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1 Introduction  

1.1 Purpose of the Document 

This document seeks to analyse the possibilities of further developing the existing dynamic micro-simulation 
model of the pension system by incorporating behavioural patterns in the form of individualised decision-
making processes into the model. The development of the decision-making processes should result in a 
more accurate description of individuals’ behaviour, thus enabling a more reliable evaluation of potential 
changes in the pension system. 

1.2 Structure of the Study 

A separate chapter of the study will be devoted to each identified area for the individualisation of the 
decision-making processes. Common features of the processes in the particular area will be described 
together with common aspects from the point of view of a potential implementation of the individualised 
decision-making processes. 

Each chapter focusing on a particular area will then be structured into sub-chapters that will provide details 
on the key decision-making points within the area concerned, for which the implementation of the decision-
making process individualisation will be useful. The sub-chapter for each decision-making point will contain 
the following as a minimum: 

 Definition of the particular decision-making process from the perspective of the Czech pension 
system and the dynamic micro-simulation model, including the reasons why the particular 
decision-making process is suitable for individualisation, the consideration of the process 
individualisation’s usefulness, and the anticipated impact on the model and the deliverables 
thereof; 

 Description of the current approach and the limitations thereof; 

 Mapping of approaches to the individualisation of the particular process from literature and 
other models; 

 Basic proposal of the implementation of the individualised decision-making process in the 
model points, for which the implementation was identified to be useful and feasible; and  

 Consideration of the practical feasibility of the particular process’s individualisation within the 
dynamic micro-simulation model of the pension system, and anticipated data requirements for 
the individualisation.  

The decision-making processes where, in our opinion, the individualisation’s implementation would not be 
useful will be summed up at the end of each chapter, including an explanatory comment. 
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2 Family Life 

2.1 Introduction 

The area of family life is understood to cover the decision-making processes related primarily to changes in 
an individual’s marital status. This area includes decisions related to finding a partner, marriage, divorce, a 
child’s birth or his or her leaving the home. 
 
The events included in this area play an important role in the life-cycle of the particular individual and have 
an impact on the cash flows modelled within the micro-simulation model of the pension system. The 
individual’s family relationships define the conditions for the establishment of an entitlement to the payment 
of pension security allowances, as well as the level of the pension system contribution (in both the 
continuous and the fund pillar), payments of old-age pensions, and/or the widow’s/widower’s pensions.  
 
The specific life situation of each individual may have a substantial influence on decisions pertaining to 
family relationships (e.g. the impact of a family’s economic situation on the decision to have a child, etc.). 
Also family life can influence an individual’s professional career (e.g. leaving for maternity leave, etc.). 
Hence, it is useful to consider the individualisation of the decision-making processes in this area.  
 
Decisions related to this area are dealt with for example in [14]. 

2.2 A Child’s Birth 

This sub-chapter focuses on modelling a child’s birth, which, in our view, has the biggest impact on the 
outcomes of the pension system and contains the biggest potential for the improvement of the current 
approach. 

2.2.1 Relevance of a Child’s Birth and the Description thereof in the Current 
Model 

Relevance of a Child’s Birth for the Pension Model 
 
Modelling the birth alone is primarily important from the perspective of the population structure’s 
development (the population’s ageing, etc.), which is one of the most critical factors driving the anticipated 
results of the pension system. With respect to birth modelling at the level of individual mothers, this factor is 
primarily significant due to its impact on the professional career of the mother (and/or the father) and the 
mother’s contributions to the pension system and her pension rights. 
 
Current Modelling 
 
In the current modelling, a child’s birth is dealt with at two levels:  

 Entry of newly born children in the model: The newly entering children are known as soon as at the 
entry (as part of the model points) and the numbers thereof correspond to the external 
demographic projection; and  

 Children’s birth in relation to the calculations for parents: A child’s birth is projected on the basis of 
empiric probabilities of the child’s birth depending on the mother’s age (the sole applied factor) as 
in the external demographic projection. Thus, these two levels tie in the medium value. 

 
Limitations and Weaknesses of the Current Approach 
 
The real-life decision of a woman/the parents depending on her/their current situation plays an important 
role in this process. Foreign models indicate that a child’s birth depends on factors such as the marital 
status, education, income and labour position of the parents, etc. These interdependencies are not taken 
into account in the current model, which may skew the modelled posts (e.g. mothers with higher income 
may have a smaller number of children or may have children at a higher age in real life, which results in the 
understatement of income in the existing model) and pensions. 
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2.2.2 Alternative Approaches 

Outline of Approaches Applied in Models from Other Countries 
 
Reference literature mentions and other models usually apply the stochastic event approach with a certain 
probability for a child’s birth. The models vary in terms of the factors that influence these probabilities. 
 
A frequent reason for using age only is ease in providing for consistence with the external demographic 
projection. The demographic projection usually works only with fertility dependant on age. This also applies 
to the current model of the Ministry of Labour and Social Affairs.  
 
Higher individualisation may require a calibration/tuning process where consistency with the demographic 
projection is required. Due to this process, the number of newly born children will be determined in advance 
with reference to an external projection, and the individualised factors will only be used to “distribute” the 
children among the most probable mothers. This process is often used in models. 
 
Outline of Factors Used in Models from Other Countries 
 
The below table summarises factors influencing fertility that are applied in micro-simulation pension models 
in the Czech Republic and other countries. 
 

Country 
                
Factor 

Czech 
Republic 

Sweden 
United 

Kingdom 
USA India 

Belgium, 
Germany, 

Italy 

Education  x x x x  

Age x x x x x x 

Professional status  x     

Number of children  x x x   

Age of children  x x    

Marital status  x  x   

Income  x     

Region     x  

Partner’s education    x   

 
In addition to the mother’s age, which is the fundamental factor used in all countries, frequently used factors 
also include the mother’s education, marital status, number of children and the children’s age. Certain 
models also take career status, income or the partner’s education into account. 

2.2.3 Possibilities of Improving the Current Model and Feasibility Thereof 

We suggest that the current approach be applied (stochastic event) in modelling a child’s birth and that 
other factors be also considered in determining the probability. Individual recommended factors are 
evaluated in the below table. We expect that the other factors (the region and the partner’s education) will 
have a negligible impact on the birth rate or that the benefits of incorporating the particular factor into the 
model would be immaterial given the time-consuming nature of the data analysis. 
 

Factor Relevance  Data sources for 
the dependence 
analysis 

Availability 
evaluation 

Availability and 
quality of the 
factor in the 
model (see 
Chyba! 
Nenalezen zdroj 
odkazů.) 

Education High: Experience from foreign 
models and the real life indicates 
that this factor is very important 
namely with respect to the timing of 

Statistics of the 
Czech Statistics 
Office 

Good; 
immediately 
available 
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Factor Relevance  Data sources for 
the dependence 
analysis 

Availability 
evaluation 

Availability and 
quality of the 
factor in the 
model (see 
Chyba! 
Nenalezen zdroj 
odkazů.) 

the child’s birth (parents with higher 
education tend to have children at a 
higher age). However, the factor’s 
impact may be limited by the fact 
that no quality information is 
available on education for the 
current population – it may 
therefore be easier to use income. 

Marital status Medium: We assume that the 
impact can be substantial. The 
impact will be limited by low-quality 
data on marital status for the 
current population. 

The existing 
statistics of the 
Czech Statistics 
Office 

Good; 
immediately 
available   

Number of 
children 

Medium: We expect the impact to 
be substantial. Current number of 
children can greatly affect the 
parent’s decision whether they 
want to have another child. 

Statistics of the 
Czech Statistics 
Office 

Good; 
immediately 
available   

Children’s age Medium: We expect the impact to 
be substantial. Current children’s 
age can greatly affect the parent’s 
decision whether they want to have 
another child. 

Czech Statistics 
Office – must be 
verified 

Immediate 
availability must 
be verified, a 
complex analysis 
is involved in the 
case of an 
extensive 
alternative 

  

Career status Low: In our view, the impact may 
be substantial but additional 
information is likely to overlap the 
information obtained from 
education. We recommend 
verifying this by data analysis. 

INEP + the 
database of the 
Czech Social 
Security 
Administration 
Authority 
containing 
information on 
maternity leave 

Potentially good 
but extensive 
analysis is 
involved 

  

Income Medium: In our view, the impact 
may be substantial but additional 
information is likely to overlap the 
information obtained from 
education. We recommend 
verifying this by data analysis. 
Income can be used to replace 
education if the quality available is 
insufficient. 

STATMIN VZ 
(immediately), 
INEP (potentially) 

Good 

  

 
We recommend considering the following additional factors for the probability of a child’s birth: education, 
marital status, number of children and the children’s age. Where, if the information on education is of 
insufficient quality, we recommend replacing it with income. 
 
The assessment of the factors’ relevance is based on the frequency of the factor’s use in other models and 
on an expert judgment on the particular factor’s impact on the model (expected improvements) and data 
availability. We recommend basing the final selection of the factors on the data analysis. 
 
Consideration of the Feasibility of the Implementation into the Model 
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From the point of view of the decision-making process, the implementation only involves adding additional 
factors to determine the probability of the stochastic event, which only requires minor modifications of the 
model. All recommended factors are already being modelled by the model in a good quality and there is 
therefore no need for implementation due to the factor’s incorporation into the model. 
 
In the case of the child’s birth process, calibration to the demographic projection may be advisable. Where 
calibration to the external demographic projection is required, the implementation of the recommended 
factors may require substantial efforts. If the introduction of automated calibration is necessary, the 
implementation efforts might be considerable because the model processes calculations by individual 
model points and the implementation of a process that applies an aggregate conclusion (total number of 
newly born children) to individual model points (distribution among individual parents) is rather time 
consuming. Such calibration may not even be practicable in the Prophet environment and we do not 
recommend this alternative.    
 
Manual or semi-automated calibration would be more realistic, which would involve the launch of the model 
with a certain set-up of parameters and a subsequent launch with the parameters adjusted so that the 
number of the newly born children corresponds with the external projection. However, such task may have 
more than one solution and the finding of the solution might not be easily algorithmizable; in such case, 
optimising would be necessary (goal-seeking). To implement such calibration, certain relationships must be 
fixed, namely if the calibrated process depends on more than one factor – such as an assumption that the 
probabilities of a child’s birth will be calibrated with the use of one factor that depends on the calendar year, 
and the probability rates referring to the age, education, marital status and the number of children will 
remain the same. Technically, calibration can be carried out as follows: 
 

 In the model itself (under a reduced number of model points and with the use of the Prophet’s 
dynamic run) – the implementation is time consuming and there is a risk of convergence problems; 
we do not recommend this method; 

 Iteration using a small number of runs of the model (e.g. one to three) – easy implementation. In 
our view, this is the best solution where the exact match is not required. It can get time consuming 
if an exact match with the external projection is required. In the event of a child’s birth after the first 
calibration, the number of children of the current mothers will be set up properly, but divergence 
from the projection will occur in the future due to the varying number of newly born mothers and, 
accordingly, the differing number of their children. We assume that the difference will be immaterial 
after one to three runs; or 

 Simplified external model for the calibration – this approach is used for example in the micro-
simulation model developed in Poland. It involves a simple cohort model that is based on the goal-
seek method and strives to minimise the variation from the required results. The implementation is 
time consuming. We recommend this approach if a higher accuracy of calibration is required. 
However, the accuracy of this method declines with a higher number of decision-making 
interdependencies on factors. 

2.2.4 Summary and Evaluation of the Proposal 

The following table summarises our proposal of the advisable individualisation in modelling a child’s birth. 
 

Evaluation of the proposal Comments 

Summary of the  proposal To apply the following additional factors in modelling a child’s birth: 
education (replaced with income, if appropriate), marital status, number of 
children and the children’s age. 

Anticipated impact on the 
results 

Medium - Namely on the development of the population and the 
mothers’ career 

Efforts needed to implement 
this into the model 

Small - Changes only in the structure of tables 
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Impact on the model’s 
runtime 

Low - Negligible impact 

Demandingness of the data 
analysis 

Medium - We presume the use of the regression model to depict the 
interdependencies  

Availability of data for the 
analysis 

High - Most data are immediately available. 

Data interdependencies   - We recommend replacing information on education with 
income if the quality is insufficient as income may bring 
similar information and is readily available  

Availability of data in the 
model 

Medium - Most data are currently available but in a poor quality 
(estimates). Greater accuracy is possible and realistic 
(except for marital status) but requires the use of the 
INEP, NEM and Trexima databases 

Recommended calibration Basic 
calibration 

- Probability scaling 
- Where the higher individualisation of the child’s birth 

process is opted for, we recommend carrying out only the 
basic calibration to the external projections without 
requiring a complete match. 

Demandingness of calibration Medium - Necessary additional run. 

 

2.3 Other Processes 

Process Comments 

Child leaving the home At present, the probability of a child’s leaving the home depends on the 
age and sex. We do not expect a substantial impact on the pension 
system’s outcome with a higher differentiation of this probability and quality 
data are not likely to be available on young people without a job history. 
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Finding a partner At present, the allocation of a partner is performed based on sex, age and 
the highest achieved education. Since the interaction between partners is 
quite weak in the model at the moment (only widow’s/widower’s pensions), 
we do not anticipate any major impact on the pension system’s outcome 
with a higher differentiation of finding a partner. Moreover, detailed data 
are not likely to be available. 

Marriage The marriage rate is currently driven by the main person on the basis of his 
or her sex, age and the order of the marriage. Since the interaction 
between partners is quite weak at the moment, we do not anticipate any 
major impact on the pension system’s outcome with a higher differentiation 
of marriage probability. 

Divorce At present, the probability of a divorce depends on the age, sex and the 
divorce’s order. Since the interaction between partners is quite weak at the 
moment, we do not anticipate any major impact on the pension system’s 
outcome with a higher differentiation of divorce probability. 

Regional mobility In several decision-making processes we recommend using region as a 
factor. In order to fully capture this factor in the model, it is necessary not 
only to input the information about the region into the model points, but 
also being able to model region changes.  At present, a change in the 
region is not modelled.  
 
For modelling region in the model, it is important to choose the appropriate 
granularity. We recommend to model regions on the level of the counties 
and possibly, based on data analysis, extend the region by the dimension 
of big city/small town. We recommend making a final decision in this matter 
on the basis of data analysis. 
 
The initial region, where the individual belongs, is readily available (the 
post code data in STATMIN/INEP). We recommend using the probability of 
transition between regions to model a change in the region, similarly to the 
Swedish model [1], pages 16 and 32, where the following factors were 
used: age, income, current region and unemployment in the target region. 
 
We do not recommend using unemployment in the region as a factor in 
regional mobility decision-making, for its difficult feasibility in the model and 
for the difficulties in ensuring the correct capturing of the relation between 
unemployment and region. 
 
 
We expect the implementation alone to require little effort (additional state 
variable with specific transition probabilities).  
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3 Behaviour on the Labour Market 

3.1 Introduction 

The area of an individual’s behaviour on the labour market covers a substantial part of the decision-making 
processes related with the pension system modelling, involving, inter alia, decisions on a change of job, 
whether to become or cease to be a self-employer, or decisions on joining or leaving the army. This 
category can also include an individual’s behaviour in relation to the Labour Office or his or her continuing 
working after reaching the retirement age or becoming disabled.  
 
Important elements with a potential significant impact include the modelling of a loss of job (in cases other 
than upon the individual’s decision) and resumption of work. In this respect, it is important to consider the 
individual’s attitude in terms of registering at the Labour Office. 
 
Events included in this area occur throughout a substantial part of each individual’s life-cycle and, as such, 
influence all cash flows modelled within the dynamic micro-simulation model of the pension system. 
 
Decisions in this area are driven by the specific situation of each individual in real life (e.g. the level of 
income, education, marital status, economic development, etc.). For this reason, the analysis and study of 
the possible individualisation of the decision-making processes from this area are so important. 
 
Modelling of individuals’ individualised behaviour within the micro-simulation models, including behaviour on 
the labour market is dealt with, for example, in article [13] or [12]. 

3.2 Changes in Career Status: The Employed, Unemployed, Inactive  

This sub-chapter focuses on modelling changes in the employment status where the individual can be 
employed, unemployed or inactive. Further, the individual can also be in a position of a child/family carer, 
disabled pensioner of class 1, 2 or 3, old-age pensioner, and student/child. Special cases that we analyse in 
detail in this sub-chapter include a mother’s (or father’s, as appropriate) return to the work from the 
maternity/parental leave and concurrence of work and pension (disablement or old-age pension). 

3.2.1 Relevance of Changes in the Career Status and the Description thereof 
for the Current Model 

Relevance of Changes in the Career Status for the Pension Model 
 
Professional career changes have a substantial influence on payments to the pension system that depend 
on the wage of working individuals and substitute periods. An individual’s career status can also be 
influenced by the individual’s decision or the decision of other members of his or her household. 
 
A mother’s (or father’s, as appropriate) return to the work after a child’s birth has a significant impact on the 
professional career of women (or men, as appropriate), and, therefore, on the aggregate contributions into 
the system. In the event of a long interruption of the professional career due to taking care of a 
child/household, this also has an impact on the parents’ pension (due to the limitation to the substitute 
period in taking care of the child). 
 
The concurrence of work and old-age pension is relevant because the pension is calculated in a different 
way in such case. This situation is not so frequent at the moment, but may get more relevant in the future. 
 
In the case of the disablement pension, the concurrence with work is quite common at present and the 
modelling thereof is therefore useful. 
 
Current Modelling 
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In the existing model, transitions between job statuses are modelled with the use of the transition matrix 
method, where the leave is tested in each month on the basis of particular probabilities of transition into 
other statuses. 
 
Special cases include the determination of the length of a student’s temporary job where, in addition to 
testing the job’s end on the basis of the transition probabilities, the maximal duration is also generated, after 
the expiry of which the temporary job terminates.   
 
All transition probabilities depend on age, sex and the current job status. Individual transitions also depend 
on certain other career specifications (disablement, old-age pensioner, student, child/family carer), or on 
events (the individual became disabled, an old-age pensioner, etc.). The probability linked to a status or 
event is therefor also used when modelling the concurrence of work and pension and the mothers’ return to 
work after their child’s birth. 
 
Limitations and Weaknesses of the Current Approach 
 
Transitions between the job statuses currently only depend on the basic factors (age and sex) and the 
current job/career status, without taking into consideration other family or career factors (such as education 
or marital status). For this reason, job careers of different individuals are very similar and actual differences 
between individuals and the causes for these differences are not clearly depicted. Moreover, only the 
previous status is taken into account and the dependence on the individual’s overall career is not 
considered. 

3.2.2 Alternative Approaches 

Outline of Approaches Applied in Models from Other Countries 
 
Most pension models from other countries seek to model career changes on the basis of transition 
probabilities similarly to the Czech model. They only differ in the use of factors (see the table below). This 
also applies to the mother’s return to work or the concurrence of work and pension (no special approaches 
apply to these cases except for the exemption described below). 
 
The US model PENSIM [2] is the only exception, this model modelling the waiting time between the start 
and the end of a job, and between the end of the old job and start of a new job, which, in fact, is an 
equivalent of the duration method in the Czech model. The waiting time is modelled with the use of the 
hazard function 
 

ℎ(𝛼, 𝛽, 𝜎𝑖
2, 𝜎𝑠

2; 𝑥, 𝑡) = 𝑒𝑥𝑝(𝑥𝛽 + 𝜖𝑖 + 𝜖𝑠)𝛼𝑡𝛼−1  , 

  
where t is the waiting time, x are the explanatory factors (see the table below), 𝛼 is the form parameter, and 

𝜖𝑖 and  𝜖𝑠 are normally distributed error components that represent the individual’s unique effect and 

random deviation with variances 𝜎𝑖
2 and 𝜎𝑠

2. In general, this approach leads to a result very similar to the 

result of the transition matrix and the combined method. 
 
Job opportunities for mothers with small children are dealt with in detail by J. Geyer and company in article 
[11]. The model described therein is based on the assumption that mothers maximise the utility function of a 
household’s net income and leisure time  𝑈𝑖𝑗𝑡. The utility function is in the following form: 

 

𝑈𝑖𝑗𝑡 = 𝛽𝑙𝑙𝑗 + 𝛽𝑦𝑦𝑖𝑗𝑡 + 𝛽𝑙𝑙𝑙𝑗
2 + 𝛽𝑦𝑦𝑦𝑖𝑗𝑡

2 + 𝛽𝑙𝑦𝑙𝑗𝑦𝑖𝑗𝑡 + 𝜀𝑖𝑗𝑡 

 
where 𝑗 = 0 is the unemployment position, 𝑗 = 1  part-time and 𝑗 = 2 full-time job. The i index represents a 

household. The variable 𝑙𝑗 is the leisure time of a woman on the labour market in the position j, 𝑦𝑖𝑗𝑡 is the 

net income of a household in time 𝑡, and 𝜀𝑖𝑗𝑡 is the error component. The model’s parameters were 

estimated on the sample of mothers with newly born children. This approach requires data on the leisure 
time preferences of women and their household’s income that are not available at present. We also expect 
that the application of this complex approach in modelling a mother’s return to work would not have a 
significant impact on the model compared to simpler models. 
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Outline of Factors Used in Models from Other Countries 
 
The below table summarises factors influencing the change in career status that are applied in micro-
simulation pension models in the Czech Republic and other countries. 
 

Country 
  
Factor 

Czech 
Republic 

France Sweden 
United 

Kingdom 
USA India 

Belgium, 
Germany, 

Italy 

The same in the past x x x    x 

Linked to an event x       

Sex  x x x x x x  

End of studies/ 
Education 

 x x  x  x 

Job length (total)    x   x 

Occupation       x 

Income     x   

Full-time/Part-time     x   

Pension contribution     x   

Company trade 
unions 

    x   

Age x x x x x x  

Marital status   x    x 

Career status of the 
partner 

      x 

Region      x  

Health/Sickness rate       x 

Number of children       x 

Children’s age x      x 

Job status before the 
childbirth  

x       

Previously employed       x 

Newly divorced/ 
separated 

      x 

 
The basic factors used for changes in the job status include sex, age, education and career status in the 
previous time step (e.g. employed/unemployed, disabled/without disablement). Other used factors include 
linkage to an event (new disabled, pensioner, etc.), job length, whether the individual worked in the past, 
occupation, income, full-time or part-time job, pension contribution of the employer, whether there are trade 
unions in the firm, health, marital status, career status of the partner or region. The Belgian model also took 
into consideration whether the woman was newly divorced or separated. 
 
When determining the probability of a mother’s return to the work, the number and age of children are also 
considered. 

3.2.3 Possibilities of Improving the Current Model and Feasibility Thereof 

With respect to changes in the career status (as well as to the mother’s return to the work and concurrence 
of work and pension), we suggest that the existing approach be maintained (based on the transition 
probabilities) because a change of the method would not bring substantial benefits in our view (see the 
description of the alternative methods above).  
 
We further recommend considering other factors in determining the probabilities. Individual recommended 
factors are provided in the following table. In the event of the mother’s return to work, the factor applied is 
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the number of children and for the concurrence of the work and pension, the factor is the health/sickness 
rate.  
 
As to the other factors (occupation, income, pension contribution, company trade unions, career status of 
the partner, previously employed, newly divorced/separated), we expect that they will have an immaterial 
impact on changes in the career status or that the benefits of incorporating the factors in the model would 
be negligible given the substantial efforts needed to analyse the data. 
 
Some of the factors, we recommend, are to be used for all career changes and some are only for a 
particular career transition. Therefore the table below is divided on a common part and the specific parts for 
the beginning and the end of the unemployment, for the mother’s return to work and for the concurrence of 
work and pension. 
 

Factor Relevance  Data sources for 
the dependence 
analysis 

Availability 
evaluation 

Availability 
and quality of 
the factor in 
the model 
(see Chyba! 
Nenalezen 
zdroj odkazů.) 

Common      

End of studies/ 
Education 

High: Referring to the analysis of 
foreign models, we assume that this 
factor may have a substantial 
influence. For example we anticipate 
a relationship between the 
unemployment rate and the achieved 
education. We also anticipate a 
relationship between education and 
the mother’s return to work. This 
factor can be replaced with income in 
case of insufficient quality. 

Selective Survey 
of the Labour 
Force (SSLF) 

Good, 
immediately 
available 

  

Job length (total) High: Referring to the analysis of 
foreign models we assume that this 
factor may have a substantial 
influence, namely on the probability 
of transition between the 
employed/unemployed status. 

INEP Probably good, 
but requires 
analysis   



 

16 
 

Factor Relevance  Data sources for 
the dependence 
analysis 

Availability 
evaluation 

Availability 
and quality of 
the factor in 
the model 
(see Chyba! 
Nenalezen 
zdroj odkazů.) 

Full-time/Part-time 
job 

Medium: We assume that this factor 
may have a substantial impact on 
career changes but this relation 
would have to be tested. The data 
availability and quality is also limited. 

SSLF 
(immediately), 
INEP + Trexima 
(potentially) 

Good, 
immediately 
available, or 
potentially 
available, as 
the case may 
be; better 
quality but time 
consuming 

  

Marital status High: Referring to the analysis of 
foreign models, we assume that this 
factor may have a substantial 
influence, namely on the probability 
of transition between the employed 
and unemployed/ inactive status, and 
for the mother’s return to work. 
However, the data are not available 
for the existing population. 

SSLF Good, 
immediately 
available 

  

Income Medium: We assume that this 
factor may have a substantial 
impact, but the additional 
information is likely to overlap with 
the information obtained from the 
education by a significant part. We 
recommend verifying this by data 
analysis. Can be used as a 
substitute for education if it is not 
available in sufficient quality. 

STATMIN VZ 
(immediately), 
INEP (potentially) 

Good 

  

Unemployment 
(beginning and 
end) 

   
  

Economic 
condition 

Medium: We assume that total 
unemployment, inflation and general 
economic condition may also have an 
impact on the career status. 

SSLF+macro-
economic data 

Probably good 

  

Length of 
unemployment in 
the past 

Medium: We did not find this factor 
being used in other models, but 
assume that it might be relevant, 
namely for the unemployment 
probability.   

INEP Probably good 
but requires 
extensive 
analysis 

  

Region High: Referring to the analysis of 
foreign models, we assume that this 
factor may have a substantial 
influence, namely on the probability 
of transition to the 
employed/unemployed status 
because job opportunities differ by 
region. 

STATMIN VZ 
(and/or INEP) 

Good, 
immediately 
available 

  

Mother’s  return 
to work 

   
  

Number of 
children 

Medium: Referring to the analysis of 
foreign models, we assume that this 
factor may have a substantial 
influence on the mother’s return to 

INEP Probably good 
but requires 
extensive 
analysis 
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Factor Relevance  Data sources for 
the dependence 
analysis 

Availability 
evaluation 

Availability 
and quality of 
the factor in 
the model 
(see Chyba! 
Nenalezen 
zdroj odkazů.) 

work. 

Concurrence of 
work and 
pension 

   
  

Health/Sickness 
rate 

Medium: Referring to the analysis of 
foreign models, we assume that the 
health/sickness rate has a substantial 
influence on changes in the career 
status, namely in the event of 
concurrence of old-age pension and 
work. 

NEM + INEP + 
STATMIN ANOD 

Probably good 
but requires 
extensive 
analysis 

  

 
The factors’ relevance was considered with reference to the frequency of the use thereof in other models 
and an expert judgment on the particular factor’s impact on the model (anticipated improvement) and the 
availability of data. We recommend basing the final selection of the factors on the data analysis. A precise 
definition of the factor’s calculation (e.g. specification of the history’s length, determination of the 
classification granularity, etc.) should also be part of the analysis. 
 
Consideration of the Feasibility of the Implementation into the Model 
 
The implementation of the additional factors alone should not be difficult and would only involve adding the 
additional factors to determine the stochastic event probability. Nonetheless, subsequent calibration to the 
external projections (number of the unemployed, number of mothers taking care of a child, etc.) could 
require more effort. 
 
The area of transitions between career statuses is one of the most complicated calibration issues because 
there is a huge number of parameters that influence the same variable (e.g. the number of workers 
depends on the unemployment probabilities, the return of mothers from work, working pensioners, etc.). 
Where there is more than one external target (e.g. the total number of the unemployed, the percentage of 
working pensioners, etc.), more than one solution is likely to exist and it may be difficult to find. It may often 
happen that the transition probabilities cannot be directly derived from the data and the probabilities must 
be calibrated so that the model generates the observed statuses.  
 
Calibration to the external projections in the area of behaviour on the labour market is very time consuming 
in the case of the micro-simulation model due the high number of model parameters (probabilities) that 
have an impact on the particular variable (e.g. the unemployment rate). There always is a wide range of 
possibilities for achieving the change concerned for the achievement of the accurate value of the particular 
variable (e.g. in the case of a requirement to increase unemployment, the probability of the return from 
unemployment can be decreased, the probability of job dismissal can be increased, the swiftness of 
students’ joining an employer can be reduced, etc.) and it is rather difficult to define a general algorithm that 
brings meaningful results under any circumstances.   
 
We often come across a requirement to calibrate a model to an external projection of unemployment rates 
as these are frequent outcomes of macro-economic models. To carry out the calibration, it is necessary to 
only pick up the key probabilities that will be optimised (such as the probability of job dismissal and 
probability of the return from unemployment), and a fixed ratio (e.g. 50% of the required shift will be 
calibrated using the job dismissal probability, and 50% using the unemployment return probability). 
 
To implement such calibration, certain relationships must be fixed, namely if the calibrated process depends 
on more than one factor – such as an assumption that the probabilities of job dismissal will be calibrated 
with the use of one factor that depends on the calendar year, and the probability rates referring to the age, 
education, etc., will remain the same. Technically, calibration can be carried out as follows: 
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 In the model itself (from a reduced number of model points and with the use of the Prophet’s 
dynamic run) – the implementation is time consuming and a risk exists of convergence problems; 
we do not recommend this method; 

 Iteration using a small number of the model’s runs (e.g. one to three) – easy implementation. In our 
view, this is the best solution when an exact match is not required. It can get time consuming if an 
exact match with the external projection is required. In the case of unemployment after the first 
calibration, the number of the unemployed in the first year will be set up properly, but divergence 
from the projection will occur in the future due to the varying number of the employed and 
unemployed and, accordingly, the differing number of transitions from and into unemployment. 
However, we assume that the difference can be acceptable after one to three runs. Nevertheless, 
an exact match cannot be anticipated; or 

 Simplified external model for the calibration – this approach is used for example in the micro-
simulation model developed in Poland. It involves a simple cohort model that is based on the goal-
seek method and strives to minimise the variation to the required results. The implementation is 
time consuming. We recommend this approach if a higher accuracy of calibration is required.  

 
Factor economic condition deserves here a special notice. It is likely that economic condition will have an 
impact on the individual decision-making and that e.g. there will be smaller probability of transition from 
unemployment to employment during an economic crisis. The structure of the model requires that the whole 
economic condition has to be imputed into the model before the projection starts, because, as the projection 
is done individually by model point, it is impossible to sum results from different model points during the 
simulation (e.g. calculation of total unemployment) and use it for decision-making. The projection in the 
model will diverge from imputed assumption (of the economic condition) and therefore it is necessary to 
ensure by calibration that the imputed assumption is replicated by the projection on the individual level. The 
impact of economic condition on the behavior of an individual is therefore introduced within the calibration 
and it is not necessary to use the economic condition directly in the model as a decision factor. 
 
We do not consider calibration necessary for the other decisions. However, we recommend testing the fact 
that the statuses generated by the model with the use of the given transition probabilities fairly match the 
observed statuses. 

Summary and Evaluation of the Proposal 

The following table summarises our proposal of the advisable individualisation in modelling career changes, 
mother’s return to the work and concurrence of work and pension. 
 

Evaluation of the proposal Comments 

Summary of the proposal To apply the current approach and complete it with the following additional 
factors: education (or income in the case of poor data availability), job length, 
length of unemployment in the past and region. To add the factor “number of 
children” for the return of mothers to the work, and the factor “health/ 
sickness rate” for concurrence of work and old-age pension. 

Anticipated impact on the 
results 

High - Higher individualisation of the process of the career status 
changes. 

Efforts needed to implement 
this into the model 

Low - Implementation of additional factors. Changes only in the 
structure of tables. 



 

19 
 

Evaluation of the proposal Comments 

Impact on the model’s 
runtime 

Low - Negligible impact 

Demandingness of the data 
analysis 

High - We presume the use of the regression model to depict the 
interdependencies. However, this method involves a 
combination of a high number of factors and transitions 
and each situation (e.g. the probability of transition from 
employment into unemployment for disablement 
pensioners) should be analysed separately. 

Availability of data for the 
analysis 

 Medium - Most data are potentially readily available (INEP, NEM) 
and readily available (SSLF, STATMIN VZ) 

Data interdependencies   - We recommend replacing information on education with 
income if the quality is insufficient as income may bring 
similar information and is readily available  

Availability of data in the 
model 

 - Certain data currently available are in a good quality.  
Greater detail is possible and realistic for the other data 
(except for marital status) but requires the use of the 
INEP, NEM and Trexima databases. Of the 
recommended factors, the greatest complications can be 
expected with respect to education (income can be the 
alternative in such case). 

Recommended calibration Basic 
calibration 
+ Manual 

- Probability scaling 
- We recommend carrying out only the basic calibration to 

the external projections without requiring a complete 
match for the number of the unemployed. For the other 
statuses, we only recommend manual calibration in 
deriving the parameters. 

Demandingness of calibration Medium - Necessary additional run 

 

3.3 Wage Level 

This sub-chapter focuses on modelling the level of the wage. 

3.3.1 Relevance of the Wage Level and the Description thereof in the Current 
Model 

Relevance of the Wage Level for the Pension Model 
 
The level of wage is used in calculating pension system contributions, which has a direct impact on 
pensions of individuals in the model. A realistic depiction of the development of individuals’ wages will result 
in a more realistic calculated pension and income. At the same time, the level of an individual’s wage 
influences the aggregate income of the household (except for singles) and may therefore also have an 
impact on the decisions of other household members. 
 
Current Modelling 
 
The individual’s initial wage is defined with reference to the distribution of wages depending on the achieved 
education after the completion of studies. If the individual works prior to completing his or her studies, the 
age-related average wage is used.  
 
Subsequently, the wage grows annually in the following way: 

 Stochastically based on the distribution of the wage’s growth depending on age and sex; or 

 Deterministically based on the average wage growth depending on age and sex. 
The dependence on the wage level can be considered or not considered in both cases.  
 
The wage drops by a certain percentage in the case of annual inactivity or unemployment. 
 
Limitations and Weaknesses of the Current Approach 
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In the case of a stochastic approach, unrealistic development of the wage level may occur. In this model, 
changes in the wage are extremely volatile, which does not correspond to real-life behaviour. On the other 
hand, the purely deterministic model is unable to depict potential significant changes in the wage that may 
occur for example in changing jobs, and does not provide for a sufficient depiction of the differences 
between individuals (except for education). 

3.3.2 Alternative Approaches 

Outline of Approaches Applied in Models from Other Countries  
 
In most countries (such as France [3], Sweden [1], [10] and the Netherlands [9]) a certain type of wage 
equation (regression model) is used to simulate the wage level. The explained variable is usually the 
logarithm of the monthly (annual) wage, and the explaining variables include factors that vary in different 
countries (see the table below). The models also contain up to two random components, individualised 
effect and residuum. The individualised effect is a random variable with a log-normal distribution that plays 
the role of the individual’s unique ability. In the Dutch, Swedish and French model, the individualised effect 
is generated at the beginning of the simulation for each individual and remains unchanged later on. 
Residuum is also a random variable with the log-normal distribution and simulates temporary random 
variances in the individual’s wage in the model. These models are similar to the stochastic approach in the 
Czech model in terms of the type. 
 
We will provide a detailed description of the approach used in the US model CBOLT specified in article [8]. 
This model is similar to previous models but the individualised effect for individuals is not constant and 
brings the dependence of the wage’s development on the development in recent years into the model 
(unlike the Czech model, which only works with the wage level in the previous period). This quality provides 
for more stable and realistic random wage paths. 
 
The wage level is determined with the use of the following wage equation:  
 

ln 𝐸𝑖𝑡 =  ln(Ê𝑖𝑡 + 𝑃𝐸𝐷𝑖) +  ∑ 𝛼𝑖𝑠𝜎𝑙𝑛𝑁 +  𝛽𝑖𝑡𝜎𝑙𝑛𝑉
𝑡
𝑠=1  , 

 
where the i index means the individual, the t index is the year (age), E is the resulting wage level, Ê is the 

average wage in the given individual’s category and 𝑃𝐸𝐷𝑖  and the sum of numbers 𝛼𝑖𝑠𝜎𝑙𝑛𝑁  which 

represent in the model the individual’s unique effect that changes in time. At the beginning of the simulation, 

𝑃𝐸𝐷𝑖  is calculated for each individual as the five-year average from the differences of logarithms of the 

previous wages of the individual and the average wages in the particular category where the individual 
belongs, i.e. 
  

𝑃𝐸𝐷𝑖 =
∑ (ln 𝐸𝑖𝑡−ln Ê𝑖𝑡)5

𝑡=1

5
 . 

 

𝑃𝐸𝐷𝑖   is then annually  increased or decreased by the standardised normally distributed random variable 

𝛼𝑖𝑠, which is scaled with the use of the standard deviation 𝜎𝑙𝑛𝑁 to the log-normally distributed random 

variable. The last member of the equation 𝛽𝑖𝑡𝜎𝑙𝑛𝑉  is the residuum, that depicts the temporary wage 

variance and is also log-normally distributed with variance 𝜎𝑙𝑛𝑉
2

. Variances 𝜎𝑙𝑛𝑉
2

 and  𝜎𝑙𝑛𝑉
2

 are calculated 

based on differences in the wage level across all wage pairs in the history, where wages within the distance 
of three to ten years are taken into consideration. 
 
Outline of Factors Used in Models from Other Countries 
 
The below table summarises the factors influencing the wage level that are applied in micro-simulation 
pension models in the Czech Republic and other countries.  
 

Country 
  
Factor 

Czech 
Republic 

France Sweden 
United 

Kingdom 
USA Netherlands 

Sex x x x x x  
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End of studies/ 
Education 

x x x x x  

Job length  x x    

Occupation  x x   x 

Age x   x x x 

Marital status   x   x 

Nationality   x    

Periodic effects      x 

Household size      x 

Career status of the 
partner 

     x 

Birth decade     x  

Allowances received x    x  

 
The factors most frequently used in other countries include sex, achieved education, occupation and age. 
Certain models also consider job length, marital status and allowances received. Factors used in only one 
of the countries include nationality, periodic effects, household size, partner’s job and birth decade. 

3.3.3 Possibilities of Improving the Current Model and Feasibility Thereof 

To model the wage level, we recommend using the regression model applied in the US model CBOLT, 
which, in addition to family and career-related factors, also considers the individual’s unique factor and the 
error component (temporary random deviation). The fact that the wage level in CBOLT is annually derived 
from the average wage in the particular individual’s category may bring more realistic wage developments. 
At the same time, the individualised effect will provide for the heterogeneity of wage curves in the form of 
individualised tendencies (the wage of a higher performing individual will differ from the average for most of 
his or her life).   
 
We recommend retaining the factors used in the current model. The below table contains an assessment of 
other factors that we propose to consider in the model. As for the other factors (nationality, periodic effects, 
household size, career status of the partner, birth decade), we expect that they will have an immaterial 
impact on the wage level or that the benefits of incorporating the factors in the model would be negligible 
given the substantial efforts needed to analyse the data. 
 

Factor Relevance  Data sources 
for the 
dependence 
analysis 

Availability 
evaluation 

Availability and 
quality of the 
factor in the 
model (see 

Chyba! 
Nenalezen zdroj 
odkazů.) 

Job length 
(total) 

High: Referring to the analysis of 
foreign models, we assume that this 
factor may have a substantial 
influence. 

INEP Probably good 
but requires 
extensive 
analysis 

  

Job length 
(current) 

Medium: We did not find this factor in 
the foreign models, but we can 
assume that the wage development 
can also be related to a change of 
the employer. 

INEP Probably good 
but requires 
extensive 
analysis 
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Factor Relevance  Data sources 
for the 
dependence 
analysis 

Availability 
evaluation 

Availability and 
quality of the 
factor in the 
model (see 
Chyba! 
Nenalezen zdroj 
odkazů.) 

Occupation High: Referring to the analysis of 
foreign models, we assume that this 
factor may have a substantial 
influence. 

Trexima Good, but 
requires further 
analysis 

  

Marital status 
 

Medium: Referring to the analysis of 
foreign models, we assume that this 
factor may have a substantial 
influence. 

Perhaps for 
women 
from INEP 

Potentially good, 
but poor quality 
and time 
consuming 

  

Number of 
children 

Medium: We assume that the wage 
level can depend on the household 
size (e.g. stronger career orientation 
can be expected in a family with 
fewer members). 

INEP Potentially good, 
medium quality 
and time 
consuming 

  

Region High: We assume that the wage level 
can strongly depend on the region 
where the individual lives. 

INEP Potentially good 
and of good 
quality 

  

 
The factors’ relevance was considered with reference to the frequency of the use thereof in other models 
and an expert judgment on the particular factor’s impact on the model (anticipated improvement) and the 
availability of data. We recommend basing the final selection of the factors on the data analysis.  
 
Consideration of the Feasibility of the Implementation into the Model 
 
The implementation of the regression model (from the US model CBOLT) and the level of the above-
mentioned factors that are characteristic for the individual groups of individuals should require medium 
efforts. A wage equation must be implemented into the model, which includes generating of random 
errors/effects with variances specified in advance. 
 
If the current job’s length is to be used as a factor, it will be necessary to implement the option of a change 
of employer as a random event into the model. This event’s probability should depend on factors like 
education, age, income or change of income. This assignment is not complicated in terms of necessary 
implementation efforts. Another piece of information that the model currently does not work with is 
occupation. We recommend adding this factor into the model points and to use a simplifying assumption 
that each individual has a constant occupation. We believe that this assumption will not have a substantial 
impact on the model’s outcome. 
 
In case of the wage, it is advisable to consider calibration, especially where such extensive approach is 
applied. The approaches typically used in calibrating the wage development include the requirement that 
the overall wage growth for the modelled population is zero in a run with a zero growth of the average 
wage, which usually cannot be accomplished in the case of the stochastic model. We recommend applying 
the existing approach in the current Czech model, where the growth of the average wage is modified with 
residual inflation, which is the result of the run with a zero growth of the average wage. 
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3.3.4 Summary and Evaluation of the Proposal 

The following table summarises the wage level modelling proposed by us. 
 

Evaluation of the proposal Comments 

Summary of the proposal To apply the regression model with an individualised effect and random error 
used in the US model CBOLT in calculating the wage level, and to consider 
the following additional factors: job length (total), job length (current) and 
occupation. 

Anticipated impact on the 
results 

Medium - Namely on the realistic development of individuals’ wages 
and their later pensions.  

Efforts needed to implement 
this into the model 

Medium - Implementation of a new wage equation. Implementation 
of the option of the employer’s change. Implementation of 
constant occupation. 

Impact on the model’s 
runtime 

Low - Negligible impact 

Demandingness of the data 
analysis 

High - Parameters estimated from the income history (obtaining 
average wages in individual categories and the regression 
analysis). 

Availability of data for the 
analysis 

Medium - Most data are probably readily available in INEP and 
potentially readily available in Trexima + INEP 

Data interdependencies   - The type of occupation can depend on the achieved 
education. Where such interdependence is found, we 
recommend not considering one of the factors, 
“education” or “occupation”. On the other hand, if data on 
education in the model are of insufficient quality, this 
factor can be replaced with the income group. 

Availability of data in the 
model 

 - Data are potentially available in INEP and by combining 
Trexima + INEP. In order to use the interdependence with 
the current job’s length, the option of modelling changes 
of jobs must also be introduced in the model (we 
recommend empiric probabilities based on similar factors 
as the change of career status – the analysis can be 
based on data from STATMIN VZ or potencially INEP). 

Recommended calibration Basic 
calibration 

- Calibration with the use of residual inflation (used in the 
current model) 

Demandingness of calibration Medium - Necessary additional run. 

 
 

3.4 Other Processes 

Process Comments 

Father on parental leave We do not presume at the moment that the distinction of which parent is 
on parental leave would have a significant impact on the model in the 
Czech Republic. We did not even come across such distinction in the 
foreign models. However, we recommend monitoring this effect’s 
relevance and expanding the model in this area in the future, if 
appropriate. 
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Process Comments 

Beginning of parental leave Implied by the child’s birth (2.2) and does not have to be addressed 
separately. 

Starting taking care of a child Implied by the probability of a mother’s return to work (see 3.2) and does 
not have to be addressed separately. The probability of the beginning of 
the mother taking care of the child is linked to the probability of the 
mother’s return to the work because this is another possible sub-status, 
into which the mother on maternity leave can transit. 

Starting taking care of next of kin Has not been currently modelled. We do not expect a substantial impact 
on the pension system and therefore do not recommend modelling this 
factor at present. 

Ceasing to take care of next of 
kin 

Has not been currently modelled. We do not expect a substantial impact 
on the pension system and, therefore, do not recommend modelling this 
factor at present. 

Emigration (from the Czech 
Republic) 

At present, the emigration probability depends on age and sex. We do 
not expect a significant impact on the pension system’s outcome under a 
higher differentiation of the emigration probability. We do not recommend 
any further development in this area at the moment. 

Immigration (into the Czech 
Republic) 

At present, the immigration probability depends on age and sex. We do 
not expect a significant impact on the pension system’s outcome under a 
higher differentiation of the immigration probability. We do not 
recommend any further development in this area at the moment. 

Entering the army At present, this part of the population has not been modelled and we do 
not assume that transitions between armed forces and the standard 
population would have a significant impact on the pension system’s 
outcome. We do not recommend any further development in this area at 
the moment. 

Leaving the army At present, this part of the population has not been modelled and we do 
not assume that transitions between armed forces and the standard 
population would have a significant impact on the pension system’s 
outcome. We do not recommend any further development in this area at 
the moment. 

Becoming a self-employer At present, age and sex are the only considered factors. We do not 
assume a substantial impact of further individualisation (i.e. a more 
precise differentiation, which individuals are self-employed and which are 
not). We recommend carrying out a data analysis to review the relevance 
of factors such as education or income level, and using these factors to 
improve the modelling, if appropriate. The data for the model points and 
analysis should be potentially available in INEP in a very good quality. 
 
The number of self-employed persons in the population has a great 
importance for the pension system mainly because of the impact on the 
income (self-employed typically have very low contributions to the 
pension system). To capture in the model the dynamics of the self-
employed would require considering factors such as taxation, legislation, 
etc. This would mean a significant extension of the current model. 
To capture and study the impact of the dynamics of the self-employed, 
we recommend using the run of the model with different scenarios of 
development. It can be tested in the model how a shock/a sudden 
change in the probabilities to become/cease to be a self-employer (e.g. 
as a response to changes in the tax system) will impact the pension 
system.  

Ceasing to be a self-employer At present, age and sex are the only considered factors. We do not 
assume a substantial impact of further individualisation but the impact 
could be material on the other hand. We recommend carrying out a data 
analysis to review the relevance of factors such as education or income 
level, and using these factors to improve the modelling, if appropriate. 
The data for the model points and analysis should be eventually available 
in INEP in a very good quality. 

Job change Described in the wage development (see 3.3). 
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Process Comments 

Entering the register of the 
Labour Office 

We do not consider the impact significant. We do not recommend any 
further development in this area at the moment. 

Exiting the register of the Labour 
Office 

We do not consider the impact significant. We do not recommend any 
further development in this area at the moment. 

Full-time/Part-time job At present, whether a job is full-time or part-time is not modelled for all 
the employed in the model, the exception being the determination of the 
job portion for the working disabled. We do not consider modelling the 
full-time/part-time nature of the job critical at the moment because the 
associated changes in an individual’s income can partly be depicted 
within the modelling of the wage level (using the individualised and 
random effect). 
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4 Pensions 

4.1 Introduction 

The pension area covers decisions with an immediate impact on the level of the payment from the pension 
security system, i.e. decisions related to retirement, concurrence of work and pension drawing, or opting for 
the payout alternative in the case of a working pensioner.  
 
Decisions from this area primarily influence the amount of the old-age pension payment or the disability 
pension payment, or pension system contributions, as the case may be (upon early retirement). 
 
The dependence of the decisions on the specific life situation of the individual can also be expected in this 
area (e.g. the amount of a potential pension can be influenced by the decision on whether the individual 
opts for a concurrent job, etc.). For this reason, the area of the old-age pension payment is one of the 
suitable candidates for the individualisation of the decision-making processes. 

4.2 Retirement 

This chapter deals with an individual’s decisions on retirement where he or she is eligible for the old-age 
pension. 

4.2.1 Relevance of the Decisions and the Description thereof in the Current 
Model 

Relevance of the Decisions for the Pension Model 
 
The individuals’ decisions on retirement (i.e. the timing thereof) are one of the crucial factors that influence 
the pension system’s inflows on the one hand (early retirement results in lower inflows), and outflows on the 
other hand (later retirement results in a shorter period of the pension’s payment, but also in lower pensions 
in case of early retirement). Modelling the process of the individual’s adopting the decision is important 
namely in cases where reforms are considered, such reforms impacting individuals’ motivation to retire, if 
these impacts are to be depicted. 
 
Current Modelling 
 
In the current model, retirement is modelled on the basis of empirical probabilities in relation to the proper 
age for retirement. This probability is only applied with respect to the individuals who are entitled to the old-
age pension. In the case of changes in the proper retirement age, the probabilities are shifted as well (i.e. 
for example the retirement probability after two years from the proper retirement age is identical irrespective 
of the shifts in the proper retirement age). 
 
Limitations and Weaknesses of the Current Approach 
 
The major limitation of this approach involves the fact that the approach does not take into account the 
natural interest of individuals to retire that, to a large extent, is related to the health condition and job 
opportunities of senior individuals. It can be assumed that the number of later retirements will drop in real 
life upon a significant increase in the proper retirement age, and, on the other hand, the number of early 
pensioners is likely to go up. This effect fails to be considered under the existing approach, which may 
result in misleading conclusions (e.g. that increases in the proper retirement age is advantageous in any 
case). 
 
Other limitations include the fact that the current approach does not consider the specific situation of an 
individual prior to his or her retirement. Foreign experience suggests that one’s wish to retire is driven by 
factors such as health condition, marital status or job status/income. The incorporation of these 
interdependencies will make the inflow and outflow projections more accurate and will improve the 
possibility of assessing the reforms’ impact on various population segments (e.g. low-income and high-
income segments, etc.). 
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4.2.2 Alternative Approaches 

Outline of Approaches Applied in Models from Other Countries 
 
A wide range of approaches can be identified in modelling retirement in both reference literature and 
models from other countries.  
 
An approach similar to the one applied in the Czech Republic (the empiric age-related probabilities) is used 
for example in the USA or Belgium, Italy and Germany. It is also possible not to consider age in the model, 
which makes the model independent of historical retirement guidelines. This type of decision-making model 
can be the simplest, using for example the compensation ratio as one of the factors. 
 
The most advanced models often use more sophisticated approaches that seek to explain an individual’s 
behaviour that drives his or her retirement. This category is represented by the models from France and 
Sweden. Studies from Austria, Ireland, the Netherlands and Spain also use similar approaches. 
 
As many of the more sophisticated approaches require parameters that are not easy to derive from data, 
the implementation of more than one alternative method of retirement decision-making into the model is 
often used and the alternatives’ impact on results is then tested. 
 

Approach 
Empiric probabilities  Stock a Wise 

Social 
Security 
Wealth Country 

Czech Republic x   

France x x x 

Sweden   x 

USA x   

Belgium, Germany, Italy x   

Netherlands   x  

Ireland  x (partnership)  

Spain   x 

 
Stock a Wise Approach 
This approach is based on the assumption that by properly timing his or her retirement, the individual tries 
to optimise the lifetime benefits from both consumption and leisure. The model works with the anticipated 
value of future income (from both work and pension) in all permissible retirement moments. For the 
particular individual, the optimal retirement year R* is the year that maximises the value of the future income 
𝑉𝑡(𝑅) in years, starting in year t, where it is possible to retire. 𝑉𝑡(𝑅) is given by:  

 

𝑉𝑡(𝑅) = ∑(𝛽𝑠−𝑡 . 𝑝(𝑠|𝑡). 𝑈𝑦((𝑌𝑠)𝛾))

𝑅−1

𝑠=𝑡

+ ∑(𝛽𝑠−𝑡. 𝑝(𝑠|𝑡). 𝑈𝑏(𝑘. 𝐵𝑠(𝑅)𝛾)),

𝑇

𝑠=𝑅

 

 
where 𝛽 is the discount factor of time preference, 𝑝(𝑠|𝑡) is the survival probability, 𝑈𝑦 the consumption 

benefit, 𝑌𝑠 the income from the work, 𝛾 the parameter of the risk phobia, 𝑈𝑏 the leisure benefit, 𝑘 the 

parameter of the leisure preference and 𝐵𝑠(𝑅) the income from pension. If the current age is optimal, the 

individual will retire. If not, he or she will stay in the job. In such case, a similar calculation will be performed 
next year, taking into account new information and events (such as change in the wage, dismissal from 
work, etc.). 
 
Major disadvantages of this method include a huge number of parameters (namely the leisure preference, 
risk phobia and time preference) and the fact that these parameters are very difficult to derive from data. A 
number of studies have addressed this topic and estimates fall within a very wide range (refer to article [15] 
on pages 15-19 for a clear outline of estimates). 
 
Other disadvantages include the fact that the model presumes fully rational decision-making of the 
individual resulting in a single optimal alternative that will always be identical for individuals in the same 
position. Therefore, the model does not include any random component. It may be advisable to incorporate 
a random component into the model and to scale the retirement probability on the basis of the size of the 
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difference between the benefit upon retirement and upon staying in work. In such case, the model will be 
similar to the SSW approach. 
 
Another complication is the need for the parallel calculation of several versions of future in deciding on 
retirement in order to find the optimal retirement age (e.g. each year of the interval 60-70 is calculated, i.e. 
ten calculations), which may substantially slow the calculation down. 
 
The basic model only applies the perspective of the particular individual with regard to the decision-making 
process. However, the retirement decision is often influenced by a partner’s decision in the real life. The 
model can therefore be expanded to include the partners’ joint decision-making (see article [16]). 
 
There also is a simpler alternative that only uses immediate benefit rather than the lifetime benefit. 
 
Social Security Wealth Approach 
This approach is intended to explain the retirement decision purely with reference to economic benefits. 
Compared to the Stock a Wise model, this model is stochastic, the deliverables involving retirement 
probabilities, and the final decision is random.  
 
The basic variable used is the social security wealth (SSW) representing the present value of future pension 
income upon retirement at a particular age. Several slightly differing alternatives of this approach exist – we 
will describe the approach applied in the Swedish model (a detailed description of the method can be found 
in article [1] on page 17). The retirement probability for the particular year is calculated as the probability 
that the retirement benefit is higher than the probability of staying in work for one more year. The benefits of 
the individual alternatives (retirement or one more year at work) depend on: 

 The present value of future income of the respective alternative (the SSW in case of retirement); 

 Income for the next year in case of the respective alternative (either the wage or pension); and 

 Change in the present value of the future income of the respective alternative. 
Each factor has its weight in the benefit function, which is usually calibrated from data. 
 
Other possible alternatives of this approach involve the individual’s staying at work until the moment when 
he or she can in the future expect a higher benefit from retiring than now. 
 
Other Approaches 
We came across other approaches to modelling retirement decisions in literature. One of them is the 
application of dynamic programming. This model is considered too extensive and demanding in terms of 
calculations, and is not frequently used for these reasons.   
 
The survival analysis is another option. This approach brings very similar results as the empiric probabilities 
derived with the use of the regression model. 
 
Outline of Factors Used in Models from Other Countries 
 
The below table summarises factors influencing the retirement decision that are applied in micro-simulation 
pension models in the Czech Republic and other countries. 
 

Country 
  
Factor 

Czech 
Republic 

France Sweden USA 
Belgium, 
Germany, 

Italy 

Sex x   x x x 

End of studies/Education     x     

Age x     x x 

Anticipated future income   x x     

Entertainment preference    x       

Career status       x   

Number of children     x     

Marital status     x     

Anticipated future pensions   x x     

Partner’s career status     x     

Income       x   
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In addition to the standard factors of age and sex, anticipated future income and pensions are also often 
considered (however, in such case, the method involves an optimising approach to the decision). 
Education, marital status or income are also considered in certain models. 

4.2.3 Possibilities of Improving the Current Model and Feasibility Thereof 

Experience from other countries shows that there is no single perfect model, that would precisely depict 
individuals’ retirement decision-making in any situation. We recommend applying an approach similar to the 
model used in France, which includes the implementation of more decision-making models, the results of 
which are compared. 
 
We recommend the following: 

(1) Expansion of the empiric model with other predicative factors (see below); 
(2) Implementation of the Stock a Wise method; 
(3) Implementation of the social security wealth method; or 
(4) Combination of the models. 

 
(1) Expansion of the Empiric Model 
We recommend maintaining the existing approach (stochastic event) as one of the options and considering 
additional factors in determining probability. Individual recommended factors are assessed in the below 
table.  
 

Factor Relevance  Data sources for 
the dependence 
analysis 

Availability 
evaluation 

Availability 
and quality of 
the factor in 
the model (see 
Chyba! 
Nenalezen zdroj 
odkazů.) 

Education Medium: We assume that 
individuals with higher education 
will work longer. 

INEP + Tremixa + 
STATMIN ANOD 

Extensive 
combination, 
probably limited 
availability  

  

Career status High: We assume that the 
unemployed/inactive will be highly 
motivated to retire. 

INEP + STATMIN 
ANOD 

Probably good 
  

Marital status Medium: We assume that the 
impact can be significant namely 
in combination with the partner’s 
career status (partners coordinate 
retirement together) 

Ministry of Interior 
of the Czech 
Republic  

Probably unavailable 

  

Partner’s 
career status 

Medium: We assume that the 
impact can be significant namely 
in combination with the marital 
status (partners coordinate 
retirement together) 

Ministry of Interior 
of the Czech 
Republic + INEP 

Probably unavailable 

  

Occupation High: We assume that occupation 
may have a substantial impact on 
the wish to retire, but we did not 
identify this factor in other models 

Tremixa + INEP + 
STATMIN ANOD 

Extensive 
combination, 
probably limited 
availability 

  

Income/ 
Compensation 
ratio 

Medium: We assume that people 
with higher income will be better 
motivated to continue working.  

INEP + STATMIN 
ANOD (and/or 
STATMIN VZ + 
STATMIN ANOD) 

Probably good (or 
immediately 
available, as 
appropriate) 

  

Health/ 
Sickness rate 

High: We assume that people with 
a historically higher sickness rate 
will prefer earlier retirement 

STATMIN ANOD + 
NEM 

Probably good 
  

 
A wide range of factors with expected medium or high impact was identified. However, many of them suffer 
from limited data availability (education, marital status, partner’s career status, occupation). We therefore 
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recommend expanding the factors with career status, income/compensation ratio and health/sickness ratio, 
for which good availability can be assumed. 
 
The factors’ relevance was considered on the basis of the frequency of the particular factor’s use in other 
models and an expert judgment on the particular factor’s impact on the model (expected improvements) 
and data availability. We recommend basing the final selection of the factors on the data analysis. 
 
(2) Implementation of the Stock a Wise Method 
We recommend completing the model with the Stock a Wise method as described above as another option. 
This method will enable a better depiction of the economic benefits in combination with the benefit flowing 
to the individual from his or her having free time. 
 
Actual data on retirement (i.e. from the STATMIN ANOD database) are used to set up the parameters in 
this method (see above). To calibrate the parameters, it would be necessary to launch the model with the 
use of historical data to be able to compare the modelled retirements with the known facts. Estimates 
derived from data can be very difficult to obtain for certain parameters (such as entertainment preference, 
risk phobia and time preference). In such case, foreign parameters could be used that, however, also fall 
within a very wide range (see above). 
 
(3) Implementation of the Social Security Wealth Method 

We recommend completing the model with the Social Security Wealth method as described above as 
another option. This method will enable a better depiction of the economic benefits and, at the same time, 
maintain the stochastic nature of the result. 
 
In terms of parameters, this method is similar to the Stock a Wise method (slightly easier because it does 
not consider, for example, entertainment preferences). 
 
(4) Combination of the Models 
We also recommend combining the results of the individual methods using the expertly set-up weight. Such 
model can simulate the fact that in real life the decision involves a combination of economic factors (the 
Stock a Wise and SSW methods) and other factors that are depicted by the empiric model (e.g. health, 
etc.). We recommend developing a combined model that will be stochastic and will take into consideration 
both the empiric interdependencies (on health, etc.) and the economic benefit factors (SSW) and 
entertainment benefit (Stock a Wise). 
 
In terms of parameters, the model can be manually calibrated to actual historical results or an expert 
judgment can be followed. 
 
Consideration of the Feasibility of the Implementation into the Model 
 
(1) Expansion of the Empiric Model 
We will assess the expansion of the empiric model by the recommended factors separately for each factor. 
With respect to career status, the expansion only involves the expansion of a table and the implementation 
efforts are negligible. The situation is similar for income. If the use of the compensation ratio is required, it 
would be necessary to calculate the pension before the individual decides to retire. This would call for a 
minor modification of the model, which, however, would have an impact on the calculation’s speed. We 
assume that it will be possible to use a simplification so that the impact on the calculation time is immaterial. 
 
With respect to the dependence on health/sickness rate, these will be added to the table. However, this 
factor must first be defined (e.g. as a proportion between sick leave days over the pasts five years and the 
average population of the same age) and to implement this calculation into the model. This only is a minor 
modification of the model with minimal impact on the calculation time. 
 
(2) Implementation of the Stock a Wise Method 
The implementation of this method calls for a major modification of the model in terms of both the efforts 
needed and the impact on the calculation time. It is necessary for the model to carry out a separate 
projection from the current moment to the individual’s expected death at each potential moment when the 
individual can retire, in order to assess the present value of the future income. Unlike the current stochastic 
approach, this projection should be deterministic (i.e. calculation of the anticipated present value), which is 
a functionality absent in the current model. On the other hand, this functionality (the possibility of using the 
deterministic projection) could also be useful for other purposes (e.g. if there is a need for an increased 
speed of the model’s convergence). The current model’s approach (the projection is carried out gradually by 
individual model points) and the Prophet software’s features enable such expansion. 
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Major obstacles include the impact on the calculation time. The first simplification that we recommend 
involves the performance of the calculation with only annual frequency – the decision would remain 
unchanged in individual months of the year (the month of retirement upon the decision to retire could be 
random). We also recommend limiting the calculation to only a selected period, in which most retirements 
occur (e.g. from the entitlement’s origination until 70 years of age). If these measures are implemented, the 
projection would be carried out ten times for a particular individual as a maximum. We only expect two- or 
three-times slower calculations for one individual. Such slowdown can be eliminated by using a smaller 
sample of the model points if this method is applied. 
 
(3) Implementation of the Social Security Wealth Method 
With respect to the implementation and impact on the model’s swiftness, the same conclusions as in the 
Stock a Wise method apply to this method. If one of these methods had been implemented into the model, 
the implementation of the other method will require limited efforts and will have no impact on the calculation 
speed. This means that the launch of both methods will not result in any additional runtimeě compared to 
only one of the methods. 
 
(4) Combination of the Models 
Where the other methods had already been implemented, the implementation of the combined method will 
require limited efforts and the impact on the calculation speed will be negligible compared to the Stock a 
Wise and SSW methods. Hence, the calculation time of the combined method, which would use outputs 
from more methods, is identical with the calculation time in a model where only one method is used 
because most efforts are required by the projection’s part that is common for both extensive methods 
(embedded deterministic projection in making retirement decisions every year) and, therefore, the 
calculation can only be made once. 
 
In the event of retirement, we consider automated calibration inappropriate because the retirement 
projection should be one of the major deliverables of the model. However, there is quite significant freedom 
in setting up certain parameters in the case of more advanced models and it may be important to calibrate 
the parameters so that the resulting retirement probabilities replicate the individuals’ real conduct. We 
recommend performing this calibration manually upon setting up the model’s parameters. 

4.2.4 Summary and Evaluation of the Proposal 

Evaluation of the proposal Comments 

Summary of the proposal We recommend expanding the current empiric method with additional factors 
(career status, income/compensation ration, health/sickness rate) and 
implementing the Stock a Wise and SSW methods and the combined 
method. 

Anticipated impact on the 
results 

High - The model will be able to respond to changes such as 
changed retirement conditions. 

Efforts needed to implement 
this into the model 

High - Namely the implementation of the Stock a Wise and SSW 
methods. 
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Impact on the model’s 
runtime 

Medium - We assume that the model can get two or three times 
slower. We believe that it will be possible to use fewer 
model points for these methods, thus compensating the 
slowdown. 

Demandingness of the data 
analysis 

High - Requires the model’s historic run. Setting up special 
parameters (such as entertainment preference) may be 
time consuming. 

Availability of data for the 
analysis 

Medium - Basic data (INEP + STATMIN ANOD) are probably readily 
available. Availability of data for special parameters can 
be limited – the use of foreign parameters can be one of 
the solutions. 

Data interdependencies   - We do not anticipate any significant data 
interdependencies between the recomended factors. 

Availability of data in the 
model 

High - Data needed for the recommended solution are available 
in the model. 

Recommended calibration Basic 
calibration 

- We do not consider automated calibration advisable. 
Manual calibration may be necessary in finding optimal 
set-up of parameters in advanced methods. 

Demandingness of calibration Medium - Necessary additional runs. 

 
 

4.3 Other Processes 

Process Comments 

Opting for pension for working 
pensioners 

We do not assume a major impact on the pensions system’s outcome in 
the event of a higher differentiation of selected alternatives for working 
pensioners. At present, we do not recommend any further development in 
this area. For the future, we recommend considering the inclusion of the 
alternative’s selection as part of the retirement decision-making using the 
above-described optimisation methods (to carry out parallel calculations 
not only for various retirement ages but also for various alternatives of 
concurrence of work and pension). 
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5 Fund Insurance 

5.1 Introduction 

The area of fund insurance primarily covers decisions on the individual’s participation in the fund insurance 
(the current complementary pension saving scheme or the 2nd pillar) and the selection of the particular type 
of the fund where the individual will make his or her savings. The area can also cover the set-up of and 
changes in an investment strategy or transitions between various providers. 
 
The decisions from this area have an impact on cash flows describing contributions into the fund pillar. 
 
It can be assumed that the individualisation of the decision-making process within this area is useful 
because the above-mentioned decisions depend on the individual’s income, his or her marital status, 
economic development, and/or other factors. 
 
The modelling of individuals’ individualised behaviour within the micro-simulation models in general is dealt 
with for example in article [13] or [12], the conclusions whereof can also apply to this area. 

5.2 Entry into Fund Insurance and Selection of the Contribution 
Level 

This sub-chapter focuses on modelling the entry into fund insurance and the selection of the contribution’s 
level. 

5.2.1 Relevance of the Entry into Fund Insurance and the Description thereof 
in the Current Model 

Relevance of the Participation in Fund Insurance for the Pension Model 
 
Participation in fund insurance has a direct impact on the future level of individuals’ income. Depending on 
the setting of the particular system, it can influence the level of contributions from the government or a 
reduction of the pension from the continuously financed system. This decision can also influence for 
example an individual’s decision on (early/late) retirement.  
 
Current Modelling 
 
At present, an arbitrary number of fund pillars with several separate funds can be modelled. Nevertheless, 
the participation in the fund pillar and the fund’s selection constitute an input parameter in the model point 
and remain unchanged. The model also depicts transitions between investment strategies (types of fund) 
depending on sex and age. Hence, the model is opened to any fund insurance, but does not model any 
specific system at the moment. 
  
Limitations and Weaknesses of the Current Approach 
 
The current model does not depict any specific fund insurance system in the Czech Republic. To make this 
possible, the existing general model must be specified in detail and the relevant decisions must be 
implemented (the selection of the contribution’s level in the complementary pension saving scheme and the 
decision on entering the insurance in the case of the 2nd pillar).  

5.2.2 Alternative Approaches 

Outline of Approaches Applied in Models from Other Countries  
 
The stochastic event approach with a certain probability is usually used in other models for the entry 
into/exit from fund insurance. Models vary in factors that influence these probabilities. 
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In Sweden, the regression model was used to calculate the contribution’s level and the considered 
explanatory variables (factors) are summed up below.  
 
In the US PENSIM model (see [2] on pages 263-264) it was first determined with reference to the transition 
probability whether the particular individual will contribute an amount other than zero in the particular year 
or not. Subsequently, the contribution’s level is determined for those who make contributions in the 
particular year, the level equalling exp(𝑎𝑣𝑔) exp(𝑑𝑒𝑣), where 𝑎𝑣𝑔 is the average age- and income-driven 

level of the contribution and 𝑑𝑒𝑣 is the normally-distributed life variance for the particular individual that 

remains unchanged over the years. 
 
Another option involves the application of approaches used in modelling life assurance with a significant 
investment component. An insurance company usually has an interconnected model of assets and liabilities 
available that runs over a number of stochastic economic scenario s. The scenario s influence the 
development of assets, which results in changes in the insurance product’s benefits. These models typically 
take into account the fact that the individual can respond to changes in the benefits, for example by 
cancelling the policy, partly withdrawing finance from the fund or by making an additional contribution into 
the fund. These represent analogies to changes of the fund type/provider, and changes in the contribution 
in the case of pension insurance.  
 
In the event of dynamic cancellation/withdrawal/contribution, a market index is usually defined to represent 
typical market yield. In such case, the individuals’ response is directly proportional to the difference between 
the yield of the individual’s particular fund and the market yield. In the event of falling behind the market 
yield, higher cancellation fees and withdrawals are modelled; higher contributions are modelled in the other 
case. 
 
The depiction of the behaviour of the fund’s administrator used in insurance modelling can also be inspiring. 
Insurance models usually depict the fact that the administrator responds to changes in the economic 
situation by changing his investment strategy (e.g. transfers from stock into bonds and vice versa, selection 
of the time structure of investments, realisation of unrealised profit, etc.). 
 
Outline of Factors Used in Models from Other Countries 
 
The below table summarises factors influencing the entry into/exit from fund insurance and the 
contribution’s level that are applied in micro-simulation pension models in other countries. 
 

Country 
Factor  

Sweden United Kingdom USA 

Sex  x   

End of studies/Education x x  

Job length (total)  x  

Age x x x 

Marital status x x  

Nationality x   

Income x  x 

 
The most frequently used factors include age, income and education. The Swedish model considers marital 
status only in estimating the probability of the entry into/exit from fund insurance. The less frequent factors 
include nationality, job length and sex. 

5.2.3 Possibilities of Improving the Current Model and Feasibility Thereof 

We recommend implementing the existing complementary pension saving schemes into the model. To do 
this, it will be necessary to: 

 Define the classification of potential funds into suitable types (namely the guaranteed and non-
guaranteed fund, and/or various investment strategies and costs); 

 Implement rules applicable to the level of the government contribution; 

 Provide the following initial information in the model points: 
o Level of the fund; 
o Level of the contribution; and 
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o Type of fund; 

 Parametrise the yield of individual fund types (including any linkage to the stochastic economic 
scenario s) and costs; and 

 Model the decisions on: 
o Changes in the contribution’s level; and 
o Changes in the fund type. 

 
The current 2nd pillar can also be modelled in this way. In such case, the decision on the contribution’s level 
will be limited to zero (the individual did not enter the system) or to the particular portion of his or her wage 
(the individual entered the system). Other considered reform alternatives based on the fund insurance 
principles can also be modelled in a similar way. 
 
The contribution’s level is typically modelled in two steps in the other models. The first step involves the 
decision on the participation in the system and where the individual opts for participation, the level of his or 
her contribution is modelled. This approach enables one to depict both the current complementary pension 
saving schemes and the 2nd pillar (the contribution’s level is specified in advance in this case and needs no 
further modelling in this case). 
 
We recommend implementing the approach based on the transition probability in modelling the entry 
into/exit from fund insurance in compliance with the approaches in other models (e.g. in Sweden or the 
USA). In the case of modelling more systems/pillars, it will not be difficult to define the probabilities for the 
selection of individual pillars. We also recommend modelling the selection of the fund type with reference to 
the probabilities.  
 
To calculate the contribution’s level, we recommend using the approach applied in the US model PENSIM, 
which is based on the average values of the contribution’s level and an individualvariation. 
 
To model changes in the contribution’s level and changes in the fund type, we recommend using the 
dynamic approaches linked to economic scenario s that were described above for modelling in the 
insurance industry. 
 
When modelling behaviour of the fund’s administrator, we believe that dynamic modelling linked to the 
economic scenario s will have an insignificant impact because the investment strategy in pension fund 
systems tends to be relatively fixed and the administrator only has limited resources to change it. 
 
The below table provides an assessment of individual recommended factors for the entry into the fund pillar 
and the selection of the contribution’s level. We assume that the “nationality” factor will have an immaterial 
impact on these decisions. 
 
 

Factor Relevance  Data sources for the 
dependence 
analysis 

Availability 
evaluation 

Availability and 
quality of the 
factor in the 
model (see 
Chyba! 
Nenalezen zdroj 
odkazů.) 

End of studies/ 
Education 

High: We assume that the 
impact can be significant but 
additional information 
probably substantially 
overlaps the information 
obtained from income. 

Ministry of Finance – 
statistics on the 
number of newly 
concluded contracts 
on complementary 
pension savings and 
the contribution’s level 
(or separately, as 
appropriate); must be 
combined with INEP 
and Tremixa, which 
can be difficult 

Data availability 
for 
interdependencies 
and namely 
possible 
interconnections 
must be reviewed 

  

Job length 
(total) 

Medium: We assume that this 
factor may have an impact 
primarily on the entry into/exit 
from the fund pillar. 

Ministry of Finance – 
statistics on the 
number of newly 
concluded contracts 

Data availability 
for 
interdependencies 
and namely 
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Factor Relevance  Data sources for the 
dependence 
analysis 

Availability 
evaluation 

Availability and 
quality of the 
factor in the 
model (see 
Chyba! 
Nenalezen zdroj 
odkazů.) 

on complementary 
pension savings and 
the contribution’s level 
(or separately, as 
appropriate); must be 
combined with INEP 

possible 
interconnections 
must be reviewed. 

Sex Medium: We assume on the 
basis of experience from the 
foreign models that this factor 
has an impact on both the 
entry into/exit from the fund 
pillar and the fund selection, 
and on the contribution’s level. 

Ministry of Finance – 
statistics on the 
number of newly 
concluded contracts 
on complementary 
pension savings and 
the contribution’s level 
(perhaps also 
separate data) 

Data availability 
for 
interdependencies 
and namely 
possible 
interconnections 
must be reviewed. 

  

Age High: We assume on the basis 
of experience from the foreign 
models that this factor has an 
impact on both the entry 
into/exit from the fund pillar 
and the fund selection, and on 
the contribution’s level. 

Ministry of Finance – 
statistics on the 
number of newly 
concluded contracts 
on complementary 
pension savings and 
the contribution’s level 
(perhaps also 
separate data) 

Data availability 
for 
interdependencies 
and namely 
possible 
interconnections 
must be reviewed. 

  

Marital status Medium: We assume on the 
basis of experience from the 
foreign models that this factor 
has an impact primarily on the 
entry into/exit from the fund 
pillar and the fund selection. 

Ministry of Finance – 
statistics on the 
number of newly 
concluded contracts 
on complementary 
pension savings and 
the contribution’s level 
(perhaps also 
separate data) – must 
be combined with the 
Ministry of Interior of 
the Czech Republic 

The combination 
seems to be 
impracticable. 

  

Income High: We assume on the basis 
of experience from the foreign 
models that this factor has a 
significant impact on both the 
entry into/exit from the fund 
pillar and the fund selection, 
and on the contribution’s level. 

Ministry of Finance – 
statistics on the 
number of newly 
concluded contracts 
on complementary 
pension savings and 
the contribution’s level 
(perhaps also 
separate data) – must 
be combined with 
INEP 

Data availability 
for 
interdependencies 
and namely 
possible 
interconnections 
must be reviewed. 
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Factor Relevance  Data sources for the 
dependence 
analysis 

Availability 
evaluation 

Availability and 
quality of the 
factor in the 
model (see 
Chyba! 
Nenalezen zdroj 
odkazů.) 

Funds’ yields 
and economic 
development 

High: We did not come across 
this factor in other models (i.e. 
the models do not use the 
stochastic modelling of funds’ 
yield), but we consider this 
factor potentially relevant 
according to models namely 
from the insurance industry. 

Ministry of Finance – 
statistics on the 
number of newly 
concluded contracts 
on complementary 
pension savings and 
the contribution’s level 
(perhaps also 
separate data) + 
combination with 
historical yields of the 
funds and the 
economic situation 

Data availability 
for 
interdependencies 
and namely 
possible 
interconnections 
must be reviewed.   

Charges for a 
change 

Medium: We assume that the 
charges for a change of the 
fund can influence transitions 
between funds (e.g. reduce 
the probability of more 
transitions between funds in a 
year that are paid for)  

Ministry of Finance – 
statistics on changes 
between funds in the 
complementary 
pension saving 
scheme  

Data availability 
for 
interdependencies 
and namely 
possible 
interconnections 
must be reviewed. 

  

 
The crucial question in selecting the factors is the data availability for the analysis’ purposes. The Ministry of 
Finance is expected to have certain data on complementary pension saving schemes available but the 
data’s granularity is unknown and uncertainty exists as to whether the data can be interconnected with 
individualised data in other databases (such as INEP). 
 
The assessment of the factors’ relevance is based on the frequency of the factor’s use in other models and 
on an expert judgment on the particular factor’s impact on the model (expected improvements) and data 
availability. We recommend basing the final selection of the factors on the data analysis. 
 
Consideration of the Feasibility of the Implementation into the Model 
 
Certain efforts must be made in implementing specific rules of the particular system into the model (e.g. the 
government contribution system or the guaranteed yield). At the moment, the model does not contain any 
process for the entry into/exit from the system or to the change in the contribution’s level. The 
implementation of these elements should not require any significant efforts (inclusion of additional status 
variables) and the setting of tables in the model of the Ministry of Labour and Social Affairs will do most of 
the job. 
 
Medium efforts may be needed in implementing the linkage between funds’ yields and the economic 
situation resulting from the stochastic economic scenario s of the Ministry of Labour and Social Affairs. 
However, the impact of the stochastic scenario s’ integration on the model’s runtime can be more 
substantial because each economic scenario multiplies the runtime. We recommend using the integration 
with the stochastic scenario s only for special runs intended to investigate the implications for fund 
insurance and the relation to the funds’ profitability. For such runs, it will be necessary to significantly 
reduce the number of the model points so that the result is available within a reasonable time. 
 
We do not see any reason for calibration with the external projection using the model for the fund area. In 
the case of the economic scenario s, such calibration should be provided with respect to the scenario s’ 
development. It can also be reviewed in the model, if necessary, whether the number of scenario s is 
sufficient for the results to approximate the expectations (i.e. the question of the scenario s’ convergence). 
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5.2.4 Summary and Evaluation of the Proposal 

The following table summarises the modelling of the entry into the fund pillar proposed by us. 
 

Evaluation of the proposal Comments 

Summary of the proposal We recommend implementing the current system of the complementary 
pension saving schemes and considering the following factors for the 
change in the contribution’s level and the fund type: sex, age, income, funds’ 
yields and economic development. For the funds’ yields and economic 
development factors, we recommend implementing the dynamic behaviour 
of individuals linked to the economic scenario s of the Ministry of Labour and 
Social Affairs. 

Anticipated impact on the 
results 

Medium - Namely on modelling the participation in the fund pillar(s) 
and the related government expenses and future income 
of individuals. 

Efforts needed to implement 
this into the model 

Medium - Namely the linkage to the stochastic economic scenario s. 
Other than that, the changes are minor. 

Impact on the model’s 
runtime 

High - Namely the linkage to the stochastic economic scenario s 
– we recommend using it only for special runs aimed at 
investigating this issue. The other changes’ impact is 
immaterial.  

Demandingness of the data 
analysis 

Medium - Namely calibration of the dynamic behaviour. 

Availability of data for the 
analysis 

Uncertain - Data are probably available from statistics or from 
individual data (e.g. on the number of newly concluded 
contracts on complementary pension savings and the 
contribution’s level) from the Ministry of Finance, but the 
quality and availability thereof (namely on the individual 
level) must be verified. 

Data interdependencies   - We do not anticipate any significant data 
interdependencies between the recommended factors. 

Availability of data in the 
model 

Uncertain - It is uncertain if it is possible to link the data from the 
Ministry of Finance at the individual level to INEP – 
namely information on the fund’s condition and the 
contribution’s level. 

Recommended calibration None - . 

Demandingness of calibration None -  

5.3 Behaviour of the Fund Administrator 

5.3.1 Relevance of the Fund Administrator’s Behaviour and the Description 
thereof in the Current Model 

Relevance for the Pension Model 
 
The behaviour of the fund administrator is primarily understood to mean his investment decisions (sale and 
purchase of securities) depending on the economic situation. This behaviour can have an impact on the 
fund’s yields and, primarily, the volatility thereof, thus influencing the level of savings and pensions from the 
fund system. 
 
Current Modelling 
The model anticipates fixed yields of the particular type of the fund at present. The fund administrator’s 
behaviour is therefore not taken into consideration. 
  
Limitations and Weaknesses of the Current Approach 
 
The current model does not enable one to depict the uncertainty effect with respect to the funds’ yields and 
the related uncertainty in relation to pensions from the fund system. To properly depict this uncertainty, the 
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fund administrator’s responses to the evolving economic situation must also be taken into account. If such 
behaviour is not considered, the yields’ volatility (as well as pensions’ volatility) may be overstated because 
the administrator usually strives to limit the risk of losses. 

5.3.2 Alternative Approaches 

Outline of Approaches Applied in Models from Other Countries  
 
We have not come across a pension system model where the economic situation would be stochastically 
modelled and have the fund administrator’s decisions linked thereto. However, such approach is often used 
in life assurance. 
 
In a typical stochastic model of the assets and liabilities of a life assurance company, economic scenario s 
are used to define the development of financial markets over time (namely the interest rates, share yields 
and inflation). The following behaviour of the fund administrator (insurance company) is considered in the 
models: 

 Dynamic realisation of unrealised profits and losses: The underlying assets for products with a 
share of profit are usually recognised at their amortised value, which results in a difference from the 
market value. The insurance company can realise losses from the past in economically successful 
years and, on the other hand, realise past profits to reduce the volatility of yields for the client in 
less successful periods. Similar conduct is primarily important in connection with the existence of a 
guarantee. 

 Dynamic change in the allocation of assets: Responding to the financial situation, the insurance 
company can adjust its investment strategy accordingly (namely the investments’ distribution 
among different asset classes). The typical modelled behaviour involves the insurance company 
allowing for the movement of a share of the particular asset class in a corridor specified in 
advance, but upon digressing from the corridor, the asset is purchased/sold by the insurance 
company so that the share falls within the corridor again. The other options include a step change 
in the allocation of assets, e.g. in a financial crisis (defined, for example, on the basis of a 
substantial decline of the stock market index, low interest rates, high inflation, etc.). The step 
change can involve a reduction of the share in risky assets (e.g. transition from shares to bonds, 
transition from non-current to current bonds, transition from risky shares to shares associated with 
lower risk, etc.).  

 Selection of the bond’s maturity/harmonisation of the assets and liabilities: Another type of 
dynamically-modelled behaviour involves the selection of the investment instrument’s maturity and 
the harmonisation thereof with future expected payments. Aspects of this option can include the 
implementation of the guarantee – where the yields are sufficient to fulfil the guarantee, bonds with 
longer maturity are purchased (the proceed is fixed); where the yields are lower, bonds with shorter 
maturity are purchased, hoping for higher yields in the future. 

5.3.3 Possibilities of Improving the Current Model and Feasibility Thereof 

We recommend considering the use of certain approaches applied in the insurance industry for the 
purposes of the pension model. Some elements are not very useful for the purposes of the current pension 
funds because items are recognised at their market value – the dynamic realisation of unrealised profits and 
losses does not make sense in such case. However, it is possible that this aspect may change, namely if 
the obligation of guaranteed yield is introduced. 
 
Another aspect that must be considered is the fact that pension funds have their investment strategy 
defined in advance and their options in responding to financial markets’ developments are limited. From this 
point of view, we believe that the implementation of the option of moving from risky to less risky stock 
markets in the event of a financial crisis (and vice versa) will be advisable. 
 
The rules followed by insurance companies in making decisions can be rather extensive. In case of the 
pension model, we recommend simple rules because we do not think that the extensive rules would have a 
huge impact. We also assume that needed inputs (realistic funds’ strategies) will not be available to 
calibrate more complex guidelines. 
 
Consideration of the Feasibility of the Implementation into the Model 
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With respect to the integration of the stochastic scenario s into the micro-simulation model, the same 
conclusions apply as in the case of implementing an individual’s behaviour. If the integration is prepared for 
an individual’s behaviour, the model will also be ready to model the administrator’s behaviour. 
 
The complex implementation of the rules of conduct should result in a substantial or medium reduction of 
the efforts needed depending on the extensiveness of the selected model. 

5.3.4 Summary and Evaluation of the Proposal 

The following table summarises the modelling of the entry into the fund pillar and the contribution’s level 
proposed by us. 
 

Evaluation of the proposal Comments 

Summary of the proposal We recommend using the stochastic scenario s of the Ministry of Labour and 
Social Affairs and implementing simple rules for changes in the allocation of 
the fund’s assets (move from risky assets to less risky) in the case of an 
unfavourable development of the economic situation (substantial decline of 
the stock market index).  

Anticipated impact on the 
results 

Medium - Will enable a more accurate depiction of the yields’ 
volatility as well as the pensions’ volatility from the fund 
systems. 

Efforts needed to implement 
this into the model 

Medium - Namely the linkage to the stochastic economic scenario s 
(however, no additional efforts are needed compared to 
the implementation of an individual’s behaviour). Other 
than that, the changes are minor. 

Impact on the model’s 
runtime 

High - Namely, the linkage to the stochastic economic scenario s 
– we recommend using it only for special runs aimed at 
investigating this issue (however, no additional time is 
needed compared to the implementation of an individual’s 
behaviour). The other changes’ impact is immaterial.  

Demandingness of the data 
analysis 

Medium - Namely the set-up of the dynamic behaviour rules. 

Availability of data for the 
analysis 

Uncertain - We assume that the data will not be available, but the 
rules will be set up with reference to an expert judgment. 

Data interdependencies   - None 

Availability of data in the 
model 

Good - Data from the scenario s of the Ministry of Labour and 
Social Affairs should be available for the model. 

Recommended calibration None - . 

Demandingness of calibration None -  

5.4 Other Processes 

Process Comments 

Selection of the investment 
strategy 

We recommend depicting the investment strategy’s selection with the use 
of a suitable categorisation for the fund types (see above). 
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6 Random Events 

6.1 Introduction 

The area of random events is different from the other areas in that it does not cover the decision-making 
processes in terms of a free choice of the particular individual at the particular moment. This area includes 
the events of death and disablement (as well as a change in the disablement’s extent, etc.) that have a 
certain probability attached thereto and do not result from an individual’s decision. However, the particular 
individual’s decision and situation may substantially influence the probability of these events. 
 
These events can also be seen from the perspective of the possible individualisation of the transition 
process from one condition into the other one (e.g. transition from health to disablement). Specific 
characteristics and current situation of the individual can also have a significant impact on these events. It 
can be expected that the achieved education and to-date career may influence mortality, or the current job 
may influence the probability of disablement (e.g. in the case of working in the army). 
 
The events covered by this area have an impact on all cash flows modelled within the dynamic micro-
simulation model of the pension system. We therefore think it relevant to deal with the individualisation of 
these processes even though they do not involve an individual’s decision in the right sense of the word. 
 

6.2 Sickness Rate 

This sub-chapter will focus on modelling the sickness rate. 

6.2.1 Relevance of the Sickness Rate and the Description thereof in the 
Current Model 

Relevance of the Sickness Rate for the Pension Model 
 
The sickness rate primarily influences an individual’s professional career, specifically the number of days at 
work and any sickness benefits. The sickness rate may also have an impact on the probability of the 
occurrence of disablement and an individual’s wish to opt for early retirement. 

Current Modelling 
 
Sickness is modelled as a random event at present, and the sickness probability depends on sex and age. 
Depending on these factors, the distribution of the length of the sickness (in weeks) is generated in the 
model. 
 
Limitations and Weaknesses of the Current Approach 
 
In the model, the sickness rate is only derived from sex and age and no other family or economic factors or 
the previous sickness rate have been considered. 

6.2.2 Alternative Approaches 

Outline of Approaches Applied in Models from Other Countries  
 
The approaches to modelling the sickness rate applied in other countries do not in fact differ from the Czech 
model, but a larger number of factors are considered in the models.  
 
Outline of Factors Used in Models from Other Countries 
 
The below table summarises factors influencing the sickness rate/health that are applied in micro-simulation 
pension models in the Czech Republic and other countries.  
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Country 
Factor                    

Czech Republic Sweden 
Belgium, Germany, 

Italy 

The same in the past  x  

Sex x x  

End of studies/Education  x x 

Job length  x  

Occupation  x  

Age x x x 

Career status  x  

Number of children  x  

Marital status  x x 

Nationality  x  

Region  x  

GDP growth  x  

Unemployment   x  

 
The above-mentioned factors from the Swedish model are used in modelling the sickness’ length. In 
determining the sickness probability, they use the same factors with the exception of the GDP growth, 
region, number of children, job length and occupation. 

6.2.3 Possibilities of Improving the Current Model and Feasibility Thereof 

We recommend maintaining the current approach in modelling the sickness rate and considering other 
factors that are assessed in the table below. As for the other factors (career status, job length, nationality, 
GDP growth, unemployment, number of children, marital status and region), we expect that they will have 
an immaterial impact on the sickness rate or that the benefits of incorporating the factors in the model would 
be negligible given the substantial efforts needed to analyse the data. 
 

Factor Relevance  Data sources 
for the 
dependence 
analysis 

Availability 
evaluation 

Availability and 
quality of the 
factor in the 
model (see 
Chyba! 
Nenalezen zdroj 
odkazů.) 

Previous 
sickness rate  

High: We assume that the previous 
sickness rate can substantially 
influence the current rate.  

NEM Good; quality 
data   

End of studies/ 
Education 

Medium: Referring to the analysis of 
foreign models, we assume that this 
factor may have a significant impact 
on the sickness rate. 

NEM + INEP + 
Trexima 

Potentially good; 
medium quality 
but time 
consuming 

  

Income Medium: We assume that income 
can carry similar information as 
occupation and education, but 
income’s availability is immediate. 

INEP + NEM Potentially good; 
quality data   

Occupation High: Referring to the analysis of 
foreign models, we assume that the 
type of occupation may have a 
significant impact on the sickness 
rate. 

NEM Good; quality 
data 

  

 
We recommend taking into account the previous sickness rate as a key expansion, thus depicting chronic 
diseases and deteriorating health condition. The factors of education, income and occupation are likely to 
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depict very similar information and we recommend using at least one of these three factors. In our opinion, 
occupation carries the most relevant information but the use of income may be more practicable in terms of 
availability. 
 
The assessment of the factors’ relevance is based on the frequency of the factor’s use in other models and 
on an expert judgment on the particular factor’s impact on the model (expected improvements) and data 
availability. We recommend basing the final selection of the factors on the data analysis. 
 
Consideration of the Feasibility of the Implementation into the Model 
 
The implementation of the additional factors should not be complicated as it only involves expanding the 
probability tables. The efforts needed to determine the particular probabilities will depend on the quality of 
the available data. 
 
 
In terms of calibration, we do not think it is necessary to complete the model with a mechanism providing for 
the automated or semi-automated calibration of the number of sick people. We recommend performing a 
manual short-term calibration, if any (e.g. comparison with the latest year of the fact), in deriving the 
probabilities as part of the data analysis. 
 

6.2.4 Summary and Evaluation of the Proposal 

The following table summarises our proposal of modelling the sickness rate. 
 

Evaluation of the proposal Comments 

Summary of the proposal To maintain the current approach and add the following additional factors: 
previous sickness rate and income (and/or occupation or education, if 
available). 

Anticipated impact on the 
results 

Medium - Higher individualisation of the sickness rate process and 
implications for disablement and retirement. 

Efforts needed to implement 
this into the model 

Low - Implementation of additional factors. Changes only in the 
structure of tables. 

Impact on the model’s 
runtime 

Low - Negligible impact 

Demandingness of the data 
analysis 

Medium - Data analysis in NEM, and/or NEM-INEP, can require 
moderate efforts. 

Availability of data for the 
analysis 

Medium - Data from NEM are available; data from NEM-INEP are 
potentially available. 

Data interdependencies   - The education, income and occupation factors are likely 
to carry similar information and we consider it sufficient to 
use only one of them. 

Availability of data in the 
model 

 - Data for the previous sickness rate and income are 
available and are of good quality. This does not apply to 
occupation and education. 

Recommended calibration Manual 
calibration 

- We consider manual short-term calibration in deriving the 
parameters sufficient. 

Demandingness of calibration Medium - An additional run, if needed. 

 

6.3 Disablement 

This sub-chapter deals with modelling disablement. 

6.3.1 Relevance of Disablement and the Description thereof in the Current 
Model 

Relevance of Disablement for the Pension Model 
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Disability pensions account for a substantial portion of the pension system’s outflows and the relevance 
thereof grows, namely with the growing retirement age. A higher disablement individualisation may result in 
more accurate results if there is correlation for example between income and the probability of 
disablement’s occurrence. 

Current Modelling 
 
At present, disablement is modelled as a random event where the probability of disablement’s occurrence 
and the extent thereof is specified separately for women and men with reference to their age. Further, 
probabilities of transition between different disablement degrees or potential recovery are specified for a 
disabled individual based on sex, age, current disablement degree, new disablement degree and the length 
of disablement at the current degree. 
 
Limitations and Weaknesses of the Current Approach 
 
At present, the disablement probability is only derived from sex and age and we assume that other factors 
may also play an important role, such as the sickness rate in the individual’s history or certain other 
economic/family factors. Absence of these interdependencies may lead to inaccurate results and 
misleading conclusions. 

6.3.2 Alternative Approaches 

Outline of Approaches Applied in Models from Other Countries  

 
In the Swedish model, disablement is modelled with reference to the probability of the occurrence thereof 
similarly to the Czech model. At the same time, the probability of recovering from disablement is modelled 
on the basis of the factors below. 
 
In the US PENSIM model, a hazard function is used to determine the beginning of disablement in terms of 
time. Similarly, they model recovery from disablement where the model parameters are specified separately 
for women and men, and separately for recoveries within one year, in one to ten years and in ten years and 
more.  
 
Outline of Factors Used in Models from Other Countries 
 
The below table summarises factors influencing disablement that are applied in micro-simulation pension 
models in the Czech Republic and other countries.  
 

Country 
Factor                    

Czech Republic Sweden USA India 

Previous disablement x x   

Sex  x x x  

End of studies/Education  x x  

Age x x x x 

Nationality   x  

Health/Sickness rate  x   

 
The factors used in determining the disablement’s occurrence include age, sex, education, nationality and 
health/sickness rate. In determining the probability of recovering from disablement, the following factors are 
considered: age, education and the time of being disabled. 

6.3.3 Possibilities of Improving the Current Model and Feasibility Thereof 

We recommend applying the current approach to modelling disablement’s occurrence and potential 
recovery based on the transition probabilities, and considering additional factors. 
 
The following table brings an assessment of other factors that we recommend considering in the model. 
With respect to the nationality factor, we assume that the impact on disablement is negligible. 
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Factor Relevance  Data sources 
for the 
dependence 
analysis 

Availability 
evaluation 

Availability and 
quality of the 
factor in the 
model (see 
Chyba! 
Nenalezen zdroj 
odkazů.) 

End of studies/ 
Education 

Medium: The impact can be 
substantial, but this relation is likely 
to be depicted in the sickness rate. 

INEP + Trexima 
+ STATMIN 
ANOD 

Potentially good; 
medium quality 
but time 
consuming 

  

Health/ 
Sickness rate 

High: Referring to the analysis of 
foreign models, we assume that 
health/sickness rate may have a 
significant impact on the probability 
of disablement’s occurrence. 

NEM + 
STATMIN ANOD 
 

Potentially good; 
quality data 

  

 
We recommend expanding the disablement probability with the health/sickness rate factor. Specific 
information on diagnoses in the past can also be used, if available. 
 
The assessment of the factors’ relevance is based on the frequency of the factor’s use in other models and 
on an expert judgment on the particular factor’s impact on the model (expected improvements) and data 
availability. We recommend basing the final selection of the factors on the data analysis. 
 
In terms of calibration, we do not think it is necessary to complete the model with a mechanism providing for 
the automated or semi-automated calibration of the number of disabled people. We recommend performing 
a manual short-term calibration, if any (e.g. comparison with the latest year of the fact), in deriving the 
probabilities as part of the data analysis. 
 
 
Consideration of the Feasibility of the Implementation into the Model 
 
The implementation of the additional factors should not be complicated as it only involves expanding the 
probability tables. The determination of probabilities based on available data of a poorer quality may require 
more effort. 

6.3.4 Summary and Evaluation of the Proposal 

The following table summarises our proposal for modelling disablement. 
 

Evaluation of the proposal Comments 

Summary of the proposal To maintain the current approach and add the additional factor of health/ 
sickness rate. 

Anticipated impact on the 
results 

Medium - Higher individualisation of the disablement process and 
linkage to the long-term sickness rate. 

Efforts needed to implement 
this into the model 

Low - Implementation of additional factors. Changes only in the 
structure of tables. 
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Evaluation of the proposal Comments 

Impact on the model’s 
runtime 

Low - Negligible impact 

Demandingness of the data 
analysis 

Medium - The data analysis in NEM + STATMIN ANOD can require 
more efforts, namely if information on diagnoses is used. 

Availability of data for the 
analysis 

Medium - Data from NEM and STATMIN ANOD are available and 
should be linkable. 

Data interdependencies   - We do not expect any major data dependence among the 
considered factors. 

Availability of data in the 
model 

 - The health/sickness rate factor has not been projected in 
the model, but the inclusion thereof would not be 
complicated. An individual’s health condition would be 
determined with reference to certain sickness probabilities 
on the basis of data from NEM – information on sickness 
benefits. 

Recommended calibration Manual 
calibration 

- We consider manual short-term calibration in deriving the 
parameters sufficient. 

Demandingness of calibration Medium - An additional run, if needed. 

 

6.4 Mortality 

This sub-chapter focuses on modelling mortality. 

6.4.1 Relevance of Mortality and the Description thereof in the Current Model 

Relevance of Mortality for the Pension Model 
 
Mortality is of key relevance namely with respect to the length of the period of payment of old-age pensions, 
thus influencing the balance of the whole pension system. The depiction of different mortality rates among 
various groups of citizens will foster proper interpretation of the implications of the tested reforms not only at 
the aggregate level, but also at the level of individual groups of citizens. 

Current Modelling 
 
Mortality is currently modelled as a random event. Death probability is based on age- and calendar-driven 
mortality tables separately for men and women. At the moment, mortality only depends on age, sex and the 
calendar year, which provides for a good match with the external demographic projection. 
 
Limitations and Weaknesses of the Current Approach 
 
The fact that only age and sex are considered with respect to mortality can have a negative impact on the 
realistic nature of life paths (model individualisation) and on the pension system. For example, the death 
probability of individuals with higher education (income) can be lower in the particular age category and 
these individuals will receive payments from the pension system for a longer time. If this effect fails to be 
depicted, it may result in the understatement of overall expenses on old-age pensions. 

6.4.2 Alternative Approaches 

Outline of Approaches Applied in Models from Other Countries  
 
Studies indicate that the mortality level varies for individuals of the same age and strong interdependencies 
exist on the lifestyle, which is linked, for example, to education, income or health condition/disability. The 
factors used are summed up in the table below. Mortality probability is determined separately for various 
age categories in the models from other countries. For example, in the Swedish model, mortality is 
simulated for 0-29 years of age only on the basis of statistic data depending on age and sex due to the 
generally low mortality (similarly to the Czech model). The following factors are added for the category of 
30-64 years of age: early retirement, income and marital status. For the category of 64 years and greater, 
income is replaced with the highest achieved education. 
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Outline of Factors Used in Models from Other Countries 
 
The below table summarises factors influencing mortality that are applied in micro-simulation pension 
models in the Czech Republic and other countries.  
 

Country 
 
Factor                          

Czech 
Republic 

Sweden 
United 

Kingdom 
USA India 

Belgium, 
Germany, 

Italy 

Sex x x  x x  

End of studies/Education  x  x   

Age x x x x x x 

Marital status  x     

Income  x x    

Region   x  x  

Early retirement  x     

Disablement   x x   

 
The factors most frequently used in other countries include age and sex, followed by the highest achieved 
education, income, region and disablement. The Swedish model also considers marital status and early 
retirement. 

6.4.3 Possibilities of Improving the Current Model and Feasibility Thereof 

We recommend maintaining the current approach based on death probability, but also considering 
additional factors that influence this probability. We also recommend estimating the death probability 
separately for women and men and for different age categories, where mortality can depend on various 
factors. 
 
The below table contains an assessment of other factors that we propose considering in the model. As for 
the other factors (marital status and early retirement), we expect that they will have an immaterial impact on 
mortality. 
 

Factor Relevance  Data sources 
for the 
dependence 
analysis 

Availability 
evaluation 

Availability and 
quality of the 
factor in the 
model (see 

Chyba! 
Nenalezen zdroj 
odkazů.) 

End of studies/ 
Education 

High: Referring to the analysis of 
foreign models, we assume that this 
factor may have a significant impact. 

STATMIN ANOD 
+ INEP + 
Trexima 

Probably limited 
availability    

Income High: Referring to the analysis of 
foreign models, we assume that this 
factor may have a significant impact. 

STATMIN ANOD 
+ INEP + 
Trexima 

Probably good 
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Factor Relevance  Data sources 
for the 
dependence 
analysis 

Availability 
evaluation 

Availability and 
quality of the 
factor in the 
model (see 
Chyba! 
Nenalezen zdroj 
odkazů.) 

Region Medium: Referring to the analysis of 
foreign models, we assume that this 
factor may have a significant impact. 
Mortality can be higher, for example, 
in an industrial region.  

Czech Statistics 
Office – mortality 
tables for Czech 
counties 

Good; sufficient 
quality 

  

Disablement  High: Referring to the analysis of 
foreign models, we assume that this 
factor may have a significant impact 
on mortality, namely with regard to 
the higher degree of disablement. 

INEP, STATMIN 
ANOD (short 
history) 

Probably good; 
quality data but 
time consuming   

Health/ 
Sickness rate 

High: We assume that this factor may 
have a significant impact on mortality. 

NEM + 
INEP+STATMIN 
ANOD 

Potentially good; 
quality data   

 
The assessment of the factors’ relevance is based on the frequency of the factor’s use in other models and 
on an expert judgment on the particular factor’s impact on the model (expected improvements) and data 
availability. We recommend basing the final selection of the factors on the data analysis. 
 
Consideration of the Feasibility of the Implementation into the Model 
 
From the point of view of the decision-making process, the implementation only involves the inclusion of 
additional factors to determine stochastic event probabilities, which requires only minor modifications of the 
model. Further, it will be necessary to model the individual’s health condition, but this should not require any 
special effort. 
 
In the case of the death process, calibration to the demographic projection can be advisable. Where 
calibration to the external demographic projection is required, the implementation of the recommended 
factors may require substantial efforts. If the introduction of automated calibration is necessary, the 
implementation efforts might be considerable because the model processes calculations by individual 
model points and the implementation of a process that applies an aggregate conclusion (total number of the 
dead/survivors) to individual model points is rather time consuming. Such calibration may not even be 
practicable in the Prophet environment and we do not recommend this alternative.    
 
Manual or semi-automated calibration would be more realistic, which would involve the launch of the model 
with a certain set-up of parameters and a subsequent launch with the parameters adjusted so that the 
number of died individuals corresponds with the external projection. However, such task may have more 
than one solution and the finding of the solution might not be easily algorihmizable; in such case, optimising 
would be necessary (goal-seeking). 

6.4.4 Summary and Evaluation of the Proposal 

The following table summarises the mortality modelling proposed by us. 
 

Evaluation of the proposal Comments 

Summary of the proposal To maintain the current approach and add the following additional factors: 
income, region and disablement. 

Anticipated impact on the 
results 

Medium - Higher individualisation of the mortality process. 

Efforts needed to implement 
this into the model 

Low - Implementation of additional factors. Changes only in the 
structure of tables. 
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Impact on the model’s 
runtime 

Low - Negligible impact. 

Demandingness of the data 
analysis 

Medium - The analysis of aggregate data from the Czech Statistics 
Office is easy, but the analysis of data from the NEP and 
STATMIN ANOD databases can require more efforts. 

Availability of data for the 
analysis 

Medium - Available from the Czech Statistics Office and potentially 
from INEP (STATMIN ANOD) 

Data interdependencies   - We expect substantial interdependence between income 
and education, and between disablement and sickness 
rate. Of these, we recommend income, or disablement, as 
appropriate, but recommend replacing these with 
education or sickness rate, as appropriate, if the latter 
data are easier to obtain. 

Availability of data in the 
model 

 - Readily available and in a good quality 

Recommended calibration Manual 
calibration 

- Probability scaling. 
- We recommend performing only basic calibration to the 

external projections without requiring a complete match.  

Demandingness of calibration Medium - Necessary additional run. 
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7 Available Data Sources 

This section brings an outline of data sources for the decision-making processes that have been referred to 
herein. Further, we recommend a data source for individual factors described herein and assess the 
availability thereof. 

7.1 Outline of Data Sources 

Source Description  Source’s availability  

INEP Database of entitlement documentation for 
pension insurance, Czech Social Security 
Administration Authority (CSSAA). INEP contains 
documentation used in determining the 
entitlement to a pension, including substitute 
periods, and is fully computerised. 

The database is currently 
potentially available. 

Trexima Information system on the average earnings. The 
database contains data on employees of large 
enterprises only, but includes certain key 
information, such as achieved education, 
occupation of full-time/part-time nature of a job.  

The database is available. 

INEP + Trexima By combining INEP and Trexima, income can 
potentially be compared for several periods. It is 
assumed that it will be possible to accurately pair 
the databases for part of individuals. 

The source is potentially 
available. 

STATMIN VZ Database of the employee insurance period and 
assessment bases, CSSAA. It only contains data 
from 2004 and further years.  

The database is available. 

STATMIN ANOD Database of pensions paid, CSSAA.  The database is available. 

NEM Database of sickness benefits paid, CSSAA.  The database is available. 

NEM + INEP Combination of NEM and INEP The source is potentially 
available. 

Ministry of Interior of 
the Czech Republic 

Database of the Ministry of Interior of the Czech 
Republic containing detailed data on the family 
factors and relationships. However, this database 
is unavailable for legal reasons relating to the 
protection of personal data. The database can be 
entered on the basis of individual inquiries.  

The database is not available.    

SSLF Selective Survey of the Labour Force, Czech 
Statistics Office.  

The source is available. 

Statistics on the 
Population’s 
Development  

Czech Statistics Office (CSO) The source is available. 

Foreign data 
 

The data quality may generally vary and may not 
depict the situation in the Czech Republic. 
Nevertheless, we recommend this source if no 
other sources are available or if only low-quality 
sources are available. 

The source is potentially 
available. 

 

7.2 Data Availability for the Factors within the Model Points, and Projection in 
the Model 

This section explores the existing data possibilities for the purpose of modelling factors in relation to the 
development of a model point database and subsequent projection in the model. These factors include 
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those that have already been included in the model and model points. We provide potential data sources for 
each factor together with comments describing the particular data source. For the factors that we 
recommend for the process individualisation and for which more potential sources exist, the source 
primarily recommended for use in the model is marked green. The other sources should be used in the 
event of the primary source’s being unavailable or of a poorer quality than expected. The final two columns 
bring an assessment of the availability and quality of the sources contemplated for individual factors. 
 

Availability  Quality 

 - Available  - Quality 

 - Potentially available  - Medium quality 

 - Unavailable  - Poor quality 

 

7.2.1 Basic Factors 

Factor Data sources Comments Availability  Quality 

Age - STATMIN VZ, 
STATMIN ANOD  

Used at present.   

- INEP Availability must be verified. We namely 
recommend it for consistency reasons 
(INEP is a recommended source for a 
number of other factors). 

  

Sex - STATMIN VZ, 
STATMIN ANOD  

Used at present.   

- INEP Availability must be verified. We namely 
recommend it for consistency reasons 
(INEP is a recommended source for a 
number of other factors) 

  

 

7.2.2 Career Factors 

Factor Data sources Comments Availability  Quality 

End of 
studies/ 
Education 

- CSO – statistics on the 
population’s 
development/ SSLF 
(end of studies) 

Only aggregate information allocated to 
randomly modelled points.   

- INEP Derivation can help to obtain 
information that the individual studied 
and for how long (not if he or she 
completed the studies) – the source’s 
reliability is insufficient, information on 
the substitute period for the studies 
(only until 2010). 

  

- Trexima Information on the achieved education 
– combination with INEP / STATMIN 
VZ is necessary for the purpose of the 
use in the model, which is only likely to 
be possible for a limited group of 
individuals. 
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Factor Data sources Comments Availability  Quality 

Career 
status 

- SSLF It cannot be interconnected with an 
administrative database at the 
individual level and the allocations must 
be done randomly. 

  

- STATMIN VZ 
 

Derivation is not sufficiently reliable.   

- INEP Potentially a high-quality source.   

Unemploy-
ment (total) 

- Macro-economic 
projection 

Direct calculations are impossible from 
the model’s construction (run through 
the model points), only upon the 
inclusion of an unemployment 
projection, to which the model is 
calibrated. 

  

Length of 
previous 
unemploy-
ment 

- INEP Information on the substitute period of 
unemployment insurance.   

Occupation - Trexima  Standardised codebook of occupation 
types that must be combined with 
INEP, which is possible to only a 
limited extent 

  

Job length 
(total) 

- STATMIN VZ Currently available, but with short 
history. 

  

- INEP Potentially available and longer history.   

Job length 
(current) 

- STATMIN VZ Currently available, but with short 
history. A change of job is not currently 
projected in the model. 

  

- INEP Potentially available and longer history. 
A change of job is not currently 
projected in the model but can be 
added. 

  

Full-time/ 
part-time 
job 

- Trexima Must be combined with INEP, which is 
possible only to a limited extent.   

Income - STATMIN VZ Currently available, but with short 
history. 

  

- INEP Potentially available and longer history. 
  

 

7.2.3 Family Factors 

Factor Data sources Comments Availability  Quality 

Marital status 
 

- CSO – statistics on 
the population’s 
development  

Only aggregate information. 
  

- INEP From the information on a change 
of a woman’s name. It must be 
verified if INEP contains this 
information. 

  

- INEP + Czech 
Ministry of Interior 

Currently unavailable.   

m
a
i 
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Factor Data sources Comments Availability  Quality 

Partner’s education - CSO – statistics on 
the population’s 
development  

Only aggregate information 
  

- INEP + Czech 
Ministry of Interior + 
Trexima 

Currently unavailable, 
  

Age difference 
between partners 

- CSO – statistics on 
the population’s 
development  

Only aggregate information 
  

- INEP + Czech 
Ministry of Interior 

Currently unavailable.   

Partner’s career 
status 

- CSO – SSLF Cannot be combined with an 
administrative database. The 
information on the career status of 
partners is independent in the 
input data. However, the 
information is available within the 
projection. 

  

- INEP + Czech 
Ministry of Interior 

Currently unavailable.   

Household’s 
income 

- From the model Depends on the partners’ pairing, 
which is random at present and 
based on certain factors. It is 
projected within the model points. 

  

Period of living 
together/marriage 

- INEP + Czech 
Ministry of Interior 

Currently unavailable.    

Number of children - CSO – statistics on 
the population’s 
development 

Only aggregate information. 
  

- INEP From gaps in records, but births of 
more than one child or more 
children one after another are not 
likely to be identified. It will be 
impracticable for mothers who did 
not work (or worked for a limited 
period of time). 

  

Children’s age - CSO – statistics on 
the population’s 
development  

Only aggregate information. 
  

- INEP From gaps in records. It will be 
impracticable for mothers who did 
not work (or worked for a limited 
period of time). 

  

Parents’ education - INEP + Czech 
Ministry of Interior 

Currently unavailable.    

Parents’ age - INEP + Czech 
Ministry of Interior 

Currently unavailable.    

Divorced parents - INEP + Czech 
Ministry of Interior 

Currently unavailable.    

Nationality - CSO statistics  Only aggregate information.   

Time from 
emigration/ 
immigration 

- INEP + Czech 
Ministry of Interior 

Currently unavailable.  
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7.2.4 Health 

Factor Data sources Comments Availability  Quality 

Disablement - STATMIN ANOD Currently used.   

Time on 
disability 
pension 

- STATMIN ANOD Currently used. 
  

Health/ 
Sickness rate 

- NEM At present, the factor is not 
available in the model but 
would be easy to include. 
Data from NEM from 
information on sickness 
benefits. 

  

 

7.2.5 Other Miscellaneous 

Factor Data sources Comments Availability  Quality 

GDP growth - Macro-economic projection 
-   

- Projected in the model 
-   

Estimated 
future income 

- From the model It is not currently calculated 
but can be implemented.  

  

Estimated 
future 
pensions 

- From the model It is not currently calculated 
but can be implemented.    

Early 
retirement 

- STATMIN ANOD Available and in a good 
quality. 

  

Investment 
style 

- From statistics on the 2nd pillar. Data availability and quality 
must be reviewed. 

  

- Foreign data Data availability and quality 
must be reviewed. 

  

Entertainment 
preference  

- Foreign data Data availability and quality 
must be reviewed. 

  

Funds’ yields 
and economic 
development 

- Historical data – APF statistics 
or statistics of individual 
pension funds, Bloomberg, etc. 

- Projection – economic scenario 
generator of the Ministry of 
Labour and Social Affairs 

The historical data should 
be readily available. 
The projection is potentially 
available through the 
economic scenario 
generator of the Ministry of 
Labour and Social Affairs. 

  

Region - STATMIN VZ Information on the post 
code. 

  

- INEP Information on the post 
code. We recommend it for 
consistency reasons. 
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