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Abstract

The study attempts to assess the eff ects of lifting short sale restrictions on the Warsaw Stock 
Exchange in terms of futures pricing effi  ciency. The approach implemented in the article involves 
evaluation and comparison of the mispricing series of the WIG20 index futures listed on the WSE, 
in a one-year time span before and after the regulatory change introduced in 2010. The results 
show that lifting short sale constraints has increased the effi  ciency of the Polish futures market. 
There was a  decline both in the number of mispricing occurrences, and in the mean level and 
dispersion of deviations from the fair values, especially with regard to underpriced contracts 
series. The study reveals that, in contrast to the pre-event period, after the regulatory change the 
arbitrage opportunities were virtually absent for investors bearing the highest transaction costs.

Keywords: futures mispricing, short sale, cost-of-carry, Warsaw Stock Exchange
JEL Classifi cation: G12, G13

1. Introduction

July 2010 saw the introduction of legislative and organizational changes concerning short 
selling on the Warsaw Stock Exchange (WSE), long-awaited by investors. The changes were 
made with a high level of involvement of the exchange authorities, who perceived the new 
regulations as a chance for further growth in the equity and derivatives markets. On the eve of 
their introduction, the WSE President said: “We are very intent on introducing this instrument. 
Short selling is not just a way to make profi t from prices’ decline, but it improves the credibility 
and pricing of securities listed on the exchange.” (WSE press conference, April 14, 2010). 
However, the initiatives aimed at making short selling more accessible to investors were 
undertaken at a rather unfavourable time. The fear of possible dangerous consequences of 
short selling on exchanges grew stronger during the global fi nancial crisis that began in 2008, 
and many institutions supervising local stock markets introduced temporary or permanent 
restrictions on short sales. As showed by Copeland and Elliott (2013), the actual value of these 
short-sales bans was limited. Nevertheless, at that time short selling was regarded as a threat 
that might destabilize the market, enable price manipulation, or even lead to market crashes. 
Positive aspects of allowing short selling mostly concern the practical facilitations for investors 
who can benefi t also from the downward price trends. That is the reason why the number of 
exchanges allowing short selling has been growing steadily in response to investor demand, and 
the global trade volume in this area has been increasing since the 1990s (Kern, 2010). Some 
empirical studies prove that lifting short sale restrictions can infl uence the market in terms 
of enhancing the pricing of stock and related derivatives, and it is seen as a factor that increases 
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the liquidity of listed securities (Pope and Yadav, 1994; Figlewski, 1981; Diamond and 
Verrecchia, 1987; Woolridge and Dickinson, 1994; Charoenrook and Daouk, 2005). The value 
of short sale transactions as an indicator of investor expectations has also been emphasized by 
Ackert and Athanassakos (2005), Aitken et al. (1998), and Asquith et al. (2004). On the other 
hand, there are some studies suggesting that short selling is a threat to stock markets. The risk 
of faster declines in prices of stocks subject to short sales, in comparison to stocks for which 
short selling is not allowed, during bear market periods is illustrated by the results presented 
by Chan et al. (2010). Another study by Bris et al. (2007) shows that markets that allow short 
selling experienced slightly increased left-hand return asymmetry.  

One of the expected positive effects of the introduction of short selling on the Warsaw 
Stock Exchange was the improvement of the futures market pricing. The persisting 
discrepancy between the market prices of futures and the theoretical fair values that meet 
the no-arbitrage condition is quite common on the contemporary markets. In the existing 
literature on the subject, many causes have been suggested for futures mispricing series (e.g. 
Cornell and French, 1983; Andani et al., 2009, Wagener et al., 2010; Brailsford and Cusak, 
1997; Zhang and Lai, 2006), but most of them originate from the limitations of arbitrage. One 
of the reasons for an imperfect arbitrage mechanism, which brings spot and futures prices 
together, seems to be the lack of short sale availability (Pope and Yadav, 1994; Kempf, 1998; 
Fung and Jiang, 1999; Wang, 2010). McMillan and Ülkü (2009) show that on an immature 
market, the mispricing of index futures results not only from practical diffi culties with short 
sale execution, but also from behavioural factors. In line with their fi ndings, in the case of the 
Polish stock market, the two most likely causes of long-lasting index futures mispricing can 
be distinguished. The fi rst one is the fact that the futures market is dominated by individual 
investors, identifi ed with uninformed trading and focussed primarily on speculation strategies. 
The second one regards considerable restrictions on short selling. 

The direct motivation for considering this subject was the regulatory changes made in 
July 1, 2010 on the Warsaw Stock Exchange, facilitating short sale of stocks. The present 
study contributes to the existing literature in two aspects.  Firstly, in the case of the Polish 
capital market, there is an empirical gap with regard to the subject of short sale. Due to the 
very scarce availability of short selling before 2010, it is a new issue and the implications 
of these changes have not been empirically investigated yet. Secondly, the present work 
can be regarded as a complement to the study by Bohl et al. (2011), which analyses the 
infl uence of the fi rst of the two aforementioned most likely causes of long-lasting index 
futures mispricing, namely structural changes of investors, on the market pricing of WIG20 
futures. Their results imply that admitting investment funds to the futures market enhanced 
futures pricing effi ciency. This study focuses on the second factor affecting index futures 
mispricing. It analyses whether lifting short sale constraints resulted in the further reduction 
of futures mispricing series even though individual investors were still a dominant group 
on the futures market.

2. Institutional Setting

2.1 WIG20 cash and futures market

The WIG20 index was fi rst published by the Warsaw Stock Exchange on April 16, 1994. 
It is composed of stocks of a maximum of 20 of the largest and most liquid companies 
traded on the main fl oor of the WSE. It is a price index, computed without taking into 
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account  income from dividends. According to the criteria of qualifi cation for the index 
portfolio, the market value of a constituent company’s free-traded stocks must be at least 
€14 million, and the value of transactions involving the company stocks in at least half of 
all trading sessions in the last six months must be at least €20 million. Companies meeting 
the above criteria are ranked according to stock-trading volume (weight 0.6) and the value 
of free-traded stock (weight 0.4). The 20 highest-ranked companies are included in the 
index, with the restriction that there may be no more than fi ve companies from the same 
sector. The composition of the index is changed four times a year – quarterly adjustments 
are made on the third Friday of June, September and December, and an annual adjustment 
takes place in March.

The WIG20 is limited to 20 blue chips, a small number comparing to other world 
indexes. Nonetheless, it accounts for about 80% of the entire stock market trade value, 
as the great majority of the more than 400 companies listed on the WSE have marginal 
liquidity. The total capitalization of companies included in the WIG20 accounts for 65% of 
the exchange capitalization. The narrowness of the index makes the stocks relatively easy to 
replicate. Therefore, arbitrage with a perfectly matched basket between the spot and futures 
markets is feasible, and tracking error risk is low. In addition, the WIG20 is characterized 
by high concentration. The concentration ratio defi ning the total percentage infl uence of the 
prices of the fi ve largest companies in WIG20 on the price of the index has ranged between 
50% and 65% for many years. The larger the share of stocks of a given company in the 
index, the stronger its infl uence on the index price, which is of signifi cance to investors 
securing a stock portfolio with index futures. Investors holding the largest companies on the 
exchange in their portfolios, instead of the whole index, may hedge equally well without the 
need for full replication of the index being the underlying instrument of WIG20 contracts. 

The futures market on the WSE is of special importance to the Polish capital market, 
as these instruments have dominated the trading structure of the Warsaw exchange. WIG20 
futures were the fi rst derivatives introduced to the WSE (in 1998), and in comparison 
with other derivatives they gained the highest popularity on the trading fl oor. The trading 
schedule for WIG20 contracts provides that constantly there are four series present on 
the market, each of which expires in one of the months of March, June, September and 
December. Though the WSE offers trading in futures based on currencies, equity, other 
stock-market indexes and options, no other derivative can be compared to WIG20 futures 
in terms of trade volume and liquidity. At the end of 2010, futures trading on the WSE was 
worth PLN 660,943 million , which exceeded by more than 40% the value of equity trading 
in the same period. The highest trading volume was recorded in 2007. In that year, during 
a bull market period, the value of futures trading reached PLN 674,132 million. The size 
of futures trading has remained constantly higher (in value) than equity trading since 2001, 
but in recent years this dominance has become even more distinct. However, although the 
index futures market enjoys very high liquidity and volume, for a long time it has operated 
in terms of considerable separation from the spot market. This situation has several causes, 
all of which have their roots in the insuffi cient maturity of the Polish capital market. In 
spite of the signifi cant development of the Polish stock exchange in recent years, results of 
analyses of its effectiveness and maturity are still mixed (Strawiński and Slepaczuk, 2008; 
Potocki and Swist, 2012; Graff and Kaczkowska, 2013).

The WSE futures market has grown primarily through the activity of individual 
investors pursuing speculative strategies. In the initial phase of the WSE futures market, 
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they were responsible for over 90% of trade volume. They still dominate in the investor 
structure, and there is an upward trend in numbers of individual traders on the derivatives 
market. The very high percentage of individual investors in derivatives trading on the WSE 
makes this market appear rather atypical. At the same time, however, there is a considerable 
infl ux of institutional and foreign investors, reducing the overall percentage of trading 
accounted for by individuals. Notwithstanding, they are still the dominant group in the 
futures market, accounting for about a 50% share. There are several reasons for this situation 
(Bohl et al., 2010). Firstly, there is a relatively low multiplier set for contracts, equal to PLN 
10 in the case of WIG20 contracts. This makes them accessible to individuals with limited 
fi nancial resources. Secondly, in the case of individual investors, entry to the futures market 
is not obstructed by formal barriers. Thirdly, the previous legal regulations made it diffi cult 
for institutional investors such as investment funds to gain access to the futures market. 
Only the regulations introduced in 2004 and subsequent changes enabled the broader use 
of derivatives in the portfolios of investment funds, of both open and closed type. On the 
other hand, pension funds are not permitted to invest in derivatives at all. There is, however, 
a distinct increase in the share of trading volume accounted for by institutions – banks, 
investment funds and insurance companies. 

2.2 Short sale constraints on the WSE

Until July 2010, short selling on the WSE was very tightly restricted. The legal framework 
was very strict as concerns rules on securities lending. Short selling was only allowed 
with respect to the stocks of companies whose market value was at least €100 million. 
Furthermore, at least one liquidity requirement had to be met with respect to the lent 
securities, that is, either the average daily value of trading in the security had to be no lower 
than €250,000, or the average daily number of transactions involving the security had to 
be at least 50. Before the introduction of the changes in July 2010, not many companies 
met those conditions. Short selling was very rarely used, largely because of the regulations 
requiring that securities could be sold only after settlement of the lending transaction, i.e. 
registration of the securities on the seller’s account. Other factors limiting short selling were 
the high costs, the need to provide high initial and additional margin, insuffi cient supply, 
and unclear tax regulations relating to short sale transactions. 

 As of July 1, 2010, the new and simpler rules on short selling came into force on the 
Warsaw Stock Exchange. The new rules allow the short sale of the stock of all companies 
included in the WIG20 and of the fi rst 140 companies included in the liquidity rating 
system that meet the additional conditions referring to the trade value. Short selling was 
also enabled in the case of securities of large debuting companies. The group of instruments 
in which short selling is permitted also includes securities issued by the Treasury and 
the National Bank of Poland. Market makers were also allowed to perform short sales of 
securities of companies not meeting the above criteria, provided that they are ranked at or 
above #140 in the liquidity rating. The list of securities available for short selling on the 
WSE is updated as standard eight times a year – four times due to the quarterly updates of 
the WIG20 composition, and four times due to the quarterly updates of the liquidity rating. 
The number of individual stocks qualifying for client transactions is not fi xed, ranging 
from 30 to 40, while it stands at 140 for market makers. However, actual trading generally 
involves the stocks of 20–30 companies (Table 1), depending on the month, and most of 
these are included in the WIG20. The share of these companies in monthly short sale trading 
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usually exceeds 95%, often reaching as much as 99%. One might thus form a thesis that 
if there is a short sale regulation mechanism on the WSE equity market, enforced through 
arbitrage, it primarily concerns companies included in the WIG20 and derivatives whose 
underlying instruments are stocks of the companies in the index.

Table 1  |  Monthly Statistics for Short Sale on WSE

Month
Total number of stocks 

traded short

Number of WIG20 

stocks traded short

% of WIG20 stocks  

turnover in total short 

sale turnover

Jul-10 25 19 99.34%

Aug-10 26 19 99.67%

Sep-10 17 12 99.96%

Oct-10 30 20 98.34%

Nov-10 29 19 97.28%

Dec-10 25 17 97.30%

Jan-11 27 20 98.33%

Feb-11 31 20 99.38%

Mar-11 34 19 96.40%

Apr-11 21 14 99.33%

May-11 31 19 91.65%

Jun-11 31 19 91.11%

Source: Own calculation based on the WSE Monthly Bulletins

The changes introduced in 2010 greatly increased the volume of short sale trans-
actions in shares. In 2002, the value of short sale trading amounted to PLN 25 million, 
in 2005 to  PLN 3 million, and in 2009 the number of such transactions amounted 
to 35,432, with a total value around PLN 1.4 million. In just the fi rst three months 
after the changes that is from July to September 2010, the trade volume increased 
to 14 million securities with a total value of PLN 576 million. The value of short sale 
transactions in the whole of 2010 was over PLN 1.1 billion, and in 2011 it reached PLN 
2.7 billion. The short sale volume in particular months was very diverse. In theory, 
it should correlate with downward trends on the equity market. Stock market declines 
are a prerequisite for short selling, as such transactions generate profi t when stock prices 
go down. However, on the WSE, the volume of monthly short sale trading seems to be 
independent of periodic declines in stock prices. High sales were recorded during both 
downward and upward movements. Short selling enjoyed its least popularity during 
horizontal trends, i.e. during the market stagnation which occurred from December 2010 to 
January 2011 and in April 2011. 
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3. Data and Methodology

The analysis employs 5-minute intraday data of Polish blue-chip index WIG20 and WIG20 
futures (FW20), both listed on the Warsaw Stock Exchange, within a period of 2 years – 
from July 2009 to June 2011. Futures price series only include the series of contracts that 
are closest to maturity, i.e. they cover observations from approximately 60 days before 
expiration. This enables the examination of futures prices at their highest liquidity. Both 
WIG20 and FW20 series were divided into two sub-samples with a comparable duration of 
one year. The fi rst sub-sample covers the period of one year before the introduction of the 
regulatory changes concerning short selling on the WSE, namely from July 1, 2009 to June 
30, 2010. Similarly, the second sub-sample covered the listing period from July 1, 2010 to 
June 30, 2011, namely a one-year period from the introduction of the new short selling rules 
on the WSE. 

The study of FW20 mispricing involves the measure of futures overpricing or under-
pricing applied by Butterworth and Holmes (2000):

 100%t t
t

t

F FV
M

S


    (1)

The ratio between the actual market price of a futures contract F and its theoretical fair 
value price FV, standardized with reference to the spot price S specifi es the percentage 
value of mispricing, i.e. the degree of underpricing or overpricing of the derivative on the 
exchange market in relation to its true value. In further empirical analyses, the fair value 
FV is calculated on the basis of the cost-of-carry formula proposed by Cornell and French 
(1983). The cost-of-carry model for stock and index futures is expressed as follows:

 ( )r d T
t tFV S e   (2)

where r denotes the risk-free rate, d is the dividend yield, and T denotes the time to maturity. 
The proxy of the risk-free rate used in the study is the Warsaw Interbank Offered Rate 
(WIBOR) published on a daily basis. The daily data on dividend yield are provided by the 
WSE. For the purposes of this study the tax-adjusted dividend yield is applied.

The cost-of-carry formula emphasizes the strong synchronicity between spot and 
futures prices, and implies the substitutability of futures and their underlying instruments. 
However, it is valid on the assumption that the market is frictionless. Previous studies on the 
subject have suggested other models that are adjusted to more realistic market conditions, 
for example, the models developed by Hsu and Wang (2004), Ramaswamy and Sundaresan, 
(1985), Hemler and Longstaff (1991). Nevertheless, the present paper employs the cost-
of-carry model. Firstly, as various studies prove (e.g. Brailsford and Cusack, 1997; Wang 
and Hsu, 2006; Chow et al., 2000), cost-of-carry – despite its simplicity – does not differ 
much in terms of performance from other models. Secondly, the formula for futures pricing 
in this analysis is intended for comparing change over two periods – before and after the 
introduction of new regulations on short selling. Therefore, details concerning the model’s 
performance are of minor importance, as it will only be used for observing tendencies.

Considerable mispricing occurs only if the difference between the market and fair 
value exceeds the costs of performing arbitrage transactions consisting of taking opposite 
positions on the markets of the underlying and derivative instruments. Therefore, when 
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assessing the degree of derivative overpricing or underpricing, it is necessary to consider 
the transactional costs. When the mispricing level is within the no-arbitrage limit, the market 
pricing of futures may still be deemed effective. It is assumed that a contract is overpriced 
if Mt  > TC, and that it is underpriced if Mt <− TC, where TC denotes the percentage value 
of transactional costs between the spot and futures markets. In this study, the Mt series is 
analysed with respect to four variants of transaction costs: 0%, 0.3%, 0.6% and 0.9%. The 
thresholds are adopted in line with Białkowski and Jakubowski (2008). They estimated the 
level of costs applicable on the WSE, and found that costs of 0.3% are borne by privileged 
investors (stock exchange members), costs of 0.6% by large institutions, and costs of 0.9% 
by small investors. These values represent market impact costs, round-trip commission for 
futures market and round-trip commission for spot market. In this study the same values are 
applied and they serve as reference levels for mispricing series. 

In the comparison of the two periods – before and after the introduction of new 
regulations on the WSE – other factors affecting WIG20 futures mispricing were also 
analysed. As noted by MacKinlay and Ramaswamy (1988) and by Buchler and Kempf 
(1995), mispricing is reduced as the contract approaches maturity. Another factor that 
might directly infl uence the level of mispricing is volatility. Yadav and Pope (1994) found 
that the higher volatility, the higher is contract over- and underpricing. The regression 
equation refl ecting the infl uence of short sale restrictions, time to maturity, and volatility 
on mispricing was formulated on a daily basis:

 0 1 2 3( )i i i id T i D Vol           (3)

where di = ∑N
t=1 Mt,i  / N, N is the number of observations on day i, Di is a dummy variable 

equal to 1 when short selling was constrained and 0 when restrictions were lifted, Voli 
denotes daily realized volatility calculated according to the Equation ∑N

t=1 Rt,i · Rt,i , where 
Rt,i= ln(St,i  / St–1,i), and εi is an error term. Apart from short sale conditions, estimation 
of the above equation also enables control over other factors possibly affecting the level 
of mispricing.

4. Empirical Results

The preliminary stage of the study included the visual analysis of the mispricing series 
developed according to Equation 1. As shown in Figure 1, the periods before and after the 
introduction of short sale facilitations on the WSE were signifi cantly different. The scope 
of mispricing was considerably reduced after July 1, 2010, when the new regulations came 
into force. 

This corresponds to the results of the calculations presented in Table 2. In all sub-
periods under study and under every variant of transaction costs, the number of WIG20 
contract mispricing occurrences (Mt) was counted. It was assumed that mispricing only 
occurs when Mt , according to Equation 3, meets the condition |Mt| > TC, i.e. when the 
absolute over- or underpricing of a contract is higher than the percentage value of the cost of 
performing arbitrage transactions on the spot and futures markets. Moreover, the numbers 
of overpricing (Mt > TC) and underpricing (Mt <− TC) occurrences in the time under study 
were specifi ed separately. In addition, absolute values (|Mt|) were computed. Calculation 
of statistical measures (mean, median, and standard deviation) helped to conclude how the 
futures pricing effi ciency changed over time with reference to the value of the underlying 
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instrument. A relative frequency of occurrence was also calculated, specifying the percen-
tage of futures over- or underpricing occurrences where the costs TC were exceeded, out 
of the total number of Mt values obtained.

Figure 1  |  Plot of WIG20 Index Futures Mispricing before and after Regulatory Changes

Source: Authors’ calculations

Much greater differences between market pricing and the fair value of futures were 
observed in the fi rst sub-period, while in the second sub-period contract mispricing 
(taking into account transactional costs) occurred much less frequently, except for under 
the hypothetical cost-free variant. In the case of zero transactional costs, the distribution 
of under- and overpricing occurrences is similar in both sub-samples. In the case of non-
zero transactional costs, however, the mispricing distribution differed between the periods 
studied. It should be noted that under the 0.6% and 0.9% cost, futures were more often 
underpriced than overpriced, which means that the contract price was lower than would be 
expected according to its true value developed by the cost-of-carry model. However, what 
is most revealed about the changes in mispricing series is the analysis of their mean levels. 
The mean underpricing at the cost levels of 0%, 0.3%, and 0.6% was much more radically 
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reduced than the mean overpricing. After July 1, 2010, both overpricing and underpricing 
virtually disappeared when the 0.9% cost variant was considered. This means that smaller 
investors had no opportunities for arbitrage. Very large disproportions between the fi rst 
and second sub-periods are also visible with regard to the variability of the Mt values. For 
example, under the 0.3% cost variant, the standard deviation differed markedly between the 
two sub-periods, amounting to 0.94% in the fi rst one and 0.45% in the second one. As in 
the case of the means, the dispersion of underpricing was more signifi cantly reduced than 
that of overpricing. 

Table 2  |  Statistics of WIG20 Index Futures Mispricing 

Period 1 (pre event) Period 2 (post event)

N Mean Med Std Min Max
Freq 
(%)

N Mean Med Std Min Max
Freq 
(%)

Panel A:  0.0% Transaction Cost

M 21,693 −0.11 0.11 0.76 −3.09 1.52 100 22,588 0.01 0.05 0.28 −1.03 0.78 100

|M| 21,693 0.58 0.41 0.51 0.00 3.09 100 22,588 0.22 0.17 0.17 0.00 1.03 100

M > TC 12,615 0.40 0.33 0.29 0.00 1.52 58 13,259 0.19 0.16 0.15 0.00 0.78 59

M <− TC 9,078 −0.82 −0.74 0.63 −3.09 0.00 42 9,329 −0.25 −0.21 0.20 −1.03 0.00 41

Panel B:  0.3% Transaction Cost

M 13,565 −0.22 0.31 0.94 −3.09 1.52 63 6,582 −0.08 −0.34 0.45 −1.03 0.78 29

|M| 13,565 0.83 0.70 0.49 0.30 3.09 63 6,582 0.45 0.43 0.11 0.30 1.03 29

M > TC 6,948 0.60 0.51 0.25 0.30 1.52 32 2,789 0.43 0.40 0.11 0.30 0.78 12

M <− TC 6,617 −1.08 −1.05 0.55 −3.09 −0.30 31 3,793 −0.46 −0.45 0.11 −1.03 −0.30 17

Panel C:  0.6% Transaction Cost

M 7,706 −0.53 −0.93 1.10 −3.09 1.52 36 711 −0.05 −0.60 0.66 −1.03 0.78 3

|M| 7,706 1.14 1.04 0.44 0.60 3.09 36 711 0.66 0.65 0.06 0.60 1.03 3

M > TC 2,738 0.86 0.84 0.18 0.60 1.52 13 331 0.66 0.65 0.04 0.60 0.78 1

M <− TC 4,968 −1.29 −1.22 0.46 −3.09 −0.60 23 380 −0.67 −0.64 0.07 −1.03 −0.60 2

Panel D:  0.9% Transaction Cost

M 5,030 −0.91 −1.21 1.07 −3.09 1.52 23 5 −0.99 −0.99 0.03 −1.03 −0.95 0

|M| 5,030 1.35 1.23 0.41 0.90 3.09 23 5 0.99 0.99 0.03 0.95 1.03 0

M > TC 1,038 1.06 1.04 0.11 0.90 1.52 5 0 − − − − − 0

M <− TC 3,992 −1.42 −1.31  0.42 −3.09 −0.90 18 5 −0.99 −0.99 0.03 −1.03 −0.95 0

Notes: Values of mean, median, standard deviation, minimum and maximum expressed in percentage 
point units. Freq specifi es the percentage of futures over- or underpricing occurrences when the costs TC 
were exceeded, out of the total number of M.

Source: Authors’ calculations 
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Table 3  |  Statistical Tests for Diff erences in Distribution of Absolute Mispricing 

H
0
: μ

1
 =  μ

2

H
1
: μ

1
 > μ

2

H
0
: σ

1
 = σ

2

H
1
: σ

1
 > σ

2

H
0 

: F
1
(x) = F

2
(x)

H
1 

: F
1
(x) ≠ F

2
(x)

0.0% Transaction Cost 98.35*** 8.58*** 4,850.81***

0.3% Transaction Cost 86.94*** 20.02*** 2,820.83***

0.6% Transaction Cost 87.82*** 56.80*** 767.70***

0.9% Transaction Cost N/A N/A N/A

Notes: The table presents the values of the following test statistics: t-test for equality of two means, F-test 
for equality of two variances and a median test for equal proportion of two populations above and below 
median (with chi-square statistics).
*** signifi cant at 0.01 level
μ1, μ2 denote mean values of |Mt| in the fi rst and the second sub-sample
σ1, σ2 denote variances of |Mt| in the fi rst and the second sub-sample
F1(x), F2(x) denote distributions of |Mt| in the fi rst and the second sub-sample
N/A – not available

Source: Authors’ calculations

In order to corroborate these fi ndings, statistical tests were performed, verifying the 
hypotheses on the equality of means and variances, as well as a median-based distribution 
test (Table 3). At the transaction cost levels of 0%, 0.3%, and 0.6%, the results demonstrate 
that after the introduction of the new regulations on short selling on the WSE, signifi cant 
changes occurred with respect to the mean level, volatility, and distribution of mispricing 
series. Tests were not performed for transaction costs of 0.9% due to an insuffi cient number 
of observations in the second sub-period.

In order to study how short sale restrictions on the WSE equity market affected the 
level of mispricing of WIG20 futures, the regression equations, described by Equation 3, 
were also estimated and presented in Table 4. The parameter standing next to the dummy 
variable representing the infl uence of short sale restrictions was statistically signifi cant 
and positive under all transaction cost variants except 0.9%. This means that values of 
this variable equal to 1 correspond to higher levels of mispricing, which confi rms the 
results of previous analyses. In the equation corresponding to transaction costs of 0.9%, 
the α2 parameter is not statistically signifi cant, but it should be taken into account that 
here the Di variable was 0 only in the case of a single observation, and 1 in the remaining 
87 out of 88. Time to maturity was a factor signifi cantly affecting the absolute level 
of mispricing, but only in the equations estimated at cost levels of 0% and 0.3%. The 
parameter 1 is positive in these instances, meaning that the closer the moment of contract 
expiration, the lower the level of mispricing. In the cases of higher transactional costs, the 
correlation was not statistically signifi cant. Regression analysis did not show, however, 
that the level of over- and underpricing of WIG20 futures was affected by volatility. Only 
in one equation, estimated at the cost level of 0.9%, the parameter standing next to the Voli 
variable was statistically signifi cant.
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Table 4  |  Regression Results for the Eff ect of Various Factors on the Absolute Mispricing

α
0

α
1

α
2

α
3

R2 N

0.0% 0.000083 0.000066*** 0.003503*** 0.138658 0.264 498

0.3% 0.002018*** 0.000053*** 0.002882*** 0.358041 0.180 393

0.6% 0.004959*** 0.000026 0.003038*** 2.625238 0.127 174

0.9% 0.008386** 0.000022 0.001950 4.063261* 0.053 88

Notes: The table presents the estimates for the Equation 3:

*, **, *** signifi cant at 0.1, 0.05 and 0.05 level, respectively.

Source: Authors’ calculations

5. Conclusions

Based on the results of the analysis carried out, it may be concluded that on the Polish 
stock exchange, after regulatory changes dealing with short sale constraints, the market 
prices of futures became more converged with the no-arbitrage pricing level. There was 
a decline both in the number of mispricing occurrences and in the mean level and dispersion 
of deviations from the fair values, especially with regard to underpriced contracts. These 
results can be attributed to enhanced short arbitrage between the spot and futures market. 
The arbitrage opportunities were virtually absent in this period for investors bearing the 
highest transaction costs. Nevertheless, it cannot be stated that the arbitrage mechanism 
regulating the mispricing of futures on the Warsaw Stock Exchange is fully effective, as 
arbitrage opportunities still occur for large institutional investors. However, they occur 
much less frequently than before July 1, 2010. It has been found that short sale restrictions 
on the WSE spot market were an important factor responsible for the high level of WIG20 
futures mispricing, which changed after the introduction of short sale facilitations. At the 
same time, the study suggests that the level of mispricing may not be attributed to volatility, 
but rather to the time to maturity. 

At an earlier stage of operation of the Polish stock exchange, it was determined that 
it displays the characteristics of a mature market in terms of ex post and ex ante violations 
for short arbitrage, but not in terms of long arbitrage (Białkowski and Jakubowski, 2008). 
Upon the introduction of changes allowing institutional investors to participate in the futures 
market, arbitrage opportunities were further reduced (Bohl et al., 2011). The present study, 
analysing ex post arbitrage opportunities, shows that the subsequent change introduced on the 
WSE – the lifting of short sale constraints – has increased the effi ciency of the futures market.
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