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Foreword 

Actions of "economic agents" are, in addition to being driven by "economic" incentives, 
affected by mood and emotions, as well as by other "non-economic" incentives. Prior to 
the "outbreak" of the last global financial and economic crisis, we experienced a rela-
tively long period of growth and increase in prosperity, observed through increases in 
purchasing power and/or increased government spending. Extremely positive mood and 
emotions, mostly resting on two impor tant traits of humans - salience and recency, led 
to a gross underest imation of "risk" and a gross overestimation of fu ture "returns". In the 
af termath of the global financial and economic crisis the tables have turned - mood and 
emotions have become extremely negative and sentiment is essentially determined by the 
perception of "risk". It is therefore not surprising that these days most of the talk, either 
academic, regulatory, professional, home or bar, revolves around risk (albeit in implicit 
terms). Financial industry does not discuss asset allocation any longer, as professionals 
prefer to talk about risk allocation or risk parity. Regulators are concerned with fraud 
risk and related financial report ing standards, with systematic risk borne by (too-big-to-
fail) financial institutions and herding behavior of investors, especially bank depositors. 
Individuals worry about their future, about the riskiness of their savings placed either in 
b a n k deposits or entrusted to pension funds. 

The common theme of the papers published in this issue of Economic and Business Re-
view is risk (albeit sometimes in implicit terms). In the first paper Berk Skok, Cok, Košak, 
and Sambt show the negative effects of demographics dynamics on the future pension 
benefits based on the pay-as-you-go system in Slovenia. Authors then continue to dem-
onstrate benefits of private retirement savings and the impor tant role of asset alloca-
tion decision in terms of t ime horizon and equity allocation. In the second paper Foye, 
Mramor, and Pahor investigate whether stock markets in Eastern European EU member 
states are weak form efficient. They show that the markets are not weak form efficient 
and provide possible explanations for such result. These findings have impor tant im-
plications for financing and investment policies of firms. In the third paper of this issue 
Asanovic explores the determinants of the so-called early warning models for systemic 
banking crisis in case of Montenegro. The author performs the analysis using Bayesian 
model averaging, which minimizes the subjective judgment related to the choice of early 
warning indicators. Finally, in the last paper of the issue Koren and Valentincic analyze 
to what extent do U.K. public companies engage in earnings management in order to 
meet dividend payout thresholds. Their findings suggest that dividend payout thresholds 
are significant determinants of earnings management behavior, which confirms the im-
por tant role of dividends as perceived signalling mechanism. 

Igor Loncarski, 
associate editor 
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THE ROLE OF ASSET ALLOCATION 
DECISIONS IN PLANNING FOR A PRIVATE 
PENSION: THE CASE OF SLOVENIA 

ALEŠ BERK SKOK1 Received: 9 January 2013 
MITJA ČOK2 Accepted: 2 September 2013 
MARKO KOŠAK3 

JOŽE SAMBT4 

A B S T R A C T : Current demographic dynamics driven by low fertility and increasing longev-
ity requires adjustments of the traditional frameworks of providing pensions. In this ar-
ticle we highlight three crucial issues policymakers should address by implementing those 
adjustments. First, fiscal limitations given the current and projected demographic dynam-
ics will dramatically reduce PAYG pensions. Without sufficient savings during the active 
period, individuals will increasingly end up in poverty. Their savings will not be enough to 
support their desired consumption in old age. Second, we highlight the impact of the asset 
allocation decision and the general public's related lack of awareness on this issue. There-
fore, we argue that financial illiteracy about both required savings and about decisions on 
appropriate asset class play a significant role in determining the well-being of masses in 
the not-so-distant future. Third, we argue that shift towards private pension away from the 
PAYG is expected to come with substantial benefits stemming from diversification among 
conceptually different sources of pension income. 

Key words: PAYG, private pensions, financial literacy, old-age income, risk diversification, transition economics 
JEL classification: J14, G11 

1. INTRODUCTION 

Population aging requires that the tradit ional pay-as-you-go (PAYG) systems are 
downscaled. Projections of age-related expenditures f rom the European Commission 
(DG ECFIN) and Economic Policy Commit tee (AWG) (2009) point toward a signifi-
cant risk to the sustainability of PAYG systems as a consequence of increasing demo-
graphic shifts. Muenz (2007) argues that until 2050 demographic dynamics are pro-

1 University of Ljubljana, Faculty of Economics, Slovenia, Ljubljana, e-mail: ales.berk@ef.uni-lj.si 
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4 University of Ljubljana, Faculty of Economics, Slovenia, Ljubljana, e-mail: joze.sambt@ef.uni-lj.si 
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jected to result in a 10-year increase in the med ian age of the EU populat ion, f r o m 38 
to 48 years old. Governments should build substantial f u n d e d pension systems as a 
supplement to the t radi t ional PAYG (Du et al., 2011). More and more weight should be 
given to private pension systems, as under unfavourable demographic dynamics, they 
are far more efficient t han PAYG systems (i.e., under realistic assumptions, they can 
deliver higher pension benefits with the same level of contr ibutions or the same level 
of pension benefits with a lower level of contributions; Garret t and Rhine, 2005; Berk 
and Jasovic, 2007). 

This long-term shift toward funded private pensions should be based on sound second-
or third-pillar5 f rameworks, or both (Boersch Supan et al., 2008). Namely, trends in re-
designing pension systems have during the past decade favoured the diversification of 
risks across all sources of old-age income as the coexistence of the three pillars positively 
effects benefits and consumption under various shocks, e.g. ageing population, inflation-
ary shock, stock market crash etc. (World Bank Pension Conceptual Framework, 2008; 
Holzmann and Hinz, 2005; Lindbeck and Persson, 2003, Du et al., 2011). When a society 
is decreasing reliance on the PAYG and increasing reliance on private pension pillars, 
nature of co-movements between the drivers of pension benefits in both systems are of 
a great importance. Those co-movements can be measured with correlation coefficients 
between wages (predominant driver in the PAYG) and financial variables, i.e. stock and 
bond returns. Holzmann (2002) is the first published peer-reviewed research report ing 
very beneficial (i.e. low) national level correlation coefficients between wages and inter-
est rates, and wages and capital return. Namely, he reports coefficients of correlation 
between wages and interest rates in the range between -0.197 and 0.238 and correlation 
coefficients between wages and capital re turn in the range between -0.077 and 0.202. 
Other authors in the area of diversification benefits report similar figures, in some cases 
even more beneficial (e.g. see Knell, 2010). 

Despite the evident shift toward private pensions, one should not expect overnight 
changes. Augusztinovics (2002) argues that countries, even though they redesign their 
pension system and move to strengthen individual pension accounts, will still deliver 
their pensions predominant ly f rom PAYG systems for quite some time. Recent experi-
ence of some countries in Central and Eastern Europe provide ample evidence of the 
budget constraint posed by high transit ion costs for cases of accelerated reform towards 
private pensions (Simonovits, 2011). Ferber and Simpson (2009) also argue that market 
meltdowns make shifts towards funded pillars less politically feasible. At the same time, 
private pensions should not be taken for granted, as only well-managed, efficient f rame-
works (e.g., competitive institutions and products, broad population coverage, sound 
governance mechanisms) can deliver the anticipated advantages (Pensions at a Glance, 
2009; Bertranou et al., 2009). 

5 Second pillar includes mechanisms through which employers make contributions for their employees and 
third pillar the ones through which employees make their own contributions, regardless of the level of obli-
gation. 
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The result ing pension landscape will not only provide a more sustainable and efficient 
envi ronment for manag ing inter- temporal consumpt ion but also suppor t domestic 
underdeveloped financial markets . Davis (2008) shows that pens ion- fund growth in 
the European Union is likely to lead to beneficial financial development with a broader 
range of ins t ruments and a lower cost of capital, thus leading to higher welfare. He 
fu r the r argues that pens ion-fund growth has a significant effect on Eurozone finan-
cial markets , by moving them par t ly toward the Anglo-American system, as well as 
p romot ing integration. Davis and Hu (2008) provide evidence that f u n d i n g improves 
economic per formance sufficiently enough to generate resources to meet the needs 
of an aging populat ion and that the improvement is even greater in emerging market 
economies. 

However, the previously ment ioned characteristics of private pension systems are by 
themselves insufficient to provide for society's well-being if people do not have suffi-
cient financial knowledge, i.e. are only modest ly financially literate. Financial illiteracy 
is a very impor tan t issue, and it has been reported even for the most advanced coun-
tries (on the United States, see Lusardi and Mitchell, 2007; on the United Kingdom, see 
Gathergood and Disney, 2011; on Japan, see Sekita, 2011; on Germany, see Buchner-
Koenen and Lusardi, 2011). Studies have found that many households are unfamil iar 
with even the most basic economic concepts in order to make savings and investment 
decisions. Financial illiteracy is lowest among women, young people, and individu-
als with lower incomes and lower education levels. Wi th respect to pension savings, 
financial literacy increases individuals ' l ikelihood of having a savings plan for retire-
ment , which has a very s t rong impact on their wealth levels at re t i rement (Lusardi and 
Mitchell, 2007a). 

We argue that very important aspect of financial literacy addresses knowledge about 
characteristics of various asset classes for their investments. Rooij et al. (2007) found that 
financially illiterate individuals are significantly less likely to invest in stocks. We show 
in this paper that this aspect has a very significant impact on the level of pension wealth, 
since choosing appropriate asset classes is extremely important . Strategic asset alloca-
tion determines approximately 90 percent of portfolio performance (see Brinson et al., 
1986; Ibbotson and Kaplan, 2000; Andreu et al., 2010). Overall, it is crucial that financial 
literacy campaigns address both topics: individuals ' need to start saving for their pen-
sion (e.g., in a pension savings account) and at the same t ime they also need to allocate 
savings into appropriate asset classes. 

We focus on Slovenia, a count ry with a combinat ion of a significantly aging popula-
t ion and an underdeveloped private pension system. Exclusive dataset on the distri-
but ion of individuals ' income in Slovenia is used in this article to suppor t our three 
m a i n points , which are par t icular ly impor t an t for people in countr ies like Slovenia 
who are entering a career or are ha l fway into their professional career. We contr ibute 
to the l i terature with the model , which shows the required month ly savings under 
each of three asset allocation choices (i.e., stocks, t reasury bonds , and t reasury bills). 
We calculate the required savings dur ing the active work per iod of individuals ' life 
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under the assumption that they (together with the assumed long-term yield) can fill 
the gap between projected pensions f rom the PAYG system and the 70% net replace-
ment rate suggest by the Organisat ion for Economic Co-operat ion and Development 
(OECD, 2009a). Different income levels (decile groups) are taken care of and insights 
into the potential outcome of a risk-aware individual allocating all of his or her pen-
sion savings into a risky diversified stock portfolio and prepares for poorly per form-
ing financial markets but actually achieving the long-term mean yield are offered. 
This case clearly favours investing in stocks over the long run . Finally, we address 
the issue of pension income diversification and show that benefits are greatest at the 
point , where private pension pillars only star t to provide pension income. Our con-
clusions are relevant in general, i.e. for many developed countries across the globe, as 
not many current pension systems have sufficient solutions regarding an increasing 
old-age dependency ratio. 

This article is structured as follows. In the second section, we briefly describe the exist-
ing Slovenian private pension system and present pension funds in the context of the 
whole financial market. We also report the performance of Slovenian pension vehicles 
since their introduction nearly a decade ago and compare that with the performance of 
pension funds f rom developed markets. In the third section, we describe benefits f rom 
the Slovenian PAYG system and related taxation. The four th section offers demographic 
projections up to 2060 and future public pension expenditures, which without changes, 
are expected to cause huge deficits in the pension budget. As those imbalances are unsus-
tainable and cannot be financed through subsidies f rom the central government budget, 
we impose fiscal caps at various percentages of gross domestic product (GDP) that can 
be allocated to finance pensions. Those in tu rn pose fur ther caps on the future levels of 
expected public pensions. The fifth section provides overview of three basic asset classes 
available for the allocation of private pension savings. Using historical data, we calculate 
real long-term yield and fur ther assume that those returns are a reasonable approxima-
tion of future long-term yields. We thus use historical returns as expected returns in our 
model, which we present in detail in the sixth section. In section seven we present the 
extent diversification benefits. 

2. SLOVENIAN SYSTEM OF PRIVATE PENSIONS 

The pension reform enacted in Slovenia in 2000 introduced private pensions within the 
second pillar, which comes in two forms. The first form are pensions, which are compul-
sory for employees in "health-risk" jobs. Employers must make special pension contribu-
tions for all such classified workers, and those contributions are transferred to employ-
ees' pension account at the special pension fund (managed by a government-sponsored 
institution). Second, for all other employees, participation in the defined contribution 
pillar is not compulsory but is promoted by a tax incentive. Namely, contributions to 
the second-pillar pension funds are subject to tax relief at the level of a payer. Either an 
employer or an employee can make a contribution, but the total amount of tax relief can-
not surpass either the max imum of 5.844% of an employee's annual gross wage or a cap 
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that is set annually6 W h e n an employer pays a second-pillar contribution for employees, 
it can deduct paid contributions f rom the company's corporate income tax base, while in 
the case that a second-pillar contribution is paid by an employee, it is deducted f rom her 
personal income tax base. 

Table 1: Size of the second pillar, average contribution to the second pillar and breakdown 
of total assets at the end of 2012 

MPFs PCs ICs Total 

AUM (mln EUR) 839.0 655.0 302.6 1,796.6 

Average annual contribution 450.72 466.92 381.47 422.53 

Breakdown of total assets (%)* 

Deposits 22.2 22.7 n.a. n.a. 

Government bonds 28.1 37.4 n.a. n.a. 

Bonds: other 29.1 32.6 n.a. n.a. 

Stocks 1.1 5.3 n.a. n.a. 

Investment funds 19.0 0.0 n.a. n.a. 

Cash 0.5 2.0 n.a. n.a. 

Total assets 100.0 100.0 n.a. n.a. 

Note: MPFs = mutual pension funds, PCs = pension companies, ICs = insurance companies, and AUM = as-
sets under management; * - PC breakdown of total assets at the end of 2011. 
Sources: Ministry of Labour, Family and Social Affairs (http://www.mddsz.gov.si), Report on financial mar-
ket trends (2013); Report on insurance market trends (2012). 

There were 508 thousand part icipants in the second pillar by the end of 2012, which 
represents 60.7% of the total number of persons in employment7 . Different second-
pillar inst i tut ions manage the individual pension accounts: insurance companies (ICs), 
pension companies (PCs), and mutua l pension funds (MPFs). At the end of 2012 total 
assets under management of the second-pillar inst i tut ions was only 1,797 m l n EUR, as 
the average annual contr ibution is only about 400 EUR. Assets represented only 2.1% 
of the assets of the overall financial sector and only 5% of the GDP (Bank of Slovenia, 
2013). 

A notable characteristic of the Slovenian private pension system is inappropriate 
asset allocation. Rules about guarantees in the private pension system (Pravilnik o 
izračunu. . . , 2005) force pension managers to reach a certain percentage (at least 40%) 
of the cumulative yield of long-term bonds issued by the Treasury of the Republic 
of Slovenia on a single-member contribution. Because pension asset managers must 
provide addit ional capital in the case that their products don't deliver the guaranteed 
threshold yield, they do not take much risk. As a result, they tend to invest less t han 
5% in stocks, even though part icipants in the pension f u n d might have investment 
horizons extending as far ahead as 40 years. Fixed-income ins t ruments together with 

6 The cap was 2,526.2 EUR in 2008, 2,604.5 EUR in 2009, 2,646.2 EUR in 2010, 2,683.3 EUR in 2011 and 
2,755.71 EUR in 2012 (Tax Administration, 2012). 
7 62% we obtain using the registry data on number of persons in employment. Using the definition of Inter-
national Labour Organization (ILO) the share is even lower (54%). 

http://www.mddsz.gov.si
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deposits and cash represent at least 90% of total assets (see Table 1). Asset allocation in 
developed countr ies is dramatical ly different, as stocks represent roughly half of the 
total assets allocated.8 

Of course, ultraconservative asset allocation can yield only meagre performance. W h e n 
portfolio strategists set a conservative floor for the portfolio, the ceiling is not very high 
(Jensen and Sorensen, 2001). In the period 2003-2012 Slovenian pension funds recorded 
only 1.05% average real annual yield (mutual pension funds [MPFs]) and 0.87% (pension 
companies [PCs]).9 Pension vehicles as a group beat pension guarantee, as in real terms 
guarantee only amounted to -0.60%. Figure 1 shows the dynamics of the real yield of 
MPFs, PCs, the private pension system guarantee, and the best and the worst performer 
(in the entire 2003-2012 period) of all products in the market for the period 2003-2012 
in Slovenia. 

If we compare same-period performance of Slovenian pension products with similar 
products in developed countries, we see that those countries did not have much bet-
ter performance. However, there is a conceptual difference between Slovenian private 
pension products and those in the developed world. It is impossible to achieve long-run 
performance of 6-10% typical for countries with the developed private pension systems10 

with the strategic asset allocations of Slovenian pension products, all of which are char-
acterized by investment policy unification regardless of the age of their members and all 
of which are ultraconservative. 

Because Slovenia's private pension system cannot offer appropriate savings vehicles, it 
should change and pension products with less conservative exposure should be offered.11 

Under a new system, individuals should have their choice of asset allocation—individu-
als have different characteristics and needs, and not all of them need a guarantee. In the 
"Results" section, we point out the significant impact of the asset allocation decision on 
the outcomes of pension savings. 

8 For the end of 2009, a Towers Watson study reported the following stock allocations: Australia, 57%; Can-
ada, 49%; Hong Kong, 62%; Japan, 36%; Netherlands, 28%; United Kingdom, 60%; and United States, 61% 
(2010 Global Pension Asset Study, 2010). 
9 Comparison of yields between MPFs and PCs must be taken with a grain of salt, as PCs are allowed not to 
mark to market all of their assets. 
10 Antolin (2008) reports performance between 6 and 8 percent in real terms since introduction of private 
pension systems, measured in geometrical terms. 
11 The legislation, which allows for asset-allocation investment policy design, became effective on Jan 1 2013 
(Pension and Disability Insurance Act, 2012), but the second level rules and pension products are still being 
prepared. 
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F^uie 1: DyEamics of real annual yields of MPFs and PCs in the period 2003-2012 in 
Slovenia (in %) 

MPFs PCs "Guarantee 0Bes t performer 0 Worst performer 

25,0 

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 

Source: Reporton financial markettrends(2013), Repor toninsuraneematke0trinds(2012), MonthlyBul-
letin (2005, 2 0S9( 22 withónMPts.PC categocies) . 

3. OVERVIEW OF CURRENT BENEFITS FROM THE SLOVENIAN PAYG 
SYSOEM 

UnOei the peieipn Saw Keing io SO fores fsom 1 Jenwary 2053 the tTtsL aicsuol rate Nor sn 
SnOivEEuol wSSh Coll lE^K^mei^^ OGndSSSvns is EK.KL%l Ry asiumsng Nij wige ERAS gsow-
Ssg Sn liso ts itÌR the aoorRAe waRO Sn CSovenia Tot rate amo uoAv toKA.EeV as 
wsll. The pensiwn b^^^ ŝ CRSculfSiP ai t i e peerage Krom tiso individual's valorised best 
consecutive 18 years (19 in 2013, 20 in 2014 and finally 24 in 2018 and onwards). 

Individual's gross wages by years are transformed to nominal wages with the ratio be-
twE ew aww E EEE n E t an d g rw E E wage in that year. Those 'net' wages are multiplied with the 
vec to ro fva loa isatlon noehOeients12 to calculate the pension base. Finally, accrual rate 
us apphnd Co the pnntion bane to cplnulote theamountoff i rsC penclon.Ancrtial rate for 
menamounCsto26%Ooa t d e f i r s t l 5 w o r k m g y e a r s and furtanrC.20%0oe pfuhaddit-onat 
working year. Thus, for a man with 40 working years total accrual rate is 57.25% (26% 
+ 1.25% * 25 years). For women the pension system is more generous with 29% for the 
first 15 years and, again, 1.25% for each additional working year. Thus, for women with 

12 Calculation of those factors was based on the past growth of pensions relative to wages. After the pension 
law introduced with 1 January 2013 the set of factors will grow in line with the growth of average wage - thus, 
it will not depend on the growth of pensions any more. In the past factors were declining because the pension 
growth was lagging behind the wage growth. 
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40 working years the total accrual rate of 60.25% is applied. From 2013 to 2022 there is a 
transit ion period in which less than 40 working years is required for women and there-
fore in this period for women even higher accrual rate is applied for 40 working years13. 
However, in our calculations we focus only on male with 40 working years. 

Slovenia, as other countries f rom Central and Eastern Europe, has undergone through 
several phases of pension reform; the last phase had passed the Parliament in 2012 and 
is effective f rom January 2013. Its most impor tant element is a gradual increase of retire-
ment age for both genders. The full retirement age (for old age pension) is thus increasing 
f rom 61 years (women) and 63 years (men) to 65 years (by 2016 for men and by 2020 for 
women). However, under both pension systems earlier retirement (up to several years) 
was/is possible with full benefits and without penalties if the person collects required 
number of working years earlier. Slovenia is also characterised by the fact that it has 
never implemented a compulsory second pillar14 compared for example with Slovakia, 
Hungary and Poland. However, the compulsory second pillar has been recently effec-
tively abandoned in Hungary, while in Slovakia it is not compulsory any more since Feb-
rua ry 2013. The Czech Republic which initially also did not introduce mandatory second 
pillar is now opening the option for employees to divert part of their contributions f rom 
the first to the second pillar (Berk et al., 2013). 

3.1. Financing the PAYG pillar 

Compulsory pension contributions for the PAYG pillar are set at the rate of 24.35% (em-
ployees pay 15.5%; employers, 8.85%) out of a gross wage without any ceiling.15 The ag-
gregate contributions total 3,348.9 million EUR, or 9.5% of GDP, in 2012. Because this 
is not sufficient to cover expenditures of the first pillar (which totalled 4,851.0 million 
EUR, or 13.7% of GDP, in 2012) in aiming to mainta in the financial stability of the sys-
tem, current legislation has stipulated that the central government budget cover the rest. 
In 2012 that transfer amounted to 1,416.2 million EUR, or 29.2% of total PAYG revenues 
(Ministry of Finance, 2013). 

3.2. Taxation of Pensions 

Contributions for the PAYG pillar are entirely deductable f rom the personal income tax 
base, while pensions f rom the PAYG pillar are subject to personal income tax under 

13 For 40 years of work women receive total accrual rate of 64.25% if they retire in 2013-2016 period, 63.5% in 
2017-2019 and 61.5% for retiring in 2020-2022 period. Nevertheless, minimum and maximum pension base 
as of December 2012 are 551.2 EUR and 2,204.4 EUR, respectively. Taking into account that there is no ceiling 
for the PAYG contributions, such a pension base setting mechanism has a strong redistributive effect. 
14 Exemptions are some selected professions, such as miner, or soldiers, where additional compulsory contri-
butions paid by employers' are collected by special government owned pension fund. 
15 The self-employed on the other hand pays the same rate of contributions from the base which is a function 
of annual income from self-employment with the ceiling equal to 2.4 average national gross wage. 
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an advantageous tax-credit system. As a result, most pensions (approximately 97%) are 
effectively tax-free, whereas the remaining 3% are taxed at a relatively low effective tax 
rate. On the other hand, the contributions to the second pillar are deductable f rom the 
personal income tax base up to the certain level. This tax relief is limited with the 5.844% 
of employee's annual gross wage or the nominal amount set annually (2,755.7 EUR in 
2013) - whatever it is lower. Pensions f rom the second pillar are not entitled to the same 
tax credit as pensions f rom the first pillar. Instead, 50% of the second-pillar pension is 
subject to tax, without any special tax credit. As a result, these pensions are taxed more 
than the first-pillar pensions. 

Table 2 includes average gross and net wages in 2013, as well as the max imum amount 
of tax relief for the second-pillar contribution. One can observe that only taxpayers f rom 
the highest decile group can take full advantage of the nominal tax relief for second-
pillar contributions. 

Table 2: Gross average annual wage, net average annual wage and maximum amount of 
tax relief for the second-pillar contribution in 2013 (in EUR) 

Decile group 
Average gross 

wage 
Average net 

wage 
Maximum tax relief 

(5,844 %) 

1 9,671.5 6,455.4 565.2 

2 10,760.0 7,140.1 628.8 

3 11,939.4 7,875.8 697.7 

4 13,190.8 8,642.1 770.9 

5 14,563.9 9,445.3 851.1 

6 16,288.2 10,417.1 951.9 

7 18,546.8 11,661.9 1,083.9 

8 21,740.3 13,385.6 1,270.5 

9 26,755.5 15,872.7 1,563.6 

10 47,663.8 24,743.2 2,785.5 

Source: Authors' calculation based on data from Statistical Office (2013). 

4. THE IMPACT OF DEMOGRAPHIC CHANGES ON BENEFITS FROM THE 
PAYG PILLAR 

The twentieth century experienced explosive population growth, but the twenty-first 
century is likely to see the end of population growth and instead population aging (Lutz 
et al., 2004). According to population projections, in the future there will be strong de-
mographic pressures on public expenditures for pensions, health care, and long-term 
care (European Commission, 2012). Scholars began warning of this decades ago, but we 
have seen no changes, mainly because short-term-oriented politicians have as their ho-
rizon only the next elections. They are not interested in projections for a distant future. 
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The situation, though, has become so aggravated that taking action cannot be fur ther 
postponed. Many countries have already taken various measures. International organi-
zations are pressuring countries to act in a timely manner to facilitate and accelerate 
change. 

PAYG systems are vulnerable to popula t ion aging. In our analysis, we apply Eurostat 
popula t ion project ions f r o m EUROPOP2010 for 2010-2060. They were prepared by 
the Eurostat for the European countr ies (EU27) and European Free Trade Associa-
t ion countr ies (EFTA)16. The project ions assumed gradual convergence of countr ies ' 
mor ta l i ty and fertility, wi th the year 2150 set as the convergence year. However, the 
project ions were prepared only unti l 2060, when only par t ia l convergence has been 
reached. 

In Slovenia the life expectancy at bir th is increasing rapidly. The past decade alone (from 
2000-2001 to 2011) saw an increase of almost 4.5 years for males (72.1 to 76.6 years) 
and 3.3 years for females (from 79.6 to 82.9 years) (Statistical Office of the Republik of 
Slovenia, 2012, p. 79). Some developed countries already have a considerably higher, and 
still-increasing, life expectancy than Slovenia.17 

The current populat ion age s t ruc ture is given. The baby-boom generations, bo rn after 
World War II dur ing t imes of high fertility, are now in their 50s and early 60s. Over the 
coming decade, they will be intensively entering ret irement. At the same time, people 
bo rn dur ing the 1980s are s tar t ing to enter the labour market . Dur ing the 1980s and 
1990s, fertil i ty declined; in the first half of the 2000s, it stabilized at very low levels. In 
1980 total fertility rate (TFR, or the average number of children a woman gives b i r th 
to, dur ing her fertil i ty period) was 2.1, which was still a replacement-level fertility. 
Since then, TFR declined unti l 2003, when it reached only 1.2 (Statistical Office of the 
Republic of Slovenia, 2008, p. 56). Consequently, the number of newborns decreased 
sharply in that period. In 2003 just 17,321 children were bo rn in Slovenia, whereas the 
figure was 30,604 in 1979 (Statistical Office of the Republik of Slovenia, 2012, p. 78). 
Those reduced generations (they are only about one half of their parent 's generations) 
will also determine fertil i ty levels in the coming two to three decades. Even if fertil i ty 
(TFR) were to increase, which the projections assume, the absolute number of new-
borns is expected to fall considerably because there will be fewer women of reproduc-
tive age. 

Sensitivity analysis (in which we variate fert i l i ty assumpt ions while keeping other 
assumpt ions unchanged) shows that , despite the impact of fert i l i ty on populat ion 
size in the long r u n , we cannot expect increased fert i l i ty to considerably mitigate the 
process of popula t ion aging in Slovenia in the coming decades (Sambt, 2008). Further , 
f r o m an economic point of view, increased fert i l i ty does not have positive economic 

16 Iceland, Liechtenstein, Norway and Switzerland. 
17 E.g., in Japan the life expectancy at birth in 2009 was 79.6 years for males and 86.4 years for females (OECD, 
2011). 
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effects for about 20 years, as cohorts of newborns s tar t to enter the labour market . 
In the meant ime , the economic effect can even be negative, causing higher public 
expendi tures in the fo rm of educat ion and other t ransfers like child allowances and 
heal th care. 

Immigrat ion decreases the overall aging of the population, especially because most im-
migrants are relatively young (Eurostat, 2011). However, without assuming unreasonable 
high immigrat ion, the positive effect is only moderate. With time, immigrants are also 
aging and entering the age group of 65 and older (Bonin et al., 2000). 

Figure 2 presents the projected dynamics of the age structure of the Slovenian popula-
tion by three broad age groups related to economic activity:18 0-19, 20-64, and 65 and 
older. According to EUROPOP2010 projections by 2060 the Slovenian population should 
slightly increase - by 11,000 people, which is 0.5% of the total population. However, the 
change in the age structure of the population is striking. The percentage of people age 
65 years and older is expected to almost double in the 2012-2060 period, f rom 16.6% 
to 31.6%. In contrast, the size of the working-age population (age 20-64) is expected to 
shr ink considerably - f rom 64.3% in 2012 to 49.8% in 2060. The combination of those 
two processes will have serious consequences for the long-term sustainability of pub-
lic finance systems, unless adjusted accordingly. Sensitivity analysis reveals that those 
results are very robust for a broad range of assumptions about fertility, mortal i ty and 
migrations since they are mainly driven by the increasing longevity, and especially by 
the given population structure (Sambt, 2008, Sambt, 2009). 

The unfavourable economic development with respect to the populat ion age s t ructure 
can be shown with the old-age dependency ratio, which is calculated as the ratio be-
tween the elderly (age 65+) and the working-age populat ion (age 20-64) , multiplied by 
100. 

An increasing old-age dependency ratio indicates an increasing demographic burden on 
the productive part of the population in order to mainta in the pensions of the economi-
cally dependent. According to the EUROPOP2010 population projections, the old-age 
dependency ratio in Slovenia will increase f rom 25.9 in 2012 to 63.4 in 2060 (see Table 
3). 

A rapidly increasing old-age dependency ratio is not specific only to Slovenia. Practi-
cally all developed countries across the globe face strong population aging. Therefore, 
the analysis we present here is generalizable. Table 5 presents projected fu ture increases 
in the old-age dependency ratio for all EU27 member states, including Slovenia. In the 
new EU member states (EU12), the increase is expected to be somewhat stronger than in 
the old EU member states (EU15). 

18 In demography traditionally defined dependency ratio compares population aged 65+ with population 
aged 15-64. However, in developed countries using 20-64 years in the denominator has been seen as more 
adequate from the economic point of view since not many individuals enter the labour market before age 
20. 
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F i g u r e 2: Slovenian population in broad age groups: EUROPOP2010 projections for 
2012-2060 (%) 

Source: Eurostat, 2011. 

T a b k 3 : OiVvagedepeDdsncyraSioinEUcountriesiEUROPOPNOlOproScstLons^for2002, 
20CEVND2060 

Old memOyr states(E U15) n ewmom U 9 i s tale s d V i N 
2030 2060 2012 2030 2060 

Belgium 29.2 ekk ken Bilgaria ee.7 40.4 26.3 

Denmark 29.6 46.7 48.0 CzecliRepublic 2ee 3C.6 rco.e 

Germany 33.a 21.0 65.1 Estonir 07.B 2 94 61.4 

Spain 27.6 38.6 61.6 Greece 31.9 41.9 62.2 

France 29.4 43.4 51.7 Latvia 27.4 39.4 74.3 

Italy 34.0 44.5 64.5 Lithuania 26.0 38.8 62.3 

Cyprus 21.7 33.7 48.7 Hungary 26.8 36.4 62.8 

Ireland 19.9 31.2 48.5 Malta 25.8 42.8 60.5 

Luxembourg 22.5 32.7 43.0 Poland 21.3 38.6 70.5 

Netherlands 26.8 44.2 51.7 Romania 23.3 32.8 70.4 

Austria 28.7 42.1 55.4 Slovenia 25.9 42.5 63.4 

Portugal 29.9 40.9 59.7 Slovakia 19.0 34.2 67.4 

Finland 30.6 47.3 54.5 

Sweden 32.3 41.3 51.7 

UK 28.6 38.6 46.5 

Source: Eurostat, 2011. 
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4.1. Projecting Future Public Pension Expenditures 

Strong population aging translates into pressure on the public pension system. The mod-
el that we use in the simulations rests on the age profiles f rom the base year. Therefore, 
we refer to it as the age-profiles-based model. Such models are s tandard approach in 
Generational accounting methodology19. This model is also used for projecting pension 
expenditures for Slovenia published in 'The Ageing reports ' by the European Commis-
sion (Ageing Working Group). 

In calculations we use three types of matrices. The matr ix of pension age profiles (PENS) 
includes average pensions by years in the future . It builds on the pension age profile 
f r o m the base year (2011). In particular, the PENS mat r ix consists of two matrices multi-
plied with each other. The first one contains age profiles of average pension benefits per 
receiver, whereas the second one includes the share of pensioners in the total populat ion 
by age group (i.e., ret irement rates). This decomposit ion enables us to more easily, and 
more accurately, introduce fu ture changes into the age profiles (e.g., increasing retire-
ment age). 

Every year those age profiles are shifted up by the assumed growth of pensions. Before 
2013 all pensioners with the same retirement conditions received the same level of pen-
sion, regardless of the time of retirement ( 'horizontal equalization'), which strongly 
simplified the calculations. Horizontal equalization in Slovenian pension system was 
achieved through complex mechanism of valorisation that was abolished in 2013. Now 
growth of pension is in real terms20 60% indexed to the growth of wages. We follow each 
cohort of pensioners separately. We use the s tandard macroeconomic assumption that 
wages grow in line with labour productivity growth - we use the latest European Com-
mission assumptions. 

The coefficient matr ix (C) summarizes the effects of fu ture departures f rom the basic age 
profile, assumed in the pension matrix. It contains the impact of the Slovenian pension 
system on pension age profiles in the future . The legally enforced, but gradually phas-
ing-in parameters of the Slovenian pension reform are a typical such case. We obtained 
several inputs for the coefficient matr ix (C) f rom simulations on microdata on pension-
ers who have already retired. We simulate their behaviour under pension parameters 
that will be valid in future years. Weighted averages of those results (by age groups) enter 
the coefficient matrix. 

The population matr ix (P) contains the EUROPOP2010 population projections present-
ed earlier. 

19 For review of Generational accounting methodology see, for example, the initial paper from Aurebach, 
Gokhale and Kotlikoff (1991) and comparative studies across countries (European Commission, 2000; Auer-
bach, Kotlikoff, & Leibfritz, 1999). 
20 Formally, the growth of pensions is 60% indexed to the nominal growth of wages and 40% to the growth of 
consumer price index (inflation). This is equivalent to 60% indexation in real terms. 
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Consic[ueietlu, alio -he ngi profilo pa retirement gntpe wlli withdraw inlu digOre ggsn 
P i t h of t i tol i two eiOucir a.:ne e f t e f lnn iulie made) huiirougE ^WIEiìS metEXt )ngi"eksinn ends 
ploedUEni aator (alio aecause olaurumaV dutviiie in v n r m p ^ m e n t roti l i will hien R i s e 
tioe imnsct silso uro OeDP sinee GDU oEawin in siso madr i aouwets unlpO)our i]ro5luctlnd 
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Clmm-msion in i Eeiu eaiculotions. Fon axamuiv, ir̂  the tranultioN giniod op to h i IO tino 
l e a d o f yenoions will n^ a c lu a t iel deciinr disatio; io wsget beiaens o i gra2ual1y (01X1000 
inn numnsr so poasr that i re (3001X11 i vie aocouni n h s e CNicuiosi no PÌUsIu^ Naii itrom 
Oc isigf yiars in 0 t ( 3 to 2S: in 20105t glris eife et eniens t e i modeo t h r o n g ) <2 m( l r ig as 
wrü ar ophee 61:0x18 oi" lNa isttcion irgigigtion 5hg^ wove calcc iete ! unìng 1:1ÌU micro dato 
on Sì enf ionfrr . Noneth chess , 1S iepenj ende n t h a i t h r iol^l^cet^i^s^ls^n expenUltueeu a s a 
ji m e n t age i f GDP wiil i i r o n g ^ increase since the resu Its are mainly driven lay th e 
population egerng. 

In pnns im' enOegjory acte igducCeoidiage, disagihty and eurvivor pnnsions e u t ako pen-
ciono of far mere, police officers e Wo rid War II veterano, siaie pmsioners and so cen. How-
ever, payments to the health insurance that are paid for the pensioners by the pension 
fund are not included. Using the age-profiles-based model, we obtained the results pre-
sented in Figure 3, labelled 'No limitation' variant. Without fur ther changes to the cur-
rent pension system, population aging would largely translate to rapidly growing public 
pension expenditures as a % of GDP. 

21 To link employment rates with retirement rates, we used the submodel of the Institute of Macroeconomic 
Analysis and Development (IMAD; for a detailed description of the submodel, see Kraigher (2005). 
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Figure 3: Projections of public pension expenditures in Slovenia in 2012-2060 (% of 
GDP), scenario with no limitations and scenarios if limiting public pension expenditures 

to certain % of GDP 
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There are basically three solutions for mitigating rapidly growing pension expenditures. 
The first, usually considered preferable, is to increase the retirement age. This solution 
also provides the most straightforward response to increasing longevity. The second so-
lution is to increase taxes, usually on labour income. In Slovenia labour is already highly 
taxed, which hinders its international competitiveness. Moreover, the tax burden has a 
negative impact on employment and incentives to work. The third solution is to reduce 
the level of pension benefits f rom the PAYG system. 

In our analysis we focus on the third option by introducing a simple assumption about 
fu ture reductions of pension benefits. We assume the government will have to prevent 
fur ther increases in public pension expenditure above some percentage of the GDP (i.e., 
capping expenditures) in a way that all pensions will be cut proportionally, regardless of 
the type and level of pension. Thus, we set the tolerated m a x i m u m percentage of public 
pensions of GDP at 11%, 12%, 13%, 14%, and 15% of GDP. Figure 3 shows projected pub-
lic pension expenditures as a percentage of GDP according to these scenarios. 

4.2. Expected Level of Pensions from the PAYG Pillar 

As already explained in section 3 in 2013 the statutory accrual rate for a man with 40 
working years was set to 57.25% and according to the current pension law it will remain 
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at this level in the future ('No limitations' scenario in Figure 4). We also present results 
for different scenarios of assumed maximums to which government would tolerate pen-
sion expenditures to increase; in those cases, the net replacement rate would fall to even 
(much) lower levels, as it is revealed in Figure 4. In the case that expenditures for pensions 
would be capped at 11% of GDP, the net replacement would thus decline to 37% by 2060. 

Figure 4: Projections of net replacement rate at retirement in the period 2012-2060 

< N ( N < N ( N ( N f N < N ( N f N < N < N f N < N 

Year 
Source: authors' calculations. 

The presented PAYG-based net replacement rates are very low, and individuals without 
other means will at best not be able to sustain their living standards. Many of them are 
expected to fall below poverty threshold. Achieving the 70% net replacement rate sug-
gested by the OECD will be possible only with regular private pension savings, which 
should fill the PAYG shortfall. Before we present the analysis about the required saving 
during the working period, we first present the characteristics of traditional asset classes, 
as they have an impact on amounts of savings needed. 

5. CHARACTERISTICS OF TRADITIONAL ASSET CLASSES OVER THE LONG 
RUN 

In this section we analyze three traditional asset classes (i.e. stocks, treasury bonds, and 
treasury bills). The purpose is not to simulate optimal asset allocation over the long r u n 
but to show the impact of the asset allocation decision stemming f rom the characteristics 
of the previously mentioned asset classes. 
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We base our approach on historical yields (arithmetic and geometric) and volatilities 
reported in the literature and build the yield and volatility model. We use different glo-
bal historical datasets as a source22: US data for the period 1802-2001 and the period 
1946-2011 (Siegel, 2002), US large-cap and world data for the period 1926-2005 (Bodie, 
Kane, and Marcus, 2009), US and world data for the period 1900-2000 (Dimson, Marsh, 
and Staunton, 2002), US large-cap data for the period 1926-2005 (Malkiel, 2007), and 
MSCI stock indices for the period 1969-2010. We calculated two to 40-year yields and 
s tandard deviations using every data source and then averaged yields and standard de-
viations. Yields are calculated according to the fact that they should fall over time, as 
over t ime the geometric average yield (which is lower than arithmetical average yield) 
becomes more realistic than the ari thmetic average. We borrow the formula f rom Bodie, 
Kane, and Marcus (2009). 

We calculate s tandard deviation according to the random-walk assumption.2 3 In the 
short r u n stocks are more volatile than the other two asset classes, which calls for a high-
er required yield: yield together with dividends (representing one-third of total nominal 
return) historically has been around 10%. Over shorter horizons (even 10 years), invest-
ment performance can be quite different (e.g. MSCI US Standard Core Total Return in-
dex returned -1.29 in nominal terms on average between 31.12.1999 to 31.12.2009, but 
also as high as 19% between 31.12.1989 and 31.12.1999.24 

Figure 5 shows that s tandard deviation is not persistent if we consider longer invest-
ment horizons. Namely, in 15 years, yield distribution has approximately one-fourth of 
one-year s tandard deviations. Thus, in the longer run, the changed relationship between 
yield and risk of stocks relative to bonds or bills favours stock.25 Siegel (2002) argues that 
empirically verified long-term standard deviation is much lower that s tandard deviation 
assumed by the random-walk model, and that after slightly less than 20 years, s tandard 
deviation of stocks even falls bellow standard deviation of bonds. 

We have deliberately chosen the conservative i.i.d. assumption and used a 6.53% ex-
pected average real yield for 20-year investment in stocks, 1.25% for 20-year investment 
in T-bonds, and 1.11% for 20-year investment in T-bills. Over the 40-year investment 
horizon, yields used were 6.17%, 1.17%, and 1.07% respectively (see Table 6). All the 
yields are expressed net of management fees, which we assumed to be 1.3% for stocks, 
1.0% for T-bonds, and 0.5% for T-bills. After calculating average yields, we calculated 
s tandard deviation and then minus-one and minus- two s tandard deviation yields (-1 
sigma and - 2 sigma yields) for each asset class for various investment horizons (see 
Table 4). 

22 Slovenian pension funds' investment policies should be global and diversified. Therefore, global historical 
data are the most reasonable data input in our analysis. 
23 I.e., as a square root of forecasting period multiplied by one-year standard deviation of used indices, as 
distribution of returns are assumed to be - identically independently distributed (i.i.d.). 
24 Calculations using MSCI indices are not shown for brevity. 
25 There are still multiple differences in yields but differences in standard deviations become much smaller. 
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F i g u r e 5: Standard deviation of traditional asset classes over longer periods 

Source: Malkiel (2007), world markets dato, and authors' calculations. 

Table 4: Real yields and volatilities of traditional asset classes during investment horizons 
of20and40 years (%) 

20years 

Average yield 

-1s iymay ie ld 

o0 s i g o a yield 

Lo rge - andmid-c ap 
stocks 

6.53 

d f f 
-0.84 

T-bonds 

1.25 

-0.67 

-2.59 

T-bills 

1.11 
% 2 f 

-0.26 

40yearo 
Average yield 

- 1 cigma yteld 
-2 liamo yiald 

6.17 

d.24 
0.31 

1.17 

-o.ic 
-1.55 

1.07 

0.59 

0.10 

Note: 20-yeia c-efds ire sim-wha- hiciao 4han ( ( l o i r cleid, aa in the lOcrCei run -here io lecher iffec: cf 
arithmetic average yield, which is always higher than geometric average yield (Bodie, Kane, and Marcus, 
2009). Figures are net of management fees. For stocks, we assumed annual management fees to be 130 basis 
points (bps); for T-bond portfolios, 100 bps; and for T-bill portfolios, 50 bps. 
Sources: Siegel (2002); Bodie, Kane, and Marcus (2009); Dimson, Marsh, and Staunton (2002); Malkiel (2007); 
authors' calculation. 

6. T H E M O D E L 

F i g u r e 6 s h o w s t h e b a s i c m o d e l w e s t a r t e d w i t h . T a k i n g i n t o a c c o u n t t h e u n s u s t a i n a b i l i t y 
of t h e PAYG pi l la r , we e x p e c t t h a t f u t u r e p e n s i o n r e c i p i e n t s w i l l r ece ive p e n s i o n s f r o m 
t h e P A Y G p i l l a r s u b s t a n t i a l l y lower t h a t t h e 7 0 % n e t r e p l a c e m e n t r a t e r e c o m m e n d e d b y 
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theOECD.There fore , we estimate the monthly pens iongap ,PGAPt ( i . e . , t hed i f f e rence 
between t h e 7 0 % n e t r e p l a c e m e n t r a t e a n d t h e f o r e c a s t e d PAYG replncement rate)foe e 
typ ical m ale p e p e ^ n den t fieinry and its ruencre^n^ h eGmrt^ra^ehS^mits e r t e S rejs eriedih 
pension eenrngs e v e r t h e eerice w o o i n g eecu t i t ^o^ l i u e l s u n r e i e n t e o n o u e r t h e f u i u r e 
Ue^sion papod) 

PGAPt = (Pension t
70% - Pension t

PArG ) 

Gpeet 0eum gender end eetieement egs, whtch a(0ont t l i tn gsn ioogapg PGAPtI ,we also 
take i o t o b f t o y n t t hroediffe ren tuhGi icno7nss reenar ioet hoOaffect t Imti^d^^^r^u el PAASt 
mapl:Ulp t o r s ions t^ffer^ntìe.. Brc aus r o S t h r n t r p i u n s u s l a t n ebü^^y i t t u e s a d d rasestl i e 
te r t ion ^ e e e d e c i d e h tons r k w i t y t h t e e dbpotS r t i ea lp eh l ic f inan ce scenarios: 
• I h e no-li m i i s c c n t r i o 7 r s u m e s p o ü m i S s fer t l tepe roentaye ofPAYGe> en s ie>n expend i -

tures as 7fhrcentaye e f GDP f o s É e Cuteee . 
• The 130s GDP ucenario a s s u m r t t h e p r o y 7 r f 2 U g o t PAYG GensConsnbendi tu fs r tobe 

cappee pS IDG of GDP. 
• I h e 11% GDP ucena ret a^^umee the broporf2Ug d f P A e G peAsConrnending ta be 

capp e y pf 10 °%o 0UGG G. 

Flg use 6 : A graphical illustration of the model 

PII PII PII PII 

r Pi Pi Pi Pi 

ACCU 
SAVINGS 

Vi V2 v3 v„ d 

*H •K 
working / s a v i n g period Yearof retirement period 

retirement 

Legend: r = investment rate of return; p = the growth rate of salaries and saving instalments; V. = monthly 
saving instalments; d = discount rate; P: = monthly PAYG pension; P = pension gap. 

26 Calculations do not conceptually differ for female individuals, but we excluded those results from this 
paper for sake of keeping results as short and concise as possible. 
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Of course, by increasing restrictions on the pension-to-GDP ratio, the actual forecasted 
net replacement rate deteriorates gradually and the monthly pension gap increases ac-
cordingly. Consequently, the additional pension savings that have to be accumulated 
through the private pension system must increase by increasing the level of public fi-
nance restrictions, assuming that individuals target their individual total pensions at the 
70% net replacement rate. 

In the next step the monthly pension gap values (PGAP t) for individual pension recipients 
are discounted using a 0.5% technical discount rate27 to the total amount of savings need-
ed at the year of retirement (ACCUSAVINGS), which represents the target value an indi-
vidual must accumulate over his working period through his monthly savings in the pri-
vate pension pillar. In discounting, we use male life expectations at the age of 61 according 
to the Deutsche Aktuarvereinigung (DAV) tables. Again, we take into account the effect 
of the length of the savings period for typical individuals, and we simulate investment 
strategies that are consistent with three different asset allocation strategies. The simulated 
investment strategies rely on three asset classes, characterised by their distinct risk-return 
profiles: (1) stock strategy, (2) bond strategy, and (3) bill strategy. For simplicity, investors 
are assumed to stick to the selected asset class (i.e., risk-return profile) throughout the 
entire investment horizon, and they are assumed not to mix the three asset classes. 

In our results we present the amounts that must be saved by a male individual in the 
private pension system for a 20-year and a 40-year working period. We assume the start-
ing annui ty (At=1) to grow monthly by the expected average growth rate of salaries (g), 
which should be in line with productivity growth rate (we assume the average salary 
grows by 1.77% per year), and we assume those annuities to be invested at the constant 
investment rate r, which depends on the preselected asset class and related risk-return 
profile. Table 6 presents yields and volatilities for selected asset classes for selected 20-
and 40-year investment horizons: 

A _ ACCUSAVINGS *(r - g ) 

_ (1 + r)n - (1 + g)n 

Table 5 displays a s u m m a r y of the results. The results are presented for male individuals 
in three different decile groups (D1, D5, and D10) for selected years in the period 2035-
2060. Evidently, the pension gap (PGAP) is inflated throughout the projection period for 
all income groups (D1, D5, and D10), as the net replacement rate f rom the PAYG system 
is projected to deteriorate. In nominal terms the gap is becoming larger for individuals 
who belong to higher-income groups. This means that unless such individuals accumu-
late greater savings until the end of their working period they will fall below the 70% net 
replacement rate. 

As previously explained, the discounted pension gaps represent the accumulated sav-
ings that each individual pension recipient is expected to accumulate during his working 

27 We use 0.5% discount rate as it reflect the need to minimize risk exposure once the individual is retired and 
it is consistent with annuity industry practice. 
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period until the end of his retirement year. Consequently, the volume of the required ac-
cumulated savings determines the monthly savings contributions each male individual 
is expected to save until the retirement year. Table 8 presents the first annui ty a male 
individual is expected to start saving under varying assumptions. First, we assume that 
individuals f rom different decile groups have to accumulate different savings volumes to 
supplement the regularly expected PAYG pension. Second, we assume that fu ture public 
finance scenarios affect the monthly savings contributions. And third, the length of the 
expected savings period also affects the volume of the accumulated funds at the end 
of the working period. For simplicity, we present only calculations for 20 years and 40 
years. 

Table 5: PAYG pensions calculated by the official net replacement rate in selected years 
and gaps to the 2035 pension, 70% net replacement rate pension, and gap to the forecast-

ed salary in selected years to 2060 (in EUR) 

2035 2040 2045 2050 2055 2060 

Decile 
group 

Net replacement rate (%) 57.25 55.29 53.39 51.56 49.79 48.08 

D 1 PAYG pension (M) 461 486 513 540 570 601 

Gap to the 2035 pension 0 25 51 79 109 139 

Gap to the 70% net replacement rate 103 129 159 193 231 274 

Gap to the salary 344 393 448 508 575 649 

Salary 806 879 960 1048 1144 1249 

D 5 PAYG pension (M) 675 711 750 791 834 879 

Gap to the 2035 pension 0 37 75 116 159 204 

Gap to the 70% net replacement rate 150 189 233 283 338 401 

Gap to the salary 504 575 655 743 841 949 

Salary 1179 1287 1405 1534 1674 1828 

D 10 PAYG pension (M) 1768 1864 1965 2071 2184 2302 

Gap to the 2035 pension 0 96 197 304 416 535 

Gap to the 70% net replacement rate 394 496 611 741 887 1050 

Gap to the salary 1320 1507 1715 1946 2203 2486 

Salary 3088 3371 3680 4018 4386 4789 

Source: Authors' calculations. 

As it is evident f rom Table 8, the individual's decision for a particular type of investment 
(i.e., asset class) and the length of the savings period have a substantial impact on the size 
of the annui ty that the individual saver is expected to start saving. So, a male individual 
in the D5 decile group who decides to invest in a portfolio of large- and mid-cap stocks 
(see section 5) is expected to start saving 54 EUR per month if he has a 40-year invest-
ment period and 121 EUR per month if he has a 20-year investment period. If the same 
male individual were to decide to invest in a portfolio consisting exclusively of T-bills, 
he would need to start saving 149 EUR with an intended investment period of 40 years 
and 222 EUR per month with an intended investment period of 20 years. The differences 
in required monthly savings contributions are significant, and one can clearly observe 
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how impor tant it is to decide on a proper investment strategy in terms of both portfolio 
structure and length of the savings period (i.e., individuals should start saving as soon 
as possible). All other accompanying aspects that also affect the final savings outcome 
(e.g., different public finance scenarios that directly affect the PAYG pensions) make the 
differences only more pronounced. 

The second set of results is based on simulations in which the investment yields were ad-
justed to reflect the volatility of average historical re turns of the preselected asset classes. 
Therefore, the three right-hand columns of Table 6 present the required monthly savings 
contributions for a risk-aware male individual who wants to avoid a case that investment 
yield deviates down to two standard deviations ( -2 sigma) f rom the average historical 
re turns of the individual asset classes. In this scenario all required monthly savings con-
tributions are significantly higher, which reflects the sensitivity of the savings strategy to 
financial market volatility. 

Table 6: Required contributions under three different fiscal scenarios consistent with 
average real yield under three different asset class allocations (left) and consistent with 

-2 sigma real yield under three asset class allocations (right) 

40 years 

20 years 

SCI - STOCKS - AVERAGE 

Average yields 
D1 D5 D10 

-2 sigma yields 
D1 D5 D10 

1st contrib. under "no limit" 37 54 142 116 169 444 
1st contrib. under 13% GDP 57 84 219 179 262 685 
1st contrib. under 11% GDP 71 104 271 221 324 848 
SC2 - BONDS - AVERAGE 
1st contrib. under "no limit" 100 147 384 154 226 591 
1st contrib. under 13% GDP 155 226 593 238 348 913 
1st contrib. under 11% GDP 191 280 734 295 431 1130 
SC3 - BILLS - AVERAGE 
1st contrib. under "no limit" 102 149 391 120 175 459 
1st contrib. under 13% GDP 157 230 603 185 271 709 
1st contrib. under 11% GDP 195 285 746 229 335 877 

SC1 - STOCKS - AVERAGE 
1st contrib. under "no limit" 83 121 318 184 269 705 
1st contrib. under 13% GDP 128 187 490 284 416 1089 
1st contrib. under 11% GDP 158 232 607 352 514 1347 
SC2 - BONDS - AVERAGE 
1st contrib. under "no limit" 150 219 574 184 269 705 
1st contrib. under 13% GDP 231 338 886 284 416 1089 
1st contrib. under 11% GDP 286 418 1096 352 514 1347 
SC3 - BILLS - AVERAGE 
1st contrib. under "no limit" 152 222 582 174 255 667 
1st contrib. under 13% GDP 234 343 898 269 393 1030 
1st contrib. under 11% GDP 290 424 1112 332 486 1274 

Note: D1, D5 and D10 represent first, fifth and tenth decile group of an individual's income distribution. 
Source: authors' calculations. 
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Finally, we compare accumulated savings (i.e., pension wealth), assuming that an indi-
vidual would start saving monthly contributions adequate to the expected extreme mar-
ket performance (i.e., - 2 sigma) and at the same t ime it would ex post t u rn our that he 
could realise expected average market yields (mean yields). The results shown Table 7 are 
striking. Under this approach, one can easily grasp the advantages of allocating pension 
wealth into stocks over the long run . 

Table 7: Pension wealth at the moment of annuitizing of an individual who anticipated 
extreme market performance (-2 sigma real yield) but realized average performance 

under three different asset class allocations and three different fiscal scenarios 

D1 D5 D10 

40 years 

SC1 - STOCKS - (-2 sigma) 

1st contrib. under "no limit" 

1st contrib. under 13% GDP 

1st contrib. under 11% GDP 

SC2 - BONDS - (-2 sigma) 

1st contrib. under "no limit" 

1st contrib. under 13% GDP 

1st contrib. under 11% GDP 

SC3 - BILLS - (-2 sigma) 

1st contrib. under "no limit" 

1st contrib. under 13% GDP 

1st contrib. under 11% GDP 

330,880 

510,912 

632,217 

149,147 

230,297 

284,977 

113,739 

175,624 

217,322 

484,132 

747,547 

925,036 

218,226 

336,963 

416,967 

166,419 

256,967 

317,978 

1,268,246 

1,958,297 

2,423,253 

571,672 

882,718 

1,092,300 

435,955 

673,158 

832,985 

20 years 

SC1 - STOCKS - (-2 sigma) 

1st contrib. under "no limit" 

1st contrib. under 13% GDP 

1st contrib. under 11% GDP 

SC2 - BONDS - (-2 sigma) 

1st contrib. under "no limit" 

1st contrib. under 13% GDP 

1st contrib. under 11% GDP 

SC3 - BILLS - (-2 sigma) 

1st contrib. under "no limit" 

1st contrib. under 13% GDP 

1st contrib. under 11% GDP 

109,335 

168,824 

208,908 

73,977 

114,228 

141,349 

58,765 

90,740 

112,284 

159,975 

247,018 

305,667 

108,241 

167,135 

206,817 

85,983 

132,767 

164,289 

419,076 

647,095 

800,734 

283,551 

437,831 

541,785 

225,245 

347,800 

430,377 

Note: D1, D5 and D10 represent first, fifth and tenth decile group of individual's income distribution. 
Source: authors' calculations. 

Figure 7 summarizes the effects of different investment strategies chosen by male indi-
viduals. Stocks are a benchmark in this comparison (i.e., results are expressed in terms of 
ratio of stocks to other asset classes). First, individuals who choose stocks over a 40-year 
period are (according to the expected average yield) required to save about one-third the 
amount of individuals who choose bond or bills. According to expectations of extreme 
financial market performance, stock investors can still save about one-quarter less (ex-
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actly 26% less over a 40-year investment horizon and 14% less over a 20-year horizon). 
Second, when risk-aware investors decide to save according to expectations that they 
close the gap despite extreme financial market performance, but those results t u rn out 
(most likely) to be average, a stock strategy would beat out a bond and/or bill strategy 
by a substantial margin. As Figure 8 shows, this margin is already very material at a 20-
year investment horizon. Investors with a stock strategy accumulate 48% more pension 
wealth than those with a T-bond strategy and 86% relative to a T-bill strategy. Over the 
40-year investment horizon, the respective differences are substantial: 121% relative to 
T-bond strategy and 191% relative to T-bill strategy. 

Figure 7: Stock-to-other-asset-class ratios of contributions and of pension wealth before 
annuitization for investment horizons of 20 years and 40 years 

^Averageyield contribution ® - 2 sigma contribution • Wealth ratio (right scale) 

11 3.om 

Stocks T-bonds 40 years T-bills 40 years T-bonds 20 years T-bills 20 years 

Source: authors ' calculations. 

We argue that governments in countries with pension system facing similar issues to 
those of Slovenia should be interested in improving the financial literacy of the public in 
both aspects, i.e. improving an awareness to save and also knowledge about basic char-
acteristics of financial asset classes. Doing so would prevent oppor tuni ty losses in terms 
of lower available pension wealth and old-age disposable income despite people being 
aware about the need to save for their pensions. 
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7. ADVANTAGES OF PRIVATE PENSION SAVINGS ALLOCATIONS OVER 
ORDINARY SAVINGS ALLOCATION 

In this section we present benefits that stem f rom the fact that separate pension pil-
lars react differently to various economic shocks. We calculate the extent of benefits 
using common finance literature metrics of a s tandard deviation of a portfolio. In this 
approach coefficients of correlation among main assets take the central role. The co-
movements that are reflected in the coefficients of correlation reduce the volatility of a 
combination of assets. We measure and show benefits of diversification that rise f rom 
combining exposures to homogeneous assets by the percentage decrease of s tandard 
deviation of the resulting portfolio compared to the s tandard deviation of the asset 
class alone. 

In order to be able to calculate standard deviation of a portfolio we have to define ho-
mogeneous assets. Our analysis was based on the traditional financial market asset 
classes, i.e. stocks (EQ), 10-year government bonds (10yB), money market government 
bills (MM), and on wages, following approach of Holzmann (2002). We used data f rom 
Thomson Reuters Datastream database for France, UK, Germany and The Netherlands, 
for the period f rom 1971 to 2011. We calculated annual yields f rom total re turn index 
time series in nominal terms. We used the following stock indices: CAC 40 Total Return 
Index (France), FTSE 100 Total Return Index (UK), DAX 30 Total Return Index (Germa-
ny), Amsterdam MIDKAP DS Total Return Index (The Netherlands), Benchmark 10-year 
Government Total Return Indices, and Benchmark 1-3-year Government Total Return 
Indices. For the time series of wages (we used two wage time series: Wage Rate - Private 
Sector and Wages and Salaries - Total Economy) we also used time series of aggregate 
wages in nominal terms. 

Our goal is not to define optimal investment strategy for pension portfolio but to show 
benefits of diversification that rise f rom the characteristics of each financial asset class 
by combining it with the pension income that is received f rom the PAYG. Therefore, we 
calculate bivariate correlation coefficients of stocks, long-term government bonds, and 
short-term government bonds with both measures of wage income that proxy for the 
dynamics of the PAYG. Table 8 reports our results. In general, correlation coefficients 
are low, which means that benefits of diversification are substantial. We see that correla-
tion coefficients are smallest in the case of combining PAYG with stocks (cross-county 
average 0.0016), followed by long-term government bonds - 10yB (cross-county aver-
age 0.0690) and finally by short-term government bonds - M M (cross-county average 
0.2625), which means that benefits of diversification of PAYG pension income are the 
largest when this income is combined with pension income that derives f rom stocks 
investments. 
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Table 8: Divariate correlation coefficients between annual growth rates of aggregate wages 
and performance of financial asset classes for the period from 1971 to 2011 

Stocks 10yB MM AVERAGE 

France 0.2657 0.2327 0.4169 0.3051 

WR 0.3184** 0.2584* 0.4914** 0.3561 

WS 0.2130 0.2071 0.3424*** 0.2542 

United Kingdom 0.1931 0.2274 0.1488 0.1898 

WR 0.2646* 0.1412 0.1577 0.1878 

WS 0.1215 0.3136** 0.1400 0.1917 

Germany -0.2038 -0.1649 0.3268 -0.0140 

WR -0.2826* -.1693 0.4026*** -0.0178 

WS 0.1208 -.1606 0.2510 -0.0101 

Netherlands -0.2486 -0.0194 0.1574 -0.0369 

WR -.1658 -.054 0.2776* 0.0193 

WS 0.3313** 0.0153 0.0372 -0.0930 

ALL 0.0016 0.0690 0.2625 0.1110 

WR 0.0326 0.0441 0.3323 0.1363 

WS -0.0294 0.0938 0.1927 0.0857 

Notes: WR - Wage rate of the private sector, WS - Wages & salaries; 10yB - 10-year government bonds, MM 
- money market government bills; Performance of financial asset classes is expressed in terms of annual 
changes in total return indices. 
*** - significant at 1%, ** - significant at 5%, * - significant at 10%. 
Source: Thomson Reuters Datastream, authors' calculations. 

I n o r d e r to b e able to e x p r e s s d i v e r s i f i c a t i o n b e n e f i t s we h a v e t o m e a s u r e s t a n d a r d de -
v i a t i o n s of s e p a r a t e t i m e se r ies (see Table 9) a n d t h e n c a l c u l a t e s t a n d a r d d e v i a t i o n s of 
p o r t f o l i o s c o m p r i s i n g PAYG p e n s i o n i n c o m e a n d p e n s i o n i n c o m e t h a t de r ives f r o m a 
p a r t i c u l a r financial a s se t class. 

Table 9: Standard deviations of annual aggregate wages and performance of financial 
asset classes for the period from 1971 to 2011 

Stocks 10yB MM WR WS 

France 0.2574 0.0845 0.0341 0.0487 0.0524 

United Kingdom 0.1700 0.1120 0.0341 0.0583 0.0873 

Germany 0.2512 0.0693 0.0339 0.0309 0.0358 

Netherlands 0.3104 0.0792 0.0286 0.0471 0.0424 

ALL 0.2472 0.0862 0.0327 0.0463 0.0545 

Note: 10yB - 10-year government bonds, MM - money market government bills; Performance of financial 
asset classes is expressed in terms of annual changes in total return indices. 
Source: Thomson Reuters Datastream, authors' calculations. 

If we c o m p a r e p o r t f o l i o s t a n d a r d d e v i a t i o n s w i t h s t a n d a r d d e v i a t i o n s of a p a r t i c u l a r 
financial a s se t c lass , we c a n d i r e c t l y m e a s u r e t h e pos i t i ve d i v e r s i f i c a t i o n i m p a c t of c o m -
b i n i n g t w o s o u r c e s of p e n s i o n i n c o m e , i.e. d e c r e a s e of t h e s t a n d a r d d e v i a t i o n . Table 10 
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and Figure 8 report such effects for pension income that derives in 50 percent f rom PAYG 
and 50 percent f rom the particular financial asset class. 

Table 10: Diversification benefits of combining traditional asset classes (50%) with PAYG 
(50%) 

Stocks 10yB MM 

STDEVp % efect STDEVp % efect STDEVp % efect 
FR (0.2574) 0.1376 -46.6% 0.0541 -36.0% 0.0359 5.2% 

WR 0.1384 -46.2% 0.0540 -36.2% 0.0360 5.4% 

WS 0.1367 -46.9% 0.0541 -35.9% 0.0358 5.0% 

UK (0.1700) 0.0985 -42.0% 0.0739 -34.0% 0.0425 24.8% 

WR 0.0969 -43.0% 0.0667 -40.5% 0.0360 5.7% 

WS 0.1001 -41.1% 0.0811 -27.6% 0.0490 43.9% 

GER (0.2512) 0.1234 -50.9% 0.0359 -48.2% 0.0274 -19.3% 

WR 0.1220 -51.4% 0.0355 -48.8% 0.0272 -19.9% 

WS 0.1247 -50.4% 0.0363 -47.5% 0.0276 -18.8% 

NL (0.3104) 0.1513 -51.3% 0.0451 -43.1% 0.0284 -0.6% 

WR 0.1531 -50.7% 0.0450 -43.2% 0.0308 7.7% 

WS 0.1495 -51.8% 0.0452 -42.9% 0.0260 -9.0% 

ALL (0.2472) 0.1235 -50.0% 0.0575 -33.3% 0.0402 23.0% 

WR 0.1265 -48.8% 0.0498 -42.2% 0.0325 -0.7% 

WS 0.1206 -51.2% 0.0653 -24.3% 0.0479 46.7% 

Note: WR - Wage rate of the private sector, WS - Wages & salaries; 10yB - 10-year government bonds, MM 
- money market government bills; Performance of financial asset classes is expressed in terms of annual 
changes in total return indices; STDEVp - standard deviation of a portfolio created by combining financial 
asset class with PAYG; %effect - Percentage decrease of standard deviation of an asset class due to diversifica-
tion through PAYG. 
Source: Thomson Reuters Datastream, authors' calculations. 

As expected f rom the levels of correlation coefficients, decreases of s tandard deviation 
and thus benefits of diversification are the largest in case of combining PAYG income 
with investments into stocks, whereby s tandard deviation decreases to about one half 
of s tandard deviation of stocks. They are followed by investments into long-term gov-
ernment bonds, whereby s tandard deviation decreases to about two thirds of s tandard 
deviation of long-term government bonds. Benefits are limited in case of short-term gov-
ernment bonds, which is also a result of similar levels of s tandard deviations of wage 
income and short-term government bond yields. We see f rom Table 11 that s tandard 
deviations of short-term government bonds are generally lower than s tandard deviations 
of wage income. 
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Figure 8: Diversification benefits of bivariate combinations of financial asset classes 
(50%) and PAYG (50%), measured as a percentage decrease of standard deviation of a 

financial asset class 

60,0% 

J - ^ j f J f & ^ J r ^ ^ J - ^ 

Note: WR - Wage rate of the private sector, WS - Wages & salaries; 10yB - 10-year government bonds, MM -
money market government bills. 

However, diversification benefits depend on the weights in the s tandard deviation equa-
tion, i.e. on the relative importance of each source of pension income. They are the high-
est in situations when country makes the first moves towards private pensions f rom the 
PAYG and decrease with the relative importance of private pensions (see Figure 9). 

Figure 9: Impact of the extent ofrequiredprivatepension supplement on diversification benefits 

90/10 80/20 70/30 60/40 50/50 40/60 30/70 20/80 10/90 

Note: 10yB - 10-year government bonds; 90/10 - pension income generated in 90% through PAYG and 10% 
through private pensions, 80/20 - pension income generated in 80% through PAYG and 20% through private 
pensions, etc.. 
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8. CONCLUSION A N D DISCUSSION 

With EU demographic dynamics, many countries are expected to face a situation where 
PAYG system will not be able to finance levels of pensions set out in current rules. In 
this article, we show that this is the case in Slovenia. Taking into account the current 
pension system and aging population, PAYG pension benefits as a percentage of GDP 
would increase to about 17%, which we believe is financially unsustainable. Cuts to the 
PAYG benefits thus are unavoidable. It is therefore the role of the private pensions to fill 
the gap between projected first-pillar pension and overall level of pension at the 70% net 
replacement rate suggested by the OECD. Improved private pension systems would not 
only solve pension issues but also help develop financial markets, which would in tu rn 
lead to higher savings, higher capital budgets of companies, economic growth, and most 
importantly, well-being of the population. 

Today Slovenia's private pension system is of minor importance. Second-pillar legisla-
tion was enforced in 2000, a significant step forward, but evolution in the field has since 
been negligible. New legislation is now effective since January 2013, but secondary level 
acts are still being prepared. In general, people do not have enough knowledge to make 
proper decisions. Because a large majority of the population is only modestly financially 
literate, there is a real risk that many people will not have enough means to live through 
old age without financial difficulties. 

In this paper we have shown how much people should save and what kind of asset al-
location they should choose. The government should t ry to address the issue of financial 
illiteracy and encourage people to save. In addition, government should conceptualise 
reasonable legislation on the available financial vehicles offered in the private pension 
system and work on ways to properly communicate the asset allocation decision. Name-
ly, we have shown that if an individual saves over a period of 40 years and allocates sav-
ings into a well-diversified stock portfolio, he can save far more than an individual who 
allocates savings into a well-diversified T-bond or T-bill portfolio for the same expected 
horizon. The differences are also significant over a 20-year period. 

However, story should not be based solely on returns but should also include risk. Name-
ly, higher stock returns should also be more risky compared to bond and bill returns. 
That was why we checked the episodes of the worst historic financial market perform-
ance. Average annual real yields at two standard deviations below the average value are 
0.31%, -1.55%, and 0.10% for stocks, bonds, and bills, respectively. If a risk-aware in-
vestor chooses to save amounts consistent with - 2 sigma yields (which are higher than 
amounts consistent with average yield), the required amount for stock allocation is about 
26% less than for T-bond allocation over a 40-year investment horizon. 

In addition, we have revealed the significant upside in yield potential with stock invest-
ing, which is not the case for fixed-income investments. Namely, if risk-aware investor 
decides to save according to expectations that they save enough to achieve 70% net re-
placement rate despite extreme financial market performance (but the investment result 
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turns out to be average, which is obviously the most likely), individuals with a stock 
strategy would beat individuals with a bond and/or bill strategy by a substantial margin. 
Investors with a stock strategy accumulate 49% more pension wealth than those with a 
T-bond strategy and 85% more than those with a T-bill strategy over a 20-year invest-
ment horizon. Over a 40-year investment horizon, the stock allocation beats the T-bond 
portfolio by 119% and the T-bill strategy by 190%. We thus conclude that when people 
who save for their pension have a long-enough horizon, they should predominantly al-
locate investments into stocks. The amount that people should save every month is in 
this setting where individuals choose asset allocation for the whole investment horizon 
determined by asset allocation choice, not income level, which is commonly assumed to 
determine individual's risk aversion. Governments should bring that finding into legisla-
tion, and one way of doing so would be the life-cycle investment policy approach. 

According to the results presented here and the characteristics of Slovenia's current pen-
sion system, the first thing needed is to give individuals a certain degree of free asset 
allocation choices and/or life-cycle investment choices for the automatic transition of 
aging individuals to more conservative asset classes (i.e., toward T-bill allocation). Even 
though this issue is sensitive, current guarantees set uniformly for all individuals are ill 
advised. We argue that besides a robust, strong, well-designed second pillar, individual 
retirement accounts should be introduced in the third pillar. Such accounts, when prop-
erly tax-calibrated, would provide lower-income individuals with additional incentives 
to save for their pension. Over the long run, this would significantly increase chances 
that Slovenia's aging population will not slip into poverty. 

In this paper we also show that allocation of savings is less risky in the context of pen-
sions compared to traditional allocation of savings. Namely, as pension income has to be 
combined f rom the PAYG and f rom the funded pension portfolio, and both depend on 
specific drivers having different sensitivities to various shocks, pension beneficiaries are 
protected by diversification benefits. Such benefits are the largest in case of investments 
in stocks and at times where PAYG is relatively important source of pension income, i.e. 
when country makes first steps towards building private pension system. Namely, where 
total pension income already relies to a small extent on the PAYG only pension benefici-
aries almost entirely bear the risk of a capital market crash. 
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ABSTRACT: This paper applies a range of metrics to test for the presence of weak form 
market efficiency in the Eastern European countries that joined the EU in 2004, we test 
both the years prior to and following accession. The results from our tests indicate that, 
despite the expectations of many previous studies, even after entering the EU the stock 
markets of these countries still do not conform to even the loosest form of market efficiency. 
We improve and extend previous studies by incorporating liquidity controls, applying a 
wider range of methodologies and by using individual stocks rather than indices. 
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1. INTRODUCTION 

The debate over stock market efficiency is one of the central tenets of capital market 
theory. The issue is particularly pert inent for the Eastern European nations that joined 
the European Union in 20044 (hereafter the EE EU nations) because of the stock market 's 
role in the ongoing privatization process and also as it serves as an impor tant barom-
eter with which to measure the progress made by these countries in the transit ion f rom 
planned to market economies. In this paper we examine weak form market efficiency 
(WFME) as defined by Fama (1970) which, as the loosest form of market efficiency, re-
quires nothing more than current period returns "fully reflect" earlier period returns 
and thus successive price movements are independent of each other: failure to conform 
to WFME means that stronger forms of efficiency are not present and the stock market 's 
pricing can be considered inefficient. 
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gary, Latvia, Lithuania, Poland, Slovakia and Slovenia 
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A significant body of research into WFME in the EE EU nations exists. Jagric et al (2005) 
test for WFME in the region, the authors found that the stock market indices of Czech 
Republic, Hungary, Russia and Slovenia all exhibited weak form inefficiencies in the 
form of long memory in stock returns. Worth ington and Higgs (2004) examined WFME 
in both developed and emerging stock markets in Europe, of the emerging markets cov-
ered (Czech Republic, Hungary, Poland and Russia) only the Hungar ian stock market 
could be considered weak form efficient. Gilmoore and McManus (2001) applied a range 
of WFME tests to the larger EE EU economies (Czech Republic, Hungary and Poland) 
over the period 1990 to 2000 and found that significant weak form inefficiencies exist in 
the stock exchanges of all three countries. Chun (2000) reported that while the Hungar-
ian market may be weak-form efficient, the stock markets of the Czech Republic and 
Poland were inefficient. Nivet (1997) and Gordon and Rittenberg (1995) also found that 
the Polish stock market could not be considered weak form efficient. Ahmed, Rosser and 
Uppal (2010) found strong evidence of nonlinear speculative bubbles in Czech Republic, 
Hungary and Poland. Mihailov and Linowski (2002) and Dezelan (2000) find evidence of 
weak-form inefficiency in the Latvian and Slovenian stock markets respectively. 

We fur ther the above studies in a number of ways. Firstly, we incorporate liquidity con-
trols into our work. It is quite possible that illiquid shares exhibit properties consistent 
with weak form inefficiency; WFME tests, especially those in emerging markets, need 
to incorporate liquidity controls in order to ensure that the results are not distorted by 
apparently predictable re turns f rom infrequently traded securities. In our view this is an 
omission in the studies listed above that reduces the robustness of results. Indeed, Benic 
and Franic (2008) found a substantial level of illiquidity in the stock markets of Central 
and Eastern Europe. Secondly, we include all eight transit ion countries that acceded to 
the EU in 2004, while the studies listed above include between one and five of the coun-
tries: by considering the region in its entirety, we are able to ascertain a broader and more 
complete perspective of WFME in the EE EU nations. Thirdly, Jagric, Podobnik and 
Kolanovics's (2005) dataset ends in 2004, the datasets in the other papers cited end before 
this. In contrast, our dataset starts in 1999 and runs to the end of 2008. Fourthly, much 
of the previous work examining WFME in the EE EU nations has been based on stock 
market indices rather than individual stocks: previously reported findings that the stock 
markets are inefficient may be due to only a small proport ion of the indices' constituents 
or simply the manner in which the indices are constructed. By using individual stocks, 
our work provides an important validation of previous work. Furthermore, using indi-
vidual stocks provides a broader view than using indices alone and may help to provide 
insight into the underlying causes of the inefficiency. Finally, we use the same metrics as 
Worth ington and Higgs (2004), this is a much broader range than the other cited papers 
use: our wider range of tests allows us to cross check and validate our results. Further-
more, the results f rom our work fur ther the existing literature by providing a pre- and 
post-EU accession comparison. 

While the majori ty of early studies found that re turns on the newly-created stock ex-
changes of the EE EU nations did not conform to WFME, many expected these ineffi-
ciencies to disappear over time. Wheeler et al (2002) studied the Warsaw Stock Exchange 
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during its first five years of operation; the authors expected the exchange to become more 
efficient over time, citing increasing experience of market participants, more sessions per 
week, more analysts offering better research, and better investor relations departments. 
Rockinger and Urga (2001) surmised that their finding that the Hungarian market had a 
lower level of predictability than the markets of Czech Republic, Poland and Russia was 
partly due to the fact that the Budapest Stock Exchange had operated for a longer period 
of time. Again, suggesting that the stock markets of the EE EU nations should become 
more efficient simply due to the passage of time. Moor and Wang (2007) examined the 
volatility levels on the stock markets of the Czech Republic, Hungary, Poland, Slovenia 
and Slovakia and concluded that volatility declined as the nations moved into the EU. 
Worthington and Higgs (2004) hypothesised that there may be a link between the ab-
sence of WFME and the small size of some stock markets in the EE EU; this implies 
pricing efficiency will improve with the growth of these markets. Jagric et al (2005) also 
proposed a tentative link between a stock market's size and its pricing efficiency. From 
a macroeconomic perspective, Claessens et al (2000) suggested that EU integration will 
drive the development process in the EU transition countries. Rapacki and Prochniak 
(2009) and Vojinovic, Oplotnik and Prochiniak (2010) examined real beta and sigma 
convergence in the EE EU nations during the process of EU accession, an important 
extension of this work is to question whether nations' stock markets are also converging 
as authors such as Csaba (2011, p11) report that "financial institutions play a pre-eminent 
role in all phases of transformation". Bekaert et al (2013) report that EU membership 
reduces equity market segmentation. 

We test WFME in the EE EU nations over periods 1.1.1999 to 31.12.2003 and 1.1.2004 to 
31.12.2008 to determine whether the increasing experience of market participants over 
time, EU accession and the increasing number of stocks listed, larger market capitalisa-
tions and increased turnover in the region has caused markets to become more efficient. 
Contrary to the expectations of the majority of studies listed above, our tests are all in 
broad agreement that the equity markets of the EE EU nations do not conform with 
WFME and this situation has not been substantially affected by accession to the EU. 
Therefore, none of the factors that previous researchers expected to become catalyst to 
drive the markets towards higher efficiency have materialized. Despite the passage of 
almost a generation since the creation of the EE EU stock markets, a significantly larger 
number of listed securities and 5 years since EU accession, these markets still cannot be 
considered to conform to WFME: these results pose the question of what changes are 
needed to improve efficiency of financial markets in these countries or whether these 
stock exchanges will ever attain pricing efficiency. 

2. DATASET 

Our dataset consists of stocks included in the Dow Jones Stoxx EU Enlarged Total Market 
index, using data obtained f rom Bloomberg. This is a free-float capitalization-weighted 
index covering the countries have joined the EU since 2004. We excluded stocks f rom 
Bulgaria and Romania as the paper is concerned with the countries that joined the EU in 
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2004 .Weexc ludeds tocks f r o m C y p r u s a n d M a l t a as we a reon ly investigating transit ion 
^ounti^^ef^.Oi^rc^ataset:cove^^theperi^d f r o m t h e P1 Jsnuary 1999 to 31st December 2008, 
opli t into J o n 2 a r y e 9 ° 9 p o c e a Dccamber 2 d 0 3 ]pee-access ion) and 1st Janu-
ary 2 0 0 C t o 3 1 s t D e c e m b e r 20 2 a ( o or t -eccess ion l . Theeeason for the use of subperiods lies 
in t h r u r o a d e e r a d b e o f m e t h o d o l o g o c m e l oyed.rucleasKquidi ty controls and the use of 
individur l stoeko rktrlecr then ineüces.trhatedaes nop a l l o w d n r c t comparison of our post 
accesc ionresukswi thprev ioue p^uci ]er. n l l U ° u g n l s ] M k u w a s the actual accession date, 
t l reeffe o tea f aioo^i^onwei^rt^cirli^r- A . s ^ A e r e a s n n w h y we include the entirety of 
2 0 0 n e n our d p t a s e t W e d 1 0 08 because of the collapse in 
n 4 a n d a l m a r ° . e ts. 

U2e owe dkilyB]oomUeru ^^^t^i^iees and log re turns calculated as: 

Ay;t = logOit) - log (yit-i) 

Where: 
y = price of stock i at t ime t 

The descriptive statistics for the two datasets are shown in Table 1. 

The increasing number of IPOs caused the number of stocks in our post accession data-
set to increase to 151 f rom 97 in our pre accession dataset. As Poland is by far the region's 
largest economy, it is logical that the country's stock exchange has the largest weight in 
our dataset; what is interesting is that the number of stocks quoted on the Warsaw Stock 
Exchange has almost doubled f rom 55 to 102 between 1999 and 2004, while few new 
stocks appeared on the other exchanges. Because our dataset contains only a single stock 
f rom each of Latvia and Slovakia we are sceptical that we can make any inferences about 
the stock markets of these countries. 

Average re turns over the pre-accession period are positive, the financial crisis that began 
in 2007 resulted in negative re turns over the post-accession period. Despite the volatil-
ity ensuing f rom the stock market downturn that began in 2007, the s tandard deviation 
of our dataset for 2004-2008 is lower than for 1999-2003, with only Slovenia recording 
higher volatility. The skewness of our datasets moves f rom positive to negative, indicat-
ing that while over period 1999-2003 there was a greater probability of a large decrease 
rather than a large increase in stock prices, the opposite was t rue for period 2004-2008. 
However, as the skewness readings for 1999-2003 and 2004-2008 are both close to zero, it 
is hard to draw any firm conclusions. The kurtosis of our dataset decreased significantly 
between 1999-2003 and 2004-2008, with only the single Latvian stock recording an in-
crease. The Jacque-Bera statistic is used to test the null hypothesis that stock re turns are 
normal ly distributed. From the associated p-values, it is clear that only stocks listed on 
the Budapest Stock Exchange over period 1999-2003 could have re turns claonsidered to 
be normal ly distributed at any conventional level of significance. The results f rom the 
Jacque-Bera test are in broad agreement: re turns on the stock markets of the EE EU na-
tions are not normal ly distributed. However, it is clear the Jacque-Bera test is significant 
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Table 1: Descriptive Statistic 
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CO CN CO CO CO cn oo LO oo O r^ cC Ĉ  CO CN CN CO 
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due to high kurtoois, rathec than skewness, til̂ î'ei-oiî  t:hs jearamu.riE models we apply 
still eoturn oobusS I'jesu t̂tE. 

N METHODOVOGY 

The ieste wo employ fplL inio lowocapegories: iesee ob sui'ÌOÌ independonces uniU rooetests, 
mulliple parianpu i'ptio itsts snU liquiisSity. "We chose to eeplloaie the meihodelogy of 
i/VorSliéngton and Irtigfejs i2h0e) for n i eesiat iodenendenco t uosS scmt teste sisiel muytiple 
r a t i an r s ralee Cesie beeause of the t r e e d carge o fWnM U °eo t eapphed E y theau° A or s and 
te h i a euE gmtio o er recetred tn tluelitwra° ure. Geiiffid et al (° OW) pse r rEnges e E es t s similar 
to ° h t o n e s em.ioyed in °hie pajoee, Sehen qaeElioa whethrr rt io frasfols t o m a k e state-
meaeo oOouC astuCive markr t tfficitneu iniernćitlonali1^ uuker one ca r eunrtol ioe Oho in-
eoimctioa environment WUiis oiai rl^i:a^et sovers nstions whO SOSUSCUSCCÌ ^tmSlaskl£;s, 
uee auon or ruCe ossi: elea possibiliiy Oh t̂ our oee ìe Its nevi dcsc rt aisOool^d by Uhin.While opr 
eafasat ceeares a ^^ege jt̂ aosejar̂ julotc area, Che majority o e eiscks o o quoted otc She ^ossito^ 
Stock; Eccrhangs. Po conteoi Woe aon Volish bias, wc ]pe:rfodm iPi<2 lenti aoil üueoOSe l/Use ^ttj^iu^ 
ao a whvic enei Ihe indioidua i co^i^ieraeit 

a. 1 Tesio oU airiat itelSesieIodegou 

i tltefoc ee riot as e oSd to CO e eeiaHc c umse i aScd oi w atoreu sto U oh o timo norie e of sel urne WÌU Sr 
itn osen loco yieltoslotrctisallyBignificanC intuite: 

E{kyit\Ay^) = ß i + ßz^it-i 

COWeeiii 

i x e - y i t | - y i t _ 1 ) = t h e e x p e c l e d vaius of Ayit gtven H,yit_1 

ß l = theregrennion intercept 

b2 = the regression slope 

Unlike serial correlation, the runs test is non-parametric and therefore does not require 
t h e r e t u r n s t o b e normal lydis t r ibuted .Runs tests d e t e r m i n e w h e t h e r a t i m e serirsfol-
towse random wa lkbycoun t ing thenumber ofconeecubive pasétiveotneaariveopterva-
CibdsanCcombariugiUtoan eopected value (E(R)): 

, N N + 2NuND 
E(R) = — V y N 

Where: 
N = Numberofobservations 
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N = Numberofpositiveo bservations 
Nd = Numberofnegatìveobaervations 
R= fumbfr ofouns 

We use the expected value a nd variance values (V(R)) to calculate a teststatlstic.Z: 

V(^=
2NUNP (2NP N ~ N ) 

( ) ( N ) 2 ( N - l ) 

R - E(R) 
Z= ' 

VV(R) 

The null hypothesis is that the returns can be considered to follow a random walk proc-
ess. Rejection of the null hypothesis indicates that the stock's returns are non-random 
and contravene WFME. In order to test whether EU accession resulted in an increase in 
WFMEi we ase a z-test to Satetmine i f t h e percentage ofs ta pks considered statistically 
stgnificanl at a pacticdZar digniScance fuvnl iz^^^tSsticzlly tèffenent between the pre- and 
O ectias cessirn datcdcc- . 

3.2 Unit root tests 

Unit root tests are used to determine whether the log returns of stocks in our dataset is 
stationary, i.e. whether it has constant statistical properties; if stocks follow a random 
wc skprocess, t tock cE îc c Et choc Id b e non-rtutionar y. We u z e A r a e variants, Augmented 
DickeyFul l r f -ADF^Phül ipc - Paca o n ( f P ) a nd KwaitokowH.Phillips, S chmidt and Shin 
-Kabl i . 

ADS i - lbn mosS wclf-kdcwb udtt rodi tss l , thenu l l 1-ypzlhcsis is that the data is nonsta-
i^c^iba^^.lte^rbi^^^i^^e^c balnulotcdCy risonlngiheCniiuwingregression: 

q 

Ayit = ßo + ß
1tr + a ^ t - i + ap ^ ^Vit-p + £pt 

p=i 
Where: 
a = the coefficients to be estimated 
q = number of lagged terms 
b0 = intercept 
b = trend coefficient 
tr = trend 

MacKinnon's critical values are then applied to determine the significance of a. 

The PP test, developed by Phillips and Perron (1988), extends ADF to allow errors to be in-
dependent and heteroscedastic. For a complete derivation, see Phillips and Perron (1988). 
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W h i l e t h e A D F and PP testsh lve r^i^Hti^pc^t ĥ ^̂ ĵs of nonstationarity, the KPSS test has a 
nullhypothesisofstationarity. Reteeeingthe nu l ld r ro thes i s provides a useful validation 
check for the results f rom the ADF and PP tests. The reader should consult Kwiatkowski 
e t a l . ( lP92) fo r e tu l lPe f iva t ioy .As w i t h t h e f e s f s o f re rial independence, we apply a z-
t ee t lodep t rmins erPotest ^lefsi^fu l^^fi^e^enth^ysu- f i d post-accession datasets can be 
cynritleesi thatirti c a ^ U ^ e r e n e 

3.3 Multiple Variance Ratio Tests 

The third set of statistics employed are multiple variance ratio (MVR) tests. This approach 
wardevelopenUn Lo m d MadVšn lpy ( (9Pne r l tUand Chow and Denning (1993) who 
coArtructed t h e M V R lette Snorder todetect I(^) h autocorrelation and heteroscedastic-
itrr^jrr^^ye nf.^UpicSrimpo f t an(decpuua i f t tockr dol low a random walk, the variance of 
returnr rhould rire ar a linear function to the number of obrervationr. That ir, the vari-

z z 
ance ratio of the returnr over qq period murt be equal to qu q& . The variance ratio 
(VR) ir calculated ar: 

VR(q) = 2 T 2 

o 2 ( q ) 

o 2 ( i ) 

Where: 
G2(1) = variance of daily log returns 
q = number of periods used for the sampling interval 
02(q) = (1/ q)multiplied by the variance of q-daily returns 

If stocks conform to the random walk process, VR should not be statistically different to 
one. In line with the methodology of Worthington and Higgs (2004), the sampling inter-
vals used for q were 2, 5, 10 and 20 days. For a more in depth overview of MVR method-
ology or a complete derivation, the reader should consult Worthington and Higgs (2004) 
or Chow and Denning (1993) respectively. We also apply a z-test to determine whether 
the pre-andpost-accession results are statisticallydifferent. 

3.4LiquidityControls 

Studies frequently conclude that liquidity is related to future returns. Examples of such 
work include Amihud and Mendelson (1986, 1989), Chordia et al (2001), Jones (2002), 
Amihud (2002), and Brennan et al (1998). Datar et al (1998) demonstrate a negative cor-
relation between liquidity, as measured by turnover, and returns. Haugen and Baker 
(1996) found that liquidity is one of several generic factors that explain returns across 
global stock markets. Brzeszczynski et al (2011) found that trading intensity affected 
beta calculations for stocks listed on the Warsaw Stock Exchange and thus had serious 
ramifications for corporate finance decisions. 
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The relatively small size of the stock markets of the EE EU countries raises the concern 
that our results could be distorted by liquidity issues. Liquidity is an elusive concept, 
consequently in Table 5 we employ three widely used measures to control for it: i) Mar-
ket capitalization ii) Average volume divided by shares outstanding iii) Bid-ask spread 
divided by share price. We create liquidity portfolios by assigning a rank (1 (low) to 
5 (high)) to every stock for each of the three liquidity measures. Then we separate the 
combined results f rom Tables 2, 3, and 4 into five liquidity ranked portfolios in order to 
examine the effects of liquidity on the tests employed; we repeat this for each of market 
capitalization (Panel A) average volume divided by shares outstanding (Panel B) and 
Bid-ask spread (Panel C). 

4. RESULTS 

The results f rom the tests of serial independence, unit root tests and multiple variance 
ratio tests are shown in Tables 2, 3 and 4 respectively. As we cover a large geographic 
region, each table also provides a geographic breakdown of the results. While around 
one-third of our dataset is listed outside Poland, the shares are listed on a lot of different 
exchanges; no exchange other that the Warsaw Stock Exchange has more than 14 shares 
in the dataset. This makes inferences for individual countries difficult. 

4.1 Tests of serial independence 

Table 2 shows the results f rom the tests of serial independence, the serial correlation 
coefficient and the runs test. 

Looking at all the stock exchanges in the dataset, even at the 0.01 level of significance, 
almost one third of the stocks in our dataset re turn significant t-statistics f rom the serial 
correlation regressions for both the pre- and post-EU accession periods. Whilst there 
has been a marginal decrease in the number of stocks statistically significant at the 0.01 
level between the pre- and post-accession datasets, the z-test reveals that the difference 
is not statistically significant. 43% of stocks in our dataset can be considered serially 
correlated at the 0.1 significance level for the pre-accession period; this rises to 66% for 
the post-accession period. The z-test reveals that the increase in the number of stocks 
exhibiting serial correlation at the 0.05 and 0.1 levels is statistically significant at 0.01, 
indicating that prices of stocks listed in the EE EU nations may have actually become 
less efficient. Looking at the individual stock exchanges, it can be seen that the results 
f rom the stock exchanges of other countries are largely consistent with those f rom the 
Warsaw Stock Exchange. Across the majority of stock exchanges most stocks exhibit 
properties consistent with serial correlation, at least at the 0.1 level. The z-test reveals no 
statistically significant difference between the pre- and post-accession datasets. Thus we 
can comfortably reject the null hypothesis that returns in the stock markets of the EE EU 
are not serially correlated. 
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Table 2: Tests of Serial Independence 

Serial Correlation T Statistic 

1999-2003 2004-2008 Z Test 1999-2003 

Runs Test 

2004-2008 Z Test 
Entire Region 

% of Observations Significant at 

% of Negative Observations 

Czech Republic 

% of Observations Significant at 

% of Negative Observations 

Estonia 

% of Negative Observations 

Hungary 

% of Observations Significant at 

% of Negative Observations 

Latvia 

% of Observations Significant at 

% of Negative Observations 

Lithuania 

% of Observations Significant at 

% of Negative Observations 

Poland 

% of Observations Significant at 

% of Negative Observations 

Slovakia 

% of Observations Significant at 

% of Negative Observations 

Slovenia 

% of Observations Significant at 

% of Negative Observations 

1% 31% 28% 0,41 22% 19% 
5% 39% 54% - 2,23 38% 38% 

10% 43% 66% - 3,45 46% 49% 
15% 42% 64% 69% 

1% 40% 29% 20% 0% 
5% 60% 43% 40% 29% 

10% 60% 71% 60% 43% 
0% 29% 80% 57% 

1% 60% 50% 40% 38% 
5% 60% 63% 60% 50% 

10% 60% 63% 60% 63% 
60% 75% 20% 63% 

1% 13% 38% 13% 38% 
5% 38% 50% 13% 63% 

10% 50% 63% 13% 75% 
38% 50% 13% 38% 

1% 0% 100% 0% 0% 
5% 0% 100% 0% 0% 

10% 0% 100% 0% 0% 
0% 0% 100% 0% 

1% 40% 70% 70% 30% 
5% 70% 90% 90% 50% 

10% 70% 90% 90% 70% 
30% 20% 90% 90% 

1% 13% 16% 11% 18% 
5% 16% 48% 27% 35% 

10% 22% 63% 40% 44% 
11% 48% 71% 74% 

1% 100% 0% 100% 100% 
5% 100% 0% 100% 100% 

10% 100% 0% 100% 100% 
0% 0% 0% 100% 

1% 100% 71% 25% 7% 
5% 100% 71% 50% 36% 

10% 100% 71% 50% 50% 
0% 0% 58% 50% 

0,47 
- 0,04 
- 0,40 

All calculations are based on stock returns calculated on natural logarithms of Bloomberg last prices in local 
currencies. 
Serial correlation is calculated using one day lags 
Runs tests calculations are based on the sign of returns 
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W h e n the runs test was applied to our dataset, about one fifth of stocks yielded statisti-
cally significant results even at the most stringent 0.01 level for both the 1999-2004 and 
2004-2008 datasets. Around half of both the pre- and post-accession datasets can be 
considered significant at the 0.1 level. Stocks listed on the Riga Stock Exchange perform 
poorly in the runs tests, but the dataset only contains one stock f rom this country; ex-
cluding Latvia, the non-Polish stock markets have similar results to the entire dataset. 

4.2 Unit root tests 

Table 3 shows the results f rom the three sets of statistics that form the unit root tests. The 
null hypothesis of the ADF and PP tests is that the t ime series has a unit root. The KPSS 
test reverses the null hypothesis and assumes that the t ime series has no unit root. 

Both the ADF and PP tests reject the null hypothesis, even at 0.01, for all stocks in both 
the pre- and post-accession datasets. We can comfortably reject the null hypothesis of 
nonstat ionari ty for all stocks. Needless to say, there is no country variation here. Both 
tests clearly indicate that the re turns of all stocks in the dataset are stationary, that is fol-
low a deterministic rather than stochastic trend; inconsistent with a r andom walk. 

Out of all the metrics we employ, only the KPSS test indicates that stationarity may have 
declined between the pre- and post-accession periods. The KPSS statistic is insignifi-
cant for less than half of all stocks at the 0.01 level of significance for the post-accession 
dataset, indicating that we cannot reject the null hypothesis of no unit root; yet for our 
pre-accession dataset, only 5% of stocks have KPSS statistics that can be considered 
statistically significant at the 0.01 level. Whilst almost three quarters of post-accession 
stocks have KPSS statistics that can be considered statistically significant at 0.1, the cor-
responding figure for the pre-accession nations is only around one quarter. The z-test 
reveals that there is a statistically significant increase in the KPSS statistic between the 
pre- and post-accession datasets. The results f rom Poland are almost identical to those 
for the region as a whole, indicating little regional variation. 

While the KPSS statistic is less conclusive than ADF or PP, we can still confidently infer 
that all three unit root tests employed indicate that re turns of many stocks listed in the 
EE EU nations are stationary, leading us to reject the null hypothesis that stocks follow 
a r andom walk. 

4.3 Multiple Variance Ratio Tests 

Table 4 shows the results f rom the MVR tests using sampling intervals of two days, 5 five 
days, 10 days and 20 days; corresponding to one day, one week, one fortnight and one 
month . 
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Table 3: Unit Root Tests 

ADF Phillips-Perron Test KPSS Test 

1999-2003 2004-2008 1999-2003 2004-2008 1999-2003 2004-2008 Z Test 

Entire Region 

% of Observat ions 1 % 1 0 0 % 1 0 0 % 1 0 0 % 1 0 0 % 5 % 4 6 % - 6,81 

S ignif icant at 5 % 1 0 0 % 1 0 0 % 1 0 0 % 1 0 0 % 1 3 % 6 4 % - 7,86 S ignif icant at 

1 0 % 1 0 0 % 1 0 0 % 1 0 0 % 1 0 0 % 2 5 % 7 2 % - 7,31 
Average -29,27 -28 ,88 -33,76 -31,09 0,26 0,79 

- 7,31 

Abso lute Average 29,27 28,88 33,76 31,09 0,26 0,79 

Czech Republic 
% of Observat ions 1 % 1 0 0 % 1 0 0 % 1 0 0 % 1 0 0 % 0 % 0 % 

S igni f icant at 5 % 1 0 0 % 1 0 0 % 1 0 0 % 1 0 0 % 0 % 1 4 % S igni f icant at 

1 0 % 1 0 0 % 1 0 0 % 1 0 0 % 1 0 0 % 2 0 % 2 9 % 

Average -31,61 -28,49 -33,00 -32,15 0,16 0,34 

Abso lute Average 31,61 28,49 33,00 32,15 0,16 0,34 

Estonia 
% of Observat ions 1 % 1 0 0 % 1 0 0 % 1 0 0 % 1 0 0 % 0 % 6 3 % 

S ignif icant at 5 % 1 0 0 % 1 0 0 % 1 0 0 % 1 0 0 % 0 % 7 5 % S ignif icant at 

1 0 % 1 0 0 % 1 0 0 % 1 0 0 % 1 0 0 % 2 0 % 7 5 % 

Average -31,57 -28,50 -34,43 -30,91 0,24 0,88 

Abso lute Average 31,57 28,50 34,43 30,91 0,24 0,88 

Hungary 
% o fOb se r va t i on s 1 % 1 0 0 % 1 0 0 % 1 0 0 % 1 0 0 % 0 % 5 0 % 

S ignif icant at 5 % 1 0 0 % 1 0 0 % 1 0 0 % 1 0 0 % 0 % 7 5 % S ignif icant at 

1 0 % 1 0 0 % 1 0 0 % 1 0 0 % 1 0 0 % 0 % 7 5 % 

Average -31,32 -31,86 -31,37 -35,00 0,13 0,65 

Abso lute Average 31,32 31,86 31,37 35,00 0,13 0,65 

Latvia 
% o f Observat ions 1 % 1 0 0 % 1 0 0 % 1 0 0 % 1 0 0 % 0 % 1 0 0 % 

S ignif icant at 5 % 1 0 0 % 1 0 0 % 1 0 0 % 1 0 0 % 0 % 1 0 0 % S ignif icant at 

1 0 % 1 0 0 % 1 0 0 % 1 0 0 % 1 0 0 % 0 % 1 0 0 % 

Average -36 ,60 -35,06 -36,58 -35,10 0,27 1,04 

Abso lute Average 36,60 35,06 36,58 35,10 0,27 1,04 

Lithuania 
% of Observat ions 1 % 1 0 0 % 1 0 0 % 1 0 0 % 1 0 0 % 3 0 % 9 0 % 

S ignif icant at 5 % 1 0 0 % 1 0 0 % 1 0 0 % 1 0 0 % 6 0 % 1 0 0 % S ignif icant at 

1 0 % 1 0 0 % 1 0 0 % 1 0 0 % 1 0 0 % 6 0 % 1 0 0 % 

Average -18,52 -25,24 -30,20 -32,16 0,56 1,73 

Abso lute Average 18,52 25,24 30,20 32,16 0,56 1,73 

Poland 
% of Observat ions 1 % 1 0 0 % 1 0 0 % 1 0 0 % 1 0 0 % 4 % 3 9 % 

S ignif icant at 5 % 1 0 0 % 1 0 0 % 1 0 0 % 1 0 0 % 9 % 6 0 % S ignif icant at 

1 0 % 1 0 0 % 1 0 0 % 1 0 0 % 1 0 0 % 2 2 % 6 9 % 

Average -30,73 -28,75 -33,88 -30,30 0,23 0,71 

Abso lute Average 30,73 28,75 33,88 30,30 0,23 0,71 

S lovakia 

% of Observat ions 1 % 1 0 0 % 1 0 0 % 1 0 0 % 1 0 0 % 0 % 1 0 0 % 

S ignif icant at 5 % 1 0 0 % 1 0 0 % 1 0 0 % 1 0 0 % 0 % 1 0 0 % S ignif icant at 

1 0 % 1 0 0 % 1 0 0 % 1 0 0 % 1 0 0 % 0 % 1 0 0 % 

Average -22,35 -34,85 -22,24 -34,81 0,11 0,96 

Abso lute Average 22,35 34,85 22,24 34,81 0,11 0,96 

S lovenia 

% of Observat ions 1 % 1 0 0 % 1 0 0 % 1 0 0 % 1 0 0 % 0 % 6 4 % 

S igni f icant at 5 % 1 0 0 % 1 0 0 % 1 0 0 % 1 0 0 % 1 7 % 7 9 % S igni f icant at 

1 0 % 1 0 0 % 1 0 0 % 1 0 0 % 1 0 0 % 3 3 % 9 3 % 

Average -28,19 -30,21 -38,55 -32,87 0,27 0,93 

Abso lute Average 28,19 30,21 38,55 32,87 0,27 0,93 
All ca lcu la t ions were m a d e on n a t u r a l l o g a r i t h m s of B loomberg last pr ices in local c u r r e n c y 
A u g m e n t e d Dickey Fuller (ADF) test, H0: u n i t root , H1: no u n i t r oo t (s ta t ionary) 
Phi l l ips Peron (PP), H 0 : u n i t root , H1 : no u n i t r oo t ( s t a t iona ry ) 
Kwiatkowski , Phil l ips , Schmid t a n d Shin (KPSS), H0: no u n i t r oo t (s tat ionary) , H1: u n i t r oo t 
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Even at the 0.01 level of significance, the MVR tests generally suggest that many stocks 
in our dataset do not follow a r andom walk process. While the percentage of stocks 
significant for at least one of the q levels is substantially higher for the post-accession 
dataset t han the pre-accession dataset, the z-tests reveal that this is not statistically sig-
nificant. At the 0.1 level of significance, more than half of all stocks do not conform to 
a r andom walk process for at least one of the sampling intervals applied, and the results 
are very similar for the pre- and post-accession nations. Excluding Czech Republic, 
Latvia and Slovakia (the small number of stocks listed in these nations makes inferences 
about them questionable anyway), there is not a large variation amongst the different 
countries in our dataset, with the results for Poland and the entire region being almost 
identical. 

4.4 Liquidity Controls 

Table 5 shows the results f rom the liquidity controls employed: 

The results f rom using market capitalization as a proxy for liquidity are shown in Table 5 
Panel A. For both the pre- and post-accession datasets, smaller capitalized stocks exhibit 
higher levels of serial correlation. Runs tests are also substantially affected by their mar-
ket capitalization quintile, with the smaller market capitalization quintile stocks re turn-
ing a higher proport ion of significant results. The ADF and PP tests are both excluded 
f rom the table as every stock in our dataset can be considered statistically significant at 
the 0.01 level and thus there is no variation across any of the liquidity quintiles. For the 
KPSS tests, the results for the large market capitalization quintile are very similar to 
those f rom the small market capitalization quintile, therefore there is noth ing to suggest 
that the KPSS tests is affected by liquidity (as measured by market capitalization). For 
the MVR tests, portfolio 5 actually has a higher percentage of stocks re turning statisti-
cally significant results than any of the other four quintiles: lack of liquidity is clearly not 
distorting results f rom the MVR tests. Whilst lack of liquidity associated with smaller 
market capitalization may have distorted some of the tests of serial independence, a sub-
stantial number of stocks in the largest market capitalization portfolio still re turn sig-
nificant results. Market capitalization does not have any meaningfu l effect on any of the 
three unit root tests of the MVR tests. 

The results f rom using average volume divided by shares outstanding as a liquidity con-
trol are shown in Table 5 Panel B. For serial correlation, the number of stocks significant 
at each of the three significance levels we use is actually higher in the most liquid port-
folio 5 than in the least liquid portfolio 1. Therefore, there is no indication that lack of 
liquidity, as measured by average volume divided by shares outstanding, is distorting the 
serial correlation tests. Whilst the runs tests re turn the highest percentage of significant 
results for the lowest-liquidity portfolio 1, there is not a huge amount of variation across 
the quintiles. In a similar manner to the serial correlation statistic, the percentage of 
stocks re turning significant results for the KPSS tests actually increases as liquidity in-
creases. The MVR tests re turn very similar results across the five quintiles. It is clear that 
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Table 5 Panel A: Liquidity Controls - Market Cap 
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Table 5 Panel B: Liquidity Controls - Average Volume Divided by Shares Outstanding 
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Table 5 Panel C: Liquidity Controls - Bid-Ask Spread 
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liquidity as measured by average volume divided by shares outstanding is not distorting 
any of the results f rom these tests. 

The results f rom using the bid-ask spread as a liquidity measure are shown in Table 5 
Panel C. Note that, unlike the market capitalization and average volume divided by 
shares outstanding liquidity controls, higher bid-ask spreads are associated with lack of 
liquidity. Thus portfolio 1 contains stocks with the lowest bid-ask spreads and highest 
liquidity. For the serial correlation tests, quintile 1 returns a greater percentage of stocks 
with statistically significant results than quintile 5; therefore, lack of liquidity is not dis-
torting these results. For the runs tests, the extreme bid-ask portfolios 1 and 5 re turn the 
lowest percentage of statistically significant results for the runs test; the median quintile 
3 returns the highest percentage of statistically significant results: runs test results are 
not affected by liquidity as measured by bid-ask spread. The KPSS tests re turn a margin-
ally higher percentage of statistically significant results for quintile 5, but the results are 
largely consistent across quintiles. The numbers of stocks returning statistically signifi-
cant results f rom the MVR tests increases for the wider bid-ask quintiles, but the lower 
bid-ask quintiles still re turn a substantial number of statistically significant results. We 
can thus conclude that bid-ask spread is not distorting the results of our WFME tests. 

Hence f rom the liquidity tests employed it is clear that the apparent weak-form inef-
ficiencies highlighted by the WFME tests cannot be entirely explained away by liquidity 
issues. While liquidity may have some explanatory power for some of the tests, it is clear 
that lack of liquidity is not creating a spurious sense of weak form inefficiency. 

5. CONCLUDING REMARKS 

The tests employed are in broad agreement: the stock markets of the EE EU nations are 
not WFME, nor have they become more efficient since EU accession. This contravenes 
the expectations of many academics who expected these markets to become more ef-
ficient and leads us to hypothesize that the inefficiencies will remain for years to come. 
Many researchers suggested that the passage of time would allow market participants 
to gain experience and make markets more efficient, however as this has not happened 
after nearly 20 years of operating, there is no reason to presume that it ever will. Some 
earlier studies argued that the process of EU integration will improve market efficiency, 
however our dataset covers the 5 years following EU accession and these markets are still 
inefficient. Finally, some suggested that the small size of the stock markets of the EE EU 
made them inefficient, however the number of stocks listed on the Warsaw Stock Ex-
change has increased to make the number of listed shares comparable to the exchanges 
of the pre-enlargement EU nations, yet our results show that the Polish stock market 
is no more efficient than the rest of the EE EU region. The reasons researchers gave for 
expecting the stock markets of the EE EU nations to become WFME have clearly not 
materialized: given this, it is hard to see what catalyst can drive these markets to become 
efficient. Therefore we expect the stock markets of the EE EU countries to remain weak 
form inefficient for the foreseeable future. 
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Given our tests incorporate two sub periods and indicate no improvement in the level of 
WFME in the EE EU nations, our view is that these stock markets will take a significant 
amount of t ime to show any meaningful improvement in WFME. This has substantial 
ramifications. While the issue is most obviously of interest to researchers and market par-
ticipants engaged in technical analysis and trading models, lack of WFME also has much 
more important implications for corporate financial decisions and the development of 
the broader economy. There is a well-established l ink between pricing efficiency and the 
efficient allocation of capital; consequently, the absence of WFME in the EE EU nations 
may impair corporate finance decisions and prevent companies f rom attaining an opti-
mal capital structure. Even more importantly, the link between the pricing efficiency of a 
country's stock market and the nation's overall economic development and the possibil-
ity that the availability of stock market financing can enhance economic growth means 
that it is clear that WFME has significant ramifications not just for a country's capital 
market but also its overall economic development. Furthermore, WFME is of particular 
importance in the EE EU countries: an efficient capital market can facilitate the ongo-
ing privatization process; as these nations are aiming for economic convergence with 
the pre-enlargement EU nations, the stock market clearly has a large role to play here; 
finally, as Worthington and Higgs (2004) suggest, the absence or presence of WFME in 
Europe's developing markets is an important consideration in the debate about what 
technological and regulatory reform is necessary or even whether the region's exchanges 
should merge. 

In this paper we focussed on establishing whether stocks listed in the EE EU conform 
with WFME. Although we do not offer a concrete explanation of the causes of WFME 
in the region's stock markets, previous research such as Griffin et al (2010) focused on 
transaction costs and information flow as the drivers of WFME. Thus policy makers may 
consider improving information flow for example through access to real t ime prices or 
encouraging research coverage f rom a wide range of analysts, alternatively lowing trans-
action costs may offer a solution. 
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ABSTRACT: The purpose of this research is to create an adequate early warning model 
for systemic banking crises in Montenegro. The probability of banking crisis occurrence 
is calculated using discrete dependent variable models, more precisely, estimating logit 
regression. Afterwards, seven simple logit regressions that individually have two explana-
tory variables are estimated. Adequate weights have been assigned to all seven regressions 
using the technique of Bayesian model averaging. The advantage of this technique is that it 
takes into account the model uncertainty by considering various combinations of models 
in order to minimize the author's subjective judgment when determining reliable early 
warning indicators. The results of Bayesian model averaging largely coincide with the re-
sults of a previously estimated dynamic logit model. Indicators of credit expansion, thanks 
to their performances, have a dominant role in early warning models for systemic banking 
crises in Montenegro. The results have also shown that the Montenegrin banking system is 
significantly exposed to trends on the global level. 

Key words: early warning systems, systemic banking crises, logit model, Bayesian model averaging, credit expan-
sion, Montenegro 
JEL Classification: G01; C25; C11 

1 INTRODUCTION 

Considering high costs of resolving systemic banking crises and their significant nega-
tive effects on the economy and therefore on the standard of living, it is necessary to 
dedicate a lot of attention to research on how and why crises happen in order to t ry to 
predict them. Neither are the most developed economies spared of financial crises, in-
cluding banking, currency and debt crises. The global economic crisis that has started as 
the US mortgage market crisis unequivocally shows that even developed economies do 
not pay enough attention to early warning models for systemic banking crises. Namely, 
these models, even when implemented, are not adequately used. Also, nowadays when 
there are very significant interdependencies between financial markets, consequences 
might hardly stay only within the borders of countries hit by the financial crisis. Unlike 
nowadays, during previous decades these models related mostly to currency crises since 
currency crises used to occur more often than banking crises. 

1 University of Montenegro, Faculty of Economics; Central Bank of Montenegro, e-mail: zeljka.asanovic@ 
cbcg.me 
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Extensive empirical literature indicates that, in general, there are two approaches for de-
signing early warning systems that are most commonly used. The first one is a signal ap-
proach (non-parametric) that studies and compares behavior of economic indicators for 
the period before and during the crisis. This approach developed by Kaminsky & Reinhart 
(1996), and Kaminsky, Lizondo & Reinhart (1998), is also known as the KLR method. 
The second approach (parametric) calculates the probability of banking crisis occurrence 
using discrete dependent variable models, estimating usually probit or logit regression 
(Demirgü^-Kunt & Detragiache, 1998; Eichengreen & Rose, 1998). Besides logit regres-
sion, the Bayesian model averaging technique is also applied in this paper. Bayesian model 
averaging (BMA) takes into account the model uncertainty by taking into consideration 
various combinations of models, and therefore it enables the author's subjective judgment 
to be minimized when determining reliable early warning indicators. 

The basic motive for this research is a great importance that early warning models have, 
primarily for the stability of the banking system, as well as for the entire financial system 
of a country. There is no early warning model for banking crises in Montenegro. One 
of the main characteristics of the Montenegrin financial system is its relatively simple 
structure that is a common feature of many developing countries. Banks have a domi-
nant role in the financial system; primarily in financing the private sector because it 
doesn't have enough own funds accumulated. The banking sector that consists of eleven 
banks and six microcredit financial institutions is based on the traditional banking. De-
velopment of the Montenegrin banking sector during the pre-crisis period is charac-
terized with enormously high credit growth rates. Montenegro was one of European 
developing countries with the fastest economic growth. Therefore, in 2007 its economic 
growth reached the peak of 10.70%, while the lowest growth rate was -5.70% in 2009. 

Economic slowdown and sudden stop of credit activity supported by the global eco-
nomic crisis has led to much more deepening of the crisis in Montenegro. A significant 
problem is that some borrowers are not able to repay regularly loans approved mostly 
during the credit expansion. One of the reasons due to which the Montenegrin economy 
has found itself in a very unfavorable situation is the reduced intermediation funct ion 
of Montenegrin banks. The banking crisis and later also the economic crisis have caused 
the deterioration of the fiscal position of Montenegro. One of the most significant conse-
quences of the crisis is an intensive growth of sovereign debt. Namely, during 2010 and 
2011, the emission of Euro bonds in the amount of EUR 380 million contributed largely 
to the growth of sovereign debt. In order to prevent a scenario like this to happen again, it 
is necessary to create and implement early warning models for systemic banking crises. 

2 METHODOLOGY A N D AVAILABILITY OF DATA 

When compared with the signal approach, the advantage of the logit model is that it ena-
bles estimation of all variables simultaneously. However, unlike the signal approach, us-
ing this method it is not possible to rank indicators according to their relative prognostic 
power in predicting systemic banking crises. Ranking indicators according to their de-
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viation f rom the normal behavior would be of a great help to monetary policy holders, 
because they could determine more easily what corrective measures would be necessary. 

This shortcoming might be partially overcome using Bayesian model averaging. Namely, 
applying this technique it is possible to assign adequate weights to simple logit mod-
els with at most two explanatory variables. Although individual variables do not have 
weights, their relative importance can be approximately determined on the basis of 
weights assigned to the model that contains these variables. 

Logit regression is used in this paper in the same manner as in the most papers dealing 
with early warning systems for banking crises. The observed time period is divided into 
two periods: the signal horizon where the dependent variable takes the value 1, and the 
period out of the signal horizon where the dependent variable takes the value 0. However, 
there is a difference between performances of the banking system and the overall econ-
omy in the period preceding the signal horizon and the period after the signal horizon, 
where the period after the signal horizon is considered to be the crisis period. Division in 
these two periods remains due to the still existing crisis in Montenegro, therefore there 
is probability that results will be biased to some extent. 

Babecky et al. (2012) emphasize that there are at least two problems with simple regres-
sion when there are many potential explanatory variables. First, put t ing all potential 
variables in one regression might significantly increase s tandard errors if irrelevant vari-
ables are included. Second, the use of sequential testing in order to exclude un impor tan t 
variables might lead to misleading results taking into consideration the fact that there 
is a probability that a relevant variable is excluded every t ime when the test is done. 
In order to solve these problems, the technique of model averaging is usually applied 
(Babecky et al., 2012, p.19). Bayesian model averaging considers model uncertainty by 
taking into account combinations of models and assigning them weights in accordance 
with their performance. There are only two papers related to the model uncertainty in 
the literature dealing with early warning systems, and one of them is related to systemic 
banking crises. Article by Crespo-Cuaresma & Slacik (2009) studied currency crises in 
27 developing countries, and Babecky et al. (2012) studied banking, debt and currency 
crises in 40 developed countries. 

The main limitation of early warning models for systemic banking crises in this paper is 
the fact that models are created on the basis of only one systemic banking crisis that hap-
pened in Montenegro. However, all requisite information cannot be provided by study-
ing only one case. Taking into consideration the fact that not all banking crises happen 
according to the same pattern and when making conclusions just on the basis of a small 
number of events, there is a high probability that conclusions will be biased. Also, it is nec-
essary to emphasize that in situations when an adequate database of historic data is avail-
able, general conclusions are often made on relative importance of individual indicators. 

Selection of potential indicators is based mostly on the economic reasoning that takes 
into account theoretical assumptions and indicators already used in previous researches. 
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The choice of indicators also depends largely on the availability of data. Regarding the 
Montenegrin banking system, data on the monthly level are less available for the period 
until 2009, thus in terms of diversity it is more advisable to use quarterly data. However, 
concerning the data frequency, it is preferable to use monthly data because trends that 
indicate higher probability of crisis occurrence will be noticed earlier and necessary cor-
rective measures will be undertaken in due time. Therefore, in this paper all indicators 
are used on the monthly basis start ing f rom January 2005 to September 2012. 

Variables in the paper which are not expressed as growth rates and interest rates, are 
expressed as natural logarithms. Applying the augmented Dickey-Fuller test for a unit 
root, it is determined that the most of t ime series are non-stationary. Therefore, non-sta-
t ionary t ime series are differentiated, and by reapplying the ADF test after differencing 
t ime series it is determined that they are stationary. A few time series that are used in the 
paper have been differentiated two times in order to become stationary. 

Although stationarizing implicitly brings the recent history of variables into the fore-
cast, lagging of explanatory variables also allows varying amounts of recent history to be 
brought into the forecast. Therefore, lagging of explanatory variables enables predicting 
what will happen in the period t based on the knowledge of what happened up to the 
period t-1. A choice of the most adequate model is based upon the Information Criteria, 
what means that the model with the smallest value of the Schwarz Information Criterion 
(SIC) and the Akaike Informat ion Criterion (AIC) is selected. Definitions of variables 
used in the paper are given in the following table. 

Table 1: Definitions of variables used in the paper 

Variable Definition 
ASSETS Total assets at the aggregate level of the banking system 
LOANS Total gross loans at the aggregate level of the banking system 
LLP Total loan loss provisions at the aggregate level of the banking system 
NET_LOANS Total net loans at the aggregate level of the banking system, calculated as gross 

loans minus loan loss provisions 
DEPOSITS Total deposits at the aggregate level of the banking system 
BORROWINGS Borrowings from central banks, banks and other credit and financial institutions, 

and borrowings from the Government at the aggregate level of the banking system 
CAPITAL Total capital at the aggregate level of the banking system 
LOANS_DEPOSITS Loans-to-deposits coefficient at the aggregate level of the banking system 
INT_INCOME Total interest income at the aggregate level of the banking system 
RESERVE_REQ Total amount of reserve requirements at the level of the banking system 
MONEX20 Index value that consists of twenty the most liquid companies on the Montenegrin 

stock exchange 
PRICES Annual growth rate of consumer prices in Montenegro 
PRICES_M Monthly growth rate of consumer prices in Montenegro 
EURIBORJM 1-month EURIBOR 
EURIBOR_3M 3-month EURIBOR 
INDPR_SERBIA Index of industrial production in Serbia 
EUR_USD Exchange rate EUR to USD 
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3 LOGIT APPROACH AND BAYES MODEL AVERAGING 

As SGooldridge (200A ; p. 530-5333) suEgests,c OYBid<̂ Riici.g gA odsls of Yin arg xesp onse, Ohe ir 
inteoest Xesdormsiiiy in ihs sioponea probability: 

P(y = l|x) = P(y = l|xi,x2,...,xt) 

wNooo g dsnolios a sel of explcnalory variabloA. 

in order tc onosd lémiloLions of ths liissca eiroliadidYo modclf A is neceniany Bo oonsidnr 
Che eloso oSAinsrc oesfonce medilo whieh hago ehe Srllowing form: 

P(y = l|x) = G (ß 0 + ß 1X1 + ... + ßkXk) = G (ß o + xß) 

widere G ii a OuneBion OSiat ioker VOILOS stricfba beiwoen 0 ond le SOr ali real nsmbeLi z. 
aaiilL nnaMosrhat osSimabad psobobilitieoara steéctloOelween 0 onN S. TLC eopreooioc x]f 
denotes ß x1 + ... + ßkxk. 

The foeWowing exooegolon aEioarici YB coicidered2: 

Pi = E ( = 1 1 + ^ 

wh ich m ay be den o te d in a sim pier way: 

« - 1 eZ 

1 + e - Z ' 1 + e
Z 

asaoumuiativelogintlc dis t r ibut ionfunct ion,where 0. = ßt m- ß2X,. 

Ii il eauy Ub verify that hs Z.oangesfaom - n do+°° , P . r a n g e i b e t w e e n O o n d l , anh fhat 
P. as nonameariy j"etlated to Z (io., X.)3- P. is no nlén eae no O ojctLd̂  in X, but aiso act ihe 
pasam oters, whal meano teat the otabd actO OdO melhad ctain teso t: tao use,ti Urs nstimae 
tion a t 1 b e itag,i. mod e1. Hostsaee, tslris pr o b k m m i j e t t t b t resahnd m a r e t ó r a e . y timple 
manner. 

t f e i . d.tno tes iti,et ]osotiaUi 11ag s ha t c o ^ e in goietj0 to o eeut , eherafsre i-P. d s n o t e s A e j e r o ^ 
atólity ohat t^e c rms is n a ^ e m g t o o c e u r , pee ser t e d like this: 

1 - P = 1 

1 + e Zi 

2 See: Gujarati, 2004; p. 595-597. 
3 Gujarati (2004, p. 595) notes that as e-Zi tends to zero, and as e-Zi increases indefinitely. 
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The previous expression may also be denoted as: 

Pi _ 1 + e z 

1 - Pi = 1 + e- z 

the odds ratio in favor of crisis occurrence - the ratio 
of the probability that cricis wiSt occar to the -eobability thai crisis will not octua. 
ThetePore, if for et^^m^teSt^.d^.e.ttias^e^i^sti^^t: o d d s e r e 4 t o C m f a v o r of crisis occur-
rence. 

If we take the natural log of the previous expression, we obtain: 

tele-re h, t h i ibg of A c o d d t r a t i o , ^ noy o n f y l i n e a r i n X , bua a k o h n e a r m A e param-
eters4. ° i t c a o c o A e logit model. 

t h e criteritd commoate used for de f t rmin in - dhn tstarfing; rle.i<2 of systemic baakino cei-
ctr is o share of noneerfoominb lernr iie total itaise at tire ltvsl olt e bonking eystenc 
ConsiSering i t t thresholO ob a t i % rOarr oS ntlnporfoeming loans tn total loans - fo t rs 
proposed by Demirgü^-Kunt & Detragiache (1998), the beginning of the systemic bank-
v ee J1 et 1S1 e v n M o nt me e ̂  Ci should be June 2009 when this indicator reached 10.03%. How-
ever', few mo nths earlier, d ep» osits were with dr awn after a longe r p»e;riod 01s geowt1 , a n d i n 
tlee fourth cjutari^r 2tt Ohi dejeoeits tiec:r<2ieseî  b y - t 4 . 4 2 % i n c e m p a r i s o n w h h A e p r e v i o u s 
quarter. Furthermore, at the end of 2007, the Central Bank of Montenegro introduced 
a temporary measure of credit growth restriction since credit activity of banks has al-
ready become exaggerated. In accordance with the aforesaid, the author of this paper 
has determined October 2008 as the starting month of the crisis, when signs of crisis 
have already been shown in the form of deposit outflows. The signal horizon is defined 
24 months prior to the crisis, what means that the dependent variable y takes the value 
1 from November 2006 to October 2008. Estimation results of the dynamic logit model 
are presented in the following table. 

Regarding nonlinear models, marginal effects give more information than coefficients. 
If only coefficients are taken into consideration, the size of change in probability of sys-
temic banking crisis occurrence cannot be determined. Coefficients in the logit model 
show only the direction of change in probability, thus it shall be necessary to calculate 
marginal effects. Marginal effects of explanatory variables on dependent variable are 
presented in the following table. 

4 Gujarati (2004, p. 596) emphasizes that linearity assumption of OLS does not require that explanatory vari-
ables are linear, however linearity in the parameters is crucial. 
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Table 2: Estimation results of the dynamic logit model 

Variable Coefficient Std.Error z-Statistic Prob. 

C -4.354124 1.189709 -3.659823 0.0003 

LOANS 65.16109 20.44709 3.186815 0.0014 

DEPOSITS -45.13485 16.03267 -2.815181 0.0049 

EURIBOR_1M 7.367738 2.893002 2.546745 0.0109 

INDPR_SERBIA -0.104783 0.050407 -2.078739 0.0376 

LLP 31.47855 11.20501 2.809327 0.0050 

EUR_USD -23.04270 12.33094 -1.868689 0.0617 

CAPITAL 26.51234 12.08045 2.194648 0.0282 

LOANS_DEPOSITS_1 0.381331 0.167479 2.276891 0.0228 

PRICES_3 1.180913 0.657362 1.796442 0.0724 

McFadden R-squared 0.594652 Mean dependent var 0.269663 

S.D. dependent var 0.446299 S.E. of regression 0.295038 

Akaike info criterion 0.697293 Sum squared resid 6.876770 

Schwarz criterion 0.976915 Log likelihood -21.02953 

Hannan-Quinn criter. 0.810000 Restr. log likelihood -51.88017 

LR statistic 61.70129 Avg. log likelihood -0.236287 

Prob(LR statistic) 0.000000 

Obs with Dep=0 65 Total obs 89 

Obs with Dep=1 24 

Source: Author's calculations in EViews 6 

Table 3: Marginal effects 

Variable Marginal effects 
C 

LOANS 

DEPOSITS 

EURIBOR_1M 

INDPR_SERBIA 

LLP 

EUR_USD 

CAPITAL 

LOANS_DEPOSITS_1 

PRICES_3 

-0.206890 

3.096187 

-2.144623 

0.350085 

-0.004979 

1.495731 

-1.094894 

1.259757 

0.018119 

0.056112 

Source: Author's calculations in EViews 6 

It is n e c e s s a r y t o e v a l u a t e t h e p r e d i c t i v e p o w e r of t h e e s t i m a t e d m o d e l . The cu t -o f f v a l u e 
t h a t s e p a r a t e s t h e p r e - c r i s i s p e r i o d f r o m t h e n o r m a l p e r i o d h a s b e e n se t at 0.5. The m o d e l 
h a s c o r r e c t l y p r e d i c t e d 88 .76% o b s e r v a t i o n s . F u r t h e r m o r e , t h e m o d e l h a s p r e c i s e l y p r e -
d i c t e d t h e cr is is i n 79.17% cases (i.e. m o n t h s ) , a n d t h e n o r m a l p e r i o d i n 92.31% cases . The 
m o d e l h a s p r o v e d to b e u n s u c c e s s f u l i n 11.24% cases . P r e d i c t i o n ab i l i t y of t h e e s t i m a t e d 
logi t m o d e l is p r e s e n t e d i n t h e f o l l o w i n g tab le . 
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Table 4: Prediction ability of the estimated logit model 

Estimated Equation Constant Probability 

Dep=0 Dep=1 Total Dep=0 Dep=1 Total 
P(Dep=1)<=C 60 5 65 65 24 89 

P(Dep=1)>C 5 19 24 0 0 0 

Total 65 24 89 65 24 89 

Correct 60 19 79 65 0 65 

% Correct 92.31 79.17 88.76 100.00 0.00 73.03 

% Incorrect 7.69 20.83 11.24 0.00 100.00 26.97 

Total Gain* -7.69 79.17 15.73 

Percent Gain** NA 79.17 58.33 

Estimated Equation Constant Probability 

Dep=0 Dep=1 Total Dep=0 Dep=1 Total 

E(# of Dep=0) 58.26 6.74 65.00 47.47 17.53 65.00 

E(# of Dep=1) 6.74 17.26 24.00 17.53 6.47 24.00 

Total 65.00 24.00 89.00 65.00 24.00 89.00 

Correct 58.26 17.26 75.52 47.47 6.47 53.94 

% Correct 89.63 71.91 84.85 73.03 26.97 60.61 

% Incorrect 10.37 28.09 15.15 26.97 73.03 39.39 

Total Gain* 16.59 44.94 24.24 

Percent Gain** 61.53 61.53 61.53 

*Change in "% Correct" from default (constant probability) specification 
**Percent of incorrect (default) prediction corrected by equation 
Source: Author's calculations in EViews 6 

Results of the Hosmer-Lemeshow test and the Andrews test are presented in the fol-
lowing table. A high value of the Andrews goodness-of-fit test and a low level of the 
Hosmer-Lemeshow test are desirable. Considering the Hosmer-Lemeshow test, if the as-
sociated p-value is significant (p<0.05), it might be an indication that the model doesn't 
fit the data. Since the H-L goodness-of-fit test statistic is much greater than 0.05, the null 
hypothesis that there is no difference between the observed and model-predicted values 
of the dependent variable is not rejected, implying that the model's estimates fit the data 
at an acceptable level. 

The next graph represents the forecasted probability of systemic banking crisis calcu-
lated f rom the dynamic logit model. The model sends signals within the signal horizon 
that is defined 24 months preceding the crisis - f rom November 2006 to October 2008. 
As it can be concluded f rom the graph, the highest probability of systemic banking crisis 
is during the first year of the signal horizon. This suggests that the model sends warning 
signals in the early stage, namely a year before the beginning of the crisis. 
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Table 5: Results of the Hosmer-Lemeshow test and the Andrews test 

Quantile of Risk Dep =0 Dep: =1 Total H-L 
Low High Actual Expect Actual Expect Obs Value 

1 8.E-07 0.0002 8 7.99958 0 0.00042 8 0.00042 

2 0.0004 0.0013 9 8.99276 0 0.00724 9 0.00725 

3 0.0014 0.0043 9 8.97551 0 0.02449 9 0.02456 
4 0.0049 0.0106 9 8.93227 0 0.06773 9 0.06824 

5 0.0160 0.0423 9 8.77340 0 0.22660 9 0.23245 
6 0.0479 0.1375 8 8.19409 1 0.80591 9 0.05134 

7 0.1727 0.3344 7 6.71711 2 2.28289 9 0.04697 

8 0.4049 0.6251 3 4.29662 6 4.70338 9 0.74874 
9 0.6448 0.8755 2 1.80876 7 7.19124 9 0.02531 

10 0.8926 0.9997 1 0.30990 8 8.69010 9 1.59156 

Total 65 65.0000 24 24.0000 89 2.79683 

H-L Statistic 2.7968 Prob. Chi-Sq(8) 0.9465 
Andrews Statistic 42.1494 Prob. Chi-Sq(10) 0.0000 
Source: Author's calculations in EViews 6 

G r a p h 1: The forecasted prob ability of systemic banking crisis 
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Source: Author's calculations in EViews 6 

I n o r d e r t o c h e c k t h e r o b u s t n e s s o f o b t a i n e d r e s u l t s , Bayes ian m o d e l a v e r a g i n g i s als o 
a p p h c el f 0 s Bdee aky et al. Ì2012, p. e b e a a e s u g g e o t , t h a following h n e a s r^ j^ress e hnmo(^el 
s h o u ld be cons ide red : 

y = a + X ß + £ 
l r y ry £ ~ (0, S2I) 
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where y is a d u m m y variable denoting crisis, ay is a constant, ßy is a vector of coefficients, 
and £ is a white noise error term. Xy represents a subset of all available relevant explana-
tory variables, i.e. potential early warning indicators X. The number K of potential ex-
planatory variables yields 2K potential models. Mark Y is used to refer to one specific 
model f rom 2K models. The information contained in models is then averaged using the 
posterior model probabilities that are considered under the Bayes' theorem: 

p (My, | y, X) - p ( y | My, X) p (My) 

where p(My, | y, X) represents posterior model probability, which is proport ional to the 
marginal likelihood of the model p (y | M , X) times the prior probability of the model 

p (M,). 

The essence of Bayesian model averaging is assigning weights to estimated models in 
order to determine which models have the best performance. For this purpose it is neces-
sary to calculate the Schwarz Information Criterion as one of the most commonly used 
information criteria in order to determine which specification is more appropriate for 
the data nature. This criterion is known as the Bayes Informat ion Criterion which is ac-
tually approximation of the Bayes Factor. A higher value of weight is given to the model 
with a smaller value of SIC, thus the model that has a smaller value of SIC is considered 
to be a more favorable specification. 

As already ment ioned, using logit regression it is not possible to r a n k indicators ac-
cording to their relative prognostic power when predict ing systemic bank ing crises. 
This disadvantage can be part ial ly overcome using Bayesian model averaging, because 
it is possible, by applying this technique, to assign adequate weights to simple logit 
models with at most two explanatory variables. Al though individual variables do not 
have weights, their relative impor tance can be approximately determined on the basis 
of weights assigned to the model that contains these variables. Est imation results of 
implementat ion of the Bayesian model averaging technique are presented in the fol-
lowing table. 

O n the basis of weights assigned to individual models that are calculated using SIC, it 
may be concluded that estimated models have very similar performances. The best per-
formance is that of the model with explanatory variables Monex20 which represents one 
of two indices on the Montenegrin stock exchange and net loans with weight 0.16408. 
The model with the lowest performances is one that contains variables - 3-month Euri-
bor and monthly growth rate of consumer prices with weight 0.12907. Marginal effects 
of explanatory variables are presented in the following table. 
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Table 6: Estimation results of implementation of the Bayesian model averaging technique 

Model Variable Coefficient Statistic significance Weight (0-1) 

ASSETS 106.23 0.0001 

Model 1 DEPOSITS -69.62 0.0010 0.14370 

CAPITAL 13.42 0.0153 

Model 2 BORROWINGS 19.33 0.0003 0.13973 

LOANS 50.23 0.0000 

Model 3 RESERVE_REQ -11.66 0.0205 0.15971 

EURIBOR_1M 5.35 0.0043 

Model 4 LLP 16.08 0.0024 0.13106 

LOANS_DEPOSITS 37.15 0.0010 

Model 5 INT_INCOME 7.60 0.0226 0.13266 

EURIBOR_3M 6.06 0.0138 

Model 6 PRICES_M 1.44 0.0113 0.12907 

MONEX20 -9.46 0.0011 

Model 7 NET_LOANS 47.32 0.0000 0.16408 

Source: Author's calculations in EViews 6 

Table 7: Marginal effects 

Variable Marginal effects 

ASSETS 16.28 

DEPOSITS -10.67 

CAPITAL 2.22 

BORROWINGS 3.19 

LOANS 7.46 

RESERVE_REQ -1.73 

EURIBOR_1M 0.80 

LLP 2.41 

LOANS_DEPOSITS 5.87 

INT_INCOME 1.20 

EURIBOR_3M 0.98 

PRICES_M 0.23 

MONEX20 -1.25 

NET_LOANS 6.24 

Source: Author's calculations in EViews 6 

Application of the Bayesian model averaging technique represents an important part 
of the analysis. Namely, this technique enables estimation of more variables that can 
be relevant indicators of systemic banking crises, than it would be possible by using 
only a regular logit model. Put t ing a higher number of variables in one single regression 
may cause problems, such as multicolinearity. As can be seen, the dynamic model has 
captured eight variables, while using the Bayesian model averaging technique 14 vari-
ables are included where six of them are the same as in the dynamic logit model. Instead 
of estimating only a set of simple logit regressions, Bayesian model averaging gives an 
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insight into relative importance of some variables in comparison with other variables. 
Therefore, it is possible to determine which indicators are more reliable for prediction of 
systemic banking crises. 

4 INTERPRETATION A N D DISCUSSION 

McFadden R2 indicates a relatively good goodness-of-fit of the estimated model. Results 
of the estimated dynamic logit model suggest that loans have the highest marginal effect 
on the dependent variable. Therefore, if this indicator increases by 1%, the estimated 
probability of occurrence of the systemic banking crisis will increase by 3.10, holding 
constant the remaining variables. If the value of variable LLP that represents loan loss 
provisions increases by 1%, the probability of systemic banking crisis will increase by 
1.50. Also, if the loans-to-deposits coefficient increases by 1%, the probability of systemic 
banking crisis will go up by 0.02. On the other hand, if deposits increase by 1%, the prob-
ability of systemic banking crisis will decrease by 2.14. If capital increases by 1%, the 
probability of systemic banking crisis will increase by 1.26. 

Consider ing macroeconomic variables, it can be concluded that if 1-month Euribor 
increases by 1%, the probabil i ty of systemic bank ing crisis will go up by 0.35. Simi-
larly, if EUR/USD exchange rate increases by 1%, the est imated probabil i ty of oc-
currence of systemic bank ing crisis will decrease by 1.09. Montenegro is a euroised 
economy, and one of the ma in advantages of fixed exchange rate regimes is that 
they enable achieving the macroeconomic stability thanks to a solid nomina l an-
chor. However, it is necessary to emphasize that fixed exchange rates do not a priori 
provide macroeconomic stability. The ma in deficiency of f ixed exchange rates is that 
they reduce flexibili ty of mone ta ry policy. The reason for considering EUR/USD 
exchange rate as an early warn ing indicator is that Montenegro is a small and open 
euroised economy, so the t rend of this variable might have a signif icant impact on 
the domestic economy. Concern ing inf la t ion, if the annua l growth rate of consumer 
prices in Montenegro increases by 1%, the probabil i ty of systemic bank ing crisis will 
increase by 0.06. 

One of the most important variables that are related to international indicators is eco-
nomic growth of the country that represents the main trading partner of the domestic 
country. According to available data starting f rom 2005, the largest port ion of Montene-
gro's trading exchange, taking into account both export and import , has been realized 
with Serbia, therefore the most significant trading partner of Montenegro is Serbia. If 
the index of industrial production in Serbia increases by 1%, the probability of systemic 
banking crisis occurrence will decrease by 0.005. It can be concluded that it is a variable 
with the lowest marginal effect in this model. 

Seven simple logit regressions that individually have two explanatory variables are es-
timated, and thus there are 14 statistically significant indicators, while in the previous 
dynamic logit regression there are 9 indicators. Adequate weights have been assigned 
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to all seven regressions using the technique of Bayesian model averaging. These results 
largely coincide with results of the previously estimated logit model. 

If indicator that represents total assets in the banking system increases by 1%, the prob-
ability of systemic banking crisis occurrence will increase by 16.28, holding constant the 
remaining variables. Similarly, if loans increase by 1%, the probability of systemic bank-
ing crisis occurrence will go up by 7.46, and if net loans increase by 1%, the probability of 
systemic banking crisis occurrence will increase by 6.24. If loan loss provisions increase 
by 1%, the probability of systemic banking crisis occurrence will go up by 2.41. That can 
be explained by the fact that banks approved more risky loans during credit expansion, 
therefore, relatively shortly after that, they had to allocate a larger amount of loan loss 
provisions. 

If deposits increase by 1%, the probability of systemic banking crisis occurrence will 
decrease by 10.67. Also, if the loans-to-deposits coefficient increases by 1%, the estimated 
probability that the systemic banking crisis will occur increases by 5.87. If capital in-
creases by 1%, the probability of systemic banking crisis occurrence will go up by 2.22. 
Also, if borrowings which banks mostly take f rom their parent b a n k increase by 1%, the 
probability of systemic banking crisis occurrence will increase by 3.19. 

Variable reserve requirements represent one of very few monetary ins t ruments which the 
Central Bank of Montenegro has at its disposal, since Montenegro is a euroized econo-
my. Actually, it is more appropriate to say that it is a liquidity inst rument . If this variable 
increases by 1%, the probability of systemic banking crisis occurrence will decrease by 
1.73. If 1-month Euribor increases by 1%, the estimated probability that systemic bank-
ing crisis will occur increases by 0.80, and with the increase of 3-month Euribor by 1%, 
the probability of systemic banking crisis occurrence will increase by 0.98. 

If interest income increases by 1%, the probability of systemic banking crisis occurrence 
will go up by 1.20. Also, if the monthly growth rate of consumer prices in Montenegro 
increases by 1%, the probability of systemic banking crisis occurrence will increase by 
0.23. Finally, if variable Monex20 increases by 1%, the probability of systemic banking 
crisis occurrence will decrease by 1.25. 

Indicators relating to a credit b o o m thanks to very good performances , have a domi-
nan t role in early warn ing models for systemic bank ing crises. The accelerated eco-
nomic growth influenced the banks to initiate the exaggerated lending activity that 
led to credit expansion with three-digit yearly credit growth rates, and that in t u r n 
even additionally encouraged overheating of the economy. Funds taken as borrow-
ings f r o m parent banks dur ing the credit expansion were mostly used for the lending 
activity. It was just a question of t ime when it would come to the burs t ing of the bubble 
that reached enormous propor t ions especially on the housing market . Besides devel-
opments in the domestic bank ing sector and in the overall economy, the crisis occur-
rence is also accelerated by negative global t rends influenced by the global economic 
crisis. 
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It is interesting that some indicators related to macroeconomic developments in the 
region and in the European Union, have also shown very good performances. These 
are 1-month Euribor and 3-month Euribor, EUR/USD exchange rate and the index of 
industrial production in Serbia. Therefore, it can be concluded that the Montenegrin 
economy and the banking system are exposed significantly to the trends on the global 
level. Developments on international markets have a significant impact on the domestic 
banking system and its stability, and therefore on the probability of systemic banking 
crisis occurrence. 

5 CONCLUDING REMARKS 

Although many economists, especially critics of economics as science, consider that 
these models have proved to be unsuccessful because they failed to predict occurrence 
of the present global crisis, the economic policy can not be conducted today in an ap-
propriate and efficient manner without reliable quantitative information. However, it is 
necessary to take into account qualitative estimates made by economic experts. The use 
of early warning models for systemic banking crises have to be adequately integrated 
within broader analyses that take into consideration all important aspects, as it is inevi-
table that some of these aspects will be overlooked by one of these models. These models 
can have an important complementary role as an objective measure of the banking sys-
tem vulnerability. 

Regarding developing countries, it should be taken into account that they usually go 
through the catching-up phase in order to reach developed economies, and therefore 
they have higher economic growth rates. Economic growth during that phase is relying 
largely on the lending activity and it is sometimes difficult to differentiate between the 
credit expansion and the increased credit activity. 

Results of the estimated models have shown that the systemic banking crisis in Mon-
tenegro has its roots in the domestic economy. Causes of crises originate f rom the period 
of unsustainable credit expansion. A very low level of credit activity during the period 
before the beginning of the credit expansion has encouraged banks to race for a market 
share. Also, results have shown that although roots of crisis are in the domestic economy, 
there is a significant impact of international trends on the Montenegrin banking system 
and overall economy. 
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ABSTRACT: We investigate the thresholds in net shareholder pay-outs (dividends, share 
buy-backs and issuances) of a large sample of UK quoted firms. Discretionary accruals are 
analysed at these thresholds in relation to earnings management. By examining distribu-
tions and using a robust test for discontinuities, we show the existence of thresholds at zero 
bins of variables in question. Additionally, by looking at differences in means and medians 
of discretionary accruals in sorted distributions, we find that they are statistically different 
from bin to bin in vicinity of previously identified thresholds. 

1. INTRODUCTION A N D PRIOR RESEARCH 

Earnings, as the pr imary performance indicator of a firm, can be managed with the 
intent of companies reaching expectations-set performance thresholds (Burgstahler & 
Dichev, 1997) meeting analyst forecasts (Degeorge, Patel, & Zeckhauser, 1999), satis-
fying certain contractual obligations or fulfilling liabilities s temming f rom borrowing 
activities. Earnings management is also observed around certain corporate events, for 
example stock offerings or acquisitions (Erickson & Wang, 1999) or in connection with 
managers' compensations and bonus schemes (Bergstresser & Philippon, 2006). Still, 
earnings management cannot only be seen in a negative light. Under certain conditions 
it may also be beneficial for owners - through application of manager's acquired exper-
tise in forecasting earnings or not dismissing a hired manager (who is good-working) too 
fast (Arya, Glover, & Sunder, 1998) - or at least neutral in a way that decisions taken with 
managed earnings in consideration are the same as they would be had earnings not been 
managed (Ronen & Yaari, 2010). 

Among factors, assuming managers' threshold reasoning and, consequently, the possible 
appearance of earnings management, is also a company's dividend policy. Dividend poli-
cy is determined by the company's management and, as there is no unique rule about the 
dividend policy, similarly efficient and successful companies can - and do - have differ-
ent dividend pay-outs (Brigham & Ehrhardt, 2005). Miller & Modigliani (1961) proposed 

1 University of Ljubljana, Faculty of Economics, Slovenia, Ljubljana, e-mail: jernej.koren@ef.uni-lj.si 
2 University of Ljubljana, Faculty of Economics, Slovenia, Ljubljana, e-mail: aljosa.valentincic@ef.uni-lj.si 
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a model of dividend irrelevance where corporate value should not be related to pay-out 
policy in a perfect and frictionless capital market.3 Excluding taxes and transaction costs, 
investors should thus be indifferent between (cash) dividends and capital gains. 

Historically, this has not been the case. Lintner's (1956) first study of dividend policy 
found that managers are reluctant to cut dividends and are willing to increase them only 
gradually after they are convinced of enough support of a higher level of dividends in the 
form of higher fu ture earnings. Existing dividend levels thus act as a strong benchmark. 
In seeking to explain investor preferences for (cash) dividends, Shefrin & Statman (1984) 
put forward two explanations. Firstly, one of "self-control" where investors decide to 
consume only f rom dividends, not portfolio capital and are thus demanding dividends. 
Secondly, following Kahneman & Tversky's (1979) behaviour theory proposition that 
losses loom larger than gains, dividends are preferred by people who are averse to regret 
(a potential increase in share price had they sold their stock instead of receiving a divi-
dend). The behaviourist view can also be a potential explanation for dividend decreases 
having a more negative market effect than dividend increases. If dividends and their lev-
els present a benchmark for investors, market reactions to dividend changes, especially 
downward, are found to be substantial (e.g., Grullon, Michaely, & Swaminathan, 2002). 
Bhattacharyya (2007, pp. 9-10), for example, also provides a short overview of stylized 
facts on dividends. 

A company's dividend policy can be affected by various factors such as market imperfec-
tions, behavioural considerations, firm characteristics or managerial preferences (Baker, 
Powell, & Veit, 2002). They differ in importance to individual firms, but they form the 
basis for possible earnings management. While the latter two factors include firm- and 
management-specific factors, the former two factors comprise broader aspects such as 
different tax treatment of dividends and capital gains, overcoming information asym-
metries with signalling new or additional information and shareholder and investor cli-
enteles that favour dividends in various degrees at various times (see Baker & Wurgler 
(2004) for a catering theory of dividends). 

The distributional analysis and existence of thresholds was first suggested by Hayn (1995) 
who points out the discontinuity of earnings around zero in her study of the information 
content of loses.4 Building on this empirical irregularity, Burgstahler & Dichev (1997) 
show that firms manage earnings to avoid report ing loses or earnings decreases. They 
interpret low frequencies of small loss (earnings decline) observations and high frequen-
cies of small profit (earnings increase) observations as a consequence of firms' active ef-
forts to cross the loss (earnings decline) threshold what results in a migration of observa-
tions to the right of such divide as seen if a distribution is plotted. Assuming that without 

3 DeAngelo & DeAngelo (2006) contested that pay-out policy is not irrelevant as put forward by Miller & 
Modigliani (1961) but their proposition was reconciled as having assumed different agency costs (Handley, 
2008). 
4 An interesting case of goal reaching behaviour research is also the analysis of Carslaw (1988) who finds 
abnormal distribution of income numbers in financial statements with the bias tilting towards numbers just 
above multiples of powers of ten (i.e., N X 10k) as cognitive reference points. 
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earnings management the distribution of earnings would be fairly smooth, they test the 
documented asymmetry around zero (earnings or changes in earnings) thresholds. 

Their findings are confirmed by Degeorge, Patel, & Zeckhauser (1999) who add another 
threshold of meeting analyst forecasts (i.e., avoid earnings surprises). Additionally, they 
establish a hierarchical order of the three with positive earnings threshold being pre-
dominant , followed by not falling short of previous earnings and lastly meeting analyst 
expectations. Critique of distribution analysis is based mainly on the effect of deflator 
and the sample selection procedure, both of which can have an effect on the resulting 
distribution (Durtschi & Easton, 2005). If the deflator differs systematically between 
profit and loss firms it can move the scaled observations towards or away f rom zero, what 
is most commonly the case when scaling by market price, but also found for other defla-
tors (Durtschi & Easton, 2009). Alternative explanations of the discontinuity include 
asymmetric effects of taxes and special items that also contribute to observed shapes of 
distributions (Beaver, McNichols, & Nelson, 2007). 

We therefore study thresholds and earnings management f rom the standpoint of attain-
ing (expected) pay-outs to investors as earnings levels are often directly or at least indi-
rectly connected to the pay-outs, e.g., in companies with fixed pay-out ratio policy or 
linked to various contractual obligations that set limits on pay-out possibilities. The first 
study in this area is the analysis of Finnish companies that managed earnings to ensure 
constant dividend pay-out to large institutional investors who prefer stable dividends 
(Kasanen, Kinnunen, & Niksanen, 1996), whereas, in the US, Daniel, Denis & Naveen 
(2008) have shown that firms manage earnings upward to reach expected levels of divi-
dends (defined as last year's dividend) when they expect they would otherwise fall short 
of it, proving they are important thresholds for managers. Similar findings are reported 
by Atieh & Hussain (2012) for UK. They show that earnings may be managed by firms 
which also t ry to avoid a decrease or even elimination of dividends and show a concern 
for coverage ratios, but the pressure is lower for larger firms which face less restrictive 
debt covenants. Debt covenants can impose restrictions on dividend payments if the 
financial position of the firm does not appear adequate. Moir & Sudarsanam (2007) re-
port three quarters of firms in their study to have covenants attached to debt contracts. 
Another recent study by Bennet & Bradbury (2007) proposes dividend cover to be con-
sidered as a threshold as firms are likely to manage earnings to avoid cutting dividends, 
i.e., keeping them at least at their prior year's values. 

A comprehensive survey of CFOs by Brav et al. (2005) shows that managers are willing 
to go great lengths to avoid a dividend cut but increases in dividends are a second-order 
concern. The authors also observe that share repurchases have become an established 
alternative pay-out ins t rument to dividends. However, they do not convey the same sig-
nals about companies ' fu ture behaviour or performance. Dividends are seen as a more 
permanent commitment to provide shareholders with a reasonably stable cash flow, 
whereas repurchases (particularly the ones on a discretionary and non-constant basis) 
are viewed as more flexible. Repurchases would now be the p r imary choice of many firms 
had their dividend history not existed. Interestingly, little support is found for the signal-
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ling hypotheses, that is, not many managers state they are paying dividends to convey a 
company's t rue state (future prospects) or to intentionally separate them f rom competi-
tors. Taxes are also not a pr imary concern in deciding about the payment/increase of 
dividend or in choosing between them and repurchases. 

Repurchases are gradually replacing dividends as the p r imary pay-out method with 
higher correlation to possible swings in earnings levels (with a shorter lag than for divi-
dends). Skinner (2008) reports that firms which pay dividends only practically do not 
exist anymore. Other research has also found a decline in dividends paid by US listed 
firms, attributing it to both different firm characteristics and lower propensity to pay in 
general (Fama & French, 2001). Contrary to the latter, Grullon & Michaely (2002) find 
repurchases to be important in substituting dividends and US corporations financing 
them with funds that would have been otherwise used for dividend increases. What fur-
ther motivates our research is a finding of Hribar, Jenkins & Johnson (2006) who assert 
that share repurchases are used by some companies to reach analysts' earnings per share 
forecasts. This implies that repurchases might be viewed as a possible earnings manage-
ment tool. 

In this paper we analyse a UK sample with focus on three theoretically possible share-
holder-related cash flows.5 Next to dividend pay-outs we also consider share repurchases 
and issuances of new shares, where the company is receiving funds f rom investors, re-
sulting in a "negative" pay-out to shareholders. As these three shareholder-related cash 
flows might all be broadly regarded as dividend (pay-out) related decisions, we investi-
gate the existence of thresholds in all three cases. This view is in line with Ohlson's (1995) 
valuation model that confirms Miller & Modigliani (1961) value displacement property 
as dividends are paid out of book value and consequently reduce market value on an 
one-for-one basis rendering dividend policy irrelevant. Ohlson's model allows (requires) 
negative net dividends, i.e., capital contributions (share issuances) exceeding pay-outs. 

As accruals, and more precisely their discretionary component, are often associated 
with lower earnings quality and possible earnings management , (e.g., see Dechow, Ge & 
Schrand (2010) for an overview) we are also interested to what extent discretionary ac-
cruals are present at the hypothesized pay-out thresholds. Although Yong & Miao (2011) 
find that dividend paying status is associated with the quality of earnings in general, 
they also find that the association is stronger when dividends increase in size. Therefore, 
inspecting the margin of dividend payment or dividend increase would be informative 
since firms potentially having difficulties in reaching these thresholds could still make 
use of discretionary accruals to arrive to them. 

H1: Companies attempt to reach thresholds of net shareholders pay-outs, which results in 
breaks in distributions of net shareholder pay-outs. 

H2: Thresholds are associated with significant discretionary accruals levels. 

5 Beginning of section 3 (Sample selection and description) explains our choice of the UK market. 
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This study helps to determine if repurchases and new share issuances, although not typi-
cally regular events, affect the pay-out level targeted by the management. This would 
broaden the perception of flows that are viewed as important in setting companies' divi-
dend policy. In the process, a robust test of discontinuity of distribution is used (Gar-
rod, Ratej Pirkovic, & Valentincic, 2006). Moreover, discretionary accruals as a proxy for 
earnings management are analysed in relation to the pay-out levels. 

The remainder of the paper is structured as follows. Section 2 presents the research de-
sign employed in our analysis, followed by sample selection and data description in the 
next section. Section 4 presents main empirical results and section 5 reports additional 
tests. Section 6 concludes. 

2. RESEARCH DESIGN 

We begin our investigation by constructing the variables representative of pay-out-relat-
ed thresholds. Typically, dividend pay-outs are investigated, either in their total amount 
or as change f rom year to year, both relative to opening total assets to account for size 
differences among firms. We denote DIV as the ratio of dividends to lagged total assets 
and D_DIV as the ratio of change in dividends f rom the previous year to the current 
year, scaled by lagged total assets. The variable D_DIV_DIV scales the dividend change 
f rom the previous year to the current year by previous year's dividends level to get a vari-
able representing relative yearly pay-out changes. 

We calculate net shareholder cash flows as the sum of all cash flows investors might be 
dealing with, i.e., dividends received plus stock repurchases (as positive cash flows f rom 
the company to shareholders) less any share issuances in a given year (negative cash flows 
f rom shareholders to the company): 

net shareholder cash flows = dividends + share repurchases - share isuances 

Analogous to the dividend variables above, NSCF denotes the ratio of net shareholder 
cash flows to lagged total assets, D_NSCF scales yearly changes in net shareholder cash 
flows by lagged total assets and D_NSCF_NSCF is the change in net shareholder cash 
flows scaled by its lagged value. We also calculate and perform initial analyses on the 
scaled sums of dividends and stock repurchases only but, as dividends are highly domi-
nating this sum, the results do not differ in any important way f rom dividend-only find-
ings and offer no incremental insights. This part is therefore not investigated fur ther in 
this paper. 

Variables as defined above are then distributed into bins of widths 0.005 for total assets 
scaling and 0.01 for pay-out scaling.6 That corresponds to forming groups that contain 

6 These bin widths were selected for both, comparability with prior research investigating distributions, al-
though of different analysed and scaling items (Burgstahler & Dichev, 1997; Durtschi & Easton, 2005; Bennet 
& Bradbury, 2007) and ease of interpretation. As setting the bin width can have a huge effect on the histogram 
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3. SAMPLE SELECTION A N D DESCRIPTION 

We acquire data of publicly listed UK companies f rom Datastream. This market is se-
lected because companies in the UK have historically paid considerable dividends that 
still persist. A large majority (almost 85%) of UK firms paid dividends in the 1990s and 
dividend pay-outs dominated proportion-wise, although repurchases have been on the 
rise (Renneboog & Trojanowski, 2005).7 Even recently, despite the trend of declining 
pure dividend pay-outs (Skinner, 2008), UK firms still tend to pay out dividends rela-
tively more often than elsewhere (Denis & Osobov, 2008). As we want to have the initial 
sample as broad as possible, companies in the period f rom 1990 to 2012 are considered. 
Prior to 1990, the lack of data availability hinders a more detailed analysis and an in-
complete set of companies' financial information was provided for 2012 at the time of 
data collection. 

A note is necessary about dividend inputs f rom the database. Since IFRS-compliant re-
porting became mandatory for all listed companies in the EU for annual periods begin-
ning on or after 1st January 2005, a provision in the standards requires companies to 
account differently for dividends paid. Before 2005, under the Statement of standard 
accounting practice (SSAP 17 - Accounting for post balance sheet events, 1980), divi-
dends were accounted for as an adjusting post balance sheet event in the period to which 
they related. After 2005, it is prohibited to recognise dividends declared after the end of 
reporting period as a liability to that same reporting period (IAS 10 - Events after the 
reporting period). Instead, such dividends are disclosed in the notes but accounted for 
in the period in which they are paid. Thus, actual pay-out liability has priority over its 
source (earnings). This results in reported dividends in period (t) consisting of final divi-
dend for period (t-1) and interim dividend(s) for period (t). Final dividend for period (t) 
is then recognised in period (t+1) financial statements etc.8 

Table 1: Sample construction procedure 

firm-year observations of listed UK companies in the period 1990 - 2012 38,429 

observations with missing essential data 742 

observations with zero total assets or sales 2,065 

observations of financial and utility firms 5,380 

final sample firm-year observations (3,177 distinct firms) 30,242 

Notes: This table presents sample selection process. Starting sample of listed UK companies is obtained from 
Datastream and identified using nation code (WC06027). All financial industry related firms and utilities are 
excluded due to their specific operating properties. 

7 Dividend payments have been more frequent in the UK also due to the more favourable tax treatment of 
dividends in the past (prior to the Finance Act 1997, see section Additional tests for more information) but 
remained high after the change as well. 
8 For example, GlaxoSmithKline (GSK) in its 2005 annual report shows a breakup of dividends into four 
interims of (all in £m) 568, 567, 568 and 792 for 2005 respectively and 575, 573, 571 and 684 for 2004 respec-
tively. But, since GSK normally pays a dividend two quarters after the quarter it is relating to, dividends actu-
ally paid in 2005 were the last two interims for 2004 and the first two interims for 2005. The sum of those, £m 
2390, is then reported as dividends for 2005 and also found as the database entry. 
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We first eliminate entries with missing data that are essential for the analysis, e.g., miss-
ing total assets or industry codes. We then remove observations with zero total assets 
and/or zero sales as these are not believed to be truly operational and the former would 
imply division by zero in the construction of our variables of interest. Lastly, as a com-
mon step, we remove firms f rom financial and utility sectors because of their operating 
specifics. We end up with 3,177 distinct companies and 30,242 firm-year observations as 
presented in Table 1. Out of these, 62% include dividend payments, 60% report proceeds 
f rom sale or issuance of stock and 11% show a change in redeemed, retired or converted 
stock. A substantial share of issuances indicates a possible large effect on NSCF, whereas 
the extent of repurchases is somewhat smaller than expected. Examination of the data 
also revealed some confounding entries in form of negative values of repurchases (14 
identified) and negative values of issuances (134 such cases), both of them are not sup-
posed to be negative following the definition of Datastream datatypes. A subset of each 
was, where possible, manual ly checked back against firms' annual reports and entries 
were corrected accordingly, e.g., into positive values. Lastly, otherwise sound observa-
tions with missing dividends, repurchase or issuance data had those set to zero.9 

Table 2 presents sample structure by years. As there are no big deviations in any specific 
year, we can observe a first peak in the number of listed UK companies in 1997, followed 
by a slight decrease and another gradual but steady increase in the years following up to 
2006. However, in the last years there is quite a strong decline coinciding with the devel-
opment and deepening of the financial crisis. Data for 2012 were not fully populated at 
the t ime they were collected. 

Table 2: Year composition 

Year N in % Year N in % Year N in % 

1990 1,154 3.82 1998 1,462 4.83 2006 1,551 5.13 

1991 1,166 3.86 1999 1,389 4.59 2007 1,491 4.93 

1992 1,147 3.79 2000 1,398 4.62 2008 1,352 4.47 

1993 1,152 3.81 2001 1,443 4.77 2009 1,236 4.09 

1994 1,184 3.92 2002 1,474 4.87 2010 1,124 3.72 

1995 1,183 3.91 2003 1,502 4.97 2011 1,063 3.51 

1996 1,467 4.85 2004 1,553 5.14 2012 658 2.18 

1997 1,542 5.10 2005 1,551 5.13 

Notes: Year distribution of the sample in presented in this table. Total number of observations is 30,242. At 
the time of data collection year 2012 was not fully populated, therefore the number of observations is accord-
ingly smaller. 

Descriptive statistics in Table 3 suggests skewed distributions in almost all variables. As 
we are interested in the centre of distributions and especially in specific breaks, quar-
tiles are reported along with the average, but s tandard deviations indicate that there are 

9 There were 1,521 such cases, of those only 390 with missing dividends. Remaining missing repurchases and/ 
or issuances would prevent the construction of NSCF with dividends mostly available. Omission of these 
cases does not change the results. 
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substantial extreme observations.10 The number of observations is mostly affected by the 
denominator, particularly when scaling by past dividends and less so when scaling by 
past NSCF. The first four variables use lagged total assets for scaling and are limited by 
that. Only DIV and D_DIV have comparable means and medians, dividends amount ing 
on average to around 2% of previous year's total assets and dividend change being posi-
tive but of minor amount compared to total assets. The remaining four variables have 
means and medians differing in both sign and magnitude, once more implying skewed 
distributions. 

Table 3: Descriptive statistics 

Variable Mean 25% Median 75% SD N 

DIV 0.024 0 0.015 0.033 0.086 26813 

NSCF -0.256 -0.001 0.009 0.030 6.274 26813 

D_DIV 0.002 0 0 0.004 0.097 26813 

D_NSCF -0.156 -0.012 0.001 0.016 9.047 26813 

D_DIV_DIV 0.425 -0.004 0.084 0.241 11.836 17201 

D_NSCF_NSCF 39.208 -1 -0.039 0.229 2,175 22829 

Notes: This table presents descriptive statistics for analysed variables. DIV = dividends (WC04551) scaled 
by lagged total assets (WC02999); NSCF = (dividends + repurchases (WC04751) - issuances (WC04251)) 
= net shareholder cash flows scaled by lagged total assets; D_DIV = change in dividends from year (t-1) to 
(t) scaled by lagged total assets; D_NSCF = change in net shareholder cash flows from year (t-1) to (t) scaled 
by lagged total assets; D_DIV_DIV = change in dividends from year (t-1) to (t) scaled by lagged dividends; 
D_NSCF_NSCF = change in net shareholder cash flows from year (t-1) to (t) scaled by lagged net shareholder 
cash flows. Number of observations varies due to availability of respective denominators used in variables' 
construction. 

For visual representation, we plot histograms of respective variables sorted into bins 
0.005 or 0.01 wide as described in the previous section to arrive at distributions of inter-
est. Almost all distributions imply a threshold at the zero bin, firstly in amounts relative 
to total assets (attaining dividends or non-negative net shareholder cash flows). Panels A 
and C in Figure 1 show striking mode bins of small non-negative pay-outs and a compar-
ison of the two panels suggests that dividends clearly dominate also in NSCF calculation. 
Although halved in size (10,419 observations in bin(0) for DIV and 5,047 observations in 
bin(0) for NSCF), the zero bin of the latter is still clearly outstanding f rom the remain-
ing distribution. There are also changes, with observations shifted to bins left of zero 
due to effect of issuances, but the distribution to the right of zero is not much different 
compared to DIV. 

Bin(0) modes disappear when observations equalling exactly zero are excluded in panels 
B and D. What remains is a mode in some of the subsequent positive bins (around 2-3% 
of lagged total assets) for both DIV and NSCF. While the zero bin in DIV is not s tanding 

10 We did not exclude any outliers since our central analysis is concerned with specific observations at the 
centre of respective distributions. As all our variables are ratios, outliers can arise due to disproportionate 
numerators and denominators in the span of one year. This may be related to one variable only. Therefore, 
by excluding outliers relating to one variable we could lose economically-sound observations in other 
variables. 
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out in any way, the one in NSCF is missing almost 400 observations (estimated as the 
difference to the average of adjacent bins) for a smooth, normal-like distribution. This 
case could indicate that NSCF are not a threshold of their own, in a way that firms would 
target its combined value as a reference point for investors. 

Figure 1: Histograms of selected distributions 
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PANEL C: NET SHAREHOLDER CASH FLOWS 
SCALED BY LAGGED TOTAL ASSETS 

PANEL D : NET SHAREHOLDER CASH FLOWS 
SCALED BY LAGGED TOTAL ASSETS (WITHOUT OS) 

Notes: This figure presents distributions of variables of interest. Panels A and B graph DIV, with and without 
zero observations, and panels C and D graph NSCF, with and without zero observations. DIV = dividends 
(WC04551) scaled by lagged total assets (WC02999) and NSCF = (dividends + repurchases (WC04751) - is-
suances (WC04251)) = net shareholder cash flows scaled by lagged total assets. 
Bin width is 0.005 with lower bound inclusion, i.e., "zero bin" includes x if 0 < x < 0.005, "bin one" includes 
x if 0.005 < x < 0.01 etc. 

As observations of zero in given variables have such an overwhelming effect on distribu-
tions, they are not reported in F I G U R E 2 but they are still included in the analysis that fol-
lows. Findings of clearly modular bin(0) are confirmed for scaled changes in dividends 
(D_DIV, Panel A) and scaled changes in net shareholder cash flows (D_NSCF, Panel C) 
- even without observations equalling exactly zero. What is of interest is that, in case of 
D_NSCF, the bin with the second highest frequency is actually the first negative (and not 
positive, as more commonly expected) bin and this pattern is even repeated bin-wise as 
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we move away f rom zero bin. The negative effect issuances have on D_NSCF outweighs 
the combined positive effect of dividends and repurchases in these cases. 

Figure 2: Histograms of selected distributions 

PANEL A: DIVIDEND CHANGES SCALED BY 
LAGGED TOTAL ASSETS (WITHOUT OS) 

PANEL B: DIVIDEND CHANGES SCALED BY 
LAGGED DIVIDENDS (WITHOUT OS) 

PANEL C: NET SHAREHOLDER CASH FLOWS 
CHANGES SCALED BY LAGGED TOTAL ASSETS 

(WITHOUT OS) 

PANEL D: NET SHAREHOLDER CASH FLOWS 
CHANGES SCALED BY LAGGED NET SHAREHOLDER 

CASH FLOWS (WITHOUT OS) 

Notes: This figure presents distributions of variables of interest. Panel A graphs D_DIV, panel B graphs 
D_DIV_DIV, panel C graphs D_NSCF and panel D graphs D_NSCF_NSCF, all without zero observations. 
D_DIV = change in dividends (WC04551) from year (t-1) to (t) scaled by lagged total assets (WC02999); 
D_DIV_DIV = change in dividends from year (t-1) to (t) scaled by lagged dividends; D_NSCF = change in 
net shareholder cash flows (= dividends + repurchases (WC04751) - issuances (WC04251)) from year (t-1) to 
(t) scaled by lagged total assets; D_NSCF_NSCF = change in net shareholder cash flows from year (t-1) to (t) 
scaled by lagged net shareholder cash flows. 
For panels A and C bin width is 0.005 with lower bound inclusion, i.e., "zero bin" includes x if 0 < x < 0.005, 
"bin one" includes x if 0.005 < x < 0.01 etc., and for panels B and D bin width is 0.01 with lower bound inclu-
sion, i.e., "zero bin" includes x if 0 < x < 0.01, "bin one" includes x if 0.01 < x < 0.02 etc. 

Lastly, looking at pay-out changes relative to their lagged values (D_DIV_DIV and D_ 
NSCF_NSCF, Panels B and D, respectfully), zero bin threshold mode remains obvious in 
dividend changes scaled by lagged dividends, but with a lot lesser difference to surround-
ing bins. In the case of D_NSCF_NSCF zero bin practically blends in the distribution 
and does not even seem to represent a threshold on the left (negative) side, the distribu-
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tion itself not displaying any noticeable breaks whatsoever. This is once more suggestive 
that no systematic threshold attaining behaviour can be observed with regard to net 
shareholder cash flows. 

Frequencies of dividend increases and net shareholder cash flows increases relative to 
their lagged values rise and/or remain high up to bins denoting growth in the order of 
10% (note that bin width is 0.01 in these two cases as the denominators are considerably 
smaller than total assets used beforehand). Another interesting observation is bin(10) 
of D_DIV_DIV, denoting cases of dividend increase between 10% and 11% compared to 
previous year's dividends. The bin in question appears to jut out of the distribution and 
is also statistically evaluated in the next section. 

4. RESULTS 

We attempt to formally confirm observations derived f rom histograms in the previous 
section with the use of GRPV discontinuity of distribution test. Table 4 reports values of 
the GRPV test applied for all cases inspected earlier (with and without zero observations) 
and fully confirms our assumptions. In all six cases of zero values of variables included, 
zero bin represents a discontinuity f rom the remaining distribution, inferences being 
done at P-values far below 1% (critical values of the test in absolute terms for significance 
levels of 10%, 5% and 1% are 3.16, 4.47 and 10, respectively). The discontinuity is stronger 
in dividend-related variables compared to NSCF-related ones, implying that repurchases 
and issuances lessen the break to some extent by moving some observations away f rom 
zero bin. Scaling by total assets results in stronger breaks than scaling by lagged values 
of pay-out, suggesting that the choice of scaling variable also plays an important role 
in distribution analysis as also suggested by previous research (Dechow, Richardson, & 
Tuna, 2003; Durtschi & Easton, 2005). 

On the other hand, in cases where zero values of variables are excluded f rom distribu-
tions, discontinuity is still statistically confirmed in four out of six cases. The H0 of conti-
nuity of distribution cannot be rejected in the first (DIV) and last case (D_NSCF_NSCF) 
as suggested and anticipated by the histograms in the preceding section, whereas other 
variables have results significant at the 1% level although test values are considerably 
lower than before the exclusion of zeros. A comparison of the four variables represent-
ing scaled changes in either dividends or net shareholder cash flows shows consistently 
larger breaks in dividends. We thus regard them as the driving factor for threshold exist-
ence. The fact that breaks are lessened with the inclusion of repurchases and new share 
issuances implies that these are not used with the intent of reaching a NSCF-related 
threshold, but rather for other purposes. 
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Table 4: GRPV discontinuity of distribution test 

(1) (2) 
zero observations included without zero observations 

DIV 376.61 1.42 

NSCF 115.39 -11.36 

D_DIV 336.51 123.70 

D_NSCF 124.24 62.61 

D_DIV_DIV 73.02 21.16 

D_NSCF_NSCF 39.97 1.95 

Notes: Reported are T values of GRPV discontinuity of distribution test for zero bins of variables analysed. 
First column reports test statistics computed including observations of zero in selected variables, and second 
column reports test statistics computed without these observations. 
With H00: the distribution function is continuous, the values of T at standard levels of significance are: at 10% 
|T| = 3.16, at 5% |T| = 4.47, and at 1% |T| = 10. As the number of observations in adjacent bins is required by 
the test, in the first row (case of DIV) bins on the left of zero (negative bins) are empty (there are no negative 
dividends) and are as such affecting test statistic computation. 
DIV = dividends (WC04551) scaled by lagged total assets (WC02999); NSCF = (dividends + repurchases 
(WC04751) - issuances (WC04251)) = net shareholder cash flows scaled by lagged total assets; D_DIV = 
change in dividends from year (t-1) to (t) scaled by lagged total assets; D_NSCF = change in net shareholder 
cash flows from year (t-1) to (t) scaled by lagged total assets; D_DIV_DIV = change in dividends from year 
(t-1) to (t) scaled by lagged dividends; D_NSCF_NSCF = change in net shareholder cash flows from year (t-1) 
to (t) scaled by lagged net shareholder cash flows. 

We therefore confirm breaks at zero bins in the distributions of scaled pay-outs, which 
is indicative of existence of thresholds. The exclusion of zero observations has different 
meanings, depending on the variable in question. The DIV variable is specific, as it is 
bounded to the left of zero, i.e., there are no negative cash dividends. Zero observations 
in this case are firms that do not pay dividends at all. Therefore, their exclusion is justi-
fied as they obviously do not t ry to attain any pay-out threshold. The majori ty of dividend 
pay-outs are concentrated in the first ten bins, i.e., up to 5% of previous year's total assets. 
Nevertheless, we keep the analysis of DIV in both versions as a reference. Similarly, in 
NSCF, it is practically never the case that the three components would sum up to exactly 
zero, meaning that zero observations are those of zero values in all three components 
and these again are validly excluded.11 This is not as straightforward in scaled changes of 
dividends and net shareholder cash flows. D_DIV or D_DIV_DIV equal to zero may in-
dicate a non-payer, but it can also indicate a no-change in dividends, keeping their level 
unchanged f rom the previous year. Analogously, D_NSCF and D_NSCF_NSCF values 
of zero can mean non-payers, no-changes in the sense that the firm only pays dividends 
and does not use repurchases and/or issuances or rare cases of the NSCF components 
summing exactly to zero. 

We also separately evaluate bin(10) of the D_DIV_DIV distribution. The value of the 
test statistics of the GRPV test amounts to 6.22 and is significant at the 5% level. As the 
bin corresponds to a 10% to 11% increase of the dividends f rom the previous year, it also 
looks like a convenient orientation value for possible future pay-out increases. The GRPV 

11 Actually, there are seven cases in which dividends, repurchases and issuances sum up to exactly zero, but 
only pairwise - in none of them all three at the same time. 
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test value in bin(10) of the variable D_NSCF_NSCF is 0.33, limiting previous reasoning 
to cash dividend pay-outs only. 

Focusing back on central bins, in Table 5 we investigate statistically significant (a 5% 
level is tested) differences between mean (median) values of discretionary accruals f rom 
the modified Jones model across bins. For each variable, with and without zeros, mean 
and median discretionary accruals f rom the model were computed for each bin in range 
f rom (-10) to (10), representing ±5% of lagged total assets or ±10% of lagged pay-outs, 
the difference due to different bin widths in the two approaches. Only the values for 
bins f rom (-2) to (2) are tabulated. We do this, firstly, because this is where our research 
interest lies as these are the most likely places in the distributions of pay-outs where the 
discretionary component of accruals would be important . Secondly, because there are 
not many significant differences fur ther away f rom the centres of distributions. Finally, 
we keep our analyses compact for brevity of exposition. Bin means (medians) of discre-
t ionary accruals are compared to the means (medians) of discretionary accruals in the 
next bin using a t-test for the means and the Wilcoxson rank-sum test for the medians. 
For example, a boldfaced mean of DIV in bin(0) (0.955) indicates that it is significantly 
different f rom the mean in bin(1) (0.032). Similarly, a boldfaced median for NSCF in 
bin(-1) (0.011) indicates that it is significantly different f rom the median in the following 
bin(0) (0.091). 

Note that seemingly missing values are actually excluded for clarity. Variable DIV does 
not have negative bin observations (no negative dividends), while the results for bins (-2), 
(1) and (2) are not listed for versions of variables without zero observations because they 
are exactly the same as on the left-hand version. The versions only differ in the number 
of observations in the central bin (bin(0)) and possible differences only arise in compari-
sons of bin(-1) to bin(0) and of bin(0) to bin(1). 

In almost all instances significant differences in both means and medians of discretion-
ary accruals are found at bin(0) or bin(-1) - the two that compare the central bin(0) with 
the neighbouring bins. Bin means of discretionary accruals are generally much larger 
than medians of discretionary accruals as a consequence of skewed distributions and 
are usually biggest in bin(0), means of bin(0) in first four variables being much bigger 
than means of other bins. Interestingly, excluding zero observations results in smaller 
bin(0) mean and median discretionary accruals compared to cases with all observations 
included and with the last two variables (D_DIV_DIV and D_NSCF_NSCF) they even 
become insignificantly different to other bins' means and medians. Assuming that dis-
cretionary accruals are associated with some form of purposeful managerial actions, and 
may be a tool to manage earnings or some other operating result by the management , 
their size and significance in central zero bins of distribution is at least indirect evidence 
of such actions. 
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Table 5: Means and medians of discretionary accruals by bins 

Bin Mean Median Mean Median Mean Median Mean Median 

DIV DIV (without 0) NSCF NSCF (without 0) 

-2 

-1 

0.169* 

0.114* 

0.056* 

0.011* 0.114* 0.011* 

0 0.955* 0.128* 0.006* -0.025* 0.699* 0.091* 0.011 -0.026* 
1 0.032 -0.012 0.027 -0.007 

2 0.038 -0.008 0.028 -0.010 

D_DIV D_DIV (without 0) D. _NSCF D_NSCF (without 0) 

-2 0.025* -0.030 0.063* -0.018 

-1 0.003* -0.035* 0.003 -0.035* 0.028* -0.020* 0.028 -0.020 

0 0.564* 0.034* 0.005* -0.023* 0.347* 0.004* 0.025 -0.022* 

1 0.049* 0.006* 0.035* -0.007* 

2 0.099 0.028* 0.071 0.007 

D_DIV_ DIV D_DIV_DIV (wo 0) D_NSCF_NSCF D_NSCF_NSCF (wo 0) 

-2 -0.012 -0.039 0.056 -0.028 

-1 -0.022* -0.051* -0.022 -0.051 0.099 -0.015* 0.099 -0.015 

0 0.054* -0.016* -0.023 -0.043 0.102 0.007* -0.002 -0.036 

1 -0.007 -0.037 0.051 -0.038 

2 -0.007 -0.035 0.015 -0.033 

Notes: This table reports means and medians of discretionary accruals form the modified Jones model by 
central bins of distributions. Each variable has bin means reported in the first column and bin medians in the 
second column of its box and is firstly evaluated with all observations included and then with zero observa-
tions excluded ("wo 0" in the last variable row stands for " W I T H O U T O") . 

Bolded font and asterisk denote that respective means (medians) are different from means (medians) in the 
following bin at the 5% significance level, i.e., a bolded* mean (median) in bin(0) is different from the mean 
(median) in bini at 5%. Tests used were t-test for means and Wilcoxson rank-sum test for medians. 
Modified Jones model is of the form: NDACC = afi/TAJ + a1(&REVt - &REC) + a3(PPE) . NDACC 
are non-discretionary accruals, TAt-1 are lagged total assets (WC02999), AREVt is the change in revenues 
(WC01001), scaled by lagged total assets, ARECt is the change in receivables (WC02051), scaled by lagged total 
assets and PPEt is gross property plant and equipment (WC02301), scaled by lagged total assets. To estimate 
a1, a and a3 total accruals are considered as the dependent variable and calculated as: TACC = (ACAt - ACLt 

-ACasht + ASTDt - Dept)TAt-1. ACAt is the change in current assets (WC02201), ACLt is the change in current 
liabilities (WC03101), ACasht is the change in cash and cash equivalents (WC02001), ASTDt is the change in 
short term debt (WC03051), Dept are depreciation and amortization charges (WC01151) and TAt-1 are lagged 
total assets. Finally, discretionary accruals are obtained as the difference between total accruals and non-
discretionary accruals predicted by the model. 
DIV = dividends (WC04551) scaled by lagged total assets; NSCF = (dividends + repurchases (WC04751) - is-
suances (WC04251)) = net shareholder cash flows scaled by lagged total assets; D_DIV = change in dividends 
from year (t-1) to (t) scaled by lagged total assets; D_NSCF = change in net shareholder cash flows from year 
(t-1) to (t) scaled by lagged total assets; D_DIV_DIV = change in dividends from year (t-1) to (t) scaled by 
lagged dividends; D_NSCF_NSCF = change in net shareholder cash flows from year (t-1) to (t) scaled by 
lagged net shareholder cash flows. 
For variables DIV, NSCF, D_DIV and D_NSCF bin width is 0.005 with lower bound inclusion, i.e., "zero 
bin" includes x if 0 < x < 0.005, "bin one" includes x if 0.005 < x < 0.01 etc., and for variables D_DIV_DIV 
and D_NSCF_NSCF bin width is 0.01 with lower bound inclusion, i.e., "zero bin" includes x if 0 < x < 0.01, 
"bin one" includes x if 0.01 < x < 0.02 etc. Bins in the range from -10 to 10 were tested but are not tabulated. 
Mean and median results of variables without zero observations are also not reported for bins -2, 1 and 2, 
as they are the same as in with zero observations included (the two versions differ only in the frequency of 
the zero bin). 
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The two signals combined, that of accruals and breaks in pay-out distributions, indicate 
that the thresholds identified in this study can be associated with some firms' manage-
ment activity. As firms aim to meet their planned, announced or established levels of 
pay-out on one side, and face anticipations of shareholders and potential investors on 
the other side, thresholds in form of positive pay-outs or pay-out changes gain in impor-
tance. Not wanting to fail expectations firms may make use of accrual manipulation to 
arrive at desired financial results that enable a suitable pay-out policy. 

5. ADDITIONAL TESTS 

To address the potential sensitivity of discontinuity tests to neighbouring bin values sug-
gested by previous research (Bennet & Bradbury, 2007), we first recalculate GRPV test 
statistics using two adjacent bins on either side of bin(0) (i.e., bins -2, -1, 1 and 2) and 
report it in column 1 of T A B L E 6. The only difference to the main test is that the break 
in NSCF without zero observations is now only significant at 5% compared to previous 
1% significance. All the other variables' rva lues are very similar to previously reported 
ones. We also re-calculate the GRPV test using only next-to-adjacent bins (i.e., -2 and 
2) and the results (not tabulated) remain quantitatively and qualitatively substantially 
unchanged. This confirms the robustness of earlier our results to the details of test speci-
fications. 

Extending the analysis beyond the pr imary hypotheses, we then use the test statistics 
to study what happens with the breaks in the distributions in relation to specified cut-
offs, identified as potentially important for pay-out t ime dynamics. In columns 2 and 
3 of T A B L E 6 we look at the pre- and post- 2008 financial crisis periods. The inferences 
are unchanged with an adjustment in significance to 5% for NSCF and D_DIV_DIV, 
both without zero observations. What we do observe comparing the two sub-periods is 
that for the years 2008 and following all test values are smaller, mainly in the order of 
one half, than in pre-2008 period (apart f rom DIV and D_NSCF_NSCF, both without 
zero observations, which are insignificant as in the main test specification). Smaller val-
ues imply a less pronounced break in the distribution (although still highly significant) 
meaning less observations are concentrated in zero bins and more in the adjacent bins. 
This could be interpreted as some of the firms not pursuing or not being able to pur-
sue pay-out thresholds in the crisis period, given the harsher economic conditions they 
found themselves in. 
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Table 6: Additional GRPV discontinuity of distribution tests 

(1) (2) (3) (4) (5) (6) (7) 
4 bins crisis effect ifrs used finance act 
used pre-2008 2008&^ no yes pre-1997 1997&^ 

DIV 349.19 297.96 251.13 274.89 278.36 74.53 400.21 

DIV (wo 0) 2.28 0.82 1.61 1.03 1.07 2.97 0.23 

NSCF 124.50 90.59 75.17 86.61 78.64 33.14 112.96 

NSCF (wo 0) 8.39 9.88 5.62 8.94 7.10 0.19 12.75 

D_DIV 401.72 281.52 201.50 261.58 227.93 109.76 335.98 

D_DIV (wo 0) 155.96 114.15 47.71 107.18 62.14 68.41 103.21 

D_NSCF 158.15 108.84 61.19 105.74 65.54 51.50 115.40 

D_NSCF (wo 0) 86.81 58.07 23.54 56.50 27.28 33.03 53.32 

D_DIV_DIV 78.00 69.00 24.20 66.44 30.39 52.07 52.27 

D_DIV_DIV (wo 0) 23.69 20.58 5.56 19.44 8.42 18.54 12.57 

D_NSCF_NSCF 39.52 36.85 15.56 36.82 15.64 27.51 29.31 

D_NSCF_NSCF (wo 0) 1.75 1.41 1.77 1.46 1.47 2.83 0.31 

Notes: Reported are T values of GRPV discontinuity of distribution tests for zero bins of variables analysed 
with and without zero observations (the latter denoted by "wo 0" abbreviation). Column 1 reports statistics 
using 2 adjacent bins on either side of bin(0), columns 2 and 3 use 2008 as a cut-off year to analyse the effect 
of financial crisis, columns 4 and 5 analyse the effect of IFRS and column 6 and 7 use 1997 as a cut-off year to 
analyse the effect of change in legislation (Finance Act). 
With Hgg: the distribution function is continuous, the values of T at standard levels of significance are: at 10% 
|T| = 3.16, at 5% |T| = 4.47, and at 1% |T| = 10. As the number of observations in adjacent bins is required by the 
test, in the first two rows (case of DIV) bins on the left of zero (negative bins) are empty (there are no negative 
dividends) and are as such affecting test statistic computation. 
DIV = dividends (WC04551) scaled by lagged total assets (WC02999); NSCF = (dividends + repurchases 
(WC04751) - issuances (WC04251)) = net shareholder cash flows scaled by lagged total assets; D_DIV = 
change in dividends from year (t-1) to (t) scaled by lagged total assets; D_NSCF = change in net shareholder 
cash flows from year (t-1) to (t) scaled by lagged total assets; D_DIV_DIV = change in dividends from year 
(t-1) to (t) scaled by lagged dividends; D_NSCF_NSCF = change in net shareholder cash flows from year (t-1) 
to (t) scaled by lagged net shareholder cash flows. 

Our next cut-off is IFRS implementation. International Financial Reporting Standards 
and their predecessors, International Accounting Standards, are mainly regarded as be-
ing of higher quality than existing local s tandards (e.g., Barth, Landsman, & Lang, 2008; 
Armstrong et al., 2010), although alternative views are also not uncommon (Soderstrom 
& Sun, 2007; Ahmed, Neel, & Wang, 2013), and they also directly affected accounting for 
dividends as noted under sample selection. IFRS are compulsory since 2005 and this ap-
pears as a ready candidate for assessing the standards ' effects. We deem it a second-best 
option as before 2005 firms could voluntarily adopt IFRS and even after 2005 data shows 
some financial statements in our sample as being prepared under UK GAAP. Our data-
base allows us to identify the s tandards which the company used in preparing its reports 
and we thus classify 7,678 observations as prepared under IFRS. These mainly coincide 
with the period after 2005, but there is some overlapping with local s tandards, especially 
in years 2004-2007. The results (columns 4 and 5 in T A B L E 6) in terms of subsample 
comparisons are analogous to that for the crisis effect. IFRS observations exhibit notably 
lower test values than non-IFRS observations for all but two insignificant variables lead-
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ing us to conjecture that IFRS usage is associated with "smoother" distributions. Poten-
tial explanation for this is the negative effect of stricter standards on firms' willingness 
and/or ability to achieve pay-out thresholds, positioning less of them in central bin(0). 

We identify the last cut-off to be 1997 as pointed out by the dividend taxation literature. 
Namely, in order to end the discriminatory tax treatment in favour of dividend pay-outs 
compared to capital gains, the Finance Act of 1997 increased taxation of dividend in-
come, primarily affecting pension funds that were the largest class of investors in UK eq-
uities.12 Consequently, Bell & Jenkinson (2002) find a significant reduction in valuation 
of dividend income after the tax reform and initial evidence of reductions in dividend 
pay-out ratios, whereas Bond, Devereux & Kleem (2005) observe that it was the form of 
dividend payment that changed with the level marginally affected. Our two subsamples 
comparison in columns 6 and 7 of Table 6 reveals considerably smaller (yet again, still 
above critical values) values of discontinuity tests for most of the significant variables in 
the pre-1997 years compared to the later period. A potential explanation would be that 
after the 1997 tax reform dividends were not as large as before but still present (due to 
other investors' interests, signalling and other reasons), which resulted in their concen-
tration in the smallest positive bin(s) of our distributions, producing a higher value of 
the test statistic. It has to be acknowledged however, that all these additional tests ana-
lyse only a specific factor possibly affecting pay-out dynamics and that firms' distribu-
tional decisions in real life are based on many elements, relative importance of which are 
changing in time. Moreover, even in our cases, there are overlapping effects especially 
towards the end of analysed time period. 

6. CONCLUSION 

This paper investigates the existence of pay-out-related thresholds as an extension of 
documented earnings management thresholds. With dividends and distinct net share-
holder cash flows defined variables, discontinuities in their distributions are statistically 
analysed, employing a robust test that does not assume that the distributions of under-
lying variables are normal. The importance of pay-out policy for the firms' economic 
environment and for the firms' themselves (as a signalling mechanism, clientele and tax 
induced decisions etc.) leads us to consider threshold analysis to be of considerable im-
portance for our study. 

We find evidence of breaks in distributions at suggested thresholds of zero or zero change 
of variables in question, support ing our reasoning that these are important for firms. 
Dividend thresholds are more pronounced than net shareholder cash flows thresholds 
suggesting the dominating role of cash dividends over share buybacks and over the net-
ting role of new shares' issuances. Although repurchases are almost as common as divi-
dend pay-outs, their effect is much smaller. Adding share issuances in the calculation to 

12 More specifically, the 1997 Finance Act abolished repayment of dividend tax credits to tax-exempt inves-
tors, UK pension funds being the largest beneficiaries of the previous regulation. 
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arrive at net shareholder cash flows disperses the pay-out distributions and reduces the 
breaks. Hence, repurchases and issuances are relatively much less important drivers of 
targeted pay-out level in the broader sense and net shareholder cash flows do not repre-
sent a separate threshold independent of cash dividends. 

Discretionary accruals as a proxy for earnings management are analysed at identified 
thresholds. We find significant differences and/or magnitudes of discretionary accruals 
at or in the closest proximity of central bins of distributions. This is another sign of their 
importance for firms as accruals are considered as a convenient and potentially strong 
earnings management tool. Additional analyses employ the discontinuity test to exam-
ine various sample partitions to arrive at more insightful results. We also find that a 10% 
dividend increase in the dividend paid is significant, suggesting the increase of dividends 
of 10% is common. 

Known caveats relate to distributional analysis being questioned as an earnings manage-
ment measure and, although supportive of our hypotheses and considered general, the 
accrual model employed is merely one of several accruals modes and these have been 
found to produce results of different significance or even conclusions. In a related, but 
not directly comparable research, Dechow, Richardson & Tuna (2003) are not able to 
confirm that discretionary accruals are driving the breaks in earnings distributions and 
offer supplementary explanations. Nevertheless, we consider the evidence in this paper 
strong enough to stress the importance of firms' pay-out policy, shedding additional 
light on the effects of pay-out policy components. 

Finally, we also identify some potential areas for future research. For example, it might 
be possible to derive more precise tests that would be able to distinguish the effects of the 
financial crisis and the effects of new standards, where the two periods overlap signifi-
cantly. This might be related to the use of more refined discretionary accruals models. 
These models might also be investigated independently of the breaks due to standards, 
financial crisis, etc. We also do not consider possible "real" earnings management (Roy-
chowdhury, 2006), which might be a significant component of the overall management 
to achieve earnings and net shareholders' flows thresholds. 
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