
114

NJB Vol. 67 , No. 2 (Summer 2018) Jörgen Hellström, Yuna Liu and Tomas Sjögren

Stock Exchange Mergers 
and Weak-Form 
Information Efficiency: 
Evidence from the 
OMX Nordic and Baltic 
Consolidation*1
Jörgen Hellström, Yuna Liu and Tomas Sjögren

Abstract
In this paper, we study whether the creation of a uniform Nordic and Baltic stock trading platform has 
affected weak-form information efficiency. A time-varying measure of return predictability for individual 
stocks is used in a panel-data setting to test for stock market merger effects. The results indicate that the 
stock market consolidations have had a positive effect on the information efficiency and turnover for an 
average firm. The merger effects are, however, asymmetrically distributed, indicating, among other, a flight 
to liquidity effect, i.e. relatively large (small) firms located on relatively large (small) markets experience 
an improved (reduced) information efficiency.   
JEL Classification: G12, G14, G15.

Keywords: 
Time-varying return predictability, turnover, market structure.  

Dr. Jörgen Hellström is a Professor of Finance at Umeå School of Business, Economics and Statistics at Umeå Uni-
versity, Sweden.
Dr. Yuna Liu is an Assistant Professor of Economics at Umeå School of Business, Economics and Statistics at Umeå 
University, Sweden. 
Dr. Tomas Sjögren is a Professor of Economics at Umeå School of Business, Economics and Statistics at Umeå Uni-
versity, Sweden. 
*Financial support from the NASDAQ OMX Nordic Foundation is gratefully acknowledged. Comments on a previous 
version of the paper from Gauthier Lanot and seminar participants at the Umeå University are greatly appreciated. 
Corresponding author: Jörgen Hellström, Umeå School of Business, Economics, and Statistics, Umeå University, 
e-mail: jorgen.hellstrom@umu.se, phone: +46-90-7866987. 



115

NJB Vol. 67 , No. 2 (Summer 2018) Stock Exchange Mergers and Weak-Form Information Efficiency

1. Introduction
A major trend during the last decades has been 
the merger of international stock exchanges 
(see e.g. Kokkoris and Olivares-Caminal, 
2008). A number of mergers have been made, 
e.g. the Euronext (2005), the OMX (2003-
2006), the NYSE-Euronext (2006) and the 
NASDAQ-OMX (2007), and additional mergers 
can be expected in the future because of the 
competition between market exchanges and 
due to pressures to cut costs.2 In light of this 
changing market structure for stock trading, 
an important question is how these changes 
potentially affect the quality of stock markets 
in terms of information efficiency; i.e. to what 
extent do current stock prices represent fair 
values given the available information? Stock 
price efficiency is important for a number of 
reasons. First, it is essential for an efficient allo-
cation of savings within an economy, second, 
it is crucial for investor and firm-owner trust 
in stock markets, third, it is pivotal for an ef-
ficient construction of managerial compensa-
tion and incentives schemes, and fourth, it is of 
central interest through its connection to asset 
price predictability.

There are few theoretical models which 
predict how the trading behavior may be af-
fected by a consolidation of stock exchanges. 
Arguments may nevertheless be put forth in 
favor of an expected overall increase in infor-
mation efficiency. For example, a consolida-
tion of markets may reduce the trading costs 
(Mendelson, 1987) thereby increasing the pool 
of potential investors available for each stock 
which, on average, makes deviations from 
a fair price less likely. That information effi-
ciency increases following a merger is largely 

1 The harmonization of regulatory environment for capital markets in Europe combined with technological ad-
vances are likely to further fuel merger activities in the European capital markets.
2 Nielsson (2009) studies stock venue merger effects from the Euronext merger upon liquidity, while Kokkoris 
and Olivares-Caminal (2008) focus up corporate access to financial capital. Khan and Vieito (2012), in an explo-
ratory study, investigate the impact on weak-form market efficiency of the merger between the Portuguese stock 
exchange and Euronext in 2002.
3 Estonia, Latvia and Lithuania.
4 Since data for stocks on the Icelandic stock market partly are missing for the considered sample period, we 
exclude the Icelandic merger into the OMX in 2006 in our subsequent analysis.

unexplored, although tentatively supported 
by the empirical findings of Khan and Vie-
ito (2012). Apart from the expected positive 
effect on overall market efficiency, one can 
also argue that effects may be asymmetrically 
distributed over firms. For example, stocks 
which after a merger receive more attention 
from investors abroad due to increased visi-
bility on foreign markets may become more 
information efficient compared with firms 
which after a merger receive unchanged or less 
investor attention. Nielsson (2009) finds that 
after the Euronext merger, liquidity increases 
for large, but not for small and medium sized, 
firms. Conditional on the changes in the level 
of investor attention (i.e. liquidity), it is also 
possible that the composition of informed 
versus uninformed investors following a stock 
may change, leading to additional asymmetric 
merger effects. For example, a change which 
leads to an increase in the proportion of in-
formed investors that follow a given stock may 
make the given stock less likely to deviate from 
its fundamental value, whereas an opposite ar-
gument applies if it instead is the proportion 
of uninformed investors that goes up. Since 
knowledge of how stock exchange mergers 
influence stock price information efficiency 
to date largely is missing3, in this paper we 
provide new empirical evidence by studying 
the effect of the OMX Nordic and Baltic stock 
exchange consolidation (henceforth the OMX 
merger).

During the period 2003-2006, the pre-
viously national stock markets in Denmark, 
Finland, Iceland, Sweden and the Baltic4 coun-
tries merged into a single trading platform 
(the OMX merger).5 To study the effect of these 
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mergers on information efficiency, time-var-
ying measures of return predictability are es-
timated on stock returns for individual firms. 
These measures are then in a second stage 
related to variables measuring the mergers 
as well as to other covariates. This allows us 
to study possible asymmetric merger effects 
upon information efficiency based on firm lo-
cation, size, and pre-merger visibility. A main 
advantage with our approach of identifying 
potential merger effects is that we can con-
dition on other factors affecting information 
efficiency, both in the period before and in 
the period after the mergers. This is an exten-
sion compared with Khan and Vieito (2012) 
who compare the level of weak-form market 
efficiency for a pre-merger period with a post-
merger period without conditioning on other 
covariates. The main contributions of the cur-
rent paper are therefore that we (i) provide 
new empirical evidence concerning the effects 
of stock exchange mergers up information 
efficiency, (ii) analyze the issue using time-var-
ying measures of efficiency, (iii) utilize panel 
data which makes it possible to use covariates 
and control variables for time- and firm-spe-
cific unobserved heterogeneity. Since much of 
the recent market efficiency literature (e.g. Gu 
and Finnerty (2002); Lagoarde-Segot (2009); 
Kim et al. (2011); Chuluun et al. (2011)), sup-
ports the notion that the relative level of weak-
form market efficiency is time-varying and to 
a large extent depends on (for the researcher) 
unobservable factors, an approach allowing 
for covariates and controls of unobserved het-
erogeneity is of central importance.

To measure the time-varying level of 
return predictability, multiple versions of 
Wright’s sign test (see Kim and Shamsuddin, 
2008) are estimated on moving sub-samples 
over the considered time period.6 Based on 
these measures, we obtain time-series of the 

5 As a comparison, we also repeat our empirical analysis instead using the multiple variance ratio (VR) tests by 
Chow and Denning (1993) as a measure of time-varying return predictability. Results, who are qualitatively (in 
terms of signs and significance) similar, may be obtained on request. Evidence from Monte-Carlo studies in Kim 
and Shamsuddin (2008), do, however, favor the use of the multiple versions of Wright’s sign test.

test statistic for each individual stock. In the 
empirical analysis, these time-series are then 
analyzed directly as measures of the relative 
level of information efficiency. In the second 
stage of the analysis, merger event variables 
corresponding to each sub-sample window 
are used to measure the effect of the stock ex-
change mergers, conditioning on firm size, the 
prevailing market condition and on annual 
time- and firm-specific fixed effects. To exam-
ine possible asymmetric merger effects upon 
firms, we use interaction variables between 
the merger event variable and firm pre-merger 
listing locations, pre-merger firm size, and pre-
merger foreign sales (to capture pre-merger 
foreign visibility). In addition to this analysis, 
we also provide evidence for merger effects on 
stock liquidity (measured by stock turnover) 
to gain further insights into the causes behind 
asymmetric changes in information efficiency.

The main findings of our study indicate 
(i) that the information efficiency and the 
turnover for an average firm are both im-
proved by a consolidation of stock markets 
and (ii) that the effects are asymmetrically 
distributed over firms. In terms of asymmetric 
merger outcomes, we find tentative evidence 
supporting a flight to liquidity effect, i.e. im-
proved information efficiency and turnover 
for relatively large firms located on relatively 
large markets, and reduced information ef-
ficiency for relatively small firms located on 
small markets. Our results also indicate that 
firms already visible to (i.e. traded by) foreign 
investors in the pre-merger period receive a 
relatively lower increase in information ef-
ficiency than firms less available to foreign 
investors in the pre-merger period. These 
results indicate that changes in the level of 
investor attention (turnover) may explain 
some, but not all of the changes in infor-
mation efficiency. This lends support to the 
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idea that merger effects may also stem from 
changes in the composition of informed ver-
sus uninformed investors following a stock.

The outline of the paper is as follows: 
Section 2 describes the OMX mergers and dis-
cusses different hypotheses about how stock 
market mergers may affect weak-form mar-
ket efficiency. In Section 3 the data, the vari-
able measurement and the empirical model 
are presented. Section 4 contains the results 
while the final section concludes.

2. The OMX merger and  
information efficiency
2.2 Background
The cooperation between the Nordic stock 
exchanges was formally initiated by the es-
tablishment of the NOREX alliance in 1998. 
It linked the stock exchanges in Stockholm 
and Copenhagen via a joint system for eq-
uity trading called SAXESS7 and harmonized 
trading rules and membership requirements. 
The aim of this alliance was to facilitate inter-
action between exchanges without formally 
merging them. In 2000, both the Oslo and the 
Icelandic stock exchanges joined the alliance, 
followed by the stock exchanges in Helsinki, 

6 Securities-trading on the stock exchange takes place through the common SAXESS trading system. The SAXESS 
system was implemented at Stockholm stock exchange March 12, 1999, Copenhagen June 21 1999, Oslo May 27, 
2002 and Helsinki, Riga, and Tallinn, 27 September 2004.

Riga and Tallinn in 2004. The stock exchange 
in Vilnius joined the alliance in 2005. In ad-
dition to this alliance, formal mergers of the 
Danish, Finnish, Icelandic, Swedish and the 
Baltic stock exchanges have taken place via 
the OMX mergers (today NASDAQ-OMX). In 
2003, the Stockholm stock exchange (OMX) 
merged with the Helsinki (HEX), in 2004 
the stock exchanges in Riga and Tallinn were 
included, and in 2005 the Vilnius exchange 
joined and in the same year OMX-HEX ac-
quired the Copenhagen stock exchange. Fi-
nally, in 2006 the Icelandic stock exchange 
merged with OMX. After these mergers OMX 
offered access to about 80 percent of the Nor-
dic and Baltic securities markets through a 
unified trading platform. Since the effects of 
a stock exchange merger are likely to be ob-
served from the date when investors are given 
access to the common trading platform, these 
dates have been identified. Table 1 shows the 
dates when investors from each market were 
given access to the other trading venues for 
our considered markets (i.e. excluding the 
merger with the Icelandic stock market). For 
example, as of September 27, 2004, Swedish 
investors could access and trade stocks listed 

MARKET 2004-09-27 2005-01-03 2005-05-30

Stockholm (Sth) Hel, Rig, Tal Cop Vil

Helsinki (Hel) Sth, Rig, Tal Cop Vil

Copenhagen (Cop) - Sth, Hel, Rig, Tal Vil

Riga (Rig) Sth, Hel, Tal Cop Vil

Tallinn (Tal) Sth, Hel, Rig Cop Vil

Vilnius (Vil) - - Sth, Hel, Cop,

Rig, Tal

Table 1: Merger date for each market.
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on the Helsinki, Riga, and Tallinn stock ex-
changes via the SAXESS cash trading system. 
Later, Swedish investors could also trade 
Danish stocks when the trading platforms in 
Stockholm and Copenhagen were merged on 
January 3, 2005.

2.3. Information efficiency and stock 
exchange mergers
The prior literature emphasizes that the 
level of market efficiency may vary over time 
(e.g. Gu and Finnerty, 2002; Lo, 2004; La-
goarde-Segot, 2009; Kim et al., 2011; Chuluun 
et al., 2011). In this literature, it is acknowl-
edged that different financial markets may 
be weak-form efficient to varying degrees 
instead of either being weak-form efficient or 
not, and that the level of weak-form efficiency 
may change over time. This is in contrast to 
much of the earlier empirical literature (see 
e.g. the survey by Lim and Brooks, 2011) which 
is based on the assumption of a constant level 
of information efficiency and which tries to 
reject or accept that markets are either weak-
form efficient or not.

There is also a literature which looks 
at under what types of conditions markets 
are efficient. Lim and Brooks (2011) point 
out that factors that may lead to depar-
tures from market efficiency are charac-
teristics of the market microstructure, 
limitations to arbitrage, psychological 
biases among investors, noise trading, and 
market imperfections. The degree of mar-
ket efficiency is also likely to evolve over 
time due to changes in market conditions, 
macro institutions, market regulations, 
and information technologies. Today, 
there is a large literature which attempts 

7 See Hoque et al. (2007), Kim and Shamsuddin (2008), and Kim et al. (2011).
8 Lagoarde-Segot (2009), Kim and Singal (2000a, b), Antoniou (1997), and Groenewold et al. (2004).
9 Jain (2005), Naidu and Rozeff (1994), Freund et al. (1997), and Ryoo and Smith (2002).
10 See e.g. Lim and Brooks, (2011), for a more comprehensive survey.
11 Direct fee’s could possibly increase on a consolidated market if the merger reduces venue competition in trading 
of stocks and exchanges exert monopoly power. In a cross-country merger of stock markets, most stocks are, ho-
wever, usually only traded on one market in the pre-merger period. Thus, competition in trading of a given stock 
is not likely to change to any larger extent in this type of merger.

to show a link between events to periods 
of low(er) market efficiency. Some studies8 
relate market conditions (mainly finan-
cial crises) to market efficiency whereas 
other studies9 link financial reforms and 
changes in the regulatory framework to 
market efficiency. Yet other studies10 test 
how technology improvements (the in-
troduction of electronic trading systems) 
and the introduction of price limitation 
systems affect market efficiency.11

    Is a stock exchange merger also a factor, 
or event, which may influence the informa-
tion efficiency of stock prices? There are few 
theoretical models which provide guidance 
on what to expect after a consolidation of 
stock markets. A number of arguments in line 
with Nielsson (2009) may, however, be put 
forward leading to testable hypotheses. One 
is that a stock exchange merger brings buyers 
and sellers together on a common trading 
venue which reduces both the direct and 
the indirect (non-monetary) costs related to 
trading. Investors’ direct costs may decrease 
if exchange operators pass on possible gains 
from the merger, e.g. due to scale effects from 
common trading and clearing systems, to in-
vestors in terms of lower fees. Indirect costs 
(e.g. in terms of saving time) are also likely to 
decrease when trading and clearing systems 
become more uniform.12 This argument is in 
line with Mendelson (1987) who advances 
the network argument, i.e. that lower trad-
ing costs are linked to the concentration of 
buyers and seller to one consolidated market. 
Reduced direct and indirect trading costs are 
also likely to broaden a stock exchange in 
terms of the number of participants, both do-
mestic and foreign, which implies that each 
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individual firm faces a potentially larger pool 
of investors after a merger. A large number of 
participating investors may lead to a deepen-
ing of the market, i.e. larger quantities avail-
able at prices marginally above and below 
the prevailing market prices, which makes 
individual trades less likely to drive price 
movements. These arguments imply that a 
consolidation of stock markets is likely to 
have a positive effect on the number of inves-
tors analyzing and trading in a given stock, 
and it may also imply that deviations from a 
fair price become less likely. Hence, informa-
tion efficiency for an average firm is expected 
to increase on an overall basis.

Given the arguments in favor of an over-
all positive effect of exchange mergers upon 
market efficiency it is, however, possible that 
the effect is asymmetrically distributed, c.f. 
Nielsson (2009). One may expect that the 
effect of a merger on an individual stock 
depends on how much investor attention it 
receives after the merger compared to the 
attention received before the merger, as well 
as on the initial level of efficiency. If a stock, 
which before the merger displayed much de-
viation from a random walk (i.e. a low level 
of information efficiency), after the merger 
receives more investor attention then the in-
formation efficiency may increase. Whether a 
given stock receives more or less investor at-
tention in the post-merger period is likely to 
depend on the firm´s previous (pre-merger) 
visibility on the foreign market. The latter is, 
in turn, likely to depend on the firm´s size 
and foreign sales. A large firm, or a firm with 
sizable foreign sales, may already be known 
to foreign investors. For a firm with a high 
pre-merger visibility, the merger may either 
increase trading in the stock if it attracts 
new foreign investors, or not affect trading 
if foreign investors are already trading in the 
stock. These arguments imply that previous 
visibility may work in either direction.

12 This line of reasoning is in line with the conjecture made by Grossman and Stieglitz (1980) that “the more indi-
viduals who are informed, the more informative is the price system”.

Another size related argument is that 
a firm which before the merger is large on 
a small stock market may end up being a 
medium sized (or small) firm on the con-
solidated market. Given that many investors 
form portfolios with firm size as a determin-
ing factor, a change in a firm´s relative posi-
tion in the firm size distribution may lead to 
a corresponding change in investor attention 
after the merger. Since many institutional 
investors favor relatively large firms in their 
portfolios, this may imply that a reduction in 
a firms relative position in the firm size distri-
bution will lead to less investor attention and 
reduced information efficiency.

One may also argue that asymmetric 
merger effects may originate from changes in 
the composition of traders following differ-
ent stocks, i.e. in the proportion of informed 
versus uninformed investors (c.f. discussion 
in Grossman and Stiglitz, 1980). If the relative 
proportion of informed investors that trade 
in a given stock increases after a merger then 
this may, all else equal, decrease the likeli-
hood of price deviations from a fair price.13 
An opposite argument applies if, instead, the 
proportion of uninformed traders goes up 
after a merger.

Empirical studies which look at how stock 
venue mergers affect market efficiency are to 
date scarce. One exception is Khan and Vieito 
(2012) who investigate the effects of the 2002 
merger of the Portuguese stock exchange 
with Euronext. Although this study provides 
mixed results depending on the method used, 
it favours the finding of a positive effect upon 
weak-form market efficiency. Another relevant 
study is Nielsson (2009) who looks at the im-
pact of stock exchange mergers (Euronext) 
upon liquidity. Since liquidity, in general, is 
found to be positively correlated with market 
efficiency (see e.g. Chordia et al. (2008) and 
Chung and Hrazdil (2010)), the results from 
Nielsson (2009) offer some guidance. A no-
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table finding by Nielsson is the asymmetric 
effect on liquidity for different firms. For large 
firms, liquidity is positively affected by merg-
ers while there are no effects for medium sized 
and small firms. Translating these findings to 
market efficiency indicate an asymmetric ef-
fect with a gain in market efficiency for large 
firms but no effect for medium and smaller 
firms.

3. Data, measures, and  
the empirical model
3.1 Data
To study to what extent the return predicta-
bility on the Nordic and Baltic stock markets 
have been affected by the OMX mergers, 
daily stock price data has been collected 
from the Thomson Reuters Datastream. The 

13 To avoid effects on time-varying return predictability from the financial crisis in 2008, and from the increased 
fragmentation in stock trading, due to the introduction of MTFs from 2008 and onwards, the sample is restricted 
until the end of 2007. The issue of market efficiency and fragmentation of trading is studied in Hellström, Liu, 
Sjögren (2013).

sample covers the period January 4, 2000 to 
December 31, 200714 and includes stock price 
data for 236 Swedish, 111 Finnish, 153 Danish, 
and 51 Baltic (13 Latvian, 10 Estonian and 28 
Lithuanian) stocks. Descriptive statistics are 
presented in Table 2 along with measures of 
stock market capitalization, per capita GDP, 
and indicators of foreign sales.

To illustrate some key characteristics of 
the rates of return among the considered 
stocks, the average of the mean daily stock re-
turns for individual firms, the average of the 
mean standard deviations (volatility), as well 
as the average of the mean kurtosis over all 
stocks and time periods, separated over each 
of the considered markets, are displayed in 
Table 2. During the sample period the average 
daily return for stocks located in Stockholm 

Table 2: Sample summary statistics, 2000-2007.

FULL SAMPLE STOCKHOLM HELSINKI COPENHAGEN BALTIC
Return characteristics:
- Mean daily return (%) 0.013 -0.021 0.006 0.045 0.088

(0.087) (0.092) (0.083) (0.060) (0.056)
- Mean volatility (s.d., %) 3.182 3.893 2.825 2.369 3.109

(2.141) (2.663) (1.485) (1.355) (1.396)
- Mean kurtosis 36.861 20.937 23.310 55.881 82.988

(87.321) (44.498) (69.192) (109.806) (149.996)

Market capitalization (MC):
- Mean MC 1,177,481 1,729,362 1,444,537 501,707 69,760
(thousands, Euro) (9,060,110) (12,315,835) (8,906,824) (1,644,029) (148,238)
- Mean MCLarge firms 
(thousands, Euro)

9,613,610
(27,446,593)

14,342,741
(23,432,462)

11,335,759
(25,937,724)

4,042,294
(3,750,743)

440,395
(277,543)

- Mean MCSmall firms 
(thousands, Euro)

9,834
(14,936)

10,264
(20,719)

10,048
(5,795)

10,358
(10,714)

5,690
(8,999)

GDP per capita (Euro) 7,358 8,040 7,322 9,456 4,615
(1,859) (511) (501) (337) (898)

Nr. of firms 551 236 111 153 51
Nr. of firms missing  
foreign sales info.

186 79 20 43 44

Proportion of firms  
with foreign salesa

0.649 0.745 0.725 0.464 0.429

Returns and market capitalization are calculated as averages over all/large/small firms over the full sample pe-
riod. GDP per capita is based on real, quarterly, seasonally adjusted data. aProportion based on fully observed 
sample, i.e. net of firms missing foreign sales information. Standard deviations in parenthesis.
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was negative, while it was positive for stocks 
on all the other markets. The highest average 
return, 0.088 percent, is found on the Baltic 
markets. The average volatility (s.d.) indicate 
that the highest mean variation in returns are 
found among Swedish firms followed by Bal-
tic firms. In terms of kurtosis, the aggregated 
numbers indicate clear deviations from nor-
mality. The average kurtosis is highest on the 
Baltic markets.

We use a firm´s market capitalization 
as a measure of company size. Table 2 also 
displays the mean market capitalizations on 
each market both for the full sample as well 
as for large and small firms. Here, large and 
small correspond to the 10 percent of firms 
with the highest and lowest, respectively, 
market capitalization. The average market 
capitalizations show that the highest aver-
age values are found in Stockholm, Helsinki, 
Copenhagen and the Baltic markets, in de-
scending order. Among the 10 percent larg-
est firms on each separate market there are 
considerable differences. The average large 
firm listed in Stockholm is about 1.27 times 
larger than the average large firm in Helsinki, 
3.55 times larger than the average large firm 
listed in Copenhagen, and about 32.57 times 
larger than the average large firm listed on 
the Baltic markets. This means that firms that 
in the pre-merger period were large on the 
Baltic market, are likely to be ranked as small 
or middle sized on the post-merger stock 
market.

    Table 2 also shows that the average (over 
time) seasonally adjusted real per capita GDP 
is highest in Denmark, followed by Sweden, 
Finland and the Baltic states. Foreign sales 
data at the end of the pre-merger period have 
been collected from the Thomson Reuters 
Datastream Worldscope database. Unfortu-

14 Apart from the multiple version of Wright’s sign test we also test the robustness of the reported results by using 
the multiple variance ratio (VR) test by Chow and Denning (CD, 1993). We are grateful towards Professor Jae Kim 
for sharing the Gauss code concerning the multiple VR tests used in this paper. In the empirical analysis we also 
considered the wild bootstrap test of Kim (2006) on a sub-sample of firms rendering qualitatively similar results, 
i.e. with regard to sign and significance. This test was, however, time consuming to perform.

nately, data on foreign sales are missing for 
a number of firms. For the full sample, 34 
percent of the firms lack information about 
whether they had foreign sales at the end of 
the pre-merger period. Here, 33 percent of 
the firms listed in Stockholm, 18 percent of 
the firms listed in Helsinki, 28 percent of the 
firms listed in Copenhagen and 86 percent 
of the firms listed on the Baltic markets lack 
this information. In Table 2, we also report 
the proportion of firms with foreign sales (for 
the firms on which we have full information). 
This proportion is highest for firms listed in 
Stockholm, 0.74, and lowest for firms listed 
on the Baltic markets, 0.43. This means that 
over 7 out of 10 firms on the Stockholm stock 
exchange had foreign sales at the end of the 
pre-merger period, while this figure in the 
Baltic states was roughly 4 out of 10 firms.

3.2 Measures of time-varying  
return predictability
To measure the relative level of stock return 
predictability over time, we use the multiple 
version of Wright’s sign test (JS, see Kim and 
Shamsuddin, 2008) on moving sub-sample 
windows over the considered time span.15 
The test, performed on each sub-sample, has 
in Monte Carlo experiments (Kim, 2006; Kim 
and Shamsuddin, 2008) been found to per-
form well (better than conventional VR tests) 
in terms of size distortion and power, and the 
test is robust to more general forms of condi-
tional heteroscedasticity such as GARCH and 
stochastic volatility errors. The test is, as the 
conventional VR tests, based on the fact that 
if asset return is purely random, then the var-
iance of the k-period return is k times the var-
iance of the one-period return. The multiple 
VR test considers whether the set of VR statis-
tics for different holding periods k are jointly 
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equal to one. For rt, t=1,…,T, asset returns the 
conventional VR statistic can be written as

9	
	

been found to perform well (better than conventional VR tests) in terms of size 
distortion and power, and the test is robust to more general forms of conditional 
heteroscedasticity such as GARCH and stochastic volatility errors. The test is, as the 
conventional VR tests, based on the fact that if asset return is purely random, then the 
variance of the k-period return is k times the variance of the one-period return. The 
multiple VR test considers whether the set of VR statistics for different holding periods 
k are jointly equal to one. For 𝑟𝑟", 𝑡𝑡 = 1, … , 𝑇𝑇, asset returns the conventional VR statistic 
can be written as 

𝑉𝑉𝑉𝑉 𝑟𝑟; 𝑘𝑘 =
1
𝑇𝑇𝑘𝑘 𝑟𝑟" + 𝑟𝑟"./ + ⋯+ 𝑟𝑟".12/ − 𝑘𝑘𝜇𝜇 56

"71
1
𝑇𝑇 𝑟𝑟" − 𝜇𝜇 56

"7/
 

where = 𝑇𝑇./ 𝑟𝑟"6"7/ . Under regularity assumptions for 𝑟𝑟", corresponding to 𝑟𝑟"  being 
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, be an 
indicator variable with st=1 if rt > 0, and zero 
otherwise. The sign based test of the individ-
ual hypothesis V(k)=1 against the alternative 
V(k)≠1 is then given by

Kim and Shamsuddin (2008), in spirit of 
Chow and Denning (1993), propose a multi-
ple joint test of V(ki )=1 for i=1,…,l,, against the 

15 For example, the 5 and 10 percent critical values for  with  are 2.40 and 2.10, while 2.32 and 2.04 for , respectively.
16 It is possible that the trading on, e.g. the Copenhagen stock exchange, was affected by the merger between the 
Stockholm, the Helsinki, the Riga, and the Tallinn stock exchanges, even though Copenhagen was not directly 
involved. For example, investors already trading on many of the Nordic and Baltic markets during the pre-merger 
period could have changed their trading patterns due to the merger, possibly also affecting trading on markets 
not directly involved in the merger. These effects are, however, likely to be of minor order and are therefore ig-
nored.

alternative hypothesis that V(ki )≠1 for some i. 
The test is given by 
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The exact sampling distribution of JS may be 
obtained through simulation, see Chow and 
Denning (1993) and Kim and Shamsuddin 
(2008).16

3.3 Testing for merger effects
To study to what extent weak-form market effi-
ciency has been affected by the OMX mergers, 
we study the time-varying predictability in as-
set returns. The most straightforward measure 
of relative time-varying return predictability 
is to use the estimated series of the VR test 
statistics as a direct measure. The magnitude 
of the test statistic is then interpreted as a rel-
ative indicator of efficiency where a higher test 
statistic implies a lower probability of making 
a type-I error when rejecting the efficiency 
hypothesis, see e.g. Lagoarde-Segot (2009). In 
the second stage analysis, a panel data regres-
sion model is used to model the test statistics 
directly. To measure the effect of the OMX 
merger upon the time-varying return predict-
ability of individual stocks, dummy variables 
are created with the value one, zero otherwise, 
from the date when the stock was possible to 
trade on the common OMX trading platform.17 
This means that for stocks on the Stockholm, 
the Helsinki, the Riga, and the Tallinn stock 
exchanges this dummy takes the value one 
from September 27, 2004 onwards, while for 
stocks on the Copenhagen stock exchange the 
dummy takes the value one from January 3, 
2005 onwards. Since our dependent variable is 
constructed based on the VR tests for sub-sam-
ples, the dating of these in regard to the co-
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can be written as 

𝑉𝑉𝑉𝑉 𝑟𝑟; 𝑘𝑘 =
1
𝑇𝑇𝑘𝑘 𝑟𝑟" + 𝑟𝑟"./ + ⋯+ 𝑟𝑟".12/ − 𝑘𝑘𝜇𝜇 56

"71
1
𝑇𝑇 𝑟𝑟" − 𝜇𝜇 56

"7/
 

where = 𝑇𝑇./ 𝑟𝑟"6"7/ . Under regularity assumptions for 𝑟𝑟", corresponding to 𝑟𝑟"  being 
serially uncorrelated with a general form of heteroscedasticity including the ARCH-
type of conditional variance (see Lo and MacKinlay, 1988), it can be shown that 
under the null hypothesis the unknown population VR is equal to one, i.e. 𝑉𝑉 𝑘𝑘 = 1, 
and the test statistic is given by 

𝑀𝑀 𝑟𝑟; 𝑘𝑘 = 𝑉𝑉𝑉𝑉 𝑟𝑟; 𝑘𝑘 − 1
2(𝑘𝑘 − 𝑗𝑗)

𝑘𝑘
5

1./
=7> 𝛿𝛿=

//5 

where 

𝛿𝛿= =
𝑟𝑟" − 𝜇𝜇 5 𝑟𝑟".= − 𝜇𝜇

56
"7=2/

𝑟𝑟" − 𝜇𝜇 56
"7/ 5  

is asymptotically standard normal distributed (Lo and MacKinlay, 1988). The non-
parametric sign based VR test of Wright (2000) is recommended in the case of non-
normal time series and has been found to have a high power against a wide range of 
models displaying serial correlation. Let 𝑠𝑠" ∈ (0,1), be an indicator variable with 𝑠𝑠" =
1 if 𝑟𝑟" > 0, and zero otherwise. The sign based test of the individual hypothesis 
𝑉𝑉 𝑘𝑘 = 1 against the alternative 𝑉𝑉(𝑘𝑘) ≠ 1 is then given by 

𝑆𝑆/ 𝑘𝑘 = 𝑇𝑇𝑘𝑘./ 𝑠𝑠" + 𝑠𝑠"./ + ⋯+ 𝑠𝑠".12/ 56
"71

𝑇𝑇./ 𝑠𝑠"56
"7/

− 1 2 2𝑘𝑘 − 1 𝑘𝑘 − 1
3𝑘𝑘𝑇𝑇

.//5
 

Kim and Shamsuddin (2008), in spirit of Chow and Denning (1993), propose a 
multiple joint test of 𝑉𝑉 𝑘𝑘> = 1 for 𝑖𝑖 = 1, … , 𝑙𝑙, against the alternative hypothesis that 
𝑉𝑉 𝑘𝑘> ≠ 1 for some i. The test is given by  

𝐽𝐽𝑆𝑆 = max
/N>NO

𝑆𝑆/ 𝑘𝑘> . 

V(k)=1

V(ki )=1 

V(ki )≠1 
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variates and the merger dummies need some 
consideration. If we let  indicate the date of 
the merger (i.e. the date from when investors 
could trade on a common trading platform), 
then we define a sub-sample window from 
t0 to t1 where t0< t�< t1. Based on the returns 
in the sub-sample window the VR statistic is 
calculated. Since the test indicates return pre-
dictability within the given sub-sample, and 
the time indexing for sub-samples do not cor-
respond to the specific dates of the mergers, 
the merger event variable in the second stage 
analysis is the average of the merger event 
dummy during the sub-sample window. Thus, 
the merger event variable is a proportion be-
tween zero and one. For sub-samples with all 
return observations pertaining to the period 
before tm the variable takes the value zero, for 
sub-samples containing return observations 
from both before and after tm, a value between 
zero-one, and for sub-samples containing re-
turn observations only from the period after 
tm, the value one.18

Apart from using fixed effects to control 
for unobserved time-constant stock specific 
characteristics, time-varying control variates 
unrelated to the merger event but possibly 
related to weak form information efficiency, 
are also included. Since large firms are usually 
better covered by analysts, and since investors 
typically are more familiar with big salient 
firms19, the firms’ market capitalization, as a 
measure of stock size, is included. Here we 
assume that price levels and the number of 
outstanding stocks are relatively unaffected by 
the merger event. In line with Nielsson (2009), 
GDP per capita is included as a control for 

17 Once the merger event variables take the value one, i.e. is only based on return observations after the merger 
date, they retain this value until the end of the sample period.
18 Large and influential investors, e.g. pension funds, often focus on trading in the biggest companies.
19 The choice of 500 trading days is motivated by the fact that the tests have been shown to perform reasonably 
well for this sample size (Kim and Shamsuddin 2008). In the robustness testing, similar results were also obtained 
with sub-sample windows of 400 and 600 trading days.
20 Given that the non-parametric sign test (JS) is more appropriate for non-normal return distributions, we focus 
mainly on analysis of this statistic within the paper. Results pertaining to the analysis of the CD test statistic may 
be obtained from the authors upon request.
21 To define thinly traded stocks we have chosen stocks with more than 10 percent out of the full sample consisting 
of zero volume trading days.

the prevailing market condition. The market 
condition is unrelated to the merger and has 
been found to affect both trading volumes 
(Nielsson, 2009) and weak-form market effi-
ciency (e.g. Hoque et al., 2007; Kim and Sham-
suddin, 2008; and Kim et al., 2011). For the GDP 
and market capitalization, the average value 
during each sub-sample period is used in the 
second stage analysis.

4. Empirical analysis
4.1 Return predictability
Before turning to the main analysis of poten-
tial merger effects upon weak-form informa-
tion efficiency, let us first discuss some results 
for the time-varying VR statistics. These are 
estimated on moving sub-sample windows of 
two years (500 trading days), moving the win-
dow forward one week at a time.20 In Table 3, 
we summarize our results for the repeated JS 
test statistics over the considered time period 
aggregating the firm statistics over different 
categories based on location, size and foreign 
sales for the pre- and post-merger period, re-
spectively.21 In our sample, a number of stocks 
on the Helsinki and Baltic stock markets are 
characterized by infrequent (thin) trading 
leading to a relatively large number of zero 
return observations on the daily frequency. 
Many studies (Lo and MacKinlay, 1990; Stoll 
and Whaley, 1990; Miller et al., 1994) have 
found that thin trading can generate spuri-
ous serial correlation in stock returns, i.e. re-
turn predictability, and seriously bias the out-
come of empirical tests of market efficiency. 
Summary statistics excluding thinly traded 
stocks are therefore also shown in Table 3.22
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A comparison of the pre- and post-merger 
periods for the full sample, as well as for the 
different categories, indicates that the mean 
of the JS test statistic distribution is, in gen-
eral, significantly lower (based on two sam-
ple t-tests) in the post-merger period. This 
indicates an (unconditional) overall average 
improvement in relative information effi-
ciency potentially due to the mergers. Excep-
tions to this general tendency of improved 
efficiency concern small and Baltic firms for 
the samples excluding thinly traded stocks. 
For Baltic firms the mean of the JS distribu-
tion increases from 2.035 in the pre- to 2.917 
in the post-merger period, while for small 
firms the mean increases from 1.570 in the 
pre- to 1.943 in the post-merger period, both 
excluding thinly traded stocks. This is a ten-
tative indication that the merger effects upon 
information efficiency may be asymmetri-
cally distributed over firms with possible 
negative effects for Baltic and small firms. A 
comparison between the distributions for the 
JS test statistic including and excluding thinly 
traded stocks, respectively, reveal significant 
size differences. For the full sample the mean 
value including thinly traded stocks is about 
5.7 times (and the maximum value 9.6 times) 
larger than for the sample excluding thinly 
traded stocks. Because of the potential bias 
in the test statistic for thinly traded stocks, we 
therefore focus on the sample where these are 
excluded. A comparison across firm location 
shows that the mean JS statistic is smallest 
for firms listed in Stockholm followed by 
Copenhagen, the Baltic countries, and Hel-
sinki, respectively. Somewhat surprising the 
JS statistic is on average lower for smaller 
than for larger firms. This is most likely due 
to a proportionally larger exclusion of firms 
due to thin trading for the group of smaller 

22 Apart from the included control variables, fixed effects (favored over pooled OLS based upon F-test and over 
random effects based on the Hausman test), controlling for time-invariant firm specific heterogeneity, and ti-
me-specific effects, to control for annual unobserved heterogeneity, are included in all regressions. Given that the 
analysis uses JS test statistics based on overlapping subsample windows, potentially inducing autocorrelation in 
error terms, Newey-West robust standard errors are throughout presented.

firms. Comparing firms with foreign sales at 
the end of the pre-merger period with those 
without, shows that the JS statistic is on av-
erage smaller for those with foreign sales. 
Observe that if we interpret the mean JS sta-
tistic in terms of significant deviations from 
a random walk, i.e. we compare the mean JS 
to the 5 percent critical value 2.10, only the 
sample corresponding to firms listed in Hel-
sinki indicate a significant deviation from 
a random walk in the pre-merger period. In 
the post-merger period, only the sample with 
firms listed in the Baltic countries shows a sig-
nificant deviation from a random walk.

4.2 Return predictability and  
stock exchange mergers
To study the effects of the stock exchange 
mergers upon weak-form market efficiency 
in a conditional analysis accounting for other 
factors affecting market efficiency in the 
pre- and post-merger period, we relate the 
time-varying JS measure to covariates. Given 
that we also are interested in how the stock 
market mergers affect liquidity (to better 
understand the drivers for changes in infor-
mation efficiency), the analyzed sample has 
been restricted to firms for which we observe 
stock turnover (to facilitate a comparison 
of merger effects between information effi-
ciency and liquidity). In the main analysis 
our sample therefore excludes thinly traded 
stocks and stocks for which we lack data on 
turnover. In total, this sample consist of 411 
firms (214 listed in Stockholm, 35 in Helsinki, 
151 in Copenhagen, and 11 in the Baltic stock 
markets). In Table 4 we report estimation re-
sults for models based directly on the JS test 
statistic.23

In Model 1, the basic regressions are pre-
sented controlling for firm size (market capi-
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talization, MCit), the prevailing market condi-
tion measured by GDP Capita,t as well as firm- and 
time-specific fixed effects. The estimated 
effect from the mergers on the value of the JS 
statistic is negative (-0.32) and significant at 
the 5 percent level, i.e. the mergers have had 
a significantly negative effect on the JS sta-
tistic for an average firm. This indicates that 
information efficiency for an average firm on 
the consolidated market has increased due to 
the mergers. This result is consistent with the 
prior expectation that a merger on average 
increases the number of investors following a 
stock and that deviations from a fair price be-
comes less likely. The effect of firm size (MCit) 
indicates that a higher market capitalization, 
on average, is associated with a higher degree 
of information efficiency in terms of a lower 
JS. Also this result is in line with prior expecta-
tions since many institutional investors favor 
analyzing and following large firms. The esti-
mated coefficient for GDP Capita,t indicates that 
market efficiency is on average increasing for 
relatively lower values of GDP per capita. This 
result is broadly in line with the findings of 
e.g. Hoque et al. (2007), Kim and Shamsuddin 
(2008), and Kim et al. (2011). To examine pos-
sible asymmetric effects from the mergers, we 
in model 2-8, Table 4 analyze the effect on dif-
ferent groupings of firms based on location, 
size, and foreign sales.

4.2.1 Effects distributed over 
firm locations
We study the potential heterogeneous 
merger effects distributed over pre-merger 
stock exchange listings of firms. In Model 
2, Table 4 the results for merger effects, esti-
mated by firms pre-merger listing location, 
are reported. As can be seen, the results in-
dicate that the information efficiency for an 
average firm listed in Helsinki and the Baltic 
stock markets has received the largest im-
provement (although not statistically differ-
ent from each other), while this improvement 
(a lower JS statistic) is smaller for an average 

firm listed in Stockholm and Copenhagen 
(significantly lower improvement than the 
former). Given that Stockholm is the largest 
market measured in terms of equity market 
capitalization, followed by that in Helsinki, 
Copenhagen and the Baltic countries, these 
results (although indicating heterogeneous 
merger effects between listing locations) do 
not indicate any distinct pattern with respect 
to the firms’ pre-merger listing location. Thus, 
the hypothesis that post-merger trading con-
centrates to the largest markets (Pagano, 
1989; Chowdhry and Nanda, 1991; Portes and 
Rey, 2005), does not seem to be supported at 
this level of analysis.

To study these location based results in 
more detail, we in Model 4, Table 4 report a 
further division based on size. Here the results 
pertain to the 10 percent largest, the middle 
sized, and the 10 percent smallest firms in 
terms of market capitalization at the end of the 
pre-merger period. Overall, the results do not 
convey a clear picture. A comparison between 
locations among each size grouping (large, 
middle, and small firms) does, however, reveal 
that among the large firms, those listed on the 
smallest market (the Baltic) have experienced 
the most unfavorable merger effects (informa-
tion efficiency has worsened the most), and a 
similar pattern is also found among the smaller 
firms, i.e. firms listed on the two smallest mar-
kets (the Baltic and the Copenhagen stock 
exchanges) have had the most unfavorable 
merger effects compared with firms listed on 
the relatively larger Stockholm and Helsinki 
markets (where information efficiency has in-
creased due to the mergers). For middle sized 
firms these patterns are absent. Taken together 
these results suggest that the arguments put 
forward by Pagano (1989), Chowdhry and 
Nanda (1991) (who argue that if transaction 
costs are reduced, then trading will concentrate 
to a few markets), and Portes and Rey (2005) 
(who find that a key determinant of asset flows 
is market size) indicating a flight to liquidity 
effect, may potentially hold for smaller and 
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larger, but not middle sized firms, with respect 
to the firms’ pre-merger listing locations.

An interesting effect not in line with the 
flight to liquidity argument is that the largest 
increase in information efficiency for middle 
sized firms takes place on the Baltic market. 
A possible explanation for this result is that 
if the mergers have led to an overall increase 
in the total investor base, it has increased 
proportionally more on the smallest market 
(the Baltic market). Thus, in this case an in-
creased investor attention seems to have been 
directed towards middle sized Baltic firms.

4.2.2 Effects distributed over 
pre-merger firm size
To study the potential heterogeneous effects 
of stock exchange mergers distributed over 
firm size, the effects are separated for the 
10 percent largest and 10 percent smallest 
firms (at the local markets) at the end of the 
pre-merger period.24 The results, reported in 
Model 3, Table 4, indicate a non-significant ef-
fect on the information efficiency for an aver-
age large firm. The net marginal merger effect 
on the JS statistic for large firms is -0.09 (s.e. 
0.07), a positive significant (at the 5 percent 
level) effect on the information efficiency for 
an average middle sized firm (-0.36), and a 
significantly negative effect on the informa-
tion efficiency for an average small firm (here 
the net marginal merger effect on the JS sta-
tistic s 0.21 (s.e. 0.07)). These results indicate 
that smaller firms may have found it harder 
to compete for foreign investor attention in 
the post-merger period than middle sized 
firms. These results are in contrast to those 
in Nielsson (2009), who finds no effect on li-
quidity for small and middle sized firms but a 
positive and significant effect for large firms, 
due to the consolidation of stock exchanges.

Returning to Table 4 in Model 4, the re-
sults indicate that within location listings 

23 Note here that we control for direct effects of firms size through . This is included to control for improvements 
in information efficiency driven by growth in firm size (likely to be positively correlated with growth in investor 
attention), rather than being an outcome of the mergers.

(Stockholm, Helsinki, Copenhagen and the 
Baltic markets), the information efficiency 
improves (worsens) the least (the most) for 
small firms compared with middle and large 
sized firms listed in Stockholm (Copenhagen 
and the Baltic markets). This supports a flight 
to liquidity effect from small to middle and 
large sized firms. The results are, however, 
contradicted by those for firms listed on the 
Helsinki stock market where the information 
efficiency is reduced for large firms but im-
proves for small firms.

To further explore size-related merger ef-
fects, we also look at changes in firm’s ranking 
in the pre- and post-merger size distribution. 
The cumulative proportion of the firm-size 
distribution corresponding to the firm rank-
ing is estimated in the pre-merger period on 
the domestic market and compared with the 
corresponding ranking in the post-merger 
period on the fully merged market. The dif-
ference in ranking then indicates whether the 
firm has become relatively larger or smaller 
on the fully consolidated market. To test for 
differences in merger effects based on these 
changes, dummies indicating whether the 
relative size position of the firm has increased 
or decreased are created. In Model 5, Table 
4 the estimation results for a specification 
which includes these dummies for the firms 
with the 10 percent largest and the 10 percent 
smallest changes in the firm size distribution 
are reported. The results (significant at the 5 
percent level) show an increase in informa-
tion efficiency both for firms that improve, 
as well as worsen, their ranking in the post-
merger size distribution. The effect is, on 
average, relatively larger (significant at the 
5 percent level) for firms receiving a higher 
rank in the firm-size distribution in the 
post-merger period, i.e. firms that become 
relatively larger on the fully merged market 
receive a relatively larger increase in infor-
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mation efficiency (-0.72 versus -0.64). This 
indicates that changes in the relative firm size 
in the pre- and post-merger size distribution 
may be a potentially important factor in the 
competition for post-merger investor atten-
tion.
4.2.3 Effects distributed over pre-merger 
foreign visibility
To study the heterogeneous effects of the stock 
exchange mergers based on a firm’s level of 
pre-merger foreign visibility, we follow Niels-
son (2009) and use pre-merger foreign sales 
as a proxy for pre-merger foreign visibility. 
Here firms more active on foreign markets 
in the pre-merger period are assumed to be 
more known by foreign investors. In Model 6, 
Table 4, results pertaining to a separation of 
merger effects between those with and without 
pre-merger foreign sales are presented. The 

results indicate that information efficiency has 
increased significantly due to the mergers for 
both groups. This indicates that there does not 
seem to have been any proportional shift in 
investor attention post-merger between firms 
with or without previous foreign visibility.

To further investigate this issue, we in 
Model 7, Table 4 present results separating 
merger effects between those with and with-
out pre-merger foreign sales, here separated 
with respect to firm size. The results indicate 
that information efficiency has increased sig-
nificantly both for firms without pre-merger 
foreign visibility (-0.76), as well as for large 
(-0.48), middle (-0.84), and small (-1.04) firms 
with pre-merger foreign visibility. These re-
sult are interesting since they indicate that the 
firms which were best known on foreign mar-
kets pre-merger, i.e. large firms and firms with 

Table 5: Estimation results for panel regression with fixed firm specific effects – turnover.
TURNOVER RATE MODEL 1 MODEL 2 MODEL 3 MODEL 4 MODEL 5 MODEL 6 MODEL 7 MODEL 8

Est. s.e. Est. s.e. Est. s.e. Est. s.e. Est. s.e. Est. s.e. Est. s.e. Est. s.e.
dOMX 0.52* (0.09) - - 0.49* (0.09) - - 0.56* (0.09) 0.26* (0.06) 0.27* (0.06) 0.17* (0.06)
dOMXSth - - 0.37* (0.09) - - - - - - - - - - - -
dOMXHel - - 0.34* (0.09) - - - - - - - - - - - -
dOMXCop - - 0.21* (0.09) - - - - - - - - - - - -
dOMXBaltic - - -0.08 (0.13) - - - - - - - - - - - -
dOMXLarge - - - - 0.19* (0.02) - - - - - - - - - -
dOMXSmall - - - - 0.37* (0.02) - - - - - - - - - -
dOMXLarge – Sth - - - - - - 0.21* (0.05) - - - - - - - -
dOMXMiddle – Sth - - - - - - 0.06* (0.03) - - - - - - - -
dOMXSmall – Sth - - - - - - 0.32* (0.04) - - - - - - - -
dOMXLarge – Hel - - - - - - 0.28* (0.07) - - - - - - - -
dOMXMiddle – Hel - - - - - - 0.03 (0.06) - - - - - - - -
dOMXSmall – Hel - - - - - - 0.21 (0.17) - - - - - - - -
dOMXLarge – Cop - - - - - - 0.10* (0.05) - - - - - - - -
dOMXMiddle – Cop - - - - - - -0.12* (0.04) - - - - - - - -
dOMXSmall – Cop - - - - - - 0.60* (0.05) - - - - - - - -
dOMXLarge – Baltic - - - - - - -0.28* (0.16) - - - - - - - -
dOMXMiddle – Baltic - - - - - - 0.23* (0.11) - - - - - - - -
dOMXSmall – Baltic - - - - - - -0.26* (0.14) - - - - - - - -
dOMXPos. size dist - - - - - - - - -0.05* (0.02) - - - - - -
dOMXNeg. size dist - - - - - - - - 0.12* (0.02) - - - - - -
dOMXFor. sales - - - - - - - - - - 0.05* (0.01) - - - -
dOMXF. sale - Large - - - - - - - - - - - - 0.14* (0.01) - -
dOMXF. sale - Medium - - - - - - - - - - - - 0.01 (0.01) - -
dOMXF. sale - Small - - - - - - - - - - - - 0.48* (0.03) - -
dOMXF. sale - Sth - - - - - - - - - - - - - - -0.12* (0.01)
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foreign sales, seem to have lost investor atten-
tion primarily to middle sized and small firms 
with pre-merger foreign sales. Moreover, the 
results are interesting because they partly 
confirm the findings in Nielsson (2009), who 
finds liquidity gains (usually positively corre-
lated with improved information efficiency) 
for firms with foreign sales. Splitting merger 
effects between those with and without pre-
merger foreign sales over different locations 
(Model 8, Table 4) indicates no significant 
pattern.

4.2 Liquidity and stock 
exchange mergers
Given that a stock’s liquidity may be seen as 
a proxy which captures changes in investor 
attention towards a stock, we complement 
our analysis with a study of how the stock ex-
change mergers affect liquidity (c.f. Nielsson, 
2009) to better understand potential causes 
for changes in information efficiency. In Table 
5 results for the corresponding model speci-
fications (as for information efficiency) are 
reported with the stocks’ turnover rate (the 
proportion of outstanding stocks traded) as 
the dependent variable. 

In line with Nielsson (2009), the results in 
Model 1 indicate that turnover for an average 
firm increases significantly (at the 5 percent 
level) due to the mergers. This increased in-
vestor attention may explain the previous 
finding that the information efficiency for 
an average firm overall increases (see Model 
1, Table 4). The results in Model 2 show that 
the average firm turnover increased signifi-
cantly for firms listed on the Stockholm, the 
Helsinki, and the Copenhagen stock markets, 
while being unchanged for firms listed on the 
Baltic stock markets (the increase in turno-
ver for an average firm listed in Stockholm is 
significantly larger than for firms listed in Co-
penhagen and the Baltic states, respectively, 
but not compared with an average firm listed 
in Helsinki). This indicates a potential flight 
to liquidity effect with respect to turnover. 

Relating these results to those for information 
efficiency (Model 2, Table 4) indicates that 
the size of investor attention (as measured by 
firm turnover) may explain parts, but possibly 
not all, of our efficiency results. Although the 
relatively large increases in turnover found 
for average firms listed in Stockholm and Hel-
sinki may explain their relative improvement 
in information efficiency compared with an 
average firm listed in Copenhagen (where 
turnover have increased relatively less), it 
does not explain the increase in efficiency 
for an average firm listed on any of the Baltic 
stock markets. This indicates that changes in 
the composition of traders (informed versus 
uninformed investors), even for unchanged 
levels of investor attention (turnover), may 
potentially matter for the understanding of 
information efficiency effects from the merg-
ers.

Looking at the merger effects on turnover 
over firms’ sizes (results reported in Model 3, 
Table 5) indicates a significant increase for all 
sizes. In relation to the information efficiency 
results (Model 3, Table 4), these results favor 
the interpretation that changes in the compo-
sition of investor attention matters for merger 
effects. Notably, despite having the largest 
increase in turnover, information efficiency 
worsens for small firms but information ef-
ficiency improves the most for middle sized 
firms (even though they have the smallest in-
crease in turnover).

In Model 4, Table 5, we report results sep-
arated with respect to size and location. A 
comparison of the location effect for each size 
group (large, middle, and small firms) indi-
cates that among the group of large and small 
firms, those listed on the smallest market (the 
Baltic) have experienced a significant decrease 
in turnover, while large and small firms listed 
in Stockholm, Helsinki, and Copenhagen have 
experienced a significant increase in turnover. 
Comparing these turnover effects with those 
for information efficiency (Model 4, Table 4) ex-
plains the reduction of information efficiency 
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for an average firm listed on the Baltic markets, 
but does not explain the changes for an aver-
age firm on the other markets. For the middle 
sized firms, turnover has increased (significant 
at the 5 percent level) the most. Taken together 
these results indicate a flight to liquidity effect 
among the large firms (increased turnover for 
firms listed in Stockholm and Helsinki com-
pared to those listed on the relatively smaller 
Copenhagen and Baltic stock markets), and to 
some degree for smaller firms, but not among 
middle sized firms. These results lend some 
support to the idea that trading will be concen-
trated to a few markets after a merger (Pagano, 
1989; Chowdhry and Nanda, 1991; Portes and 
Rey, 2005).

When it comes to changes in the firm size 
distribution, a comparison between the firms’ 
pre- and post-merger positions (Model 5, Ta-
ble 5) shows that for firms with the 10 percent 
largest improvements, turnover has increased 
the least, while for the 10 percent firms with 
the largest worsening of their position, turno-
ver has increased the most (all changes are sig-
nificant from each other at the 5% level). These 
results are interesting if we relate them to the 
corresponding model specification for infor-
mation efficiency (Model 5, Table 4). While 
information efficiency improves most for the 
10 percent of firms improving their position in 
the firm size distribution, these firms experi-
ence the smallest relative increase in turnover. 
This is an additional indication on that merger 
effects may be driven by other factors than by 
changes in investor attention (turnover), e.g. 
by changes in the composition of informed 
versus uninformed investors.

As for potential asymmetric merger effects 
on turnover based on pre-merger foreign visi-
bility, we in Model 6, Table 5 present results sep-
arating effects between firms with and without 
pre-merger foreign sales. The results indicate 
that turnover has increased significantly more 
among firms with pre-merger foreign visibility 
(0.31 versus 0.26, statistically different at the 5 
percent level). This asymmetric effect is in line 

with results in Nielsson (2009) concerning 
turnover, but it is not in line with our results re-
garding information efficiency (Model 6, Table 
4, where the information efficiency increases 
by the same size for both groups). Thus, despite 
the asymmetric merger effects on turnover, 
the impact on information efficiency does not 
seem to be asymmetrically affected.

In Model 7, Table 5 we display how the 
foreign visibility in the pre-merger period in-
fluences turnover. The results indicate that the 
average small firm with pre-merger foreign 
visibility has experienced the largest increase 
in turnover (0.75) after the mergers, followed 
by large firms with pre-merger foreign visibil-
ity (0.41). For medium sized firms with pre-
merger foreign visibility and firms without 
pre-merger foreign visibility merger the effects 
are similar and smaller in size (0.28 and 0.27). 
In relation to the asymmetric merger effects on 
information efficiency (Model 7, Table 4), the 
change in turnover (investor attention) may 
explain most of the improvement in informa-
tion efficiency for small firms with foreign pre-
merger visibility, but not for middle and large 
size firms with pre-merger foreign visibility. 
These results indicate that small firms with pre-
merger foreign visibility have gained the most, 
both in terms of efficiency and in terms of turn-
over. For the large firms, the results show that 
those with pre-merger foreign visibility have 
had the second largest increase in turnover but 
the smallest gain in information efficiency. This 
indicates that for large firms, it is both changes 
in the level of investor attention (turnover) as 
well as potential changes in the composition 
of investors which may explain the changes 
in information efficiency. Dividing the merger 
effects between those with and without pre-
merger foreign sales over different locations 
(Model 8, Table 5), the results show that turn-
over increased most (significant at the 5 per-
cent level) for firms with pre-merger foreign 
sales listed in the Copenhagen, followed by the 
Helsinki stock market while the merger effects 
on turnover for firms with pre-merger foreign 
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visibility listed in Stockholm and in the Baltic 
stock markets were unchanged.

Apart from the separate analysis of turn-
over, we have also re-estimated the models 
in Table 4 conditioning on firm turnover. 
Overall, the results from this analysis (unre-
ported here, but available upon request) in-
dicate that signs, sizes and significance levels 
of parameter estimates are similar to those 
reported in Table 4. These results provide 
further evidence that merger effects not only 
depend on changes in the level of investor at-
tention (turnover), but also depend on other 
mechanisms, e.g. changes in the composition 
of informed versus uninformed investors fol-
lowing stocks.

4.2 Robustness of results
To test the sensitivity of our results, a num-
ber of robustness tests have been performed. 
First, the reported results within the paper 
pertain to JS statistics calculated on moving 
sub-sample windows of two years, i.e. 500 
trading days. To test the sensitivity of our 
results to this choice the analysis has been 
repeated based on JS statistics calculated on 
moving sub-sample windows of 400 and 600 
trading days. Results were similar in terms of 
signs and significance. Second, an analysis 
using the Chow and Denning (1993) multi-
ple VR test (CD) confirm our reported results 
based upon the JS statistic.

Finally, we note that a possible drawback 
of interpreting the JS statistic as a direct 
measure of the relative level of information 
efficiency is that the impact of these test 
statistics on market efficiency is non-linear 
(Lagoarde-Segot, 2009) and that the statis-
tic in itself is a random variable. The later 
comprises a problem, especially when using 
overlapping moving sub-period windows to 
generate a relatively smooth evolution of the 
JS series. In a comparison of successive values, 

24 Both random and fixed effects models were initially considered. Hausman tests did, however, favor the fixed 
effects specification since the unobserved stock specific effects were in general found to be correlated with the 
regressors.

one has to be careful in interpreting a slightly 
lower sub-period JS test statistic as an im-
provement in terms of information efficiency 
because it may comprise a comparison of two 
random variables that are not significantly 
different from each other. Because of this, 
we complement our analysis by studying the 
probability of observing a sub-period devia-
tion from a random walk. To model the prob-
ability of a deviation from a random walk, an 
indicator variable is generated based on the 
JS-test statistic, where this variable indicates 
whether the null hypothesis of a random 
walk, for the given sub-sample t, for firm i, is 
rejected or not. The binary indicator variable, 
Wit∈(0,1), takes the value one for periods with 
a significant (at the 5 percent level) deviation 
from a random walk, and zero otherwise. In 
the second stage analysis, a conditional logit 
model with fixed effects is utilized when 
modelling the probability of observing a 
sub-sample period deviating from a random 
walk.25 The model is specified as

19	
	

walk, an indicator variable is generated based on the JS-test statistic, where this 
variable indicates whether the null hypothesis of a random walk, for the given sub-
sample t, for firm i, is rejected or not. The binary indicator variable, 𝑊𝑊"# ∈ (0,1), takes 
the value one for periods with a significant (at the 5 percent level) deviation from a 
random walk, and zero otherwise. In the second stage analysis, a conditional logit 
model with fixed effects is utilized when modelling the probability of observing a sub-
sample period deviating from a random walk.24 The model is specified as 

Pr 𝑊𝑊"# = 1|𝑋𝑋"# = exp 𝛼𝛼" + 𝑥𝑥"#𝛽𝛽
1 + exp 𝛼𝛼" + 𝑥𝑥"#𝛽𝛽

, 𝑖𝑖 = 1,2, … , 𝑁𝑁, 𝑡𝑡 = 1,2, … , 𝑇𝑇, 

where the vector 𝑥𝑥"# contains covariates while 𝛼𝛼" are the stock specific unobserved 
fixed effects. Note here that this modelling approach excludes firms that are either 
informationally efficient, or inefficient throughout the whole sample period, i.e. that 
only have zeros or ones and thus lack within-firm variation in the dependent binary 
variable. This is in contrast to the models based directly on the JS test statistic where 
inference is also drawn from the relative variation, in terms of improved or worsened 
information efficiency, also for firms that are efficient or inefficient throughout the 
whole sample period. In all, 71 firms are excluded from the analysis when modelling 
the probability of observing a significant deviation from a random walk due to firms 
being informational efficient for all sub-sample periods. In Table 6 we report 
estimation results for the conditional logit model.25 

[Table 6 about here.] 

The results confirm the earlier analysis with an overall and on average significant (at 
the 5 percent level) improvement in information efficiency. Regarding asymmetrical 
merger effects over different groupings of firms, the results are mainly in line with the 
previous results. One exception is the distribution over different locations. Here the 
results indicate that information efficiency has increased significantly (at the 5 percent 
level) for all listed firms, except in the Copenhagen market. 

5. Conclusions 
    In this paper, we contribute to the literature with new empirical evidence on the 
effects of stock exchange mergers upon weak-form market efficiency. Our first main 
result indicates that for an average firm, information efficiency has increased as a result 
of the mergers. The result is robust towards conditioning on confounding factors 
affecting information efficiency and is consistent with the hypothesis that a 
consolidation of markets, on average, increases the pool of investors available for each 
stock, thereby making deviations from fundamental values less likely. Initial analysis 

																																																													
24	Both random and fixed effects models were initially considered. Hausman tests did, however, favor the 
fixed effects specification since the unobserved stock specific effects were in general found to be 
correlated with the regressors. 
25	 Since the estimation of the conditional logit model is based on a smaller sample similar model 
specifications as in model 7 and 8 in Table 4 were not possible to identify.	

where the vector xit contains covariates while  
αi are the stock specific unobserved fixed ef-
fects. Note here that this modelling approach 
excludes firms that are either information-
ally efficient, or inefficient throughout the 
whole sample period, i.e. that only have zeros 
or ones and thus lack within-firm variation 
in the dependent binary variable. This is in 
contrast to the models based directly on the 
JS test statistic where inference is also drawn 
from the relative variation, in terms of im-
proved or worsened information efficiency, 
also for firms that are efficient or inefficient 
throughout the whole sample period. In all, 
71 firms are excluded from the analysis when 
modelling the probability of observing a sig-
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nificant deviation from a random walk due 
to firms being informational efficient for 
all sub-sample periods. In Table 6 we report 
estimation results for the conditional logit 
model.26

The results confirm the earlier analysis 
with an overall and on average significant (at 
the 5 percent level) improvement in infor-
mation efficiency. Regarding asymmetrical 
merger effects over different groupings of 
firms, the results are mainly in line with the 
previous results. One exception is the distri-
bution over different locations. Here the re-
sults indicate that information efficiency has 
increased significantly (at the 5 percent level) 
for all listed firms, except in the Copenhagen 
market.

5. Conclusions
In this paper, we contribute to the literature 
with new empirical evidence on the effects 

25 Since the estimation of the conditional logit model is based on a smaller sample similar model specifications as 
in model 7 and 8 in Table 4 were not possible to identify.

of stock exchange mergers upon weak-form 
market efficiency. Our first main result indi-
cates that for an average firm, information 
efficiency has increased as a result of the 
mergers. The result is robust towards con-
ditioning on confounding factors affecting 
information efficiency and is consistent with 
the hypothesis that a consolidation of mar-
kets, on average, increases the pool of inves-
tors available for each stock, thereby making 
deviations from fundamental values less 
likely. Initial analysis of turnover (liquidity as 
a proxy for investor attention) supports this 
conclusion, indicating a significant increase, 
on average, in turnover following the merg-
ers. Conditioning the analysis of information 
efficiency on liquidity does not change our 
results. This lends support to the possibility 
that increased information efficiency may 
be driven by an increase in the proportion 
of informed investors following an average 

Table 6: Estimation results for panel conditional logit with fixed firm specific effects.
PR(DEV. FROM 
RANDOM WALK) MODEL 1 MODEL 2 MODEL 3 MODEL 4 MODEL 5 MODEL 6

Est. s.e. Est. s.e. Est. s.e. Est. s.e. Est. s.e. Est. s.e.

dOMX -1.113* (0.265) - - -1.132* (0.266) - - -2.770* (0.343) -2.696* (0.341)

dOMXSth - - -1.184* (0.272) - - - - - - - -

dOMXHel - - -1.527* (0.277) - - - - - - - -

dOMXCop - - -0.102 (0.277) - - - - - - - -

dOMXBaltic - - -3.305* (0.350) - - - - - - - -

dOMXLarge - - - - 0.277* (0.079) - - - - - -

dOMXSmall - - - - 1.151* (0.066) - - - - - -

dOMXPos. size dist - - - - - - -1.021* (0.266) - - - -

dOMXNeg. size dist - - - - - - -0.818* (0.272) - - - -

dOMXFor. sales - - - - - - - - 0.290* (0.054) - -

dOMXLarge and f. sale - - - - - - - - - - 1.094* (0.093)

dOMXSmall and f. sale - - - - - - - - - - -1.322* (0.393)

MC -0.024* (0.003) -0.022* (0.003) -0.024* (0.003) -0.023* (0.003) -0.029* (0.003) -0.036* (0.003)

GDPCapita 7.758* (0.311) 17.557* (0.698) 7.325* (0.315) 7.803* (0.313) -2.557* (0.782) -2.156* (0.749)

LR c2 3625 4103 3926 3650 2494 2616

Nr. firms 371 371 371 371 250 250
* Significance level: p<0.05.  Newy-West robust standard errors in parenthesis. Fixed and time specific effects are 
included in all models.
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firm. Although we can not determine the pre-
cise underlying mechanism for the merger 
effects on information efficiency, our results 
strengthen previous findings reported in 
Khan and Vieto (2011), who study the Portu-
guese stock exchange and Euronext merger. 
Our aggregated result for the effect on liquid-
ity is also consistent with the results reported 
in Nielsson (2009) that mergers tend to in-
crease the turnover for an average stock.

Our second main result indicates that the 
merger effects are asymmetrically distributed 
over firms. Even if the patterns are somewhat 
blurred, we find a tendency for a flight to li-
quidity effect, both with respect to firm pre-
merger listing location and pre-merger size. 
In relation to location, it is found that among 
the group of larger and smaller firms (10 
percent largest and smallest at the end of the 
pre-merger period) there is a tendency that 
those listed on the smallest stock markets 
(the Baltic and the Copenhagen stock mar-
kets) have experienced an adverse effect on 
information efficiency, while those listed on 
the larger markets (Stockholm and Helsinki) 
have gained in information efficiency. As for 
firms´ pre-merger size, evidence also point 
towards a potential flight to liquidity effect, 
with an adverse merger effect on information 
efficiency for smaller firms but an improved 
effect for medium and large firms.

In terms of pre-merger foreign visibility, 
the results indicate that larger firms with 
pre-merger foreign sales seem (post-merger) 
to have lost investor attention towards small 
and middle sized firms with pre-merger for-
eign sales. A potential explanation may be 
that the firms which were most visible before 
the merger (large and with foreign sales) 
were already traded cross-border (before the 

merger). Thus, as the availability of foreign 
stocks increased as a result of the stock mar-
ket mergers, the firms which were most visi-
ble before the merger stood out relatively less 
than firms which were less visible in the pre-
merger period. Overall, the corresponding 
models for asymmetric turnover effects indi-
cate that changes in turnover (investor atten-
tion) explain some, but not all of the changes 
in information efficiency, lending support to 
other explanations, e.g. that merger effects 
are also driven by changes in the composition 
of informed versus uninformed traders.  

Given the scarcity of research concerning 
the effects on market quality from changes 
in stock trading market structures, and given 
that market structures for stock trading is in a 
state of change, as indicated by the Oslo stock 
exchange acquisition of the MTF Burgundy in 
2012, the results in this paper are of impor-
tance both for the understanding of effects 
from future mergers, as well as an input in 
the implementation process of new mergers. 
Of particular interest is the understanding 
of the asymmetrical distribution of merger 
effects since this may affect the process about 
how to pursue mergers of multiple markets.
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