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A B S T R A C T

In recent decades, pension fund investment has increased rapidly because of population aging and growing doubts about
the viability of western public pension systems. As a result, pension funds have become dominant in stock markets. This
paper examines the influence of the pension fund assets invested in equities on stock market development and the market
efficiency of 13 European countries, from 1999 to 2014. Our results vary by country, by pension model and among the
one-model countries. Nevertheless, revealing a concern about saving for retirement. Finally, our efficiency analysis re-
veals that the influence of pension funds varies over time and across markets, due to arbitrage opportunities that provoke
adaptive managerial strategies.
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1. Introduction

Pension funds have become primary investment vehicles in re-
cent decades (the worldwide assets exceeded $25.2 trillion in
2014—OECD, 2015). This remarkable development is a consequence
of progressive population aging and doubts about the viability of
pay-as-go public pension systems in many western countries, espe-
cially in Europe.

As institutional investors, pension funds are market players that
have a distinct influence on stock markets (Vo, 2016). The existing
literature demonstrates that pension funds enhance financial devel-
opment, achieve more efficient investments (Davis, 1995; Meng &
Pfau, 2010; Rocholl & Niggemann, 2010; Vittas, 1996) and stimulate
private and national savings (Kohl & O'Brien, 1998; Poterba, 1998;
Reisen & Bailliu, 1997; Rezk, Irace, & Ricca, 2009; Schmidt-Hebbel,
1999). Some authors claim that financial markets are dependent on
pension fund investments, and pension provisions are contingent to
market performance in certain countries (Clark, 2000). Nevertheless,
the investment practices of pension professionals have important
repercussions for both global stock markets (Badrinath & Wahal,
2002; Brown, Wei, & Wermers, 2007; Lakonishok, Shleifer, &
Vishny, 1992; Wermers, 1999) and future retirement income.

Understanding the influence of pension funds in the stock market
is important from a theoretical and practical point of view. There is a
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substantial literature investigating the impact of institutional investors
on stock markets (Catalan, Impavido, & Musalem, 2000; Davis & Hu,
2004; Impavido, Musalem, & Tressel, 2003; Zeng, 2016), although
works studying the impact of pension funds in isolation are limited.
Walker and Lefort (2002) find a positive link between pension re-
forms that enhance pension funds and capital market development.
Davis (2004) finds a strong correlation between stock market capital-
ization and the size of the pension fund market. Meng and Pfau (2010)
find that pension assets improve market capitalization and liquidity in
countries with high levels of financial development. In contrast, Hu
(2012) studies Asian occupational pension funds and finds that pen-
sion funds only have a positive influence on the market capitalization
of the least developed economies.

Some of these prior works differentiate between developed and
emerging economies, but ignore the country-pension model, which
may be responsible for the variety of results. Indeed, pension fund in-
vestment decisions are greatly influenced by the expected public pen-
sion income, which depends on the country-specific welfare model
adopted. Attending to the social policy and pension regulation, we
find four different welfare models in Europe (Anglo-Saxon, Continen-
tal, Mediterranean, and Nordic). The distinctive features of each pen-
sion system have given rise to substantial differences in the comple-
mentary pension system size (Casalegno, 2006; Ferrera, 2013; Sapir,
2006; Sengoku, 2004). In this work, we study thirteen countries, cov-
ering these four pension models, and we argue that the pension fund
assets invested in equities have a lesser influence in stock markets
when public pensions are more generous. However, the re
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cent financial crisis and the pronounced population aging have re-
vealed major concerns about the sustainability of those systems with
larger public pensions. In this scenario, many countries have reformed
their public pension systems and emphasized the need for individuals
to save for retirement and complement the public pension provisions.
These strategies may encourage citizens to save more for retirement,
activating and enhancing pension fund investment and, therefore, in-
creasing its impact on stock markets.

The aging of the population is an important demographic shift that
may affect stock markets; as a matter of fact, the recent global eco-
nomic crisis has proven that stock markets can be seriously affected by
change (Vo, 2016), although the aging effect on stock markets is not
clear (Brooks, 2002; Davis & Li, 2003; Poterba, 2004). Pension funds
are long-term savings vehicles; however, the aging trend may have a
negative impact on stock markets whether elderly savers tend to be
more conservative (Bergantino, 1998; Goyal, 2004; Poterba, 1998).
The latter aspect has not been previously studied in the financial liter-
ature, so we first examine the influence of pension funds on thirteen
European stock markets, in the context of population aging.

Pension fund investment may also affect stock market efficiency,
especially when pension funds achieve considerable stock market con-
trol, influencing stock prices. The Efficient Market Hypothesis
(EMH), developed by Fama (1970), presents the concept of fully ef-
ficient markets; nonetheless, several studies find that stock returns
do not follow random walks (Brock, Lakonishok, & LeBaron, 1992;
Fama & French, 1988; Jegadeesh & Titman, 1993; Lo & MacKinlay,
1988). To explain this lack of efficiency, the behavioural finance par-
adigm of Adaptive Market Hypothesis (AMH) introduces the idea of
varying efficiency over time (Lo, 2004). Lo (2005) argues that indi-
viduals act in their own interest, make mistakes, and learn from their
mistakes. This dynamic produces market evolution, with arbitrage op-
portunities appearing sporadically. These opportunities, once they are
exploited, disappear, but new opportunities emerge, implying complex
market dynamics.

Multiple agents are part of this market dynamic, especially in-
stitutional investors. Certain works support the notion that institu-
tional investors help to achieve market efficiency (Barber, Lee, Liu, &
Odean, 2009; Boehmer & Kelley, 2009; Griffin, Harris, & Topaloglu,
2003); however, other authors find the opposite result (Brunnermeier
& Nagel, 2004; Dow & Gorton, 1997; Zeng, 2016). The long-term na-
ture of pension funds may improve market efficiency, but managers
may lose the incentive to apply long-term strategies because it takes
longer to reveal their private information than allowed for by their
tenure (Goldman & Slezak, 2003). Additionally, periodic performance
scrutiny, competition among managers (Abreu & Brunnermeier, 2002,
2003), and concerns about future careers (Hong, Scheinkman, &
Xiong, 2008), may all force managers to invest in overvalued assets
with high past returns, producing prolonged stock mispricing.

The ambiguous effect of professional management on market effi-
ciency may be explained by the AMH perspective. Just as market ef-
ficiency may vary over time, so the pension fund influence on market
efficiency may also fluctuate. The uncertainty of the pension fund in-
fluence on market efficiency lends support to our study, which, to the
best of our knowledge, is the first attempt to analyze this aspect.

The motivation of this work is twofold. First, the paper sheds light
on the pension fund effect in the stock market development of thir-
teen European countries with distinctive pension systems. A better un-
derstanding of this relationship is important for governments in their
decisions to carry out pension reforms that enhance the sustainabil-
ity of pay-as-you-go (PAYG) systems and economic growth. Sec-
ond, we examine how pension funds affect market efficiency. The

latter analysis will provide assistance to market regulators in the su-
pervision of pension fund managers.

Our results show a direct relationship between equity pension fund
investment and market development; nonetheless, this relation is not
significant in some countries. We find diverse results among the dif-
ferent-model countries, and among the countries with a common
model, supporting the great diversity of European pension systems.
Contrary to our expectations, countries with more generous public
pensions (Mediterranean system) do not impact stock market develop-
ment to a lesser extent. This result may lay on the fact that the gen-
erous public pensions of the Mediterranean welfare system are caus-
ing financing problems and increasing doubts about the sustainability
of the system. Consequently, private pension fund industries have re-
markably increased over last years. On the other hand, we find greater
pension fund influence on the stock market when the population in-
creases, even the elderly population. This fact reveals that population
is concern about saving with increasing aging, and the elderly popula-
tion continues saving on equities after retirement, despite their conser-
vative risk profile. Finally, the efficiency analysis demonstrates vary-
ing market efficiency over time and across markets. Pension funds
also influence market efficiency differently over time and across coun-
tries, due to the existence of arbitrage opportunities and managerial
strategies that adapt to market circumstances.

The rest of the paper is organized as follows. Section 2 describes
the European pension models of the countries analyzed, and the data
sample. Section 3 presents our methodology. The empirical results and
discussion are collected in Sections 4, and 5 concludes.

2. The European pension fund markets and data description

In this section, we first briefly introduce the different European
pension models and the characteristics of the pension fund markets
studied. We then describe the data sources and variables.

2.1. The European pension fund industry

We study the influence of pension fund assets invested in equi-
ties on the stock markets of thirteen European countries. The coun-
tries studied are: Austria, Belgium, Denmark, Finland, Germany, Ire-
land, Italy, the Netherlands, Norway, Portugal, Spain, Sweden and the
United Kingdom. These countries do not all have identical pension
systems, but they present common characteristics that allow to clas-
sify them into several groups.

There are several ways to classify pension systems. The most ac-
cepted classification by academics refers to the four welfare or so-
cial models established in Europe after the Second World War: An-
glo-Saxon, Continental, Mediterranean and Nordic (Bertola, Boeri, &
Nicoletti, 2001; Boeri, 2002; Casalegno, 2006; Ferrera, 1998; Ferrera,
2013; Sapir, 2006; Sengoku, 2004), attending to the geographical lo-
cation. In this work we refer to this classification because it represents
the social policy models that established the national public pension
systems and, by extension, conditioned the characteristics of the pri-
vate pension fund industries. Nevertheless, as Sapir (2006) remarks, it
is worth noting that there are wide differences both between the mod-
els and within each of them.

The Anglo-Saxon model is implemented in Ireland and the United
Kingdom (UK), and is characterized by providing social benefits to
all in need, but the social funds are accumulated by the citizens them-
selves (Popova & Kozhevnikova, 2013). The greater fund portion
is for the working-age population, while pensioners receive a minor
part, with the replacement rates being lower for higher earners than
for lower earners (Disney & Johnson, 2001). In this scenario, public
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pensions are not large, and private pension funds are well-developed.
The UK pension system is the most distinctive of this model, in which
private pensions support an important part of pensioner income; for
example, for the top quintile of pensioners, state pensions only ac-
counted for one quarter of total income, according to the European
Commission (2001).

The Continental model includes Austria, Belgium, France, Ger-
many and Luxembourg. This model is between the Anglo-Saxon and
Nordic model, characterized by high expenses for social support, mod-
erate re-distribution, and larger public pension systems. Nonetheless,
social support is given to those who have already been represented
on the labour market, and depends on the social accumulation of each
person, so public pension benefits are often linked to the fulfillment of
certain conditions (Popova & Kozhevnikova, 2013), although replace-
ment rates are high at all income levels and, hence, private pension in-
vestment is smaller.

The Mediterranean model, represented by Italy, Greece, Spain, and
Portugal, offers high social support, but redistribution of wealth is
low, presenting high unemployment and poverty levels (Popova &
Kozhevnikova, 2013). The social spending is concentrated on old-age
pensions. State-pensions are generous and early retirement pensions
are common (Sapir, 2006); as a result, pension funds appeared later
than in other countries. Nonetheless, due to doubts concerning the via-
bility of public pensions and favorable tax treatments, private pensions
have experienced notable development in recent decades, especially in
Italy and Spain.

The Nordic model includes Denmark, Finland, the Netherlands,
Norway, and Sweden (Casalegno, 2006; Ferrera, 2013; Norden,
2013). Although disparities between countries in this model are con-
siderable, they include statutory minimum basic protection and the
possibility of receiving a pension that reflects the individual's his-
torical salary. Replacement rates in pensions are higher than in the
Anglo-Saxon countries, but lower than the Continental and Mediter-
ranean rates. Pension benefits are closely tied to contributions; that
is, pensions are calculated on an actuarial basis, received by taxpay-
ers rather than non-taxpayers. Initially, Nordic pension systems of-
fered small pensions, but several PAYG systems were transformed
into mixed pension systems in certain countries, such as Sweden, in
which a notional defined contribution scheme was established. In this
system, workers continue to pay for the pay-as-you-go pensions, but a
portion of their contributions accumulates in notional accounts, build-
ing up a capital for retirement. These reforms provoked unevenly de-
velopment of private pension funds, being important saving vehicles
only in certain countries, such as the Netherlands.

Table 1 collects the private pension fund investment in the coun-
tries studied in 2014 and shows the total investment in pension funds
(USD million), the pension fund investment in equities (USD million),
the weight of the pension fund investment in equities over the total
pension fund assets, and the weight of pension fund assets over the
GDP, in 2014.

We observe a remarkable pension fund investment in the United
Kingdom and the Netherlands, with more than $2.6 trillion and $1.2
trillion, respectively. This investment represents 96.01% and 159.32%
of GDP, respectively. Pension funds in Ireland, Finland, and Den-
mark also represent an important weight of GDP (58.14%, 51.05%
and 48.59%, respectively). The total investment is also notable in
Germany, Italy and Spain ($236, $130 and $121 billion), but the
weight on their economies is modest (6.7%, 6.66% and 9.46% of
GDP). The pension fund investment in equities is moderate, 16.87%
on average. Ireland, Austria, and Finland each have over 32% of as-
sets invested in equities, while Belgium and Germany only invest

Table 1
Pension fund investment by country in 2014.

Table 1 shows the total investment in pension funds (USD million), the pension
fund assets invested in equities (USD million), the pension fund share in equities
(percentage of pension fund assets invested in equities over the total pension fund
assets), and the total pension fund assets over the GDP, in percentage, in 2014 for the
countries studied (Ireland, the UK, Austria, Belgium, Germany, Italy, Portugal, Spain,
Denmark, Finland, the Netherlands, Norway, and Sweden).

Total PF assets
(USD million)

Assets in equities
(USD million)

Equity PF/
total assets

PF assets/
GDP

Ireland 130,880.0 46,188.7 35.29% 58.14%
UK 2,684,613.5 461,845.1 17.20% 96.01%
Austria 23,275.7 7587.2 32.60% 5.83%
Belgium 27,560.9 2195.1 7.96% 5.65%
Germany 236,203.9 351.7 0.15% 6.70%
Italy 130,657.9 17,700.7 13.55% 6.66%
Portugal 21,254.3 1966.0 9.25% 8.77%
Spain 121,585.0 11,344.2 9.33% 9.46%
Denmark 152,348.5 23,395.4 15.36% 48.59%
Finland 126,446.1 49,115.2 38.84% 51.05%
Netherlands 1,282,009.5 148,301.1 11.57% 159.32%
Norway 37,380.4 5701.9 15.25% 8.81%
Sweden 47,035.8 6079.3 12.92% 9.30%
Average 386,250.1 60,136.3 16.87% 36.48%

Source: OECD pension statistics database (http://stats.oecd.org/).

7.96% and 0.15% of their assets in equities. These figures demonstrate
the conservative character of pension funds.

Actually, pension fund investment in equities has declined in the
last ten years (OECD, 2015). Specifically, the investment in equi-
ties of the countries studied (not reported) from 1999 to 2014 reveals
that pension funds adjust their portfolios according to financial market
conditions, increasing from 22.9% in 2002 to 29.9% in 2006, and de-
creasing to 11.39% from then until 2011. Since 2011, the investment
in equities has recovered to 16.87% in 2014. This lesser significance
of equities in pension fund portfolios may affect our results, and we
may expect a reduced pension fund influence on stock markets than
was seen in prior works, which included the total pension fund assets.

Table 1 also reveals common characteristics of the countries with
the same pension model. The Anglo-Saxon countries (Ireland and
the UK) possess developed pension fund industries, a consequence
of limited public pensions. Smaller pension fund weights are found
in economies with Continental (Austria, Belgium, Germany) and
Mediterranean models (Italy, Portugal, Spain), in which public pen-
sion are more generous. The Nordic countries (Denmark, Finland,
the Netherlands, Norway and Sweden) are in a middle position, with
a considerable pension fund investment (55% of GDP, on average).
With regard to the investment in equities, it predominates in the An-
glo-Saxon and Nordic economies (26% and 18% on average, respec-
tively).

2.2. Data sources and variables

Our data is collected from several sources. The total pension fund
investment and the pension fund assets invested in equities by coun-
try are obtained on an annual basis from the OECD pension statistics
database.1 The information about pension fund investment in equities
is very limited before 1999, which is why we restrict our sample pe-
riod to 1999–2014. The country MSCI market indices are obtained
from Datastream, on a daily basis, to capture the maximum market
(MSCI country indices capture about 85% of market constituents, ac

1 OECD pension statistics database: http://www.oecd-ilibrary.org/
finance-and-investment/data/oecd-pensions-statistics_pension-data-en
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cording to MSCI2). The market capitalization,3 the market capitaliza-
tion over GDP, the GDP, the gross domestic income (GDI), the pub-
lic debt, the public debt over the GDP, the 15–64-year-old population
ratio, the over-65 population ratio, the age dependency rate for older
individuals (percentage of older people over working-age population)
are from the World Development Indicators database of the World
Bank,4 in annual basis. Finally, the 65–69, 70–74, 75–79, 80–85 and
over-85 population ratios are obtained from Eurostat database.5

In the first part of our study, the independent variable of our mod-
els is the market capitalization over GDP, as being representative
of market development (Demirguc-Kunt & Levine, 1996; Levine &
Zervos, 1998; Meng & Pfau, 2010). The explanatory variable captur-
ing the effect of pension fund investment in equities on stock mar-
ket development is the ratio between the pension fund assets invested
in equities and the total pension fund investment in each country
(Thomas, Spataro, & Mathew, 2014). As control variables, we in-
clude three market and two economic variables. The market variables
represent different market dimensions: the market return, the market
volatility, and the market flows. The market return captures the perfor-
mance of the market, which is calculated annually from the daily mar-
ket index prices. The market volatility captures the impact of the mar-
ket fluctuation on stock market development (Thomas et al., 2014).
Market volatility is measured as the annual risk of the daily market
return. The market flows variable is a proxy for the market growth
in two periods. This variable is defined as the net growth, taking into
account price evolution (return): [Mci,t − Mci,t − 1 * (1 + Ri,t)]/Mci,t − 1;
where Mci,t is the market capitalization in period t, and Ri,t is the mar-
ket return in t. The economic variables are: the gross domestic income
(GDI) over GDP and the ratio of public debt to GDP. The GDI over
GDP represents the economic country development based on expendi-
ture, and the public debt over GDP is a measure of fiscal sustainability
of the country (Thomas et al., 2014).

To ascertain the influence of pension funds on stock markets ac-
cording to the aging, we include three demographic variables in the
second part of our analysis. The ratio of the population between 15 and
64 years is the percentage of the total population that is in the 15 to 64
age group. The ratio of the population over age 65 is the percentage of
the total population that is in that age group. The age dependency ratio
for older individuals is the ratio of older dependents (over age 64) to
the working-age population (ages 15–64).

Table 2 shows the main characteristics of the data sample and col-
lects the annual average of the variables (market capitalization over
GDP, market capitalization, GDP, market return, market volatility,
market flows, gross domestic income (GDI) over GDP, public debt
over GDP, pension-fund share invested in equities, population ratio
from 15 to 64, population ratio over 65, and dependency ratio of older
people) for all countries studied, from 1999 to 2014.

Table 2 shows the considerable importance of the stock market on
economies (average market capitalization over GDP—Mc_gdp—of
79.5%); especially in Denmark (216.5%), the Netherlands (116%), the
UK (109.2%), and Spain (94.3%). On the other hand, Austria pre-
sents a small market, compared to economic growth (27.7%). The av-
erage market return from 1999 to 2014 is 5.9%, and only Portugal

2 MSCI: www.msci.com
3 The market capitalization provided by the World Bank is the share price times
the number of shares outstanding (including their several classes) for listed
domestic companies, and excludes the investment funds, unit trusts, and companies
whose only business goal is to hold shares of other listed companies.
4 World development indicators database: http://data.worldbank.org/data-catalog/
world-development-indicators
5 http://ec.europa.eu/eurostat/data/database

presents a negative return (0.4%) in this period. The market volatil-
ity does not reveal important discrepancies among countries (0.016 on
average), although it is higher (0.021) in Finland. The market flows
reveal an average market growth of 12.8% from 1999 to 2014. Finland
is the only country with a negative stock market growth during the
period studied (− 0.9%). The highest GDI over GDP is found in the
UK (0.704), while the lowest belongs to Norway (0.593). The largest
public debt over GDP corresponds to Portugal (1.1), in which the pub-
lic debt overcomes the GDP, and the lowest public debt to GDP ratio
belongs to Denmark (0.3). The average portion of pension assets in-
vested in equities is around 21%. This portion is above 30% in the UK,
Finland, and the Netherlands, while it only represents 9.7%, 0.5%, and
9.7% in Belgium, Germany, and Italy, respectively. The ratios of pop-
ulation from 15 to 64 and over-65 years are similar in all countries,
rounding 66%and 16%, respectively. Ireland and the UK have the
highest and lowest population aged between 15 and 64. On the other
hand, Portugal and Norway have the most and least elderly popula-
tions, respectively. The dependency ratio of older people is 24.7%, on
average, which shows greater aging than the elderly population ratio
because it is calculated over the working-age population, and shows
more accurately the burden supported by the workforce to pay public
pensions.

Although Table 2 does not show large dissimilarities between the
country-market volatilities, we examine annual volatility in order to
detect possible market return heteroskedasticity. Table 3 presents the
annual standard deviation of the daily market return by country from
1999 to 2014, showing different annual return volatility, within and
among countries, and revealing the heteroskedasticity of the return se-
ries. We also observe cyclical patterns. Volatility is higher during cri-
sis periods (2000–2002 and 2007–2011) than in expansion periods.
The heteroskedasticity feature will be taken into account when analyz-
ing market efficiency.

The correlation between the variables used in the study is analyzed
in Table 4. This table shows the existence of a relation between the
independent variables (Mc_gdp or Mc) and the other variables. Con-
sequently, the variables to be included in the different models are rel-
evant. The high correlation between the market flows and the mar-
ket return (96%) lets us not to include the market flows variable in
the models6 to avoid collinearity problems. The market volatility and
the public debt over GDP present an inverse relation with the market
growth (Mc_gdp and Mc), showing that higher volatility and public
debt contract the market.

We note that the demographic variables will not be included in
isolation, and the interactive PF-share-demographic variables
(PF * pop15–64, PF * popu + 65, PF * dep) will be used separately in
different models. These three variables present positive correlations
with Mc_gdp. The correlations between the PF-share variable and
the interactive pension-demographics variables are higher than 90%;
nonetheless, we do not include any of these variables simultaneously
in a model, avoiding multicollinearity problems. The over-65-popu-
lation ratio and the old dependency ratio present an inverse relation
with Mc_gdp; however, the PF-share presents a positive correlation
with both the over-65-population (8.1%) and the dependency (4.6%)
ratios, so the interaction of these demographic variables with the
PF-share produces variables positively correlated with the Mc_gdp.
This might show elevated investment in equity pension funds with ag-
ing due to higher doubts about public pension viability and the low
rate of fixed income assets. The remaining correlations are not higher

6 We have also estimated the different models with the market flows variable, but
this variable is not significant.
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Table 2
Summary statistics.

Table 2 shows the annual average of the variables: market capitalization over GDP (Mc_gdp), market capitalization (USD million), GDP (USD million), market return, market volatility, market flows, gross domestic income over GDP (GDI_gdp),
public debt (USD million), public debt over GDP, pension fund assets invested in equities in USD million (Equity PF), the pension fund share invested in equities, the ratio of population from age 15 to age 64 over the total population, the ratio of the
population over age 65 over the total population, and the ratio of age dependency for older people (older people over the working-age population) for the countries studied (Ireland, the UK, Austria, Belgium, Germany, Italy, Portugal, Spain, Denmark,
Finland, the Netherlands, Norway and Sweden) from 1999 to 2014.

Mc_gdp Mc GDP
Market
return

Market
volatility

Market
flows

GDI
_gdp

Public
debt

Public
debt_gdp Equity PF

PF share
equities Population 15–64 ratio Population > 65 ratio Ratio old dependency

All 0.795 6.9 * 105 8.7 * 105 0.059 0.016 0.128 0.649 4.85 * 105 0.558 6.9 * 104 0.211 0.666 0.164 0.247
Ireland 0.846 1.75 * 105 2.08 * 105 0.003 0.016 0.121 0.598 9.46 * 104 0.455 5.22 * 104 0.620 0.684 0.170 0.249
UK 1.092 2.62 * 106 2.40 * 106 0.029 0.013 0.058 0.704 1.14 * 106 0.475 5.27 * 105 0.315 0.648 0.179 0.276
Austria 0.277 9.01 * 104 3.21 * 105 0.064 0.016 0.229 0.668 2.14 * 105 0.666 3.31 * 103 0.190 0.677 0.168 0.248
Belgium 0.647 2.54 * 105 3.93 * 105 0.055 0.014 0.160 0.653 3.60 * 105 0.917 1.74 * 103 0.097 0.657 0.172 0.262
Germany 0.482 1.42 * 106 2.97 * 106 0.054 0.016 0.106 0.654 1.26 * 106 0.425 5.14 * 102 0.005 0.658 0.160 0.243
Italy 0.836 1.50 * 106 1.81 * 106 0.010 0.015 0.007 0.671 8.34 * 105 0.461 7.94 * 103 0.097 0.663 0.166 0.250
Portugal 0.383 7.48 * 104 1.96 * 105 − 0.004 0.013 0.042 0.623 2.18 * 105 1.114 3.93 * 103 0.184 0.661 0.198 0.299
Spain 0.943 1.05 * 106 1.14 * 106 0.060 0.016 0.155 0.610 5.83 * 105 0.511 1.23 * 104 0.137 0.673 0.149 0.221
Denmark 2.165 5.65 * 105 2.61 * 105 0.130 0.014 0.232 0.665 7.83 * 104 0.300 2.10 * 104 0.211 0.677 0.163 0.240
Finland 0.463 9.35 * 104 2.04 * 105 0.090 0.021 − 0.009 0.684 8.85 * 104 0.434 5.11 * 104 0.364 0.668 0.190 0.285
Netherlands 1.160 7.91 * 105 6.91 * 105 0.044 0.014 0.088 0.686 3.83 * 105 0.554 2.32 * 105 0.317 0.656 0.162 0.247
Norway 0.531 1.63 * 105 3.11 * 105 0.115 0.017 0.269 0.593 1.60 * 105 0.515 5.01 * 103 0.202 0.681 0.110 0.162
Sweden 0.515 2.05 * 105 3.94 * 105 0.117 0.018 0.194 0.619 1.30 * 105 0.330 6.93 * 103 0.206 0.657 0.151 0.230
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Table 3
Standard deviation of daily return.

Table 3 shows the annual standard deviation of the daily MSCI indices return in the countries studied (Ireland, the UK, Austria, Belgium, Germany, Italy, Portugal, Spain, Denmark,
Finland, the Netherlands, Norway and Sweden) from 1999 to 2014.

Ireland UK Austria Belgium Germany Italy Portugal Spain Denmark Finland Netherlands Norway Sweden

1999 0.011 0.010 0.010 0.012 0.013 0.011 0.010 0.012 0.011 0.022 0.011 0.013 0.014
2000 0.013 0.012 0.012 0.015 0.017 0.015 0.014 0.016 0.015 0.040 0.012 0.012 0.023
2001 0.014 0.013 0.013 0.012 0.017 0.015 0.013 0.017 0.013 0.038 0.016 0.014 0.026
2002 0.016 0.015 0.011 0.018 0.022 0.015 0.013 0.019 0.015 0.028 0.021 0.014 0.021
2003 0.011 0.011 0.009 0.014 0.016 0.010 0.009 0.011 0.009 0.020 0.014 0.011 0.012
2004 0.010 0.008 0.010 0.009 0.010 0.008 0.009 0.010 0.009 0.018 0.009 0.012 0.012
2005 0.009 0.007 0.009 0.007 0.008 0.007 0.008 0.008 0.009 0.011 0.008 0.012 0.009
2006 0.012 0.009 0.012 0.010 0.011 0.009 0.008 0.010 0.011 0.014 0.011 0.018 0.014
2007 0.016 0.012 0.014 0.013 0.011 0.011 0.010 0.012 0.012 0.015 0.011 0.017 0.016
2008 0.036 0.026 0.033 0.029 0.024 0.025 0.023 0.027 0.026 0.029 0.024 0.037 0.029
2009 0.027 0.019 0.028 0.019 0.021 0.022 0.016 0.020 0.019 0.025 0.019 0.028 0.028
2010 0.024 0.014 0.020 0.016 0.016 0.019 0.017 0.023 0.016 0.018 0.016 0.021 0.019
2011 0.021 0.016 0.023 0.017 0.022 0.025 0.018 0.023 0.017 0.023 0.019 0.022 0.024
2012 0.016 0.012 0.019 0.014 0.016 0.021 0.016 0.022 0.013 0.019 0.014 0.016 0.017
2013 0.012 0.008 0.012 0.013 0.011 0.015 0.013 0.014 0.010 0.012 0.010 0.011 0.012
2014 0.013 0.008 0.011 0.009 0.010 0.013 0.014 0.011 0.010 0.010 0.008 0.013 0.009

than 50%, in absolute value, so we do not expect further multi-
collinearity problems.

The positive correlation between the PF share and the ratios of
population over age 65 and old dependency in Table 4 suggests higher
investment in equities with aging. In order to further analyze how the
pension fund investment in equities changes at elderly, we study the
relation between the PF share and the 65–69, 70–74, 75–79, 80–84 and
over 65 age population ratios. Table 5 shows the summary statistics of
the demographic ratios in panel A, and the OLS estimation results of
the population ratios on the pension fund asset share invested in equi-
ties in panel B. The standard errors are Newey and D.W. (1987) het-
eroskedasticity and autocorrelation robust standard errors.

Panel A shows that, among the 16.4% of the population over 65,
4.8% are between 65 and 69 years, 4.1% between 70 and 74 years,
3.3% between 75 and 79, 2.4% between 80 and 85, and only 1.9% is
older than 85 years. Panel B shows that increases in the 65–69, 75–79
and over 85 age population ratios produce a decrease in the PF share;
however, an increase in the 80–85 age population ratio produces an
increase in the pension fund assets invested in equities. Finally, the
70–74 age population cohort does not influence the PF equity share.
These results show different risk profiles at elderly. Blake, Wright,
and Zhang (2014) find that equity holdings on pension funds depend
on the member's risk aversion, being significant equity holdings on
the retirement date. Gerber and Weber (2007) point out that a substan-
tial pension fund reserve could moderate the conservative investment
with aging, which might explain our positive relation for the 80–85
age population. Nonetheless, in general, pensioners are conservative
investors, consistent with prior works (Bikker, Broeders, Hollanders,
& Ponds, 2009).

3. Methodology

In this section, we present the empirical models developed to study
the pension fund influence on market development and efficiency.

3.1. Pension fund impact on market development

The first model investigates the relationship between the pension
fund investment in equities and stock market development:

Where: Mc_gdpit is the market capitalization over GDP (proxy for
market development) of country i in year t, αi is the country-specific
intercept, PFshare is the share of pension fund assets invested in eq-
uities in country i and year t. We expect β1 to be positive; that is, more
pension fund assets invested in stocks promotes stock market develop-
ment. The set of control variables are the annual market return (Rmit),
the annual volatility (σmit), the annual Gross Domestic Income over
GDP (GDI_gdpit) of country i in year t and the annual public debt
over GDP (Publicdebt_gdpit) of country i in year t. β2 and β4 coeffi-
cients are expected to be positive, showing a positive relationship be-
tween market development, market return, and GDI (performance and
growth have direct influence on market development; Meng & Pfau,
2010). However, β3 and β5 are expected to be negative because of the
negative effect of volatility on stock markets (Meng & Pfau, 2010,
Thomas et al. 2014) and the burden of higher public debt to the mar-
ket growth (Thomas et al. 2014).

In order to study whether the relationship between pension fund in-
vestment and stock market development is influenced by aging, we es-
timate three additional models. Models (2), (3) and (4) analyze the re-
lationship between pension funds and stock markets, considering dif-
ferent levels of population between 15 and 64 years, the population
over age 65, and older dependents, respectively. The first model is rep-
resented as follows:

Where: Popu1564 is the ratio of population between 14 and 65 years,
with regard to the total population of country i in year t. The inter-
action term PFshareit * Popu1564it examines the impact of pension
fund investment in equities on the stock market, with different levels
of working-age population. This model attempts to ascertain whether
a higher level of working-age population produces larger pension fund
impact on stock markets.

(1)

(2)
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Table 4
Correlation matrix.

Table 4 shows the correlation matrix between the variables: market capitalization over GDP (Mc_gdp), market capitalization (Mc), GDP, market return, market volatility (Market vol), market flows, gross domestic income over GDP (GDI_gdp), public
debt over GDP (Public debt_gdp), public debt, the pension fund assets invested in equities (Equity PF), the pension fund share invested in equities (share of PF), the ratio of population from age 15 to age 64 over the total population (Popu 15–64), the
ratio of the population over age 65 over the total population (Popu + 65), the ratio of age dependency for older people (Depen old), and the interaction of the PF share with the demographic variables: the 15–64 population ratio (PF * population1564),
the over-65-population ratio (PF * population65), and the dependency old ratio—PF * dependency-) for the countries studied from 1999 to 2014.

Mc_gdp Mc GDP
Market
return

Market
volatility

Market
flows GDI_gdp

Public
debt_gdp

Public
debt

Equity
PF

Share of
PF

Popu
15–64

Popu
+ 65

Depen
old

PF * pop
15–64

PF * pop
+ 65 PF * dep

Mc_gdp 1
Mc 0.437 1
GDP 0.002 0.764 1
Market return 0.168 0.034 − 0.043 1
Market vol − 0.292 − 0.229 − 0.079 − 0.488 1
Market flows 0.165 0.032 − 0.051 0.960 − 0.533 1
GDI_gdp 0.246 0.424 0.337 − 0.026 0.023 − 0.091 1
Public debt_gdp − 0.298 − 0.225 − 0.259 − 0.085 − 0.124 − 0.027 0.016 1
Public debt 0.034 0.748 0.940 − 0.071 − 0.105 − 0.080 0.395 − 0.031 1
Equity PF 0.299 0.669 0.346 0.016 − 0.160 0.003 0.502 − 0.169 0.3429 1
Share of PF 0.238 − 0.105 − 0.365 0.066 − 0.175 0.064 − 0.008 − 0.217 − 0.401 0.391 1
Popu15–64 0.109 − 0.364 − 0.446 0.081 0.138 0.110 − 0.460 − 0.194 − 0.489 − 0.367 0.232 1
Popu + 65 − 0.107 − 0.012 0.008 − 0.102 − 0.051 − 0.116 0.384 0.364 0.024 0.140 0.081 − 0.470 1
Depen. old − 0.117 0.037 0.066 − 0.105 − 0.067 − 0.121 0.427 0.368 0.084 0.177 0.046 − 0.569 0.993 1
PF * pop15–64 0.237 − 0.117 − 0.372 0.068 − 0.173 0.067 − 0.035 − 0.220 − 0.411 0.370 0.999 0.261 0.069 0.032 1
PF * pop + 65 0.200 − 0.098 − 0.345 0.042 − 0.168 0.036 0.059 − 0.154 − 0.371 0.399 0.979 0.143 0.259 0.223 0.9763 1
PF * dep 0.200 − 0.086 − 0.337 0.040 − 0.170 0.033 0.083 − 0.151 − 0.360 0.417 0.977 0.115 0.269 0.236 0.9721 0.9994 1



UN
CO

RR
EC

TE
D

PR
OO

F

8 International Review of Financial Analysis xxx (2017) xxx-xxx

Table 5
Relation between the pension fund investment in equities and the population over
65 years.

Table 5 is divided into two panels. Panel A shows several statistics (mean, standard
deviation, minimum and maximum) of the ratios of population from age 65 to 69, from
age 70 to 74, from 75 to 79, from 80 to 85 and over age 85. Panel B shows the OLS
estimation result of the different over-65-age-population ratios on the pension fund
share variable (percentage of pension fund assets invested in equities over the total
pension fund assets).

Panel A: Summary statistics of the over-65 population ratios

Variable Mean Std. Dev. Min Max

Population age 65–69 0.048 0.007 0.033 0.066
Population age 70–74 0.041 0.006 0.027 0.062
Population age 75–79 0.033 0.005 0.021 0.048
Population age 80–85 0.024 0.004 0.015 0.033
Population over age 85 0.019 0.004 0.01 0.031

Panel B: Relation between pension fund share in equities and the over-65 population ratios

Pop 65–69 Pop70–74 Pop 75–79 Pop 80–85 Pop more 85 Constant R2

− 7.474*** 1.999 − 18.377*** 11.185*** − 13.421*** 1.106*** 0.546
(1.743) (2.443) (3.41) (3.572) (3.052) (0.066)

Model (3) includes the aging population effect with regard to the
total population.

Where: Popu65it is the ratio of population over age 65 with regard to
the total population of country i in year t. The interaction term PF-
shareit * Popu65it examines the impact of the pension fund assets in-
vested in equities on the stock market at different levels of the elderly
population ratio. This model attempts to determine whether more el-
derly people have a larger or smaller impact on the relationship be-
tween pension funds and market development. As a consequence, if
we find a positive relationship between a pension fund and the stock
market, and this relationship is larger when taking into account the el-
derly rate, then, a growth in pension fund assets invested in equities
will produce greater stock market development when aging increases.
This could reveal greater pension fund investment with the aging pop-
ulation, since the population is more concerned with future retirement
with increasing aging.

The distinction between models (2) and (3) will allow us to ana-
lyze which population cohort is able to have greater influence on the
pension fund-stock market relationship.

The last model includes the aging population effect, considering
the working-age population, rather than the total population:

Where: OldDepenit is the age dependency ratio for the elderly of
country i in year t. The interaction term PFshareit * OldDepenit ex-
amines the impact of the pension fund investment in equities on the
stock market at different levels of older dependents. The reason we
include this last model is to examine the aging effect when taking

into account the workforce, that is, the population that is funding the
public pension system. This model excludes the effect of the popula-
tion under 15; therefore, we analyze whether the elderly burden sup-
ported by the workforce produces a larger effect on the relationship
between pension funds and the stock market, than in model (3).

3.2. Pension fund impact on market efficiency

The market efficiency is examined with the variance ratio (VR)
test. The VR test, developed by Lo and MacKinlay (1988), is a stan-
dard market efficiency measure that examines whetherstock returns
are serially uncorrelated, testing the random walk hypothesis (Hoque,
Kim, & Pyun, 2007). Specifically, whetherthe natural logarithm of
stock prices (pt) follows a random walk (pt = α + pt − 1 + εt), the vari-
ance of the qth differenced return (rt − rt − q) is expected to be equal to
q times the variance of the first difference series (rt − rt − 1). The vari-
ance ratio at lag q, VR(q), is:

Where: ∑ σc
2(q) is an unbiased estimator of 1/q of the variance of the

qth differenced return series, and ∑ σa
2(q) is an unbiased estimator of

the variance of the first-differenced return series. The null hypothesis
assumes VR equals one for all lag. A VR less than one implies nega-
tive serial correlations; that is, a mean reverting process. A VR higher
than one shows positive serial correlations, and VR increasing in q, in-
dicates mean aversion behaviour (Jasic & Wood, 2006).

The VR(q) ratio can be rewritten as:

Where: ρ(j) is the autocorrelation or rt of order j; that is, the VR is
one plus a weighted sum of autocorrelation coefficients for the returns
with positive and declining weights. The null hypothesis of VR equal
to 1 for all q implies that returns are serially uncorrelated and ρ(j) = 0;
therefore, VR greater than one indicates positive serial correlation and
less than one implies negative serial correlation or mean reversion.

Lo and MacKinlay (1988) develop two test statistics for the VR:
M1(q), assuming return homoskedasticity, and the heteroskedasticity
robust test M2(q), when returns exhibit conditional heteroscedasticity;
that is, when volatility is not constant over time. We apply M2(q) be-
cause our sample reveals heteroskedasticity in the return series (Table
3). The heteroskedasticity robust test M2(q) is:

M2(q) follows the standard normal distribution asymptotically un-
der the null hypothesis that VR(q) is one; where:

(3)

(4)

(5)

(6)

(7)

(8)



UN
CO

RR
EC

TE
D

PR
OO

F

International Review of Financial Analysis xxx (2017) xxx-xxx 9

and

The value of the holding periods q must be made in the estimation
of VR(q). Following the empirical literature (Lo & MacKinlay, 1988;
Tuyon & Ahmad, 2016; Urquhart & Hudson, 2013), we use 2, 4, 8 and
16 holding periods.

Finally, we analyze how pension-fund investment in equities influ-
ences market efficiency with the following model:

Where VRit is the Variance Ratio of country i in year t, PFshareit is
the share of pension fund assets invested in equities in country i and
year t, and β1shows the relationship between pension fund investment
in equities and market efficiency.

4. Results and discussion

First, we study the influence of pension funds on stock market de-
velopment. We estimate model (1) applying different estimations in
order to choose the exact specification. Following an approach similar
to prior works (Thomas et al., 2014; Vo, 2015, 2016), we first estimate
model (1) using OLS. Then, as additional robustness tests, we use
fixed effects and random effects panel estimators. Fixed-effects panel
estimations are appropriate to work on specific units, such as coun-
tries; however, if the error terms of the units and the constant are cor-
related, a fixed effects model is not correct, and random effects may
better model the relationship (Baltagi, 2008; Thomas et al., 2014). In
order to select the correct model, we perform a Hausman test. Finally,
we further employ the GMM estimation of Arellano and Bond (1991)
to confirm the robustness of the estimation. The panel data results of
the estimations are collected in Table 6.

Estimations (1) and (2) of Table 6 show OLS estimation results.
The standard errors of estimation (2) are Newey and D.W. (1987) het-
eroskedasticity and autocorrelation robust standard errors. The coeffi-
cient of the pension-fund share of the assets invested in equities (PF-
share) is significantly positive in both regressions. Therefore, larger
pension fund investment in equities helps stock market development.
The results also provide information about the sensitivity of market
development to market volatility, GDI and public debt. Specifically,
we find a significant inverse relationship with the volatility and the
public debt over GDP, and a positive relationship with the GDI over
GDP, as expected.

Estimations (3) and (4) show the fixed and random effects estima-
tions. The Hausman test result (3.86) shows that the null hypothesis
is not rejected and, hence, the random effect model is the appropri-
ate specification. Although the fixed effects model is not applicable
in this case, both random and fixed effects show a positive relation-
ship between pension fund investment in equities and stock market de-
velopment. We also compare the random effects and the OLS estima-
tions with the Breusch-Pagan Lagrange multiplier (LM) for random
effects to confirm the adequacy of the random effects estimation. The

LM test results reject the null hypothesis of zero variance across funds,
confirming the random effects model as the proper estimation.

In order to address possible heteroskedasticity and autocorrelation
in the errors, estimations (5) and (6) are estimated using fixed and
random effects models with robust standard errors. The Hausman test
(3.00) does not display evidence to reject the null hypothesis, so the
random effects model is the correct estimation. Comparing random ef-
fects and OLS estimations, the LM test rejects the null hypothesis of
zero variance across funds, so the random effects estimation provides
a better fit. Furthermore, estimations (5) and (6) show again that pen-
sion fund growth influences positively on stock market development.

Estimations (7) and (8) show the fixed and random effects mod-
els with clustered standard errors by country, to address the concern
of correlated errors (conditional on independent variables) within the
country dimension. We do not reject the null hypothesis of the Haus-
man test (0.56), and the LM test null hypothesis is rejected, confirm-
ing the random effects model as the correct estimation. The results of
estimations (7) and (8) show that the pension fund share invested in
equities does not influence the stock market development (insignifi-
cantly positive coefficient), suggesting disparities among countries.

To confirm the robustness of the model proposed, we further use
the GMM robust estimation of Arellano and Bond (1991) to control
for potential model misspecification. We apply the Arellano–Bond
test for serial correlation in the first-differenced errors at order 2. The
test statistic (0.604) does not allow us to reject the null hypothesis
of no serial correlation; therefore, the proposed model does not suf-
fer misspecification. The estimation (9) results confirm the positive
influence of equity pension fund growth on stock market develop-
ment (estimations 1–6); result in line with prior works (Catalan et
al., 2000; Meng & Pfau, 2010; Walker & Lefort, 2002). Nonetheless,
the heteroskedasticity observed (estimations 7 and 8) suggests dispar-
ities among countries, so we also carry out an analysis by country in
Section 4.2.

4.1. The impact of demographic variables on the relationship
between pension funds and stock market development

In this section, we study whether the relationship between pension
funds and stock market development is influenced by population ag-
ing. Table 7 collects the results of models (2), (3), and (4), in which
different demographic variables are used to capture this influence. The
influence of the population between ages 15 and 64 is collected in es-
timation (1), the influence of the population over age 65 is collected
in estimation (2), and the influence of older dependents is collected
in estimation (3). All models are estimated with random effects, and
standard errors are robust.

Table 7 shows that the coefficients of the PFshare * Demographic
variables are positive and significant. As the demographic ratios are
positive,7 we find that the pension fund impact on stock market de-
velopment remains positive and significant when the population in-
creases. Specifically, pension fund growth impacts positively on stock
market development when the population between ages 15 and 64 in-
creases (estimation 1). This result shows that a larger working age
population results in higher equity pension fund savings, which pro-
motes stock market capitalization. Estimation (2) shows a positive
relationship between pension fund investment and stock market de-
velopment when the elderly population increases, revealing that the
population (both young and old) is more concerned about

7 These results may be also driven by some small ratios of pension fund assets
invested in equities with regard to market capitalization and GDP.

(9)

(10)
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Table 6
Regression results: the influence of equity pension fund investment on stock market development.

Table 6 shows the regression results of panel data estimation for model (1). The equation is estimated using ordinary least squares regression estimator (estimation 1), ordinary
least squares regression estimator with robust standard errors (estimation 2), fixed and random effects (estimations 3 and 4), fixed and random effects with robust standard errors
(estimations 5 and 6), fixed and random effects with robust standard errors and clustered by country (estimations 7 and 8), and GMM estimation (9). Standard errors are in
parenthesis. *, ** and *** indicate significance at the 10%, 5%, and 1% levels.

(1) (2) (3) (4) (5) (6) (7) (8) (9)

Mc_gpd 0.651***
(0.059)

PFshare 0.499* 0.499** 0.843* 0.766** 0.843** 0.766** 0.843 0.766 1.403***
(0.27) (0.204) (0.438) (0.386) (0.405) (0.358) (0.785) (0.594) (0.331)

Rm − 0.31 − 0.31 0.146 0.121 0.146 0.121 0.146* 0.121** 0.357***
(0.231) (0.202) (0.125) (0.123) (0.093) (0.096) (0.073) (0.059) (0.081)

σm − 36.456*** − 36.456*** 4.986 2.939 4.986 2.939 4.986 2.939 − 0.222
(12.383) (10.048) (7.372) (7.294) (5.909) (5.663) (8.021) (6.776) (6.636)

GDI_gdp 3.271** 3.271*** 3.293* 3.474** 3.293** 3.474*** 3.293 3.474 − 0.213
(1.285) (0.964) (1.77) (1.582) (1.484) (1.306) (2.783) (2.204) (1.795)

Public debt_gdp − 0.73*** − 0.73*** − 0.276 − 0.386 − 0.276 − 0.386 − 0.276 − 0.386 − 0.169
(0.203) (0.167) (0.418) (0.339) (0.308) (0.242) (0.562) (0.38) (0.355)

Constant − 0.547 − 0.547 − 1.479 − 1.464 − 1.479 − 1.464* − 1.479 − 1.464 0.087
(0.892) (0.631) (1.113) (1.024) (1.002) (0.869) (1.993) (1.646) (1.181)

Robust standard errors No Yes No No Yes Yes Yes Yes Yes
Random effects No No No Yes No Yes No Yes No
Fixed effects No No Yes No Yes No Yes No No
SE cluster by country No No No No No No Yes Yes No
GMM estimation No No No No No No No No Yes
R2 within 0.104 0.103 0.104 0.103 0.104 0.103
R2 between 0.132 0.157 0.132 0.157 0.132 0.157
R2/adjusted/overall 0.227 0.268 0.159 0.178 0.159 0.178 0.159 0.178
Hausman test 3.86 3.00 0.56
LM test 79.8*** 79.8*** 79.8***
Serial correlation test (2nd order) 0.604

Table 7
The pension fund influence on stock market development, taking into account demo-
graphic variables.

Table 7 shows the results of models (2), (3) and (4) estimated with random effects
for all countries from 1999 to 2014; that is, the influence of pension fund investment
in equities on stock market development considering demographics: the 15–64 age
population ratio (estimation 1), the over 65 age population ratio (estimation 2) and the
older dependents ratio (estimation 3). Robust standard errors are in parenthesis. *, **
and *** indicate significance at the 10%, 5%, and 1% level, respectively.

(1) (2) (3)

PFshare * Demographics 1.184** 4.008** 2.560*
(0.527) (1.992) (1.337)

Rm 0.12 0.117 0.117
(0.095) (0.097) (0.097)

σm 2.931 3.272 3.221
(5.636) (5.844) (5.864)

GDI_gdp 3.492*** 3.496*** 3.482***
(1.301) (1.314) (1.318)

Public debt_gdp -0.387 -0.397 -0.396
(0.24) (0.243) (0.245)

Constant -1.482* -1.444 -1.426
(0.864) (0.877) (0.881)

R2 within 0.105 0.097 0.094
R2 between 0.155 0.146 0.147
R2 overall 0.177 0.165 0.166

saving in equity through pension funds with increasing aging (higher
coefficient in estimation (2) than estimation (1)), so the elderly hold
some investment in stocks after retirement, contrary to some argu-
ments (Bergantino, 1998; Goyal, 2004; Poterba, 1998). The latter be-
haviour lies in the fact that increasingly fewer retirees withdraw sav-
ings in single lump sums, keeping part of the savings in the pension
fund after retirement because of longer life-expectancy. The estima-
tion (3) results confirm that pension fund growth contributes to stock
market development when the aging increases. The PFshare * OldDe-
pend coefficient of this estimation is lower than the PFshare * Pop-
u65 coefficient of estimation (2), showing that more el

derly people as a proportion of the working-age population reduce the
positive impact of pension funds on the stock market, since the public
pension burden supported by the labour force is greater.

These results may also reveal changes in consumers' preferences
and different risk averseness among the elderly. In order to study this
possible shift, we analyze the influence of equity pension funds on
stock market at different groups of elderly population. We replicate
model (3) using as interactive variables the PFshareit variable times
the 65–69, 70–74, 75–79, 80–84 and over 85 age population ratios.
The results of the models with the different interactive variables are
shown in estimations (1) to (5) of Table 8, respectively. Table 8 shows
positive influence of pension fund growth on stock market for the
65–69 and over 85 age cohorts, despite the fact that Table 5 displayed
lower equity pension fund investment whether the population of these
groups increases. This not expected result shows that these groups do
not withdraw large amount of stocks with aging and still invest con-
siderable part of their portfolios in equities. Consequently, more pop-
ulation in these groups positively influences on market capitalization.
This behaviour might be related to a lesser risk-aversion for their life-
cycle positions (Blake et al., 2014); that is, just retired or closed to the
life end. The remaining groups do not influence on the market-pension
fund relationship.

4.2. Results by pension model

In this section, we study the relationship between pension funds
and stock market development by pension model and country8 to
detect possible differences among them. We first sort the countries

8 We note that this analysis may be limited by the annual basis of the data;
especially, the country analysis. Nonetheless, we have not been able to obtain
higher frequency data or large period sample without significant missing
observations in the different variables. Even though, we carry out the analysis to
detect possible differences between models and countries.
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Table 8
The pension fund influence on stock market development with different cohorts of over
65 age population.

Table 8 shows the random effects results of the influence of pension fund investment
in equities on stock market development considering several elderly population ratios:
the 65–69 age population ratio (estimation 1), the 70–74 age population ratio
(estimation 2), the 75–79 age population ratio (estimation 3), the 80–84 age population
ratio (estimation 4) and the over 85 age population ratio (estimation 5) for all countries
from 1999 to 2014. Robust standard errors are in parenthesis. *, ** and *** indicate
significance at the 10%, 5%, and 1% level, respectively.

(1) (2) (3) (4) (5)

PFshare * Demographics 17.409** 14.923 15.736 19.989 44.364**
(7.145) (10.069) (10.539) (12.842) (19.877)

Rm 0.117 0.121 0.12 0.108 0.108
(0.095) (0.098) (0.098) (0.097) (0.095)

σm 3.121 2.412 2.512 2.801 2.763
(5.646) (5.783) (5.805) (5.875) (5.621)

GDI_gdp 3.409*** 3.479*** 3.511*** 3.518*** 3.237**
(1.303) (1.319) (1.316) (1.299) (1.304)

Public debt_gdp − 0.421* − 0.41 − 0.397 − 0.369 − 0.371
(0.246) (0.251) (0.253) (0.252) (0.25)

Constant − 1.399 − 1.391 − 1.402 − 1.409 − 1.307
(0.857) (0.875) (0.88) (0.861) (0.854)

R2 within 0.080 0.111 0.079 0.078 0.108
R2 between 0.157 0.155 0.146 0.141 0.143
R2 overall 0.169 0.174 0.157 0.151 0.160

studied by pension model (Anglo-Saxon, Continental, Mediterranean,
and Nordic).

Table 9 shows the pool panel results of the PFshare coefficient of
model (1) and the PFshare * demographic coefficients of models (2),
(3) and (4) by pension model. The models are estimated with random
effects. The Newey and D.W. (1987) heteroskedasticity and autocor-
relation robust standard errors are displayed.

Table 9 does not display significant results for the Anglo-Saxon
model. In the continental pension model, higher equity pension fund
assets have larger positive impact on the stock market development
whether the old-dependent ratio increases (estimation 4). The Mediter-
ranean pension-model countries contribute to market development
whether the pension fund investment in equities increases (model 1),
and larger population means a more positive impact of equity pension
fund growth on stock market development (models 2–4). The positive
influence of population may lie on increasing doubts about the future
viability of Mediterranean public pension systems. Consequently, the
population is more concerned about saving, even at retirement. Addi-
tionally, governments have promoted the investment in pension funds
through tax benefits, boosting this industry. On the other hand, the
Nordic model results show that increasing elderly people negatively
impacts stock market through equity pension funds (estimations 3 and
4). This result is consistent with the more conservative risk profile
of the older people in prior works (Bergantino, 1998; Goyal, 2004;
Poterba, 1998). This result, opposite to the Continental and Mediter-
ranean model results, is explained by the mixed public pension sys-
tems (pay-as-you-go and capitalization) of the Nordic countries. The
capitalization system is based on saving part of the workers' salary on
public pension funds with specific investment rules; therefore, the in-
vestment in voluntary and private pension funds is lower, especially in
equity pension funds.

The discrepancies of the elderly effect among models lead us to
further analyze the influence of different elderly groups. We repeat
the analysis of Table 8 by pension model. The results (not reported)9

show that increases on the 65–69 and the over-85 age population in

9 These results are not reported for space issues, but they are available upon
request.

Table 9
Pension fund influence on stock market development, by pension model.

Table 9 shows the PF coefficients of models (1), (2), (3) and (4) by pension model,
estimated on a pool basis with random effects, from 1999 to 2014. The Anglo-Saxon
model includes Ireland and the UK, the Continental model is formed by Austria,
Belgium, and Germany, the Mediterranean model is formed by Italy, Portugal, and
Spain, and the Nordic model is formed by Denmark, Finland, the Netherlands,
Norway, and Sweden. Estimation (1) results show the influence of pension fund
investment in equities on stock market development, and estimations (2)–(4) show this
influence taking into account demographic variables: ratio of population between ages
15 and 64 (estimation 2), ratio of population over age 65 (estimation 3) and ratio of
older dependents (estimation 4). Robust standard errors are in parenthesis. *, ** and
*** indicate significance at the 10%, 5%, and 1% level, respectively.

(1) (2) (3) (4)

Anglo-Saxon − 0.745 − 1.169 − 4.114 − 2.593
(0.808) (1.229) (4.737) (3.102)

Continental 0.431 0.616 2.907 2.033*
(0.285) (0..423) (1.642) (1.103)

Mediterranean 3.364*** 5.069*** 11.698*** 7.403**
(0.933) (1.419) (4.468) (3.061)

Nordic − 0.869 − 1.343 − 8.231* − 5.231*
(0.939) (1.432) (4.249) (2.785)

Continental countries and increases on the 70 to the over-85 age
population in Mediterranean countries positively influence the mar-
ket through pension funds. Furthermore, increases on the 70 to the
over-85 age population negatively influence on Nordic markets. This
evidences that the elderly do not equally affect stock markets and de-
pends on the age cohort and the pension model. Specifically, pension
fund investors of Mediterranean countries present the highest risk pro-
file at retirement, attempting to compensate public pension cutbacks,
while the Nordic pension fund investors are the most conservative.

With regard to the non-significant results of estimation (1) in Table
9 (except in the Mediterranean model), these may be explained in two
ways. First, countries included in a pension model are very distinct, or
second, models are converging because many countries have applied
similar reforms in the public pension systems in recent years (retire-
ment age delay, longer working life, and introduction of sustainability
factors, among others—OECD, 2012). To further analyze this issue,
we perform a country-level analysis.

The country analysis results are collected in Table 10. An-
glo-Saxon countries (Ireland and UK) do not report significant results,
consistent with Table 9. Among continental countries, a pension fund
expansion has a positive influence on the Austrian stock market (no
influence in Belgium and Germany), and a larger population supposes
a more positive impact of pension funds on the stock market. Con-
cerning Mediterranean countries, the Spanish and Italian pension fund
industries have no influence on stock market development, and Por-
tuguese pension fund advances help stock market development. The
lack of results in Italy may be explained by the specific pension fund
regulations; the portfolio allocation of pension funds was quite re-
stricted until 2013 (Ministerial Decree 703, 1996), and most pension
fund assets were invested in fixed income assets. However, this trend
changed since the 2014 reform (Ministerial Decree 166, 2014), which
allows investment beyond prior limits and in other kinds of financial
instruments.

The results for Nordic countries show a positive relationship be-
tween pension funds and stock market development in the Netherlands
and Norway. A larger population supposes a greater impact of pen-
sion funds on stock market development in the Netherlands. The Nor-
wegian and Danish results are independent of the demographic situ-
ation (pension funds do not affect the stock market in terms of de-
mographics). Danish results show a negative impact of the pension
fund growth on stock market development. This striking result may
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Table 10
Pension fund influence on stock market development, by country.

Table 10 shows the PF coefficient of models (1), (2), (3) and (4) estimated by
country. Estimation (1) shows the influence of pension fund investment in equities
on stock market development. Estimations (2)–(4) show this influence considering
demographics: the ratio of population between ages 15 and 64 (estimation 2), the ratio
of population over age 65 (estimation 3) and the ratio of older dependents (estimation
4). Robust standard errors are in parenthesis. *, ** and *** indicate significance at the
10%, 5%, and 1% level, respectively.

(1) (2) (3) (4)

Ireland 2.307 3.423 13.388 9.032
(1.038) (1.518) (6.153) (4.202)

UK 6.022 9.600 34.593 21.735
(3.088) (4.893) (17.463) (11.033)

Austria 0.768** 1.130** 4.781** 3.247**
(0.047) (0.069) (0.361) (0.247)

Belgium − 0.149 − 0.217 − 1.274 − 0.862
(3.864) (5.888) (23.319) (15.302)

Germany 0.967 1.436 5.985 4.0293
(9.207) (13.773) (61.302) (40.977)

Italy − 5.133 − 7.746 − 31.841 − 21.101
(3.908) (5.874) (24.591) (16.361)

Portugal 1.518*** 2.275*** 8.022** 5.325**
(0.218) (0.315) (1.367) (0.946)

Spain 11.208 16.290 90.667 61.909
(7.517) (10.716) (67.883) (47.114)

Denmark − 2.489*** − 3.702 − 16.376 − 11.006
(1.774) (1.92) (9.544) (8.22)

Finland 2.668 4.018 13.324 8.8204
(1.835) (2.651) (11.521) (7.843)

Netherlands 5.617*** 8.973*** 36.198*** 22.674***
(0.575) (0.927) (3.851) (2.393)

Norway 4.751*** 6.999 45.591 30.939
(1.033) (4.63) (19.033) (14.63)

Sweden 0.182 0.320 1.257 0.713
(2.551) (3.927) (16.813) (10.914)

be due to the regulatory changes made in 2008 to discourage the mas-
sive sale of equities (Antolin, Schich, & Yermo, 2011), which might
have negative repercussions on the stock market. We find no signifi-
cant results in Finland and Sweden, which can be explained by their
private pension systems. Finnish private pension funds are not well
developed due to the dominance of compulsory occupational pension
schemes, and the major investment of private pension savings is made
in life insurance companies (OECD, 2008). On the other hand, vol-
untary pension savings in Sweden are known as individual pension
saving (IPS), which are articulated through a variety of instruments
and institutions (pension insurance, banks, investment companies…);
therefore, Swedish pension savings are not concentrated in pension
funds, which diminishes their influence on the stock market.

Although Tables 9 and 10 reveal some heterogeneity among pen-
sion models and countries; we find generalized positive or no influ-
ence (probably because of the limited data), rather than negative im-
pact. Consequently, our initial findings (Table 6) support the initial
hypothesis that pension fund growth enhances stock market develop-
ment. Furthermore, the integration of the markets analyzed in Table 6
has reduced the home bias in the analysis, holding this conclusion.

4.3. The role of pension funds in the stock market according to the
economic situation

In this section we study how the pension fund investment in eq-
uities influences the market before and during the current economic
crisis to determine whether these products have contributed to the
market recession. After the generalized expansion of pension funds
from 1999 to 2005–2006, the pension fund investment in equities de-
creased in all countries from 2007 to 2011, and continued in min-
imum levels, or experienced a minor recovery, from 2012 to 2014.

Given this evolution, we divide our sample into two periods: the
prior-crisis period (1999–2006) and the financial crisis period
(2007–2014). The results of models (1) to (4) (not reported)10 shows
that the positive effect of pension funds on the market only holds be-
fore the crisis, being non-significantly positive from 2007 to 2014.
With regard to the elderly population cohorts, increases in the 65–69
and the over-85 age population enhance market development through
pension funds from 1999 to 2006, and the elderly evolution does not
influence the market from 2007 to 2014. The absence of influence dur-
ing the crisis shows no pension fund repercussion in the market col-
lapse.

4.4. Robustness tests

In prior sections we use the market capitalization over GDP as de-
pendent variable to study the pension fund influence on market de-
velopment. Nonetheless, pension funds may both influence the market
capitalization and the GDP, so our prior results also capture the pen-
sion fund impact on GDP. In order to isolate the influence of equity
pension funds on market capitalization development, we propose the
alternative models (11)–(14).

Where: Mcit is the market capitalization of country i in year t (in mil-
lion USD), αi is the country-specific intercept, equityPF is the pen-
sion fund assets invested in equities in country i and year t (in million
USD), GDP is the Gross Domestic Product of country i in year t (in
million USD), and Publicdebtit is the annual public debt of country i
in year t (in million USD). The remaining variables are defined previ-
ously.

Table 11 shows the standardized model coefficients of the pool
analysis for all countries (panel A), by pension model (panel B), from
1999 to 2006 (panel C) and from 2007 to 2014 (panel D).

We first estimate the models applying the same process described
in the analysis collected in Table 6, and we find that the random ef-
fects estimation is the proper fit. The results of Table 11 verify the
main conclusion reached previously. We find a positive relation be-
tween the pension fund assets invested in equities and market capi-
talization, and larger population supports this relationship (panel A).

10 These results are available upon request.

(11)

(12)

(13)

(14)
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Table 11
Pension fund influence on stock market capitalization.

Table 11 is divided into five panels. Panel A shows the standardized regression
coefficients of models (11), (12), (13) and (14) estimated with random effects in
models (1), (2), (3) and (4) for all sample, respectively. The remaining panels show
the standardized regression PF coefficients of the models (11)–(14) by pension model
(panel B), from 1999 to 2006 (panel C) and from 2007 to 2014 (panel D). Robust
standard errors are in parenthesis. *, ** and *** indicate significance at the 10%, 5%,
and 1% level, respectively.

(1) (2) (3) (4)

Panel A: All countries
EquityPF 0.32*** 0.319*** 0.342*** 0.344***

(0.09) (0.09) (0.09) (0.09)
Rm − 0.001 − 0.001 − 0.001 − 0.001

(0.033) (0.033) (0.033) (0.033)
σm − 0.104*** − 0.105*** − 0.104*** − 0.103***

(0.035) (0.035) (0.035) (0.035)
GDP 0.683*** 0.683*** 0.668*** 0.668***

(0.133) (0.133) (0.128) (0.128)
Public debt − 0.110 − 0.109 − 0.107 − 0.108

(0.118) (0.118) (0.116) (0.116)
Constant − 0.05 − 0.05 − 0.049 − 0.049

(0.06) (0.06) (0.059) (0.059)
Panel B: Results by pension model
Anglo-Saxon 0.743*** 0.735*** 0.789*** 0.795***

(0.122) (0.122) (0.117) (0.116)
Continental − 1.482 − 1.466 − 1.533 − 1.553

(1.85) (1.775) (1.798) (1.875)
Mediterranean 1.332 1.493 − 1.346 − 1.724

(3.562) (3.365) (5.063) (5.294)
Nordic 0.148*** 0.145*** 0.144*** 0.147***

(0.047) (0.046) (0.049) (0.049)
Panel C: Results from 1999 to 2006

0.313** 0.313** 0.325** 0.325**
(0.14) (0.14) (0.144) (0.145)

Panel D: Results from 2007 to 2014
0.335*** 0.328*** 0.372*** 0.378***
(0.119) (0.118) (0.118) (0.118)

Nonetheless, Table 11 shows some differences with regard to prior
outcomes. The analysis by pension model (panel B) reveals a posi-
tive influence of the pension fund growth in Anglo-Saxon and Nordic
countries. This evidence is consistent with the British pension fund
market expansion and the concern about saving for retirement in
Nordic countries since the implementation of mixed pension systems.
In addition, the differential conclusions with prior sections confirm
that our initial analyses (with the Mc_gdp variable) also capture the
pension funds influence on the GDP.

Panel C shows a positive relation between the market capitalization
and the pension funds from 1999 to 2006, consistent with the Section
4.3 results. On the other hand, this significantly positive relation does
not disappear during the crisis (panel D), so the decimation of the pen-
sion fund investment in equities contributed to the market crisis. This
result contrasts with the conclusions reached in Section 4.3, suggest-
ing that decreases in the equity pension fund investment might have
decelerated the GDP growth and produced a non-significant total ef-
fect on the Mc_gdp measure.

We also carry out an analysis by country (not reported),11 which
exhibits higher evidence of the positive market-pension fund relation-
ship, compared to Table 10. This relation is significant in Belgium,
Denmark, Italy, Portugal, Spain and Sweden.

Overall, the market capitalization study allows us to isolate the in-
fluence of pension funds on the stock market and confirms the direct
relation between the equity pension fund evolution and the stock mar-
ket development. In addition, we uncover the important role of pen-
sion funds in contributing both market expansion and contraction.

11 These results are available upon request.

4.5. Stock market efficiency

To study the influence of pension funds on market efficiency, we
first analyze market efficiency. Table 12 collects the variance ratio
(VR) for different holding levels (2, 4, 8, and 16) for all countries
(panel A), by pension model (panel B), and by country (panel C). The
VR is obtained from the daily natural logarithm of the MSCI-country
prices.

Table 12 provides mixed evidence by holding level, pension
model, and country. Panel A shows the average VR, considering all
countries. The VR for 2 q's is significant and slightly higher than
one (1.007), not significant for 4 q's, and smaller than one for 8 and
16 holding levels (q). This shows that market efficiency varies over
time. Specifically, market returns are positive serial-correlated in the
short-term (2 q's), independent for 4 q's, and negative serial-correlated
in the long-term (8 and 16 q's).

The analysis by pension model (Panel B) shows that Anglo-Saxon
markets are only efficient in the short-term (insignificant VR for 2 q's),
and there is a mean reversion processes for the other holding levels
(decreasing VR with the holding level). The VR tests of the Conti-
nental model show positive serial correlation for 2 and 4 q's (1.04 and
1.03 VR), but VR are not significant for 8 and 16 q's, supporting mar-
ket efficiency. Mediterranean markets present independent returns for
4, 8 and 16 q's, showing some inefficiency in the very short-term (sig-
nificant 1.02 for 2 q's). The VR of Nordic markets show efficiency in
the very short-term (2 q's) and long-term (16 q's), while returns are
negatively correlated in the medium-term (0.96 and 0.93 for 4 and
8 q's). These unequal results show evidence of the Adaptive Market
Hypothesis (AMH); that is, varying market efficiency over time and
across markets. Ito and Sugiyama (2009), Lim and Brooks (2006), and
Urquhart and Hudson (2013), among others, also find that market ef-
ficiency varies over time.

Panel C confirms shifting efficiency over time and countries. Ger-
many, Italy and Norway possess the most efficient stock markets
(non-significant VR statistics), so the null hypothesis of independence
cannot be rejected. Ireland shows a VR test larger than one for 2 q's,
a non-significant test for 4 q's, and values lower than one for 8 and
16 q's, demonstrating that return dependency changes from long-term
negative serial- correlated returns to short-term positive serial-corre-
lated returns, achieving efficiency in the medium-term. VR statistics
for the UK show that the market moves towards efficiency (returns
are negative serial-correlated in the long-term and independent in the
short-term). Our results are in line with Urquhart and Hudson (2013).
Austria, Belgium, and Denmark show long-term market efficiency and
no efficiency in the short-term. The most inefficient market is the Por-
tuguese, presenting positive persistent behaviour (VR statistics greater
than one). Spanish and Finnish markets are efficient (insignificant
test, except for 8 q's). The Dutch and Swedish markets have experi-
enced market efficiency improvement (VR progressive increase, being
non-significant for 2 q's).

In order to confirm the AMH and identify possible temporal pat-
terns, we further examine the evolution of market efficiency over time,
considering economic cycles. We measure recession and boom peri-
ods using the OECD-based recession indicator of the countries stud-
ied, obtained from the Federal Reserve Economic Data12 for 1999 to
2014 on a daily basis. As a consequence, the economic cycles are
different for each country. The onset of the recession is the peak of
economic activity and its end is the last day of the period before
the trough. The indicator is expressed as a dummy variable: a value

12 Federal Reserve Economic Data: https://research.stlouisfed.org/fred2/
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Table 12
Market efficiency.

Table 12 shows the Variance Ratio (VR) heteroskedasticity robust test results obtained
for different holding levels (q's of 2, 4, 8, and 16) from the daily natural logarithm
prices of the MSCI country indices. Panel A shows the pool results for all countries
studied. Panel B shows the results by pension model. Panel C shows the results
by country. *, ** and *** indicate significance at the 10%, 5%, and 1% level,
respectively.

q = 2 q = 4 q = 8 q = 16

Panel A: All countries
All 1.007* 0.994 0.972** 0.959**
Panel B: Pension model analysis
Anglo-Saxon 1.011 0.95** 0.857*** 0.79***
Continental 1.04*** 1.03** 1.01 1
Mediterranean 1.02*** 1.02 0.99 0.9
Nordic 0.98 0.96*** 0.93*** 0.9
Panel C: Country analysis
Ireland 1.031** 0.99 0.895** 0.83**
UK 0.977 0.885*** 0.797*** 0.74***
Austria 1.056*** 1.054* 1.057 1.08
Belgium 1.057*** 1.064** 1.044 1.1
Germany 1.003 0.974 0.937 0.93
Italy 0.991 0.953 0.926 0.94
Portugal 1.078*** 1.103*** 1.108** 1.11*
Spain 1.02 0.974 0.921* 0.9
Denmark 1.026* 0.994 0.964 0.94
Finland 1.004 0.97 0.911* 0.91
Netherlands 0.994 0.935** 0.884** 0.89
Norway 1.002 0.962 0.926 0.91
Sweden 1.007 0.948* 0.865*** 0.82**

of 1 shows a recession period, and a value of 0 indicates an expansion
period.

Table 13 collects the VR tests for 2 holding periods, by country
and economic period. Countries are ordered by pension models. An-
glo-Saxon, Continental, Mediterranean, and Nordic country results are
shown in panels A, B, C and D. We clarify that economic cycles differ
in each country, regardless of the pension model.

Results show different VR across countries and economic cycles,
confirming that market efficiency changes over time and across mar-
kets. Additionally, certain patterns are observed. We repeatedly find
that returns are independent from 2004 to 2012, while inefficiency is
greater at the beginning and the end of our time span: 1999–2003 (Ire-
land, Austria, Belgium, and Portugal) and 2012–2014 (Austria, Bel-
gium, Italy, Portugal, the Netherlands, and Sweden). Those inefficien-
cies occur in expansion periods and when economic turning points are
frequent (from short crisis periods to short expansion periods, and vice
versa). Thus, market efficiency is affected by sudden market changes.
Results for different holding levels (4, 8, and 16) come to similar
conclusions, although they are not displayed for space issues.13 On
the whole, the stock markets studied do not present great inefficiency
problems (close to one VR), and market tends move towards effi-
ciency, at least, in a weak-form (Doran, Peterson, & Colby, 2010).

4.6. Pension fund influence on stock market efficiency

In the previous section, we show evidence of varying efficiency, a
dynamic behaviour that is due to a complex combination of investors'
behaviours over time (Nawrocki & Viole, 2014). In this section, we
analyze the specific impact of pension fund managers on market ef-
ficiency. Table 14 collects the model (10) results, obtained in a pool
basis for all countries (Panel A), by pension model (Panel B), and by
country (Panel C).

13 These results are available upon request.

Table 14 shows that the pension fund investment in equities barely
affects stock market efficiency, although significant results are di-
verse. The pool analysis, including all countries (Panel A), does not
detect significant influence. Panel B shows that the medium-term ef-
ficiency of Mediterranean stock markets improves when the pension
fund investment in equities increases (significantly positive VR for 4
and 8 q's). In the other pension models, pension funds do not affect
market efficiency.

The country analysis (Panel C) confirms an absence of pension
fund influence on Anglo-Saxon markets (Ireland and the UK). Pen-
sion funds of continental countries (Belgium and Germany) do not in-
fluence market efficiency, although Austrian pension funds negatively
influence medium-term market efficiency (− 1.027 VR for 4 q's). The
Mediterranean pension funds influence market efficiency to a greater
extent, as panel B shows. A greater pension fund investment in eq-
uities improves short-term market efficiency in Italy (2 q's), Portu-
gal (4 q's) and Spain (2 q's). In Nordic countries, pension fund in-
vestment positively impacts on the medium-long term efficiency of
the Danish, Finnish, Dutch, and Norwegian stock markets. Nonethe-
less, more pension fund assets invested in equities negatively influ-
ence the medium-term Dutch market efficiency (− 0.683 VR for 4
q's). Swedish stock market efficiency is not affected by pension funds.
These results again show great differences among Nordic countries,
despite the fact that the pension model analysis did not reveal signifi-
cant results (Panel B).

We also note that significant results are mainly found in countries
with either low ratios of equity PF assets over total PF (Denmark and
the Netherlands, Table 1) or lower PF assets over GDP (Austria, Italy
and Norway, − Table 1), or both (Spain and Portugal). Furthermore,
these country inefficiencies are mostly found in countries with sig-
nificant pension fund influence on stock markets (Table 10). Conse-
quently, the lower amount invested in these markets may positively
impact on market development due to market inefficiencies, which
occurs with an aging increase. Whether pension funds become large
enough and able of moving the markets in unpleasant manners, the in-
vestment in bonds and alternative investments will become necessary
to return to equilibrium. This shift will lead to an investment decrease
in stock markets; although the magnitude and speed of this process
will be difficult to predict. This is an interesting topic for future analy-
ses.

Comparing Tables 12 and 14 results, we observe that the Irish,
British, Belgian, German, and Swedish market (in)efficiency is not
related to the level of pension fund investment. However, Austrian
pension funds are partially responsible for the Austrian market inef-
ficiency. The negative pension fund influence on the stock market
(− 1.02 for 4 q's, Table 14) translates into positive serial-correlated re-
turns for 2 and 4 q's.

On the other hand, the pension funds' influence on Italian and
Spanish market efficiency is very limited (significant only for 2 hold-
ing levels). The Portuguese stock market is the least efficient market
(Table 12), despite the fact that Portuguese pension funds contribute
to short-term market efficiency (Table 14).

The Danish, Finnish, and Norwegian pension fund industries help
to improve medium-term market efficiency. The results for the
Netherlands are quite revealing. While pension fund growth influ-
ences negatively market efficiency for four holding levels (Table 14),
the market efficiency experiences a mean reversion process at that
level (Table 12). Additionally, the market is efficient in the long-term,
when the pension fund influence is positive.

These results demonstrate that market efficiency differs across
markets and evolves over time. Consequently, we find that the
long-term nature of pension funds does not imply greater market effi
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Table 13
Market efficiency over time.

Table 13 shows the VR heteroskedasticity robust test results for 2 q's obtained by country, according to the country economic cycles. The economic cycles are determined according
to the OECD-based recession indicator. The cycle indicator is a dummy variable that takes 1 for recessions and 0 for expansions (cycle column). The results of countries are divided
into four panels by pension models: results of Anglo-Saxon countries are displayed in Panel A, Continental countries in Panel B, Mediterranean countries in Panel C, and Nordic
countries in Panel D.*, ** and *** indicate significance at the 10%, 5%, and 1% level, respectively.

Panel A: Anglo-Saxon countries

Ireland UK

Cycle Period VR Period VR

0 1999–00 1.102** 1 1999 1.028
1 2001–04 1.094** 0 2000 1.066
0 2005–07 1.087** 1 2001–02 0.997
1 2008–09 1.023 0 2003 0.878
0 2010–12 1.016 1 2004 0.986
1 2013 0.922 0 2005–07 0.932
0 2014 1.028 1 2008–09 0.971

0 2010–11 1.03
1 2012 0.946
0 2013–14 0.988

Panel B: Continental countries

Austria Belgium Germany

0 1999–00 1.115** 0 1999–00 1.151* 0 1999–01 1.06
1 2001–03 1 1 2001–03 1.153** 1 2002–05 0.995
0 2004–08 1.088 0 2004–08 1.082 0 2006–08 0.986
1 2009 0.965 1 2009 0.987 1 2009 0.935
0 2010–11 1.078 0 2010–11 0.995 0 2010–11 1.075
1 2012–13 1.029 1 2012–13 0.903** 1 2012–13 0.985
0 2014 1.156** 0 2014 0.902 0 2014 0.879

Panel C: Mediterranean countries

Italy Portugal Spain

1 1999 0.948 0 1999–00 1.121** 0 1999–00 1.003
0 2000–01 1.022 1 2001–03 1.149*** 1 2001–04 1.015
1 2002–03 1.007 0 2004 1.062 0 2005–08 0.977
0 2004–08 0.976 1 2005 0.998 1 2009 0.97
1 2009 0.998 0 2006–08 1.061 0 2010–11 1.081
0 2010–11 1.038 1 2009 0.905 1 2012–13 1.023
1 2012–13 0.949 0 2010 1.074 0 2014 0.949
0 2014 0.856* 1 2011–13 1.073*

0 2014 1.183**

Panel D: Nordic countries

Denmark Finland Netherlands Norway Sweden

0 1999–00 1.057 1 1999 1.035 0 1999–00 0.998 1 1999 1.002 0 1999–00 0.983
1 2001–03 1.035 0 2000 0.982 1 2001–03 1.015 0 2000 1.001 1 2001–03 1.118**
0 2004–08 1.05 1 2001–03 1.014 0 2004–08 0.975 1 2001–03 1.07 0 2004–07 0.995
1 2009 0.966 0 2004–07 1.076** 1 2009 0.975 0 2004–07 1.037 1 2008–09 1.002
0 2010–11 1.018 1 2008–09 0.957 0 2010–11 1.038 1 2008–10 0.972 0 2010–11 0.985
1 2012–13 0.983 0 2010–11 1.043 1 2012–14 0.929* 0 2011–12 1.017 1 2012–13 0.932
0 2014 0.985 1 2012–13 0.996 1 2013 0.967 0 2014 0.885*

0 2014 1.017 0 2014 1.158

ciency; indeed, pension fund managers can improve or deteriorate
market efficiency, according to the actions taken. This behaviour ex-
hibits the need to promote market efficiency by minimizing the effect
of behavioural risks in financial market governance (Cunningham,
2002; Daniel, Hirshleifer, & Teoh, 2002; Li, 2008; Vo, 2016). In the
current corporate governance scenario, regulating these risks, educat-
ing investors on behavioural risks, and introducing mechanisms to
protect investors from excessive behavioural risks are all necessary
to achieve better performance and fair market valuation (Klapper &
Love, 2004).

5. Conclusions

The gradual population aging of western countries has given rise
to concerns about public pension weaknesses and the need to save for
retirement; as a result, the worldwide pension fund industry has expe-
rienced significant growth over the last two decades, and pension fund
managers have become influential institutional investors in stock mar-
kets. In this work, we study the role that pension funds play in Euro-
pean stock market development and efficiency.

Usinga panel data of 13 European countries from 1999 to 2014,
we estimate the pension fund impact on stock market development by
applying different estimation models (OLS, fixed-effects, random-ef-
fects, and GMM). Our results reveal that the random-effects model
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Table 14
Influence of pension fund investment in equities on market efficiency.

Table 14 shows the results of model (10), which studies the influence of pension fund
investment in equities on market efficiency (VR) at different holding levels (2, 4, 8,
and 16). Panels A, B, and C show the average result for all countries, results by pension
model, and country, respectively. Robust standard errors are displayed in parentheses.
*, ** and *** indicate significance at the 10%, 5%, and 1% level, respectively.

q = 2 q = 4 q = 8 q = 16

Panel A: All countries
0.628 0.247 0.644 0.685
(− 0.068) (− 0.147) (− 0.056) (− 0.048)

Panel B: Pension model analysis
Anglo-Saxon 0.708 0.864 0.737 0.833

(− 0.146) (0.06) (0.111) (0.077)
Continental 0.806 0.105 0.181 0.797

(− 0.08) (− 0.523) (− 0.435) (− 0.093)
Mediterranean 0.267 1.605*** 1.541*** 0.819

(0.968) (1.605) (1.541) (− 0.155)
Nordic 0.406 0.581 0.217 0.197

(0.22) (0.15) (0.312) (0.283)
Panel C: Country analysis
Ireland 0.817 0.134 0.103 0.78

(− 0.536) (− 3.088) (− 3.097) (− 0.554)
UK 0.197 0.55 0.537 0.243

(− 0.847) (− 0.283) (0.485) (0.817)
Austria 0.501 -1.027** 0.164 0.54

(− 0.286) (− 1.027) (− 0.629) (0.297)
Belgium 0.977 0.18 0.653 0.608

(− 0.05) (2.421) (− 0.574) (− 1.347)
Germany 0.688 0.575 0.195 0.937

(− 4.195) (− 6.884) (− 10.89) (− 0.733)
Italy 6.482* 0.522 0.282 0.685

(6.482) (− 2.001) (− 3.199) (− 1.654)
Portugal 0.964 1.969** 0.145 0.628

(− 0.068) (1.969) (1.172) (− 0.485)
Spain 2.137* 0.963 0.306 0.496

(2.137) (− 0.093) (1.506) (− 1.085)
Denmark 0.263 1.695* 0.207 0.535

(0.962) (1.695) (1.156) (0.577)
Finland 0.199 0.337 2.119** 2.118**

(0.835) (1.003) (2.119) (2.118)
Netherlands 0.156 − 0.683** 0.881 0.502*

(0.517) (− 0.683) (− 0.047) (0.502)
Norway 0.703 2.072*** 2.022*** 0.119

(0.443) (2.072) (2.022) (1.447)
Sweden 0.548 0.745 0.754 0.78

(0.371) (0.273) (0.212) (0.158)

estimated with robust standard errors is the correct estimation. Un-
like prior works, we only consider the pension fund assets invested
in equities, not the total pension fund assets, and still find that higher
pension fund investment in equities positively influences stock mar-
ket development. In general, we find positive pension fund impact on
stock market development. Nonetheless, our results are heterogeneous
among countries, independently of the pension model, which reveals
differences between the countries studied, and between the countries
included in a pension model. Even though, the country analysis re-
veals positive or no influence, rather than negative pension fund im-
pact on stock market development.

Considering the aging population, we observe that an equity pen-
sion fund growth influences more positively on stock market develop-
ment when the population increases, whether or not the population is,
relatively, young or old. This result reveals a concern about saving for
retirement as aging increases; nevertheless, we find different risk pro-
file among the elderly, and some elderly groups tend to decrease their
pension fund investment in equities.

On the other hand, the efficiency analysis shows that market effi-
ciency varies over time and across markets. Moreover, the influence
of pension funds on market efficiency is not clear. Pension fund man-
agers vary their management strategies with market circumstances, so

the long-term nature of pension funds does not imply greater effi-
ciency. We find that pension fund managers' actions can improve, de-
teriorate, or not affect market efficiency. Understanding the role of
these institutional investors on stock markets may suppose the suc-
cessful implementation of market policies (Vo, 2016) and pension re-
forms that will benefit stock market expansion, alleviate aging prob-
lems, and ensure public pension viability.
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