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42 Abstract
This paper analyses the financial sustainability of the Croatian pension system 
after the reform that was adopted on January 1, 2019. The Croatian pension sys-
tem as we know it today was started in 1999 with a reform that created the three 
pillars of the pension system. Over the next twenty years, Croatian economic and 
social conditions shifted in an unexpected way and a new reform was needed to 
ensure financial stability is maintained. In this paper I will analyse population 
trends in Croatia and forecast movements up to 2060. Afterwards, I will analyse 
the net government cash flow generated from the pension system, by using the 
forecast population numbers. The beginning year of the forecast horizon is 2018, 
as some data were not yet available for this year. I use stochastic methods to per-
form my analysis. 

Keywords: Demographic, Labour Economics, Government, Leslie matrix, Sto-
chastics forecast, Pension system, Croatia

1 HISTORY OF THE CROATIAN PENSION SYSTEM
The pension system of a country is a necessity for the security of the elderly. It is 
important for a country to establish and develop a sustainable pension system 
because it affects all citizens. Such a system can be mandatory or voluntary. Man-
datory pension systems are currently widespread, and it is important for citizens 
to understand how they function and what their individual rights are, since they 
will be spending their entire lives in the system of their country. We differentiate 
two types of mandatory pension systems: (1) Defined-Benefit plan and (2) 
Defined-Contribution plan. A Defined-Benefit (DB) plan promises the individual 
that they will receive a specific pension amount that depends on the tenure of 
service and the salary earned. In the DB plan, individuals pay monthly instalments 
into the pension system. In the Defined-Contribution (DC) plan, individuals are 
required to put a predetermined amount or percentage of their salary into the 
“pool” of savings (pension funds). The capital is then invested in different assets 
and financial instruments, the accumulated capital being afterwards distributed to 
the individuals once they fulfil the requirements for disbursements. Some coun-
tries use the DB plan, others use the DC plan, and some countries use a mixture of 
both (Puljiz, 2007).

According to the Croatian Pension Insurance Institute (Mirovinsko.hr, 1999), the 
Croatian pension system as we know it today was started by the 1999 reform. This 
was the biggest reform in the pension system since Croatia gained independence. 
In 1999, three pillars of the pension system were established. The first pillar is 
mandatory, and it amounts to 15% of the gross salary. This money, which is taken 
from the employed, is used to provide already existing pensioners with pensions. 
It is also known as the “pay-as-you-go” pension system (PAYG). The second pil-
lar amounts to 5% of the gross salary, and it can be interpreted as a DC plan, in 
which the individual’s money is invested in a pension fund in order to gain capital 
accumulation. As part of the second pillar, individuals may examine the state of 
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43their savings at any time. According to the Croatian Financial Services Supervi-
sory Agency (HANFA, 2019), the second pillar is slightly more flexible than the 
first pillar. Furthermore, individuals can decide to save their money in three differ-
ent fund categories: A, B and C. If individuals, however, do not personally decide 
which pension category they want, the authorized institutions will place them in 
Category B six months after starting their first employment. Each category 
involves a different amount of risk, and therefore differs depending on the indi-
viduals’ rights to invest in different categories of assets and financial instruments. 
Funds from the Category A are the riskiest ones; Category B is less risky but still 
riskier than Category C. Category C is known as the safest investment according 
to the amount of risk. Since the investments in which the money has been placed 
may decrease in value over time, the country regulates by law the guaranteed 
amount that will be paid out to each individual once they are eligible for their pen-
sion. The third pillar is voluntary, every individual deciding for themselves if they 
want to save some extra money for old age. 

According to the Croatian Pension Insurance Institute (Mirovinsko.hr, 1999), 
when the 1999 pension reform was introduced, the second and third pillar of the 
pension system were new. Before the 1999 reform, a certain percentage of indi-
viduals’ salary was deducted just in order to pay for the pensions of existing pen-
sioners (PAYG). But after the 1999 reform, 25% of total charges for the pension 
system were invested in the second pillar – which amounts to 5% of the total sal-
ary. The reform started the creation of the second and third pillars on January 1, 
2002. Everyone that was aged 39 or less on January 1, 2002, had to accept the two 
mandatory pillars and 15% (75% of the total contribution amount) of their salary 
was deducted for the first pillar, and 5% (25% of the total contribution amount) of 
their salary was deducted for the second pillar. Those that were aged 40 or over on 
January 1, 2002 were able to decide if they wanted to contribute 20% of their sal-
ary to the first pillar or if they wanted to be in the combined pension system. Those 
individuals that had worked long enough predominantly decided to stay in the first 
pillar, since the money invested in the second pillar would not be enough in order 
to offset pensions generated in the first pillar. This was also the case for some 
people under the age of 40 on January 1, 2002, but they were not given a choice. 
However, over the next twenty years, many things changed. Croatian demography 
started shifting in an unexpected way. According to MRMS (2019), depending on 
which pension scheme an individual was using, it was possible for the two indi-
viduals, doing the same job and receiving the same salary, to have different 
amounts of pension just because of the pension scheme they were using. This led 
to the conclusion that the second pillar was not showing enough strength to offset 
the pensions that would have been generated if individuals had contributed just to 
the first pillar. The Croatian government has had increasing cash outflows every 
year in order to sustain the pension system. Croatia is thus implementing a big 
new reform of the pension system that started January 1, 2019. The new reform is 
changing the dynamics of the minimum age to be eligible to receive a pension. 
Since 2011, the retirement age for the old-age pension, and early retirement, for a 
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44 woman has been gradually increasing, rising from 60 to 65 by 2030 for the old-
age pension and from 55 to 60 for early retirement by 2030 (increasing yearly by 
3 months). Starting with 2019, the age limit will be raised by 4 months each year 
for women, so that by 2027, women and men will retire at the same age. After that, 
the age limit will be raised by 4 months each year for both sexes until 2033, when 
individuals will be eligible for retirement at the age of 67 and with 15 years of 
work experience. The reform includes changes to the early retirement pension, 
which is also being shifted by four months each year, so that by the year 2033 
individuals will be eligible for early retirement at 62 years of age and with 35 
years of work experience. Before the 2019 reform, females were eligible for early 
retirement at 57 years of age and with 32 years of work experience and men at 60 
years of age and with 35 years of work experience. The system has been made 
more flexible; since the 2019 reform, every individual is able to decide upon 
retirement whether they want to invest their money invested in the second pillar in 
the first pillar. If they decide to do so, the individual will be considered to have 
been charged 20% just for the first pillar their entire career. Therefore, everyone 
can opt for the option that suits them best. According to Mirovinsko.hr (2019), the 
way that the pension is calculated for every individual in Croatia is complex, but 
an average equation can be worked out. If the individual decides to receive a pen-
sion just from the first pillar, the capital accumulated in the second pillar will be 
sent to the state, and the individual’s pension will be calculated according to equa-
tion (1), and an extra 27% will be added to the total (not to all, but only to those 
with a very low amount of pension). But if the person decides to stay in a com-
bined pension scheme, the pension accumulated by the year 2002 will be calcu-
lated by equation (1), and pension accumulated after 2002 will be calculated by 
the equation (1) and multiplied approximately by 0.75 – since three quarters of the 
whole pension belongs to the first pillar – and then an extra 20.25% will be added 
to the calculated result. The rest of the pension will be disbursed from the pension 
fund, which can be calculated implementing financial mathematics methods. The 
20.25% extra, which has been contributed from a combined pension scheme, can 
be interpreted as a penalty for not investing money in the first pillar. This amount 
is generated from the second pillar since those who decide to receive their pension 
just from the first pillar receive an extra 27% of the amount (again, not to all, but 
only to those with a very low amount of pension). 

Pension amount = Personal points * Pension factor * Actual pension value� (1)

Personal points depend on work experience and wage value through career. The 
pension factor defines what ratio of personal points will be used in the pension 
calculation. The value of the pension factor lies between 0 and 1. If the individual 
fulfils all legal requirements for a pension, his pension factor will be 1. If, how-
ever, the individual does not fulfil all legal requirements for going into retirement, 
they can still retire but the pension factor will be less than 1. The actual pension 
value is defined by the government – it changes over time in order to reflect the 
economic state of the country.
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45In this paper, I will analyse how the pension system might develop in the future by 
implementing stochastic methods. The idea of implementing stochastic methods 
in my analysis came from the paper published by Tian and Zhao (2016). My whole 
research includes Walter Enders’ Applied Econometric Time Series (2014) as a 
reference for implementing and analysing time series. First, I will start with an 
analysis of the population trends. Once future population movements are esti-
mated, the given result will be used in further analysis of government net expen-
ditures for the pension system. 

2 OVERVIEW OF CROATIAN POPULATION TRENDS
The first step in analysing the sustainability of the pension system in Croatia is 
analysing the country’s demography. A good demographic forecast would solve 
the problem alone. Therefore, considerable effort will be put into analysing Croa-
tian demography. Firstly, we start with the overall population to get a picture of 
where are we today. Figure 1 shows the Croatian population trends over the last 
18 years.

Figure 1
Total population in Croatia (in millions)
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Source: Eurostat.

A decreasing pattern can clearly be noticed. Over the last 8 years, Croatia’s popu-
lation has decreased by approximately 200,000. Figure 2 shows Croatian popula-
tion divided into two age groups, 15-65 and 65+ respectively.
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46 Figure 2 
Total population in Croatia in two different age groups (in millions)

0.75

0.80

0.85

0.90

0.95

1.00

2.65

2.70

2.75

2.80

2.85

2.90

2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020

15-64 (LHS) 65+ (RHS)

Source: Eurostat.

Here we can see cause for growing concern. While the population of retired citi-
zens is steadily increasing, the population of the working force is swiftly decreas-
ing. After 2011, the population of the working force decreased by approximately 
170,000, while the population of people aged 64+ increased by approximately 
75,000. This has negatively affected the basic pension system in Croatia. Neither 
the increasing trend of the population aged 65+ nor the decreasing trend of the 
population aged 15-64 is showing any signs of stopping. Migration is one of the 
main drivers of the decreasing trend of working age population. Figure 3 and Fig-
ure 4 will try to break down the population movement further.

Figure 3 
Total population in Croatia in two different age groups (in millions)
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Source: Eurostat.
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47Figure 4 
Net migration in Croatia (in thousands)

-40

-30

-20

-10

0

10

20

2000 2002 2004 2006 2008 2010 2012 2014 2016 2018
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The population of people aged 20-34 has decreased by approximately 100,000 
(110,000 from its peak point), while the population of people aged 35-64 has 
decreased by approximately 30,000 (70,000 from its peak point). Croatia showed 
positive net migration up to 2009. Figure 3 shows that this immigration has mostly 
impacted the numbers of the older age group. From the beginning of 2010, Croatia 
has had a negative net migration, which is mostly shown in the younger part of the 
working age population. Therefore, the younger population has had a more sig-
nificant influence on the decrease in the total working age population. The main 
reason may be that the young are not satisfied with the economic, social, educa-
tional or many other opportunities offered in Croatia, so they try to find better 
opportunities in other countries. Since July 2013 Croatia has been a member of the 
EU. Upon the country’s entry, a sharply decreasing trend in net migration occurred. 
The question is whether the current trend will continue to develop in a similar 
way. In my opinion, the short-term answer is yes, but the long-term no. In order to 
answer this question, the Croatian population can be separated into three groups: 
(1) Those that want to leave Croatia, (2) Those that do not want to leave Croatia, 
and (3) The undecided. Group (3) can be excluded because its members will even-
tually migrate to groups (1) or (2). Group (1) consists of a certain amount of the 
total population which is constant. Once all its members leave the country, the 
immigration wave will stop. Group (1) is also not leaving the country in the blink 
of an eye – this trend is dynamic, dependent on time, as well as other variables. 
Therefore, it will take time until this trend is finished.
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48 3 INTRODUCTION TO THE LESLIE MODEL
The model used in forecasting in this analysis is the Leslie model. The Leslie 
model is set as follows (Cull, Flahive and Robson, 2005):

	 � (2)

pi,t ~ number of individuals in iTH age group at time t
fi,t ~ number of births per individual in iTH age group at time t
si,t ~ survival rate in iTH age group at time t

Variable pi,t is the population in iTH age range. Let us call them cohorts throughout 
the analysis. There is a total of 18 cohorts in this analysis. The first one is new-
borns in a given year, the second one is the population aged 1-4, the third one is 
the population aged 5-9 and so on. The last cohort is the population aged 80+.

It is important to note that parameters f1,t and s1,t are changing over time. If the 
parameters do not vary over time, the upper equation turns into a matrix difference 
equation that can be solved as follows:

Since the given parameters vary over time, the solution for our equation is as fol-
lows:
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49

� (3)

Vector Pt is the given population at time t, which in our case is 2017. The param-
eters fi and si are not constant and time series analysis will be implemented in 
order to estimate the dynamics of the parameters fi,t and si,t. By estimating those 
parameters, we can estimate the population after n years. In this paper, I will ana-
lyse the dynamics of the variables according to the 17 observable data points 
through time, and then I will implement a stochastic forecast by carrying out 500 
Monte Carlo simulations. This method will give us a wider picture of where the 
population as a system is converging. The changes will be implemented in the 
Leslie model, which will be described in detail later in the paper.

3.1 NEWBORNS PER PERSON
According to the work of Smith, Tayman and Swanson (2013), fertility rates are 
one of the main variables that affect population growth. Therefore, we will start 
with analysing fertility rates. We start by analysing the number of births per indi-
vidual in a iTH age group. This number can be derived from the country’s fertility 
rates. The fertility rate is the number of children per woman in different age 
groups. Since we need the data to be the number of newborns per individual, we 
will transform the data with the following equation:

	 � (4)

Fi,t ~ fertility rate in iTH age group at time t
Pi,f,t ~ female population in iTH age group at time t

The value of fi,t now represents the number of newborns per individual. It would 
be much better if there were data available on newborns per mother’s age, but 
these data are rather restricted (just 11 observations are available), so we are 
forced to use fi,t as calculated by the above formula. The formula itself is a very 
good proxy compared to the real data of newborns available (the standard devia-
tion on average is approximated to 0.63%). 

The first step was forecasting through a time series analysis for each cohort, but I ran 
into problems of rejecting the random walk hypothesis in the Dickey-Fuller test for 
some parts of the series. Table 1 shows the results of the Dickey-Fuller test:
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50 Table 1 
Dickey-Fuller test statistics results for random walk and random walk with a drift

Age
Test Statistics Test Statistics
∆yt = α1 yt-1 + εt ∆yt = α0 + α1 yt-1 + εt

15-19 τ = -1.9585 τ = -3.9106 ф = 5.6557
20-24 τ = -1.6152 τ = -4.2537 ф = 9.0580
25-29 τ = -2.1451 τ = -2.4060 ф = 2.8946
30-34 τ = -1.3703 τ = -2.1818 ф = 2.3866
35-39 τ = -0.7783 τ = -3.5498 ф = 6.6255
40-44 τ = -0.9005 τ = -3.0782 ф = 5.1171
45-49 τ = -3.5818 τ = -4.1482 ф = 8.6203

Source: Author’s calculations.

Table 2 
Dickey-Fuller statistics and confidence intervals for the data of 16 observations

Model Hypothesis Test 
Statistics

Confidence intervals
95% 99%

∆yt = α1 yt-1 + εt α1 = 0 τ -1.95 -2.66
∆yt = α0 + α1 yt-1 + εt α1 = 0 τ -3.00 -3.75

α0 = α1 = 0 ϕ 5.18 7.88
Source: Author’s calculations.

We can now compare the results with 95% confidence intervals given in Table 2. 
The first model is random walk, and the second model is random walk with drift. 
To reject the hypothesis that the model is following a random walk process – or 
random walk with drift – with 95% confidence intervals, the test value must be 
higher than the absolute value of the Dickey-Fuller test. It can be noticed that this 
is not the case for all of the series. Therefore, the second approach was used and it 
yielded much better estimates and results. 

3.1.1 LEE-CARTER MODEL FOR NEWBORNS PER PERSON
According to Khan, Afrin and Masud (2016), the Lee-Carter model is one way to 
approach the problem of forecasting mortality rates. Here, this method will be 
used to forecast newborns per person. The model is set as follows:

	 � (5)

where 

Each parameter ai represents the mean value of newborns per individual rates in 
each iTH age group. The parameter kt is a time varying trend index that can be esti-
mated and forecasted by applying time series analysis. Each coefficient bi shows 
changes in newborns per individual rates in a iTH age group when the newborns per 
person index changes. The assumptions are that bi is constant in each age group 
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51and that kt is not dependent on age group, but rather on time. To solve this system 
of equations, we will use the singular value decomposition (SVD) method, as 
recommended by the Lee-Carter model. We first start with solving ai. Afterwards, 
we create a new matrix: 

zi,t = log(fi,t ) – ai, where ai are fitted values. 

Then we apply singular value decomposition to obtain the product of the three 
matrices: . We derive bi from 
the first row of the age-group component matrix i.e. bi = Ui,1, and kt is derived from 
multiplication of the time component matrix and the first eigenvalue i.e. 

. Estimated values of ai and bi are shown in Table 3.

Table 3 
Parameters in the Lee-Carter model

Age
Parameter

ai bi

15-19 -5.11 -0.33
20-24 -3.55 -0.35
25-29 -3.03 -0.09
30-34 -3.21  0.20
35-39 -4.09  0.38
40-44 -5.78  0.42
45-49 -8.85  0.64

Source: Author’s calculations.

Parameters bi reveal a lot about the trend that is present. Parameter bi directly 
affects newborns per person rates each time when the index kt is changed. It can 
be seen that the parameter bi has negative values for age groups 15-29 and positive 
for age groups 30-49. These values show that the number of young people aged 
15-29 who are having children is decreasing. Instead, people start having children 
at the ages of 30-49. This trend is present worldwide, not just in Croatia.

Now we have all the necessary parameters. We now need to forecast the future 
values of kt. First, we start by checking stationarity. Table 4 shows Dickey-Fuller 
test statistics:

Table 4 
Dickey-Fuller statistics for newborns per person index

Test Statistics Test Statistics
∆kt = α1 kt-1 + εt ∆kt = α0 + α1 kt-1 + εt

τ = -2.4176 τ = -5,0459 ф = 12.8369
Source: Author’s calculations.
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52 Data from Table 2 can be used for comparison since the number of observations 
and the value of the confidence intervals is the same. The parameter α1 in the first 
equation (random walk without drift) is statistically different from zero with 95% 
confidence, so we reject the hypothesis that this process is random walk with a 
95% confidence level. When it comes to the second equation, the confidence level 
is even higher. We can thus reject the hypothesis that α1 is equal to zero with a 99% 
confidence level, and that the constant parameter together with α1 is statistically 
different from zero with a 99% confidence level.

The following two figures, Figure 5 and Figure 6, show the autocorrelation func-
tion (ACF) and partial autocorrelation function (PACF) of the newborns per per-
son index. They are used in order to decide which process describes movements 
in the newborns per person index the best. 

Figure 5 
Autocorrelation function (ACF) for newborns per person index
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Note: The dotted line is used as a boundary for statistical significance. Everything that is above 
the dotted line is statistically significant. 
Source: Author’s calculations.
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53Figure 6 
Partial autocorrelation function (PACF) for newborns per person index
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Source: Author’s calculations.

The autocorrelation function shows that the current kt on average correlates with 
the previous three observations, but the partial autocorrelation function indicates 
that the movements in kt are best explained by just one lagged dependent variable. 
Our conclusion is that the autoregressive model of order 1 (AR (1)) that includes 
the intercept term will be applied in order to forecast future changes in the new-
borns per person index. Estimating with ordinary least square approximation, we 
obtain the results shown in Table 5:

Table 5 
AR (1) process of newborns per person index

Estimated equation R2 σ E(kt)
kt = 0.0528 + 0.9639 * kt-1 + εt 0.8635 0.1975 1.4598

Source: Author’s calculations.

The standard error of the lag dependent term is 0.0458, which makes it statisti-
cally different from zero with a confidence level of  99%. The standard error of the 
intercept term is 0.61, which means that it is not statistically different from zero. 
However, we will include it in the model since the Dickey-Fuller test has demon-
strated that that model is better with an intercept term. Now I create 500 simula-
tions by setting equation kt = 0.0528 + 0.9639 * kt–1 + 0,1975 + εt, where 
εt  ~ Normal(0,1). The results of the simulations are shown in Figure 7.
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54 Figure 7 
Stochastic simulation results for newborns per person index
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Source: Author’s calculations.

Now we have all the necessary data for simulating future values of newborns per 
person rates for each age group. The following two figures, Figure 8 and Figure 9, 
are given as final process of stochastic simulations of newborns per person rates 
for different age groups. We will later use this results in our Leslie matrix.

Figure 8 
Stochastic simulation results for newborns per person rates, age group: 15-19
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Source: Author’s calculations.
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55Figure 9 
Stochastic simulation results for newborns per person rates, age group: 30-34
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All those stochastic simulations enable us to generate simulations of total new-
borns per person rates. We all are much more familiar with the term total fertility 
rates, meaning the average number of births per mother. Since we are transforming 
the data to newborns per person rates (not per mother), and the numbers of men and 
women in Croatia are approximately equal (male population amounted to 49.9% of 
the total population in 2018), we can therefore by rule of thumb multiply the total 
newborns per person rates by two in order to get fertility rates. Figure 10 shows 
total newborns per person rates generated from a stochastic simulation.
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56 Figure 10 
Stochastic simulation of total newborns per person rates, time horizon: 2017-2060
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In 2017 the total newborns per person rate was 0.7. By multiplying this number by 
two we receive an approximate fertility rate of 1.40. This is a good approximation 
if we compare it to the official Eurostat calculation of 1.42. Figure 10 shows fore-
casted values from 2017 to 2060. It can be seen that most of the data lie at values 
above 0.7, meaning that this model expects a higher total newborns per person 
rates in the future. It can be concluded that higher fertility rates are to be expected 
in the future1.

3.2 SURVIVAL RATES
According to Smith, Tayman and Swanson (2013), the next important factor that 
needs to be estimated for our Leslie matrix is the survival rate si. The survival rate 
represents the probability that an individual will survive the given age group. To 
estimate this parameter, we will use the number of deaths in a given age group. 
The following formula will be used to transform the data:

	 � (6) 

where 

Mi,t ~ number of deaths in iTH age group at time t

1 This paper concludes that fertility rates would improve based on AR(1) process. AR(1) is not greatest approach 
one can use in estimating fertility rates because there are too many other factors which AR(1) process does 
not pick and future work could improve its forecasting.
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57The transformed data now represents the survival rate in each age group at time t. 
We will again use the Lee-Carter model (Khan, Afrin and Masud, 2016) to simu-
late future values of number of deaths in each age group. 

We set our model as follows:

	 � (7)

where 

The ai parameter in this equation represents the average age-specific mortality in 
different age groups. Vector kt is the mortality index that is independent of each 
age group and varies with time. Each bi parameter shows how change in the mor-
tality index affects mortality rates in different age groups. The same procedure is 
used as with newborns per person to get correct forecasts of mortality rates. Esti-
mates for ai and bi are given in Table 6.

Table 6 
Parameters for mortality index in the Lee-Carter model

Age Parameter
ai bi

0-1 -5.29 -0.28
1-4 -8.44 -0.28
5-9 -8.99 -0.19

10-14 -8.94 -0.20
15-19 -7.83 -0.38
20-24 -7.43 -0.37
25-29 -7.40 -0.29
30-34 -7.20 -0.26
35-39 -6.80 -0.21
40-44 -6.32 -0.27
45-49 -5.73 -0.24
50-54 -5.19 -0.20
55-59 -4.75 -0.13
60-64 -4.33 -0.09
65-69 -3.91 -0.14
70-74 -3.43 -0.20
75-79 -2.89 -0.17
80+ -2.01 -0.08

Source: Author’s calculations.

When it comes to parameter kt, a time series analysis will be used first. Checking 
stationarity, we run into a problem. Table 7 shows Dickey-Fuller test results for 
the mortality index.
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58 Table 7 
Dickey-Fuller statistics for mortality index

Test Statistics Test Statistics
∆kt = α1 kt-1 + εt ∆kt = α0 + α1 kt-1 + εt

τ = -1.1768 τ = -2.3118 ф = 2.6724
Source: Author’s calculations.

If these results are compared with those in Table 2, the data do not show enough 
confidence to reject the hypothesis that this process is random walk or random 
walk with drift with 95% confidence. We can set the model to be pure random 
walk without drift, and simulate future values, but that is not what I will do. The 
parameters bi show how the change in kt affects change in mortality rates in a iTH 
age group. By observing all the negative bi parameters, we expect the value of kt 
to increase over time. Generally, life expectancy has increased by a large margin 
over the last 100 years. Many factors affect this, and it is a trend that I expect will 
continue. The following Figure 11 shows observed values of the mortality index.

Figure 11 
Mortality index over time
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Source: Author’s calculations.

We can notice from Figure 11 that the index shows a trend. I will assume here that 
this trend is linear. The reason for this assumption is that I do not expect the trend 
of decreasing patterns of mortality rates to stop. If we set our process to be pure 
random walk, then the expected future value is also the last observable value, and 
we lose the trend in the mortality index. An example of the mortality rates in the 
United States of America (USA) for the age group 15-19 is given in Figure 12.
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59Figure 12 
Mortality rates in the USA for the period of 1930-2017 
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Source: Mortality.org (2019).

The example of the United States of America is used in Figure 12 because a large 
database can be drawn upon. Figure 12 illustrates that the data show a clearly 
declining trend. The trend shows characteristics of exponential decay. Since our 
mortality rate values are displayed as logarithms, by displaying the mortality 
index as a linear trend, we are creating exponential decay for mortality rates. From 
this assumption follows our new model for mortality index:

, where εt~ random disturbance.

Once we estimate β1 with the ordinary least square estimator, we check the station-
arity of the process . Table 8 shows the Dickey-Fuller test 
results.

Table 8 
Dickey-Fuller statistics for mortality index set as a model with linear trend

Test Statistics Test Statistics
∆Kt = α1 Kt-1 + εt ∆Kt = α0 + α1 Kt-1 + εt

τ = -2.4707 τ = -2.3118 ф = 2.6724
Source: Author’s calculations.

The data is stationary, so we can work with it further. The estimated parameters 
are shown in Table 9.
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60 Table 9 
Estimated parameters for mortality index

Coefficients Estimate Standard error t-value Pr(>|t|)
β0 -1.2012 0.0746 -16.11 ~0
β1  0.1335 0.0073  18.34 ~0

Source: Author’s calculations.

The adjusted R2 is 0.95 and the standard deviation of whole model is 0.147. Now 
we estimate the stochastic model kt = –1.201168 + 0.133463 * t + 0.147 * εt, where 
εt  ~ Normal(0,1) by doing 500 simulations. Figure 13 shows the results of these 
mortality index simulations.

Figure 13 
Mortality index simulations
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Now we have all the needed data to simulate mortality rates per cohort. We are 
now dealing with 18 data sets rather than 7 (as is the case with fertility rates). 
Figures 14 and 15 are given as examples of simulation results for two different 
cohorts. We can clearly observe an exponentially decreasing mortality rate trend.
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61Figure 14 
Simulated results for mortality rates for the first cohort: newborns
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Figure 15 
Simulated results for the mortality index for group aged 45-49
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62 3.3 TOTAL POPULATION
Now we have all the parameters needed for creating our Leslie model. The origi-
nal Leslie model is set as follows:

But as I have already mentioned, I will implement some changes in order to pro-
duce more precise forecasts. If we use the model as set above, the resulting fore-
casts will be biased. We need to look at and understand the fundamentals of the 
model. The output of the model is the population in each cohort. The way that the 
first cohort is created is a product of matrix multiplication: . 
The value of fertility rates forecast for a given year is multiplied with that year’s 
population in order to generate the number of newborns. Then for the next year, 
the number of new newborns is multiplied with the survival rate of the newborns’ 
age group, and the value of those who survive is shifted into the next cohort, age 
group 1-4. For the year after that, the second cohort is multiplied with the second 
cohort’s survival rate, and the value of those who survive is then shifted into the 
third cohort, age group 5-9. This is not what actually happens. The population that 
is aged 1, 2 or 3 remains in the second cohort. The model will be biased if we shift 
them all into the next cohort. By setting our model in this way, we are shifting the 
population in each period for five years, and thus generating forecasts for 5 years 
in each step. But because our fertility and survival rates are set per year, we are in 
a way dealing with apples and pears. We need to set the model in a such way that 
it shifts only the oldest members of a given population in a cohort. The way I 
decided to deal with this problem is:

	 � (8)

where ci~ Historical average ratio of last cohort age divided by population of iTH 
cohort.
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63Each ci represents the proportion of the largest age value in a given cohort. For 
example, if the given cohort has 100 individuals aged 10-14, where just 20 mem-
bers are aged 14, then the value of ci in that cohort is 0.2. Let us say that the sur-
vival rate for the same cohort is 99% (mortality rate is 1%). This means that the 
next year we will see 99 individuals from this cohort. All of them are now one year 
older, meaning that those that were aged 14 are now aged 15 and should be put 
into the next cohort. In this new model, the population that is sent in next cohort 
is ci * si+1,t (ci does not exists for the first cohort – newborns). It starts from the 
second cohort, which is why we multiply its value by iTH + 1 (survival rate). The 
result is 0.198 (0.2*0.99), which equals 19.8 individuals. The population that 
stays in the same cohort equals (1 – ci) * si+1,t which in our case equals 0.792 
(0.8*0.99) or 79.2 individuals. The total amounts to exactly 99 individuals 
(19.8+79.2). By setting the model in this way, we are setting survival rates to be 
uniformly distributed in each cohort, which is the assumption behind this model. 

Now that we understand the changes in the model, we need to estimate parameters 

ci. I estimated them with the equation . 

We have 17 points in time, so we estimate 17 values of ci,t for 17 different cohorts. 
All ci,t parameters are stationary through time, and the standard deviation value is 
less than 1% for almost all of them. There are just three observations of ci,t whose 
standard deviation is higher than 1%, around 1.5%. This is why I have decided to 
base the value of ci on the historical average for each cohort. 

Now we can generate a stochastic forecast for the Croatian population over the 
next 43 years (starting from 2017). Figure 16 is the final result of 500 stochastic 
simulations based on the Leslie model.



iva
n to

m
a

š: 
a sto

c
h

a
stic fo

r
ec

a
st fo

r th
e c

r
o

atia
n pen

sio
n sy

stem
pu

b
lic sec

to
r  

ec
o

n
o

m
ic

s
44 (1) 41-98 (2020)

64 Figure 16 
Stochastic forecast of the Croatian population from 2018 to 2060
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Source: Author’s calculations.

Figure 17 
Histogram of the Croatian population in 2060 forecast by using the stochastic 
method on the Leslie model
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65The expected population in 2060 is 3.5 million and the population’s median lies 
around 3.49 million. The standard deviation of the total population in 2060 is 
60,300, meaning 1.72% of the mean. The mean is not uncertain, as can be seen in 
Figure 17. Therefore, we can say with 95% confidence that the interval lies 
between 3.41 million and 3.65 million, and with 99% confidence that the interval 
lies between 3.4 million and 3.7 million. We are also interested in the changes in 
population for two different population groups: those aged 65+ and those aged 
15-65. Figures 18 and 19 show the results of this forecast. The observable results 
are giving rise to growing concerns.

In the next paragraph, we are going to analyse the sustainability of the Croatian 
pension system through time based on the forecast population numbers. The 
results estimated in this paragraph will be taken in order to analyse the sustainabil-
ity of the pension system.

Figure 18 
Stochastic forecast of the population aged 65+ from 2018 to 2060
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Source: Author’s calculations.



iva
n to

m
a

š: 
a sto

c
h

a
stic fo

r
ec

a
st fo

r th
e c

r
o

atia
n pen

sio
n sy

stem
pu

b
lic sec

to
r  

ec
o

n
o

m
ic

s
44 (1) 41-98 (2020)

66 Figure 19 
Stochastic forecast of the population aged 15-65 from 2018 to 2060
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Source: Author’s calculations.

4 POPULATION OF PENSIONERS
Now that we have estimated the population projections for each cohort, we are 
able to use those estimations to analyse the population of pensioners and of the 
employed population. The given numbers can help us estimate how much cash 
inflow will be generated from the employed population and see whether there will 
be enough cash accumulated to finance the pensioners. This section will deal with 
calculating the population of pensioners in Croatia. 

The pensioner dynamics behaviour can be explained through the values of already 
existing pensioners and new pensioners. A model can be set in the following way 
(Tian and Zhao, 2016):

	 � (9)

	 � (10)

Pp,t ~ Population of pensioners at time t
θ ~ Survival rate of pensioners
α, X ~ Scaling factor
Pi,t ~ Population of iTH cohort at time t

This model calculates the number of the next year’s pensioners by adding the num-
ber of pensioners that survive this year and newly added pensioners together. As 
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67mentioned above, until 2027 women and men can retire at different ages. We there-
fore have two different equations necessary for catching up to the dynamics of the 
system. Equation (9) is used before 2027 and Equation (10) is used after 2027. At 
the present moment, women can start receiving pension benefits at the age of 62. In 
order to estimate the number of newly retired women, we first need to know what 
population of women is aged 62 and is eligible for a pension. We need to take into 
consideration the fact that not all women with these characteristics are necessarily 
going to retire, which is why we multiply the whole thing with X in order to get the 
number of women that will be new pensioners. The same procedure is used for 
men, and after 2027 for the total population. This model does not account for peo-
ple in early retirement, so I will put them in the category with other pensioners. 
Now I will briefly explain and estimate the parameters, one by one.

The parameter θt represents the survival rate of pensioners. Since we already have 
estimated survival rates for each cohort, I estimated θt as a weighted average of 
survival rates in different cohorts. The survival rates of the cohorts 65+ are used 
because the assumption is that individuals older than 65 are pensioners. Although 
women may currently legally receive pension at the age of 62, θt represents the 
approximation of survival rates. Although after 2033 individuals will need to be 
67 years old to receive pension benefits, I decided not to complicate the model 
further, so that θt represents the weighted average survival rates of the cohorts 
65-69, 70-74, 75-79 and 80+. θt is set in the following way:

	 � (11)

After the survival rates we need to analyse the scaling factor α. Term Pi,t must be 
multiplied by 0.5 for the years leading up to 2027 because we assume that the 
population consists of a 50:50 ratio of men and women. By multiplying with 0.5, 
we scale the population of a cohort to represent just the population of women (or 
men). Since only women aged 62 can start receiving pension benefits, we need to 
multiply the calculated value with the percentage of the population aged 62 in a 
given cohort in order to scale the population to just the number of women aged 62. 
Since we need to estimate in what way postponing the age limit for retirement 
affects the pension system, we need to create a method that will cover postponing 
the retirement age inside each cohort. There are data available for each year’s pop-
ulation on Eurostat, so I decided to calculate the historical average ratio of each age 
group for the given cohort. Table 10 shows the results for the relevant ages. 
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68 Table 10 
Proportion of specific age population in cohorts 60-64 and 65-69

Age Weights in cohort
62 0.1996
63 0.1961
64 0.1925
65 0.2086
66 0.2039
67 0.2002

Source: Eurostat; Author’s calculations.

We can observe just what we expected – a decreasing pattern of the population for 
every age in the cohort. Now we have everything necessary for calculating the α 
parameters. When we are dealing with population of men and women separately, 
we multiply the numbers in Table 10 with 0.5 according to Formula (9), otherwise 
we keep the original numbers from Table 10 and we use Formula (10).

Up until now we calculated the number of women aged 62 (and men aged 65). 
Now we need to find out how many women aged 62 will start their retirement 
plan. Fortunately, the Croatian Pension Insurance Institute (HZMO) has been pub-
lishing the numbers of new pensioners, both female and male, since 2006. Since 
we have the data for women aged 62 from Eurostat, we can calculate the ratio of 
new female pensioners to female population aged 62 (and the ratio of new male 
pensioners to male population aged 65). The results for both men and women can 
be found in Table 11.
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70 The result of some observations is higher than one because the category new pen-
sioners does not include only women aged 62 and men aged 65, but also people 
that have retired early or late. However, this ratio can be a good benchmark for 
forecasting the numbers of future new pensioners. I will furthermore assume that 
this ratio does not change with the cohort, but rather that it just changes over time. 
This assumption allows me to create a stochastic process of the ratio and use it for 
different cohorts. In Figures 20 and 21 we can see the PACF for the process cre-
ated from those two ratios. I decided to use the AR (1) process to explain the 
future behaviour of the ratio. Table 12 shows the estimated equations. 

Figure 20 
PACF for the ratio of new male pensioners to male population aged 65 
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Source: Author’s calculations.
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71Figure 21 
PACF for new female pensioners to female population aged 62

2 4 6 8 10

−0
.4

−0
.2

0.
0

0.
2

0.
4

0.
6

0.
8

Lag

Pa
rti

al
 A

C
F

Source: Author’s calculations.

Table 12 
AR (1) process for ratio of new female/male pensioners to female/male population 
aged 62/65

Gender Estimated equation R2 σ E(yt)
Female yt = 0.1629 + 0.8242 * yt-1 + εt 0.64 0.1421 0.93
Male yt = 0.350618 + 0.67092 * yt-1 + εt 0.42 0.1437 1.07

Source: Author’s calculations.

Now I set the two processes as yt = 0.16289 + 0.824202 * yt-1 + 0.1421 * εt and 
yt = 0.350618 + 0.67092 * yt-1 + 0.1437 * εt, where εt  ~ Normal(0,1). In Figures 22 
and 23 we can see the result after 500 simulations. 
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72 Figure 22 
Stochastic forecast of new male pensioners ratio from 2018 to 2060
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Figure 23 
Stochastic forecast of new female pensioners ratio from 2018 to 2060
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73The processes deviate significantly from their expected value. However, this 
should not pose a problem because it is our end goal to get a wider picture of the 
whole system. We have now estimated all the necessary parameters for forecast-
ing the number of pensioners. Figure 24 shows the estimated results. The simula-
tion is programmed in such a way as to incorporate the dynamics of shifting the 
minimum retirement age. The expected number of pensioners in 2060 is 1,211,136. 
We can say with 95% confidence that the interval lies between 1,073,076 and 
1,349,965. These numbers will be used for further analysis. The number of pen-
sioners at the end of 2017 was 1,236,258, which is to say that this model estimates 
a lower number of pensioners by 2060. The overall distribution of pensioners in 
2060 can be observed in Figure 25.

Figure 24 
Stochastic forecast of the number of pensioners from 2018 to 2060
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74 Figure 25 
Distribution histogram for the number of pensioners in 2060
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5 EMPLOYED POPULATION
We now need to estimate the employed population. The model of the employed 
population is set as follows (Tian and Zhao, 2016):

	 � (12)

PE,t ~ Employed population at time t
Pw,t ~ Total working age population at time t
lt ~ Labor force to working age population ratio at time t
ut ~ Unemployment rate at time t

This model is very straightforward. The total working age population multiplied 
by the ratio of the labour force to total working age population and employment 
rate gives us the number of employed individuals. 

The parameter lt represents labour force ratio at time t. The Croatian Bureau for 
Statistics has been publishing monthly data on the size of the labour force since 
2003. Since data for 2018 is available, we will use it. By calculating the average 
of the monthly labour force numbers in a year, I can estimate the labour force for 
the year. By dividing the result with the working age population for the chosen 
year, we obtain the ratio of the labour force to working age population. I calcu-
lated the working age population as male population aged 15 to 65 and female 
population aged 15 to 62. Figure 26 shows the results. 
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75Figure 26 
Labour force to working age population
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Since the ratio changes over time, we need to forecast its future values for the next 
43 years. It is very hard to know what is going to happen in the Croatian economy 
over the next 5 years, let alone the next 43 years. Two other problems are that, 
first, the size of the working age population will fluctuate every year. Secondly, 
from 2033 onwards the new working age population will approximately be people 
aged 15 to 67. I will assume that the ratio is not dependent on the cohorts used to 
calculate working age population, but rather just on time. For the sake of simplic-
ity, I will exclude the random walk hypothesis here. Figure 27 shows the PACF for 
the ratio of labour force to working age population. We conclude that an AR (1) 
process is the best fit for explaining the behaviour of the ratio2. Table 13 shows the 
estimated values of the process. Afterwards I calculated the stochastic process for 
yt = 0.109315 + 0.827804 * yt-1 + 0.0152 * εt, where εt  ~ Normal(0,1), 500 simula-
tions of which are displayed in Figure 28.

2 Using AR(1) process to project labor force to working age population ratio inertially projects past trends to 
future activity levels and probably undershoots the future (elderly) employment levels and contribution reve-
nues that would result from pension policy and longer activity. The reader should be advised of this and pos-
sible upgrades of the model in the future.
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76 Figure 27 
PACF of labour force to working age population ratio
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Source: Author’s calculations.

Table 13 
AR (1) process of labour force to working age population ratio

Estimated equation R2 σ E(yt)
yt = 0.1093 + 0.8278 * yt-1 + εt 0.71 0.0152 0.63

Source: Author’s calculations.
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77Figure 28 
Stochastic forecast of labour force ratio from 2018 to 2060
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As it is already problematic to estimate the numbers of the future labour force, it 
is even more problematic to estimate the future unemployment rate over the next 
43 years. It is very hard to predict what the movement of the future unemployment 
rate in the next 43 years will be, so we need to use forward-looking techniques to 
estimate it. Historical unemployment rates can be seen in Figure 29. Again, we 
have available data for 2018, which I will use. Historically, the rates fluctuate 
between 10% and 20%. The year 2018 saw the lowest unemployment rate in his-
tory, estimated at 9.8%. In order to try to forecast future unemployment rates up 
until 2060, I will employ scenario analysis with three separate scenarios, each of 
which will then be used in further analysis. 
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78 Figure 29 
Historical unemployment rate in Croatia
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In the first scenario the average unemployment rate will dynamically return to its 
historical average rate. This dynamic behaviour is shown in Figure 30. Its mean 
expected values will be used in further analysis.

Figure 30 
Forecast of the future unemployment rate: Scenario 1
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79In the second scenario, I will assume that the unemployment rate will on average 
stay at its current levels – at 9.84%. For the third scenario, I will assume that the 
unemployment level will dynamically converge to 5%, by dropping by 0.5% each 
year. After 10 years it will stay at 5% up until 2060. Those three scenarios allow 
us to cover three possible movements that could occur in the Croatian economy, 
which will help us see the wider picture of the pension system. 

After creating a program that dynamically includes the postponement of the retire-
ment age and simulating results according to Scenario 1, the results for the 
employed population over time can be seen in Figure 31. The expected size of the 
employed population in 2060 is 1,082,232. The employed population is thus 
smaller than the population of pensioners. This indicates the possibility that there 
will be high pressure on government expenses for the pension system in 2060.

Figure 31 
Stochastic forecast of the employed population: Scenario 1
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Source: Author’s calculations.

Figure 32 shows the dynamics of the employed population generated according to 
Scenario 2. The expected employed population in 2060 is 1,153,739, which is 
71,500 people more than in the last scenario. Furthermore, this number is still 
lower than the expected number of pensioners. 

Figure 33 shows the expected employed population over time according to Sce-
nario 3. The expected employed population in 2060 is 1,215,739, which is higher 
than the expected pensioner population in 2060. Since the expected number of 
pensioners in 2060 is 1,211,136, the best possible scenario is to end up with a 1:1 
ratio of worker to pensioner by 2060.
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80 Figure 32 
Stochastic forecast of the employed population: Scenario 2
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Source: Author’s calculations.

Figure 33 
Stochastic forecast of the employed population: Scenario 3
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816 ANALYSIS OF SUSTAINABILITY
Before answering the question of sustainability, we need to set the benchmark for 
what a sustainable system is. Let us first consider how the system functions. A 
certain number of people work and earn a salary for their work. A percentage of 
that gross salary is paid towards the pension system. This money is then used in 
two ways – it provides current pensioners with a pension and it is invested for 
capital accumulation. Therefore, a certain percentage of this money goes directly 
to the government for already existing pensioners. The government is obliged to 
provide retired individuals with pensions. So, our question is: can the government 
generate enough cash flow from the employed population in order pay out pen-
sions? If the cost of paying the pensioners is higher than the revenue earned, the 
government needs to pay for the rest with its own money or borrow money, so this 
could be understood as an investment. As opposed to companies, when the debt or 
cash outflow of a government is increased, every citizen is affected one way or 
another. Therefore, it is of the utmost importance to analyse the investment in the 
pension system. If the overall expenses are not too high, it will remain in the gov-
ernment’s interest to pay for the pension system since it positively affects social 
conditions. However, only up to a certain point. Just as with companies, there are 
levels of debt where the government is better off not investing. In order to find out 
at what cost level the government is at break-even point requires a rather complex 
analysis, since many factors play vital roles. In 2017, the Croatian government 
gained 21.09 billion Kuna (HRK) revenue from the pension system and incurred 
HRK 37.67 billion expenses for the pension system (Mirovinsko.hr, 2018). The 
net amount was HRK -16.58 billion, whereupon the new reform was started. For 
this reason, I will use HRK 16.58 billion as the benchmark where the government 
is better off not investing. If the present value of future net expenses is higher than 
HRK 16.58 billion, it will be interpreted as unsustainable. It must be mentioned 
that this interpretation of unsustainability comes along with the assumption that 
the economic conditions in the country are not going to change in the next 43 
years. This is not to be expected, but since I cannot know whether the economy 
will expand or weaken unexpectedly in the future, I decided to use this number for 
further analysis. I will compare the calculated present value of future expenses 
with 16.58 billion.

In order to forecast future government revenues and expenses from the pension 
system, we need to forecast wages in the country (Tian and Zhao, 2016). Table 14 
shows the average gross salary and growth rates for each year. In later analysis, I 
shall exclude the values from 2018, but they are displayed in this table.



iva
n to

m
a

š: 
a sto

c
h

a
stic fo

r
ec

a
st fo

r th
e c

r
o

atia
n pen

sio
n sy

stem
pu

b
lic sec

to
r  

ec
o

n
o

m
ic

s
44 (1) 41-98 (2020)

82 Table 14 
Average gross salary and growth rates

Year Average gross salary (in HRK) Growth rates (in %)
2001 5,061 3.9
2002 5,366 6.0
2003 5,623 4.8
2004 5,985 6.4
2005 6,248 4.4
2006 6,634 6.2
2007 7,047 6.2
2008 7,544 7.1
2009 7,711 2.2
2010 7,679 -0.4
2011 7,796 1.5
2012 7,875 1.0
2013 7,939 0.8
2014 7,951 0.2
2015 8,055 1.3
2016 7,752 -3.8
2017 8,055 3.9
2018 8,448 4.9

Source: Narodne novine; Author’s calculations.

Figure 34 
PACF of growth rates in wages
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83The average growth rate of the gross salary is 3.1%. From Figure 34 we conclude 
that the autocorrelation function of the first order should be used in order to predict 
future growth rate values. By knowing the future growth rate values, we can easily 
calculate future salary values. It is hard to predict future salary growth rates over the 
next 43 years. Growth rates can be explained through the economy of the country, 
as well as through politics and law. Most of those variables are hardly observable in 
the economy. I will use the AR (1) model to estimate the parameters. Since we are 
forecasting 43 years ahead, as long as we use the correct average and take various 
possible events and extrema into consideration, we should get a very good dynami-
cal convergence of the salaries. Table 15 shows AR (1) parameters estimates. Now 
I created the following process: yt = 0.0143 + 0.52176 * yt-1 + 0.0264 * εt, where 
εt  ~ Normal(0,1). Figure 35 shows the result of 500 simulations of the process.

Table 15 
AR (1) process for growth rates in wages

Estimated equation R2 σ E(yt)
yt = 0.0143 + 0.5218 * yt-1 + εt 0.28 0.0264 0.0299

Source: Author’s calculations.

Figure 35 
Stochastic forecast for growth rates in wages
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84 The process estimates growth rates between -10% and 15%. I believe that the 500 
simulations generated above can explain the dynamics of future growth rates in 
wages for the next 43 years. Figure 36 shows the realized values of future wages. 
The expected gross wage in 2060 is HRK 29,735 and the median value is HRK 
28,343. Estimated wage distribution in 2060 can be seen in Figure 37. We can 
estimate with 95% confidence that the interval lies between HRK 15,106 and 
HRK 51.307.

Figure 36 
Stochastic forecast of future wages
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Now we can start estimating the revenues generated from the pension system over 
the next 43 years. We know that before 2019, 15% (contribution rate) of an indi-
vidual’s gross salary was paid to the first pillar3. That money was then used to 
finance pensioners. After the new reform, every pensioner may decide whether 
they want to receive a combined pension (financed from both pillars) or a first-
pillar pension only. We can conclude that the combined pension scheme was not 
sustainable, since the government implemented its reform in 2019. If an individ-
ual wants to receive pension just from the first pillar, all the capital accumulated 
in the second pillar will be transferred to the state.

3 Author’s note: This is not true for everyone, but we want to simplify the calculation process.
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85Figure 37 
Histogram of wage distribution in 2060
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Now we need to estimate the amount of capital accumulated in the second pillar 
and that may be a difficult problem. Firstly, recall from the first paragraph that 
individuals can decide which investment scheme they want to have in the second 
pillar. Each investment scheme leads to different capital accumulated. Forecasting 
the future expected returns and standard deviations is a problem that requires 
deeper stochastic analysis which I will not implement here. Secondly, each year, a 
different number of individuals will decide to send their capital from the second 
pillar to the state, and we can view the number of individuals in each year as a 
random variable through time i.e. stochastic process which I will not model here. 
Putting everything together, future expected returns of the second pillar and the 
number of individuals that decide to receive pensions just from first pillar can be 
modelled as a stochastic process, but I will not involve stochastic calculus here; it 
is left for future research. 

We do know that the market-implied pension contribution rate lies between 15% 
and 20% from the fact that some individuals will receive a combined pension and 
others will receive pension just from the first pillar. Therefore, I will estimate 
future revenues by setting my equation in such a way that the contribution rate 
equals to 20%, meaning that 20% of the gross salary is paid towards the govern-
ment after January 1, 2019. If every individual decided to receive their pension 
just from the first pillar, estimating the contribution rate at 20% is a very good 
approximation of government cash flow through time. The equation for calculat- 
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86 ing revenues is set in the following way (the revenues are scaled to a yearly basis) 
(Tian and Zhao, 2016):

	 � (13)

When it comes to expenses, we need to know what percentage of the gross wage 
the pension should amount to. Table 16 shows the average pension rates for 
December of each year, as reported by HZMO, as well as the percentage of the 
average gross salary in that year. 

Table 16 
Average pension by year and percentage in gross salary

Year Average pension (in HRK) Percentage in gross salary (in %)
2001 1,672 33
2002 1,720 32
2003 1,801 32
2004 1,848 31
2005 1,904 30
2006 2,000 30
2007 1,999 28
2008 2,169 29
2009 2,164 28
2010 2,151 28
2011 2,184 28
2012 2,502 32
2013 2,417 30
2014 2,423 30
2015 2,437 30
2016 2,525 33
2017 2,439 30

Source: HZMO; Author’s calculations.

As we can see, the percentage of the pension amount in gross salary oscillates 
between 28% and 33%. The average is 30%, so I will use that value as the expected 
pension per pensioner in further analysis. This wage indexation is assumed for 
reasons of simplicity in further analysis. The expenses equation is set in the fol-
lowing way (Tian and Zhao, 2016):

	 � (14)

This equation is also scaled to yearly values. By subtracting costs from revenues, 
we obtain the net cash flow generated from the pension system. We again have 
three different scenarios, which will be analysed separately.

If we use the contribution rate of 15% in Equation (13), we estimate that the 
expected net cash flow in 2018 is HRK -16.1 billion. We already know that in 
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872017 the net cash flow was HRK -16.58 billion. As already mentioned, since the 
start of 2019, every individual has been able to decide whether they want to their 
pension to be funded from the first pillar or be combined, which will directly influ-
ence the contribution rate. If we assume that no one will use the combined pension 
system, we can exclude its existence from our calculations – to simplify the esti-
mation process – and say that 20% of the salary amount will be contributed just 
for the first pillar.

In all three following scenarios, analysed in paragraphs 6.1, 6.2 and 6.3, I expect 
that the second pillar will not gain enough competitiveness in comparison with the 
first pillar. This is just an assumption in order to see what the outcome of this sce-
nario is, and readers should be aware of it. Later, the outcome of the scenario 
when the second pillar gains in competitiveness will be shown.

6.1 �FUTURE DYNAMICS OF THE PENSION SYSTEM WITHOUT 
THE SECOND PILLAR: UNEMPLOYMENT RATE SCENARIO 1

As described above, in the first scenario the unemployment rate is expected to 
return dynamically to its historical average. We have already concluded that this 
is the worst-case scenario when it comes to the ratio of pensioners to workers. We 
can thus expect that this scenario will also be the worst in net cash flow generated 
by the government from the pension system. The result calculated by estimating 
revenues and subtracting estimated expenses can be seen in Figure 38. The 
expected net cash flow in 2060 is HRK -53.91 billion. Discounted until today with 
discount factor of 2.99%4 – since the expected wage growth is 2.99% per year (as 
shown in Table 15) – we obtain the value of HRK -15.19 billion. This number is 
very close to the value of HRK -16.58 billion, meaning that it is showing signs of 
possible unsustainability. The future value of HRK 16.58 billion in 2060 is HRK 
58.9 billion (calculated with an interest rate factor of 2.99%). The percentage that 
corresponds to the value of HRK -58.9 billion is around 34%. We can interpret 
this by saying it is 34% probable that the pension system will be unsustainable by 
2060 if the unemployment rate converges to its historical average. 

4 Discounting with wages was used instead of GDP for reasons of simplicity i.e. GDP is assumed to grow at 
the same rate.
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88 Figure 38 
Stochastic forecast of government net cash flow from the pension system: Scenario 1
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Source: Author’s calculations.

6.2 �FUTURE DYNAMICS OF THE PENSION SYSTEM WITHOUT 
THE SECOND PILLAR: UNEMPLOYMENT RATE SCENARIO 2

In the second scenario, the unemployment rate is expected to oscillate around 
9.84%, which equals to the value of the average unemployment rate in 2018. We 
already know that in this case the net cash flow generated from the pension system 
should be positively affected. Figure 39 shows the net cash flow generated from 
the pension system. The expected net cash flow in 2060 is HRK -48.81 billion. 
The present value of HRK -48.81 billion is HRK -13.75 billion. The percentage 
that corresponds to the value of HRK -58.9 billion is around 23%. So we can say 
that it is 23% probable that the pension system will be unsustainable by 2060 if the 
future unemployment rate oscillates around 9.84% on average. Considering that 
the historical unemployment rate was never this low, if it stayed at this level for 
the next 43 years, 23% of the simulated results (out of 500) leads to government 
debt that we consider unsustainable. This is not a good outlook for the Croatian 
pension system. The truth is that the historical unemployment rate has nothing to 
do with the future unemployment rate, so it is feasible to assume that the unem-
ployment rate could actually be at this level, if not at an even lower one. 
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89Figure 39 
Stochastic forecast of government net cash flow from the pension system: Scenario 2
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Source: Author’s calculations.

6.3 �FUTURE DYNAMICS OF THE PENSION SYSTEM WITHOUT 
THE SECOND PILLAR: UNEMPLOYMENT RATE SCENARIO 3

In the third scenario, the future unemployment rate is expected to oscillate around 
5% on average. We already know that this is the best scenario out of the three that 
are created. Figure 40 shows net cash flow generated by the government if sce-
nario 3 occurs. The expected net cash flow generated in 2060 is HRK -44.38 bil-
lion which equals HRK -12.50 billion at present value. The percentage that cor-
responds to the value of HRK -58.9 billion is around 17%. Figure 40 shows that 
the expected net cash flow may not change that much over the next 15 to 20 years. 
But after 2040 the expected net cash flow starts to decrease rapidly. 
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90 Figure 40 
Stochastic forecast of government net cash flow from the pension system: Scenario 3
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Source: Author’s calculations.

We are interested in the present value of future expenses. An interesting phenom-
enon can be observed from Figure 41. The figure shows the expected present 
value of future expenses over the years. With the unemployment rate from Sce-
nario 3, we can notice that the present value of future cash flow keeps increasing 
over the first 12 to 15 years. It then starts decreasing without signs of stopping. 
This expected present value of future cash flow is estimated if the contribution 
rate equals to 20%, meaning that every individual decides to receive pensions just 
from the first pillar. Figure 41 predicts that this reform will not solve financial 
sustainability problems; it will only postpone them for a couple of decades.
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91Figure 41 
Expected present value of government future cash flow generated from the pension 
system: Scenario 3
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Source: Author’s calculations.

These three analysed scenarios were created on the assumption that the second 
pillar of the pension system will never be as competitive as the first pillar. Next, 
we will analyse what would happen if the second pillar gains in competitiveness. 
It should be mentioned again that this interpretation of unsustainability is made 
with the assumption that the economy will not change a lot from its present state. 
If a huge positive shift in the real gross domestic product (GDP) happened, then 
the government could handle higher debt for the pension system. This interpreta-
tion of unsustainability should be understood by its being kept in mind that I can 
hardly predict future changes in the economy. 

6.4 STRENGTHENING THE SECOND PILLAR
In this chapter there will be an assumption of the fungibility of the first and second 
pillar in order to estimate the fiscal space that could be opened to raise the replace-
ment rates. The second assumption is that the second pillar will not be immedi-
ately strengthened in 2019. I will assume that the strengthening of the second 
pillar will occur in 2030. This assumption may be questionable but thinking of the 
dynamics of the system we can conclude that the new reform will not immediately 
affect the financial sustainability of the pension system in 2019, but rather it will 
take some time until the dynamics adjust. Therefore, I created scenarios in which 
the second pillar is staring to gain strength in 2030. If the assumption is made that 
second pillar is starting to gain strength in 2025 or 2035 the overall solution devi-
ates less than 1% from what will be illustrated in this paper, which indicates that 
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92 as long as the second pillar gains strength in the forecast period the convergence 
in the solution is inevitable. Therefore, in 2030 pensioners will decide to receive 
their pension from a combined pension scheme and the new contribution rate will 
be 15%. For this case I will create two different scenarios. In the first scenario, the 
government will pay 75% of the total pension amount, since the contribution rate 
of 15% equals 75% of the total pension amount. The other 25% will be financed 
from the second pillar. In the second scenario I expect even better strengthening 
of the second pillar, where the same conditions regarding this year apply as in the 
first scenario, but I will also assume that every two years the government will 
decrease expenses by 5% over the next ten years. Government expenses for the 
total pension system would remained fixed at 50% after 2040. The other 50% will 
be financed from the second pillar (note that the assumption of the fungibility of 
the first and second pillar is used). 

For the first scenario, revenues and expenses are set in the following way:

	 � (15)

	 � (16)

These equations are applied for the years after 2030.

In this scenario, the government is earning less revenue, but it is also incurring 
fewer expenses. Figure 42 shows the estimated result of a stochastic forecast of 
the government net cash flow, where the unemployment rate is expected to 
increase over the years (scenario 1 for the unemployment rate). In 2060, the 
expected net cash flow is HRK -40.43 billion, which stands for HRK 11.39 billion 
present value. This is already a better result than the one analysed in paragraph 
6.3. The percentage that corresponds to the amount of HRK -58.9 billion 2060 is 
around 12%.

Figure 43 shows the estimated result of net government cash flow generated with 
Equations (15) and (16), where the unemployment rate is expected to decrease 
over the next 43 years and remain around 5%. The expected net cash flow in 2060 
is HRK -33.28 billion, which stands for HRK -9.38 billion present value. The 
percentage that corresponds to the value of HRK -58.9 billion in 2060 is around 
5%. We can conclude that if the second pillar gains in competitiveness, we can 
expect stronger financial sustainability of the Croatian pension system. 

This analysis shows that possible strengthening of the second pillar would exert 
much more influence on the whole pension system than changes in the unemploy-
ment rate. According to this scenario, we can say that there it is 5% to 12% prob-
able that the Croatian pension system is unsustainable by 2060 if the second pillar 
shows enough strength to cover 25% of the total expenses created by the pension 
system. This interpretation of unsustainability comes along with the assumptions 
we set in this analysis.
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93Figure 42 
Stochastic forecast of government net cash flow with the assumption that pension-
ers decide to use a combined pension scheme after 2030. Unemployment rate from 
scenario 1 is used
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Source: Author’s calculations.

Figure 43 
Stochastic forecast of government net cash flow with the assumption that pension-
ers decide to use a combined pension scheme after 2030. Unemployment rate from 
scenario 3 is used
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Source: Author’s calculations.
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94 For the second scenario of strengthening in the second pillar, the used expenses 
equation changes dynamically through time, starting as Equation (16). Every 2 
years the expenses drop by 5%, so that the equation for the years after 2040 is set 
in the following way:

	 � (17)

Figure 44 shows the estimated net government cash flow generated by this sce-
nario. This figure shows financial sustainability of 100%. The expected govern-
ment net cash flow in 2060 is HRK -7.64 billion. This is so far the best possible 
scenario that can occur. Also, around the year 2040, the expected government net 
cash flow for the pension system has positive values. If the second pillar gained 
enough strength to replicate this scenario, there would not be a single observation 
that yields financial unsustainability. 

Figure 44 
Stochastic forecast of government net cash flow with the assumption that the sec-
ond pillar gains enough competitiveness to cover 50% of expenses after 2040. 
Scenario 1 unemployment rate is used
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Source: Author’s calculations.
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956.4.1 �CAN PENSION INCREASE IF SECOND PILLAR GAIN ITS 
COMPETITIVENESS?

We saw that if we expect the unemployment rate to increase on average in the 
forecast horizon, and if the second pillar gains enough competitiveness to cover 
50% of the expenses of the pension system, then the pension system would surely 
be financially stable in the forecast horizon. If the average unemployment rate 
stays at the same value as in 2018 (9.84%) or if it decreases in the forecast hori-
zon, the result will be even better. In this scenario we expected pensions to amount 
to 30% of the gross salary. We saw that the pension system is definitely sustaina-
ble in this scenario, no matter what the unemployment rate is.

Together with assumption of the fungibility of the first and second pillar, I assume 
that pensions will amount to 35% of the gross salary after 2030 with the unem-
ployment rate from scenario 1 (where the unemployment rate increases over 
time), and financial sustainability is 100% probable. The worst observation gener-
ated by this scenario is HRK -51.28 billion in 2060, which is still lower than the 
future values of HRK -16.58 billion. We can conclude that if the second pillar 
generates enough competitiveness to cover 50% of the expenses after 2040, then 
the government will be able to increase the pensions to 35% of the gross salary, 
and the system will still be financially sustainable with 100% probability.

Figure 45 shows the stochastic forecast for net cash outflow if we add another 
extra condition to the previous scenario: that pensions amount to 40% of the gross 
salary after 2040. The expected government net cash flow in 2060 is then HRK 
-28.55 billion. The percentile that corresponds to the value of HRK -58.9 billion 
is around 1%. This was calculated with the worst unemployment rate scenario. 
According to this analysis, the government would be able to increase pensions to 
amount to 35% of the gross salary between 2030 and 2040. They would also be 
able to increase them once more in 2040 to amount to 40% of the gross salary with 
a maximum of 1% probability of being financially unsustainable. If the second 
unemployment rate scenario occurred, the expected probability for the system to 
be unsustainable is less than 1%. If the third unemployment rate scenario occurred, 
the expected probability for the system to be unsustainable would be around 0.1%. 
The results of this analysis are based on the assumption that the second pillar gains 
enough competitiveness to cover 50% of the expenses of the pension system. 
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96 Figure 45 
Stochastic forecast of government net cash flow with the assumption that the sec-
ond pillar gain enough competitiveness to cover 50% of expenses and extra 
assumption that pension amounts to 35% of gross salary between 2030 and 2040 
and 40% of gross salary after 2040. Scenario 1 of unemployment rate is used
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Source: Author’s calculations.

7 CONCLUSION
In this paper I used stochastic methods to analyse the sustainability of the Croatian 
pension system. I also created three possible scenarios for future unemployment 
rates: A scenario in which the unemployment rate will on average increase for the 
next 43 years, a scenario where the unemployment rate will on average stay the 
same as it was in 2018, and a scenario where the unemployment rate will on aver-
age decrease. 

The benchmark of unsustainability is the net cash flow in 2017, HRK -16.58 bil-
lion, since it was after that year that the government started working on the new 
reform. If the present value of future net cash flow is lower than HRK -16.58 bil-
lion, the pension system is said to be unsustainable. This is made with the assump-
tion that Croatia will not experience significant unexpected positive or negative 
shifts in the economy in the forecast period.

Furthermore, I created three scenarios to forecast future movements in the pension 
system. In the first scenario, the second pillar never gains enough competitiveness 
to compensate pensions generated from the first pillar, meaning that every indi-
vidual would receive pensions just from the first pillar. The analysis demonstrated 
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97that there is a between 17% and 34% chance that the pension system will be 
unsustainable by 2060 if this scenario occurs.

In the second scenario, the second pillar gains enough competitiveness after 2030 
to compensate for the same value of pensions as the first pillar. So that the expected 
cost of pension system is financed 75% by the first pillar and 25% by the second 
pillar. This scenario demonstrated that there is 5% to 12% probability of the pen-
sion system being financially unsustainable.

The third scenario is set in such a way that the cost of the pension system in 2030 
is financed 75% by the first pillar and 25% by the second pillar. After 2030, I 
assumed the fungibility of the first and second pillar in such a way that more than 
25% of the individual pension is financed from the second pillar. This indirectly 
estimates the fiscal space that could be opened to raise the replacement rates. The 
amount paid for the pension system by the first pillar is reduced by 5% every two 
years until 2040. In 2040, the costs of the pension system are split evenly between 
the first and second pillar. It was demonstrated that in this scenario there is a 100% 
probability that the pension system will be financially sustainable by 2060.

It was also demonstrated that if the second pillar gained enough competitiveness 
to cover 50% of the expenses after 2040, the expected pension rates (replacement 
rate) could be increased to 35% of the gross salary after 2030 with 100% probabil-
ity of being financially sustainable. Furthermore, it was shown that an extra 
increase in the pension rate – where it would amount to 40% of the gross salary 
after the year 2040 – is possible in this scenario, with a 1% probability of being 
financially unsustainable, all while taking into account the worst unemployment 
rate scenario.
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