001), who studied the stock market of Hong 

Kong for the period March 1989 to December 1992, did not find any evidence of an 

expiration day effect, neither on the whole expiration day nor immediately before 

close. Kan suggests that the difference in market microstructure between North 

America and Hong Kong could explain the discrepancy in the results. The difference 

in the market microstructure includes different expiration days, the difference in the 

calculation of the settlement price, the difference in the trading mechanisms of futures 

contracts, the difference in the trading mechanism of the underlying spot markets, the 

difference in short selling restrictions and the lack of programme trading in Hong 

Kong. Lastly, Kan suggests that distinct macroeconomic factors could be the reason 

for the different results. 

 

Moreover, there is some debate concerning the underlying reason for the expiration 

day effect. Some researchers claim it is a result of arbitrageurs unwinding their 

positions and others suggest manipulation as the primary reason. Both groups point 

out that cash settlement is crucial for the existence of the expiration day effect.  

 
The arbitrageur hypothesis is described by Stoll and Whaley (1991). They argue that 

the effect is a result of several factors, including the existence of arbitrage 

opportunities, cash settlement and procedure of unwinding arbitrage positions. The 

price of a derivative is a function of the underlying asset and some other 

characteristics26. If actual prices deviate from this relation (to such an extent that they 

exceed transaction costs), arbitrageurs can buy or sell the underlying asset and take 

the opposite position in the derivative, thus the arbitrageur ends up with a fully 

hedged position. At the maturity the derivative is liquidated with a cash settlement27, 

however, the position in the underlying asset must be liquidated by selling or buying 

                                                        
26 For financial futures the other characteristics are the risk free rate, dividends and time to maturity. 
For financial options the other characteristics include exercise price, risk free rate, time to maturity, 
volatility of the underlying asset and dividends. For further reading on derivatives pricing see, for 
example, Hull (2000). 
 
27Naturally, if the derivative were liquidated through delivery of the underlying asset, this problem 
would not exist.  
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the asset. If the position(s) liquidated is (are) large enough (and in the same direction) 

the price of the underlying asset is affected. The severity of the price impact also 

depends, in part, on the market procedures in conjunction with the unwinding of the 

positions. 

   
A model concerning manipulation of the underlying assets on the expiration day of 

futures was developed by Kumar and Seppi (1992). Their two-period model shows 

that manipulation is feasible given asymmetric information and cash settlement of the 

futures contracts. The idea is simple; investors earn positive expected profits by 

establishing a futures position and then trading28 in the spot market to manipulate29 

the spot price used to calculate the cash settlement at delivery. Cash settlement is 

crucial because it allows “paper” capital gains to be converted into cash without 

taking delivery of the mispriced underlying asset. Although the investor makes a loss 

in the spot market it is more than made up for in the futures market. Kumar and Seppi 

(1992) also show that as the number of manipulators grows, profits from manipulation 

fall to zero.  

 

Both theories have the same predictions concerning trading characteristics on the 

expiration day. These effects include: 1) spot price variance is larger before settlement 

since price movements are more drastic due to aggressive trading, 2) trading volume 

should also be larger before settlement than on an average day and 3) if the expiration 

day activity moved the spot price away from the true value, then a price reversal 

should be observed after the settlement (as prices return to their true level). 

 

There are several motives for this paper. First and foremost, in order for the financial 

markets to work efficiently the expiration day price for the underlying instruments 

should reflect the fair value of the instruments. If this is not the case, due to position 

unwinding, price manipulation or some other reason, then the market does not 

function efficiently. This directly calls for empirical tests of whether or not the price 

formation on expiration days is normal. Second, although there are a fair number of 

theoretical models concerning the expiration day effect, actual empirical tests are 

                                                        
28This is labelled trade-based manipulation by Allen and Gale (1992).  
 
29 In order to move the price the investor has to be a large trader (in the Jarrow 1992 sense) or has to be 
mistaken for an informed trader with private information. 
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done mainly on the US market. It is possible that the reported expiration day effects 

are caused by the market microstructure in the US. If this is the case, then these 

negative effects might be avoided by changing trading mechanisms, for example, the 

calculation of settlement price, market transparency or short selling restrictions. 

Third, we believe that the various expiration day effects are not equally likely to occur 

at every expiration day, there are probably characteristics, such as the number of open 

contracts, which influence the severity of the expiration day effect. However, we have 

not found a single study that would look at such characteristics. 

 

The rest of the paper is organised as follows. In chapter two the Finnish market 

structure and the data are presented. In chapter three the empirical tests are presented. 

The empirical results are presented in chapter four. The paper ends with a summary 

and conclusions in chapter five. 

 

 

2.  Institutional setting and data 

 

The underlying asset for both FOX-futures and FOX-options is the FOX-index. The 

FOX-index is a value-weighted index, consisting of the 2530 most traded stocks on the 

Helsinki exchange. The FOX-portfolio is reconstructed every half year, February the 

1st and august the 1st. The weight of one company31 is limited to 20 % of the index32. 

 

The FOX-futures and FOX-options expire every two months, in February, April, 

June, August, October and December. The expiration day is the fourth Thursday in 

the month33. The expiration day price of the FOX-index is based on the volume 

                                                                                                                                                               
 
30 On two of the expiration days there were only 24 stocks in the index, 27.6.1996 and 22.4.1999. The 
reason was that in 1996 two companies, Kymmene and Repola, were merged and in 1999 the two 
Nokia 
series were joined into one. 
 
31 Before the 25th of august 1995 the limitation was 20 % of one stock. This meant that if a company 
had several series of stocks the weight of one company could be very high. This problem was 
accentuated by Nokia, which at times had a weight of nearly 50 % of the FOX-index. 
 
32 The weight limitation is controlled, and new weights issued if necessary, every three months. 
 
33 If the fourth Thursday is not a trading day then the closest preceding trading day is chosen as the 
expiration day. 
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weighted average price of the underlying shares for all trades, consisting of at least 

one round lot, done in the continuous limit order book or at the opening call34. 

 

Since limitations of the weights changed dramatically in August 1995, the examined 

time period is October 1995 to mid of 1999. The data consists of all trades done 

during this time period except for odd lot trades and after hours trades. This gives 21 

expiration days; the actual dates are shown in appendix 1. 

 

 

3.  Hypotheses and empirical tests 

 

The hypotheses tested are set forth by Stoll and Whaley (1991) and Kumar and Seppi 

(1992). They predict that immediately before expiration the volatility and volume of 

the underlying asset should be higher than normally and, if trading have moved prices 

away from their true level, a price reversal should be observed after expiration. The 

way the expiration price of the FOX-index is calculated modifies these theoretical 

hypotheses. Since the expiration day price is based on the volume weighted average 

price we do not expect the volume and volatility effects to be found immediately 

before expiration. Instead we expect to observe these effects during the whole 

expiration day35. The price reversal tests should be executed using the volume 

weighted average price instead of the price at a fixed time. 

 

The effect of the expiration day on trading volume is tested by the following simple 

test 

 

                                                                                                                                                               
 
34 This rules out odd lot trades and after hour trading. The HETI (Helsinki exchange automated trading 
and information system) is a continuous open limit order book trading system. Trading starts with a 
closed call, which is followed by a continuous trading session. The continuous trading is followed by 
after hours trading in which trades can be done at the prices ruling at the end of continuous trading. 
During the continuous trading bilaterally negotiated (pre-arranged) trades can be done at the current 
continuous trading prices. 
 
35 It is possible that no effects will be found since the way the expiration price is calculated spread the 
abnormal trading over a longer period of time. On the other hand it is easier to manipulate on a thin 
market, such as the Helsinki exchange, since thin trading, according to Kumar and Seppi (1992) and 
Easley, Kiefer and O’Hara (1996), increases the possibility that the manipulator is confused with an 
informed trader. Also, on a thin market a slight increase in trading activity might affect securities 
prices. 
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where VOLEFi,t  is the measure36 of the volume effect on expiration day t for share i. 

The VOLUME  VOLUME  and VOLUMEi,t i,t-1 i,t+1, operators are the trading volumes in 

FIM for share i on the expiration day, the day before the expiration day and the day 

after the expiration day37. If the VOLEF-coefficient is above zero, then trading 

volume is higher on expiration days than on an ordinary trading day and we have 

empirical support of an expiration day effect. 

 

The effect of the expiration day on the volatility is tested with a similar test as the test 

for trading volume 
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where VAREFi,t  is the measure of the variance effect on expiration day t for share i. 

The VARIANCE ,  VARIANCE  and VARIANCEi,t i,t-1 i,t+1  operators are the variance38 

for share i on the expiration day and the day before and after the expiration day. If the 

VAREF-coefficient is above zero, then the volatility on expiration days are higher 

than on an ordinary trading day and we have empirical support of an expiration day 

effect. 

 

                                                                                                                                                               
 
36 A relative measure is used instead of absolute numbers because the overall trading volume on HEX 
has risen substantially during the research period making, for example, any mean value comparisons 
inefficient.  
 
37 To account for the well-known weekday effect we also use the same weekday one week before 
expiration and one week after expiration as control days. 
 

38 VARIANCE =
1

n - 1
price mean pricei,t i,x,t i,t

x=1

n

( )−∑
2  where n is the number of trades day t 

for share i, pricei,x,t  is the price of share i on day t and trade x and mean pricei,t  is the average 

price for share i on day t. 
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The price reversal effect is tested with a regression 

 

 D mult*D*RETURN*RETURN 32t,i11t,i β+β+β+α=+   (3) 

 

where 1t,iRETURN +  is the return39 from day t to day t+1, based on volume weighted 

average prices. Volume weighted average prices are used, rather than the close price, 

since the expiration day price is based on these. The returns are calculated around the 

expiration day and for the corresponding days one week before and after. The returns 

one week before and after are used as a control sample to show the behaviour on non-

expiration days. D is a dummy variable that takes the value of 1 around the expiration 

day and 0 for the control sample. Mult D is a multiplicative dummy, which is defined 

as D * t,iRETURN . If a price reversal effect occurs then the correlation between 

1t,iRETURN +  and t,iRETURN  should be negative around the expiration day. 

Furthermore, if a price reversal occurs, then the 3β  regression coefficient should be 

negative since it measures the incremental behaviour around expiration days 

compared to normal days. Also, the sum of 3β  and 1β  has to be negative for a price 

reversal.  

 

 

4.  Results 

 

The overall effects of the expiration days on the volatility and volume of the 

underlying shares can be seen in table 1 below. If an expiration day effect exists then 

the effect on both trading volume and volatility should be positive. It is clear from 

table 1 that neither the volume nor the volatility is significantly larger than on the 

control days, the volatility effect is even negative, although not significantly so. 

 

                                                                                                                                                               
 
39 logarithmic returns are used, i.e. )VWAPln()VWAPln(RETURN t,i1t,i1t,i −= ++  where 

VWAP is the volume weighted average price for firm i on day t. 
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Table 1. The overall volume and volatility effect of expiration days 

 VOLEF (1) VOLEF (7) VAREF (1) VAREF (7) 
Mean 0,323 0,255 -0,195 -0,291 
St.dev. 0,897 0,917 1,24 1,47 
Min -4,234 -3,473 -5,99 -6,149 
Max 3,878 4,168 3,454 3,409 
t-value 0,360 0,278 -0,157 -0,198 
p-value [0,359] [0,391] [0,562] [0,578] 
The number in the parentheses after the Volef and Varef variabelnames denotes 
that the control days are the day before and after, or the day one week before and  
one week after the expiration day. The p-value is for a one sided test of significan- 
ce. 

 

Moreover, no price reversal effects could be found around the expiration day. The 

correlation between t and t+1 returns was 0,164 and the corresponding correlation for 

the control sample was 0,139. This is confirmed by the regression results in table 2. 

The coefficient for the multiplicative dummy is negative as expected, but 

insignificant. 

     

Table 2. Price reversal effect    

Constant Return D Mult D R-sq F-value 

0,123 0,438 -0,128 -0,058 0,008 5,00* 
(3,70)* (1,37) (-3,83)* (-0,18)   

Note: The dependent variable is the return from the expiration day to 
the next  day and the  corresponding return one week before/after for 
the controll sample. Return is the  lagged return  to the dependent va- 
riable. D is a dummy variable which takes the value of 1 for the expi- 
ration days and 0 for the control sample. Mult D is D*Return. R-sq is 
the adjusted  R-Square. The values in the brackets  are the t-statistics, 
a star (*) denotes significance at the 5 % level. 

 

However, there are three factors that could affect the overall results. First, the weight 

of individual shares in the index varies. Consequently, to move40 the index one should 

trade in the shares with large weights in the index. Second, the number of open option 

and futures contracts is a key factor, if there are no or few contracts open then no one 

has the incentive to trade in the underlying asset. Moreover, the open option contracts 

should be in or at the money. If the contracts are clearly out of the money options, 

then the options expire worthless and there is no immediate effect on the investors’ 

                                                        
40 This is associated with the manipulation hypothesis. Investors unwinding positions have no 
incentives to move the price.  
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portfolio. Third, the trading volume of the underlying shares is important. If the share 

is thinly traded then it is more easily manipulated and/or more easily affected by 

abnormal trading (from position unwinding). To summarize, expiration day effects are 

more likely to be found when there is a large amount of open futures and in the 

money options and there are shares in the Fox-index that have high index weights but 

fairly low trading volume. 

 

To examine the effect of the above-mentioned factors on trading volume, volatility 

and price reversal a series of regressions41 was run. For the regressions a measure for 

price reversal had to calculated. Price reversal is defined42 as 

 

  1t,it,i RETURNREV += if sign ( t,iRETURN )    (4) 

     not equal sign ( 1t,iRETURN + )   

 1t,it,i RETURNREV +−=  otherwise. 

 

First, the effect on volume, volatility and price reversal was explained by the number 

of open futures and in the money option contracts43 which expired on the expiration 

day, the weight of the underlying share in the Fox-index and the average daily 

volume44 of a 10-day45 period before the expiration day of the contracts. The results 

are shown in table 3, regressions 1.1-1.5. The overall explanatory power of the 

regressions is very low. There is some indication that the expiration day trading 

volume effect could be explained by the number of open contracts (positive effect 

expected) and average earlier trading volume in the share (negative effect expected). 

However, no empirical evidence concerning the volatility and price reversal effects 

could be found.  

                                                        
41 Ordinary least square (OLS) regressions using White’s heteroskedastic-consistent covariance matrix  
and Newey-West variance estimator for models with possible autocorrelation with lag length 1.  
 
42 The price reversal definition by Stoll and Whaley (1987), where Rev = 0 if the signs are equal, was 
also used. The results were very close to those reported for this measure. 
 
43 Option contracts that actually expired in the money. 
 
44 The volume was calculated as the average of the trading days highest and lowest price for the share 
multiplied by the amount of shares traded. 
  
45 On expiration day 22.4.1999 the Nokia shares volume is the average of 8 days trading volume since 
the Nokia A and K series were joined on the 12.4.1999.  
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Second, the regression was modified to account for the joint effect of earlier trading 

volume and the index weight by dividing the index weight with the prior trading 

volume. The reason is fairly obvious, since the expiration day effects should be most 

severe for shares with low trading volume and high index weight. The results are 

shown in table 3, regressions 2.1-2.5. The explanatory power concerning the volume 

effect rose, but is still fairly low. No evidence concerning volatility and price reversal 

effects could be found.  

 

Third, two time dummies were added to the regressions 1.1-1.5 and 2.1-2.5 to account 

for fundamental changes in the trading on the Helsinki exchange. These changes 

include the rapid increase of trading volume (see appendix B), the increasing interest 

among foreign investors towards Finnish stocks and the fact that the Helsinki 

exchange is fast becoming a technology centred exchange (the “Nokia-effect”). The 

first dummy (D1) has the value of 1 for expiration days 28.11.1995 through 

23.12.1996, zero otherwise. The second dummy (D2) has the value of 1 for expiration 

days 27.2.1997 through 26.2.1998, zero otherwise. No prior expectations were made 

for the effect of time on the volume and volatility expiration day effects. The result, 

shown in table 3 regressions 3.1-3.5 and 4.1-4.5, was quite surprising. It seems that 

the expiration day effect is more likely to be found during the third period (23.4.1998 

through 22.4.1999).  

 

The results in table 3 indicate that expiration day effects might be found on those 

expiration days when there is a large amount of open futures and in the money option 

contracts. Expiration day effects are also more likely to be found for shares that have 

a high weight in the Fox-index and fairly low trading volume. Moreover, the 

expiration day effect is more likely to be found in the period 23.4.1998 through 

22.4.1999. However, one should be very cautious in drawing any conclusions since 

the explanatory power of the regressions is very low. However, the results in table 3 

justifies an further examination of the possible effects of the number of open 

contracts, index weight, trading volume and period of time on the expiration day. 
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Table 3. Results for index weight, prior trading volume, open contracts and time on 
the volume, variance and price reversal effects on the expiration day 

 Depen. Independent variables       
 variable Const W [+] V [-] W/V[+] C [+] D1 D2 R-sq F-value 

Regr. 1.1 Volef(1) 0,061 0,415 -0,148  0,423   0,02 5,09* 
  (0,52) (0,45) (-3,22)*  (2,67)*     

Regr. 1.2 Volef(7) 0,049 0,972 -0,088  0,278   0,00 1,71 
  (0,39) (0,83) (-2,05)*  (1,81)     

Regr. 1.3 Varef(1) -0,443 2,633 -0,034  0,225   0,00 1,25 
  (-2,49)* (1,56) (-0,54)  (1,06)     

Regr. 1.4 Varef(7) -0,372 1,435 0,037  0,023   -0,00 0,44 
  (-1,69) (0,72) (0,55)  (0,09)     

Regr. 1.5 Rev 0,024 -0,047 0,032  0,027   0,01 2,33 
  (-2,09)* (-0,14) (0,14)  (1,92)     

Regr. 2.1 Volef(1) -0,098   3,091 0,390   0,06 16,75* 
  (-0,86)   (4,55)* (2,55)*     

Regr. 2.2 Volef(7) -0,355   2,331 0,251   0,03 8,28* 
  (-0,30)   (3,73)* (1,67)     

Regr. 2.3 Varef(1) -0,387   0,949 0,218   0,00 1,15 
  (-2.32)*   (1,09) (1,03)     

Regr. 2.4 Varef(7) -0,261   -0,995 0,038   -0,00 0,46 
  (-1,27)   (-1,03) (0,14)     

Regr. 2.5 Rev -0,025   0,015 0,027   0,01 3,51* 
  (-2,01)*   (0,09) (1,95)     

Regr. 3.1 Volef(1) 0,151 0,810 -0,176  0,828 -0,476 -0,672 0,11 13,16* 
  (1,28) (0,91) (-3,46)*  (5,14)* (-4,51)* (-6,39)*   

Regr. 3.2 Volef(7) 0,105 1,238 -0,107  0,511 -0,304 -0,373 0,03 3,85* 
  (0,85) (1,05) (-2,44)*  (3,05)* (-2,34)* (-3,63)*   

Regr. 3.3 Varef(1) -0,401 2,819 -0,047  0,411 -0,222 -0,306 0,01 1,71 
  (-2,24)* (1,66) (-0,74)  (1,83) (-1,50) (-2,06)*   

Regr. 3.4 Varef(7) -0,313 1,731 0,015  0,247 -0,326 -0,345 0,00 1,28 
  (-1,43) (0,86) (0,22)  (0,85) (-1,65) (-1,92)   

Regr. 3.5 Rev -0,027 -0,014 0,091  0,019 0,011 0,013 0,01 2,34* 
  (-2,13)* (-0,39) (0,40)  (1,66) (1,88) (2,46)*   

Regr. 4.1 Volef(1) 0,005   2,816 0,771 -0,473 -0,601 0,13 19,54* 
  (0,05)   (4,45)* (4,89)* (-4,54)* (-5,54)*   

Regr. 4.2 Volef(7) 0,026   2,254 0,463 -0,308 -0,318 0,05 7,19* 
  (0,22)   (3,56)* (2,82)* (-2,43)* (-3,09)   

Regr. 4.3 Varef(1) -0,339   0,813 0,397 -0,218 -0,283 0,01 1,63 
  (-2,01)*   (0,92) (1,78) (-1,48) (-1,86)   

Regr. 4.4 Varef(7) -0,195   -1,136 0,276 -0,312 -0,368 0,00 1,57 
  (-0,96)   (-1,11) (0,95) (-1,60) (-2,04)*   

Regr. 4.5 Rev -0,027   0,070 0,019 0,011 0,013 0,02 2,92* 
  (-2,07)*   (0,38) (1.69) (1,93) (2,39)*   

Note: R-sq is the adjusted R-square. The independent variables are the constant (Const), the weight of 
the share in the Fox-index (W), prior trading volume of the stock (V), the index weight divided by prior 
volume (W/V), the number of open futures contracts and in the money options on the expiration day 
(C), and two dummy-variables where D1 takes the value of 1 for the first third of the data and D2 takes 
the value of 1 for the second third of the data, zero otherwise. The +/- in the brackets after the 
independent variables indicate if the expected effect is positive or negative. The value in the brackets 
below the coefficients are the t-values of the coefficients, a star (*) denotes significance on a 5% level 
(two-sided). 
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In table 4 and 5 below are the results when the effect of open contracts, index weight, 

trading volume and time is taken into account. First, he sample was ordered on basis 

of the number of open futures and in the money option contracts (C), the half of the 

observations with the lowest number of contracts was deleted. Then the remaining 

observations was ordered by the index weight/prior trading volume (W/V), again the 

half with the lowest quotients was deleted. This left a sample of 121 observations of 

the initial 486 (subsample 1), results for volume and volatility effects are shown in 

panel A of table 4. The results for price reversal are shown in panel A of table 5. Last, 

the days not belonging to the third period of time (23.4.1998 through 22.4.1999) were 

deleted. This left a sample of 43 observations of the initial 486 (subsample 2), results 

for volume and volatility are shown in panel B of table 4. The price reversal effects 

are shown in panel B of table 5. 

 

The results clearly suggest that the expiration day effect generally does not exist on 

the Helsinki stock exchange. The results for volume, volatility and price reversal are 

all insignificant. This, of course, does not mean that expiration day effects never 

occur, but they do not occur on a regular basis. 
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Table 4. Expiration day effects, sample selected on basis of  
number of open contracts, the prior volume/index weight  
quotient and time 

 VOLEF (1) VOLEF (7) VAREF(1) VAREF (7) 
Panel A      
Mean 0,755 0,563 -0,042 -0,306 
St.dev. 0,937 1,013 1,354 1,523 
Min -1,466 -1,869 -5,990 -6,149 
Max 3,878 4,168 3,366 3,409 
t-value 0,806 0,556 -0,031 -0,201 
p-value [0,211] [0,29] [0,512] [0,579] 

     
Panel B     
Mean 1,196 0,801 -0,008 -0,443 
St.dev. 0,801 1,034 1,370 1,502 
Min -0,690 -1,455 -4,238 -4,228 
Max 3,878 4,168 3,366 3,000 
t-value 1,492 0,775 -0,006 -0,295 
p-value [0,072] [0,221] [0,502] [0,615] 
The number in the parentheses after the Volef and Varef variabelnames  
denote that the control days are the days before and after or the days one  
week before and one week after the expiration day. The p-value is for a  
one-sided test of significance. The data for panel A is selected in the fol- 
lowing manner: first the original data (486 observations) is sorted by the 
number of open contracts, then the lower half is deleted. Then the remai- 
ning data was sorted by the weight/volume (W/V) quotient and again the  
lower half was eliminated, this left 121 observations (subsample 1). The 
data in panel B is a subsample of the Panel A data, all observations  not 
belonging to the third time period (23.4.98-22.4.99) was deleted, this left  
43 observations (subsample 2). 

 

It is, however, interesting to compare the results for the volume in table 1 and table 4. 

When we select days with more open futures and in the money option contracts and 

look at shares with high index weight / trading volume the effect becomes stronger 

(subsample 1, Panel A), although it is still insignificant. If we concentrate on the 

period 23.4.1998 to 22.4.1999 (subsample 2, Panel B) the effect is even clearer, the 

volume effect actually is significant at the 10 % level for the volume quotient when 

the preceding day and the day after is used as a benchmark. This suggests that 

expiration day effects are more likely to occur for shares with high index weight / 

volume quotient when there are many outstanding contracts. The possibility of finding 

the expiration day effect also seems to become larger towards the end of the research 

period. There is some indication that volatility would behave in the same manner as 

volume, although the effect is not equally clear. 
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Table 5. Price reversal effect, sample selected on basis of the number 
of open contracts, prior volume/index weight quotient and time  

 Constant Return D Mult D R-sq F-value 
Panel A       
Coefficient 0,005 0,130 -0,000 -0,304 0,02 2,88* 
t-stat (3,12)* (1,34) (-0,23) (-2,00)*   
total effect   (1,77) (-1,49)   

       
Panel B       
Coefficient 0,013 0,162 -0,020 -0,284 0,22 13,15* 
t-stat (5,72)* (1,14) (-5,08)* (-1,48)   
total effect   (-2,15)* (-0,95)   
Note: The  dependent  variable is  the return  from the expiration day to the next day  
and  the  corresponding return one-week before/after for the control sample. Return 
is the lagged return for the dependent variable. D is a dummy  variable  which  takes 
the  value of  1 for  the  expiration  days,  and  0 for  the  control  sample. Mult  D  is  
D*Return. R-sq  is the  adjusted R-square. “Total effect” tests  if  the  expiration day 
effect  is  significant, i.e. are (constant+D) and (return+mult D) significantly 
different from zero. The data for panel A is selected in the following manner: first 
the original data  (486  observations)  is  sorted  by the number  of open contracts, 
then the lower half  is  deleted.  Then  the  remaining  data  was  sorted  by the 
weight/volume (W/V) quotient  and  again  the  lower  half  was eliminated, this left 
121 observations (sub sample 1). The data in panel B is a subsample of the Panel  A 
data,  all  observations not belonging  to the third  time period (23.4.98-22.4.99) was 
deleted, this left 43 observations (subsample 2). 
 
 
An examination of the price reversal effect of subsample 1 (Panel A) confirms the 

results found for volume. A significant negative change, as indicated by the t-stat of 

Mult D, in the price behaviour on expiration days can be found. The correlation of 

returns around the exchange days is negative –0,1796 (+0,1298 for the control group). 

The sum of the return and Mult D coefficients is –0,174. However, the effect is not 

significantly negative (the “total effect” t-stat). The result for subsample 2 (Panel B) is 

similar although the difference between actual expiration days and the control group 

is not significant. 

 

 

5.  Summary and conclusions 

 

This paper examines the effect of the expiration day of index options and index 

futures on the trading of the underlying shares, specifically the trading volume, 

volatility and price reversal of the shares on the expiration day.  
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The time period for this study is 21 expiration days for Fox-options and Fox-futures 

between 28.12.1995 and 22.4.1999. The expiration day price for the Fox-index is 

calculated as the value weighted average price on the expiration day, rather than the 

price at any fixed point of time.  

 

Overall, the results show virtually no indication of an expiration day effect. On the 

other hand, there is some indication that the expiration day effect is more likely to be 

found on expiration days when there are many open futures and in the money options 

contracts and for shares with a high weight in the index but low trading volume.  

 

The results support Kans (Kan 2001) conclusions that the results, concerning 

expiration day effects, found in studies on the US market are not applicable on other 

markets. Kan argue that the possible reasons for the difference in results could be due 

to: the day of the week that the expiration day occurs on, the difference in the way the 

settlement price is calculated, the difference in the trading mechanism of the 

contracts, the difference in the trading mechanism of the underlying spot markets, 

short selling restrictions, programme trading and macroeconomic factors.   

 

We believe that key factors in reducing the expiration day effects are: calculation of 

the settlement price and market transparency. If the settlement price is an average of 

prices for some length of time instead of the price at a fixed point of time, then the 

trading to unwind arbitrage positions on the expiration of the derivatives is more 

evenly distributed over time. Moreover, manipulation will be more costly and 

therefore the profitability of manipulation is diminished. We also argue that the 

specialist trading system in the US can, at least to some extent, explain the 

differences. A system with better transparency probably diminishes the unwanted 

expiration day effects. 

 

However, we suggest that even if expiration day effects are diminished they can still 

be observed if certain attributes are favourable. Such attributes include, 1) there are a 

large quantity of open futures and in the money options contracts, 2) there exists 

shares that have a large weight in the index but a fairly low trading volume and 3) for 

manipulation to occur there has to be a trader who has a fairly big position in futures 

and/or in the money options. 
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Appendix A. Expiration days 

 

Date  Weekday 

28.12.1995 Thursday 
22.02.1996 Thursday 
25.04.1996 Thursday 
27.06.1996 Thursday 
22.08.1996 Thursday 
24.10.1996 Thursday 
23.12.1996 Monday 
27.02.1997 Thursday 
24.04.1997 Thursday 
26.06.1997 Thursday 
28.08.1997 Thursday 
23.10.1997 Thursday 
23.12.1997 Tuesday 
26.02.1998 Thursday 
23.04.1998 Thursday 
25.06.1998 Thursday 
27.08.1998 Thursday 
22.10.1998 Thursday 
23.12.1998 Wednesday 
25.02.1999      Thursday 
22.04.1999      Thursday 
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Appendix B. Average daily trading volume for FOX-shares for the months 
December 1995 to April 1999. 
 

The average daily trading volume for each month was calculated by taking the average of the highest 
and lowest price during the day multiplied by the number of traded shares for each share in the FOX-
index. Then individual volumes for different shares were summed to get the daily volume. From daily 
volumes the average for the different months was calculated. 
 

Average daily volume of FOX-shares
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Abstract 
 

This paper investigates for the identity of the ex-dividend date traders using the 
Finnish unique database that records the trades of all investors on the market. We find 
evidence of two investor groups trading around the ex-dividend date: domestic non-
financial investors doing dividend capturing arbitrage, and foreign investors together 
with domestic financial institutions, doing mainly the opposite. We report significant 
deviations from neutral buy probabilities for these investor groups around the ex-
dividend date, deviations that are in line with their taxational characteristics. While 
part of the trading can be characterized as dividend clientele trading, also immediate 
arbitrage activity by some investors is documented. We also find weak evidence of 
the arbitrage activity being more severe for high yield stocks. In terms of tax revenues 
lost, the economic importance of the short-term arbitrage activity seems however to 
be minor. 
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1. Introduction 

 

The ex-dividend day price behaviour of stocks and its potential relation to tax 

clienteles was first analysed by Elton and Gruber (1970). Subsequently, in several 

international studies, evidence on ex-dividend arbitrage actually taking place has been 

reported in terms of abnormal trading volumes around the ex-dividend date. These 

later studies include, for example, Lakonishok and Vermaelen (1986), Michaely and 

Murgia (1995), Michaely and Vila (1996), Kadapakkam (2000), Liljeblom, Löflund 

and Hedvall (2001).46 Koski (1996) found, using intraday data, evidence of ex-

dividend selling pressure in terms of increased cum-dividend trading at the ask price.  

 

The usual interpretation for volume effects around the ex-dividend date has been 

short-term trading between different domestic tax clienteles.47 Only a few papers have 

tried to look into the identity of the traders. Koski and Scruggs (1998) used NYSE 

audit file data to analyse ex-dividend day trading by trader type and found evidence of 

short-term trading both by security traders as well as corporations (corporate 

dividend-capturing trading), but little evidence of tax-clientele trading (which would 

mean that long-term investment decisions were timed to also take the benefit of the 

dividend drop).  

 

Understanding who trades around the ex-dividend date is however important for 

determining whether ex-dividend day returns reflect marginal investors tax rates, 

transaction costs, or both. If excessive ex-dividend date trading occurs around the ex-

dividend date, the phenomenon is also of interest for the tax authorities, and of 

concern in the potential harmonization of tax laws on integrated markets. This paper 

                                                        
46 Other evidence of dividend capturing affecting ex-dividend day pricing, in the form of a relationship 
between transaction cost proxies, commission changes, and stock characteristics (with or without listed 
options), and ex-dividend ratios, has been reported e.g. in Karpoff and Walkling (1988 and 1990), 
Grammatikos (1989), Robin (1991),  Eades, Hess and Kim (1994b), and Boyd and Jagannathan (1994). 
 
47  Only a few papers have suggested tax arbitrage between domestic and foreign investors. Evidence of 
country clientele effects are reported by Booth and Johnston (1984), who report different ex-ratios for 
purely domestic as compared to interlisted (also US listed) Canadian stocks. Robin (1991) refers to 
dividend capture activities by Japanese investors as a potential explanation for some effects on the U.S. 
market. Hietala and Keloharju (1995) found significantly different ex-dividend day ratios on the 
Helsinki Stock Exchange for purely domestic stocks (so-called restricted stocks, which could not be 
owned by foreign investors) and unrestricted stocks during the time period before the tax reform of 
1990. Liljeblom et al (2001) found evidence of tax arbitrage between domestic and foreign investors on 
the Helsinki Stock Exchange. 
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investigates the identity of the ex-date traders using the Finnish unique database that 

records the trades of all traders on the market. 

 

The data and the market are ideal for this purpose due to several reasons. First of all, a 

major tax reform was carried out in Finland in 1990, followed by a strict separation of 

earned salary and capital income in 1993.48 These changes harmonised the taxation 

for most domestic market participants, leaving, however, foreign investors in a 

different position. We can therefore identify three clearly separate groups, which 

differ from each other in terms of their preferences concerning capital gains and 

dividends. These are (1) private investors and corporations, who have an equally large 

preference for dividends, (2) non-taxed organisations including mutual funds, which 

are neutral concerning net dividends and capital gains, and (3) foreign investors, who 

due to taxational reasons mainly have a preference for capital gains.  

 

Secondly, we can use a unique database, the central register of shareholdings for 

Finnish stocks in the Finnish Central Securities Depository (FCSD), which covered 

97% of the total market capitalization of Finnish stocks at the beginning of our sample 

period (1995). This database allows us to identify the trades of taxationally different 

investor types such as taxed domestic companies, banks, and private households, and 

on the other hand foreign investors. We use a part of the same time period as in 

Liljeblom et al (2001), a period during which evidence of tax arbitrage was detected 

in terms of abnormal aggregate volumes around the ex-dividend dates. The purpose 

here is to investigate who actually trades around the ex-dividend dates, and to what 

extent the arbitrage activity takes the form of short-term dividend-capturing trading 

versus longer term tax-clientele trading. We will also look into stock specific 

determinants of such arbitrage activity, as well as the economic importance the 

immediate short-term arbitrage trading. 

 

The remainder of this paper is organised as follows. In Section 2, we describe the 

Finnish market in terms of taxation of capital gains and dividends. Section 3 and 4 

describe the data and methodology used. The results for various trader types in terms 

                                                                                                                                                               
 
48 The changes in the Finnish tax system are described e.g. in Ryynänen (1996). 
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of buy and ask ratios as well as volumes are reported in Section 5, together with tests 

for the determinants of this activity as well as its economic importance. Section 6 

concludes the paper. 

 

 

2. The Finnish tax system during 1995 to 1996 

 

The tax reform of 1990 in Finland eliminated the double taxation of corporate profits 

for most domestic investor groups. This study covers the time period from 1995 to 

1996. The taxation is based on the imputation system, which allows stockholders to 

obtain a credit on the dividend tax payment. This is complemented by a system that 

strictly separates between earned salary income and capital income in personal 

taxation, first in use in the 1993 taxation. First of all, all corporate profits are taxed at 

the corporate level at a flat corporate tax rate (which was initially 25%, and 

subsequently raised to 28% in 1996). Stockholders’ capital gains and dividends are 

also taxed at this same flat rate, their capital gains tax rate. Furthermore, the 

stockholders can, from the tax payable from their dividend income (in fact on their 

”gross dividend”), deduct taxes already paid by the corporation, which amounts to the 

same sum since the corporate tax rate equals the investor’s tax rate on dividend 

income. The result is that the investor receives the whole cash dividend untaxed. The 

imputation system is described in Table 1. 

 

Table 1. Finnish imputation (tax credit) system for dividends.a  

_____________________________________________________________________ 
A. Corporate taxation year t B. Shareholder taxation year t+1 
Profits    100.00 Cash dividends received              75.00
  
Tax 25% – 25.00 Tax 25% on ”gross dividends”  –25.00
  
Net earnings 75.00 (0.25* 75.00 / (1– 0.25)) 
assumed paid out  Recovery of tax credit               +25.00 
as cash dividends  (the tax paid by the company) 
  Net in hand             75.00
_____________________________________________________________________ 
a The example is based on a tax rate of 25%, which was in use in 1995. 
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The only shareholder categories to which the imputation system does not apply are 

non-taxed investors including mutual funds, and foreign investors. Moreover, foreign 

investors may have to pay an additional source tax (withholding tax) on their dividend 

income. The size of this ”tax at source on dividend income” depends on the tax treaty 

currently existing between Finland and the investor’s home country, and ranges 

during our investigation period from 0% (e.g. for France and Russia) to 28% (the 

Philippines). For investors from the U.S. and U.K., as well as for most other foreign 

investors, this source tax was 15%. 

 

For domestic taxed investors, the imputation system creates a preference for 

dividends. For investors planning to sell their stock in any case, the timing decision is 

not crucial when 

 

 (1- tg) * (PB - PI ) = D +  (1- tg) * (PA - PI ),  (1) 

 

where tg  is the tax rate on capital income, D is the dividend, and PI, PB, and PA are 

the stock prices at the initial purchase, before the ex-dividend day, and after the ex-

dividend day, respectively. This gives us the expected ex-dividend day ratio of 

 

 
α =  PB - PA 

D
 = 1

(1- tg)  , (2) 

 

which implies a preference for dividends, since if the stock were sold before the ex-

dividend day, all the difference between the stock price and the initial purchasing 

price would be taxed, whereas after the ex-dividend day, only the difference between 

the (expectedly lower) ex-dividend day price and the initial purchasing price will be 

taxed. In fact, assuming no transaction costs, taxed domestic investors would be 

indifferent around the ex-dividend date only for an ex-dividend day ratio of 1.33 

during our time period.49 

                                                        
49 In year 1995, with a tax rate of 25%, this comes from 1/ (1-0.25). In 1996, the corporate and capital 
gains tax rate was changed to 28% but the ratio remained unchanged. This is because corporate profits 
stemming from the previous accounting year of 1995 (most companies have accounting years 
corresponding to calendar years) were associated with a tax credit of only 25%. The effective dividend 
tax rate was thereby temporarily increased from 0% to 4% (0.28/0.75–0.25/0.75) during the tax year 
1996. However, the expected ex-ratio is unaffected by the reform remaining at the year 1995 level of 
1.333 [(1–0.04)/(1–0.28) = 1.333].  
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Tax-exempt investors would be neutral for ex-dividend day ratios (stock price change 

to dividend ratios) of one. For foreign institutional investors, who largely consist of 

pension funds and mutual funds which are tax-exempt on their domestic markets, the 

usually non-zero withholding tax on dividend income would imply ex-dividend day 

ratios less than 1 for them to be neutral between dividends and capital gains. 50 

 

Large differences between the ex-dividend ratios, for which these separate investor 

categories would be indifferent between dividends and capital gains, open 

possibilities for dividend arbitrage. Whether arbitrage will be profitable depends also 

on risks and transaction costs. Using assumptions for transaction costs in Finland, 

Liljeblom, Löflund and Hedvall (2001) computed hypothetical no-arbitrage 

boundaries for stocks with different dividend yields, and their results indicate that for 

stocks with yields somewhat higher than the market average of 2.9%, the no-arbitrage 

bounds for at least domestic taxed investors (their boundary for starting buying) and 

the foreign traders subject to a 15% withholding tax (their boundary for starting 

selling), cross. At much higher yield levels, that also happens for domestic tax-exempt 

investors versus foreign traders. 

 

Who will be participating in the arbitrage activity of course also depends on at what 

level the market forces will in general enforce the ex-dividend drop. Empirical 

evidence on the Finnish market, as reported in Liljeblom, Löflund and Hedvall 

(2001), indicate that the stock prices on average fall by much less than the dividend51. 

The average price drops to dividend ratios during 1994 to 1996 were 0.53 and 0.72, 

without and with adjusting to the average daily return. These values were significantly 

below 1 and would indicate clear arbitrage opportunities at least for the Finnish taxed 

investors, and for reasonable yield levels also for Finnish tax-exempt investors. 

Significant excess volumes around the event date were also reported in that paper. 

 

                                                                                                                                                               
 
50 See Liljeblom et al (2001) for further details on the Finnish tax system, and the derivation of 
arbitrage boundaries between the three investor types. 
 
51 Papers by Kaplanis (1986) and Barone-Adesi and Whaley (1986) show that the expected ex-dividend 
price drop, estimated from option prices, does not differ from realized price drops. 
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In summary, we have three taxationally distinctly separate investor groups on the 

Finnish market, and might expect tax arbitrage taking place especially between the 

two extreme groups, domestic taxed investors (with a dividend preference) and 

foreign investors (for which dividends are associated with additional costs). 

 

 

3. The Data 

 

 

3.1. The sample of ex-dividend stocks 

 

This study is based on ex-dividend days for all dividend-paying firms on the Helsinki 

Stock Exchange during the period from 1995 to 1996. In Finland, many companies 

have several stock series listed. We use data for all of them. During our time period, 

there were all in all 102 stock series (for 79 firms) listed at least on some day during 

that period. However, after our selection criteria, only 101 ex-dividend dates (62 

firms) for listed (non-zero) dividend paying stock series were available within the 

time period of two years.52 The criteria enforced was that (1) observations where ex-

dividend days collide with other events such as announcements of rights issues or 

splits, or ex-days for such events, were eliminated53, (2) foreign ownership data for 

the company was available54, (3) that the stock trades both in the window before (-10 

to –1 days) and after (+1 to +10 days) the ex day55, and that (4) a control period 

(September) was available56. Furthermore, one observation was lost due to the lack of 

data in the FCSD register. 

 

 

                                                        
52  Finnish firms usually pay cash dividends only once a year. 
 
53 In Finland, the stock usually goes ex-dividend on the day following the general annual stockholders' 
meeting. Since all the major news concerning the annual result are usually disclosed after that board 
meeting which confirms the annual report and proposes the dividend, and not on the annual 
shareholders' meeting which takes place 4-6 week after the board meeting, our ex-dividend events are 
likely to be pretty free from other contaminating information. 
 
54 This requirement leads to the elimination of two observations. 
 
55 This requirement lead to the elimination of two observations 
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3.2. The stock register data 

 

The Finnish Central Securities Deposit (FCSD) register report all daily trades 

(transaction date, stock in question, transaction size and price) by all investors in 

Finnish stocks. The register is the official register for ownership, controlled by the 

Finnish Financial Supervision Authority, and can be viewed as extremely reliable and 

accurate. The trades are electronically stamped and cover all publicly quoted 

companies in the Book Entry System. The recorded stock trades can occur on many 

international stock exchanges. Differences in settlement conventions across 

exchanges do not affect our analysis since we can identify the date for the transaction.  

 

Each owner is represented in the register by an investor specific code number, and 

there is associated information which tells us whether that investor is a Finnish or 

foreign company or organisation, a Finnish financial institution, an individual 

investor, or a public organisation. Registration in the Book Entry System is 

compulsory for Finnish individual investors as well as institutions. Foreign investors 

can alternatively to direct registration opt for registration in a nominee name. This 

means that their stock holdings are combined with others in a pool, together with the 

holdings of the nominee, in which case specific information of individual investors in 

the pool is not available. All foreign investors can however as a group be identified 

through the nominee name, and the pool's transactions can be separated from those of 

the nominee itself.   

 

The FCSD register allows us to separate the investors into tax clienteles. In the 

following analyses, we separate the Finnish investors into the following four groups: 

(1) domestic taxed companies, (2) domestic financial institutions, (3) domestic taxed 

individual investors, and (4) non-profit and public organisations (i.e. a group of non-

taxed organisations). Of these, only group (2) is taxationally problematic since it will, 

besides regular banks, include mutual funds run by financial companies, the latter of 

which will be tax-exempt.57 We have however no means to separate the mutual funds 

                                                                                                                                                               
56  This requirement lead to the elimination of two observations due to the merger between Kymmene 
and Repola into UPM-Kymmene in 1996 
57 I.e. the register does not identify indirect shareholdings through e.g. a mutual fund, but treats these as 
property of the financial institution in question. Since the codes for investor categories do not separate 



 123

as a group of its own, and will therefore have to analyse the ex-dividend day trading 

behaviour of this taxationally rather mixed group as a whole.  

 

The foreign investors will be divided into three groups: (1) foreign nominees 

administered by domestic companies (the domestic companies running these registers 

are most likely related to the financial sector but has been classified as companies by 

the central statistical authorities), (2) foreign nominees administered by financial 

institutions, (3) other foreign companies and organisations, directly registered as such.  

 

We will analyse (1) the number of traded shares, (2) trading volume (FIM), and (3) 

the number of transactions in these subgroups around the ex-date. We will focus the 

study on a window of 20 days: the 10 last cum-dividend days and the 10 first ex-

dividend days. As a control group, we will study the trades and volumes by the same 

investor groups and in the same stocks, during the control period of the month of 

September during the same year. September is chosen because (1) the trading activity 

during that month is similar to the trading activity during the main ex-dividend 

months of March and April, (2) none of the ex-dividend days in our sample occur in 

September, (3) September is apart from the year-end months of December and 

January, i.e. we avoid other possible tax-related trading activity, and (4) since most 

Finnish firms use the 12-month calendar year as their fiscal year we avoid the effect 

of interim reports. 

 

 

3.3. The stock data 

 

In latter parts of this paper, we calculate dividend yields for our sample of stocks 

using daily closing prices on the last cum-dividend date, and dividend data. The daily 

stock price and dividend data has been obtained from the Helsinki Stock Exchange. 

Later we also analyse the tax arbitrage in stocks of companies with different degrees 

of foreign ownership. Monthly data for foreign ownership from the Finnish Central 

Securities Depositary make it possible for us to calculate the degree of foreign 

ownership during the ex-dividend month.  

                                                                                                                                                               
between banks and mutual funds, we cannot within the category of financial institutions separate 
between taxable financial institutions such as banks, and tax-exempt mutual funds. 
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4. The Methodology 

 

Investors are aggregated into the above-mentioned seven categories. First, we have 

three taxed domestic groups, called simply for (T1) domestic companies, (T2) 

domestic financials and (T3) domestic households. They are all at least partly taxed, 

categories T1 and T3 clearly so, whereas T2 is the mixed group of taxed financial 

institutions and non-taxed mutual funds. Because of the role of the group T2 as a 

financial intermediary, and their later documented trading behaviour, we will mostly 

deal with this group together with the nominees at financial institutions. 

 

Secondly, we have one non-taxed group, domestic non-taxed organisations (NT).  

Finally, we have three groups of foreign investors, (F1) nominees at companies, (F2) 

nominees at banks, and (F3) foreign companies and organisations. 

 

We will analyse the aggregate transaction activity in these groups, defined both in 

terms of event specific daily transaction volumes measured in units of shares 

(percentage of shares purchased out of total traded volume), transaction volumes in 

units of currency (amount of FIM used to purchases as a percentage of the market 

value of the daily trading volume), as well as the number of transactions (number of 

transactions in a category involved in buy transactions as a percentage of all 

transactions in that category) for our sample of 101 ex-dividend events. We will 

define buy probabilities for the investor groups around the event, measured for traded 

shares, market volumes in units of currency, and number of trades as 

 

)SELLSH(BUYSH/BUYSHBUYPROB jt,i,jt,i,jt,i,shj,t,i, += ,   (3) 

 

)SELLVOL(BUYVOL/BUYVOLBUYPROB jt,i,jt,i,jt,i,volj,t,i, += ,   (4) 

 

)SELLTRAN(BUYTRAN/BUYTRANBUYPROB jt,i,jt,i,jt,i,tranj,t,i, += ,   (5) 
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where i stands for the ex-dividend event, t for the day (e.g. the last cum-dividend or 

the first ex-dividend day), and j for the investor group, and BUYPROBi,t,j,sh, 

BUYPROBi,t,j,vol , and  BUYPROBi,t,j,tran measure the buy probabilities in terms 

of numbers of shares, market volumes in units of currency, and number of 

transactions, respectively, on for event i, day t in group j. BUYSHi,t,j and 

SELLSHi,t,j are the numbers of shares of the event stock i bought and sold, 

respectively, on day t in group j, BUYVOLi,t,j  and  SELLVOLi,t,j are the volumes 

(in units of FIM, i.e. sum over transaction values) of event stock i bought  and sold, 

respectively, by investors in group j on day t, and BUYTRANi,t,j and SELLTRANi,t,j 

are the numbers of buy and sell transactions, respectively,  of the event stock i on day 

t in group j. 

 

We will both report buy probabilities measured directly over all the i event stocks (in 

which case stocks with larger number of shares, larger trading volumes in units of 

currency, or larger number of transactions will get a higher weight), as well as equally 

weighted averages of the 101 individual event specific buy probabilities. Given that 

there are no large differences between the unit prices for individual stocks, averaging 

directly over all stocks will for all of the three measures give larger weights to more 

liquid stocks, a group where also arbitrage is more likely to occur. The equally 

weighted measures will then show how persistent arbitrage activity is over all the 

stocks.  

 

All significance testing will be performed using the equally weighted buy ratios. We 

will test both the average cum-dividend and ex-dividend buy probabilities against 

both a prior of 0.5, as well as a prior based on control group data, i.e. a measure for 

the investor group based on their monthly trading activity in the 101 event stocks in 

September the same year.58 Test of these probabilities will be made using a t-test 

based on the cross-sectional standard deviations of the buy probabilities for the event 

stocks. 

                                                        
58 I.e. we will use formulas (3) , (4) and (5) for the control group data, in which case t stands for the 
whole month of  September (and in this way, we generate aggregate event and investor group specific 
numbers of shares traded, volumes, and numbers of traders). September is chosen as a control month 
because the trading activity is similar to that in February to April, the period during which Finnish 
stocks mainly go ex-dividend, and since there in our sample are no ex-dividend dates in September. 
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We will also use non-parametric methods. We will calculate for each investor group 

the number of times (sum over the events i) that the buy probability on the last cum 

dividend date, or the first ex-divided date, has been greater than 0.5, or its average for 

the control month in September.  These aggregate numbers hence measure how often 

the group as a whole has been more on the buy side as compared to each of two 

alternative priors. We will then use a Binomial test (its normal approximation) to test 

whether these numbers are significantly different from the priors. 

 

Finally, regression analyses will be performed where we investigate whether excess 

trading activity in a stock (the difference between a group's buy probabilities pre and 

post the event) can be explained by variables associated with liquidity, transaction 

costs, and investor heterogeneity in the company. We will conclude by having a look 

at the economic impact of potential immediate ex-dividend arbitrage activity. 

 

 

5. Results  

 

 

5.1. Data analysis 

 

Descriptive statistics for our sample of ex-dividend day events and event companies 

are shown in Panel A of Table 2. The ex-dividend day drop, measured as  

 

 ∑
=

−
=

N

1i i

i,Ai,B

D

PP

N

1
Prem , (7) 

 

where N is the sample size of stocks going ex-dividend, PB,i and PA,i are the cum 

and ex-dividend day prices for the i:th stock going ex-dividend, and Di the cash 

dividend, is 0,59 and significantly below 1. These results are in line with those of 

Liljeblom et al (2001), whose sample the years used by us is a subset of.59 The foreign 

ownership in our sample was 21% on average, with a large variation from 0.5% to 

                                                        
59 Liljeblom et al (2001) used the years 1994 to 1996. The FCSD register data is not available for 1994, 
so we are using only data for 1995 to 1996. The ex-dividend day premiums are analysed in depth in 
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68.19%. Panel B in Table 2 reports average buy probabilities from the control data set 

for our seven investor groups.  

 

Table 2. Descriptive statistics for our event firms in Panel A, and for the trading 
behaviour of our seven investor groups in Panel B. 
____________________________________________________________________ 
 
Panel A.   Dividend yield  Prem          Foreign ownership 
____________________________________________________________________ 
Average  0.0284 0.5951 0.2085 
Median  0.0280 0.6250 0.1850 
S.E. of mean  0.0014 0.1070 0.0169 
MIN  0.0060          -4.0000 0.0035 
MAX  0.1176 2.9714 0.6819 
____________________________________________________________________ 
 
Panel B.   Av. BUYPROBj Share of Share of 
Investor group   (# of observations) # of trades trading volume 
_________________________________________________________________________________ 
 
T1. Domestic companies              0.4372  (100)         0.1319             0.1294 
T2. Domestic financials       0.5153  (97) 0.1681  0.1830 
T3. Domestic households       0.3742  (101) 0.3167  0.1047 
 
NT. Non-taxed organisations        0.5747  (93) 0.0572  0.0736 
 
F1. Nominees at companies           0.5238  (79) 0.0674  0.0810 
F2. Nominees at financials        0.5231  (88) 0.2325  0.4067 
F3. Foreign companies & org.       0.4454  (80) 0.0262  0.0216 
__________________________________________________________________________________ 
Panel A reports descriptive statistics (averages, medians, standard errors of the mean, minimum and 
maximum) for our 101 ex-dividend event stocks during 1995 and 1996. Dividend yield is defined as 
the dividend divided by the last cum-dividend day closing price (5 observations were lost due to 
missing data on the last cum-dividend day). Prem is the price-drop-to-dividend ratio defined in formula 
(7) (7 observations were lost due to non-existent trading on either the cum- or ex-dividend date), and 
Foreign ownership is the fraction of shares in the company owned by foreign investors at the end of the 
ex-dividend month. Panel B reports descriptive statistics for the trading activity of our seven investor 
groups. BUYPROBi,j is the number of stocks i bought in relation to the total number of stocks bought 
and sold by investor group j in the control month of September. Av. BUYPROBj is an average over the 
company specific monthly buy probabilities for the investor group and # of observations is the number 
of observations of the initial 101. Share of # of trades is the investor group´s overall trading activity (in 
terms of transactions) in the event firms, in relation to the overall number of transactions. Share of 
trading volume is the investor group´s total transaction volume (bought and sold) in relation to the total 
transactions volume on the market. Both last numbers have first been calculated using each event´s 
matching control data for September, and then averaged over events.  
 

Panel B in Table 2 shows that of the seven investor categories, the Finnish households 

and companies have been more on the sell side (with buy probabilities less than 0.5), 

                                                                                                                                                               
Liljeblom et al (2001) while this paper concentrates on the trading behaviour of various investor 
groups, so see Liljeblom et al (2001) for further details on the analysis of the premiums. 
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whereas the non-taxed organisations, a group also including mutual funds and pension 

funds, has been more heavily on the buy side. Foreign companies and financials is the 

by far largest group on the market, with a 41% share of the September trading 

volume, and have been more on the buy side, as have to a lesser extent the domestic 

financials, the second largest group on the market (share of the trading volume 

18.3%). Foreign companies and organisations is a small group which only stands for 

roughly 2% of the market trading volume, and has been on the sell side in September. 

 

 

5.2. Results for the ex-dividend window 

 

Next we analyse the trading activities of the different investor groups around the ex-

date (for 10 last cum-dividend and 10 first ex-dividend days). We analyse both the 

numbers of shares bought (buy probabilities), buy-ratios for the volumes bought (in 

units of currencies), as well as the number of transactions. In this section, we will first 

report statistics averaged directly over all the events, i.e. statistics which are likely to 

give a larger weight for more liquid / large capitalization stocks. Table 3 reports 

descriptive statistics for the numbers of shares traded  around the ex-date. 

 

Panel A in Table 3 shows that the domestic taxed companies as well as households 

exhibit behaviour different from their average (control period) pattern described in 

Table 2, Panel B, by being substantially more often on the buy side on the last cum-

dividend date, and to some extent more often on the sell side on the first ex-dividend 

day. This type of dividend capturing activity is in line with what could be expected for 

these taxational groups. Also the non-taxed organisations, having incentives for 

arbitrage first at lower levels of price-drop-to-dividend ratios than the taxed investors, 

deviate from their control period patterns towards dividend capturing behaviour, and 

especially exhibit unusually low buy probabilities on the first ex-dividend day.60 

 

                                                        
60 This group is likely to contain organisations that, while tax-neutral at price-drop-to-dividend ratios of 
one, may have other reasons even then to prefer dividends to capital gains.  E.g. funds distributing 
research scholarships may be required to keep the fund capital untouched, and only use dividend 
income for annual scholarship distributions. 
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Table 3. Number of shares bought, sold, and buy probabilities for numbers of shares 
traded around the ex-date. 
_____________________________________________________________________ 
Panel A. A decomposition of the market into seven trader categories. 
Investor category Last cum-date First ex-date 
_____________________________________________________________________ 
T1. Domestic companies Buys 2786289 2916521 
 Sales 1103384 4446275 
 Buy prob. 0.7163 0.3961 
    
T2. Domestic financials Buys 1815915 7174477 
 Sales 2711654 1934294 
 Buy prob. 0.4011 0.7876 
    
T3. Domestic households Buys 597647 221631 
 Sales 320628 411728 
 Buy prob. 0.6508 0.3499 
    
NT. Non-taxed organisations Buys 469300 323250 
 Sales  315423 4435842 
 Buy prob. 0.5980 0.0679 
    
F1. Nominees at companies Buys 3567541 4089823 
 Sales 3454366 3875932 
 Buy prob. 0.5081 0.5134 
    
F2. Nominees at financials Buys 6425414 7602192 
 Sales 7800383 7318205 
 Buy prob. 0.4517 0.5095 
    
F3. Foreign companies & org. Buys 617210 737228 
 Sales 573478 642846 
 Buy prob. 0.5184 0.5342 
    
Total volume bought & sold 16279316 23065122 
____________________________________________________________________ 
Panel B. A decomposition of the market into a narrower set of three trader categories. 
_________________________________________________________________________________ 

T1, T3, NT: Net buyers on the          Buys 3853236 3461402 
cum-date, net sellers on the Sales 1739435 9293845 
ex-date Difference (buy-sell) 2113801 -5832443 
   
T2, F2 : Net sellers on the   Buys 8241329 14776669 
cum-date, net buyers on the Sales 10512037 9252499 
ex-date Difference (buy-sell) -2270708 5524170 
   
F1, F3: Neutral traders. Buys 4184751 4827051 
 Sales 4027844 4518778 
 Difference (buy-sell) 156907 308273 
_________________________________________________________________________________ 

Panel A show the number of shares bought, sold, and buy probabilities for numbers of shares traded 
around the ex-dividend date for our seven trader categories. Panel B shows a decomposition of the 
market into a narrower set of three categories: net buyers on the cum-dividend date and net sellers on 
the ex-dividend date (T2 and F2), net sellers on the cum-dividend date and net buyers on the ex-
dividend date (T1, T2, and NT), and neutral traders (F1 and F3), i.e. traders who independent of the ex-
dividend date systematically are on the same side (buyers or sellers). The trader categories are defined 
as follows: T1, domestic companies, T2, domestic financials, T3, domestic households, NT, domestic 
non-taxed investors, F1, nominees at companies, F2, nominees at financials, and F3, foreign companies 
and organisations. 
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The domestic financial companies trading patterns also substantially deviate from a 

neutral buy probability of 0.5 and their control period patterns close to this value, but 

in this case in a direction opposite from what could be expected based directly on 

their tax status. They are more heavily on the sell side (a buy probability of 40%) on 

the last cum-dividend date, and more heavily on the buy side (a buy probability of 

79%) on the first ex-dividend date. This pattern is symmetric to but more aggravated 

than that of the nominees at financials, and may be linked to the domestic banks 

acting as short-term intermediaries for the foreign investors. Finally, the other two 

foreign investor groups are on the buy side both before and after the ex-dividend date.  

 

Panel B in Table 3 further groups the participants into a narrower set of three groups 

based on their activity around the ex-date: those domestic investor groups with trading 

patterns in line with dividend capturing activity i.e. buying on the cum-date, selling on 

the ex-date (categories T1, T3, and NT), the financials (the domestic ones, T2, and 

foreign nominees at financials, F2) with an opposite pattern of trading activity, and 

the rest of the investors (two categories of foreign investors, F1 and F3) with a neutral 

trading pattern i.e. a pattern rather similar on both the cum and the ex-date. As Panel 

B shows, the first two groups act as opposite forces, one's net demand / supply 

approximately equalling the net supply / demand of the other. The demands and 

supplys of the other foreign investor groups seem to be more or less self-clearing. 

 

Next we turn attention to the aggregate trading patterns over the 20-day event window 

(10 last cum-dividend and 10 first ex-dividend days). Figures 1.1 to 1.3 show the 

aggregate buy probabilities based on number of shares traded for the three groups 

defined in Panel B of Table 3, Figures 2.1 to 2.3 show the same based on volume 

measured in market values, and Figures 3.1 to 3.3 for the number of transactions.  
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Figure 1.1. Buy probabilities, based on the number of shares traded, for domestic 
financials (T2) and foreign nominees at financials (F2). 

 

Figure 1.2. Buy probabilities, based on the number of shares traded, for other 
domestic investors (companies T1, households T3, and non-taxed investors NT). 

 

Figure 1.3. Buy probabilities, based on the number of shares traded, for other foreign 
investors (nominees at companies F1, and foreign companies and organisations F3). 
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Figures 1.1. to 1.3 exhibit buy probabilities, calculated as the aggregate number of 

shares in the 101 event companies bought by the investors in the groups in question, 

in relation to the number of total trades in the event company shares (purchases and 

sales)  by the investors in that group. Buy ratios are reported for a window of 10 last 

cum-dividend dates and 10 first ex-dividend dates. 

 

Figures 2.1. to 2.3 exhibit buy probabilities, calculated as the aggregate market value 

of shares in the 101 event companies bought by the investors in the groups in 

question, in relation to the number of total trades in the event company shares 

(purchases and sales)  by the investors in that group. Buy ratios are reported for a 

window of 10 last cum-dividend dates and 10 first ex-dividend dates. 
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Figure 2.1. Buy probabilities, based on the market value of shares traded, for 
domestic financials (T2) and foreign nominees at financials (F2). 

 

Figure 2.2. Buy probabilities, based on the market value of shares traded, for other 
domestic investors (companies T1, households T3, and non-taxed investors NT). 

 

Figure 2.3. Buy probabilities, based on the market value of shares traded, for other 
foreign investors (nominees at companies F1, and foreign companies and 
organisations F3). 
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Figure 3.1. Buy probabilities, based on the number of transactions, for domestic 
financials (T2) and foreign nominees at financials (F2). 

 

Figure 3.2. Buy probabilities, based on the number of transactions, for other domestic 
investors (companies T1, households T3, and non-taxed investors NT). 

 

Figure 3.3. Buy probabilities, based on the number of transactions, for other foreign 
investors (nominees at companies F1, and foreign companies and organisations F3). 

 

Figures 3.1. to 3.3 exhibit buy probabilities, calculated as the aggregate number of 

transactions in the 101 event companies bought by the groups in question, in relation 
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to the number of total (purchases and sales)  by the investors in that group. Buy ratios 

are reported for a window of 10 last cum-dividend dates and 10 first ex-dividend 

dates. 

 

These time graphs over buy probabilities for the net buyers and net sellers on the 

cum-date as well as for the neutral traders strengthen the picture of abnormal trading 

activity for the first two groups, and neutral trading activity for the last one. That 

pattern is more clearly seen when looking at volumes either in terms of the number of 

shares or market values, whereas there is less ex-dividend related variation in the 

number of transactions. 

 

Since the arbitrage activity seems to be taking place between the two first groups of 

domestic traders excluding the financials on one hand, and all the financials on the 

other, we will in our latter analyses concentrate on the 5 investor categories forming 

these two groups. According to the control period data, the combined market share of 

the investor categories we are leaving out of the later analyses is less than 10% of the 

number of shares traded, and roughly 10% of the market value of shares traded. We 

will thus still be analysing the major part of  the market. 

 

Next we will turn to average buy probabilities and test their significance around the 

ex-date. Table 4 reports, in Panels A to C, equally weighted averages (i.e. arithmetic 

averages over the number of event stocks) of our three measures of buy probabilities. 

We report these averages separately for the three categories of net buyers (T1, T3, and 

NT) and the two categories of net sellers (T2 and F2) around the ex-date. Significance 

testing is performed both using standard t-tests (differences is means) against the 

priors of a buy probability of either 0.5 or the one for the group during the control 

period, and using Binomial sign tests, testing whether the event buy probabilities are 

significantly more often on one side of the prior probabilities of 0.5 or that from the 

control period.  
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Table 4. Average (equally weighted) buy probabilities around the ex-date. 
_____________________________________________________________________ 
 Cum-div net buyers  Cum-div. net sellers 
 T1. Dom. T3. Dom. NT. T2. Dom. F2. Nominees 
 companies households Non-taxed financials at financials 
Panel A. Average buy probabilities based on the number of shares traded. 
 
Last cum-date average 0.6292 0.4898 0.4291 0.3970 0.4450  
t-value 1 3.50 ** -0.26  -1.09  -2.57 ** -1.67 *  
t-value 2 4.34 ** 2.59** -2.10 * -2.64 ** -2.14 *  
Bin-prob. 1 2.19 * -1.16  -0.93  -1.73 * -2.14 * 
Bin-prob. 2 4.78 ** 1.77 * -1.37  -2.06 * -3.25**  
 
First ex-date av. 0.3376 0.4267 0.4837 0.6245 0.5330  
t-value 1 -4.20 ** -1.78 * -0.25  3.20 ** 0.94  
t-value 2 -2.18 * 1.13  -1.25  2.50 ** 0.26 
Bin-prob. 1 -3.08 ** -1.61  -0.29  2.56 ** 0.25  
Bin-prob. 2 -2.11 * -0.33  -1.00  1.71 * -0.49  
_____________________________________________________________________ 
Panel B. Average buy probabilities based on the market value of shares traded. 
 
Last cum-date average 0.6303 0.4899 0.4289 0.3965 0.4451  
t-value 1 3.53 ** -0.26  -1.10  -2.58 ** -1.67 *  
t-value 2 4.37 ** 2.60 * -2.03 * -2.62 ** -2.14 * 
Bin-prob. 1 2.62 * -1.27  -1.07  -1.73 * -2.14 * 
Bin-prob. 2 4.78 * 1.77 * -1.37  -2.06 * -3.25**  
 
First ex-date average 0.3382 0.4265 0.4833 0.6259 0.5330  
t-value 1 -4.18 ** -1.79 * -0.26  3.24 ** 0.94  
t-value 2 -2.17 * 1.13  -1.27  2.56 ** 0.25 
Bin-prob. 1 -2.94 ** -1.71 * -0.43  2.42 ** 0.25 
Bin-prob. 2 -2.11 * -0.33  -1.00  1.94 * -0.49  
____________________________________________________________________ 
Panel C. Average buy probabilities based on the number of transactions. 
 
Last cum-date average 0.5386 0.4765 0.4370 0.4630 0.4600 
t-value 1 1.14  -0.70  -0.99  -0.97  -1.30  
t-value 2 2.30 * 3.67** -1.74 * -1.41  -2.24 * 
Bin-prob. 1 0.60  -1.21  -0.80  -0.37  -1.58  
Bin-prob. 2 2.11 * 2.65 ** -1.68 * -1.38  -3.01** 
 
First ex-date average 0.3879 0.4438 0.4951 0.5647 0.5307 
t-value 1 -3.08 ** -1.54  -0.08  1.85 * 0.97  
t-value 2 -1.51  2.61** -0.89  1.10  -0.18  
Bin-prob. 1 -2.32 * -1.52  -0.29  0.70  1.99 * 
Bin-prob. 2 -0.56  1.44  -0.43  0.11  0.00  
____________________________________________________________________ 
The table reports the average buy probabilities (arithmetic average over the different event specific buy 
probabilities) based on the number of shares traded (Panel A), market value of trading volume (Panel 
B), and the number of transactions (Panel C) for five different investor categories: T1, domestic 
companies, T3, domestic households, NT, non-taxed domestic investors, T2, domestic financial 
companies, and F2, foreign nominees at financials. The three first groups have been net buyers on the 
cum-dividend date and net sellers on the ex-date, and the two last ones have exhibited an opposite 
behaviour. The table also reports results of four different statistical  tests; the t-values 1 and 2 test 
whether the average buy probabilities deviate from a prior of 0.5, or the control period average, 
respectively, whereas the Binomial probabilities 1 and 2 test whether the buy ratios are significantly 
more often on the expected side of the priors of 0.5 or the control period average, respectively. Values 
significant at the 1% and 5% levels, one-sided tests, are denoted with ** and *, respectively. 
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Table 4 indicate significant dividend capturing activity for the domestic taxed 

companies. Using all measures, even those based on the number of transactions, they 

are significantly at the 1% or 5% level on the buy side on the last cum-dividend date, 

and on the sell side on the first ex-dividend date. The domestic taxed households in 

turn buy significantly more on the last cum-dividend date as compared to their control 

period buy probabilities (significant t-test 2 and Binomial test 2 scores), but the 

overall average buy probability is still below 0.5, and their ex-date behaviour seems 

neutral. The behaviour of the domestic households therefore seems to be more in line 

with tax clientele trading, i.e. a timing of the transactions in order to take advantage of 

the dividend. Finally, the non-taxed institutions seem to be neutral on average. 

 

The counterpart groups in the ex-dividend trading are formed by the financial 

institutions. Both the domestic financial institutions as well as the foreign nominees at 

financial institutions are significantly on the sell side on the last cum-dividend date 

(on 1% or 5% level in all tests based on the number of shares or market volumes). 

However, only the domestic financial institutions are also significantly on the buy 

side on the first ex-dividend date according to all measures except for those based on 

the number of transactions. The foreign nominees at financial institutions have buy 

probabilities greater than 0.5 on the first ex-date, but not in general significantly so.  

 

In this section, evidence of significant ex-dividend trading has been reported. On the 

last cum-date, on average both the domestic companies and households are 

excessively buying, whereas the financial institutions and the foreign nominees there 

are significantly overselling. However, evidence indicating short-term arbitrage 

activity (as opposed to tax clientele trading) in terms of opposite trading patterns on 

the ex-date is shown only by domestic companies and domestic financial institutions. 

Since average patterns still cannot inconclusively reveal whether the patterns are 

produced by actual arbitrage activity, we will later analyse trading patterns of 

individual traders around the ex-date. 
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5.3. The determinants of arbitrage activity 

 

Next, we will investigate for some stock specific determinants of the arbitrage activity 

in our sample of 101 stocks. Several studies, such as Karpoff and Walkling (1988 and 

1990), Boyd and Jagannathan (1994), and Liljeblom, Löflund, and Hedvall (2001) 

report significant relationships between dividend ratios, and transaction cost and risk 

variables.  One interpretation for these findings is that dividend arbitrage is especially 

likely to take place in low-risk, low transaction cost stocks. 

 

We will focus on buy probabilities on the last cum-dividend and the first ex-dividend 

date, and view the change in the buy probability from the cum-date to the ex-date as 

an indication of arbitrage activity. Since the measurement of this change variable 

requires, in each investor category, recorded transactions on both the last cum-

dividend and the first ex-dividend date, this reduces our sample to 91 stocks. Again, 

the two investor groups studied will be the domestic investors excluding the financials 

(T1, T3, NT), and the financials (T2, F2).  

 

Arbitrage activity i.e. higher changes in buy probabilities are likely to take place in 

low transaction cost stocks. Since direct transaction costs are mainly proportional to 

the stock price, but arbitrage gains are related to size of the stock price drop in 

relation to the dividend, for a given price-drop-to-dividend ratio, high dividend yield 

stocks are likely to produce larger arbitrage gains. We use the dividend yield, i.e. the 

dividend divided by the last cum-dividend date stock price, as one variable. 

 

Risk associated with the arbitrage activity can in turn be expected to be larger for high 

volatility stocks. Michaely and Vila (1995) found a significant relationship between 

abnormal volume and a total risk measure for the stock. We measure risk by the 

stock's volatility from an estimation period of  -30 to –6, and +6 to +30 around the ex-

dividend date. Arbitrage is also more likely for more liquid stocks since for them, the 

risks can be lower as well as the transaction costs. We measure liquidity as the 

logarithm of the monthly trading volume (in FIM) in the control month of September. 

 

Finally, in Liljeblom et al (2001), the ownership structure of the company was shown 

to be associated with the price-drop-to-dividend variable. The authors derived no-
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arbitrage boundaries for different investor categories, the ones being most apart were 

those of the domestic taxed owners and those of the foreign ones. Their empirical 

results indicated that price drops more apart from the common no-arbitrage interval 

midpoint were more commonly observed for companies with more homogeneous 

ownership structure. This was interpreted as evidence for arbitrage driving the price 

drops towards to no-arbitrage region in companies were foreign and domestic owners 

were both represented in similar proportions (and could hence trade with each other), 

whereas short selling restrictions would prevent arbitrage in companies which are 

dominated either by the domestic or the foreign owners, thereby making the price-

drop-to-dividend ratios in those companies reflect the preferences (the marginal tax 

rates) of the dominating owner category. In line with Liljeblom et al (2001), we 

measure investor heterogeneity as the absolute value of the difference between the 

degree of foreign ownership in the company in the ex-dividend month, and the value 

of 0.5 (equal proportions), and expect more arbitrage to take place (a larger 

differences in buy probabilities), the lower the value of this variable. 

 

Table 5 reports average changes in the buy probabilities (difference between cum 

dividend and ex-dividend date values for the buy probability) in the two investor 

groups for stocks classified into three categories based on four variables, each one in 

turn. The classification variables are: (1) the dividend yield, (2) the stock's volatility, 

(3) the stock's volume, and (4) our measure for investor heterogeneity in the company. 
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Table 5. Average differences in buy probabilities for cum-dividend and ex-dividend 
dates in different yield, volatility, volume, and investor heterogeneity categories. 
____________________________________________________________________ 
Value of classification variable (# obs.) T-value for 
Investor group Low (30) Medium (31) High (30)diff. High-Low 
____________________________________________________________________ 
Panel A. Classification by div. yield 
Ownership group T1, T3, NT 0.1088 0.1754 0.3269 1.89 * 
 (0.4133) (0.3818) (0.4770) 
   
Ownership group T2, F2 -0.0642 -0.1517 -0.1960 -1.36   
 (0.2817) (0.4673) (0.4501) 
____________________________________________________________________ 
Panel B. Classification by volatility 
Ownership group T1, T3, NT 0.2925 0.1434 0.1763 -1.02 
 (0.3918) (0.4128) (0.4820) 
 
Ownership group T2, F2 -0.1920 -0.1454 -0.0747 1.13 
 (0.4199) (0.4237) (0.3846) 
____________________________________________________________________ 
Panel C. Classification by volume 
Ownership group T1, T3, NT 0.0771 0.2532 0.2783 1.71 * 
 (0.5213) (0.3619) (0.3778) 
 
Ownership group T2, F2 -0.0634 -0.1981 -0.1489 -0.81 
 (0.5046) (0.4101) (0.2809)  
____________________________________________________________________ 
Panel D. Classification by inv. heterogeneity 
Ownership group T1, T3, NT 0.2753 0.1709 0.1651 -0.97 
 (0.3956) (0.4134) (0.4835) 
 
Ownership group T2, F2 -0.1097 -0.1055 -0.1982 -0.84 
 (0.3470) (0.4142) (0.4621) 
____________________________________________________________________ 
The table reports means and cross-sectional standard deviations (in parenthesis) for the change in the 
buy probabilities from the last cum-dividend date to the first ex-dividend date, measured on the basis of 
the market values of shares traded. The buy probabilities are averaged over those for individual stocks, 
and calculated separately for the trades in the two investor groups T1, T3, NT (domestic owners 
excluding financials) and T2, F2 (domestic financials, and nominees at financials), and for three 
different stock categories (all in all, 91 stocks divided into 3 categories) based on the ranking of either 
the dividend yield (Panel A), the stock's volatility (Panel B), the market volume traded in the stock 
(panel C), or a variable measuring investor heterogeneity (panel D). The dividend yield is measured as 
the dividend divided by the last cum-date closing price. The volatility is the stocks volatility, measured 
from daily returns based on closing prices, during an estimation period of -30 to -6, and +6 to +30 days 
around the ex-dividend date. The volume is the natural logarithm of the stock's traded volume in FIM 
during the control month of September. Investor heterogeneity is measured as the absolute value of the 
difference between the degree of foreign ownership in the company in the ex-dividend month, and the 
value of 0.5 (equal proportions). T-values in the last column test the significance of the difference 
between the average buy probabilities in the High and Low value columns assuming different 
population variances in the two groups, i.e. estimating the mean error for the difference between the 
two means as the square root of (σ1

2/N1 + σ2
2/N2), where σ1

2 and σ2
2 are the crossectional group 

variances, and N1 and N2 the sample sizes. Significant values at the 1% and 5% levels are denoted with 
** and *, respectively. 
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When interpreting Table 5, one must remember that since the group of domestic non-

financials (T1, T3, NT) behave like Buy-Sell Arbitrageurs, and the group of financials 

(T2, F2) as Sell-Buy Arbitrageurs, the sign of the average change in buy-probabilities 

from the cum-dividend date to the ex-dividend date is systematically positive in the 

first group and negative in the latter. Therefore, there is a large absolute value for the 

change variable, which may be interpreted as evidence of arbitrage activity (i.e. as 

evidence of the buy probabilities not staying unchanged over the ex-dividend day). 

When comparing the values in the three classification categories with each other, we 

see that they mostly behave as expected based on the hypotheses for the likelihood for 

arbitrage. In Panel A, the buy probability changes increase (in absolute terms) with 

the dividend yield in both investor groups, but the difference between the values in 

the high and low yield categories is significant at the 5% level only for the domestic 

non-financial investors (T1,T3, NT). This can be interpreted as weak evidence of 

more arbitrage activity taking place in high yield stocks. 

 

In Panels B and C, the difference between the buy probability changes in the high and 

low value categories indicate that arbitrage is more common for low risk, high volume 

stocks. However, the difference is significant at the 5% level only for the group 

domestic non-financial investors (T1,T3, NT) when classifying according to volume 

(Panel C). Finally, when using the investor heterogeneity variable as the classification 

variable, the difference between the buy probability changes in the high and low 

heterogeneity groups has the expected sign for the domestic non-financial investors 

(T1,T3, NT) (higher buy probability changes in low heterogeneity stocks) but not for 

the financials (T2, F2). Both differences are however insignificant. 

 

Finally, multiple regression analyses61 were performed in order to test for the 

relationship between the buy probability changes and the explanatory variables used 

as classification variables in Table 5. When restricting the analysis to stocks with at 

least 30 daily trades being performed in the investor groups (58 observations), the 

yield variable was significantly positively related to the change in the buy probability 

at the 1% level in both investor groups, whereas the other variables were insignificant. 

                                                        
61 Not reported here but can be obtained from the authors. 
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In this section, we investigated the relationship between a measure for arbitrage 

activity, the change in the buy probability from the cum-dividend date to the ex-

dividend date, and stock specific variables for the likelihood of arbitrage. Some albeit 

weak evidence of more arbitrage activity in high yield, high volume stocks were 

obtained.  

 

 

5.4. Short-term versus tax clientele trading 

 

To briefly study the extent of "true" short-term arbitrage trading, we took out all the 

individual investors with some transaction activity on ether the last cum-dividend 

date, or the first ex-dividend date, activity meaning that they have been either buying 

or selling one of the sample stocks. The investors were divided into two categories 

based on their general characteristics. We used the same main categories as 

previously: domestic investors (T1, T3, and NT) and domestic and foreign financials 

(T2 and F2).  Based on their activity on the two dates, the investors were further 

divided into those making one-way transactions only in a specific stock (only buying, 

or selling, in terms of daily net amounts of shares, on one or both of the two dates), 

pure intra-daily traders (trading a net amount of zero shares), or arbitrageurs (net 

buyers on the last cum date, and net sellers on the first ex-data, or vice versa).  The 

classification is based on the daily net amounts of traded shares. Table 6 shows how 

we have classified the traders.  

 

Table 6. The classification or traders around the ex-date. 

                           Net transaction activity on the first ex-dividend date 

 Zero Net buyer  Net seller 

Zero Intradaily trader (I) Buyer (B)  Seller (S) 

Net buyer Buyer (B) Buyer (B)  B-S Arbitrageour 

Net seller Seller (S)  S-B Arbitrag.   Seller (S) 

  

  
Net 
transaction 
activity on 
the last cum-
dividend date 
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Table 7 reports statistics for the gross trading activity62 of the two investigated groups, 

the domestic investors (T1, T3, and NT) and domestic and foreign financials (T2 and 

F2), around the ex-dividend date. Within each of the two groups, we report gross 

amounts bought and sold for five trader classifications: Intradaily traders (I), Buyers 

(B), Sellers (S), Buy-Sell arbitrageurs, and Sell-Buy Arbitrageurs. The amounts are 

relative numbers of shares bought or sold in a trader category, divided by the total 

amount bought or sold by the investor group, or the whole market. Since the two 

investor groups do not form the whole market (see Panel B in Table 3, which shows 

that also a third group, neutral traders (F1, F3) is part of the market), these market 

shares of the two groups do not sum up to 100% but to 74.3% and 75.3% for cum-

dividend purchases and sales, and to 79.1% and 80.4% for ex-dividend day purchases 

and sales, respectively.  

 

Table 7 shows that within the first investors group, consisting of domestic non-

financial investors (T1, T3, NT), the largest trader category on the last cum-dividend 

date is the Buy-Sell arbitrageurs, which forms as much as 48.9% of the overall 

investor group's buy volume on the last cum-dividend date, and as much as 11.6% of 

the whole market volume on the buy side. Their selling activity on the last cum date is 

rather low (7.5% of the groups' selling volume, and less than 1% of the overall market 

volume). On the first ex-dividend date, their selling activity is large although not quite 

as pronounced as on the cum-date, forming now 25.7% of the group's sales volume 

and 10.4% of the overall market volume, while their buy activity in very low. The 

other trader categories behave as expected, with net buyers dominating on the buy 

side (when not exceeded by the Buy-Sell arbitrageurs on the last cum-date), and net 

sellers on the sell side. The occurrence of trading behaviour that could be classified as 

Sell-Buy arbitrage is very low in this investor group.  

 

 

 

 

                                                        
62 Whereas our grouping of the traders into the five trader categories is based on daily net amounts 
traded (purchases minus sales), our analysis of trading volumes around the ex-date, as reported in Table 
6, is based on gross amounts traded. This means that intradaily traders' buy and sell transactions (of 
equal magnitude) are included, and it also means that a Buyer can both buy and sell (but by definition, 
his purchases exceed his sales in the same stock on a daily basis). 
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Table 7. Purchases and sales by different trader categories within two investor groups 
_____________________________________________________________________ 
Investor category Intradaily Buyer Seller Buy-Sell Sell-Buy
 trader   arbitrageur arbitrageur 
_____________________________________________________________________ 
Panel A. Last cum-dividend date 
 
Buys and sales as % of transactions within group 
Buys by T1,T3,NT  0.0677 0.3818 0.0591 0.4888 0.0026 
Buys by T2, F2  0.1035 0.1889 0.1508 0.1460 0.4108 
 
Sales by T1,T3,NT  0.1499 0.0349 0.6801 0.0745 0.0605 
Sales by T2, F2  0.0811 0.0538 0.2775 0.0356 0.5520 
 
Buys and sales as % of the whole market volume  
Buys by T1,T3,NT  0.0160 0.0904 0.0140 0.1157 0.0006 
Buys by T2, F2  0.0524 0.0957 0.0764 0.0739 0.2079 
 
Sales by T1,T3,NT  0.0160 0.0037 0.0727 0.0080 0.0065 
Sales by T2, F2  0.0524 0.0347 0.1792 0.0230 0.3564 
_____________________________________________________________________ 
Panel B. First ex-dividend date 
 
Buys and sales as % of transactions within group 
Buys by T1,T3,NT 0.1974 0.6825 0.0730 0.0165 0.0307 
Buys by T2, F2 0.0556 0.4486 0.0836 0.0767 0.3355 
 
Sales by T1,T3,NT 0.0735 0.0340 0.6355 0.2569 0.0001 
Sales by T2, F2 0.0888 0.1021 0.2813 0.2652 0.2626 
 
Buys and sales as % of the whole market volume  
Buys by T1,T3,NT 0.0296 0.1024 0.0110 0.0025 0.0046 
Buys by T2, F2 0.0356 0.2874 0.0536 0.0492 0.2149 
 
Sales by T1,T3,NT 0.0296 0.0137 0.2561 0.1035 0.0000 
Sales by T2, F2 0.0356 0.0409 0.1129 0.1064 0.1053 
_____________________________________________________________________ 
The table reports numbers of shares of sample companies bought or sold by five trader categories 
within two groups of investors. The two investor groups are: T1, T3, NT, i.e. domestic taxed 
companies, households, and non-taxed organisations, and T2, F2, i.e. domestic financials and foreign 
nominees at financials. The number of shares is measured either as a fraction of the total number of 
purchases or sales within the investor group, or as a fraction of all trades on the market (including also 
a third investor group F1, F3, i.e. foreign nominees at companies, and foreign companies and 
organisations).  Panel A reports the relative transaction frequencies on the last cum-dividend date, and 
panel B on the first ex-dividend date. 
 

In the investor group consisting of domestic and foreign financials (T2, F2), the Sell-

Buy arbitrageurs are the largest traders both on the sell as well as buy side on the last 

cum-dividend date, with 41% of the groups purchases and 55% of its sales (21% and 
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36% of the market volume, respectively), with a pronounced difference of 14% (15%) 

more sales than purchases. On the first ex-dividend date, their buy volumes are in turn 

high (34% of the groups sales) although not as pronounced as their cum-date sales 

(the Sell-Buy arbitrageurs' relative cum-date purchases exceed their relative sales only 

by 7%). The group of financials is more mixed in the sense that also some evidence of 

trading behaviour that could be classified as Buy-Sell arbitrage activity can be found 

within it. The Buy-Sell arbitrageurs in this group have cum-date buy volumes of 

14.6% of the overall group's volume,  exceeding their cum-date sale volume share of 

3.6% by 11%. On the ex-date, the Buy-Sell arbitrageurs in this group look very much 

like those in the domestic investor group (T1, T3, NT), with sell volumes of 26.5% 

and buy volumes of 7.7%. 

 

Finally, in order to get some idea of the economic impact of the arbitrage activity 

taking place, we concentrated on the pure Buy-Sell arbitrageurs from the first 

investors group, the domestic non-financial investors (T1, T3, NT), and the Sell-Buy 

arbitrageurs from the financials (T2, F2) group. We calculated the net buy and sale 

volumes on the last cum-dividend and the first ex-dividend date for these groups. 

These figures are reported in Table 8.  

 

Table 8. The economic magnitude of the arbitrage activity around the ex-date. 

_____________________________________________________________________ 
Transaction volumes,  Purchases                  Sales Net volume 
in 1000 FIM 
_____________________________________________________________________ 
Last cum-dividend date 
B-S Arbitrageurs from T1, T3, NT 157 764 9 806   147 958 
S-B Arbitrageurs from T2, F2 520 295 765 089 -244 794 
 
First ex-dividend date 
B-S Arbitrageurs from T1, T3, NT  6 610  161 969  -155 359 
S-B Arbitrageurs from T2, F2 941 039 691 528   249 511 
_____________________________________________________________________ 
The table reports  daily transaction volumes (purchases, sales, and net volumes i.e. purchases minus 
sales) in 1.000 FIM for two trader categories, the Buy-Sell Arbitrageurs from the group of domestic 
non-financial investors (T1, T3, NT), and the Sell-Buy Arbitrageurs from the group of  financials (T2, 
F2). 
      

The figures in Table 8 allow us to crudely measure the economic impact of the 

arbitrage activity around the ex-date. If  we take the lowest number of them all, the 
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net amount of shares bought for 148 M FIM on the last cum-date by the B-S 

Arbitrageurs, and assume that the selling counterparts for this transaction would have 

been a foreign owner from the category of S-B Arbitrageurs, a counterpart otherwise 

paying a withholding tax of 15% for the dividend, we can calculate an estimate of 

taxes lost. We  use the average dividend yield for our sample of stocks from Table 2, 

which is 2.84%, which would give a dividend stream of 4.2 M FIM for the shares 

bought, and a withholding tax loss of 630.000 FIM. The larger number of 244.8 M 

FIM, i.e. shares sold by the Sell-Buy Arbitrageurs, would in a similar way give a tax 

loss of 1.04 M FIM. The economic impact of taxes lost by the state of Finland due to 

such short-term arbitrage activity seems thereby to be minor, in spite of its statistical 

significance in terms of the trading activity reported in Table 4.63  

 

 

6. Summary and Conclusions 

 

The purpose of this paper has been to investigate for the identity of the ex-date traders 

using the Finnish unique database that records the trades of all traders on the market. 

We wanted to look for evidence of arbitrage activity in various investor groups with 

different taxational preferences, to test for stock specific determinants of such 

arbitrage activity, to separate between short-term dividend capturing trading versus 

longer term tax clientele trading, and to look into the economic importance of such 

activity. 

 

We found that there were basically two investor groups trading around the ex-

dividend date on the Finnish market. The first group consists of domestic non-

financial investors, whose trading behaviour can be characterized as dividend 

capturing (buying on the last cum-dividend date, selling on the first ex-dividend date), 

especially so for the subgroup of domestic taxed companies, for which the buy 

probabilities around the ex-dividend date significantly deviated from their normal 

levels. This behaviour is in line with their taxation (the Finnish full imputation 

system), which creates a preference for dividends as compared to capital gains. More 

                                                        
63  Of course, one can argue that arbitrage activity more likely takes places in high dividend yield 
stocks, as we got indications of in Table 4, but with these transaction volumes, the taxes lost due to 
immediate short-term arbitrage seem to remain modest even assuming higher dividend yields. 
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detailed analysis of individual traders within this group found evidence of immediate 

short-term buy-sell arbitrage by some investors in this group, while volumes in the 

opposite direction were close to zero. 

 

The second group consists of foreign investors registered in a nominee name at a 

financial institution, and domestic financial institutions. Whereas the foreign investors 

most likely have clear preferences for capital gains because of the withholding 

(source) tax on dividends, the role of the domestic financials is more obscure. This 

group includes both taxed banks as well as non-taxed mutual funds. Banks may have 

incentives to sell-buy arbitrage if they act as intermediaries for foreign firms, whereas 

the mutual funds may (depending on whether the stock price is expected to drop by 

more or less than the dividend) have incentives for dividend arbitrage in one or the 

other direction especially in high yield stocks. The more detailed analyses also 

showed that the behaviour of this group was less clear: both investors doing short-

term buy-sell arbitrage as well as those doing short-term sell-buy arbitrage were found 

within this group. However, the latter activity (sell-buy arbitrage) was the more 

dominating one, and also statistically significantly evidenced through the buy 

probabilities around the ex-date. 

 

We also found weak evidence of the arbitrage activity being more severe in high 

yield, high volume stocks in the group of domestic non-financial investors. The 

economic importance of the very short-term arbitrage activity around the ex-date 

seems however to be minor, at least if the tax revenues due to lost withholding taxes 

from the investors doing short-term arbitrage in its most pronounced way are 

considered. 
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