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This paper analyses the impact of the introduction of a proposed mandatory earnings-related
fully-funded pension scheme, named as the second pillar, on the accumulation of pension-funds
assets and possibly on the capital market development in Slovenia. First, the dynamic simulation
model is developed to estimate the accumulated pension-funds assets as a percentage of GDP in each
future time period under the assumption of certainty. It is followed by the assumptions and estimates
of the data used for independent variables and the results obtained by implementing the model for
the period of 25 years. Relaxing the assumption of certainty, the paper proceeds with estimations of
accuracy of the results with three methods. It is concluded, that the estimated level of accumulated
pension-funds assets in GDP 25 years after the introduction of the reform will be approximately 40%
and comparable to the level in countries with developed capital markets. Also, the accuracy of the
estimate is surprisingly good. It is therefore expected that besides other effects, the introduction of
this pension scheme would have an important impact on the development of the Slovenian capital
market.
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INTRODUCTION

Important demographic changes (i.e. ageing population, decreasing natality, etc.)
have in many countries made their established pay-as-you-go pension schemes fi-
nancially not viable on a long-term basis.1 Therefore, alternative pension arrange-
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1 A pay-as-you-go pension scheme is a social contract of mandatory intra-temporal,
inter-generational transfers from workers to pensioners, backed by an implicit government debt
of promise to contributing worker cohorts that will benefit from future worker contributions once
they retire (Corsetti et al., 1995).
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ments have been developed and introduced with pension reforms, primarily in the
form of mandatory or voluntary fully-funded schemes.2 The economic effects of
these reforms are numerous and usually depend on the level of accumulated pen-
sion-funds assets.

Regarding the impact of pension reform on the aggregate level of savings, US
and UK empirical evidence suggests that growth in funded pension schemes is
only partly offset by declines in discretionary personal savings. Almost thirty
years ago, Feldstein (1974) published an influential empirical study, in which he
claimed that social security significantly depresses private savings. Despite the
subsequent appearance of numerous studies analysing these issues, no consensus
view concerning the impact of social security on savings has yet emerged.3 Recent
studies by Arrau and Schmidt-Hebbel (1993), Feldstein (1977), Threadgold
(1980), and others referred to in Munnel and Yohn (1992) suggest an increase in
personal savings of around 0.35 results from every unit increase in pension-fund
assets. The cost to the public sector of the tax incentives given to pension-funds,
however, provides a partial offset to this effect on savings at an economy-wide
level, thereby reducing the benefit to around 0.2. Nevertheless, savings depend on
a large number of factors, such as the demographic structure of the population, in-
come per capita, income growth, and the nature of credit markets as well as pen-
sion systems. One must be cautious about drawing any conclusions concerning
the overall effect of pension-funds on aggregate savings. Therefore, pension-
funds may have a minor effect on total savings, but their crucial effect may be the
indirect one on the composition of savings with the increased share of long-term
financial savings (Davis, 1995 and Vittas, 1992).

In this respect, the increased role of capital markets is of great importance and
in all countries, and especially those in transition to market economies, pension re-
form holds significant potential for the development of their capital markets. This
would result not only from the increased long-term financial resources, provided
by the accumulation of pension-fund assets and stimulating the development of
bond and equity markets, but also from the positive force for innovation for corpo-
rate governance, and for privatisation. The recent study of Holzmann (1996) high-
lights the theoretical underpinnings of the excellent economic effects claimed for
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2 A fully-funded and earnings-related pension scheme is a mandatory saving system, which forces
workers to save part of their wage income for old age. The average return on old-age saving is
determined by the market interest rate. Under this condition, fully-funded scheme provides a
close link between worker contributions and benefits: pensions are actuarially fair for each
individual (Arrau and Schmidt-Hebbel, 1993).

3 An overview of articles about the effect of social security on personal savings can be found in
Bernheim and Levin (1989).



the Chilean pension reform of 1981 and presents empirical data and preliminary
econometric testing of its conjectured growth, capital formation, and saving ef-
fects. The results of his empirical study are consistent with most of the claims; in
particular, there is a close relationship between the development of pension-funds
and financial markets, rendering them deeper, more liquid, and more competitive.

As the value of accumulated pension-funds assets is one of the most important
factors determining the economic consequences of pension reforms, the impact of
the introduction of funded pension schemes on this accumulation and related eco-
nomic consequences have been widely analysed. Most empirical studies are
ex-post, like Davis (1995), Chand and Jaeger (1996) and Vittas (1995), where the
level (and growth) of accumulation of pension-fund assets expressed as percent-
age of the GDP is estimated for several countries. These authors find that most
countries with large pension-fund sectors tend to have well-developed securities
markets, while others (for example Germany, Italy) do not.

Contrary to most research, we try to estimate the future accumulation of the
most important part of pension-fund assets in Slovenia, if proposed pension re-
form is implemented. On the basis of comparison of the estimated future level of
accumulated pension-funds in Slovenia with levels in countries with developed
capital markets we draw conclusion concerning the impact of pension reform on
the development of the capital market in Slovenia.4

The pension reform proposal for Slovenia suggests the introduction of a
so-called multipillar pension system. The reform should include a correction of
the existing pay-as-you-go pillar and the introduction of two additional funded
pillars. The second pillar is to be mandatory, and the third pillar voluntary. Both
should be (1) fully-funded schemes with individualised accounts, (2) defined con-
tributions schemes, where the pension (lifetime annuity) depends on the accumu-
lated savings increased by returns on invested savings and (3) privately managed.

The second pillar is a mandatory earnings-related fully-funded pension ar-
rangement, which forces workers to save part of their wage income for old age and
represents far the most important funded pillar. It is expected to create the major-
ity of pension-funds assets – the accumulation of these assets is less uncertain, and
it is expected to have biggest macroeconomic effects. For example, one can expect
that the mandatory contributions of all employees (and their employers)5 will have
much bigger overall effect on aggregate savings than voluntary pension-funds
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4 The Slovenian capital market is approximately ten years old, it has relatively low level of
efficiency and liquidity (Dezelan, 1996; Mramor, 2000).

5 In the current pay-as-you-go system and according to the White Paper of the Pension Reform in
Slovenia (MDDSZ, 1997) the contributions are/will be paid as a percentage of the gross salary,
whereby the employer pays 8.85% and the employee 15.5%.



schemes, where increased pension savings of individuals mainly in higher income
or wealth classes will be more or less offset by declines in their discretionary per-
sonal savings and by the cost of tax incentives.6 These are the reasons for the paper
focusses on the impact of the mandatory second pillar on future accumulation of
pension-funds assets and leaves aside much less predictable impact of the volun-
tary third pillar.

The pension reform proposes that 25 years from the introduction of the second
pillar will be the period of (mainly) pension-funds asset accumulation and only af-
ter this period will inflows and outflows in the form of pensions become more bal-
anced and the level of accumulated pension-funds assets will change only gradu-
ally. As we are primarily interested in the relative level of accumulated pension-
funds assets, we restricted our analysis to this 25-year period of asset accumulation.

The contents of the paper are as follows. We first develop the model for esti-
mating the accumulated pension-funds assets in each of the 25 years as a percent-
age of GDP. The model is based on certainty assumption and includes the inflows
(e.g. contributions paid by employees/employers, return on accumulated assets)
and the outflows of pension-funds (e.g. pensions paid to pensioners, administra-
tion and marketing costs). It is followed by the assumptions and estimates of the
data used for independent variables and the results obtained by implementing the
model up to the year 2025. As future values of independent variables are more or
less uncertain, the paper proceeds with estimations of measurement errors. Three
different methods of estimating measurement errors are considered: the linear
method, the simulation method and the method of possible values.

The estimated level of accumulated mandatory pension-funds assets in GDP 25
years after the introduction of the reform is comparable to the level in countries
with developed capital markets. Also, the accuracy of the estimate is surprisingly
good. It is therefore concluded that the introduction of the mandatory second
fully-funded pension pillar is expected to have important impact on the develop-
ment of Slovenian capital market.

THE MODEL

In this section we develop a dynamic simulation model, which provides an esti-
mate for the quantitative effects of the introduction of a mandatory fully-funded
pension scheme on the accumulation of pension-fund assets. The dependent vari-
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6 One can also expect that the impact on the capital market development will be smaller, as
discretionary savings of these wealthier individuals are at least partly already invested on the
capital market.



able of our model is the coefficient of the accumulated pension-fund assets at the
end of year t to the GDP of the t. The quantity of all assets in the second pillar at the
end of year t depends on the quantity of assets at the end of year t – 1, on the aver-
age real return on these assets invested on the capital market in year t,7 on contri-
butions inflows in year t, on the pensions outflows in year t, and on the administra-
tion and marketing costs in year t. Mathematically we can express the total accu-
mulated assets of pension-funds by the end of year t as:

B B i P O AMt t t t t t= + + − −−1 1( ) (1)

where
Bt = accumulated assets of pension-funds by end of year t;
Pt = contributions paid by employees/employers in year t (inflow);
Ot = pensions paid to pensioners in year t (outflow);
AMt = administration and marketing costs of pension-funds in year t;
it = average real rate of return of accumulated assets of the pension-funds in

year t.

Since the contribution rate for the second pillar is the same for all employ-
ees/employers, we can express the yearly contributions paid by employees/em-
ployers as follows:

P c A Wt t t= ⋅ ⋅ (2)

where
c = contribution rate for the second pillar;
At = number of employees included in the second pillar in year t;
Wt = average gross wage of employee.

The administration and marketing costs can be expressed as a share of the con-
tributions as follows:

AM am Pt t t= ⋅ (3)

where
amt = administration and marketing costs in year t as a percentage of contribu-

tions paid.

Acta Oeconomica 51 (2000/2001)

ESTIMATION OF ASSET ACCUMULATION 517

7 To simplify the model we use a conservative estimation approach ignoring the return on the real
increase of the assets during the year.



Substituting (2) and (3) into (1) we obtain:

Bt t t t t t tB i c A W am O= + + ⋅ ⋅ ⋅ − −−1 1 1( ) ( ) (4)

The share of accumulated assets of pension-funds in the GDP in year t is then:

b
B i c A W am O

Y
t

t t t t t t

t

= + + ⋅ ⋅ − −−1 1 1( ) ( )
(5)

where
bt = accumulated assets of pension-funds as percentage of GDP by the end of

year t;
Yt = GDP in year t.

Therefore, in order to calculate the share of accumulated assets of pension-
funds in the GDP by the end of year t, we need to estimate the initial quantity of as-
sets at the beginning of year to and, for each year from year to until year tn, the aver-
age real rate of return, the contribution rate for the second pillar, the number of
employees included in the second pillar, the average gross wage, the administra-
tion and marketing costs in relation to contributions paid, the pensions paid and
the GDP.

From these, the contribution rate for the second pillar (c) is defined by law and
is normally constant for a longer period of time. The number of employees in-
cluded in the second pillar (At) in each year and the pensions paid to pensioners
(Ot) in each year are estimated by demographic factors. The administration and
marketing costs in relation to contributions paid (amt) are normally higher in the
first years of operation (start-up costs, economies of scale, etc.). The remaining
variables are assumed to depend on the growth rate of GDP in year t in the follow-
ing way.

The GDP in year t equals

Y Y yt t t= +−1 1( ) (6)

where
yt = growth rate for GDP in year t.

We assumed that the gross wage growth is proportional to the growth rate of
GDP where the proportionality coefficient is constant. Then

W W kyt t t= +−1 1( ) (7)

where
k = regression coefficient of the growth rate of gross wages to yt.
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If we now rewrite equation (5) using (6) and (7) we get:

b
B i c A k y W am O

Y y
t

t t t t t t t

t t

= + + ⋅ + ⋅ − −
+

− −

−

1 1

1

1 1 1

1

( ) ( ) ( )

( )
(8)

This can be simplified to

b b
i

y
c A am ot t

t

t

t t t t= +
+

+ ⋅ ⋅ − −−1

1

1
1ω ( ) (9)

where

ωt
t

t

W

Y
= , the share of gross wages in the GDP in year t and is computed by using

the relation ω ωt
t

t

t

ky

y
= +

+ −
1

1
1 and

o
O

Y
t

t

t

= is the proportion of pensions paid from the second pillar in GDP in

year t.

The input variables of our model are thus only: the initial values Yto and Wto, the
constants c and k and, for each year t , the values it, At, yt, Ot and amt.

DATA SET

To estimate accumulated assets of pension-funds as percentage of GDP by end of
the year 2025 using the model represented by equation (8), the values for the fol-
lowing variables have to be obtained or estimated:8

c W Y A A O O am am y; ; ; ,... , ; ,... , ; ,... , ;98 98 00 25 00 25 00 25 99 25,... , ; ;y k

Table 1 summarises the values for the basic variables of our model. These are
the contribution rate, the average yearly gross wage for the year 1998 and the

value of GDP for the year 1998. While the value of the contribution rate is defined
in the proposal for the pension reform, data for wages and GDP are known for the
year 1998 and used as a base for estimating starting year (2000) values of these
variables.
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As values for basic demographic variables (number of employees included in
the second pillar – At and outflows from pension-funds – Ot) we use estimates pre-
sented in Table 6 in columns 5 (At) and 7 (Ot) that we derived from the World
Bank simulation model (“Simulation model for Slovenia”, 1997, electronic ver-
sion).9 These estimates comprise the future 25-year period and are based on the
data and assumptions presented in Table 2.

We assume that only employees under 35 years of age will be included in the
new multipillar system and that the average retirement age will be 60 for women
and men alike. This means that the number of employees included in the second
pillar (At) after the year 2025 will be the same as the number of all employees con-
tributing to the pension system.

The administration and marketing costs in year t as percentage of contribu-

tions paid (amt) strongly depend on such factors as the number of pension-funds
and the associated competition and economies of scale, the transferability of pen-
sion rights, etc. Decentralised pension systems cannot reach the same economies
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Table 1

Basic starting assumptions for the accumulation of pension-funds assets model

Year of introduction of funded pension system to = 2000
Contribution rate as a percentage of gross wage c = 6%
Average yearly gross wage for year 1998 W98 = 2,022,396 SIT
GDP for year 1998 Y98 = 3,216,351 mill. SIT

Source: BS, 1999, p. 59, 61, 62; ZPIZ, 1997 and MDDSZ, 1997.

9 The views of the World Bank on pension reform are summarised in Averting the Old Age Crisis,
(World Bank, 1994), where a three-pillar pension system is recommended.

Table 2

Data and assumptions for demographic estimates

Number of employees end of 1997 837,428
Number of registered unemployed end of 1997 128,572
Number of labour force end of 1997 966,000
Number of pensioners end of 1997 449,794
Fertility rate in 1997 1.25
Lifetime expectancy at birth in 1997 (in years)
– For men 71.0
– For women 78.6

Source: SURS, 1998.



of scale as centralised systems and therefore result in higher transactions and mar-
keting costs. On the other hand, decentralised pension systems lead to a higher op-
erating efficiency. This may explain why the operating costs in 1990 in Chile
amounted to 15% of contributions and in Singapore only to 0.5% (World Bank,
1994).10 There is also a difference in costs between defined-contribution and de-
fined-benefit plans, with the former being lower. For example the administrative
costs for the US pension-funds are 8.3% of contributions for defined-benefit plans
and 4% for defined-contribution plans (Davis, 1995). Based on experiences of
pension-funds in other countries we will assume that the administration and mar-
keting costs for Slovene pension-funds will amount to 15% of the contributions
during the whole period. This may be a relatively conservative estimate, but it
takes into consideration the past (negative) experience with the introduction of in-
vestment funds in Slovenia, which were set up in 1991 when mass privatisation
began and which have had very high administrative and marketing costs. There-
fore:

am am00 25 15,... , %.=

Our forecasts for the future growth rates of GDP (yt) are based on the past eco-
nomic developments in Slovenia and on the forecasts for the near future by the
Economic Institute of the Faculty of Law (EIPF, 1999, p. 32), that are presented in
Table 3.
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10 A detailed empirical analysis of the Chilean pensions system is shown in Shah (1996).

Table 3

Growth rates of GDP in Slovenia and in the EU (%)

Year Growth rates of GDP Growth rates of GDP
in Slovenia in the EU

1993 2.8 –0.4
1994 5.3 2.8
1995 4.1 2.4
1996 3.1 1.6
1997 3.2 2.5
1998 3.9 2.6
1999* 4.1 2.1
2000* 3.5 3.0
2001* 4.5 3.0
2002* 5.0 n.a.
2003* 4.4 n.a.
2004* 3.6 n.a.

* Forecast (for Slovenia by Economic Institute of the Law Faculty, for the EU by European Commission).
Source: BS, 1997, pp. 60 and 62; EIPF, 1999, p. 32 and European Commission, 1999, pp. 450–451.



As a comparison we can see in the second column of Table 3 the growth rates of
GDP for the European Union countries. As Slovenia is undergoing a transitional
period with fast economic development since the year 1991, its GDP growth rates
are higher in comparison to the growth rates of EU countries. After the year 2002 a
smoothing of the economic growth is expected for Slovenia and in the long run it
is expected that the GDP growth will approach the EU growth values of 3%. We
are aware that this may be a conservative approach. Therefore:

y y y y99 00 01 0241 3 5 4 5 5 0= = = =. %, . %, . %, . %,

y y y y03 04 05 254 4 3 6 3 0= = =. %, . %, ,... , . %.

For the constant k, the regression coefficient of the growth rate of gross wages

to the GDP growth rate, we assume that the gross wages will grow slightly slower
than the GDP.

As it can be seen from Tables 3 and 4 the past wage growth was usually higher
than the GDP growth. The reason for this can be found in the fact that Slovenia is
going through the transition process, which is associated with high wage growth
rates. As wage differential is substantial between Slovenia and the EU countries,
we expect further higher relative growth of wages in Slovenia than in EU coun-
tries when Slovenia joins EU (as opposed to real GDP growth). Therefore we fore-
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Table 4

Growth rates of real gross wages in Slovenia and in the EU (%)

Year Growth rates of real Growth rates of real
gross wages in Slovenia gross wages in the EU

1993 13.3 0.2
1994 3.6 –0.2
1995 4.4 0.2
1996 4.9 0.5
1997 3.2 0.7
1998 1.6 0.7
1999 3.3 1.4
2000* 3.2 1.2
2001* 3.1 1.4
2002* 3.5 n.a.
2003* 3.2 n.a.
2004* 3.0 n.a.

*Forecast (for Slovenia by Economic Institute of the Law Faculty, for the
EU by European Commission).
Source: BS, 2000, p. 72; European Commission, 1999, pp. 450-451 and
EIPF, 1999, p. 32.



cast that the wage growth will be closely linked to the GDP growth and assume the
correlation coefficient to be nine tenths,

k = 0.9.

The yearly real rate of return on the accumulated pension-fund assets (it) is
highly dependent on the design of the pension system. Since centralised public
managers chosen by political leaders and decentralised private managers chosen
by individual savers in a competitive environment face different incentives and,
more importantly very different constraints, investment outcomes may be very
different under these two arrangements. The figure below shows the differences
between the real rates of return of publicly managed pension-funds and privately
managed pension-funds in different countries in the period between 1980 and
1990. In contrast to publicly managed funds, privately managed funds in which
employees choose their fund managers, are usually not required to accept be-
low-market returns and are less likely to encourage deficit spending by govern-
ments, which enables privately managed funds to earn much higher rates of return
than their public counterparts.
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Average annual real rates of return for selected pension-funds
in different countries in the 1980s (Source: World Bank, 1994, p. 95.)
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Davis (1995) also presents the returns on pension-funds’ portfolios between
1967 and 1990. As shown in Table 5, pension-funds in the UK earned the highest
real return over the period and those in Sweden, Switzerland, Canada, and the
USA the lowest. Davis comes to the same conclusion concerning the relative real
rates of return of privately managed funds and publicly managed funds. Based on
the data for the UK and the USA (comparing effects of ownership and manage-
ment methods within the same markets) he found that local-government funds ob-
tain lower returns than private funds (Davis, 1995, p. 151).

Since the Slovene pensions funds should be privately managed with govern-
ment regulation (MDDSZ, 1997, pp. 182–195) and based on the experience of
other countries, we have set the average real rate of return for the Slovene pen-
sion-funds to be equal to GDP growth rate over the whole period of analysis.
Therefore:

it = yt.

Estimation and results

Based on these assumptions Table 6 shows the elements and results (column 11)
of the calculation of the share of accumulated pension-funds assets in GDP for
each year from 2000 to 2025.
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Table 5

Rates of return and their standard deviation of pension funds portfolios
in different countries in the period from 1967 to 1990 (%)

Country Mean of annual real rates Standard
of return deviation

USA 2.2 11.9
UK 5.8 12.5
Germany 5.1 4.4
Japan 4.0 9.4
Canada 1.6 9.8
Netherlands 4.0 6.0
Sweden 0.2 7.6
Denmark 3.6 12.7
Switzerland 1.5 6.4
Australia 1.6 14.7

Source: Davis, 1995, p. 146.



Data in Table 6 show that in the first few years the accumulated assets of the
pension-funds increase rapidly. This is the transition phase, which will last only in
the period from year 2000 until 2025 when the number of employees included in
the second pillar (At) will constantly increase until every employee is included. On
the other hand the outflows (Ot) will be very low in the first years, arising only as a
consequence of early deaths and disabilities. There will be no retirees. That is why
at the beginning of the implementation of the fully-funded pension-funds the in-
flows are much higher than the outflows. However the difference between the in-
flows and the outflows becomes smaller with each further year until all flows bal-
ance at the end of the introduction period. After this period the outflows for
old-age pensions and normal deaths become more important. The projection
shows that the share of accumulated pension-funds assets in GDP reaches a value
slightly above 40% in the year 2025.

ROBUSTNESS TEST

The accuracy of the estimations of accumulated assets for the first year depends
mostly on the quality of the model, since the values of the independent variables
are known. The accuracy of the estimations for the following years is increasingly
dependent on the estimated values of independent variables.

In the robustness tests we focussed on the two economic variables that have in
our opinion the biggest impact on the estimations, growth rate of GDP (yt), and
relative administration and marketing costs (amt). Namely, demographic vari-
ables are relatively reliable while the remaining economic variables are either de-
termined by law or dependent on the chosen variables.

We assume that the two parameters yt and amt are random variables, normally
distributed around expected values E(yt) and E(amt) with given relative half-width
of confidence intervals rd y t

and rd amt
corresponding to probability a = 0.95. The

values rd y t
and rd amt

represent the proportion of the expected value by which the
random variables deviate from their expected values with probability a = 0.95.
The intermediate dependent variables Yt, Wt, and Bt and the final dependent vari-
able of the model bt, as functions of yt and amt are thus also random variables.

We will use three methods to estimate the relative half-width rd of the confi-
dence interval of the variable bt, which represents a bound that the relative error of
the model will not exceed with probability a. A brief description of the methods is
in the Appendix. The expected values E(yt) and E(amt) are taken to be the values
computed by the model, the relative half-width rd y t

is estimated to be 30% and the
relative half-width rd amt

to be 25% for the whole period. We have set the variabil-
ity of the GDP growth rate to 30% based on the past variability of GDP growth for
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Table 6

Estimations of the share of accumulated pension-funds assets in the GDP in the period from year 1999 to 2025

Year GDP GDP Yearly No. of em- Yearly Yearly Portion of Admin. Yearly Yearly Increase
growth (109 SIT) real ployees contributions outflows admin. and and mark. accumulated accumulated of yearly

rate gross included paid into from mark. costs costs assets assets/GDP accumu-
wages in the 2nd 2nd pillar pension-funds (109 SIT) (109 SIT) lated

(103 SIT) pillar in 103 (109 SIT) (106 SIT) assets/GDP

t yt Yt Wt At Pt = cAtWt Ot amt Amt = amtPt Bt b
B

Y
t

t

t

=
∆B

Y

t

t

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

1999 0.035 3329 2.086 0 0.0 0 0.00 0.00 0.00 0.000 0.00
2000 0.045 3479 2.171 327 42.6 0 0.15 6.39 36.20 0.010 0.010
2001 0.045 3635 2.258 352 47.7 280 0.15 7.15 78.09 0.021 0.012
2002 0.050 3817 2.360 369 52.3 287 0.15 7.84 126.13 0.033 0.013
2003 0.044 3985 2.454 405 59.6 294 0.15 8.94 182.06 0.046 0.014
2004 0.036 4128 2.533 431 65.5 602 0.15 9.83 243.69 0.059 0.015
2005 0.030 4252 2.601 456 71.2 618 0.15 10.68 310.89 0.073 0.016
2006 0.030 4380 2.672 480 76.9 949 0.15 11.54 384.67 0.088 0.017
2007 0.030 4511 2.744 504 83.0 973 0.15 12.45 465.76 0.103 0.018
2008 0.030 4647 2.818 526 88.9 1.662 0.15 13.34 553.67 0.119 0.019
2009 0.030 4786 2.894 548 95.2 1.704 0.15 14.27 649.45 0.136 0.020
2010 0.030 4930 2.972 569 101.5 2.096 0.15 15.22 753.09 0.153 0.021
2011 0.030 5077 3.052 589 107.9 2.506 0.15 16.18 864.87 0.170 0.022
2012 0.030 5230 3.135 608 114.4 3.303 0.15 17.15 984.72 0.188 0.023
2013 0.030 5387 3.219 626 120.9 4.138 0.15 18.14 1112.90 0.207 0.024
2014 0.030 5548 3.306 643 127.6 6.169 0.15 19.13 1248.55 0.225 0.024
2015 0.030 5715 3.396 659 134.3 7.114 0.15 20.14 1393.02 0.244 0.025
2016 0.030 5886 3.487 674 141.0 8.913 0.15 21.15 1545.77 0.263 0.026
2017 0.030 6063 3.582 686 147.4 12.042 0.15 22.11 1705.40 0.281 0.026
2018 0.030 6245 3.678 698 154.0 14.046 0.15 23.11 1873.45 0.300 0.027
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(Table 6 continuted)

Estimations of the share of accumulated pension-funds assets in the GDP in the period from year 1999 to 2025

Year GDP GDP Yearly No. of em- Yearly Yearly Portion of Admin. Yearly Yearly Increase
growth (109 SIT) real ployees contributions outflows admin. and and mark. accumulated accumulated of yearly

rate gross included paid into from mark. costs costs assets assets/GDP accumu-
wages in the 2nd 2nd pillar pension-funds (109 SIT) (109 SIT) lated

(103 SIT) pillar in 103 (109 SIT) (106 SIT) assets/GDP

t yt Yt Wt At Pt = cAtWt Ot amt Amt = amtPt Bt b
B

Y
t

t

t

=
∆B

Y

t

t

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

2019 0.030 6432 3.778 711 161.1 17.014 0.15 24.17 2049.62 0.319 0.027
2020 0.030 6625 3.880 721 167.8 17.887 0.15 25.17 2235.88 0.337 0.028
2021 0.030 6824 3.984 730 174.5 24.751 0.15 26.18 2426.54 0.356 0.028
2022 0.030 7028 4.092 739 181.4 31.477 0.15 27.21 2622.07 0.373 0.028
2023 0.030 7239 4.202 748 188.6 36.116 0.15 28.29 2824.93 0.390 0.028
2024 0.030 7456 4.316 759 196.5 42.942 0.15 29.48 3033.79 0.407 0.028
2025 0.030 7680 4.432 762 202.6 47.052 0.15 30.40 3250.00 0.423 0.028



Slovenia and on the variability in EU countries, the group of which seems to be
ready to accept Slovenia as a member in the probably not too distant future. Based
on experiences of pension-funds in other countries, we have set the variability of
administration and marketing costs to 25%.

Linear method

In this method, the dependent variable is estimated by a linear first-order approxi-
mation that is again normally distributed. For each t we first compute rdYt

, rdWt
,

and rd B t
, using equation (A6). Finally, we compute rdt which represents the upper

bound (–rdt represents the lower bound) that the relative error of the model will
not exceed with probability 0.95 in year t. All calculations were made with the
programming package Mathematica and the calculated values are presented in
Table 7, column 2.

Simulation method

Using a programming package with a built-in function rndn (E, s) that generates
random values of a normally distributed random variable with expected value
E and standard deviation s, we can perform a simulation of the model. Values of
the random variable yt are generated with calls of the function rndn E y t y t

[ ( ), ],σ
and, similarly, values of amt are generated with calls of the function
rndn E amt amt

[ ( ) , ] ,σ where the standard deviations σ y t
and σ amt

are computed
from rd y t

using equation (A4) and the relation

d rd E XX X= ⋅ ( ).

The initial values Y98 and W98 are known. The simulated values of the variables
Yt and Wt for all subsequent years are then obtained by inserting the generated val-
ues of yt into equations (6) and (7).

The initial value B99 is zero. The simulated values of Bt are computed recur-
sively using equation (4) and, finally, the simulated values bt are computed using

the relation b
B

Y
t

t

t

= .

This algorithm is repeated until a significant sample is obtained. We used a
sample of 4000 values.11 The confidence intervals are then computed according to
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the algorithm described in the Appendix. The results of the calculation are pre-
sented in Table 7 in column 3.

Method of possible values

Due to the recursive definition of our model we will partially modify the method
described in the Appendix. Instead of computing the maximum value of bt on the
product of the confidence intervals of the independent variables, we define a new
function max bt such that for the same value of the independent variable yt the
value of bt is less than or equal to the value of max bt for all values of all other inde-
pendent variables within the confidence intervals. This is done in the following
way. First, since Yt and Wt are both increasing functions of the variable yt we ob-
tain the maximal values max Yt and max Wt at the point yt = E(yt)(1 + rd y t

), and the
minimal values min Yt and min Wt at the point yt = E(yt)(1 – rd y t

). Next, the func-
tion max Bt is computed recursively by:

max B99 = 0, and

max Bt(yt) = max Bt–1(1 + yt) + c · At · max Wt–1(1 + k· yt)(1 – min amt) – Ot

since Bt is an increasing function of Bt–1 and Wt–1, and a decreasing function of amt,
so the largest value of Bt is obtained when the values of Bt–1 and Wt–1 are the largest
possible, and the value of amt is the smallest possible. Finally, let

max ( )
max ( ) max ( )( mi

b y
B y c A W k y

t t
t t t t t= + + ⋅ ⋅ ⋅ + ⋅ −− −1 11 1 1 n )

( ) min

am O

y Y

t t

t t

−
+1

.

For a constant value of yt, max bt is always greater than or equal to bt. In the
same manner we define also function min bt. The minimal value of min bt and the
maximal value of max bt with respect to yt (which are either in a local extreme on
the interval [ ( ) ( ), ( ) ( )]E y rd E y rdt y t yt t

1 1− − or in a boundary point of the inter-
val) represent our estimate for the lower and upper bound of the interval in which
the value of bt lies with probability at least 0.95. The procedure described above
was programmed in Mathematica and the results of the calculations are presented
in Table 7 column 4.
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INTERPRETATION OF RESULTS

Our analysis is divided into two parts. In the first part we develop a model for the
estimation of the quantitative effects on the accumulated pension-fund assets and
empirically implement it thereafter based on sociodemographic and macroeco-
nomic assumptions and estimates for the Slovene economy.

In Table 6 columns 10 and 11 show the results of the implementation of our
model without uncertainty. In column 10 we can see the yearly-accumulated as-
sets in absolute values and in column 11 the yearly accumulated assets in relation
to the GDP for the years 2000–2025. The projections show that the value of accu-
mulated assets in relation to the GDP constantly increases in the first 25 years up
to a value of slightly above 40%.
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Table 7

Estimates of possible relative deviations of actual shares of accumulated pension-fund assets in
GDP from the predicted values (at 95% probability level) obtained by three methods (%)

Year Relative upper error bounds estimated by

Linear method Simulation method Method of possible
values

1999 0.0 0.0 0.0
2000 4.9 4.3 6.5
2001 4.1 3.1 6.9
2002 4.1 2.5 8.7
2003 4.1 2.2 11.3
2004 4.1 2.0 13.6
2005 4.1 1.8 15.6
2006 4.1 1.7 17.3
2007 4.2 1.6 19.0
2008 4.2 1.5 20.8
2009 4.3 1.5 22.6
2010 4.4 1.4 24.4
2011 4.5 1.4 26.2
2012 4.6 1.3 28.0
2013 4.7 1.3 29.8
2014 4.7 1.3 31.7
2015 4.8 1.2 33.6
2016 4.9 1.2 35.6
2017 5.0 1.1 37.5
2018 5.1 1.1 39.5
2019 5.2 1.1 41.5
2020 5.3 1.1 43.6
2021 5.4 1.0 45.7
2022 5.5 1.0 47.9
2023 5.6 1.0 50.1
2024 5.7 1.0 52.3
2025 5.8 1.0 54.7



Table 8 shows that countries with mature fully-funded pension systems (USA,
U.K., The Netherlands, Singapore) reach values of accumulated assets in relation
to the GDP around 60%, only The Netherlands is slightly below 50%. Chile,
whose pension system is still in the transition phase, has reached in two decades
from the introduction of the fully-funded pension-funds a value of pension-fund
assets of 26% in relation to the GDP. Therefore, if we compare the results for the
Slovene economy with other countries, we can see that our projections are quite
realistic.

Column 12 in Table 6 shows the relation of the yearly increase of accumulated
pension-fund assets in relation to the GDP. This “relative delta” starts at 1% per
year and reaches a value of almost 3% per year in the year 2025. The question
which is inseparably associated with this result is whether this potential increase
results in additional savings or it is just a redistribution between pension saving
and other types of private savings. If a funded pension system is associated with a
higher level of savings than a pay-as-you-go pension system, the higher invest-
ment and growth that results would be perhaps its most compelling advantage.
Pension funds tend to boost the supply of long-term funds to capital markets and
contribute to financial innovation and modernisation of market structures. Never-
theless, there are several scenarios where pension assets would have a lower im-
pact on the development of the Slovene capital market. For example, if most of
pension assets are invested in foreign financial assets, or in non-marketable gov-
ernment securities. This link between introduction of fully-funded pension system
and national savings is an important topic and we consider it as an area for further
research for the case of Slovenia.

The second part contains a description of three statistical methods for error esti-
mation. In all three methods we assume that our dependent variables are normally
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Table 8

Comparison of accumulated assets of pension funds, real rates of return and administration and
marketing costs for selected countries

Real rate of return Administration and Assets of pension
(average 1980–1990) marketing costs as % funds as % of GDP

of annual contribution in 1990 in 1991

USA 8.0 4.0 51
U.K. 8.8 n.a. 60
Netherlands 6.7 n.a. 46
Chile 9.2 15.4 26
Singapore 3.0 0.5 76
Malaysia 4.6 2.0 n.a.

Source: Davis, 1995, p. 6, World Bank, 1994, pp. 95, 224 and 130.



distributed random variables. The first, linear method, shows that our forecasts are
increasingly reliable up to year 2005, but slightly less reliable in the following
years (see Table 7, column 2). This is a consequence of the fact that the absolute
amount of all assets Bt in the second pillar increases in this introductory period and
a significant share of the increase is due to the “demographic” variables At and Ot

that were assumed to be constant and thus do not contribute to the estimated error.
Therefore, the relative deviations rd B t

of the variable Bt drop very fast in the be-
ginning, but start increasing gradually as the errors accumulate in the later years.
Since we use the calculated values of rd B t

in order to get rd bt
, this is true for the

rd bt
estimates as well.

In the second method, the normal distributions of the independent variables are
simulated and a sample is computed from which we estimate the distribution func-
tion of the dependent random variable. The estimates computed by this method
(Table 7, column 3) give even smaller relative deviations of the dependent vari-
able from its expected values than those of the linear method.

In the last method, we compute the minimum and maximum values of the de-
pendent variable on the product of the confidence intervals that correspond to the
chosen a = 0.95 The dependent variable will have value on the interval between
the minimal and the maximal value with probability at least a. In our model, esti-
mates and not precise values of the minimum and maximum are computed. The
estimate for the error obtained by this method is somewhat weaker – the method
shows that we can claim with at least 95% certainty that the dependent variable
will not deviate from its expected value for more than 55%.

A comparison of all three methods for estimating the error of the model shows
that our model is surprisingly stable. It should be mentioned, though, that this re-
sult is partly a consequence of the assumption that some of the variables, which
substantially affect the value of the dependent variable (mostly demographic vari-
ables) are, at least in the introductory period of the first 25 years after introducing
the mandatory second pillar, constant for every year.

CONCLUSION

This paper analyses the impact of the introduction of pension reform in Slovenia
on the accumulation of pension-fund assets in relation to the GDP, focussing on
the mandatory fully-funded system – the so-called second pillar of the three-pillar
system.

By developing and applying a dynamic simulation model for the Slovene econ-
omy we calculated the quantitative effects of the introduction of a fully-funded
pension system on the accumulation of pension-fund assets based on selected
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sociodemographic, macroeconomic and administrative assumptions. The projec-
tions, which were done for the first 25 years show that the value of accumulated
assets in relation to the GDP constantly increases and reaches a value slightly
above 40%. As can be seen in Table 8, this result is comparable with other coun-
tries’ where a fully-funded pension system was implemented.

The most important question which arises concerning macroeconomic growth
is whether these additional accumulated assets result in additional national sav-
ings or they cause only a redistribution between pension saving and other types of
private savings. This link between pensions and saving is a broadly investigated
topic that would need to be further analysed for Slovenia.

It should be mentioned that in the final version of the law, the proposed manda-
tory second pillar (as described in this article) for Slovenia has been rejected and
instead a voluntary second pillar has been introduced. This will certainly cause
several difficulties with the pension system. It will be interesting to compare the
actual accumulated assets of the voluntary second pillar to the forecasts for the
mandatory second pillar calculated in this article.

To test the stability of our model we applied three methods: the linear method,
the estimation by simulation, and the method of possible values. When comparing
the results of the three methods, we realised that all of them produce similar esti-
mates for the year 2000. With 95% probability the maximum deviations are
±4,9% by the linear method, ±4,3% with the estimation by simulation, and ±6,5%
by the method of possible values. The results are as expected, namely that the
method of possible values gives us the roughest, while the simulation produces the
best estimation. However, the estimates by the three methods differ more and
more in the following years since the errors are reflected in the result for the fol-
lowing year. In the year 2025 we can forecast with 95% probability that maximum
deviations would be ±5.8% by the linear method, ±1% by the estimation by simu-
lation, and ±55% with the method of possible values. These results show that our
model is very stable when considering the roughness of the method of possible
values. Such a stability is the mainly the consequence of the quite realistic as-
sumption that the variables, which affect the value of the dependent variable
(mostly demographic variables) are constant in the period discussed.
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APPENDIX

Linear method
12

Let the dependent variable Y be a random variable, which is a differentiable func-
tion of n random variables X1,...Xn

Y = f(X1,...,Xn)

that are normally distributed around given expected values E(X1),...,E(Xn) with
given standard deviations s1,...,sn and correlation coefficients rij between Xi and
Xj, where i, u = 1,...,n. The distribution of the dependent random variable Y is de-
termined by the distributions of the explanatory variables X1,...,Xn, but it is in gen-
eral not normal if f is nonlinear and it can be difficult to compute. Therefore, we
simplify the function f(x1,...,xn) with a linear approximation

f x x a b x b xl n n n( ,... , ) ... ,1 1 1= + + +

and calculate the probability distribution of the approximated variable

Y f X Xl l n= ( ,... , ).1

The approximating linear function fl can be obtained from the Taylor polyno-
mial of the first order around the expected values of the explanatory random vari-
ables:

f X X f E X E X f E X E Xl n n x i
( ,... , ) [ ( ),... , ( )] [ ( ),... , (1 1 1= + n i i

i

n

X E X)] [ ( )] ,⋅ −
=
∑

1

where
f x i

is a partial derivative of the function f(x1,...xn) with respect to the variable xi.
The linear approximate Yl is a normally distributed random variable, since it is

a linear function of normally distributed random variables X1,...,Xn, with expected
value

E Y E f X X f E X E X f E Xl l n l n( ) [ ( ,... , )] [ ( ),... , ( )] [ ( )= = =1 1 1 ,... , ( )]E X n (A1)

and variance

σ σl x n i

i

n

f E X E X
i

2 2
1

2

1

= +
=
∑ [ ( ),... , ( )]

+
=
≠

∑ f E X E X f E X E Xx

j
i j

n

n x ni j

1
1 1[ ( ),... , ( )] [ ( ),... , ( )]ρ ij i jσ σ
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where
rij = correlation coefficient between variables Xi and Xj,;
σ i

2 = variance of the variable Xi.

If the variables X1,...,Xn are pairwise independent then the correlation coeffi-
cients rij are zero if i ≠ j, and the variance formula can be simplified to

σ σl x

i

n

n if E X E X
i

2 2

1
1

2=
=
∑ [ ( ),... , ( )] . (A2)

Once the expected value and variance of a normally distributed variable X is
known, the confidence interval for a given probability a, 0 < a ≤ 1 can be deter-
mined (usually a is 0.99, 0.95, 0.90 or 0.66). The confidence interval is the inter-
val with the centre at E(X) and width 2d such that the value of X lies in this interval
with probability a, i.e.

α
σ σ

= − ≤ < + = 







 − −







P E Y d Y E Y d

d d
l l l

l l

[ ( ) ( ) ] Φ Φ = 







 −2 1Φ d

lσ
,

where F is the standardised normal distribution function. From the above equa-
tion we can compute the half-width of the confidence interval

d l= +





 ⋅−Φ 1 1

2

α σ . (A3)

If, for a given a, we write

tα
α= +






−Φ 1 1

2
,

then the half-widths di of the confidence intervals of the independent variables Xi

equal

d ti i= ⋅α σ , (A4)

where i = 1,...,n. Multiplying equation (A2) by tα
2 we get

σ σα αl x

i

n

n it f E X E X t
i

2 2 2

1
1

2 2=
=
∑ [ ( ),... , ( )] ,

and from here we see that the half-width of the confidence interval of Yl is

d f E X E X dx

i

n

n ii

2 2

1
1

2=
=
∑ [ ( ),... , ( )] . (A5)
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So, if we know that, for each i = 1,...n, the explanatory random variable Xi has
value in the interval [E(Xi) – di,E(Xi) + di] with the probability a, we know that the
random variable Yl has value in the interval

[ ( ) , ( ) ]E Y d E Y dl l− +

with the probability a, where d is computed from equation (A5).
Dividing equation (A5) by E(Yl)

2 we obtain the following formula expressing
the relative half-width of the confidence interval of the variable Yl in terms of the
relative half-widths of the confidence intervals of the independent variables
X1,...Xn:

rd
f E X E X

E Y

E X

rd
x n

l

i

i
i2 1

2

=



















[ ( ),... , ( )]

( )

( )

2

1

,
i

n

=
∑ (A6)

where

rd
d

E Yl

=
( )

and rd
d

E X
i

i

i

=
( )

.

If we know that, for each i = 1,...,n, the explanatory variable Xi deviates with
probability a from its average value E(Xi) by the proportion rdi of its average
value, then formula (A6) gives the proportion rd of the average value E(Yl) by
which Yl will deviate from E(Yl) with probability a.

Simulation method

Assuming that the explanatory random variables X1,...,Xn are random variables
with known probability distributions, the error of the model can also be estimated
by computer simulation. If the random variables Xi, i = 1,...,n, are normally distrib-
uted, we can use any program package with a built-in program function, for exam-
ple rndn(E,r), generating values of a normally distributed random variable with
the expected value E and the variance r2. Every time the function rndn(E,r) is
called, it computes a value, and the probability distribution of the computed values
after a large enough number of function calls is normal with expected value E and
the variance r2. In our analysis, the programming package Mathematica was used.

If the parameters X1,...,Xn are normally distributed random variables with given
expected values E(X1),...,E(Xn) and variances σ σ1

2 2,... , n , and if
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Y = f(X1,...,Xn),

a value xi of each variable Xi is generated with the program function and the value
of the dependent variable y = f(x1,...,xn) is computed.

This procedure is repeated many times so that a statistically significant sample
of forecasts for the variable Y is obtained. This sample is used for computing an
approximation for the expected value and the confidence interval of random vari-
able Y that corresponds to a given probability a. The values ys in the sample are
sorted, and the largest and smallest m values are dropped, where m is determined
so that the ratio of m by the total number of sample values is as close as possible to
(1 – a)/2. The difference between the remaining smallest and the remaining larg-
est value is the estimate for the width 2d of the interval where the dependent vari-
able Y will have value with probability a.

Method of possible values

Let the dependent variable Y again be a function of n random variables X1,...,Xn,

Y = f(X1,...,Xn).

If the value of Xi is on the confidence interval [E(Xi) – di,E(Xi) + di] with a given
probability a for each i = 1,...,n then the confidence interval of the dependent vari-
able Y is estimated in the following way. Let fmin a be the minimal and fmax a the
maximal value of the function f(x1,...,xn) where xi ∈ [E(Xi) – di,E(Xi) + di] for each
i = 1,...,n. Then the value of the dependent variable Y will be on the interval
[ , ]min maxf fα α with probability at least a. The probability that the value of Y is on
the interval [ , ]min maxf fα α can be greater than a since its values can be on this in-
terval also for some values of the independent variables xi which are not on the
given confidence intervals. This method thus gives an upper bound, and the true
confidence interval of Y can be narrower.
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