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1  Summary 

The purpose of the submitted study is to analyze possible approaches for the creation of a microsimu-
lation model of the Czech sickness insurance and recommend the most suitable version for a potential 
future implementation. Therefore, a large part of the study consists of research of the sickness insurance 
system, similar models in other countries, data sources and application tools. The evaluation of individ-
ual modeling approaches emphasizes their suitability for this particular application and the availability of 
data inputs. 

Within the research of the sickness insurance system in the Czech Republic we analyze the legislative 
conditions for awarding individual benefits and their amount with regard to the states that need to be 
included in the model. The setting of legislative conditions and, in particular, the accuracy with which 
they are defined also has an impact on the choice of the time step of the microsimulation model.  

Another substantial part of the study summarizes available foreign models of sickness insurance. These 
are mostly based on a vast simplification and only rarely are microsimulation models. For this reason, 
we have included also other relevant microsimulation models used for other purposes in this chapter. In 
addition to the microsimulation models themselves, we also paid attention to the statistical approaches 
that can be used for modeling sub-events (e.g., morbidity) and effects caused by external interventions, 
especially legislative changes.  

The foundation of each model is its input data. For this reason, we have researched the databases 
available to the client with a view to use them directly for data input or for deriving model assumptions. 
At the same time, we have identified data that is currently not available to the client, but if acquired and 
implemented into the model, could make the model output more accurate.  

The last aspect analyzed is the choice of the application tool. The research shows that there are not 
many tools suitable for creating a microsimulation model. Most of them require relatively advanced pro-
gramming skills to operate and it is difficult to find examples of their practical utilization. For this reason, 
we recommend the Prophet system, which has already been used to create the NEMO pension insur-
ance model and which the client already uses. Its indisputable advantage is, among other things, that 
some modules of the proposed sickness insurance model can be taken directly from the NEMO model. 

At the conclusion of the study, we evaluate the potential modeling approaches and then recommend the 
approach that, in our opinion, is the most suitable for this application. The prototype of the recommended 
model is attached to this study. 
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2 Background 

 Purpose of the Study 

In this chapter we summarize the basic requirements and expectations of the Ministry of Labor and 
Social Affairs (MoLSA) which were described in the study assignment and specified more fully in sub-
sequent communication.  

The purpose of the study is to analyze possible ways in which MoLSA can create a new microsimulation 
model of sickness insurance and serve as a basis for a possible later implementation. Its main goal is 
to provide MoLSA with an overview of possible solutions and their benefits and challenges. The study 
includes recommendations for the most appropriate approach, although the discussion of other possible 
options is no less important.  

The primary purpose of the sickness insurance model that is the subject of this study is to model the 
development of income and expenditure of the state sickness insurance system and to estimate the 
impact of potential legislative changes. Because in the case of sickness insurance any changes will take 
effect quite quickly, the projection timeframe will typically remain between 1 – 3 years, and this should 
be consistent with the fineness of the time step and the smallest time intervals considered in the model.  

The model will capture the income and expenditure of the sickness insurance system and should also 
include the income compensation paid by employer.  

It will be a individual model, independent of NEMO, the current micro-simulation model of pension in-
surance. The connection, if any, will be only indirect – for example, the sickness benefits model may 
imply a need to change the morbidity assumptions contained in the pension model.  

In addition to the proposed modeling approaches, the study will also include, for example, research of 
relevant models from abroad, overview of available data sources, and discussion of possible application 
tools.  

 Sickness Insurance in the Czech Republic – Summary 

According to the law, participation in sickness insurance is compulsory in the Czech Republic for the 
vast majority of employees. Self-employed individuals and foreign employees can pay sickness insur-
ance on voluntary basis.  

Entitlements to sickness insurance benefits are assessed with the accuracy of calendar days.  

The basis for the amount of all sickness insurance benefits is the so-called reduced daily assessment 
base (hereinafter referred to as RDAB). This is calculated from the employee’s average income by ap-
plying reduction limits: income exceeding a certain reduction limit is only taken into account for the RDAB 
to a certain extent.  

If a person is not covered by sickness insurance, he or she is not entitled to sickness insurance benefits. 
An exception is the so-called protection period, the period after the end of sickness insurance when the 
person's entitlement to the benefits is maintained: if the person qualifies for the benefit (e.g., the physi-
cian grants him a sick leave) in the protection period, the benefit will be paid.  

In the case of overlapping of entitlement to the same benefit under several insurance covers, only one 
benefit from all insurance covers will be paid (with the exception of the compensatory allowance in 
pregnancy and maternity). The daily assessment bases are added together and the reduction limits are 
applied up to sum thereof.  

If a person is entitled to more than one benefit under the same insurance at the same time, only one 
benefit will be paid according to the priority of benefits. The highest priority is given to maternity benefit, 
followed by paternity benefit, then long-term attendance allowance, then sickness benefits, and the low-
est priority is attendance allowance. Outside this system, there is a compensatory allowance in preg-
nancy and maternity, which may be paid concurrently with any other sickness insurance benefit.  

Sickness insurance in the Czech Republic consists of the following six benefits: 
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Sickness benefit 

An insured person is entitled to sickness benefit if he or she is granted sick leave by a doctor and his 
sick leave lasts more than 14 calendar days but not more than 730 days. For the first 14 calendar days, 
the employee receives pay compensation from his employer.  

The protection period is 7 days from the date of expiry of the insurance cover.  

The amount of sickness insurance benefit is determined as the product of RDAB and the coefficient 
depending on the duration of sick leave (the amount of the sickness benefit therefore varies with the 
length of its duration).  

Maternity benefit 

A person who takes care of a newborn child is entitled to the maternity benefit. It is typically paid to the 
mother, but may also be granted to the father of the child or to the insured person who has taken the 
child into surrogate care. 

Employee who has been insured for at least 270 days in the last two years or self-employed individual 
who has been insured for at least 270 days in the last two years and at least 180 days within the last 
year is entitled to the maternity benefit. 

Protection period for women whose insurance ended during pregnancy is 180 days from the date of 
expiry of the insurance cover. However, if the ended insurance lasted for a shorter period of time, the 
protection period will be reduced to the number of calendar days that the insurance cover lasted. If a 
woman gets covered again within the protection period, the protection period does not run during the 
period of this new insurance and the unused protection period from the previous insurance will be added 
to the protection period acquired under this new insurance, up to a total number of 180 calendar days.  

The benefit is provided for 28 weeks (or 37 weeks respectively for delivery of multiple pregnancy). The 
woman determines the commencement day of the maternity benefit 8 – 6 weeks before the expected 
date of birth. If she does not do so, it will automatically start 6 weeks before the expected date of delivery. 
A man may start receiving the maternity benefits from the beginning of the 7th week after birth at the 
earliest, and for a period of no more than 22 weeks (or 31 weeks respectively) which shall include the 
time during which the mother of the child was receiving this benefit.  

The amount of the benefit is defined as 70% of the RDAB. 

Paternity benefit 

The father of a newborn child who is recorded in the child's birth certificate, or an insured person (male 
or female) who has taken the child into surrogate care, is entitled to the paternity benefit for a maximum 
of 7 days. The entitlement to the paternity benefit exists if the paternity leave starts within a period of six 
weeks from the date of birth of the child or from taking the child into care. 

Every insured employee is entitled to the paternity benefit. Self-employed individuals must meet the 
condition of participation in sickness insurance for the period of at least 3 months immediately preceding 
the day of commencement of paternity leave.  

The amount of the benefit is defined as 70% of the RDAB. 

Attendance allowance 

An insured person who is unable to work because he or she is attending to a sick member of the house-
hold is entitled to the attendance allowance. The person being attended to must be a child under 10 
years of age or a person who is demonstrably living in the same household with the recipient of the 
benefit.  

The decision on the need for attendance or care shall be made by the attending physician of the sick 
person. 

Every insured employee is entitled to the attendance allowance; self-employed individuals are not enti-
tled to this benefit. Attendance allowance is granted for a maximum of 9 days, and the attending persons 
may alternate during this period. The exception is when a single parent receives the benefit. If this single 
parent has at least one child up to 16 years of age in permanent care who has not finished compulsory 
education, the attendance allowance can be drawn for up to 16 days. This child does not necessarily 
have to be the person for which such benefit is received.  
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The amount of the benefit is defined as 60% of the RDAB. 

Long-term attendance allowance 

An insured person who cares for a relative or a person living with him in the same household (they have 
the same place of permanent residence), who is in need of long-term care, is entitled to a long-term 
attendance allowance. Typically, it includes situations where a person is released from hospitalisation 
that lasted at least 7 days and is prescribed a full-day home care for at least 30 days by the attending 
physician. 

Every insured employee who has participated in sickness insurance for at least 90 calendar days in the 
last 4 months is entitled to the benefit. Insured self-employed individuals must meet the condition of 
voluntary participation in sickness insurance for the period of at least 3 months immediately preceding 
the day of commencement of long-term attendance. 

The long-term attendance allowance can be granted for the period of no more than 90 days and the 
entitlement to it may arise after the expiry of 12 months from the date for which the insured person was 
last entitled to the payment of this benefit during the previous long-term attendance, at the earliest.  

The amount of the benefit is defined as 60% of the RDAB. 

Compensatory allowance in pregnancy and maternity 

Compensatory allowance in pregnancy and maternity is a benefit provided to insured female employees 
(not self-employed individuals) who were transferred, due to the pregnancy or maternity (up to the 9th 
month after giving birth) to another work position and, as a result, their eligible income decreased. The 
benefit is not paid in cases where the employee's income decreased at the female employee’s own 
decision. 

The benefit is paid for the number of calendar days during which the employee was transferred to an-
other work position. During pregnancy, the benefit is paid no longer than the beginning of the 6th week 
before the expected date of birth; after giving birth, the benefit is provided until the end of the 9th month. 

The amount of the benefit is a difference between RDAB and the average of eligible income of the 
female employee per calendar day after the transfer. 

 Basic Requirements for the Model 

Looking at the description of the system of sickness insurance in the Czech Republic, one can get some 
idea what the resulting model will look like.  

It is sensible to create the model only for individuals for which the entitlement to sickness insurance can 
be expected in the forthcoming months. For example, small children can be left out completely. How-
ever, it is necessary to include inactive individuals if there is a possibility they find a job in the course of 
the projection. This applies, for example, to students or individuals on parental leave. For each person 
modeled, we must know their history; however, unlike the model for pension insurance, it is sufficient to 
look back two years.  

A key component of the model is, of course, the modeling of the events incepting the entitlement to 
benefits. It is the beginning and the end of sick leave, beginning and end of receipt of attendance allow-
ance and of long-term attendance allowance, birth or adoption of a child, and a decrease in income due 
to pregnancy or maternity.  

Another important part of the model is the monitoring of the insurance period. Modeling of employment 
and self-employment is crucial to determine the insurance period; sickness insurance is not mandatory 
for self-employed individuals, and therefore there is a need to introduce the probability of voluntary 
insurance payments. Since the probability of starting employment differs for the unemployed and for the 
inactive individuals, it will be necessary to include a projection of the entire labor market, i.e., at least 
unemployment (which may be sensible to divide by length), parental leaves, disability, education, and 
inactivity for different reasons.  

The third pillar of the model will be i modeling. This is essential for determining the amount of the bene-
fits. The results are influenced primarily by its initial value; the growth assumptions will not be strongly 
reflected, as the projection will always be performed for a short period of time only.  
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Finally, it may be useful, for the benefits of attendance allowance and long-term attendance allowance, 
to model not only the individuals themselves, but also persons close to them.  
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3 Research of External Sources 

The creation of the model of sickness insurance of the Czech Republic can be inspired by external 
sources of various kinds. Other models of sickness insurance come as the most obvious, so we begin 
with this category and pay the most attention to it. Other sources include general studies on population 
morbidity and general mathematical models that are used to describe phenomena similar to those ob-
served in sickness insurance.  

 Foreign Sickness Insurance Models 

First, we examine models of sickness insurance that are used abroad. We will see that in most cases 
the modeling of sickness insurance is significantly simplified, typically because it is included as a mere 
extension of another model or because the model has no ambition to achieve the most accurate projec-
tion of the future. Therefore, the level of experience that can be gained from these tools will be limited.  

 Polish Social Security Model 

The Polish ZUS (Zakład Ubezpieczeń Społecznych – Social Security Office) owns an extensive model 
summarizing a large number of social benefits, including benefits corresponding to Czech sickness in-
surance (Kwiecińska, 2014). It is a micro-simulation model implemented in the Prophet system which 
covers the entire Polish population. The model was developed in cooperation with Deloitte and launched 
in June 2014.  

The basis of the model is the division of individuals into many different statuses. The division into sta-
tuses is very fine, each of the natural main statuses - for example, employed, unemployed, inactive, 
farmer or student - has several variants, in total there are 55 categories. The model simulates the life 
path of each individual by modeling transitions between these statuses. The transitions also serve as a 
basis for identification of important life events and calculation of benefits - for example, the transition 
from "employed" to "childcare" means the birth of a child, and hence the start of the maternity benefit. 
The principle is thus very similar to the Czech model of state pension insurance NEMO. The model 
works in discrete time with a monthly step and is launched for several decades, typically until 2060.  

Each model point is calculated separately. After the life path of one person has been completed and all 
the cash flows resulting from it have been calculated, the relevant data is entered in aggregate variables, 
and it proceeds to the next model point. The results for individual persons are typically not saved. Ag-
gregate data includes, for example, expenditure of a particular benefit at a certain time or the number of 
persons in a certain status.  

The model is based on several administrative databases. As ZUS only pays the benefits of pension 
insurance (including disability insurance and survivors’ annuities), sickness insurance and occupational 
accident insurance, it has access to a database of recipients of such benefits and a database of the 
corresponding claims. This information is topped up with information from GUS (Główny Urząd Stat-
ystyczny, Polish statistical office), EUROSTAT, the Ministry of Finance and other sources. These sup-
plemental inputs allow for, for example, persons being merged into families and family development 
assumptions being derived (the probability of marriages, divorces or remarriages after widowing).  

The modeling of social security system income is relatively simple - it involves modeling of the salary of 
each employee and his contribution which is stipulated by law. Modeling expenditures is more compli-
cated, because when an event occurs which results in a benefit payment, it is necessary to verify that 
the person meets the statutory conditions (for example, if he or she has obtained a adequate period of 
insurance) and whether or not he or she is excluded from entitlement to benefit, for example, by receiv-
ing another benefit or the amount of salary.  

 MICROHUS 

MICROHUS (O’Donoghue, 2001) and (Klevmarken, 2001) is a closed dynamic micro-simulation model 
created to study the impact of changes in the tax and welfare system in Sweden and the related changes 
in income and expenditure in these systems. Unlike other models in this chapter, it is a model that allows 
future projections. The model is based on a sample of the population which is based on the HUS data-
base (it is a database that provides information on the social and economic situation of households and 
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individuals living in them), and the sample includes only persons under 75 years of age. The model has 
capability for calculation of sickness benefits paid to individuals.  

The amount of sickness benefits paid (over a period of time - by default a year, but this period can be 
changed) to individuals is calculated based on income information and duration of the temporary  sick 
leave (in weeks per year). Furthermore, the parameters determined by the legislation or its considered 
reform are factors of the calculation.  

The total income for the reviewed period for an individual is determined by multiplying the number of 
hours worked per year by the wage rate. The wage rate is determined on the basis of the individual's 
inclusion in the work group (worker, administrative employee, businessman or manager) in which an 
individual is included only once and permanently (the moment he or she starts working) based on a 
constant transitional probability determined according to the individual's education and the profession 
of his father. The model also includes recalculating the individual's wage rate depending on his career. 
This calculation is a combination of autoregression and Mincer earnings function (function that explains 
wage income as a function of education and experience, specifically the logarithm of earnings is equal 
to the sum of linear function characterizing the number years of education and a quadratic function of 
years of labor market experience), using different autoregressive parameters for men and women.  

Duration of the sick leave is simulated by a regression model under the following assumptions:  

• Women are more likely to take the temporary sick leave than men and are also on the sick 
leavefor longer period of time;  

• Younger and older people are more likely to take the temporary  than middle-aged people and 
are also on the sick leave for longer period of time. 

o Individuals who are part of a family with children and individuals who are part of a family living 
in large cities have an increased probability of temporary sick leaveand tend to stay on it longer 
than others. 

 Mimosis 

Mimosis (Van Camp, et al., 2007) is amicro-simulation model of Belgian social insurance systems. It 
focuses primarily on social security, pensions, unemployment benefits, sickness benefits and disability 
benefits and family allowances.  

The main objective of Mimosis is to recalculate the current values (or values from the recent past) based 
on the change of selected parameters. Therefore, the model is only launched retroactively, for a period 
for which the life paths of individuals are already known, and only assesses the effect of parameter 
changes that may have occurred in the past. In this respect, it is not a typical simulation model. However, 
due to capturing the impact of legislative changes on specific individuals in the population, Mimosis can 
be included in micro-simulation models.  

The model input is a matrix of approximately 300,000 rows (the calculation is based on a population 
sample and each row of the matrix contains data about one person included in the sample) and many 
columns containing individual data of the persons in the population. The sources for all this data are 
administrative databases. Model parameters such as percentages for the calculation of the amount of 
the benefits or the period during which the benefit can be received are defined by law.  

Mimosis is implemented in Fortran language and runs on quarterly data. As a model for the entire Bel-
gian social insurance system, Mimosis is very extensive. Therefore, for the sake of clarity, it is divided 
into the following nine modules: 

https://en.wikipedia.org/wiki/Function_(mathematics)
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Module Description 

FAMREL Formation of families (smaller social units) in the population 
sample 

PENSWELF Calculation of pensions 

FAMAL Calculation of family allowances 

CONTRIB Calculation of social insurance contributions 

PIT Calculation of personal income tax 

SICK Calculation of sickness and disability benefits (a disability 
benefit is a benefit where the individual is ill for more than 1 
year) 

UNEM Calculation of unemployment benefits 

SOCBEN Calculation of social benefits related to personal income 
(e.g., subsistence level) 

EVAL Overall summary (aggregation of expenditures and incomes 
from the whole welfare system) 

Table 1: Mimosis system modules 

The model always runs twice. During the first run, files are generated from the input files that serve as 
input for the second run. The sequence of the modules varies in the first and second run. The calculation 
of the complete model, consisting of both runs, takes approximately 20 minutes. 

The model uses a sample of personal data from the Belgian database DWH LM&SP (Datawarehouse 
Labour Market and Social Protection) which is administered by Crossroads Bank for Social Security 
(CBSS). 

As mentioned, the input matrix is based on 21 databases. The database system is very detailed in 
Belgium and the databases are interconnected. Databases used the most for the purpose of sickness 
insurance are NIC database which includes the length of sickness of the insured employees and self-
employed individuals, LABM97 database which contains work data on individual employees since 1997, 
and RSVZ database which contains data on insured self-employed individuals. 

However, these databases lack detail on accurate data – the data is recorded on a month and year 
basis. Therefore, it is not possible to determine key variables (for example, the length of illness or the 
length of insurance) with accuracy of days.  

The population sample on which the calculations are made is based on the National Register, which 
lists all persons currently living in Belgium. Each of them can be uniquely identified by a personal num-
ber. 100,000 persons are randomly selected from the National Register. For each of these persons, we 
record whether they live in a collective household (e.g., retirement homes or long-term care homes) or 
in a private household. In cases where we register a private household for the original sample, we extend 
the sample to include all its members and, in addition, indicate who is the head of the household. This 
will approximately triple the sample (in 2009 it contained 299,257 persons, which is approximately 3% 
of the Belgian population). However, extreme cases are removed from this sample - private households 
with an unusually high number of members (e.g., 28 members in one household). For each person in 
this sample, we record the day and year of birth, sex, place of residence (postcode), whether the person 
was a part of random selection of 100,000 people or was selected as part of the household, and the 
type of household.  

Subsequently, we can define the variables: 

• NAREGNIS_RELATION – It is designed for each person separately. It indicates the relationship 
of this particular household person to the head of household. It is based on the National Register. 
If the value is not specified by the National Register, the head of the household is the person 
himself. It is assumed that each household is headed by only one person at a time and that such 
person has only one partner at a time. In cases where these rules are breached, manual correc-
tions are made. The variable can have the following values: 
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Value Description 

1 head of the family 

2 husband/wife 

3 daughter/son 

4 son-in-law/daughter-in-law 

5 grandson/granddaughter 

6 father/mother 

7 stepfather/stepmother 

8 grandfather/grandmother 

9 brother/sister 

10 stepbrother/stepsister 

11 Relative 

12 no relation/kinship 

13 stepson/stepdaughter  

14 great-grandson/great-granddaughter 

15 uncle/aunt 

16 Cousin 

17 second cousin  

20 Roommate 

Table 2: Values of the variable referred to as NAREGNIS_RELATION 

 

• NAREGNIS_CIVIL – For each person we register their current marital status (e.g., single, mar-
ried, etc.) based on administrative databases. We check consistency with other values and pro-
vide additional correction if necessary: if, based on NAREGNIS_RELATION two persons are 
supposed to be married, but they are not according to NAREGNIS_CIVIL, we modify the defini-
tion of NAREGNIS_CIVIL to make it compliant with NAREGNIS_RELATION. If, after this adjust-
ment, the variables NAREGNIS_CIVIL within a household are not consistent, we use historical 
data from the National Register, if it concerns information on widowhood or divorce. If the data 
is not consistent even after this adjustment:  

o If the person is over 18 years of age and is a recipient of a survivor's pension, we set NAREG-
NIS_CIVIL to widowhood;  

o If the person has entered into marriage according to the historical values but now does not 
have a partner and does not receive a survivor's pension, we set the variable NAREG-
NIS_CIVIL to divorce.  

The values of the variable are: 

   Description 

1 single 

2 married 

3 widower/widow 

4 divorced 

5 separated  

Table 3: Values of the variable referred to as NAREGNIS_CIVIL 
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Sample weighing  

If we want to relate our sample data (and its results) to the entire population, we multiply the values for 
the individuals in our sample by weights 𝑤𝑖 which are calculated for each individual 𝑖 separately. Let us 
first assume that we would not add the other household members to our population sample. Then the 
weights 𝑤𝑖  would be the same for every individual and would be determined by the following formula: 

𝑤𝑖 =
𝑁𝐼

𝑛𝑖
, 

where 𝑁𝐼 is the total number of persons in the population and 𝑛𝑖 is the number of persons selected for 
the sample (i.e., without the addition of households). However, we want to add other household mem-
bers to the sample because the amount of sickness benefit depends strongly on the characteristics of 
other household members (the legislation takes into account, for example, the number of children or the 
partner's income). This increases the likelihood of large household members becoming part of the sam-
ple, and so their weight needs to be reduced accordingly. Denote  𝑃𝑖 the probability that the individual 
is selected for the sample from the total population (i.e., in the initial selection not including household 
additions) and 𝑝𝑖 the probability that the individual was selected for the sample. Then we rewrite the 

formula for the calculation of the weight 𝑤𝑖 as follows: 

𝑤𝑖 =
𝑁𝐼

𝑛𝑖
∙

𝑃𝑖

𝑝𝑖

. 

Probability 𝑃𝑖 is equal for each individual and is equal to 
1

𝑁𝐼
. Probability 𝑝𝑖, on the other hand, depends 

on the size of the household. Denote 𝑔𝑖 the size of the household to which individual 𝑖 belongs. Then 

the probability 𝑝𝑖 equals 
𝑔𝑖

∑ 𝑔𝑗
𝑁𝐼
𝑗=1

. The resulting formula for weight 𝑤𝑖 is therefore 

𝑤𝑖 =
1

𝑛𝑖
∙

∑ 𝑔𝑗
𝑁𝐼
𝑗=1

𝑔𝑖

. 

Note that weights 𝑤𝑖 really fulfill the purpose for which we created them: If we add up the weights of all 
individuals in one household, we get the same number for each household. We therefore managed to 
eliminate the imbalance between the importance of individual households in the model that we brought 
into it by adding household members to the original sample.  

As soon as we know the modeled individuals and their weights, we can launch the individual modules.  

SICK Module 

In this module, the Belgian social security benefits are calculated. These benefits are: 

• Sickness and disability (disability is understood here as a sickness that lasts more than 365 
days); 

• Pregnancy and maternity benefits; 

• Work accident benefits;  

• Occupational sickness benefits;  

Since there are only variations of the first and second benefits from the list above in the Czech welfare 
system, we will only focus on those in the following text. 

The SICK module consists of the following parts: 

Identification of sick individuals 

A variable SICK_RISKGLOB_QT is introduced to identify sick individuals, with value 0 for healthy indi-
viduals and value 1 for sick individuals. It is determined from the available database sources from the 
input matrix.  

The disadvantage of this procedure is that it does not differentiate the length of the illness of the individ-
uals and does not capture the effect of transition between illness and health. Similarly, we do not know 
what the diagnosis is.  
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Identification of the family situation of the sick individuals 

The amount of the benefit in the Belgian welfare system also depends on the social situation of the sick 
individual's family. Since this information is not taken into account in the Czech welfare system, we will 
not discuss it here in greater detail.  

Identification of the type of sickness insurance 

In Belgium, three types of sickness insurance are distinguished and, in these types, it is even more 
clearly distinguished whether they are the so-called "blue" or "white" collar workers. For these individual 
cases, the benefit calculation is different.  

The following situations may occur in the reviewed quarter. The individual from the population sample 
is employed, sick, or unemployed. If he or she is unemployed, he or she is not entitled to sickness 
insurance benefits. In the first two cases, on the other hand, he or she receives benefits and we must 
therefore determine the type of sickness insurance:  

• Identification of the type of sickness insurance based on employment 

o In the CONTRIB module, we determine, among other things, the working status of individuals. 
On the basis of this, we determine whether the individual is insured in the public sphere, in the 
private sphere, or whether he or she is an insured self-employed individual.  

• Identification of the type of sickness insurance based on sickness benefits 

o If the individual is sick and receives benefits in the considered reviewed quarter, the type of 
sickness insurance will be determined on the basis of this information – the type of benefit and 
hence the type of insurance is already recorded in the administrative databases.  

Determination of the amount of sickness benefit for employees 

Generally, the amount of the sickness benefits is calculated as a percentage based on the individual's 
loss of daily income. As mentioned above, the Belgian welfare system is more complicated in a sense 
that the percentage varies according to the social situation in the family of the sick individual, on the 
basis of the type of insurance (defined in the previous section), and also whether the employee has a 
five-day or six-day working week. This not only determines the exact percentage for calculating sickness 
benefits, but also whether the percentages are calculated on the basis of the real loss of daily income, 
or on the basis of the reduced daily income. Unlike in the Czech welfare system, there are no reduction 
limits in Belgium for calculating the daily assessment base; benefits are instead limited by fixed upper 
limits.  

The following is an analysis of the calculation of the amount of benefits that are similar to some parts of 
the Czech system of sickness insurance. Therefore, we do not distinguish between the private and 
public spheres, we do not consider the length of the working week or the social situation of families, nor 
do we include the calculation of the many allowances in addition to benefits that comprise an important 
part of the Belgian welfare system. Furthermore, it is not necessary to analyze cases of disability benefits 
because disability is defined completely differently in Belgium than in the Czech Republic. The calcula-
tion procedure for the public and private sectors is similar, only the parameters set by law are different. 
Therefore, in the following summary of the calculation we will only describe the calculation of the amount 
of benefits in the private sphere.  

The amount of daily benefit 𝑉𝐷 of sickness insurance for the individual under consideration in Belgium 
depends on the length of the sickness and is determined by the following formula: 

𝑉𝐷 = 𝑘𝑡 ∙ 𝑈𝑀, 

where 𝑈𝑀 refers to the loss of daily income of the individual and 𝑘𝑡 refers to the statutory coefficient by 
which the loss of daily income of an individual is multiplied for the calculation of 𝑉𝐷 of the individual. The 

values of coefficients 𝑘𝑡  are entered in the input parameter table and have different values for individual 
weeks of the sickness of an individual depending on his work and social situation. 

Within the reviewed quarter, we determine, based on exogenous variables from the databases, whether 
the individual in question is sick in the given quarter or, as the case may be, the number of days on 
which the employee receives sickness benefits. From this we can determine what values of the param-
eter 𝑘𝑡 are relevant to the individual under consideration at a given point in time. 
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Depending on the parametric value of the number of hours worked per day and on the average hourly 
wage of the individual under consideration, we determine the value of the loss of daily income 𝑈𝑀. 

Once we know the amount of individual benefits 𝑉𝐷, we can sum them up to determine the total amount 
of benefits that an individual received during the reviewed quarter. By summing up the values of individ-
uals in the whole population sample multiplied by the respective weights, we determine the total 
state/public/national expenditure on sickness benefits paid for the reviewed quarter. 

Determination of the amount of pregnancy and maternity benefits 

Again, pregnancy and maternity benefit in Belgium differs from pregnancy and maternity benefit in the 
Czech Republic. It is divided into two parts - a benefit for female employees and for the unemployed 
(regardless of the protection period). For both groups, the indemnity period is set at a maximum of 75 
days. The benefit is paid only for lost working days (five working days per week are assumed here). 
Again, it is calculated as a percentage of the loss of daily income. The percentage is entered in the input 
table of parameters and depends on whether the person under consideration has an employment con-
tract or is unemployed. Furthermore, this percentage has a different value for the first 30 days and for 
the remaining 31-75 days. 

The calculation of the daily benefit is similar to the calculation of the sickness benefit as well as the 
determination of the period during which the person receives the benefit in the reviewed quarter (and 
the associated determination of the percent value from the parameter table).  

Determination of the amount of sickness benefit for self-employed individuals 

Only insured self-employed individuals are entitled to sickness benefits for self-employed individuals in 
Belgium (this information is obtained from an exogenous variable from an external database). The 
amount of the benefit is set as a lump sum depending on the duration of the sickness and is paid on a 
daily basis except for Sundays. The amount also depends on the social situation in the family of the sick 
individual and whether the sick individual had to terminate his gainful activity due to the sickness, and 
no benefit is due during the first month. The calculation is similar to the calculation of benefits for em-
ployees; the relevant variables are calculated identically on the basis of exogenous variables available 
from database sources.  

Determination of the amount of pregnancy and maternity benefits for self-employed individuals 

The amount of maternity and pregnancy benefits in Belgium for self-employed individuals is determined 
as a fixed weekly amount that is paid over the period of three weeks. This amount is expressed as an 
input parameter in the model. The procedure for calculating the amount of benefits is again similar to 
the calculation of benefits for employees. Based on an external database, it is determined how many 
weeks the insured self-employed individual receives this benefit for the reviewed quarter. The product 
of this value together with the parametrically entered fixed weekly amount is the quarterly income of the 
self-employed individuals from this benefit. 

 SIMPL 

SIMPL (Bargain, et al., 2007) is a Polish micro-simulation model which simulates the level of taxes, 
social contributions, as well as state welfare benefits, to analyze the impact of political reforms. The 
model is based on data from two household budget surveys (the surveys were carried out two years 
apart, using the same methodology). The main purpose of the SIMPL model is to determine retroac-
tively, on the basis of the considered political reforms which are represented by a change in the input 
parameters, the changes of the observed benefits with respect to the benchmarks (i.e., with respect to 
the results that are based on currently applicable laws).  

The model is created in MS Excel and consists of a larger number of macros implemented in Visual 
Basic for Applications. Data from the above-mentioned household budget surveys (hereinafter referred 
to as BBGD) serve as input. For each household, the following data is exported to the result file: data 
including the household identification, number of household members, total gross and net household 
income, total household expenditure, the amount collected by the State in taxes and the total amount 
paid by the household for social insurance, and also, for example, the total amount that a household 
has received from the State in the form of specific social or family benefits. 
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The BBGD contains data on approximately 30,000 households (90,000 individuals) per year. The results 
are then multiplied by weights based on the statistics of the (Polish) statistical office. The BBGD data-
base contains only net income of individuals, i.e., excluding taxes and premiums paid. An important 
point in this projection is the transformation of net income into gross income. This is done based on the 
following formula: 

𝑁 = 𝑌 − 𝑇(𝑌, 𝑋, 𝑝), 

where 𝑁 is the amount of the individual's net incomes, 𝑌 is the amount of gross incomes, 𝑋 summarizes 

the characteristics of a particular individual, and function 𝑇(𝑌, 𝑋, 𝑝) determines the amount of taxes and 
social insurance paid in relation to gross incomes, net incomes and a number of parameters set by law. 
Function 𝑇(𝑌, 𝑋, 𝑝) therefore summarizes the effects of all laws and regulations related to taxes and 
levies. Given its complexity, gross incomes cannot be expressed analytically but is done numerically. It 
is assumed that each individual's gross income is constant throughout the year (This simplification is 
applied because, although monthly data is available for the model, taxes are levied on the cumulated 
annual amount of incomes). It is assumed that self-employed individuals do not participate in sickness 
insurance.  

The calculation is performed at three different levels:  

• Individual level (e.g., social security contributions); 

• Family level (e.g., family benefits); 

• Household level (e.g., housing allowance).  

For each household, the model limits the number of families (maximum 5) and persons (maximum 8). 
In the model, a family is considered as a social unit that consists of a couple or an individual who may 
or may not have a child who is also included in the family. In the model, we do not include any other 
relatives in the family and, if necessary, express them as members of other families belonging to the 
same household. Each individual in the model is characterized by the family to which he or she belongs 
and his position within that family (on the basis of the family definition, only three positions are consid-
ered: head of the family, defined as a man or as the oldest adult in the family, if there is no man, then 
the position of a common-law spouse and a dependent child).  

In addition, the dependent child variable is specifically defined as a person who meets at least one of 
the following criteria: 

• Under 18 years of age, single and has no children; 

• Under 25 years of age, single, has no children, and is a full-time student;  

• Under 25 years of age, single, has no children, is not employed, is a part-time student, and lives 
with his parents.  

The amounts of the following benefits are simulated in the model: 

• Family allowance for a child; 

• Attendance allowance (It is an allowance which has the same function as allowance of the same 
name in the Czech Republic based on the Social Services Act. This allowance has a monthly 
flat-rate value and is paid to persons who, due to their long-term ill health, are unable to care for 
themselves and are therefore dependent on the assistance of another person.); 

• Parental leave allowance; 

• Child birth allowance; 

• Allowance for independent upbringing of a child; 

• Large family allowance; 

• Allowance for the education of a disabled child; 

• Allowance for school supplies; 

• Social allowance (constant and periodically recurring); 

• Benefit of attendance allowance (This is an allowance to which a parent or guardian of a child 
who has interrupted or terminated employment or self-employment because of the need for long-
term childcare is entitled.); 
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• Housing allowance. 

Out of the above-mentioned benefits, only the attendance allowance is relevant for the Czech system 
of sickness insurance (in the Czech system it is equivalent to the long-term attendance allowance which, 
however, can only be claimed by the parent of the sick child in Poland; entitlement to this benefit of the 
Polish system never arises from the care of an adult). In the Polish welfare system, it is calculated as a 
flat-rate amount independent of financial conditions in the family of the child being taken care of.  

Individuals entitled to this benefit are identified from the BBGD database as the intersection of two sets 
of families: 

• Families that include inactive persons (according to SIMPL, it means persons who do not work, 
are not unemployed, do not study, are not disabled or pensioners); 

• Families that include disabled children.  

It is assumed that the inactive person from the first bullet cares for the disabled child from the second 
bullet.  

In addition, only persons whose family incomes do not exceed a certain threshold are eligible. The 
starting point for this condition is the family assessment base 𝑌𝐹𝐵: 

𝑌𝐹𝐵 = 𝑛𝑒𝑡 𝑖𝑛𝑐𝑜𝑚𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑎𝑚𝑖𝑙𝑦 + 𝑎𝑙𝑖𝑚𝑜𝑛𝑦. 

The benefit is granted if value 
𝑌𝐹𝐵

𝑠𝑖𝑧𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑎𝑚𝑖𝑙𝑦
 is lower than the parameter set by the law.  

 RetSim 

RetSim (Browne, et al., 2014) is a British dynamic micro-simulation model that examines the develop-
ment of British living conditions at the age of 65 and over. It consists of several modules, of which the 
following modules will be of particular interest to us: modules for modeling the health of persons, for the 
provision of care to persons with reduced ability to care for themselves, and for the receipt of this care. 
The model was created for the projection of the living conditions of people who will be at least 65 years 
old between 2022 and 2023. The following description will be based on this study.  

The model is based on longitudinal study of households, ELSA (English Longitudinal Study of Ageing). 
It is a survey that takes place every two years and includes data about 18 thousand persons. Respond-
ents are surveyed repeatedly in order to monitor their evolution over time. The last period for which data 
was available at the time of the creation of the model was the period of 2010 – 2011. Model RetSim will 
select persons over 52 years of age from those included in the study in this last period. They will reach 
the age of 65 by 2023 at the latest and will therefore be relevant for the purposes of the study.  

The model operates in discrete time with a two-year step. Choosing a time step therefore copies the 
ELSA survey, where we also have information about each person at two-year intervals. Persons may 
have the following status in the model: healthy, care recipient, care provider, working pensioner and 
disability pensioner. Transitions between these statuses are controlled by a transition matrix derived 
from the transitions observed in the ELSA survey. Different regression models (probit, multidimensional 
logit and others) are used to derive transition probabilities, and the baseline is typically one of the most 
important predictors. Most other predictors remain unchanged throughout the projection period (for ex-
ample region), The most important exception is age, which is gradually increasing.  

All predictions made in the model can be divided into the following modules: 

• Mortality module; 

• Health status module;  

• Care receipt module; 

• Care provision module;  

• Retirement module; and 

• Disability benefits module.  
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Within one simulation period, the modules pass in a fixed order and a later module can never affect the 
previous module. Thus, for example, since the health module follows the mortality module, any deterio-
ration in the health status of the individual at time 𝑡 is reflected in mortality at time 𝑡 + 2, but not in mor-

tality at time 𝑡. The following image illustrates the order of the models.  

Illustration: sequence of the models in RetSim 

 

The simulation is run from 2010/11 until 2022/2023. Since the model simulates the life paths of individ-
uals aged 52 years and more, and all individuals are over 65 years of age in the period in question, the 
model neglects projection of statuses related to interpersonal relations in the simulation (marriage, di-
vorce or conception of a child). 

In the following section we will specify the modules of health status and receipt of care or provision of 
care. 

Health status module 

It is an ordered probit model, i.e., a model showing the probabilities of several possible results ordered 
by severity. For the sake of simplicity, the model treats the health variable as a discrete variable, where 
the five-level health index is a key explanatory variable. It is derived as the sum of binary variables, so-
called flags, which represent a certain health problem affecting the individual. Specifically, these are:  

• Mobility problems - one flag for each of the following: 

o difficulty walking 100 yards; 

o difficulty sitting for two hours; 

o difficulty getting up from a chair; 

o difficulty climbing one flight of stairs; 

o difficulty  reaching above shoulder level; 

o difficulty lifting more than 10 lb; 

o difficulty picking a 5p coin from the table. 

• Eyesight problems (including when assisted glasses or similar) – one flag for each of the follow-
ing: 

o difficulty recognising a friend across the street; 

o difficulty reading newspaper print.  

• Fair or poor hearing (including when assisted by hearing aid or similar). 
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• Urinary incontinence in the last 12 months.  

• Left previous job due to stress.  

• Score of at least 4 on clinical depression scale questions.  

The health index variable has the following values:  

• 0 – best health (no flag); 

• 1 – good health (one flag); 

• 2 – OK health (two or three flags); 

• 3 – poor health (four or five flags); 

• 4 – worst health (six and more flags). 

Other variables that enter the model as explanatory variables are, for example, age, sex, marital status, 
diagnosis of an individual before the age of 50, education, region, health status of the individual now 
and in childhood, information whether he or she is a smoker, a worker, a care provider, a care recipient, 
etc. Interactions of the explanatory variables with the sex variable are also included in the final model.  

Care modules 

In the first step, individuals are divided based on ELSA survey data into those who provide any type of 
care (care for a partner, parents, friends, and others), and those who receive care (formal or informal). 
Then, the results obtained are reviewed once more, and if the individual responds that he or she is the 
recipient of the care provided by his spouse, the spouse is assigned an indicator of a care provider 
variable. Similarly, if an individual has responded that he or she cares for his spouse, this partner is 
assigned an indicator of the care recipient variable.  

Care receipt module is based on a multinomial probit model with similar explanatory variables as the 
health status module (including interactions). The module also distinguishes two types of care: 

• Formal care – any care provided by a private professionalstaff; 

• Informal care – any care provided by family members or friends who may or may not receive 
care allowance.  

These types of care are mutually exclusive in the model. If an individual mentioned both types of care 
in the survey, formal care has more weight.  

Although the ELSA survey contains information on whether the individual is placedin care home, these 
individuals are excluded from the simulations because there is insufficient information on their finances 
and their income is not comparable to the rest of the population.  

Care provision module is modeled by an ordered probit model that allows to distinguish between two 
types: 

• High-intensity care provision – 35 or more hours per week; 

• Low-intensity care provision – up to 35 hours per week. 

All individuals registered as care providers in the “raw” data of the ELSA survey are included in the high-
intensity care category. Others are automatically included in the remaining category (including those 
identified as care providers based on the responses of their spouses).  

Variables similar to those in the health status module (including interactions) enter the model as explan-
atory variables. In addition, the regression model includes the value of previous year's intensity of care 
in interaction with sex and marital status as an explanatory variable.  

 Other Reviewed Foreign Models with Sickness Insurance 

Within the research, we also reviewed a number of models that include simulation of sickness insurance 
benefits, which, however, are not described in sufficient detail in publicly available sources to be dis-
cussed in a separate chapter. These models are listed in the following table. As a starting point for the 
examination, we used a study conducted by the Hungarian Institute for Social Sciences Research TARKI 
(Gál, et al., 2009).  
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 Model name Country of use Brief description of the model 

MiMESIS Sweden Static micro-simulation model based on adminis-
trative data of individuals. The model is focused 
on the simulation of retirement (pension) bene-
fits, but also contains basic calculations of the 
sickness benefits. 

SESIM Sweden Dynamic micro-simulation model with decision 

options for individuals from the test sample. The 

main purpose of the model is to simulate the 

Swedish pension system and the impact of the 

considered reforms on this system. The model 

includes also calculation of the sickness bene-

fits.  

FUS07 Poland Static micro-simulation model that simulates so-
cial benefits. The model distinguishes the mor-
tality rates of different groups of recipients of the 
benefits. 

LPM Lithuania Static micro-simulation model that creates long-
term projections of total social insurance ex-
penditures and revenues (Pluta, et al., 2017). 

AVID Germany Dynamic micro-simulation model with a thor-
oughly covered working status of an individual 
(e.g., payer of social and sickness insurance, 
non-payer of social and sickness insurance, 
sickness benefits, etc…). The population sample 
is only 14,000 (approx. 0.02% of the population 
of Germany)).The main content of the model is a 
simulation of the pension system. Transitions 
between labor market statuses are modeled us-
ing survival models (hazard rate models), transi-
tion statuses for self-employed individuals are 
modeled on the basis of logit/probit regression. 

PRISME France Dynamic micro-simulation model focused on 
modeling of the pension system. The projections 
are carried out for 44 years in advance. The 
model simulates a life path for each individual, 
including temporary incapacity for work (sick 
leave), (Albert, et al., 2004).  

PENSIM2 United Kingdom Dynamic micro-simulation model of pension sys-
tem, tax system and labor market. The model 
also includes dynamic microsimulation for the 
calculation of incomes and expenditures for dis-
ability benefits.  

Irish Dynamic 

Microsimulation 
Model  

Ireland Dynamic micro-simulation model simulates the 
total amount collected and paid on social bene-
fits, where the simulation is always performed on 
one cohort. The model runs at a discrete time, 
with individual transitions occurring for each indi-
vidual in a given cohort at most once a year.  

The main purpose of the model is to simulate 
the reaction of the reviewed cohort to legislative 
changes in the welfare system, (O’Donoghue, 
2001). 
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NEDYMAS The Netherlands Dynamic micro-simulation model programmed in 
Fortran. The transitions are based on transition 
matrices. Simulations in the model consist of 
projections of social benefits, including sickness 
insurance. The model is run on a sample of the 
population with the size of 10,000 people. 
(Nelissen, 1993). 

CARESIM  Great Britain Microsimulation model based on data from the 
survey of family resources in Great Britain 
(FRS). It works with a sample of people aged 65 
and over living in England and gives answer to 
how much the modeled person would contribute 
to their health care under the current conditions 
or under alternative systems of funding. The pro-
jection of these expenditures is modeled using 
interconnection of CARESIM and PSSRU mod-
els (macrosimulation model of long-term care 
whose projections are based on specific as-
sumptions about the future development of costs 
of and demand for long-term care). 

NCCSU Long-
Term Care 
Model 

Great Britain Microsimulation model of costs of long-term care 
for persons over 65 years of age. To model the 
incidence of these expenditures, it is again 
linked to the PSSRU macro-model, from which it 
takes the projection of the size and age distribu-
tion of the population of 65+, demand for long-
term care and thecosts associated with it. The 
interconnection is used to weigh the micro-simu-
lated sample so that the results can be related to 
the entire British population. 

Table 4:  Foreign models with sickness insurance 

 Other Relevant Micro-Simulation Models 

In the previous chapter, we saw that micro-simulation models are used relatively seldom for modeling 
of sickness insurance. In addition, some of the micro-simulation models we have reviewed allow only 
for a retrospect (i.e., the answer to the question of what the expenditures of the sickness insurance 
system would have been in the past period if the parameters of the system were different and everything 
else remained unchanged). However, microsimulation is used not only for modeling state expenditures, 
but also for other purposes related to sickness insurance, e.g., for modeling the spread of illness. There-
fore, we will now expand the scope of search and include also selected examples of such models.  

 EUROMOD 

EUROMOD (Sutherland, 2018) is a European Union micro-simulation model for all Member States. It 
simulates tax liabilities and entitlement to benefits according to the rules of individual Member States of 
the European Union. The model is used to examine the impact of political reforms on household in-
comes, public budgets and working activity of individuals. Among other things, it is prepared for simula-
tion of sickness insurance; according to the latest reports of EUROMOD of the Czech Republic 
(Kalíšková, et al., 2018) and the Slovak Republic (Paur, 2018), however, sickness insurance has not 
been implemented in the EUROMOD model. 

The main inputs are statutory limits and the input database EU-SILC. The input database contains in-
formation on an individual level, including family situation, gross income and all other sources of income, 
such as pensions or welfare income. The microsimulation is performed for a reference period (usually 1 
year for which statistical data is available).  

EUROMOD is a software platform. The statutory rules for calculating taxes or benefits enter the model 
as parameters. The code is written in C ++ and compiled, so the user has easy access to the executable 
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file. The model is set up in such a way that any legislative reform can be adapted by adjusting the 
parameters and it is not necessary to modify the code itself, thanks to the flexible definition of global 
functions, such as functions to define a group of persons to be subject to a legislative change. The 
model is subsequently run on a sample based on the EU-SILC database and defined by the user based 
on groups for which the effect of the legislative changes expressed by the change in the input parame-
ters is to be reviewed. 

Specifically, the model simulates income taxes, social contributions (paid by employees, self-employed 
persons and employers), family allowances, housing allowances, social assistance and other income-
tested benefits. Benefits that are not simulated are taken directly from the data and included in the 
disposable income concept. This is the case with most contributory benefits and annuities (due to miss-
ing information on previous employment and missing contribution history) and disability benefits due to 
a lack of information on the nature and severity of the disability. 

 SMILE 

The Danish Institute for Economic Modeling and Forecasting (DREAM) manages and continually devel-
ops a dynamic micro-simulation model called SMILE (DREAM, 2019). The model is run on the entire 
Danish population in the baseline year (i.e., population of approximately 5.5 million individuals) and 
simulates the life path of each individual. The current version of the SMILE model projects the demo-
graphic structure of society and individual households, socio-economic characteristics of individuals, 
income of individuals, amounts paid in taxes for individuals and amounts of received welfare and pen-
sion benefits. In connection with this, a number of statuses are modeled, for example healthy/sick, but 
also old-age pensioner, person caring for a child, etc. The probabilities of transition between the statuses 
are estimated on the basis of statistical data from the last period under review. Predictive modeling of 
individuals is performed in a statistical program R, specifically using partykit and caret. 

Two data sources are used to simulate morbidity in the model. The first is the Danish administrative 
data, which mainly includes medical data of individuals, including the length of hospitalization of the 
individual, visits to the physician according to their specialization and data on the number and type of 
prescription drugs. The second is the SHARE questionnaire on everyday activities of individuals (it is a 
project of the European Union). Information from both data sources is represented by unique numerical 
values on the basis of which the morbidity index value is determined. From this value, the following is 
derived: probability of an individual’s transition between different diagnoses, i.e., for a healthy individual, 
the probability of having different diseases, and for the sick individual the probability of recovery and 
also the probability that an existing disease will turn into another disease. The probabilities of each 
disease depend on the medical data of the individual.  

The model algorithm is as follows. The first step is determination of the probability of transition between 
individual statuses and the morbidity index based on the CTREE function (function for regression deci-
sion trees in R program). Furthermore, based on the Monte Carlo method, a decision is made whether 
there is an increase or decrease in the morbidity index for an individual. Based on the new morbidity 
index, the probabilities of each disease will then change. The set of individual possible statuses always 
includes the health status. Subsequently, the Monte Carlo method determines the resulting status of the 
respective individual. Finally, it is again determined using the Monte Carlo method, whether the disease, 
if any, will cause the individual's death. 

 Microsimulation Model of Morbidity Prediction in the Canadian  

Population 

The Canadian Institute for Health Information (CIHI) is developing a prototype micro-simulation model 
for predicting morbidity in the Canadian population (International Microsimulation Association, 2019). 
The model uses administrative population data across different sectors of health care over a period of 
5 years. This is demographic, economic and clinical data, which is obtained from the patient's interaction 
with healthcare facilities. The health profile of each individual is then compiled using this information. 

This dynamic micro-simulation model with discrete time is based on the assumption of a closed popu-
lation (i.e., it does not consider newborns and migrants). The model allows individuals to switch between 
five health statuses based on annual transition probabilities that are a function of the demographic char-
acteristics of each subject's health profiles. Risk factors related to individual health remain constant for 
short-term projections (5 to 10 years). 
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Transition probabilities are estimated using multinomial logistic regression, but other statistical ap-
proaches have also been tried (e.g., multi-state survival model). 

 Australian Model  

The Australian model NCDMod (Lymer, 2016) simulates chronic diseases and the associated risk fac-
tors.  

NCDMod is a static-dynamic micro-simulation model designed to simulate the incidence and prevalence 
of key diseases and risk factors, as well as health care costs for Australians aged 20 and over. The 
projection of the model is 15 years long.  

NCDMod has four main components:  

• Basic population data - microdata on which the model is based; 

• Models of occurrence of chronic diseases and risk factors; 

• Models of healthcare expenditure; 

• Population projection from the Australian statistical office (ABS). 

NCDMod is able to capture the effects of population aging and changes in the incidence of specific 
chronic diseases. NCDMod is used to estimate the modeling of occurrence of diabetes and cardiovas-
cular disease and premature death due to disease and to estimate the ability of the disabled to live. It is 
also used to predict overall healthcare expenditure and specific costs of the interventions under consid-
eration.  

NCDMod can also be used to compare the impact that different changes in the health care system would 
have on care spending related to individual health reasons and risk factors (obesity, physical inactivity).  

 ZEWDMM 

ZEWDMM (Dynamic micro-simulation model of the Center for European Economic Research – Zentrum 
für Europäische Wirtschaftsforschung) is a German model simulating the life cycles of adults and the 
development of their households (Bonin, et al., 2015). Modeling of households is the main thing that can 
serve as an inspiration for the creation of the model of sickness insurance of the Czech Republic.  

The characteristics of the modeled population are taken from the study on private households, SOEP, 
for the year 2009. SOEP (Socio-economic panel) is a longitudinal survey of German private households 
containing rich information about households as such and about their individual members.  

The model runs in discrete time with a time step of 1 year. An individual's status change from time t to 
time t + 1 is governed by transition probabilities that are estimated from the data of SOEP for the years 
1995 to 2010. It is an open model. Thus, whenever marriage is modeled, a new spouse is generated in 
the model with properties determined randomly based on probability distributions derived from the data. 
(The opposite would be a closed model where spouses would always be chosen from the existing pop-
ulation.)  

Each (adult) person is fully characterized by the following state variables:  

• Age;  

• Sex; 

• Education; 

• Marital status; 

• Number and age of children in the household;  

• Work experience;  

• Hours worked in current employment;  

• Location of residence in former East or West Germany.  

Household income and available income is simulated on the basis of these state variables.  
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The ZEWDMM model was used, in combination with a comprehensive tax model, to analyze the impact 
of family policy in Germany. The study considered only households where at least one member was in 
the age range of 25 to 29 in 2009. Simulation of the individual was completed at the age of 65 years or, 
if the person concerned shared a household with a younger spouse, at the time when they both reached 
that age.  

The probabilities of marriage, divorce and childbirth were determined by probit regression. In addition to 
classic predictors such as age and education, the following is particularly worth mentioning:  

• Dependence of the probability of birth of a child on the actual number of children in the house-
hold;  

• Dependence of the probability of divorce and probability of birth of a child on the state of employ-
ment or unemployment of the parents;  

• Dependence of the probability of marriage on the binary variable of cohabitation;  

• Introduction of a binary variable distinguishing the period before and after 2005 because this 
year there were significant changes in the system of welfare and unemployment benefits, which 
were reflected in the decisions of the individuals under review.  

 Technical Studies, Articles and Presentations 

An inspiration for the development of the micro-simulation model of sickness insurance in the Czech 
Republic does not necessarily have to be only foreign micro-simulation models. Analyses which attempt 
to describe and explain the development of incapacity for work (sick leave) may also be another suitable 
source.  

Therefore, in the following chapter we present the results of the research in this area.  

 Study of the World Health Organization 

The global foreign study published by WHO under the title “The case for paid sick leave” (Scheil-Adlung, 
et al., 2010) implies mainly the following conclusions for the frequency of use of sick leave: 

• The complexity of the sickness insurance system and the amount of benefits paid is one of the 
main factors that significantly affect the development of a country's sick leave. Countries with no 
or very weak financial support in times of sick leave show significantly shorter sick leave (USA) 
than countries with higher aid and higher benefits (Germany). 

• The number of days of paid sick leave is closely related to economic cycles and decreases in 
periods of high unemployment. 

• The length of paid sick leave varies by type/nature/kind of employment and economic sector. 

• Temporary sick leave in women is 50% higher than in men. 

• Singles, especially women and single parents, have more days of paid sick leave than married 
employees (with or without children). 

• The number of days of sick leave increases with age, it is usually higher for older employees. 

• Paid sick leave is also closely related to the socio-economic status of the individual and the level 
of his or her income. Its use is more frequent among less qualified employees and employees 
with lower income.  

 Sick Leave Due to Sickness and Injury in the Czech Republic 

It is a document regularly published by the Czech Statistical Office (ČSÚ, 2019) which provides basic 
data on sick leave of the working population of the Czech Republic due to illness or injury. The publica-
tion is released twice a year - for the six months and for the whole year. The reviewed document provides 
a detailed overview of the above-mentioned events for the first half of 2019, however, the selected 
indicators also show their development over a longer time line, which is a useful source for analyzing 
the impact of legislative changes made over the period (see chapter 4.8).  
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The publication focuses primarily on data on newly reported cases of sick leave due to illness and injury 
through the following indicators: 

• Average number of sickness insured persons; 

• Number of newly reported cases of sick leave per 100 sickness insured persons; 

• Number of calendar days of sick leave; 

• Average duration of one case of sick leave; 

• Average percentage of sick leave; 

• Average daily state of individuals on sick leave;  

• Number of occupational accidents with sick leave exceeding three days. 

The development of sick leave due to illness and injury is associated with two basic aspects: 

• Health aspect – it is related to the health condition of employees in relation to the job description, 
environment, working conditions, technology used, and work hygiene;  

• Economic aspect – the consequence of the absence of individuals on sick leave (reduction of 
resources, use of the sickness insurance fund, healthcare costs). 

The time lines of the various indicators of sick leave occurrences then may develop as follows: 

• Natural development: 

o Demographic changes – number of individuals covered by sickness insurance, aging of the 
population; 

o Technical and technological development – work safety and intensity; 

• Conscious decisions: 

o Implemented legislative measures - changes in the amount of benefits and other entitlements, 
insurance adjustments; 

o Methodological changes - changes in data collection, classification. 

This document represents a good source for creating a model of the impact of legislative changes in the 
field of sickness insurance on the Czech population, especially to determine its scope (i.e., explanatory 
variables on which occurences of sick leave should depend, and historical events that should be used 
to parameterize it). The authors comment on the values of the monitored parameters with respect to the 
year-on-year development and, if appropriate, in the context of the whole time line (i.e., since 2008). 
However, the causes of the development of the monitored parameters are not analyzed in detail here. 
Only in case of significant year-on-year changes the connections with the applied legislative changes 
are sought. Thus, the study does not provide guidance as to which model should be chosen for the 
dependence of the frequency of sick leave occurrences on legislative changes, nor does it provide fig-
ures that cannot be obtwaained by analyzing the SEE databases. However, the authors provide expert 
opinion on which legislative changes they consider to be significant in terms of the frequency of sick 
leave occurrences.  

A good example of significant legislative changes described in this study is the period between 2007 
and 2009 when several major changes occurred in the field of sickness insurance. During this period, 
the waiting period was introduced (1 August 2008) and subsequently abolished (30 June 2008) by a 
ruling of the Constitutional Court. Furthermore, the rate for sickness benefits calculation for the first 3 
calendar days of sick leave was reduced (1 September 2008) from 60% to 25%. In this period, a new 
Sickness Insurance Act was written, coming into effect as of 1 January 2009, which also significantly 
influenced the development of the number of reported sick leave occurrences. As a result, the number 
of cases of the sick leave has been halved. Decreases occurred mainly in cases of less severe and 
short-term sick leave occurrences, which had impact on the average length of one reported case by 
almost 12 days. Furthermore, this legislative intervention has resulted in a reduction in the total number 
of calendar days of sick leave by approximately 30%.  

The situation in this area has stabilized in the last five years without significant external interventions. 
Further major changes in the indicators monitored can be expected in connection with the cancellation 
of the waiting period effective from 1 July 2019. 
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The data source for this study is data on the sick leave due to illness and injury reported to the Czech 
Social Security Administration via the form “Sick leave certificate” (so-called “sick note”) which is com-
pleted by the attending physician. All illnesses and injuries that cause at least one day sick leave are 
thus recorded for individuals covered by sickness insurance. 

 Modeling of Latent Variables 

The last building block of the research is a description of general mathematical models that may be 
useful in modeling sickness insurance. Specifically, this chapter is devoted to statistical approaches to 
describe situations where the variable observed is only a manifestation of another (latent) variable which 
cannot be observed directly. In the case of sickness insurance, general morbidity of the population can 
be viewed as a latent variable and the observed random variable would be the reported cases of sick 
leave occurrences. (The influence of legislative parameters on the length of sick leave will be discussed 
in chapter 3.4.3.) A class of so-called hurdle models is often used for statistical analysis of data of this 
nature.  

To get a realistic description of the situation, however, it is necessary to include the will of the sick 
individual to go on sick leave in the model of sickness insurance. There may be various reasons why a 
sick person does not take sick leave. The most important reason seems to be the economic impact of 
this decision, since going on sick leave necessarily means a temporary decline in the individual's in-
come. While the morbidity of the population does not change much with time, if we leave out the sea-
sonality, the willingness of sick people to take sick leave certainly depends on the current legislative 
setting. The so-called double hurdle model could be used to statistically describe the above-mentioned 
dependencies between variables. 

Another possible approach may be to use modified distributions (so-called zero-inflated distribution) 
which describe phenomena where some values, usually zero, are, for some reason, observed with a 
significantly higher frequency than the original distribution. In sickness insurance data, this effect is 
manifested through unreported sick leaves which will be modeled as zero-length sick leave.  

Legislative changes may have an impact on the incidence of sick leave, but also on its duration. (It is 
not clear a priori whether more generous conditions mean shorter sick leave, because people will go on 
a sick leave even with passing and less severe sickness, or longer sick leave, because they will not feel 
as much pressure to end it quickly.) Here, we first need to analyze to what extent does the duration of 
a sick leave vary according to the diagnosis type. In an ideal situation, diagnoses would fall into several 
groups where only incidences would vary but not the duration of the sick leave itself. If such distribution 
proves unfeasible or impractical (for example because it would require creating more than just a few 
groups), it is possible to introduce a dependence of the average sickness duration (of a given group) on 
legislative parameters to the model. The easiest way is to keep the assumption on the shape of the 
probability distribution and to set its parameters based on the average duration for the given legislative 
situation, which we derive from historical data.  

 Double hurdle model  

It is a class of models describing situations in which the observed variable arises from the following 
mechanism (Cragg, 1971). First, the latent variable 𝑦∗∗ is censored: 

𝑦∗ = max(𝑦∗∗, 𝑦𝑚𝑖𝑛), 

where 𝑦𝑚𝑖𝑛 is the minimum of the censored value. The second obstacle is implemented into the model 

using a binary random variable 𝑑, with values 0 and 1, which further deforms the information on the 
default latent variable according to the following formula: 

𝑦 = 𝑑𝑦∗, 

where 𝑦 is the observed variable. This setting corresponds to a situation when sick leave occurrences 
are reported. For example, the latent variable may be the number of a person's illnesses of the individual 
over a given period. Censoring in this case is due to the fact that persons who are healthy throughout 
the year do not report this fact anywhere (𝑦𝑚𝑖𝑛 = 1). The random variable 𝑑 represents an individual's 

decision to take sick leave (𝑑 = 1 means reporting sick leave and leaving on sick leave). Estimates of 

the parameters of distribution of the random latent variable 𝑦∗∗ can be derived using maximization of 

log-likelihood function 𝑙 which, in this case is as follows: 
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𝑙 = ∑ {𝐼𝑦𝑖<𝑦𝑚𝑖𝑛
𝑙𝑛(𝑃𝑦∗∗[𝑦𝑖 < 𝑦𝑚𝑖𝑛] + 𝑃𝑑[𝑑𝑖 = 0]𝑃𝑦∗∗[𝑦𝑖 ≥ 𝑦𝑚𝑖𝑛]) + 𝐼𝑦𝑖≥𝑦𝑚𝑖𝑛

𝑙𝑛 (𝑃𝑑[𝑑𝑖 = 1]𝑓𝑦∗∗(𝑦𝑖))}

𝑛

𝑖=1

, 

where 𝑛 is the number of observations, 𝐼 is an indicator of the phenomenon in subscript; and 𝑓𝑦∗∗ is the 

density of the probability of the latent random variable 𝑦∗∗. The first part of the expression, preceded by 

the indicator 𝐼𝑦𝑖<𝑦𝑚𝑖𝑛
 describes a situation in which no illness has been recorded over a period of time. 

This can happen when a person is truly healthy for the entire reporting period, which corresponds to a 
probability 𝑃𝑦∗∗[𝑦𝑖 < 𝑦𝑚𝑖𝑛], or when a person has had a illness but has not reported it. This corresponds 

to probability 𝑃𝑑[𝑑𝑖 = 0]𝑃𝑦∗∗[𝑦𝑖 ≥ 𝑦𝑚𝑖𝑛]. The rest of the log-likelihood function corresponds to the re-

ported cases. When applying the model, the next step is to select a suitable distribution for modeling 
the latent variable. In addition to the latent random variable 𝑦∗∗, the model includes also the binary var-
iable 𝑑 determined by one parameter 𝑃𝑑[𝑑 = 1]. Given the considered application, this is an important 
parameter as it reflects the individual's will of the sick person to take sick leave in case of illness. Analysis 
of the influence of various available predictors (e.g., age, sex, legislative conditions) on this parameter 
can be performed using regression methods (GLM, Generalized Linear Model).  

 Zero-Inflated Distribution 

Zero-inflated distribution is derived from the original distribution by simple modification. For example, for 
a discrete random distribution 𝑃 on nonnegative integers, a zero-inflated distribution arises by this for-
mula: 

𝑃𝑍[𝑥 = 0] = 𝑝 + (1 − 𝑝)𝑃[𝑥 = 0], 

𝑃𝑍[𝑥 = 𝑘] = (1 − 𝑝)𝑃[𝑥 = 𝑘], 𝑘 > 0. 

Newly introduced parameter 𝑝 indicates the probability of occurrence of specific observations with zero 
value. In the case of the model of sickness insurance, this parameter could reflect the willingness of 
people to take sick leave. A higher value of this parameter means lower willingness of people to take a 
sick leave. Analysis of the behavior of this parameter under various conditions can be performed using 
the regression methods mentioned above. 

 Practical Application of the Aforementioned Statistical Methods 

Sensitivity to the amount and duration of benefits 

When used for modeling of the sickness benefits, the above statistical methods may need to be further 
extended so that the distribution parameters indicating whether a illness is reported depend on other 
variables that affect individuals' decisions, such as the amount of the benefits, length of the waiting 
period, etc. This would capture a situation where the will of the individual to take sick leave may differ 
significantly when legislative conditions change.  

Without any significant limitation, it can be assumed that the legislative conditions will be stable during 
the model projection period itself, as only a short-term projection is planned, during which the parame-
ters of the sickness insurance system will not be adjusted. 

A greater complication is the derivation of parameters of this sensitivity from historical observations. It 
would be necessary to divide the history into sections for which the legislative parameters were suffi-
ciently stable and to derive model parameters for each section using regression methods. In the mod-
eling itself, one of the following two possibilities can occur: 

• the user wants to run a model on a legislative scenario that is the same or similar to a legislative 
situation that has already occurred in the past – in this case, parameters derived from historical 
observations can be used; 

• the user wants to run a model on a legislative scenario which has not yet occurred – the results 
of the model will depend significantly on the expert judgment the user will use to extrapolate the 
model parameters from different historical observations to the situation in the selected scenario. 
This judgment can be expressed e.g., by selecting the curve of the function expressing sensitivity 
to legislative settings, provided that the parameters of this function will be anchored by regression 
to historical observations. 
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Illustration: possible form of function expressing dependence of illness reporting on legislative pa-
rameters. 

 

Sensitivity to the severity of the disease 

Similarly simplifying would also be an assumption, that the will to use sick leave does not depend on the 
length of the illness or, as the case may be, on the severity of the disease, which is usually related to 
the length of the disease. In reality, it can be expected that the frequency of reporting serious illnesses 
will not change much with legislative changes, while the impact on less serious illnesses will be very 
significant.  

It is therefore possible to consider the classification of diseases into several categories according to their 
severity expressed in duration and to consider each category to be an additional parameter in historical 
calibration. The model could then be set up, as follows: 

• For cases of minor diseases, usually with shorter courses, for which the number of reported 
cases is significantly affected by legislative changes, the above-described methods for modeling 
latent variables would be used, including the projection of the sensitivity of the model parameters 
determining the willingness to take sick leave to legislative parameters. 

• Conversely, in the case of major illnesses or occupational accidents, it could be assumed that 
the difference between reported cases and all occurrences does not depend significantly on leg-
islative conditions, and therefore it is sufficient to use less sophisticated methods based on the 
assumption that morbidity does not change depending on legislative conditions.  

We do not rule out, however, that there are groups of diagnoses that do not fall into these categories: 
those that typically mean longer sick leave but which nevertheless show considerable sensitivity to leg-
islative conditions, or those that are short-lived but whose frequency is not dependent very much on 
legislative conditions. A more thorough analysis is needed in this respect. It may reveal the need to 
define a few other groups of diagnoses in addition to the two groups of diagnoses mentioned above and 
to derive assumptions for each of them separately. Adding a new group, however, always means re-
ducing the number of observations on which each parameter is derived and reducing the clarity of the 
model. It is therefore advisable to always consider carefully whether introducing a new group would 
make the model sufficiently precise.  

Estimation of a person’s health 

In the database SEE20, we can observe the history of sick leaves for each person – their lengths, 
frequency as well as diagnoses that caused them. Based on this data one can estimate the health of 
each person and probability of going on a sick leave in the future (this probability would then be further 
modified by sensitivity to legislative conditions.)  

We begin by choosing a time window that we consider relevant for sickness incidences (e. g. past five 
years). We can find several such windows in the database SEE20 and they can even overlap – we will 
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explain sick leaves from year 2018 by sick leaves taken in years 2013 – 2017, sick leaves from year 
2017 by those from 2012 – 2016 etc. This way we gain a considerable amount of observations on which 
we apply statistical methods.  

When solving this task, we need to distinguish illnesses based on severity, seasonality and by them 
being or not being a chronic. For example, a high number of seasonal colds in the past likely means a 
high probability of a seasonal cold in the future but says little about the probability of a stroke. A correct 
partition of diseases will be key: we need to have a sufficiently low number of groups to still retain enough 
observations in each one of them but at the same time we want to separate diagnoses with significantly 
distinct behavior.  

Furthermore, the impact of legislative conditions needs to be taken into account. However, we have 
already determined the sensitivity on them in the previous chapter. Now we only use them to move from 
the number of observed incidences of sick leaves to the number of illnesses that actually occurred. To 
the result we will then apply statistical methods and thus derive the risk of a specific person.   

Summary of the Research of External Sources 

All models subject to examination are based on two basic functions: they first model the life paths of  
persons and then the benefits (or health care costs) that result from them. Each model is then controlled 
primarily by available data (and to a lesser extent also by available computational power) – while the 
SMILE model is run on the entire Danish population, SIMPL must be satisfied with a relatively small 
sample. This is one of the reasons why the legislative rules are always implemented to a large extent, 
while the modeling of life paths is simplified due to data gaps.  

Sensitivity of number and length of sick leave occurrences to legislative changes can be determined 
using several mathematical methods from the class of so-called hurdle models. However, their calibra-
tion may be complicated by the availability of observations, as data from the past only exists for a limited 
number of legislative settings. We expect that as a consequence, setting those sensitivities will to a 
large extent need to be driven by expert judgement of the model users, especially if the model projection 
will be prepared for a legislative scenario significantly different from those that have already occurred in 
the past.  

There is also a study available, titled Sick Leave Due to Sickness and Injury in the Czech Republic, 
which provides expert opinion on which changes in reporting of sick leave occurrences can be explained 
by legislative changes and not solely by other influences (such as the economic cycle). Overall, how-
ever, the success of this task will depend primarily on the quality of the available data.  
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4 Research of Data Sources 

Since each model is driven by available data, we will now provide an overview of the data relevant to 
the micro-simulation model of Czech sickness insurance. This includes administrative data on individu-
als, the results of relevant statistical surveys, and aggregate data concerning the population of the Czech 
Republic and we will also mention data that MoLSA does not currently have and which would enrich the 
model if it can be collected in the future.  

 Current Inputs of the NEMO Model 

The inputs of the NEMO model are based primarily on data contained in three administrative databases, 
the structure of which is described in this chapter. These databases are cleaned, repaired, merged and 
enriched, and the result of this complex process is a database of model points, in which for each person 
from the Czech population there is a lot of information given about the current status, work and life 
history and close relatives.  

 STATMIN VZ 

It is a database of annual records, where one row of the data file corresponds to one Personal Record 
of pension insurance. Thus, one person can have multiple entries in the database, even within one 
calendar year (for example, in the case of two concurrent employments). The first records come from 
2004 and the database is continuously updated with data for every year. Its use is complicated by the 
fact that not all items have been tracked since its inception and that some code lists have changed over 
the years. The list of variables contained in the database is presented in the following table. For the 
purposes of creating the model of sickness insurance, we consider data on assessment bases, periods 
of employment and excluded periods to be of particular interest.  

Variable Format Description 

ID_VZZAM_AN Integer Unique ID within the database 

ID_ELDP Integer ID of the personal record of pension insurance (ELDP) 

ID_OSOBA_AN Integer ID of the person 

Pohlaví Integer 0 – male, 1 – female 

ROKNAR Integer Date of birth 

PSC Integer Postcode 

KVC Text Code of gainful activity according to the code list 

OD Date Employed from 

DO Date Employed until 

DNY Integer Number of days of employment 

VDOBA Integer Excluded period (in days) 

ODOBA Integer Deducted time for working pensioners (in days) 

VZ Integer Assessment base 

ID_ORG_AN Integer ID of the employer 

IXYEAR Integer Year of publication of the report 

TYPDOKLADU Text In the event of correction of ELDP, it is used to identify the cor-
rected version. 

Table 5: List of variables of the STATMIN VZ database 
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 INEP 

INEP is a database which has been created using the data from STATMIN VZ up to 2012 complemented 
by other sources. For each individual contained in the database, it maps his entire known history, the 
first records come from 1958. The data was aggregated so that one INEP entry corresponds to one 
person and one calendar year.  

The database was a one time product and was not further updated. It contains information which is 
essential for determining entitlement to sickness insurance benefit and its amount, if any (aggregate 
assessment base, number of days of individual compensatory periods). However, since the database 
only contains values up to 2012, we do not expect that it will be essential in itself to model sickness 
insurance. In this respect the database of model points used as input in the pension insurance model 
(see chapter 0), which is based on INEP and amends the information for the other years using a model 
may be more interesting.  

The list of variables contained in the INEP database is presented in the following table. For the purposes 
of creating the model of sickness insurance, we consider the data on compensatory periods and sta-
tuses at the end of year to be particularly useful.  

Variable Format Description 

ID_ITEM Integer Unique ID within the database 

ID_OSOBY Integer ID of the person 

MESIC_NAROZENI Integer Month of birth (admissible values 1 – 12) 

ROK_NAROZENI Integer Date of birth 

CIS_POHLAVI_ID Text “M” – male, “Z” – female 

JE_NA_ZIVU Integer Status at the end of the year (1 – living, 0 – 
dead) 

ROK Integer Calendar year of the entry 

DOBA_POJISTENA Integer Insured period in days per year 

NDP_PECE_O_DITE Integer Compensatory insurance period (in days) due to 
care of a child 

NDP_NEZAMESTNANOST Integer Compensatory insurance period (in days) due to 
unemployment 

NDP_STUDIUM Integer Compensatory insurance period (in days) due to 
studies 

NDP_PECE Integer Compensatory insurance period (in days) due to 
care of a dependent person 

NDP_VOJENSKA_SLUZBA Integer Compensatory insurance period (in days) due to 
military service 

NDP_OSTATNI Integer Compensatory insurance period (in days) for 
reasons other than the above 

DOBA_NEPOJISTENA Integer Non-insured period in days 

VYMEROVACI_ZAKLAD Integer Assessment base 

VYMEROVACI_ZAKLAD_OSVC Integer Assessment base for self-employed individuals 

VYMEROVACI_ZAKLAD_OSTATNI Integer Assessment base for persons who are neither 
employees nor self-employed individuals. 

DOBA_VYLOUCENA Integer Excluded period in days 
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SKR_ZAMESTNANEC Integer Status at the end of the year (1 – is / 0 – is not 
an employee) 

SKR_OSVC Integer Status at the end of the year (1 – is / 0 – is not a 
self-employed individual) 

SKR_PECE_O_DITE Integer Status at the end of the year (1 – takes / 0 – 
does not take care of a child) 

SKR_NEZAMESTNANOST Integer Status at the end of the year (1 – is / 0 – is not 
unemployed) 

SKR_STUDIUM Integer Status at the end of the year (1 – is / 0 – is not a 
student) 

SKR_PECE Integer Status at the end of the year (1 – takes / 0 – 
does not take care of a dependent person) 

SKR_NEPOJISTEN Integer Status at the end of the year (1 – is / 0 – is not 
uninsured) 

SKR_OSTATNI Integer Status corresponding to NDP_OSTATNI 

DOBA_JINE Integer Period not included in any of the above-speci-
fied (addition to achieve 365/366 days) 

Table 6: List of variables of the INEP database 

 STATMIN ANOD 

STATMIN ANOD is a database of all persons to whom a pension is paid in a given year, whether old-
age, disability or survivor pension. Each person has one entry in the database for each calendar year in 
which the pension was received. The following table lists the variables contained in the database. For 
the purposes of creating the model of sickness insurance, we consider the data on existence of disability 
or old-age pension to be particularly useful. 

Variable Format Description 

ID Integer Unique ID within the database (same ID as in 
INEP) 

Rok_narozeni Integer Date of birth 

Pohlavi Text „M” – male, “Z” – female 

Vyse_hlavni Integer The amount of the main pension 

Druh_hlavni Text Type of the main pension 

Priznani_hlavni Date Date (in the format of RR.MM) of granting the main 
pension 

Oznacení_hlavní Integer Identification of standard or non-standard cases ac-
cording to the code list 

Vyse_vedlejsi Integer The amount of the secondary pension 

Druh_vedlejsi Text Type of the secondary pension 

Priznani_vedlejsi Date Date (in the format of RR.MM) of granting the sec-
ondary pension 

Oznacení_vedlejší Integer Identification of standard or non-standard cases ac-
cording to the code list 

Doba_pojisteni Integer Insured period in years 

Doba_dalsi_cinnosti Integer Period of additional activity in quarters 
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Zvyseni_za_dalsi_cinnost Integer Amount of pension increase for the additional activ-
ity 

Diagnoza Text Diagnosis according to the code list 

Pocet_vychovanych_deti Integer Number of children raised 

PPV Integer Amount of pension supplement for persons affected 
by the communist regime  

PDO Integer Amount of pension supplement for participants in 
the national struggle for freedom  

ZPD Integer Amount of special pension supplement 

Srazka_za_preplatek Text “ ” – no reduction 

Vyse_srazky Integer Amount of reduction 

Exekuce Text “EX” – yes, “ ” – no 

Vyse_exekucni_srazky Integer Execution deduction amount 

Ucetni_zanik Integer Value according to the code list 

Table 7: List of variables of the STATMIN ANOD database 

 Database of Model Points 

As part of the requirement to create input for the NEMO model, a database using the above-mentioned 
databases (STATMIN VZ, INEP and STATMIN ANOD) was created. Missing records and input variables 
required by the model but not contained in any of the above databases were modeled additionally using 
external statistics on the Czech population, the main source of which was the Czech Statistical Office, 
in particular. The added value of this database compared to the previous ones is therefore the addition 
of other variables that could be relevant to the creation of the model of sickness insurance. These can 
be, for example, education, marital status, number of children, status of person taking care of a child or 
status of person taking care of a family member.  

One row of the database corresponds to one individual and always summarizes his or her entire history. 
If any variable changes over the course of an individual's history (such as income), it is listed in several 
columns, where each column corresponds to one year. List of variables comprising the model point is 
presented in the following table. The dimension column shows the number of columns that belong to a 
given variable. Some of the items may not be relevant to the model of sickness insurance, however, we 
consider it appropriate to include a complete list.  

In the NEMO model, the spouse is modelled with each person, so each variable is listed twice in each 
model point – once for the main person and once for the spouse. The table shows a dimension for one 
person only. The dimensions of historical variables shown correspond to modeling at the end of 2017. 

Variable Format Dimension 
(per person) 

Data source Description 

ID Integer 1 INEP ID of the person 

INIT_EXCLUDED_TIME Number 1 Modeled Sum of excluded periods 

HIST_EXCLUDED_TIME Number 32 Modeled History of excluded peri-
ods 

INIT_GRS_SAL Number 1 STATMIN VZ Current nominal monthly 
income 

HIST_GRS_SAL Number 32 STATMIN VZ History of annual assess-
ment bases 

INIT_AGE_MP Number 1 INEP Age in years  
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INIT_ALIVE Integer 1 INEP 1 – living, 0 - dead 

INIT_CHILD_CARE Integer 1 Modeled 1 – takes / 0 – does not 
take care of a child  

INT_CHILD_CARE_YEAR
S 

Integer 1 Modeled Number of years of cur-
rent childcare 

INIT_CONTRIB_PERIOD Number 1 Modeled Sum of the contribution 
period in years 

INIT_CONTRIB_PE-
RIOD_EXTERNAL 

Number 1 Modeled Sum of the contribution 
period in years acquired 
abroad (> 0 only for immi-
grants) 

INIT_MARITAL_STATUS Integer 1 Modeled Marital status 

INIT_MARRIAGES Integer 1 Modeled The succession of the last 
marriage 

INIT_MARRIED Integer 1 Modeled 1 – is / 0 – is not married 

EDUCATION_MAX Integer 1 Modeled Highest completed educa-
tion 

EDUCATION_FIN-
ISH_AGE 

Number 1 Modeled Age at completion of 
edcucation 

INIT_UN-
EMPL_REQ_MTHS 

Integer 1 Modeled Number of months of in-
surance in past 2 years 
(entitlement to unemploy-
ment benefit) 

SEX_MP Integer 1 INEP 0 – male, 1 – female 

INIT_WIDOW_PERC_PE
NSION 

Number 1 STATMIN 
ANOD 

Percentage of widow's 
pension received 

INIT_WIDOW_PEN-
SION_TIME 

Integer 1 STATMIN 
ANOD 

Duration of the widow 's 
pension in months 

INIT_OSVC Integer 1 Modeled 1 – is / 0 – is not self-em-
ployed individuals 

INIT_DISABLED Integer 1 STATMIN 
ANOD 

1 – is / 0 – is not disabled  

INIT_DIS_PENSIONER Integer 1 STATMIN 
ANOD 

1 – receives / 0 – does 
not receive disability pen-
sion 

INIT_DIS_PEN_PERC Number 1 STATMIN 
ANOD 

Percentage of disability 
pension received  

INIT_DISABILITY_LEVEL Integer 1 STATMIN 
ANOD 

Level of disability pension 

INIT_YEARS_IN_DISA-
BLED 

Integer 1 STATMIN 
ANOD 

Duration of the disability 
pension in years 
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INIT_SERVICE_TIME Number 1 Modeled Sum of contribution period 
and all compensatory pe-
riods in years (except for 
childcare and dependent 
care, compensatory peri-
ods are counted with a 
coefficient of 0.8) 

HIST_SERVICE_TIME Number 32 Modeled History of sum of insured 
period and compensatory 
periods in years 

INIT_SERVICE_EXTER-
NAL_TIME 

Number 1 Modeled Sum of insured period 
and all compensatory pe-
riods in years acquired 
abroad (> 0 for immi-
grants only) 

INIT_CHILDREN Integer 1 Modeled Number of children (the 
maximum modeled num-
ber is 5) 

INIT_CHILDREN AGE Number 5 Modeled Age of the children 

INIT_CHILDREN_SEX Integer 5 Modeled Sex of the children (0 - 
boy, 1 - girl) 

INIT_CHILDREN_STA-
TUS 

Integer 5 Modeled Status of the child (un-
born, dependent, inde-
pendent, deceased, or or-
phan) 

INIT_OR-
PHAN_PERC_PEN 

Number 1 Modeled Percentage of orphan's 
pension 

INIT_TIME_IN_UN-
EMPL_NO_BEN_BEF_55 

Integer 1 Modeled Number of months unem-
ployed without benefits up 
to 55 years of age 

INIT_TIME_IN_UN-
EMPL_NO_BEN_AF_55 

Integer 1 Modeled Number of months unem-
ployed without benefits af-
ter 55 years of age 

INIT_FAMILY_CARE Integer 1 Modeled 1 – takes / 0 – does not 
take care of a family 
member 

INIT_PENSIONER Integer 1 STATMIN 
ANOD 

1 – receives / 0 – does 
not receive old-age pen-
sion 

INIT_PEN_PERC Number 1 STATMIN 
ANOD 

Percentage of the old-age 
pension paid 

INIT_PEN_WORK_OPT Integer 1 STATMIN 
ANOD 

1 – working pensioner, 0 
– other (not an old-age 
pensioner or not working) 

INIT_TIME_IN_PEN_WO
RK_OPT 

Integer 1 Modeled Number of months 
worked in retirement 

INIT_IN_PENSION_SYS-
TEM 

Integer 1 Modeled 1 fixed 

INIT_FUND_ANNF Integer 1 Modeled 0 fixed 

INIT_FUND_PEN_USED Integer 3 Modeled 0 fixed 
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INIT_MEM_IF Integer 1 Modeled 1 fixed 

INIT_STATUS Integer 1 Modeled Economic status (11 – 
employed, 21 – unem-
ployed, 31 – inactive) 

INIT_TIME_IN_STATUS Integer 1 Modeled 0 fixed 

INIT_STATUS_DURA-
TION 

Integer 1 Modeled The total time in months 
that a person spends in 
their current status 

INIT_TIME_IN_CUR-
RENT_STATUS 

Integer 1 Modeled Time in months spent in 
current economic status 

INIT_LAST_DIF_STATUS Integer 1 Modeled Assigns value INIT_STA-
TUS 

INIT_SUB_STATUS Integer 1 Modeled Sub-statuses (for em-
ployed status: 1 – healthy, 
2 – sick; other: 1 – re-
ceives benefits, 2 – regis-
tered at the unemploy-
ment bureau and not re-
ceiving benefits, 3 – not 
registered) 

INIT_TIME_IN_SUB_STA-
TUS 

Integer 12 Modeled 0 fixed 

INIT_SUB_STATUS_DU-
RATION 

Integer 1 Modeled Total length of illness in 
months in case of sick 
substatus 

INIT_TIME_IN_CUR-
RENT_SUB_STATUS 

Integer 1 Modeled Time in months spent in 
current substatus 

MTHS_TO_SALE Integer 1 Modeled 0 fixed 

INIT_STUDENT Integer 1 Modeled 1 – is / 0 – is not student 

Table 8: List of variables of the database of model points 

 Extension of STATMIN VZ 

The STATMIN VZ can now be connected with items from the statistical survey of ISPV (Information 
system on average earnings). Data of this type has been collected since 2008 for the salary sphere and 
since 2012 also for the wage sphere. It is data containing information mainly on salaries and wages and 
on hours worked and not worked, so it is a valuable source of data on employees' sick leave. The 
opportunity to connect the database with the existing STATMIN VZ database makes it possible to find 
dependencies between variables that relate directly to sick leave occurrences and other data from the 
STATMIN VZ database which is available for most employed people. The limitation of the use of ISPV 
data lies in the fact that it is only available for a part of the population and also in the method of selecting 
the reviewed statistical sample: the survey includes all civil servants and all large enterprises, but only 
a part of smaller businesses.  

The list of selected items from the ISPV database which is currently available to MoLSA is presented in 
the following table. A complete list of all database items can be found in the Data Element Catalog 
(Ministry of Finance, 2018).  

For the purposes of creating the sickness insurance model, we consider the detailed data on the hours 
worked and hours on sick leave in combination with income and education to be of particular importance.  
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 Variable Description 

ICO Identification No. (IČO) of the employer 

IDZAM Unique code of employee, constant in time, within the eco-
nomic entity during the ISPV survey 

ROKNAR Date of birth 

POHLAVI Sex 

STOBC Citizenship 

VZDELANI Highest education level 

MISTOVP Place of work 

CZISCO Code of classification of the relevant employment type 

EVIDDNY Number of calendar days from the beginning of the year to 
the end of the reference period when the employee was in 
the given employment in the registered number of employ-
ees. 

ODPRACD Employee’s hours worked in the given employment in cumu-
lation from the beginning of the year to the end of the refer-
ence period in hours including overtime hours 

ABSNEMOC Number of the set working hours not worked due to sick 
leave (or quarantine) in cumulation from the beginning of the 
year to the end of the reference period 

ABSNEMZ Number of the set working hours not worked due to sick 
leave (or quarantine) for which sickness benefits are not pro-
vided. It is therefore the first 14 days of illness when the em-
ployer pays the income compensation (including the first 
three unpaid days). The number of hours is quoted in cumu-
lation from the beginning of the year to the end of the refer-
ence period (from the ABSNEMOC item). 

MZDA Income accounted for in each month from the beginning of 
the year to the end of the reference period 

NAHRADY Income compensation accounted for in each month from the 
beginning of the year to the end of the reference period. The 
item does not include income compensation during the sick 
leave. 

NAHRNEMZ Income compensation during sick leave (quarantine) paid by 
employer in cumulation from the beginning of the year to the 
end of the reference period. Excluding the amount paid on 
top of the statutory entitlement. 

PRUMVYD Average earnings determined for income compensation of 
an employee in a given employment relationship. This is the 
average hourly earnings calculated from incomes for the last 
quarter of the reference period and used to calculate income 
compensation in the following quarter. 

Table 9: List of variables of the ISPV database 

 Statistics of Sickness Insurance for Self-Employed Individuals 

MoLSA has now aggregate statistics of distribution of the payments of sickness insurance of self-em-
ployed individuals and foreign employees. The data is broken down by annual sickness insurance con-
tribution bands and collected since 2010. The following indicators are monitored: 

• Total number of months in a given band of sickness insurance payment; 
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• Total number of insured individuals; 

• Number of insured individuals according to the number of insured months in a given year. 

Partial data is also available on the number of individuals covered by sickness insurance of self-em-
ployed individuals according to assessment base bands before 2009.  

Following the connection with other sources, we assume that this database will become a good source 
of information on behavior of self-employed individuals in different life situations.  

The database was newly acquired and did not undergo any quality control.  

 Database of Social Insurance for Self-Employed Individuals 

Another new source of information that MoLSA will soon have at its disposal is the database of social 
insurance of self-employed individuals for the period after 2013. Thanks to this additional information, it 
will be possible to better model compensatory periods after linking it to the INEP database.  

The structure of the database is very similar to STATMIN VZ. It shows the time periods in which the 
person was self-employed and the total assessment base for the year in question. For technical reasons, 
a person may have several entries in one year, each indicating a period of time in which the person was 
self-employed. The assessment base, however, will always be listed only for one of them.  

As of the date of the research completion no quality control of this database has been carried out.  

 SEE 

It is a group of databases containing information on sickness benefits. SEE databases are intercon-
nected through a common ID of the person. However, there is no link with the STATMIN VZ, INEP and 
ANOD databases used to create inputs for the NEMO model, which considerably limits the usability of 
the SEE databases. At present, efforts are being made to interconnect the databases by searching for 
unique identifiers and deploying mathematical models, but this project has not been accomplished by 
the completion date of the study. 

 SEE20 

Database containing information on employees’ sick leave. Data has been collected on a monthly basis 
since 2009. Each row in the database corresponds to one terminated sick leave. One person may be 
on multiple rows due to multiple terminated sick leave occurrences (either due to several illnesses during 
the year or one illness reported to multiple employers, if the person had multiple concurrent jobs). The 
list of data entries contained in the database is presented in the following table.  

Type of  

information 

Format Description 

Month and year of 
birth 

Date  

Sex Text „M” – male, “Z” – female, “N” – N/A 

ID of the person Integer The ID is identical in all SEE databases and is not identical to 
the ID of the person in the STATMIN VZ. INEP and ANOD da-
tabases 
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Settler type Text “ZAM” – employee, “SV” – self-employed individuals, “NEUV” – 
not specified 

NUTS Text Address code of the person on sick leave 

LAU Text District code of the employer (NUTS of the district according to 
the district social security administration (OSSZ) authorized to 
make decisions on the payment of the benefit) 

NUTS Text Address code of the doctor’s practice 

On a sick leave 
from 

Date Start date of the sick leave 

On a sick leave until Date End date of the sick leave 

Diagnosis Text Final diagnosis according to the code list (see 
http://www.uzis.cz/cz/mkn/seznam.html) 

Type of employment Integer According to the code list (see 
https://www.cssz.cz/web/cz/ciselniky) 

Type of sick leave Text “NEM” – sickness, “URZ” – injury, “KAR” – quarantine, “ ” - not 
specified 

Reason for ending 
illness 

Text According to the code list (see 
https://www.cssz.cz/web/cz/ciselniky), optional information 

Table 10: List of variables of the SEE20 database 

 SEE21 

Database containing information on the receipt of paternal postnatal care benefits. One row of the da-
tabase corresponds to one application for the benefit. One person can be listed on multiple rows for 
similar reasons as in the case of the SEE20 database (here in particular the concurrence of several 
employment relationships). Data has been collected on a monthly basis since the introduction of the 
benefit (February 2018). The list of data contained in the database is presented in the following table. 

Table 11: List of variables of the SEE21 database 

Type of  

information 

Format Description 

Month and year of 
birth 

Date  

Sex of the applicant Text „M” – male, “Z” – female, “N” – N/A 

ID of the person Integer The ID is identical in all SEE databases and is not identical to 
the ID of the person in the STATMIN VZ. INEP and ANOD da-
tabases 

Applicant Integer “1” – father of the child, “2” – insured person who has assumed 
the care of the child 

ID of the child Integer  

Settler type Text “ZAM” – employee, “SV” – self-employed individuals, “NEUV” - 
not specified 

NUTS Text Address code of the district social security administration 

FROM Date Date of commencement of paternal postnatal care  

TO Date Date of termination of paternal postnatal care 

Type of employment Integer According to the code list CIS_DRUHZAMESTNANI (see 
https://www.cssz.cz/web/cz/ciselniky) 

http://www.uzis.cz/cz/mkn/seznam.html
https://www.cssz.cz/web/cz/ciselniky
https://www.cssz.cz/web/cz/ciselniky
https://www.cssz.cz/web/cz/ciselniky
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 SEE22 

Database containing information on the receipt of long-term attendance allowance. One row of the da-
tabase corresponds to one allowance case or one attendance case. One person can be listed on multi-
ple rows with D mark (allowance case) due to multiple insurance relationships or alternation in the at-
tendance. Data has been collected on a monthly basis since 2018 (introduction of the benefit). The list 
of data contained in the database is presented in the following table. 

 

Type of  

information 

Format Description 

Month and year of 
birth 

Date  

Sex of the person 
attended to (type of 
case O) or sex of 
the applicant for the 
allowance (type of 
case D) 

Text “M” - male, “Z” - female, “N” – N/A.  

ID of the person Integer The ID is identical in all SEE databases and is not identical to 
the ID of the person in the STATMIN VZ. INEP and ANOD da-
tabases 

Type of case Text “D” – allowance case, “O” – case for the person attended to  

Settler type Text “ZAM” – employee, “SV” – self-employed individuals, “NEUV” - 
not specified 

NUTS Text Address code of the district social security administration 

OD Date Date of commencement of the long-term attendance 

DO Date Date of termination of the long-term attendance 

Number of days 
paid 

Integer Only for type of case D 

Daily assessment 
base 

Number Only for type of case D 

Diagnosis Text Only for type of case O 

Type of termination Text According to the code list 

Type of relationship 
to the person at-
tended to 

Text According to the code list 

Attendance case 
identifier  

Integer  

Table 12: List of variables of the SEE22 database 

 Other Data Available to MoLSA 

While the above databases are in the form of microdata, the sources in this chapter provide only aggre-
gate data and statistics.  

 General Information 

This is data relating to all benefits paid by the Czech Social Security Administration (ČSSZ). 

• Accounting report of the Czech Social Security Administration: 
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o Monthly information on premium revenues and expenditure on the benefits of sickness insur-
ance; 

o Number of payment cases; 

o Number of new payment cases for individual benefits of sickness insurance; 

o Number of days paid for sickness benefits and attendance allowance; 

o Breakdown by sex; 

o Data since 2007. 

• General information from the payment system: 

o Payment of benefits per District Social Security Administration; 

o Expenditure; 

o Number of new cases; 

o Number of days paid for all benefits under sickness insurance; 

o Breakdown by sex; 

o Data since 2009. 

 Sickness benefits 

• SEE18 - NEM: 

o Terminated cases of sick leave occurrences according to the duration with connection to the 
payment of the sickness benefits according to the daily assessment base; 

o Aggregate data for all of the Czech Republic; 

o Monthly data since 2010. 

• SEE06: 

o Open cases of sick leave; 

o Case statistics according to diagnostics groups; 

o Monthly data since 2011. 

• NEM UR: 

o Publication by Czech Statistical Office (ČSÚ); 

o Newly reported cases of sick leave; 

o Half-year data. 

• Publication by ÚZIS: 

o Terminated cases of sick leave. 

 Maternity benefit / Paternal Postnatal Care Benefit 

• SEE18 : 

o Terminated cases of maternity benefits / paternal postnatal care benefits by duration linked to 
payment of the sickness benefits according to the daily assessment base; 

o Aggregate data for all of the Czech Republic; 

o Monthly data since 2010. 

• SEE19: 

o Statistics of maternity benefits / paternal postnatal care benefits according to the bands of the 
daily assessment base and age structure (0 – 18, 19 – 49 for each year, 50+); 

o Benefits paid in the month generated with entitlement for the previous month; 

o Benefits paid in the month generated regardless of the month of entitlement; 
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o Breakdown by region. 

 Attendance allowance 

• SEE02: 

o Statistics of terminated cases according to the age structure of the person attended to; 

o Information for the Czech Republic and for regions (breakdown by district is also available for 
the year 2018). 

Extraordinary survey of 2009: 

o For each person attended to (mostly children), the number of occurrences of receipt of attend-
ance allowance from 1 January to 31 December 2009 and the duration of the receipt of this 
benefit were monitored. 

 Publicly Available Sources 

National Institute of Public Health 

This institute publishes information on the occurrence of a number of individual diseases in the Czech 
Republic, for example, the Register of Occupational Sicknesses, data on acute respiratory diseases and 
influenza, or data on infectious diseases. Thus, in all databases there is only a certain group of diagno-
ses. Even if all these resources are combined, not all diseases will be covered, so the source does not 
provide a comprehensive picture of the population's morbidity. The second limitation of the National 
Institute of Public Health data is that there is not always a more detailed breakdown, for example by age 
or sex.  

 Currently Unavailable Data 

In this chapter, we describe the data that MoLSA does not currently have, but the acquisition of which 
would expand the possibilities of modeling of sickness insurance. The procurement and utilization 
thereof is therefore one of possible ways to make the model more accurate.  

 SEE 20 Connected with Other Databases 

Connection of the SEE databases with other databases (STATMIN VZ, STATMIN ANOD and INEP) 
would make it possible to deduce the probability of receiving benefits of sickness insurance (and, for 
example, duration of sick leave occurrences) depending on income, previous illnesses and the like. 
Moreover, connection with the STATMIN ANOD database would make it possible to estimate the prob-
abilities of transition to disability. However, it depends very much on how reliable the assignment of 
records can be made – the more reliance is placed on statistical models, and the fewer persons can be 
identified unambiguously, the less useful the information which results from the connection will be.  

 Data on the Actual Morbidity of People 

The most natural way of modeling the sickness benefits is to first model events from which the befits 
can result (for example, the start of the sickness) and then verify compliance with the statutory conditions 
(e.g., required insurance period) and, if applicable, the individual’s willingness to apply for the benefit. 
For maternity benefits, paternal postnatal care benefits and pregnancy and maternity compensatory 
allowance, the relevant event is the child's birth (or conception) for which we have very good data from 
fertility tables of the Czech Statistical Office (here we disregard the emergence of the benefit through 
adoption, which is not very frequent and therefore has no significant impact on the model's results). 
Further data in this respect would not make the model significantly more accurate.  

For sickness insurance benefits, attendance allowance and long-term attendance allowance, however, 
this event is the beginning of the sickness. SEE databases are the best source from which its probability 
can be derived and which is available at the moment. These databases, however, only record the ben-
efits granted. We do not have any information about persons who, in normal circumstances, were cov-
ered by sickness benefit but who did not meet the statutory conditions for the payment thereof. This 
places limitations on the choice of modeling approach. Acquisition of a database from which the actual 
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frequency of the beginning of the sickness or, more preferably, the actual beginning of the sickness for 
a particular person could be derived, would relieve us of these complications. Similarly, acquisition of 
this database would open up other possibilities in deriving the impact of legislative changes on the will-
ingness of persons to claim benefits of sickness insurance. For more information on this issue see 
chapter4.7.2.  

 Data on Individuals’ Health Status 

The SEE databases show how often members of different demographic groups receive benefits. How-
ever, the likelihood of receiving the benefit depends largely on the health status of the individual, on 
which his or her history of receiving benefits may not provide sufficient information. More accurate than 
relying solely on history would be to monitor risk factors such as high blood pressure, BMI, smoker/non-
smoker status, or family medical history, for example like in the Australian morbidity model.  

 Data on People Living in the Same Household 

Benefits of attendance allowance and long-term attendance allowance are paid to people who take care 
of a sick member of the household. Currently, we do not have any information on which individuals form 
a common household. Such information would allow for more accurate modeling of these benefits.  

Similar information can be drawn from at least two different sources. The first is the EU SILC database. 
However, it contains data only for a sample of the population (several thousand households), therefore 
only general trends can be derived from it. But it can also be useful if we want to simulate members of 
the household randomly. Another source is the Czech Statistical Office and census data containing 
information on each individual in the Czech population. If this data can be linked to administrative data-
bases already used by MoLSA, the modeling of common households would be significantly more accu-
rate. However, there is no unique identifier contained in both databases, so the matching would have to 
be done using some more sophisticated statistical method, and it is uncertain how successful it would 
be. Moreover, the census is based on data updated only once in ten years and it would therefore be 
necessary to somehow simulate its development. 

Thus, we can see that use of these sources for linking would not be very accurate. In addition, once the 
illness in the family occurs, the composition of the household can easily change, for example, a sick 
parent can move to their child. Therefore, the refinement that the use of this data would help achieve 
would probably be insignificant.  

It would make sense to consider such a link if a database existed that would map family relationships 
across the population and would be updated on regular basis. While now it is possible to predict the 
benefit of attendance allowance only on the basis of the life situation of the person modeled, with such 
database it would also be possible to take into account the life situation of the family members. Even 
then, however, we would not consider linking databases as a priority, as it would probably not be easy 
to use them, and the volume of the attendance allowance and long-term attendance allowance is not 
high.  

 Data on Sensitivity of People to Legislative Changes 

The sensitivity of people to legislative changes in the rules for the payment of benefits of sickness in-
surance could be determined using an analysis of the data from the SEE databases from periods 
around the similar changes made in the past. The analysis is limited by the fact that the SEE database 
does not go far into the past. The following table lists the legislative changes made since 2008.  

Year Effective 
from 

Description of the changes Data availability (SEE) 

2008 1 January Introduction of the waiting period (i.e., no sick-
ness benefits for the first three calendar days) 

No 

2008 30 June Cancellation of the waiting period No 
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2008 1 September - Reduction of the rate for the calculation of the 
sickness benefit for the first 3 calendar days of 
the sick leave from 60% to 25%. 

- Sickness benefits are paid even in quarantine 
of less than 4 days. 

- Professional soldiers and members of the se-
curity forces are entitled to sickness benefits 
for the first 3 calendar days of the sick leave. 

No 

2009 1 January - Reintroduction of the three-day waiting period 

- Increase of the number of reduction limits for 
the calculation of the daily assessment base 
from two to three. 

- Employers began paying income compensa-
tion for the first 14 (later 21) days of the sick 
leave. 

Yes 

2010 1 January - Introduction of a single percentage for the 
calculation of the daily amount of the sickness 
benefit at 60%. 

- Reduction of credit of income for determina-
tion of the daily assessment base to the first 
reduction limit in maternity benefit and com-
pensatory allowance in pregnancy and mater-
nity from 100% to 90%. 

- Reduction of the percentage for the calcula-
tion of maternity benefits from 70% to 60%. 

- Introduction of a three-day waiting period u of 
attendance allowance. 

Yes 

2010 1 June Cancellation of previous changes (effective 
from 1 January 2010) on the amount of mater-
nity benefit, attendance allowance, and com-
pensatory allowance in pregnancy and mater-
nity. 

Yes 

2011 1 January The indemnity period for the sickness benefit 
begins on the 22nd calendar day of the sick 
leave (or quarantine), in the period of the first 
21 calendar days of the sick leave or ordered 
quarantine, the employer provides the em-
ployee with income compensation under the 
Labor Code (this measure is valid until 31 De-
cember 2013). 

Yes 
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2012 1 January - Days of unpaid leave of absence are newly 
included in the excluded days. 

- Changes in the regulation when determining 
the relevant period and probable income. 

- The period of studies, if successfully com-
pleted, is counted as the period of participation 
in sickness insurance, while establishing the 
condition of 270 days of participation in sick-
ness insurance in the last two years before 
starting receiving maternity benefit. 

- Sick leave it shall end on the 30th day follow-
ing the day on which the insured person was 
recognized as disabled, even if the doctor did 
not end the sick leave. 

- Increase in the income relevant for participa-
tion in sickness insurance by CZK 500 (to CZK 
2,500)). 

Yes 

2014 1 January Expiry of the transitional provision on the 
length of time when income compensation is 
provided (entitlement to sickness benefit there-
fore arises from the 15th calendar day of the 
sick leave) 

Yes 

2018 1 January From the 31st calendar day of the sick leave or 
quarantine, there is an increase from 60% to 
66% of the reduced daily assessment base, 
and from the 61st calendar day of the sick 
leave or quarantine, the rate is increased from 
60% to 72% of the reduced daily assessment 
base. 

Yes 

2018 1 February Introduction of the paternal postnatal care ben-
efit 

Yes 

2018 1 June Introduction of the long-term attendance allow-
ance 

Yes 

2019 1 July Cancellation of the waiting period No 

Table 13: List of legislative changes made 

Quantitative expression of people's sensitivity to a specific legislative change in the area of sickness 
insurance can be obtained using historical data as the magnitude of the change in the parameter mon-
itored (e.g., number of reported sick leave occurrences, average duration of the sick leave) after it has 
been applied. The choice of the time window in which the comparison takes place depends on the 
availability of the data and also on the type of the legislative change. For example, the impact of legis-
lative changes related to maternity benefits will be shown in a longer term than changes in the sickness 
benefit parameter. Furthermore, it cannot generally be assumed that legislative changes will affect all 
kinds of sick leave occurrences in the same way. For example, the introduction of the waiting period will 
probably have the most significant impact on short sick leave. The same effect must be kept in mind for 
the purpose of estimating the impact of the same legislative change with different parameter settings. If 
we focus again on the waiting period, its extension, unlike its introduction, is likely to have little effect on 
the number of short-term sick leave occurrences reported. 

Only legislative interventions for which historical data is available can be analyzed in this way. The more 
similar legislative interventions have been made over the period covered by the available databases, 
the better the estimate of the sensitivity of people to the change.  

In addition to the legislative changes of sickness insurance itself, it is necessary to take into account 
other influences which may change during the reviewed period and without the adjustment for which the 
values obtained may be deviated. An example of such external influence is the level of unemployment, 
which has a direct impact on the number of reported sick leave occurrences. It is therefore better to 
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monitor the proportion to the total number of employees in order to monitor the development of the 
number of sick leave occurrences adjusted for labor market developments. Even then, the economic 
situation may affect the number of reported sick leave occurrences indirectly – For example, it can be 
hypothesized that in times of economic crisis people will be more motivated to maintain their income 
and not claim a sick leave in spite of a sickness (Scheil-Adlung, et al., 2010).  

 Summary of the Research of Available Data Sources 

The foundation of the model lies with administrative data contained in several databases. Based on the 
three of them, the Model Point Database is created, which is a suitable source of information necessary 
to assess compliance with the legislative requirements for individual sickness insurance benefit entitle-
ments (see chapter 0). This database must be linked with the data on receipt of sickness insurance 
benefits of employees (SEE, see chapter 4.5) and self-employed individuals (see chapter 4.3). There 
are several ways to link the databases: 

• Connection using a common identifier (ideal state but currently unavailable); 

• Assignment of SEE records to records from administrative databases based on analyses that 
search for persons with identical or similar characteristics (see chapter 4.2). It can be expected 
that a unique person will not always be found and thus, for some groups of persons the assign-
ment will have to be finished using a statistical model.  

• Derivation of conditional distributions of individual parameters listed in SEE databases according 
to basic characteristics of a person (e.g. age, gender) and a subsequent random assignment of 
those parameters to persons from administrative databases based on those derived distributions 
(this approach to the least extent uses the full information available in the SEE database).  

Other resources currently available will play a rather complementary role. From data currently unavail-
able, besides the SEE linking, the data on actual morbidity of persons is potentially inteteresting, if it 
could be obtained in sufficient detail and with a sufficiently reliable connection to other sources. Another 
useful source could be data on the health risk factors of individuals (e.g., high blood pressure).  

One of the critical assumptions of the model of sickness insurance is the sensitivity of persons to legis-
lative changes in the system of sickness insurance. In principle, it can be inferred from the knowledge 
of historical data – information on the date and nature of the legislative change and the database of sick 
leave occurrences. However, there have not been many legislative changes in the past, so it cannot be 
assumed that a similar analysis will provide convincing results for any future legislative settings that the 
model user might want to test.  
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5 Research of Application Tools 

Choosing the application tool in which the model will be created is a crucial decision. Complexity of the 
implementation, user-friendliness and speed of run all depend on that decision, but it is also closely 
related to the choice of the modeling approach itself, as the technical limitations of some tools may make 
some modeling approaches impossible. Therefore, in this chapter we will describe the possible choices 
of an application tool for creating a model of sickness insurance of MoLSA and evaluate them in terms 
of the their needs.  

 Definition of Comparison Criteria 

We will evaluate application tools from several perspectives to best describe their overall suitability for 
MoLSA needs. We will monitor the purchase cost, i.e., the cost of the tool itself and the difficulty of model 
development in it, as well as the cost of operating the model, namely the difficulty of its use and running 
speed. The last criterion will be how proven they are in practice on similar types of tasks - although we 
are convinced that each of the tools can be used to create a microsimulation model (under the con-
straints described), less proven tools run a higher risk of unexpected complications.   

Now we will describe individual components of each criteria.  

Price: 

• Software license price; 

• Price of additional software platforms and tools to use as add-ons;  

• The price does not include the costs of software development or maintenance - these are in-
cluded in the next paragraphs.  

Estimated development demand: 

• Difficulty of using the given programming language; 

• A number of prepared modalities and packages; 

• Difficulty of introducing parallel computing, i.e., the option to split the calculation into multiple 
cores. Parallel computing can have two variants:  

o Static – model points do not interact; the result of one model point is not affected by the results 
of other model points;  

o Dynamic – model points do interact with each other. In the context of MoLSA, this happens 
especially when some types of calibrations are introduced: for example, if we specify the exact 
number of sick individuals that the model should predict in a certain period.  

• Possibility to test unit functionalities or to run individual persons (“unit test”).  

Estimated demand on use, transparency, auditability: 

• Availability of graphical interface;  

• Availability of intuitive spreadsheet management tools and run set-up tools;  

• Reporting tool availability; 

• Visualization of outputs;  

• Option to monitor the calculation process (debugger).  

Practical proof with similar task types:  

• Information about microsimulation models that have already been created using this platform. 

Running speed:  

• Estimated speed compared to other available solutions. It depends mainly on used programming 
language.  



 

48 

 

 Prophet Professional 

Prophet Professional is an integrated suite of actuarial systems used primarily by insurance companies 
to perform actuarial calculations including profit and reserving projections, asset liability modeling, sto-
chastic modeling and risk management. 

The software includes actuarial libraries that are engineered separately from the modeling system. 
These libraries can be customized andused in many fields. Although Prophet is primarily intended as 
actuarial software, it can also be used in areas not directly related to financial mathematics, such as 
microsimulation models of the pension system: NEMO in the Czech Republic, NYIKA (Round table for 
pensions and aging, a working group set up to identify pension reform options) in Hungary, ZUS models 
in Poland or CNPP in Romania.  

An important argument in favor of the Prophet system is the fact that MoLSA already owns the NEMO 
model created in this system. A large part of the functionalities (for example, parts of the model related 
to the calculation of the assessment base) could be transferred to the sickness insurance model. In most 
cases, only minor adjustments would be needed, with the possible change of the time step being the 
biggest change (in the NEMO model, the time step is set to one month; in the simulation of sickness 
insurance, it makes sense to consider also a different length of time step). Furthermore, MoLSA analysts 
already have a direct experience with Prophet the NEMO model,and, last but not least, MoLSA owns all 
necessary licenses.  

Prophet allows easy table management, including switching between different table sets used for differ-
ent purposes. In addition, it is possible to have different versions of the code clearly separated in one 
model, differing, for example, by purpose or population for which they are relevant.   

An important characteristic of this version of Prophet is that individual persons are always run gradually 
– the calculation for the next person will start only after the calculation for one person has been com-
pleted and the results have been saved. This has several consequences:  

• If multiple cores are available, Prophet can easily use them in parallel;  

• Memory requirements are insignificant as only the data of persons in a single run need be avail-
able in memory at a time;  

• On the other hand, it is difficult to introduce any dynamic behavior where results for individual 
persons depend on other persons.  

Another significant advantage of Prophet is the presence of a preview of the model called “diagram 
view” in which all the variables are sorted into a tree according to their continuity. This makes it easy to 
track which parts of the code are affected by a particular variable or input table. Run results can also be 
viewed in this tree view – together with the diagram, the user can see for all times the value of the 
variable being viewed, the value of all the variables from which the variable being viewed is calculated, 
and those that depend on it. This makes the search for errors much easier. For illustration, we have 
included an example of this view with one of the variables of the NEMO model.  

Illustration: “diagram view” in the Prophet tool 
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Conversely, the Prophet tool itself does not allow for viewing the results in a convenient way within the 
tool – it offers either the above diagram or a large table of all variables reported for all times. However, 
this deficiency is quite well compensated by an extension for MS Excel which is provided together with 
Prophet. It is a plug-in that enables download of only those variables and those times to MS Excel. When 
the same model is run again, it may be necessary to make some minor adjustments to the reporting tool 
(e.g., shift the initial projection time), however, these operations are not time-consuming and do not 
require deep technical knowledge of Prophet. It is also possible to export results from Prophet to a 
database, although the easiest way is to use paid extensions. 

Summary of Basic Characteristics 

Price: MoLSA already owns a license for Prophet, and because the sickness insurance model will be 
used by same analysts as the NEMO model, we see no reason to buy additional licenses. When acquir-
ing additional licenses, a price of several thousand euros per user per year should be expected. The 
exact price is a result of business negotiations between FIS (the company developing and providing 
Prophet) and the customer.  

Estimated demand on development: We consider development in Prophet to be generally rather easier. 
Introducing complex stochastic transitions between statuses or to use advanced statistical functions 
which are not implemented in Prophet may present some difficulty. The development will be greatly 
facilitated by available functionalities from standard libraries or the NEMO model.  

As it is standard actuarial software, there are several potential suppliers on the Czech market who can 
prove their experience with actuarial modeling directly in the Prophet system. On the other hand, we 
would expect that experience with creating a microsimulation model as such is rather rare.  

Estimated demand on use, transparency, auditability: Running the model is simple and does not require 
any programming knowledge. We consider it necessary to accompany the model in Prophet with a tool 
for preparation and management of tables and another one for reporting results. However, both can be 
created easily, for example in MS Excel. The software includes good error-finding tools.  

Degree to which they are proven on similar task types: Prophet was used to create pension insurance 
systems, for example, in the Czech Republic, Hungary, Romania and Poland, and many other actuarial 
models.  

Running speed: Runs in Prophet are fast relative to other tools (speed corresponds to using code com-
piled in C++ to which the code in the Prophet system is translated in the background). If the use of 
dynamics (see above) is not required, speed is increased by the fact that Prophet does not hold data on 
a large number of policyholders in memory at one time, thus avoiding excessive memory requirements, 
while allowing easy-to-use and completely transparent parallel computing. 

 Prophet ALS 

Prophet ALS is a flexible library that provides a range of features for sophisticated modeling of the 
assets, liabilities and the related capital position of an insurance company. It is a dynamic library devel-
oped to project decisions of the management of an insurance company in response to the development 
of the entire insurance portfolio and, on the other hand, the responses of all policyholders to the assigned 
yields, bonuses and other incentives in a given month. 

In addition, the ALS library provides insurers with a framework for performing stress testing and scenario 
analysis on their businesses.  

A characteristic feature of ALS is the fact that the calculation of individual model points does not occur 
gradually for individual model points, but gradually by time intervals, when all values for each model 
point are calculated in each time interval. This is made possible by the fact that the entire model is based 
on variables (so-called extended formulae) which always process calculations of all modeled persons 
in the internal cycle. As a result, these variables typically have a complex structure and can often grow 
to several thousand rows. A typical reason for this is that it is necessary to calculate a number of inter-
related values related to each model point within one cycle across all model points.  

Because all persons are modeled at once, Prophet ALS places considerable demands on computer's 
operating memory.  

Therefore, unlike Prophet Professional, Prophet ALS lacks several important benefits: Memory require-
ments are significant because all persons are computed at the same time, and error search in the large 
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extended formulae is difficult and the tree view will not help. Using ALS or a similar modeling approach 
in an own library directly only makes sense if the interaction of the results of all persons (typically the 
set-up of the rules for the distribution of insurance profit among policyholders) is an essential part of the 
model. When modeling a health insurance system, such a model structure could be considered in a 
modeling approach using some form of dynamic calibration of projected values across the modeled 
portfolio.  

Summary of Basic Characteristics 

Price: The acquisition of the ALS library can cost several tens of thousands of euros and an annual 
license renewal can cost several thousand euros. In case of health insurance modeling, however, the 
development of an own library would be more appropriate, using only similar approaches and principles 
as the ALS library. Own library does not mean additional cost for the purchase of the software.  

Estimated demand on development: In general, development in ALS is more difficult than development 
in Prophet Professional. Here too, it can be expected that many functionalities can be taken from stand-
ard libraries or from the NEMO model, however, the necessary adjustments and developments will be 
more extensive and time consuming.  

As in the case of Prophet Professional, we do not expect finding a supplier to be a major problem.  

Estimated demand on use, transparency, auditability: Difficulty of use is similar to that of Prophet Pro-
fessional, but it is more difficult when searching for errors.  

Degree to which they are proven on similar task types: Prophet ALS is commonly used for actuarial 
models of commercial insurance companies. We are not aware whether it has ever been used to model 
sickness or old-age pension (retirement) benefits.  

Running speed: Running speed is comparable to Prophet for a low number of persons. For a high num-
ber of persons (for example, in modeling the entire population of the Czech Republic), it can be expected 
that the running speed will decrease significantly due to the limited use of parallel computing. The size 
of the operating memory also poses a limit on the number of model points. ALS users typically do not 
exceed the number of tens to hundreds of thousands of model points in a single model. 

 JAS-mine  

JAS-mine (Java Agent-based Simulation library - Modeling In a Networked Environment) is a Java plat-
form that aims at providing a unique simulation tool for multi-agent and microsimulation models (JAS-
mine documentation). The advantage is a large number of built-in functionalities and high degree of 
modularity.  

The main added value of the platform is:  

• integration of input and output (I/O) communication tools in the form of embedded RDBMS (re-
lational database management systems) tools – this is done using the DataExport class; the 
export is then controlled by a Boolean field “exportToDatabase”; 

• Automatic CSV table generation – exporting to CSV is faster than exporting to a database, so it 
may be more convenient if you need to optimize your run speed. The export is done using a 
simple command “exportToCSV”; 

• Multi-run mode – a tool allowing sequential execution of simulations to estimate stochastic errors 
of simulations, facilitating analysis of designed experiments and optimization of simulated out-
puts; 

• Sophisticated regression libraries that allow a complete separation of regression specifications 
from the code, and permit uncertainty analysis of the model outcome by bootstrapping the esti-
mated coefficients across different simulation runs – JAS-mine supports, for example, linear re-
gression, logistic regression, probit regression, multinomial probit regression or multinomial lo-
gistic regression. The respective classes can be found in the package microsim.statistics.regres-
sion.  

While some platforms for microsimulation, such as Prophet or LIAM2, work only in regular time  steps 
("discrete time"), in JAS-mine the time is a continuous variable. It means that JAS-mine is able to pro-
cess complicated isolated events that are scheduled at irregular time intervals or, as the case may be, 
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sampled from an exponential distribution. This allows a finer choice in finding a compromise between 
model speed and granularity of the time intervals modeled.  

JAS-mine is completely free. In addition, there are freely available sample models which can be used 
as a basis for the implementation the sickness insurance model.  

Java, on which this platform is based, is a widespread programming language. There  is a large number 
of freely available packages that can potentially facilitate further development of the model or add addi-
tional functionalities, and so it will be easier, where necessary, to get external support for such adjust-
ments, or hire an employee who already has experience with Java.  

One of the common recommended tools for Java code editing is, for example, Eclipse or IntelliJ. They 
provide many tools and functionalities for creating and managing projects, writing code, debugging and 
running programs. Although some more advanced versions of these tools (unlike the JAS-mine platform 
itself) can be available for a fee, the price is not limiting – for example, a license for the commercial 
version of IntelliJ costs CZK 12,290 for the first year, and the price is lower when renewed for another 
year. In addition, a free version is available, which is sufficient for many applications.  

When installing JAS-mine, it is necessary to pay attention to the compatibility of all necessary compo-
nents. For example, Eclipse has several versions, and JAS-mine does not work in all of them (for ex-
ample, Kepler is unsuitable, but Luna and Mars are suitable for JAS-mine).  

In 2021, Oracle will stop supporting and updating Java 8 which is used by JAS-mine. There are several 
ways to address this situation: using Java 8 without support, switching to the newer Java 11, or starting 
using a solution from a provider other than Oracle (there are several providers of different versions of 
Java, for example Amazon, IBM, SAP, etc.). These solutions generally differ in licensing terms, availa-
bility of customer support, and whether the provider releases updates (for example, to ensure security) 
and how frequent they are. Another difference may be the complexity of installation on MoLSA servers 
and connecting them to the existing infrastructure. Suppose in general, a solution on how to use JAS-
mine in MoLSA environment also after termination of support will be found, but at the moment it is not 
clear how complicated this solution will be and whether there will be additional costs involved.  

Summary of Basic Characteristics 

Price: free software; it may be advisable to purchase also a developer tool for Java at the price of ap-
proximately CZK 10,000 per user per year.  

Estimated demand on development: For analysts without Java experience, it may be difficult to make 
even relatively minor modifications to the code. For developers well versed in Java, the development of 
the code itself is not very difficult, as it is a relatively narrow program without too much branching. How-
ever, it can be expected that most programmers mastering this language will not have much experience 
with demographic projections. Therefore, a detailed technical specification will need to be developed for 
any outsourced adjustments.  

Estimated demand on use, transparency, auditability: User-friendly environment with well-organized vis-
ual tools. The user effort required to run the model is low. The JAS-mine website offers help for launching 
a demo model. Depending on the IT environment itself, the more challenging part might be the initial 
installation and commissioning and subsequent software upgrades such as to set up and subsequently 
maintain the cooperation of all software components used. A debugger within a separate developer tool 
(e.g., Eclipse) must be used to trace back how and from what the concrete result values were calculated.  

Degree to which they are proven on similar task types: The JAS-mine platform was used to model mor-
bidity within a grant of the Italian region of Piedmont. There are also sample models that can be down-
loaded and modified. They include for example: 

• Demo07 – a model of households' life situations, such as divorce or unemployment; 

• ModelABM – model of bank loans to households. The modeled items are the wealth of house-
holds and its impact on the volume of provided loans, as well as the specifics of the banking 
market, including the decision of the monetary authority on interest rates and loan conditions.  

These models are available on the website of JAS-mine (JAS-mine demo models).  

It is not proven to be used on large tasks (tens of millions of model points). 

Running speed: the speed of Java code Java is generally lower than that the speed of compiled C/C++, 
but Java still includes the just-in-time compilator and in principle allows the use of multiple processors. 
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We therefore expect a moderate running speed, which is still acceptable for MoLSA. JAS-mine also 
includes functionalities that do computation across all model points. Their potential use will be signifi-
cantly limited by the possibilities of parallel computing and hence the speed of the run. 

 LIAM2 

LIAM (Life-cycle Income Analysis Model) has been used to create many micro-simulation models, such 
as the Irish dynamic cohort pension model or the indirect tax and consumption model for EU15 which 
was a part of EUROMOD (O’Donoghue, Lennon a Hynes, The Life-Cycle Income Analysis Model 
(LIAM): A Study of a Flexible Dynamic Microsimulation Modelling Computing Framework). Its develop-
ment continues and it is currently freely available in a version called LIAM2. Specification of LIAM mod-
els is made in a separate language derived from Python, and the underlying files are also written in 
Python (e.g., a file containing the mathematical functions which are available in LIAM2).  

The objective of LIAM2 is to offer professionals a flexible and modular platform on which they can create 
almost any model without having to worry about technical details (LIAM2 user guide). The user's only 
task will be to introduce the specific model specifics into the platform. LIAM2 therefore contains mainly 
basic mathematical and statistical functions, commands to generate a random number from a series of 
probability distributions, and functions controlling the life cycle of model points (creating, copying, delet-
ing).  

The output from LIAM2 is defined directly in the model, so the user chooses which entities (e.g., persons 
or households) he or she want to list, at what moment and what in which of their properties he or she is 
interested. The outputs can have a format hdf5 or csv. They can be viewed either using the LIAM2 
console, or using any common tool. LIAM2 also includes embedded functions for generating charts.  

LIAM2 directly includes only a limited number of functionalities. However, since it is based on the Python 
programming language, there are a large number of freely accessible different packages to extend the 
model's capabilities.  

Error search can be performed either by analyzing the results or by using a console that makes it pos-
sible to monitor the values of each variable step by step during the projection. 

Model of LIAM2, similarly to Prophet ALS, runs all persons at the same time per period. This results in 
high computer memory requirements and limited parallel computing possibilities.  

The LIAM2 package includes: 

• Executable file; 

• Text editor (Notepad++), preconfigured to work with LIAM2 models; Notepad++ is a free, open 
source text editor; 

• Preconfigured in such a manner that you can import csv files and run custom models directly 
from the editor by just pressing F5 or F6; 

• Documentation in the format of html, pdf and chm (windows help); 

• Demonstration model with synthetic data files of 20,200 persons group into 14,700 households.  

Summary of Basic Characteristics 

Price: free  

Estimated demand on development: We consider specification of a model using the functionalities which 
are located in LIAM to be moderately difficult: it is performed using a simple and understandable pro-
gramming language, but it is difficult to write the specification of a larger model in a clear way. It might 
be necessary to add new functionalities by modifying the internal code in Python. Given the availability 
of a large number of packages and the fact that Python is a widely used language, we do not think that 
it is a particularly difficult task.  

One cannot expect that it will be possible to find a larger number of suppliers in the Czech environment 
who will be able to demonstrate experience directly with the creation of microsimulation models in LIAM. 
However, it should not be difficult to find those who have experience with Python and with statistical 
modeling.  
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Estimated demand on use, transparency, auditability: Running the model itself is very simple. Transpar-
ency is reduced by the fact that it is not entirely straightforward to distinguish between inputs and outputs 
associated with different runs (for example, sickness benefit forecasts under different law settings). A 
step-by-step calculation in the console is available for troubleshooting, but some useful views may not 
be easily available (for example, a view of the evolution of the variable over time).  

Degree to which they are proven on similar task types: LIAM2 is now used regularly in the development 
and use of the MIDAS model for Belgium. 

Modularity: Very flexible and modular. However, there is a risk of loss of clarity when creating a complex 
model.  

Running speed: low: LIAM2 runs all persons at the same time, which puts very high requirements for 
operating memory. In addition, LIAM2 is based on the Python language which is interpreted during the 
run, and its goals do not include speed optimization. At the same time, in normal use, LIAM2 does not 
envisage parallel execution of computations for individual model points and subsequent merging of the 
results of these parallel calculations. 

 STATA  

STATA (STATA) is a statistical software with a wide range of applications: 

• Data processing; 

• Statistical analyses; 

• Simulations; 

• Regression; 

• Visualization;  

• Programming of own functionalities. 

The basic interface of STATA is a command line, but higher versions of the program also offer a graph-
ical interface with easy access to all built-in functionalities. It is possible to use a spreadsheet editor to 
view and edit data inputs. STATA supports import of many different formats (e.g., unformatted text, CSV, 
xls, etc.). The user community is broad, making various open source packages available with additional 
functionalities for specific applications.  

Because it is a specialized statistical software, it offers a number of mathematical and statistical func-
tions which can be used when developing a model, for example to generate values from random distri-
butions. This will greatly facilitate both the creation of the model and its further development.  

In STATA, it is also possible to easily examine aggregate results: functions for calculating aggregate 
statistics (average, quantiles) or for visualizing results in graphs are available.  

The main disadvantage of STATA is that it keeps entire input databases in memory, which creates 
limitations for working with extremely large data files. In addition, STATA does not make it possible to 
work with multiple datasets at the same time. However, we believe that in the case of MoLSA model, 
this limitation would not be difficult to overcome.  

Another disadvantage of the tool is the limited capability for parallel computing. The best option in this 
respect is the ‘parallel’ package, which makes it possible to run procedures in STATA in parallel in-
stances and to control on which core which instance is computed. It would be possible to distribute the 
calculations of individual model points to cores. However, the effectiveness of such a solution would 
suffer due to the fact that cores need to be specified for each model point already at the start of the 
parallel computing procedure or, more precisely, the input data needs to be divided into several groups 
and each group will then be calculated on a different core without parallel computing. This solution can 
also be used only when the calculations for individual persons are independent of each other.  

The STATA software has already been used to create the LATAX model (Abramowsky, et al., 2015): a 
microsimulation model developed by researchers from IFS (Institute for Fiscal Studies) as a public tool 
for analyzing future tax reforms, primarily in Mexico, El Salvador and other Latin American countries. 
The model is freely available for non-commercial purposes but requires installation of the STATA soft-
ware.  
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LATAX is a model which makes it possible to quantify the income and impact of tax reforms by calcu-
lating taxes for each household. It makes it possible to set assumptions in two ways: 

• The behavior of individuals will not change depending on tax changes; 

• Individuals will respond to the changes induced by tax reforms within the limits set by the follow-
ing parameters: 

o Labor supply - elasticity of the impact of these changes on the labor market; 

o Transfer of tax liability - elasticity of the impact of tax changes on the transfer of tax liability 
(resulting from indirect taxes) from producers to consumers; 

o Price elasticity - price changes caused by tax changes. 

The impact of the changes studied are always calculated as of one time point. The tax structure in the 
model consists of four basic components: 

• Income tax; 

• Value added tax; 

• Excise duty (consumer tax);  

• Social security payments. 

Detailed data on households, which are the basic unit modeled, form the model input. It contains demo-
graphic data and information on the incomes and expenditures of families, which can be obtained from 
administrative data, possibly through a selective survey. 

LATAX consists of several modules: 

• Interface module: 

o Definition of analyses to be performed; 

• Parameter module: 

o Definition of the reform parameters (one basic tax system and a maximum of two reform ver-
sions); 

• Calculation module: 

o This module does not depend on the type of tax system and therefore does not need to be 
changed in most cases. 

It allows for analysis of a large number of tax reforms of various kinds without a deeper understanding 
of how the model calculates the taxes. The output of the model is a dataset containing information on 
income, expenses and tax payments for each household and graphically processed summary results. 

With respect to the fact that the LATAX model was created for a relatively narrow range of applications 
(tax reforms), it would probably be difficult to adapt the model for other applications. Nevertheless, some 
functionalities will be the same as in sickness insurance models – microsimulation approach, running 
each person in the population individually, the principle of generating random events, monitoring popu-
lation development over time. In this respect, LATAX can serve as a good basis for a new model. 

Summary of Basic Characteristics 

Price: license for STATA for one user per: 

• 1 core: USD 765 a year; 

• 2 cores: USD 895 a year;  

• 4 cores: USD 995 a year. 

Model LATAX can be obtained for free, but the licenses for STATA will still be necessary.  

Estimated demand on development: The demand is significantly increased due to the fact that it is nec-
essary to use two programming languages for programming in STATA: 

• Ado – basic commands to write scripts and programs; 

• Mata – byte-compiled language with syntax similar to C/C++. 
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Finding a developer who understands these languages and has experience in building larger models 
may not be trivial. On the other hand, development will be facilitated by taking over the basic function-
alities from the LATAX model (at least the basic model structure and population development over time).  

We assume that finding a contractor with experience in working with STATA will not be a major obstacle.  

Estimated demand on use, transparency, auditability: User-friendly environment with graphical interface. 
It is necessary to know the programming languages used in STATA.  

Degree to which they are proven on similar task types: The LATAX model created on the STATA plat-
form was used to analyze the impact of tax changes in Latin American countries (e.g., Mexico, Ecuador). 

Running speed: low, since the entire input database must be in memory at all times during the run and 
parallel computing options are limited. Due to the STATA limitations, it may not be possible to run the 
entire population of the Czech Republic at all.  

 Modgen 

Modgen (Model Generator) is a generic programming language developed in Canada for the creation, 
maintenance and documentation of dynamic microsimulation models (Claud, 2008). Modgen includes a 
pre-compilator used for compilation to C++. This program is a freeware available at the website of Sta-
tistics Canada (Statistics Canada). The use of this model requires installation of Visual Studio, version 
2015 or 2017.  

Modgen offers two types of modeling approaches with respect to the required output: 

• Case-based models: 

o The main output is the life paths of individuals; 

• Time-based models: 

o The output consists of aggregate statistics (the simulation runs across the entire population 
over a selected time interval). 

The model’s data unit is the so-called actor. Depending on the purpose of the simulation, it may be, for 
example, an individual or a family. The following attributes are the input for the model: 

• Statuses – all relevant information describing the state of the modeled unit; 

• Events – events leading to a change in the modeled unit status, defined by two functions: 

o Function that determines when the event occurred (it does not have to be constant); 

▪ The functions may depend on the state of the modeled unit; 

▪ They may change if an event occurs; 

o Function defining the impact of an event on the state of the modeled unit; 

• Functions – custom defined functions; 

• Hooks – link functions with events, or functions with each other; 

• Links – dependencies between modeled units (e.g., family relations); 

• Parameters – simulation parameters; 

o Input – entered directly by user; 

o Generated by the model – determined during the simulation. 

The results are generated in the form of tables: 

• Tables – tables with predefined aggregate results; 

• User tables – tables created according to user needs.   

No advanced programming skills are required to operate the program. In addition, a number of useful 
functionalities are already implemented (e.g., event queuing, creating a separate executable program 
with a complete visual interface), and detailed documentation for the model is available. The above is 
only necessary for the basic use of an already created model, where the user, for example, wants to 
change the predefined parameters or generate results in a predefined format. However, if the user wants 
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to make more substantial changes to the model (e.g., to define new events, add new parameters, gen-
erate their own desired output in the form of tables (user tables)), at least a basic knowledge of the C++ 
programming language is a prerequisite.  

One of the advantages of this solution is the high running speed: Modgen allows parallel computing 
(which is included, for example in the demonstration model RiskPaths) and the C++ language itself is 
very fast. According to our indicative estimates based on the start of the RiskPaths model, the speed of 
the run does not decrease with increasing number of model points more than linearly.  

In addition, Modgen allows simulation both in discrete time and continuous time.  

Summary of Basic Characteristics 

Price: Free, but requires installation of the professional edition of Visual Studio (license price: USD 1,199 
a year). 

Estimated demand on development: The language of Modgen is an extension of C++ which is one of 
the more demanding languages. Therefore, analysts without experience in this language will find any 
development difficult, even if it is only minor adjustments. However, as it is a widespread language, it 
will not be difficult to find external support. However, similarly to JAS-mine, it can be expected that C++ 
programmers typically will not have experience with demographic projections and will therefore need a 
detailed technical specification.  

Estimated demand on use, transparency, auditability: Modgen offers a user-friendly environment with a 
full visual interface. 

Degree to which they are proven on similar task types: Modgen was used to create the Canadian model 
LifePaths which models the Canadian population in detail (including demographic events, health, edu-
cation and work). Other examples include the population projection model in Mauritania or the freely 
available demonstration model RiskPaths.  

Run speed: C++ is a compiled language which offers a wide range of optimization options. Compared 
to alternative solutions, it is therefore possible to achieve high speeds of the runs, even when performing 
calculations for millions of model points. Modgen also allows for increasedrunning speed through paral-
lel computing.  

 R 

It is an open-source tool primarily designed for statistical analysis, but a number of libraries is available 
for other applications, and therefore many mathematical and statistical functions are available (W. N. 
Venables, 2020). The community of users is very broad and there is a wide range of tutorials and an-
swered questions available, making it one of the most user-friendly tools in terms of availability of infor-
mation.   

In addition, R can work very effectively with vectors and matrices. This enables both simple coding and 
fast execution of functions, for example for multiplication of matrices or cumulative sum of a series of 
values stored in one vector, and a better organized code. If we want to perform the same operation for 
several different elements (e.g., persons or years), it is possible to work with the vector of all these 
elements and to avoid less transparent cycles. In this way it is possible to solve not only basic arithmetic, 
but also, for example, generation of values from random distribution or assignment of values from tables.  

R is a standalone interpreted programming language, but its built-in functions are written in C. Therefore, 
as long as the user is limited to using those functions, the model will run very fast. The slowdown com-
pared to C will start especially when more cycles are introduced into the model.  

There is a console available for troubleshooting, where the user can follow the progress of each variable 
step by step. At every time, the user automatically sees the current status of all variables in memory and 
can examine them in detail using a command in the console. In some cases, such steps take the user 
from the user code all the way to the code of a particular function in R or its packages.  

R seeks to be a user-friendly language that always tries to find such an interpretation of a command that 
it is able to perform. For example, when working with individual variables, it changes their data types to 
always suit the desired operation. Similarly, if we want to multiply the matrix by a vector whose length 
does not match the matrix structure, R calculates the result based on a certain convention on which 
element of the vector should be assigned to which elements of the matrix. This user-friendliness means 
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that the code is clearer and the user can concentrate his or her capacity on writing the calculations 
themselves, but on the other hand, there is a risk that R somehow interprets also an incorrect code.  

A typical source of this type of error is the matrix structure of the R language. As soon as the code 
contains a larger number of transpositions, selections of vector subsets (and subsequently subsets of 
these subsets) and matrices with more than two dimensions, it is easy to associate the wrong elements 
with each other. In this case, the calculation can be performed very easily despite the error because R 
always tries to find a feasible interpretation of the assignment. Finding such errors can then be difficult 
and, in particular, it may not be immediately apparent from the results that there is an error. Thus, the 
matrix structure is a major advantage of R (a very substantial one) but, at the same time, a potential 
danger that needs to be taken into account in development and testing.  

For microsimulation purposes, the MicSim package has been created, in which a generic microsimula-
tion model is implemented, applicable to a wide range of demographic applications. The basic unit of 
the model is the individual's life path, which is defined by the sequence of its statuses and the time 
intervals between them. In addition to random events, MicSim makes it possible to specify deterministic 
events (events with unit probability). Two basic models of random processes are implemented in the 
package: 

• Homogeneous, continuous-time Markov process: 

o The transition probabilities do not depend on the previous path (only on the current status); 

• Nonhomogeneous, continuous-time Markov process: 

o The probability of a transition may depend on the time spent in a given status. 

The model requires the following input data: 

• initPop –initial population; 

• simHorizon –simulation time horizon; 

• maxAge – the maximum age up to which that individuals are monitored in the simulation; 

• stateSpace – set of states (transitional and absorption); 

• transitionMatrix – transition matrix.  

The model works with the so-called open population and allows the entry of new individuals (or, as the 
case may be, migrants). If more computational cores are available, the calculations can be divided and 
run in parallel. 

The output of the simulation is a list of events where the transition between defined statuses occurred. 
This output format is not entirely suitable for monitoring the development of population statistics over 
time. Although there are a number of visualization tools available in R, the MicSim package does not 
yet offer any functions for simple graphical processing of outputs. However, it is possible to use other 
available packages for visualization. For example, functions from the Biograph package can be used to 
plot the life paths of individuals in the form of a Lexis diagram. 

Summary of Basic Characteristics 

Price: Free 

Estimated demand on development: medium – development will be greatly facilitated by the existence 
of various packages, but many functions will have to be programmed from scratch. In addition to creating 
the model itself, it will be necessary to create tools for managing tables and reporting results. Especially 
working with results may not be straightforward when using the MicSim package. Testing can be slightly 
more challenging as opposed to other solutions because, in addition to the behavior of individuals, it will 
be necessary to test it for incorrect assignment of data for one person to a different person.  

In the Czech Republic, R is widespread and used for many types of statistical analyses and for other 
calculations. However, since microsimulation is not among the best-known applications of this program 
or among the most typical tasks that statisticians solve, we do not expect that potential suppliers will be 
able to demonstrate wide-ranging experience in this regard.  

Estimated demand on use, transparency, auditability: R is very easy to run during development through 
tools such as RStudio, during batch execution, including but not limited to via MS Excel interface, or 
less pleasantly, but also relatively easily, using a communication interface in the form of a command 
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line. Using table management tools or results reporting is also quite easy once they are created. Finding 
errors can be difficult.  

Degree to which they are proven on similar task types: R has been used to create the R-Taxben model 
describing the impact of tax changes. 

The great advantage is that R itself is widely used and therefore well tested on data-intensive calcula-
tions. Moreover, if the local run of R is no longer sufficient in terms of computing capacity, it is possible 
to consider distributing the calculations through a solution such as Apache Hadoop/MapReduce, Apache 
Spark, Microsoft Machine Learning Server, etc.  

Running speed: We expect a moderate running speed - lower than in case of the solutions based only 
on a compiled code, e.g., in C, but still acceptable. Speed is positively influenced by the number of 
functions written in C. The code itself in R is rather slower, because it is an interpreted and dynamically 
typed language. The speed can be high if the model manages to make maximum use of the matrix 
structure of the language. Parallel computing is available thanks to the use of specialized libraries.  

 Lua 

Lua is a lightweight, reflexive, imperative, and procedural programming language designed as a script-
ing language, similar to Python or VBA.  

Lua is free open-source software distributed under the MIT license. It can be used for any purpose, 
including commercial purposes.  

The combination of properties of the Lua interpreter is of interest for the possible use for microsimulation 
calculations: 

• The code can be quickly developed, easily debugged, it is easy to track intermediate calculations, 
etc., as with an interpreted language. When using the development environment, for example 
Eclipse with the Lua Development Tools suite, a graphical debugger is also available. 

• Just like in Java, the Just in Time compilator is available in Lua. Running speed is thus approxi-
mately the same or slightly higher than in Java and significantly higher than in other interpreted 
languages, such as Python or VBA. 

• It is possible to use in a straightforward manner the existing libraries developed in languages 
such as C/C++/Fortran. What is specifically available, for example, is numerical, statistical and 
algebraic libraries (NumLua project), or a library for running calculations in parallel (Lua Lanes). 

The Lua language is easy and fast to learn. The disadvantage is still the fact that it is not very well-
known, and therefore it will not be easy to find developers who already master it.  

Interpreter of the Lua language is written in C and can either be used as a stand-alone application, or 
the entire interpreter can be built into the control application itself. 

Common data structures such as arrays, sets, hash tables, lists, and records can be represented trans-
parently from a user point of view using a single native data structure – “table” which is essentially a 
heterogeneous associative array. Namespaces and objects can also be created using "tables". By in-
cluding a minimum number of data types, Lua attempts to strike a balance between language strength 
and complexity. In the background, Lua supports advanced features such as higher order functions and 
garbage collector.  

Summary of Basic Characteristics 

Price: free  

Estimated demand on development: Medium – Lua itself is a simple language, however, it would be 
necessary to create the whole model from scratch, including the user interface, table reading tools, etc.  

We expect that it is possible to find only a few suppliers in the Czech Republic who have experience 
using Lua on similar types of tasks. We do not expect to find a supplier with experience directly in 
developing microsimulation models.  

Estimated difficulty of use, transparency, auditability: It is possible to achieve a very transparent, easy-
to-use model, provided adequate care during the development.  
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Degree to which they are proven on similar task types: Lua was used in the past to create numerical 
models, often very complex ones.  

Running speed: similar to Java. Allows parallel computing in separate threads. 

 Summary of the Application Tools Chapter 

Based on the research of available microsimulation modeling tools, it is possible to recommend for the 
given purpose suitable microsimulation platforms with their advantages and limitations, or to rule out 
some of them right away. 

The indisputable advantage of the Prophet software is the fact that this simulation tool is already used 
by MoLSA to model pension insurance (NEMO model), therefore, this option would not require much 
additional effort or additional licensing costs for the users of the existing model. Another advantage is 
the possibility of using already prepared tools for the preparation of the input database as well as re-
porting tools, and the possibility of using a number of existing modeling approaches that are identical 
for the pension model and for the sickness insurance model (e.g., modeling of employment, salaries, 
family, etc.). Other advantages include speed of computing and ease of parallel computing.  

A limitation of a solution similar to Prophet NEMO might only occur when it is necessary to model inter-
actions between individual subjects (model points). Then it would be necessary to move to a modeling 
approach such as Prophet ALS, but this would result in more complex code, higher memory require-
ments and possibly also (depending on the details of the solution chosen) limited possibility of parallel 
computing.  

Another possible option of microsimulation software with a variety of available statistical libraries is JAS-
mine based on the platform of the Java programming language. This application tool enables continu-
ous-time event modeling, which can be used to model sparse events with a random time-to-event dis-
tribution and to achieve savings of speed of the run. Since many variables in sickness insurance depend 
on a specific number of days, deterministic models must either evaluate most variables day by day or 
use some form of simplification. In a continuous time, especially for sparse events, it is possible to 
reduce the number of evaluations performed.  

The limitation of JAS-mine is the fact that technical support for Java 8 will end in 2021. It will still be 
possible to use JAS-mine, Java 8 can be still used without support, or it is possible to switch to another 
version of Java. At this point, however, it is not entirely clear how complicated the solution could be and 
whether it would be associated with additional costs.  

Modgen software developed by Canadian statisticians specifically for microsimulation purposes is also 
suitable for similar applications. When selecting this solution, it is necessary to install Visual Studio 
version 2015 or 2017. No additional user skills are required for basic work with the prepared models, as 
they can be handled using a graphical interface. In case of major user interventions in the model (e.g., 
definition of new events, introduction of new parameters, generation of custom output, etc.), at least 
basic knowledge of the C++ programming language is assumed.  

Open source R software is a widespread tool with a large community of users and a number of libraries 
dedicated to various applications, not just statistical ones. The advantage is that R is widely used even 
for processing large volumes of data. In addition to being a very user-friendly language, it should be 
emphasized that this software solution can be used with a microsimulation package micSim which was 
used to create the R-Taxben model describing the impact of tax changes.  

STATA is primarily statistical software, similarly to R, however, the license is subject to a fee. The limi-
tation of the use of this tool is the way of handling the input database which is kept in memory throughout 
the simulation run, and therefore the modeling of the entire population of the Czech Republic might not 
be possible. Given the fact that R software is an acceptable alternative, we do not recommend STATA 
as a possible microsimulation tool for the particular application.  

LIAM2 built in the Python programming language was included mainly because there several real mi-
crosimulation models were created in it (e.g., Irish cohort pension model or indirect tax and consumption 
model for EU15). When using this approach, however, all people are modeled simultaneously, which 
places very high requirements on the operating memory, and therefore we do not recommend this option 
as ideal software solution.   

In addition to the microsimulation tools themselves, it is advisable to pay attention also to the program-
ming languages which create the platform and also determine their features and limitations (e.g., model 
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run speed). In addition to the aforementioned well-known programming languages, the Lua language 
was also mentioned in this chapter. It is a procedural programming language which includes the so-
called just in time compiler which makes it possible to create applications with a run speed comparable 
to Java. Another advantage is that it is a very simple language, easy to learn. A disadvantage is that 
there is no pre-prepared microsimulation model available which could be used as a basis when selecting 
this approach, and also the fact that this language has so far been used only for related tasks (e.g., for 
numerical modeling) but not for creating a microsimulation model as such. The disadvantages also in-
clude the low prevalence of this programming language, which makes it difficult to find developers mas-
tering Lua. 

From the point of view of the functionality of the application tools, Prophet, R, JAS-mine and Modgen 
therefore seem to be the most suitable tools. Prophet’s fundamental advantage is that a model of the 
Czech pension system created in it already exists, from which many functionalities can be taken. Other 
microsimulation models have been created in the other application tools, which can be used as inspira-
tion, however, they are further away from the sickness insurance model in the Czech Republic. Another 
important aspect is the number of third-party suppliers from whom the implementation of the model can 
be outsourced. There are many programmers in the Czech Republic who master C++ (on which Modgen 
is based) or Java (on which JAS-mine is based), however, it is uncertain how many of them will have 
experience in statistical modeling or demographic analyses. In this respect, greater success can be 
expected in R which is directly designed for statistical applications and, in particular, in Prophet whose 
intended purpose is to create demographic models and which, as standard actuarial software in the 
Czech Republic, is sufficiently widespread. Prophet also provides an easy to understand overview of 
the relation between modelled variables through the so-called diagram view and a good debugging tool, 
which is another significant advantage of this software solution.  

For these reasons, we recommend using Prophet as a tool to create the microsimulation model of sick-
ness insurance.  
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6 Variants of Modeling Approaches  

This chapter describes the approaches to the design of the microsimulation model of sickness insurance 
with respect to the use of available databases. First, we will focus on selecting the fineness of the time 
step of the simulation – a finer step means more accurate modeling of benefits (for example, for the 
purposes of assessing entitlements to sickness insurance benefits, the insurance period in days is taken 
into account according to the legislation) but, at the same time, it can significantly prolong the speed of 
the model run. Therefore, it is advisable to consider the necessity of using the finest daily step carefully, 
or to choose a suitable compromise between accuracy and speed. 

Subsequently, the possibilities of modeling the life paths of individuals will be analyzed with an emphasis 
on situations that either result in the entitlement to a sickness benefit or affect its amount as a result. In 
the last section we will explain how these statuses will be used for modeling the amount of the benefits.  

 Selecting the Time Step of the Simulation 

As the legislative rules for determining entitlements to sickness insurance benefits are assessed with 
the accuracy of calendar days, a calendar day constitutes the finest step in the simulation that makes 
sense to consider. With this choice of time step, the model would generate outputs on daily basis, which 
will make it possible to assess the entitlement to benefits and determine the amount thereof by direct 
application of legislative rules. The roughest time step to think about is one month. Since the projection 
will run for a few years in advance at most, the number of periods will be very low in the event of monthly 
modeling and further increase of the length of the time step will not significantly speed up the run of the 
model. There is therefore no point in making the simplifications that would result from further increase 
of the time step.  

However, the effect of the time step on computational time is crucial. With a monthly step, the projection 
for three years would consist of 36 periods versus 1,095 periods for a run on daily basis with the same 
duration of projection. For comparison, the current NEMO pension insurance model runs on a monthly 
basis for 100 years, i.e., 1,200 periods, and the run lasts approximately one day. One can expect that, 
on average, one period of the sickness insurance model will be calculated faster relative to the NEMO 
model because it will not be necessary to consider so many individuals: compared to the NEMO model, 
individuals who are not yet born, non-working old-age pensioners and children will be excluded because 
none of these groups will receive sickness benefits in the next few years. Nevertheless, it cannot be 
ruled out that the duration of the run on a daily basis with full detail would be in the order of many hours.  

Therefore, we need to consider the benefits of a daily run versus a monthly run. The requirement for a 
daily run is associated with the need to assess entitlements and determine the amount of sickness 
insurance benefits, which depend primarily on the following inputs: 

• Participation of an individual in sickness insurance, taking into account the protection period, at 
the moment of occurrence of the event giving rise to the entitlement to sickness insurance ben-
efit; 

• Number of insured days during the specified period; 

• The number of days since the end of payment of the previous benefit of the same type; and 

• Total assessment bases, excluded days for individual months in the relevant period. 

Only the last one of the above points could be simulated strictly on a monthly basis without losing the 
required accuracy.  

The following text outlines several possible approaches to selecting the time step. 

 Simulation with Continuous Time 

In addition to versions based on discrete simulation steps, it is possible to create a model with continu-
ous time. Such a model works with transition intensities that affect the time spent in each status. The 
simulation is performed such that based on the current status (e.g., living/dead, healthy/sick, em-
ployed/unemployed), we generate times after which each of its components should change (for exam-
ple, a change from the living status to a dead status, a change from unemployed to employed, and the 
like). We then take the change that occurs earliest to the model; it defines the new status on which the 
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next step of the simulation is based. For example, if the model concluded that an employed and healthy 
person would lose his job in 50 days and get sick in 30 days, the end status would be the combination 
of sick and employed at a time 30 days later. This status would then become the starting point for the 
next simulation step, but with other transition intensities reflecting the status change.  

However, this approach is not entirely appropriate for monitoring the total time spent in each status over 
a certain period or for determining the number of individuals in a given status at a particular point in time 
(e.g., at month ends), because the moments of the changes are completely random and not equidistant. 
For this purpose, it would be necessary to add additional output variables to the model to monitor the 
status at equidistant moments. However, this will weaken one of the main advantages of continuous 
models, namely the ability to limit the number of variables calculated regularly at high frequency.  

Another disadvantage of continuous-time models is greater difficulty of parameterization. In the data we 
typically observe the number of individuals who changed their status in a certain period, or the number 
of persons in a certain status as of a certain date. This data corresponds to the transition probabilities 
provided in the transition matrix. On the other hand, finding the time spent in a certain status or the 
waiting time until a certain event within the data is fairly difficult. In this respect, the interconnection of 
the STATMIN VZ and SEE20 databases is crucial – if it is sufficiently reliable, we will know about each 
person when he or she started a job (i.e., when his waiting time for sick leave started), when the benefits 
were received, and when the individual left the job. From this, it will be possible to derive the conditions 
for starting and ending a sick leave very reliably.  

Other events, however, represent a significantly bigger problem. When a person does not appear in any 
of the administrative databases, we cannot tell whether he or she is on parental leave, inactive, receives 
unemployment benefits or is a student. Even when he or she later appears in the databases (for exam-
ple, because he or she starts to work), we do not know from which status he or she transferred or how 
much time he or she spent in that status. Therefore, in many cases, we would have to estimate expertly 
the distribution of times to events and thus inevitably introduce inaccuracy into the model.  

Therefore, we do not consider the continuous-time method suitable for the design of the complete model 
of sickness insurance, with all the statuses described in this study. However, it could be implemented in 
the model along with other approaches mentioned below such that in a continuous time, only selected 
statuses will be modeled for which it is important to monitor the duration of the status with daily granu-
larity – i.e., in particular the statuses of healthy/sick.   

 Simulation on a Daily Basis 

This option involves modeling all the variables contained in the model with a daily step. As a result, the 
model provides all the information needed to assess entitlement to the sickness insurance benefit, and 
to determine its amount it is sufficient to apply formulas provided by the legislation. The price for this 
straightforward approach is the increase in computing time and the size of the result files. By nature of 
the events modeled (e.g., job loss, childbirth, illness), which mostly occur once a month at the most, 
there would be no events during most of the random decisions. For these reasons, the benefit of this 
modeling approach is low compared to its complexity, and it is therefore not recommended.  

 Simulation on a Monthly Basis with Introduction of Vector Variables 

Modeling approaches on a monthly basis use the assumption that within one month there is no more 
than one change in the given status, which may not be entirely true for the status of healthy/sick and 
would result in over-simplification. However, shortening the time step to one day means a significant 
increase in computational demands. A compromise could be an approach with a monthly step where 
some selected variables would be calculated as vectors with a dimension corresponding to the number 
of days in a given month or, if applicable, with selected constant length (e.g., 30). These would be the 
following status variables:  

• Covered/not covered by sickness insurance; 

• Indicator of conception and birth of a child, days spent on maternity leave (it can also be modeled 
in a simplified way, for example by placing the day of conception and birth of the child always at 
the 15th day of the month); and 

• Healthy/sick. 
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As a result of the procedure, only a limited number of variables necessary to determine entitlement to 
sickness insurance benefits is modeled on a daily basis, while other variables are constant throughout 
the month (e.g., income level). Preservation of the required daily accuracy is achieved by a significant 
increase of the dimension (dimension 30 × 2 for all variables that would be modeled daily for the main 
person and his partner).  

However, the variables listed above depend on other values, at least:  

• The position in the labor market (for example, sick leave can only be used by employees);  

• Transition probability (which will typically need to be uploaded from a table depending on other 
variables);  

• The value of the variable on the previous day (at least health status may change several times 
during the month).  

As a result, the number of operations that would need to be performed on a daily basis would not be as 
low as it may seem from the initial listing of the vector variables. This would negatively affect the clarity 
of the code, as it might not be clear at first sight which variables are modeled on what time basis. Like-
wise, the speed of the model run would suffer.  

It is therefore an option which, compared to the calculation on a daily basis, represents a certain im-
provement in the model running speed, however, at the cost of lesser code clarity.  

 Simulation on a Monthly Basis with Additional Modeling of the Order of 

the Day in a Month 

If the modeled status cannot change more than once a month, or the limitation to a maximum of one 
change per month can be considered an acceptable simplification (for example: status of pregnancy, 
status of employed/unemployed), it is possible to achieve daily accuracy in determining the moment of 
transition between statuses by separately modeling whether a change of state occurred in a given month 
and subsequently on which day of the month this change occurred.  

Therefore, for example, whenever a model identifies a loss of job in a particular month, we additionally 
simulate the date of termination of employment. The probability distribution of this day within the month 
will ideally be derived from the data. Daily accuracy is available in the STATMIN VZ database and in 
some of the SEE databases; this is how accurately we can determine the date of commencement and 
termination of employment and the start of receiving certain benefits. It is possible to expect that changes 
in employment will occur mainly at the beginning and end of the month and on weekdays. For other 
events, the exact date is not provided in the resources available at the date of the study, so the proba-
bility distribution thereof will have to be based on an expert estimate. We believe that for a number of 
modeled states (e.g., pregnancy), it will be sufficient to assume a uniform distribution within the month.  

This approach reduces the number of simulation steps compared to the previous one because no vari-
able is simulated on a daily basis and also does not require such a significant increase in the dimension 
of modeled variables. To adequately identify and describe events with the required daily accuracy (see 
chapter 6.1.3), only two variables will suffice:  

• The event occurred in the given month – yes/no; 

• Succession of the day on which the event occurred.  

The advantage of this approach is speed, because random decisions occur only once a month while 
maintaining the required daily accuracy. In the event of implementation in the Prophet software, it is 
possible to resolve the additional modeling of the day in a month using the so-called extended formulas 
making it possible to maintain the clarity of the model.  

Based on these arguments, this modeling approach was chosen as the most suitable for a majority of 
functionalities of the sickness insurance model. An illustration of its use is provided by a prototype model 
in Excel (see Appendix A).  

This approach is not suitable for statuses where the assumption that the change of the status does not 
occur more than once a month would constitute an excessive simplification. In particular, it is not rec-
ommended for modeling the healthy/sick status. 
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 Simulation on a Monthly Basis 

The last option considered, which would require the greatest degree of simplification, is a full simulation 
on a monthly basis, with transitions between statuses only once within a month (e.g., at the end of the 
month). Such simplification is only acceptable for some of the statuses considered. For example, in case 
of the status of covered/not covered by sickness insurance associated with changes in work activity, it 
can be assumed that the changes occur mainly at the turn of the month. On the other hand, there are 
instances where such simplification would constitute a significant obstacle for the assessment of enti-
tlement to a benefit. A typical example is a month when a person becomes sick loses his job, too. Then 
it will depend on whether the sickness occurred before the expiry of the protection period.  

This method carries strong simplification of modeled events and therefore we cannot recommend it as 
the only solution. However, it is suitable for variables that remain relatively static within the simulation 
and for which it is not important to pinpoint the exact chage date.  

 Modeling Individuals’ Life Paths 

The great strength of microsimulation models consists in their ability to model the life paths of the indi-
viduals making up the relevant population, i.e., the sequence of events leading to changes in the indi-
vidual’ s state. When modeling them, it is necessary to define the purpose of the model and thus define 
the essential points that it should contain. In case of sickness insurance modeling, three main branches 
can be identified that are crucial for describing the underlying mechanisms:  

• Career paths; 

• Family paths;  

• Health paths. 

The basic building blocks in the creation of the microsimulation model are the statuses in which an 
individual may be and the events that condition the transitions between them. These are related to the 
probabilities of occurrence of individual events and probabilities of transitions between statuses, which 
can be estimated, for example, based on external statistics or using expert judgement. The degree of 
specificity of these parameters depends on:  

• Data content and quality of the model points;  

• Details of underlying external statistics. 

For example, if the model should include the statuses healthy and sick with transition probabilities de-
pendent on age, sex and BMI, it is necessary to ensure that each model point contains this information 
and that the underlying statistics are available in this structure. Otherwise, the model is not capable of 
capturing such dependence. 

The two basic parameters that fundamentally influence the probabilities of occurrence of key events in 
an individual's life path are age and sex. This information is contained in the vast majority of underlying 
databases discussed in detail in chapter 4, we will therefore not emphasize it anymore.  

 Career Paths 

Career path of an individual is important for modeling sickness insurance both in terms of entitlement to 
sickness insurance benefit and the amount thereof. Its implementation is facilitated by the fact that it is 
already included in the NEMO pension insurance model, from which the functionality can be partially 
taken. Moreover, the sickness insurance model is simpler, its time horizon ranges between 1 and 3 
years whereas for the NEMO model it is 100 years. As a result, e.g., income growth modeling is not of 
such significance and it is not necessary to concentrate on it so much.  

Self-employed status 

Career paths will be modeled separately for self-employed individuals and for other persons. At the start 
of the modeling, the self-employed status of each person will be determined using the current data of 
the NEMO model. Due to the short projection timeframe and the limited availability of data on the work 
of self-employed individuals, we do not consider it necessary to model changes of this status during the 
projection. 
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Participation in sickness insurance 

The key to determining participation in sickness insurance is the movement of an individual in the labor 
market expressed by transitions between basic statuses:  

• Employed (if the person is not self-employed) / self-employed individual registered in the sick-
ness insurance system  

• Unemployed (if the person is not self-employed) / self-employed individual not registered in the 
sickness insurance system 

• Inactive.  

The basis of this module can be taken from the NEMO model; the respective inputs are already included 
in the Model Point Database (see chapter 0).  

Statistics of sickness insurance of self-employed individuals described in chapter 4.3 can be used for 
preparation of the assumptions for determining whether a self-employed person participates in sickness 
insurance, both to determine the initial status and the probability of registering in the system or leaving 
it. 

As a possible extension of this module, consideration could be given to adding dependence of transition 
probabilities between individual statuses also on external factors expressing the expected phases of the 
economic cycle – the projection of the sickness insurance model is so short that the economic cycle can 
have a significant impact on it. It is therefore recommended to analyze to what extent can the impact of 
the economic cycle on the life paths of persons be read from the administrative databases.  

Education 

The individual's career path is directly influenced by the level of achieved formal education – the transi-
tion probabilities between the statuses mentioned above as well as the initial income and its growth 
depend on it. Again, we recommend adopting the manner in which education affects the individual’s life 
path from the NEMO model.  

In the NEMO model, the source of information on the individuals’ highest education level is the Model 
Point Database where, however, this item is randomly modeled. Newly, however, MoLSA has the con-
nection of the STATMIN VZ database with information from the statistical survey of ISPV which provides 
more accurate information. If possible, we recommend using this new information to enrich the prepa-
ration of inputs for the NEMO model before using such enriched database of model points for prepara-
tion of data for the sickness insurance model. However, we consider using the current version of the 
Model Point Database to be an acceptable alternative.  

Income level 

Development of an individual’s income (or income of a self-employed individual) can be modeled in a 
similar way to the NEMO model. The initial income of an individual shall be taken from the administrative 
databases, if present there, or shall be determined on the basis of distributions resulting from those 
databases, based on age, sex and education level achieved. Over time, it develops depending on the 
years worked (so-called career growth), but also as a result of external factors (e.g., income inflation). 
The development of income can therefore be expressed by the following formula:  

𝐼𝑛𝑐𝑜𝑚𝑒(𝑡) = 𝐼𝑛𝑐𝑜𝑚𝑒(0)  × [∏(1 + 𝑐𝑎𝑟𝑒𝑒𝑟_𝑔𝑟𝑜𝑤𝑡ℎ(𝑎𝑔𝑒(𝑖), 𝑔𝑒𝑛𝑑𝑒𝑟, 𝑒𝑑𝑢𝑐𝑎𝑡𝑖𝑜𝑛))
𝑑𝑎𝑦𝑠_𝑤𝑜𝑟𝑘𝑒𝑑(𝑖)

𝑛𝑜_𝑑𝑎𝑦𝑠(𝑖)

𝑡

𝑖=1

]  

× [∏(1 + 𝑤𝑎𝑔𝑒_𝑖𝑛𝑓𝑙(𝑖))

𝑡

𝑖=1

] , 𝑓𝑜𝑟 𝑡 > 0, 

where 𝐼𝑛𝑐𝑜𝑚𝑒(0) is income at the time the model is started, 𝑐𝑎𝑟𝑒𝑒𝑟_𝑔𝑟𝑜𝑤𝑡ℎ  represents the career 
growth depending on sex, education level achieved, and the current age, 𝑑𝑎𝑦𝑠_𝑤𝑜𝑟𝑘𝑒𝑑 denotes the 
number of days worked for the period of time considered, the length of which is represented by the 
parameter 𝑛𝑜_𝑑𝑎𝑦𝑠, and 𝑝𝑙𝑎𝑡_𝑖𝑛𝑓𝑙 denotes the amount of income inflation for a given time interval.  

To estimate the parameter 𝑐𝑎𝑟𝑒𝑒𝑟_𝑔𝑟𝑜𝑤𝑡ℎ, we can use the STATMIN VZ database enriched by infor-
mation from the ISPV statistical survey. There we can observe the growth of the assessment bases for 
individual persons in the required structure (maximum education level achieved, age, sex and number 



 

66 

 

of years worked). Income development can be modeled with any time step. The natural choice would 
be an annual time step, as we expect the assumptions for income inflation in the economy with annual 
granularity, and also for the growth of salaries based on career development, the annual frequency 
seems to be a meaningful assumption. However, if we applied both income inflation and career growth 
to all individuals once a year in the same month, we would introduce into the model sudden increases 
of the average income that are not compatible with reality. A possible solution is to either assign the 
month in which their income will increase to each individual randomly, or switch to a monthly period with 
a proportionally reduced increase.  

Retirement 

The last point of a career path is retirement. However, this event does not necessarily mean that a 
person loses entitlement to sickness insurance benefits because working pensioners can continue to 
receive sickness insurance benefits. The pensioner status does not affect the possibility of receiving 
sickness insurance benefits directly, but it affects the probability of transition between statuses repre-
senting work activity, which is a direct condition for entitlement to benefits.  

The full modeling of the pensioner statuses (old-age pension, disability pension) and the transitions 
between them can be theoretically taken from the current pension insurance model, NEMO. However, 
given the short projection time in the sickness insurance model, we consider it appropriate to simplify 
the approach as follows: 

• Initial statuses (old-age pensioner, disability pensioner with disability degree I-III) should be taken 
from the model point database of NEMO; 

• The entitlement to retirement should be determined only by age limit; therefore, it will not be 
necessary to work with data on income, hours worked and compensatory periods throughout the 
individual's work history; 

• Modeling of transitions between the different levels of disability, entry into or termination of disa-
bility status should be avoided, as it would have a negligible impact on the outcome in the short 
term.   

 Family Paths 

Family paths of individuals are essential for the sickness insurance model because of their interconnec-
tion with the entitlement to certain benefits (e.g., maternity benefit). For the purposes of sickness insur-
ance modeling, events constituting the family paths of individuals shall primarily mean: 

• Formation of shared households; 

• Formation of families (marriages and divorces); and 

• Conception and subsequent birth of children. 

Again, we can rely on the NEMO model where marriages, divorces and births of children are already 
modeled, as well as basic marital statuses:  

• Single; 

• Married; 

• Divorced; and  

• Widower/window.  

In the NEMO model, the occurrence of these statuses is mainly driven by age, sex and education. It is 
therefore possible again to use the current Model Point Database or to refine the forecast using the 
STATMIN VZ database enriched by information from the ISPV statistical survey.  

Pregnancy and childbirth 

For some benefits, it is important to know the month of birth of the child but also the month of the 
beginning of pregnancy. To determine it, we will use, similarly as in the preparation of model points, the 
common birth rates, only shifted by one year. It is recommended to fix the month of birth (at least initially) 
at the ninth month after the beginning of pregnancy – although in reality the date of birth is governed by 
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probability distribution, this simplification of modeling will make the modeling more transparent and will 
not result in significant inaccuracy in the results.  

Start of maternity benefits 

The start date of maternity benefit is chosen by the mother 8 - 6 weeks before the expected date of birth. 
As this probability distribution cannot currently be read from the SEE database (see chapter 4.6.3) and 
the results do not depend on it substantially, we recommend setting a fixed date of the start for all 
persons, for example 30 weeks after conception (i.e., 6 weeks before giving birth).  

Under certain conditions, men can also receive this benefit. Therefore, we will introduce a one-time 
probability into the model that after the end of postpartum, the maternity benefits will pass from woman 
to man. We will derive the frequency of such a decision from the SEE databases; if data is available, we 
also recommend taking into account the income difference between the two partners.  

Paternity benefit 

In the case of paternity benefit, we recommend stating a simplification that this benefit is always received 
at a fixed time after birth; it would be possible to model this period randomly, but since this is a benefit 
received only briefly and the differences, if any, in the time from birth are evened out between individuals, 
there is no reason for such careful modeling. 

Reduced income during pregnancy 

A special case in a family path that is not captured in the current NEMO model is the state of a woman 
with a reduced income due to pregnancy or maternity.  

This situation gives rise to the entitlement to payment of the compensatory allowance, and therefore, in 
order to model it, it is possible to rely on records of paid benefits in comparison with the total number of 
maternity states in the same periods. Given that this is a relatively new benefit and the available data is 
limited, simplified modeling may be necessary, e.g., as follows: 

• for each month in the range from the 1st month of pregnancy to the 9th month after birth, the 
probability of income reduction due to maternity will be determined; 

• likewise, for each of these months, the probability that this status will end will be determined; 

• if this status occurs, the temporary percentage reduction of income will be determined randomly 
from the assumed distribution of such reduction; this percentage will not change over the duration 
of the state. 

In the future, we recommend exploring to what extent the probability of this event occurring depends on 
the field in which the woman works or her level of her income. 

 Health Paths 

Morbidity 

Here, health paths shall mean the history of past and reported illnesses of individuals. The source for 
the modeling thereof is primarily the database of sick leave, SEE20 (see chapter 4.5.1). The items which 
should be used to model sickness insurance mainly depend on the fact whether and how they affect the 
probabilities of reporting new sick leaves. The assessment can be done either directly by analyzing the 
records in the database, or on the basis of external studies on morbidity. For example, a model point 
could contain the following items: 

• End date of the last sick leave;  

• Duration of the last sick leave (or, as the case may be, to date duration of the current sick leave);  

• Diagnosis of the last sick leave.  

The analysis of dependencies available in the SEE20 database can lead to an increase in the number 
of modeled variables. For example, if it is proven that the probability of reporting a sick leave depends 
on the diagnoses of previous sicknesses, it would be appropriate to include also the sickness diagnosis 
variable in the modeled variables, in addition to the status of healthy/sick and the duration of the sick 
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leave. It is also recommended to examine the hypothesis that the frequency of sick leave occurrences 
differs between working disability pensioners and healthy individuals.  

We assume that either on the basis of the diagnosis of the sickness or its duration, it will be appropriate 
to model the following two categories of morbidity separately:  

• Less serious or shorter sickness for which one can assume significant sensitivity of their reporting 
on the legislative parameters of sickness benefits (see chapter 4.8); 

• Severe or long-term sickness where this sensitivity may not be significant.  

As we have already mentioned, due to the short timeframe of the sickness insurance model, we will not 
model the emergence of new disabilities and hence the possible transition from a long-term sickness to 
disability.  

States of entitlement to attendance allowance 

Marital status information as defined in chapter 6.2.2 above is not sufficient for determining the attend-
ance allowance. In order to fully model this benefit, it would ideally be necessary to capture the following 
information, which, however, usually lacks underlying data for modeling: 

• In addition to the information on the ‘married’ marital status, it would also be necessary to capture 
information about whether a person lives in a common household with an unmarried partner. 

• In addition to the individuals in the common household and children, the attendance allowance 
may also be paid for the attendance to other relatives, e.g., parents. The model would therefore 
have to capture the whole extended family. 

• For all persons in the extended family, it would be necessary to model the health status. In the 
case of the model of the main person's sickness benefit, we assume that health status modeling 
will be based on observed past sickness insurance benefits. However, such an approach is not 
possible for modeling the health status of children (who do not receive sickness benefits) or for 
modeling e.g., health status of parents attended to (parents are typically not attended to in the 
event of trivial sickness of employed parents, which would be captured in the sickness benefits 
payments, but rather in the event of serious diseases of retired or disabled parents).  

Instead of a detailed description of the individual reasons for paying attendance allowance and long-
term attendance allowance, it will be necessary to implement a simplified model that will model the 
following two statuses separately from the underlying probabilities of the occurrence of the status and 
the distribution of its duration:  

• Short-term attendance allowance;  

• Long-term attendance allowance.  

Each status corresponds directly to receiving the corresponding sickness insurance benefit. Their prob-
ability is derived from the underlying databases SEE20 and SEE22 (see chapters 4.5.1 and 4.5.3).  

Since the long-term attendance allowance cannot be received more than once in a short time interval, 
we also need to supply the model with information about the last date of allowance payment.  

 Entitlement to Sickness Insurance Benefit 

Citizens of the Czech Republic who meet the statutory conditions, which can be easily directly intro-
duced to the sickness insurance model, are entitled to sickness insurance benefits (see Appendix A). 
However, the specific method needs to be considered. Sickness insurance benefits are paid to persons 
who meet the following three conditions:  

• An event occurs in their life that entitles them to the sickness insurance benefit;  

• They meet the other statutory conditions;  

• They wish to receive the benefit.  

In theory, it would be possible to combine all three points into one probability in the model and only 
model two states, payment and non-payment of the benefit. Such solution is supported also by the fact 
that the underlying database SEE (see chapter 4.5) contains information only on individuals who have 
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received the benefit and thus fulfilled all three points. However, we do not consider this approach ap-
propriate, because even a situation where only some of the points are fulfilled can be relevant in the 
model – at least the birth of a child gives entitlement to the benefits, but also has implications on the 
individual's future work history. But the fact is that even a person who does not meet the statutory con-
ditions for entitlement to the benefit may give birth to a child.  

At the same time, we find it difficult to separate the modeling of the occurrence of entitlement to the 
sickness insurance benefit and the willingness to receive it. To do this, it would be necessary to calculate 
the probability of a person claiming the benefit if he or she is entitled to it every month, and then apply 
it if the event actually occurs. We would therefore make two random decisions: whether an event occurs 
and whether a person applies for the benefit. But there are more benefits and the willingness to receive 
each of them may vary, so we would have to hold a large amount of these values in the calculation.  

A more transparent option is to include the willingness to receive the benefit directly in the probability of 
occurrence of the entitlement to the benefit. A single table is sufficient for each benefit to indicate the 
combined probability under the current state of the legislation; if we expect the legislation to change 
during the calculation, we can have two tables and switch between them in the respective month. This 
method assumes that whenever we need to model the event itself (i.e., without the influence of the 
willingness to receive the benefit), everyone will want to receive the benefit. For example, if only half of 
the individuals applied for maternity benefits, even if they were entitled to it, we would model only this 
half by using the method described and underestimate the birth rate. In our opinion, however, it can be 
assumed that all will apply for maternity benefits, paternity benefits and compensatory allowance in 
pregnancy and maternity and, conversely, that modeling the status of sick or (short-term or long-term) 
attending but not receiving the benefit is not relevant for the model. Should this prove important, the 
method described in the previous paragraph would have to be used.  

 Amount of Benefits Paid 

Based on the approaches described in the previous paragraphs, we are able to determine when a per-
son is entitled to sickness insurance benefit. Now we just have to determine its amount. It is always 
based on law (see Appendix B); to determine the amount, it is therefore sufficient to use the individual's 
income history (see chapter 6.2.1) and apply the respective rules.  

                                                                                                                                                                                       
The only exception is the income compensation paid by the employer for the first 14 days of the sick 
leave, where the law only sets the lower and upper limit (see chapter B.4.1.4). Each employer can adjust 
the amount of income compensation in the event of sick leave by means of an internal regulation (e.g., 
as part of employee benefits) within the legal limits. To estimate the amount of income compensation in 
individual cases, it would be useful to have information about the employer or the sector in which a 
person works. At the same time, however, it is necessary to have direct information on the setting of the 
amount of compensation for individual employees, or at least external statistics by industry. Another 
level of simplification when the necessary data is unavailable is to try to use available external statistics 
(e.g., dependence between income level, education, possibly sex and age, and the amount of compen-
sation in the event of sick leave paid by the employer).  

Finally, if an individual is entitled to multiple sickness benefits at the same time, only one benefit is paid, 
with the exception of the compensatory allowance in pregnancy and maternity, according to the prioriti-
zation described in chapter 2.2.  
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7 Evaluation of the Modeling Approaches and Recom-

mendation of the Most Suitable Solution 

In this chapter, we first summarize our recommendations regarding the choice of the length of the mod-
eling step and the selection of the application tool. We then describe in detail the recommended model-
ing approach and provide the expected implementation schedule.   

As discussed already in chapter 6.1, the choice of the time step represents one of the most important 
decisions for further design of the model. It affects in particular the speed of calculation and the degree 
of simplification that needs to be introduced into the calculation. Based on the arguments in the afore-
mentioned chapter, we recommend the following principle:  

• Most variables are simulated with a monthly step (e.g., income level);  

• If a status is changing where daily accuracy is important (for example, when a person leaves a 
job), we will additionally model the day in the month in which this change occurs. We therefore 
assume that such a change cannot occur twice within one month.  

• Sick leave is modeled continuously: each person alternates between statuses “healthy” and 
“sick”, the time which the person spends in a status is simulated randomly with the accuracy of 
days and only then we allocate them to monthly time periods. Thus, a person may go on a sick 
leave several times in the same month, and it will be possible to implement rules for payment of 
benefits in the model, which may vary for individual days of the sick leave. Short-term attendance 
allowance will also be modeled continuously.  

We discussed the selection of the application tool in detail in chapter 5.10. Let us just repeat here that 
we recommend the Prophet tool for the creation of the sickness insurance model for MoLSA needs 
because MoLSA analysts are already familiar with it, some functionalities can be taken from the existing 
NEMO model, external suppliers with experience in actuarial or demographic modeling are available, 
and a transparent debugging environment is available along with the tool itself.  

 Recommended Solution 

To create a microsimulation model of sickness insurance, we recommend choosing a solution combining 
a modeling approach with continuous time (see chapter 6.1.16.1.2) and a version with a monthly simu-
lation step with subsequent modeling of the day in the month (see chapter 6.1.4). Below, we describe 
the projection algorithm of both proposed approaches with respect to modeled statuses.  

The recommended solution is illustrated by a prototype in MS Excel attached to this study (see Appendix 
A). 

The events in the text below correspond to the transitions between the modeled statuses.  

 Continuous Model of Events 

This modeling approach, described in chapter 6.1.1, is intended for events and status changes that can 
normally occur multiple times within one month and for which the calculation of benefits varies for differ-
ent days of the status duration. Only the following statuses have been identified as such: 

• Healthy/sick; and possibly sub-statuses: short-term/long-term sickness or less serious/serious 
sickness that can differ in the extent to which the occurrence thereof is sensitive to the changes 
in legislative parameters.  

• State of short-term attendance allowance in the event of illness in the circle of close persons (a 
monthly model will suffice for the long-term attendance allowance). 

This method can be introduced in Prophet using the so-called extended variable – calculations with a 
time step of less than one month will then be performed within this variable. This will allow adding non-
equidistant events to the model with a monthly step.  

Data contained in the SEE databases can be used to model the probability distribution of time intervals 
between events (illnesses) (see chapter 4.5). For example, using the assumption that the time before a 
healthy person will fall ill is exponentially distributed, one could estimate the probability of getting sick 
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within a month as the number of reported illnesses in a given month to the total number of persons 
covered by sickness insurance. Since the exponential distribution is determined by a single parameter, 
the whole distribution can be easily determined based on this information. When selecting a more com-
plex distribution (determined by multiple parameters), it would be necessary to calibrate these parame-
ters e.g. by maximum likelihood estimation or the method of moments. Considering the below-mentioned 
segmentation of illnesses into multiple types, we recommend choosing a distribution with a low number 
of parameters, so that they can be calibrated reasonably based on the available number of observations.  

Within morbidity modeling, it is necessary to consider the classification of illnesses according to their 
severity, mainly due to different expectations regarding sensitivity to legislative changes. Illnesses can 
be categorized by diagnosis or duration, possibly using a combination of both approaches. We recom-
mend making the decision on the approach based on a historical data analysis: by examining different 
diagnoses and sick leaves of different lengths under different legislative conditions, one should try to 
define groups so that there are as few groups as possible, but at the same time, that within one group 
the distribution of the lengths of sick leave under the given legislative conditions is as homogeneous as 
possible.  

Another important parameter for the probability of an individual taking a sick leave may be the day in a 
week where we would expect a higher incidence at the beginning of the week. This assumption can be 
verified on the basis of data from SEE databases (see chapter 4.5). 

The sensitivity of sick leave take-ups to legislative changes can be addressed in the model by adjusting 
the expected durations of the statuses healthy and sick, determined under current legislative conditions, 
using coefficients derived from historical data and, due to the limited number of observations of different 
legislative settings, complemented on the basis of model users’ judgement (see chapter 4.8). We expect 
that this adjustment would concern only less severe or shorter illnesses where it is possible to expect a 
much higher dependence of sick leave take-ups on current legislative conditions compared to serious 
or possibly longer illnesses. 

 Monthly Model of Events 

In this way, those out of the statuses described in chapter 6.2 that represent the family and career paths 
of an individual would be modeled. For events modeled by this approach, it is necessary to accept the 
assumption that they can occur no more than once within a given month. Due to the nature of the mod-
eled statuses, this is not a significant limitation.  

The algorithm for modeling related events is as follows: 

• Determination of the probabilities of transition between statuses for the current month, based on 
previous and current projected information on the situation of the modeled individual and persons 
in the common household;  

• Determination of the realization of the event constituting a condition for transition between sta-
tuses based on the probabilities defined above (performed on a monthly basis); 

• Determination of the day in the month in which the event occurred. 

The number of days in a month can be either variable or we can use a simplification that the length of 
each month is the same (30 days). To determine the day in the month, one can use uniform distribution, 
which can be modified if underlying data is available. For example, in the event of termination of em-
ployment, this event is more likely to occur at the end of the month and on weekdays.  

 Statuses Modeled 

Based on the analysis of the sickness insurance system, we have identified statuses that are essential 
for determining entitlements to sickness insurance benefits or the amount thereof, if applicable. They 
are listed in the following table.  
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Status Event Associated sickness in-
surance benefits 

Indirect impacts 

Living/dead Death  Benefits are paid only to liv-
ing individuals. 

Healthy/sick (sub-
statuses: short-
term illness, se-
vere illness) 

Getting sick/re-
covery 

Sickness benefit  

Self-employed -  Self-employed individuals 
have their own rules for 
participation in sickness in-
surance 

Covered/not cov-
ered by sickness 
insurance 

Starting/leaving 
a job (unless 
self-employed) 

Registration of a 
self-employed 
individual in the 
system/leaving 
the system 

Necessary condition for 
payment of any sickness in-
surance benefit (necessary 
to count in the protection 
periods). 

 

Marital status Marriage/di-
vorce/death in 
household 

 Assumption of increase of 
probability of receiving an 
attendance allowance for 
individuals living in a com-
mon household with an-
other person. 

Student Completion of 
studies 

 The level of education 
achieved affects the in-
come of the individual and 
thus the amount of the po-
tentially paid benefit. 

Pension (old-age 
pension, disability 
pension) 

Retirement   It affects employment and 
participation in sickness in-
surance 

Pregnant Conception  It affects: 

- Maternity benefit 

- Compensatory allow-
ance in pregnancy and 
maternity 

- Paternal postnatal care 
benefit 

Receiving mater-
nity/paternity ben-
efits 

Choosing to 
start/end the 
status 

- Maternity benefit 

- Paternity benefit 
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Attendance in the 
event of an illness 
in the circle of 
close persons (rel-
atives and per-
sons in the com-
mon household) 

sub-statuses: 
short-term attend-
ance, long-term 
attendance 

A close person 
getting sick/re-
covery 

- Attendance allowance 

- Long-term attendance 
allowance 

 

Woman with re-
duced income due 
to pregnancy or 
motherhood 

Conception, fol-
lowed by reduc-
tion in income 
due to preg-
nancy or moth-
erhood 

Compensatory allowance in 
pregnancy and maternity 

 

Table 14: Statuses modeled 

If the necessary data is available, it would be more beneficial for the model to model, instead of the 
marital status, whether the person lives in the same household with a partner, regardless of whether or 
not they are married. In addition to the aforementioned statuses, the variables relating to the children of 
the main person may be significant in relation to the modeling of sickness insurance, in particular infor-
mation on the number and age of children, which certainly affects the frequency of receiving the attend-
ance allowance, or possibly even the probability of illness of the main person. The importance of includ-
ing these variables in the illness model must be verified by analyzing the available sickness insurance 
databases SEE (see chapter 4.5).  

For modeling children, we recommend the same procedure that is already applied in the existing model 
of pension insurance, NEMO. This means that when preparing the model points, the data on children 
will only be processed for women and the relevant variables (number of children, their age and sex) will 
be copied to their partners during pairing (see chapter 6.2.2). Unlike the NEMO model, however, it will 
be necessary to capture also children who have not been born but have been conceived.  

 Cash Flows Modeled 

There are three types of cash flows modeled: 

• Salaries and wages; 

• Sickness insurance benefits; and 

• Income compensation provided by the employer. 

The income modeling can be taken from the existing model of pension insurance, NEMO, including the 
already included wage inflation and the career growth (see chapter 6.2.1).  

The modeling of the other two cash flows is based on the application of legislative rules (see Appendix 
B) upon the occurrence of an event associated with entitlement to the payment of a benefit or compen-
sation. In the case of income compensation paid by the employer, it is necessary to estimate its amount, 
as the legislation only sets its limits (see chapter B.4.1.4). For this purpose, it would be appropriate to 
expand the model point to include information about the employer or at least the field of work. To do 
this, it is possible to use the interconnection of the STATMIN VZ database with ISPV (see chapter 4.2). 

 Deriving Model Assumptions 

The possibilities of deriving model assumptions are closely related to the availability of underlying data-
bases and external statistics. In the case of the sickness insurance model, the main inputs are the 
sickness insurance database SEE (see chapter 4.5). The STATMIN VZ database can be used to derive 
parameters related to career paths of individuals (see chapter 4.1.1). Especially for the purposes of 
creating a model of sickness insurance, it will be beneficial to connect these two databases (see chapter 
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4.7.1). Generally, it can be assumed that the transition probabilities in the model will primarily depend 
on the age and sex of individuals and the addition of other predictors depends on the quality and detail 
of the input data and underlying databases. New explanatory variables can also be added gradually.  

One of the purposes of the sickness insurance model is to forecast the impact of legislative changes on 
the take-up of sickness insurance benefits. One can get an idea of the sensitivity of individual's decisions 
to legislative changes in the area of sickness insurance from a historical data analysis, in particular from 
the period of application of similar changes (see chapter 4.8). 

In order to derive assumptions based on the underlying databases, it is necessary to use a suitable 
software tool. SQL-based tools and statistical software R can be used for this purpose, although R is 
not entirely optimized for working with large databases. Another option that was also used in the con-
version of MoLSA underlying databases into model points for the NEMO model is the Spark environ-
ment, which combines the benefits of the programming languages SQL, R and Python. In any case, we 
recommend keeping records of all data inputs and sources used, procedures used to derive the as-
sumptions, but also expert judgments assuring the auditability of the model is maintained and the deri-
vation of assumptions is always replicable.  

 Preparation of Model Points 

Based on a research of available data sources, the database of model points for the current pension 
insurance model, NEMO, seems to be the most appropriate starting point (see chapter 0); the database 
is based on the corrected databases STATMIN VZ and INEP and the model input information which is 
missing in it is modeled randomly using external statistics of the Czech population. This database con-
tains all information related to the career and family paths of individuals.  

This database, however, completely lacks information on morbidity or, more precisely, reported cases 
of individual sick leave, which will need to be either obtained from to the connection with the SEE data-
bases, or simulated randomly according to the assumptions acquired therefrom (see chapter 4.9).  

The next step in expanding the model point database by adding relevant variables may be to connect it 
with the results of the statistical survey of ISPV (see chapter 4.2) and to add extended information about 
the employer and, for example, also education which is only added using a simplified random model to 
the current database.  

The next resource for potential expansion of the model point is family relationships. This includes mainly 
information on how many living relatives the individual has and whether he or she lives with someone 
in the same household. If available, this data could be used to estimate the probability of receiving 
attendance and long-term attendance allowance. However, at the moment, based on the information 
available to us, we do not expect that more information of this type will be available in the near future, 
in addition to the information (including but not limited to EU SILC) which is already taken into account 
in the preparation of model points of the existing NEMO model.  

To expand the model point beyond the input created for the NEMO model, we recommend using the 
following tools. In the case of simpler modifications (e.g., adding a column), it is possible to use DCS 
software (Data Conversion System), or one of the tools for working with SQL. More complex modifica-
tions of the model point can be made, in addition to the DCS software, in the Spark environment, which 
was used when converting the underlying databases of MoLSA to model points for the NEMO model. 

 Comparison of the Recommended Solution with the Current Modeling 
Approach 

In this chapter, we describe the advantages and disadvantages that the application of the recommended 
solution into MoLSA practice should have.  

 Current Model 

Currently, MoLSA models sickness insurance benefits by the following simplified method:  

• Modeling runs on an aggregate basis over the whole population, no cohorts are created based 
on age, sex or any other criteria. The exception are assignments that aim to estimate the impact 
of a modification of legislative conditions – in such cases, the benefits are divided into groups 
according to payoff amount and duration.  
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• Benefits expenditures and incomes of the sickness insurance system are calculated separately 
but using the same method: both are performed on an aggregate basis only by multiplying the 
values from the previous period with coefficients expressing  growth of the average income, a 
change of the number of recipients of the benefit or insurance payers and, if relevant, a change 
of persons’ will to apply for benefit (which depends on the current legislation).   

• Projection of the number of benefit recipients or insurance payers involves not only the natality 
and mortality development, but also the development of the economic cycle and of the expected 
sickness; on the other hand, some less significant items such as the number of persons on pa-
rental leave are not included. If paid benefits are divided into groups based on the payoff amount 
and duration in order to determine the impact of a legislative change, one does not consider 
whether the number of benefit recipients changes distinctly in various groups because of other 
drivers rather than the aforementioned legislative changes (even though a different sensitivity on 
unemployment rate changes can be expected across the individual groups, for example).  

• Sensitivity to legislative conditions is determined either by adopting probabilities of benefit take-
up from a historical period in which the legislative conditions were quite similar (if such a period 
exists) or by expert opinion if a sufficiently similar situation did not occur in the past. This expert 
opinion has to cover aggregately both impacts on paid benefit amounts and impacts on partici-
pants’ decision whether to apply for the benefit. The sensitivity is determined separately for every 
combination of the benefit duration and its amount (see the first point) but is determined across 
all persons that belong to such group, which can differ by age, sex, education and other important 
characteristics.   

This simplified approach was selected in the past in a situation where individual data was not available. 

 Recommended Solution 

In comparison with the current method, the recommended approach for creation of a microsimulation 
model makes the prediction more precise and some of its aspects easier to understand. Moreover, it 
allows for full use of newly available individual data (newly avalaible databases SEE20, SEE21 and 
SEE22 described in chapter 4.5 and database of social insurance for self-employed individuals de-
scribed in chapter 4.4) in conjunction with the newly prepared individual data for model NEMO. In the 
section below, we present a list of the most important differences and to each of them we add an exam-
ple of when it can become an important issue for MoLSA:  

• All current or alternative legislative rules can be implemented directly into the microsimulation 
model. This constitutes a noticeable advantage first and foremost for recording all periods of 
delay between sickness outbreak and entitlement to benefit, protection periods, rules for entitle-
ment and duration of benefit, and also allows for accurate calculation of individual paid amounts. 
In the current approach, it is neccessary to combine all possible changes relating to these values 
into one common assumption for the frequency of receiving of benefits. If for example the dura-
tion of protection period changes, it is not clear how this should reflect in the current model as-
sumptions. To the microsimulation model, we input this change directly with accuracy of calendar 
days and its impact will be calculated during the projection. A similar difference can be observed 
in the application of reduction limits: while the microsimulation model uses them in the respective 
part of the formula for benefit’s calculation and does not perform any simplification in this regard, 
the current approach requires us to transform the assumption about the income growth in the 
Czech population (that can be taken over from external statistics) to the assumption on the 
growth of reduced assessment base in the population of recipients of the benefits. This is not an 
easy task.  

• The projection of the number of policyholders or benefit recipients in a microsimulation model 
can be based very precisely on real individual data capturing not only their current state but 
also their past (for example previous employments, diseases endured in the past). This might be 
significant in a situation when, for example, the unemployment sinks significantly from the pro-
jection valuation date: the number of employed rises but a part of them initially does not need to 
have a contribution period sufficient to receive benefits. To address such a situation in the current 
approach, one would need to perform a separate analysis of the corresponding administrative 
database and repeat it for each valuation date.  

• The microsimulation model can be expanded with additional predictors almost without any 
limits (other than those resulting from data unavailability). For example, it is easy to introduce 
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dependence of some probabilities on a person’s education into the model. Performing such an 
extension in the current approach would be more complicated: it would be necessary to divide 
current cohorts into subcohorts based on education and derive all assumptions for each one of 
them (for example morbidity in a given cohort), or alternatively, to find out the representation of 
individual education categories in each cohort, determine their impact on the considered cohort 
and aggregate those impacts again. This approach is possible but it complicates the assumption 
and input preparation and thus takes away the current model‘s main advantage, its simplicity. It 
can be expected, however, that the sick leave incidence will strongly depend on education or, 
for example, on field of emloyment.  

• The microsimulation model preserves real relations between modeled variables (for example 
the frequency of sick leave and income might be related), whereas the current approach loses 
part of this information because it only considers averages and aggregates. As a result, the cur-
rent approach does not provide results as precise. 

• The microsimulation model decomposes simulated events into understandable units that can 
be easily parametrized. For example, instead of trying to directly model the total number of sick 
persons in a population that consists of a certain number of students, recent graduades in the 
first employment, long-term employees, parents returning from parental leave and other groups, 
the model rather calculates all relevant variables individually for each person and only subse-
quently puts them together to determine the number and the amount of benefits by application 
of statutory conditions. This way the model reduces the difficult but basic question („How many 
benefit recipients are there in population?“) to many smaller ones („When does this person finish 
education and begin to work? Will he or she ever go on a parental leave? When does he or she 
get sick? Will he or she be entitled to a payment at that time?“). It is possible to examine these 
questions separately to a large extent. This means that compared to the current model, the mi-
crosimulation model offers easier parametrization of assumptions (though not preparation of in-
put data, see below), backward check and process auditability. 

• The microsimulation model provides information not only about the average or total amount of 
paid benefits, but also about the distribution of their amount. Using the model, it is possible to 
respond to a wider range of questions, e.g. to determine the number of persons whose income 
will decrease below a certain level due to sickness. This is not possible in the current approach.  

Disadvantages of a microsimulation model, including the recommended solution, then stem from the 
fact that in comparison with the current approach we deal with an extensive and detailed model:  

• For the original implementation, expenses that might reach the amounts described in chapter 
7.3 in more detail are to be expected.  

• Input preparation constitutes a difficult exercise because it is necessary to use individual data 
from administrative databases, to merge and connect them in an appropriate way and to trans-
form them to the form suitable for further processing within the model. The difficulty of the task 
will be considerably reduced because MoLSA is already performing many of the needed actions 
while they prepare inputs to the NEMO model. Even so, we may expect that the exercise will 
consume several hours to several days of computation time and several days of analyst’s work 
each year.  

• The markedly more complex way to capture all relations also puts higher requirements on pro-
cessing and analysis of results – if unexpected results occur, one needs to determine which input 
combination has caused the deviation from expectations. Therefore, the model verification and 
results interpretation might again require a higher time allotment – if suitable reporting tools al-
ready exist, it might constitute one or two days of work of one analyst for each model run.  

 Comparison and Consideration of Other Alternatives     

We see that the current approach of MoLSA does not put high demands on input data but provides only 
limited answers to a closer range of questions, it is not easy to further develop it without more significant 
modifications and even at the cost of these significant changes, it is not possible to answer, for example, 
questions relating to the distribution of observed variables in our population. Usage of the microsimula-
tion model would enable to significantly extend the obtained information but at the cost of a more stre-
nuous implementation as well as a longer annual proces of parametrization and input derivation.  



 

77 

 

Therefore, the question is whether it is possible to find a suitable compromise between these variants – 
a modeling approach that would be significantly more precise than the current one but at the same time  
requiring a markedly easier implementation and further maintanance compared to the microsimulation 
model. Thus, let us consider to what extent one can improve accuracy even without using a microsimu-
lation model. The following methods offer themselves:  

• We can divide the projection into cohorts based on age and sex and determine the numbers of 
received benefits for individual cohorts based on the individual databases (where the data is 
available). 

• The past of insured persons can be taken into accout in that based on the analyses of these 
databases we will determine weighted assumptions separately for individual cohorts and then 
include them to the formula for calculation of the number of paid benefits.     

• If the duration of the protection period changes, it is possible to estimate how many benefits 
observed in the past began during the protection period, by using the average duration of em-
ployment recorded in STATMIN VZ. The expected number of benefits can be modified based on 
the ratio of the number of those benefits to the number of total benefits.  

• Dependence on additional parameters (for example education) can be implemented by the 
method that has already been described above.       

However, similar methods require a relatively difficult assumption preparation, which might not be too 
understandable and easily auditable anymore, and moreover, since individual data have to be pro-
cessed, the difficulty of processing will not be significantly lower compared to the microsimulation model. 
Therefore, we suppose that even though it is possible do develop the current model in a similar way to  
certain extent, it would be ineffective to try to achieve a significantly higher detail.  

The effort to make the current model more precise would soon reach substantial limitations and therefore 
we do not consider this type of compromise to be a sustainable solution  long term. On the other hand, 
the recommended solution represents a suitable option in this regard because it provides the maximum 
achievable accuracy as well as an opportunity for further development.  

 Estimated Time Schedule of the Implementation of the Recommended 
Solution 

The following table shows the estimated times for each step in the implementation of the recommended 
microsimulation model of sickness insurance. The times are only approximate, depending mainly on the 
availability and quality of the input databases and on the size of the implementation team. The data and 
model work can be parallelized where necessary. 

Step 
No. 

Individual steps of model creation Time in-
tensity 
(months) 

Comments 

1 Technical specification of the model 
and data preparation 

1  

2 Analysis, cleaning, filling out the gaps 
and transformation of participant data 

1 The implementation time estimate as-
sumes that MoLSA will already have 
the combined database (INEP and 
SEE, including self-employed data) at 
their disposal. 

3 Derivation of probabilities and statis-
tics for initial model statuses that 
cannot be determined from individual 
data  

1 The implementation time estimate as-
sumes that MoLSA will already have 
the combined database (INEP and 
SEE, including self-employed data) at 
their disposal. 

4 Development of the tool for prepara-
tion of input model points and the 
preparation thereof 

1  
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5 Derivation of transition probabilities 
and distributions for the projection of 
transitions between statuses, deriva-
tion of other input assumptions 

2 Probabilities of occurrence and distri-
bution of the statuses of sick-
ness/health, including the analysis of 
the possible dependence on the set-
ting of legislative parameters (1 
month) 
 

Other probabilities and assumptions 
(1 month) 

6 Development of the model, testing of 
sub-functionalities (unit testing) 

1  

7 Functional testing of the model and 
results 

1  

8 Model documentation 1  

 

9 Delivery, user training 1  

10 Additional aspects 2 Solving tasks that appear only during 
the project, for example due to inade-
quacies in the data or the need to re-
fine the calculation by including addi-
tional aspects. 

 Total 12  

Table 15: Estimated time schedule of implementation of the model 

This schedule is based on the following assumptions:  

• the recommended solution described here will be chosen for implementation without further ex-
tensions; 

• the connection of the INEP database and the SEE database will be available and it will be pos-
sible to fully rely on the underlying data (this is important for deriving the probability of morbidity 
for individual groups of persons); 

• all required databases, including the sickness insurance database of the self-employed, will have 
already been subjected to data quality checks and corrections; 

• as a result of the previous two points, only the following types of analysis will be performed within 
the preparation of the data and derivation of assumptions: 

o deriving assumptions, distribution parameters, etc. on the basis of historical observations (ex-
ample: deriving the distribution of sickness lengths); 

o adding a new column to the model point database from another database based on a unique 
person identifier; 

o creation of a new column in the model point database based on random generation from a 
certain probability distribution, or on the basis of derived assumptions; 

o the project will not include operations for data cleaning or gap filling, the project will also not 
include tracing or filling data across individual's historical trajectory (i.e., operations of a similar 
scope of data processing as in the case e.g., processing historical income or filling historical 
uninsured states across the participant's past during the preparation of existing model points 
of NEMO). 

Should the above assumptions not apply, the estimated time and cost of the project may change signif-
icantly and the necessary expertise of the implementation team would be expanded to include a more 
thorough knowledge of the tools in which MoLSA checks data quality and traces historical trajectories 
of individuals (i.e., in particular Apache Spark).  

According to our estimates, subject to fulfilment of the above assumptions, an experienced team may 
be able to perform all of the tasks that can be planned in advance for approximately CZK 6.4 million ex-
clusive of VAT. At the same time, however, according to our experience, in implementation projects of 
this scope, additional tasks and obstacles that need to be dealt with typically arise only after deeper 
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data analyses. Therefore, we recommend allowing for sufficient budget during the planning process to 
cover such tasks in order to avoid the need to continuously negotiate "extra work" during the project 
implementation. In summary, we expect that suppliers on the market will be able to offer the implemen-
tation, including tasks that may arise during the implementation, at a final cost of approximately CZK 8 
million exclusive of VAT.  
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Appendix A Prototype Approach to the Stochastic  

Projection 

We illustrate the recommended modeling approach described in chapter 7 using a prototype that we 
created in MS Excel/VBA and attached at the end of this section. The model includes sickness modeling 
using a continuous model (with a day's accuracy), employment modeling (with random sampling of the 
day in a month in which employment is found or left) and natality modeling including the period of preg-
nancy. In sickness modeling, the model distinguishes between two disease types based on their seri-
ousness. Thus, the prototype covers all fundamental methods of modeling events that we suggest to 
choose differently from the approaches used in the pension model NEMO, which analysts from MoLSA 
already know well.  

The prototype calculates the evolution of one person in the time span of twelve months. The projection 
is provided in the sheet named Prototype; other sheets contain model assumptions and parameters.  

Events_sampling_pro

totype.xlsm
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Appendix B Sickness Insurance in the Czech Republic 

Sickness insurance in the Czech Republic is governed by Act No. 187/2006 Sb. (Collection of Laws), 
the Sickness Insurance Act. 

B.1. Participation in the Insurance 

Participation in sickness insurance usually arises for all employees by law and is mandatory if these 
employees meet the conditions laid down for participation in sickness insurance. The employer pays 
sickness insurance for the employees.  

Self-employed individuals or foreign employees can pay sickness insurance voluntarily. 

B.1.1. Conditions of Employees’ Participation in Sickness Insurance – Major 

Employment 

Employees (citizens of the Czech Republic, with the exception of employees working under an agree-
ment to perform work) participate in the insurance if:  

• they carry out work in the Czech Republic; or 

• they carry out work abroad for an employer having its registered office in the Czech Republic, 
and: 

o the place of work abroad is permanent (temporary work outside the Czech Republic is covered 
by the previous bullet); 

o they do not participate in the pension insurance of the state in which they permanently work; 

o they have permanent residence in the territory of the Czech Republic or another Member State 
of the European Union. 

• The agreed amount of eligible income per calendar month is greater than or equal to the relevant 
income. 

The relevant income (hereinafter referred to as RP) is set at CZK 3,000 and is recalculated as of January 
1 of each calendar year according to the following formula: 

 

𝑅𝑃(𝑡) =  MAX (
1

2
× ( ⌈

𝐾𝑂𝐸𝐹𝐷

10
× 𝑉𝑉𝑍(𝑡 − 2)⌉ + ⌊

𝐾𝑂𝐸𝐹𝐷

10
× 𝑉𝑉𝑍(𝑡 − 2)⌋ ) ; 𝑅𝑃(𝑡 − 1))  

This formula is based on Section 6(2) of Act No. 187/2006 Sb. (Collection of Laws), the Sickness Insur-
ance Act, under which the amount of relevant income (𝑅𝑃) will increase from January 1 of the calendar 

year if one tenth of the product of the general assessment base (𝑉𝑉𝑍) determined under the Pension 
Insurance Act for the year preceding this calendar year by two years, and the conversion coefficient 
(𝐾𝑂𝐸𝐹𝐷) determined under the Pension Insurance Act for the adjustment of this general assessment 
base is higher, after rounding down to the whole five hundred crowns, than the relevant income amount 
in force so far; relevant income shall be set in the amount of this tenth after this rounding. 

Foreign employees (except employees working under an agreement to perform work) are insured if: 

• they are voluntarily insured under the Pension Insurance Act as employees of a foreign em-
ployer; and  

• they have registered for the insurance. 

Excluded from the insurance are persons who are not citizens of the Czech Republic or citizens of a 
Member State of the European Union and are employed in the Czech Republic without a valid residence 
permit. 

Employees (citizens of the Czech Republic and foreign employees), in cases where they carry out mul-
tiple jobs, participate in the insurance for each of their jobs. 
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B.1.2. Duration of the Insurance  

The insurance starts for the employee on the day on which he or she started to work for the employer 
and expires at the end of the employment period. 

In the event that the agreed amount of eligible income ceases to reach the amount of relevant income, 
the employee's participation in the insurance expires on the day preceding that on which the change 
occurred. 

B.1.3. Conditions of Employees’ Participation in Sickness Insurance – Minor 

Employment 

Minor employment shall mean employment in which the agreed amount of eligible income is lower than 
the relevant income. 

Employees only participate in the insurance in the months in which the amount of eligible income has 
reached at least the amount of relevant income.  

If an employee had more than one minor employment with the same employer in a calendar month, he 
or she shall participate in the insurance in those calendar months in which the sum of the amounts of 
eligible income exceeds the amount of relevant income. 

If, in a minor employment, the eligible income exceeds the amount of relevant income, the insurance 
shall start from the date on which the increase occurred. 

B.1.4. Conditions of Employees’ Participation in Sickness Insurance – Em-

ployment under an Agreement to Perform Work 

Employees working on the basis of an agreement to perform work are participating in the insurance in 
the calendar months in which:  

• their eligible income (or the aggregate eligible income from the agreements if they perform more 
agreements to perform work with the same employer in the same month) is greater than CZK 
10,000 and they work in the Czech Republic; or 

• their eligible income (or the aggregate eligible income from the agreements if they perform more 
agreements to perform work with the same employer in the same month) is greater than CZK 
10,000 and they work abroad for an employer having its registered office in the Czech Republic, 
and: 

o the place of work abroad is permanent (temporary work outside the Czech Republic is included 
in the group above); 

o they do not participate in the pension insurance of the state in which they permanently work; 

o they have permanent residence in the territory of the Czech Republic or another Member State 
of the European Union. 

B.1.5. Conditions for Participation of Self-Employed Individuals in Sickness 

Insurance 

Self-employed individuals participate in the insurance if: 

• they work as self-employed in the Czech Republic or based on authorization outside the Czech 
Republic; and 

• they have applied for participation in the insurance. 

If a self-employed person carries out several activities simultaneously, he or she is insured only once 
from these activities.  

The self-employed person's insurance starts on the date specified in the application for participation in 
insurance (however, at the earliest on the day of submission of the application form).  

The self-employed person's insurance ends: 
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• on the date specified in the application for cancellation participation in insurance (however, at 
the earliest on the day of submission of the cancellation form); 

• on the date of termination, expiry of the license or suspension of the self-employment; 

• on the first day of the calendar month for which the premium was not paid (in full). 

B.2. Period of Protection 

The period of protection shall be the period after the expiry of the insurance in which the right to the 
corresponding sickness insurance benefit still exists. 

• For sickness benefits, the period of protection is set at 7 calendar days from the date of termina-
tion of insurance, except for cases where the insurance lasted for a shorter period. In such cases, 
the period of protection lasts only as many calendar days as the insurance lasted; 

• In the case of maternity benefits for women whose insurance has expired during pregnancy, the 
period of protection lasts 180 calendar days from the date of termination of the insurance, except 
for cases where the insurance was of a shorter duration. In such cases, the period of protection 
lasts only as many calendar days as the insurance lasted; 

• In the event that a woman is reinsured within this period of protection, the period of protection 
does not run for the duration of this insurance. The unused period of protection from the previous 
insurance shall be added to the period of protection of this new insurance cover, up to the total 
number of 180 calendar days; 

• In other cases of maternity benefits (e.g., for men), the period of protection is fixed at 7 calendar 
days from the date of termination of the insurance.  

The period of protection shall not arise: 

• from an insured activity of an old-age pensioner or disability pensioner for third degree disability; 

• from minor employment; 

• from employment contracted by a student if the job occurs exclusively in the school holidays; 

• from employment of an employee working under an agreement to perform work. 

The period of protection ends: 

• with the emergence of new insurance, other than insurance for self-employed individuals, pro-
vided that the entitlement to the period of protection does not arise from insurance of self-em-
ployed individuals; 

• on the last day before the date of payment of old-age pension or disability pension, except for 
the period of protection for maternity benefits in case of entitlement to disability pension in case 
of disability of first or second degree. 

B.3. Daily Assessment Base 

Daily assessment base (𝐷𝑉𝑍) shall be calculated using the following formula: 

𝐷𝑉𝑍 =
𝑉𝑍

𝑅𝑂
 , 

where 𝑉𝑍 is the assessment base established for the relevant period, and 𝑅𝑂 is the number of calendar 
days falling on the relevant period, less the excluded days. 

In the case of a minor employment or activity under an agreement to perform work, the daily assessment 
base is defined as one thirtieth of the assessment base achieved in this calendar month. 

In case of concurrent insurance covers (or periods of protection, or period of protection and insurance) 
of the insured person and subject to fulfillment of entitlement to the same benefit, with the exception of 
the compensatory allowance in pregnancy and maternity, the (total) daily assessment base is deter-
mined as the sum of the daily assessment bases from each insured activity.  

The following applies to the calculation of the daily assessment base in the case of the sickness benefit: 
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• Where sick leave instances are terminated gradually, the new daily assessment base shall be 
established such that the daily assessment base determined for the insured activity with respect 
to which the sick leave was terminated will be subtracted from the original daily assessment 
base. 

B.3.1. Assessment base 

Assessment base is defined: 

• For an employee, as the sum of assessment bases for premiums for pension insurance for each 
calendar month in the relevant period. This sum will include also those assessment bases, from 
which the premium was not paid due to exceeding of the maximum assessment base or the 
income which was generated from working in minor employment or during activities under an 
agreement to perform work, if they are included in the assessment base for insurance premiums 
for the pension insurance; 

• For self-employed individuals, as the sum of the monthly bases in the relevant period from which 
that person paid the insurance premiums; 

• If, within four years of the child's birth, the female employee is entitled to new maternity benefits, 
the maximum of the daily maternity assessment base of the previous maternity benefit and the 
daily assessment base of the other (new) maternity benefit shall be taken as the daily assess-
ment base; 

• If the employee's assessment base cannot be ascertained for the relevant period in question, 
the minimum income applicable to those months will be considered the assessment base for 
each calendar month. 

B.3.2. Relevant Period 

Relevant (reference) period is defined as a period of 12 calendar months prior to the calendar month in 
which the welfare event occurred, with the following adjustments: 

• If the welfare event occurs within the period of protection, the relevant period shall be determined 
as if the welfare event occurred on the calendar day immediately following the day on which the 
insurance ended. 

• The relevant period is reduced by the number of excluded days. Excluded days of an employee 
include the following: 

o Calendar days of an employee's excused absence from work or duty for which the employee 
is not entitled to service income, income or income compensation;  

o Calendar days of the sick leave on which the employee is entitled to income compensation in 
the period of the first 14 calendar days;  

o Calendar days for which the employee was paid sickness benefits, maternity benefits, paternity 
benefits, attendance allowance or long-term attendance allowance.  

Excluded days of a self-employed individual include the following: 

o Calendar days on which the self-employed individual was entitled to the payment of sickness 
benefits, maternity benefits or long-term attendance allowance under the sickness insurance 
of self-employed individuals;  

o Calendar days on which the self-employed individual was not insured.  

If, during the relevant period thus determined, the self-employed individual has no monthly base, the 
daily assessment base shall be deemed to be the daily assessment base established for the calculation 
of the previous benefit under the sickness insurance of self-employed individuals. 

Daily assessment base of a foreign employee is determined similarly to the daily assessment base of 
the self-employed individual. 

If the welfare event occurs, for an employee, on the day when 12 calendar months have not lapsed from 
the date of inception of the employee’s insurance:  
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• If the welfare event and the occurrence of the employee's insurance did not occur in the same 
month, the relevant period shall be the period from the beginning of the employee's insurance to 
the end of the calendar month preceding the calendar month in which the welfare event occurred;  

• Conversely, if the welfare event and the employee's insurance occurred in the same month, the 
daily assessment base shall be calculated as one thirtieth of the eligible income which the em-
ployee would probably generate in this calendar month, and the relevant period will be disre-
garded.  

If: 

• the employee does not have any assessment base determined in the relevant period, or 

• the relevant period does not have at least 30 calendar days,  

the relevant period shall be the first previous calendar year in which eligible income was generated and 
which has at least 30 calendar days during which the insurance continued and which are not excluded 
days. 

The relevant period is further adjusted for the following types of sickness insurance benefits: 

• For attendance allowance, it is established as of the date of taking over the attendance for the 
insured person who took over the attendance in place of another beneficiary  

• For long-term attendance allowance, it is established for the insured person as of the date of 
emergence of the need for long-term care, if the insured person is the one who took over this 
long-term care.  

B.3.3. Reduced Assessment Base 

Reduced daily assessment base (hereinafter referred to as RDAB) is used for the calculations of the 
sickness insurance benefits, and is defined as follows:  

𝑅𝐷𝑉𝑍 = 𝛼1 × MIN(𝐷𝑉𝑍, 𝑅𝐻𝐼) + 𝛼2 × H(𝐷𝑉𝑍 − 𝑅𝐻𝐼𝐼) × (MIN(𝐷𝑉𝑍, 𝑅𝐻𝐼𝐼) − 𝑅𝐻𝐼) +                                    

+ 𝛼3 × H(𝐷𝑉𝑍 − 𝑅𝐻𝐼𝐼𝐼) × (MIN(𝐷𝑉𝑍, 𝑅𝐻𝐼𝐼𝐼) − 𝑅𝐻𝐼𝐼) , where: 

• H is a Heaviside function, defined as zero for a negative argument value and equal to one for a 
positive and zero argument value;  

• DVZ is a daily assessment base;  

• RHI is the first reduction limit which is one thirtieth of the product of the general assessment base 
determined in accordance with the Pension Insurance Act for the calendar year preceding by 
two years the calendar year for which the amount of the reduction limits is established, and the 
conversion factor determined according to the Pension Insurance Act for the adjustment of this 
general assessment base;  

• RHII is defined as 1.5 times the amount of the first reduction limit;  

• RHIII is defined as 3 times the amount of the first reduction limit;  

• 𝛼1, 𝛼2, 𝛼3 are reduction coefficients which are determined according to the following table: 

Type of sickness insurance 𝜶𝟏 𝜶𝟐 𝜶𝟑 

Sickness benefit 0.9 0.6 0.3 

Maternity benefit 1.0 0.6 0.3 

Paternity benefit 1.0 0.6 0.3 

Attendance allowance 0.9 0.6 0.3 

Long-term attendance allowance 0.9 0.6 0.3 

Compensatory allowance in pregnancy and ma-
ternity 

1.0 0.6 0.3 

           Table 16: Value of reduction coefficients for each type of sickness insurance 
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B.4. Sickness insurance benefits 

Benefits are provided for calendar days, and the amount of each benefit is rounded up to whole crowns 
(CZK). 

In the case of overlapping insurance, the conditions for entitlement to the benefit are assessed individ-
ually. In the case of entitlement to the same benefit, except for the compensatory allowance in preg-
nancy and maternity, under multiple insurance covers, only one benefit will be paid from all the insurance 
covers. 

If entitlement to more than one benefit arises from the same insurance at the same time, 

• the entitlement to the payment of maternity benefits shall take precedence over the entitlement 
to the payment of other benefits. 

• the entitlement to the payment of paternity benefits shall take precedence over the entitlement 
to the payment of the sickness benefit, attendance allowance and long-term attendance allow-
ance. 

• the entitlement to the payment of long-term attendance allowance shall take precedence over 
the entitlement to the payment of the sickness benefit and attendance allowance. 

• the entitlement to the payment of the sickness benefit shall take precedence over the entitlement 
to the payment of attendance allowance. 

If an employee is entitled to eligible income for the part of the calendar day on which the entitlement to 
the benefit arises, he or she shall receive the benefit as a proportion attributable to the part of the working 
hours for which he or she is not entitled to the eligible income.  

The same procedure applies to the day on which a sick leave started, which is considered to be a 
continuation of the previous sick leave and also to the day, when claiming attendance allowance, where 
the employee has only performed work for part of the day because the person attended to was admitted 
to or dismissed from an inpatient healthcare facility. 

These days are included in the indemnity period.  

Czech system of sickness insurance consists of the following three benefits: 

B.4.1. Sickness Benefit 

The purpose of the sickness benefit is to financially secure the insured person during a period when, 
due to the sick leave or due to a quarantine imposed, they cannot work and temporarily lose their earn-
ings.  

B.4.1.1. Entitlement to Sickness Benefit 

An insured person who has been recognized as temporarily unfit for work is entitled to sickness benefit 
if the sick leave lasts more than 14 calendar days.  

In the case of minor employment or work under an agreement to perform work, the entitlement to sick-
ness benefit also arises in the calendar month in which the employee is not participating in the insurance, 
provided that he or she has participated in the insurance in at least three immediately preceding calendar 
months.  

The insured person is not entitled to sickness benefits for: 

• a period when he or she carries out work in an insured activity for which he or she is entitled to 
benefits or personally works as a self-employed individual;  

• the entire period of the sick leave if he or she caused this sick leave deliberately;  

• a period in which he or she is entitled to the payment of old-age pension if the insured activity 
ended before the date on which he or she became entitled to the payment of the old-age pension.  
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B.4.1.2. Indemnity Period of the Sickness Benefit 

The indemnity period determines the period during which the insured person is entitled to receive sick-
ness benefit. It begins on the 15th calendar day of the sick leave and ends on the day on which the sick 
leave ends.  

In case the insured activity lasts less than 190 calendar days from the end of the last sick leave, the 
indemnity period shall include all days of the sick leave which occurred in the period of 380 calendar 
days before the start of the sick leave. This period shall be included in the indemnity period also if the 
previous sick leave was approved for a different insured activity, or in cases where there was no entitle-
ment to the sickness benefit. 

The indemnity period lasts no longer than 730 calendar days from the start of the sick leave. The deter-
mination of the indemnity period at 730 is based on Section 26(1) and Section 27 of Act No. 187/2006 
Sb. (Collection of Laws), the Sickness Insurance Act, where the indemnity period lasts no more than 
380 calendar days from the start of the sick leave. After the expiry of this period, the period of sickness 
benefits may be extended by no longer than 3 months, based on the opinion of the physician of the 
sickness insurance provider, if the insured can be expected to return to work in a short time. This can 
be done repeatedly, but no longer than 350 calendar days from the expiry of the initial (380 calendar-
day) indemnity period. 

Shorter indemnity period applies to people receiving old-age or disability pension of the third degree. 
The upper limit for payment of the sickness benefits is, pursuant to Section 28 of Act No. 187/2006 Sb. 
(Collection of Laws), is 70 calendar days, however, no longer than until the day on which the employ-
ment ended, in the case of employees, or on which the insurance ended, in the case of a self-employed 
individual or foreign employee. But the sickness benefits cannot be paid for a longer time than the time 
for which it would be paid under Section 26.  

B.4.1.3. Calculation and Amount of the Sickness Benefit 

The amount of the sickness insurance benefit is calculated as a percentage of the reduced daily as-
sessment base (hereinafter referred to as RDAB).  

The amount of the sickness benefit per calendar day (hereinafter referred to as VND) shall be calculated 
as follows: 

• On the 1st - 14th calendar day of the sick leave, the employee is not entitled to sickness benefit. 
During this period, the employee receives compensation from the employer. 

• 15th - 30th calendar day of the sick leave: 

𝑉𝑁𝐷 =  0.60 × 𝑅𝐷𝑉𝑍 

• 31st – 60th calendar day of the sick leave: 

𝑉𝑁𝐷 =  0.66 × 𝑅𝐷𝑉𝑍 

• 61st – 730th calendar day of the sick leave: 

𝑉𝑁𝐷 =  0.72 × 𝑅𝐷𝑉𝑍 

• 15th– 730th calendar day of the sick leave in cases where the sick leave demonstrably results 
from an activity in the general interests to extinguish a fire, to carry out rescue or liquidation work 
or to fulfill public protection tasks as a member of voluntary fire brigade or member of the inte-
grated rescue service who has no legal relationship or service relationship with such service: 

𝑉𝑁𝐷 =  1.00 × 𝑅𝐷𝑉𝑍 

If the insured person causes the sick leave 

• by participating in a fight,  

• as an immediate consequence of consumption of alcoholic beverages or abuse of drugs or psy-
chotropic substances, or 

• as a result of a deliberate crime or a deliberate misdemeanor,  

the sickness benefit is reduced by 50%. 
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B.4.1.4. Daily allowance from employer 

The labor code specifies under which conditions and to which extent an employer has to compensate a 
shortage in income to an employee who went to a sick leave or was quarantined. The allowance belongs 
during the first 14 days of the sick leave to an employee who has been recognized as unable to work or 
who has been ordered to stay in a quarantine based on the conditions for going to sick leave according 
to the regulation on sickness insurance (see chapter B.4.1.1). Daily allowance does not belong to an 
employee who during the first 14 days of the sick leave is already entitled to a sick leave, maternity, 
paternity or long-term attendance benefit.  

The daily allowance is set to 60% of average daily earning. For the purposes of determining the allow-
ance, the average earning is adjusted in a similar manner to the adjustments of daily assessment base 
(see chapter B.3.3) for the calculation of sick leave benefit, where for the purposes of this adjustment, 
the corresponding reduction limit is multiplied by a coefficient of 0.175 and then rounded up to hellers. 
This is only the low limit set by the law, though. The height of the allowance, over the legislative mini-
mum, can be on individual workplaces set by an internal regulation. However, it can never surpass the 
average earning.  

B.4.2. Maternity Benefit 

Maternity benefit is due, in connection with the care of a newborn child, to the mother of the child or the 
father of the child or the insured person (male or female) who took the child into adoptive care based on 
a decision of the relevant authority. 

B.4.2.1. Entitlement to Maternity Benefit 

The following persons are entitled to the maternity benefits: 

• Pregnant insured person, at the earliest from the beginning of the eighth week before the ex-
pected birth, or an insured person who has given birth to the child, but only up to the age of 1 
year of the child;  

• An insured person who has taken a child under 7 years into adoptive care on the basis of a 
decision of the competent authorities, but only up to the age of 7 years and 31 weeks of the child;  

• An insured person who cares for a child under the age of 7 years whose mother has died, but 
only up to the age of 7 years and 31 weeks of the child;  

• An insured person who cares for a child and is the child’s father or husband of the woman who 
gave girth to the child, if this mother is not able or allowed to take care of the child, but only up 
to the age of 1 year of the child;  

• An insured person who cares for a child and is the child’s father or husband of the woman who 
gave girth to the child and made a written agreement with the mother of the child to take care of 
the child, but only up to the age of 1 year of the child,  

subject to fulfilment of the following conditions: 

• For employees: 

o Participation of the insured person in the insurance at least over a period of 270 calendar days 
in the last two years before the day of the commencement of the indemnity period 

• For self-employed individuals: 

o Participation of the insured person in the insurance at least over a period of 270 calendar days 
in the last two years before the day of the commencement of the indemnity period 

o Participation in the insurance as a self-employed individual at least over a period of 180 calen-
dar days in the last year before the day of the commencement of the indemnity period 

The eligibility conditions must be met as of the date of taking the child into care. 

• For foreign employees: 
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o Participation of the insured person in the insurance at least over a period of 270 calendar days 
in the last two years before the day of the commencement of the indemnity period 

o Participation in the insurance as a foreign employee at least over a period of 180 calendar days 
in the last year before the day of the commencement of the indemnity period 

In case of claiming maternity benefits from multiple insurance covers, the condition of participation must 
be fulfilled in each insurance. 

If, for employees, self-employed individuals or foreign employees, the condition for the participation of 
the insured person for one or more insurance covers is not met for the period of at least 270 calendar 
days in the last two years, the procedure will be as follows: 

• If only one maternity benefit is claimed, the calendar days of insurance from other insurance 
covers will also be included in this condition, and overlapping days can only be counted once. 

• If multiple maternity benefits are claimed, provided that the condition of participation in the insur-
ance for more than 270 calendar days in the last two years is met in at least one insurance and 
maternity benefit is claimed also under other insurance where this condition was not met: 

o the days included for the fulfillment of this condition of period of participation in the insurance 
(if this condition is not met for only one insurance) in which this condition of 270 days was not 
met will be only those days in the period of two years before starting to take maternity benefits 
on which the participation in the insurance continued in 270 days concurrently in the number 
of insurance covers in which the benefit is claimed. 

o periods of participation in insurance will be included for the fulfillment of this condition of period 
of participation in the period of the previous two years only for the insurance in which the daily 
assessment base is the highest (provided that the condition is not set for more than once in-
surance). 

The period of participation in insurance for entitlement to maternity benefits also includes: 

• Duration of studies at secondary school, higher professional school or university, if the studies 
have been successfully completed, to the extent that this period does not coincide with the in-
sured activity. 

• Period of receipt of third-degree disability pension if the pension was withdrawn and after that 
withdrawal insurance activity was carried out, to the extent that this period does not coincide with 
the insured activity. 

B.4.2.2. Indemnity Period of the Maternity Benefit 

For an insured woman who 

• Has given birth to a child, 

the indemnity period shall be 28 weeks. If the insured woman gave birth to two or more children at the 
same time, the indemnity period shall be extended to 37 weeks, provided that after 28 weeks of this 
indemnity period, the insured woman continues to care for at least two of those children. 

The indemnity period for the insured woman who gave birth must not be shorter than 14 weeks and 
must not end before the expiration of 6 weeks from the date of birth. 

In the event of the child's death, the indemnity period ends 2 weeks after the child's death, unless the 
indemnity period ends earlier (meaning 28 or, as the case may be, 37 weeks). 

For an insured person who  

• has taken a child under 7 years into adoptive care on the basis of a decision of the competent 
authorities, but only up to the age of 7 years and 31 weeks of the child, or 

• cares for a child under the age of 7 years whose mother has died, but only up to the age of 7 
years and 31 weeks of the child, or 

• cares for a child and is the child’s father or husband of the woman who gave girth to the child, if 
this mother is not able or allowed to take care of the child, but only up to the age of 1 year of the 
child, or 
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• cares for a child and is the child’s father or husband of the woman who gave girth to the child 
and made a written agreement with the mother of the child to take care of the child, but only up 
to the age of 1 year of the child, 

the indemnity period is 22 weeks. If the insured person takes care of two or more children, the indemnity 
period is extended to 31 weeks, provided that after the expiry of the period of 22 weeks, the insured 
person continues to take care of at least two of those children. 

In the event of the child’s death, the indemnity period ends upon expiry of 2 weeks after the child’s death, 
unless the indemnity period ends before that (meaning 22 or, as the case may be, 31 weeks). 

The indemnity period for maternity benefits starts: 

• on the day determined by the insured woman in the period from the beginning of the 8th week 
until the beginning of the 6th week before the expected date of birth 

• at the beginning of the 6th week before the expected date of birth if the insured woman does not 
determine the date of commencement of the indemnity period 

• on the day of birth if the birth takes place before the determined commencement of the indemnity 
period 

• on the day of acceptance of the child into care by the insured person in the following cases: 

o taking a child under 7 years into adoptive care on the basis of a decision of the competent 
authorities, but only up to the age of 7 years and 31 weeks of the child, or 

o caring for a child under the age of 7 years whose mother has died, but only up to the age of 7 
years and 31 weeks of the child, or 

o caring for a child and is the child’s father or husband of the woman who gave girth to the child, 
if this mother is not able or allowed to take care of the child, but only up to the age of 1 year of 
the child, or 

o caring for a child and is the child’s father or husband of the woman who gave girth to the child 
and made a written agreement with the mother of the child to take care of the child, but only up 
to the age of 1 year of the child. 

The indemnity period ends with the expiry of the relevant time (28 weeks or, as the case may be, 37 
weeks, or 22 weeks or, as the case may be, 31 weeks), however, no later than the day on which the 
child reaches the limit age (1 year, or 7 years and 31 days). 

The indemnity period of maternity benefits of an insured person 

• who cares for a child and is the child’s father or husband of the woman who gave girth to the 
child, if this mother is not able or allowed to take care of the child, but only up to the age of 1 
year of the child, or 

• who cares for a child and is the child’s father or husband of the woman who gave girth to the 
child and made a written agreement with the mother of the child to take care of the child, but only 
up to the age of 1 year of the child, 

includes the period during which maternity benefit was paid to the mother of the child, except for the 
period from the delivery to the end of the 6th week after delivery. If maternity benefits are paid again to 
the mother of the child, the period during which the benefit was paid to the insured person referred to 
above shall be included in its indemnity period. 

If, during the indemnity period during which the insured person receives the maternity benefit, the in-
sured person becomes entitled to other maternity benefit under the same insurance: 

• The new maternity benefits are not paid during the period during which entitlement to the previ-
ous maternity benefits continues;  

• The indemnity period shall be fixed from the date of commencement of this new maternity benefit.  

During maternity benefits, the following cases of interruption of benefit payments may occur: 

• The payment including extension of the indemnity period (limited by age of the child of 1 year or, 
as the case may be, 7 years and 31 weeks) will be interrupted when: 
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o for health reasons, the child is in bed care and the insured person carries out work or self-
employment within an insured activity for which maternity benefit is provided. 

o The insured person is not able or allowed to take care of the child due to a serious long-term 
illness for which he or she was declared temporarily unable to work (sick leave). 

• The payments, when the period for which the maternity benefit is not paid is included in the 
indemnity period and, at the same time, these payments cannot be interrupted in the case of 
minimum indemnity period of the insured woman who has given birth, will be interrupted when: 

o The insured woman is not taking care of the born child, and the child has therefore been placed 
in substitute care or in the inpatient care of a healthcare provider. 

o The child is in a facility providing nonstop care for other than medical reasons on the part of 
the child or the insured person. 

• The payments to the mother of the child, when the period for which the maternity benefit is not 
paid is included in the indemnity period and, at the same time, these payments can be interrupted 
even in the case of minimum indemnity period of the insured woman who has given birth, will be 
interrupted when: 

o The insured person with whom the mother of the child has concluded an agreement is entitled 
to financial assistance at work. 

B.4.2.3. Calculation and Amount of Maternity Benefit 

The amount of the maternity benefits for a calendar day (hereinafter referred to as PPM) is calculated 
as a percentage of the reduced daily assessment base: 

𝑃𝑃𝑀 =  0,70 × 𝑅𝐷𝑉𝑍 

B.4.3. Paternity Benefit 

Paternity benefit is a benefit of the sickness insurance whose purpose is to compensate for the loss of 
income of an economically active citizen taking care of a newborn child. 

B.4.3.1. Entitlement to Paternity Benefit 

The following persons are entitled to the paternity benefits: 

• An insured person who cares for a child whose father he or she is;  

• An insured person (male or female) who cares for a child whom he or she has taken into adoptive 
care if the child has not reached the age of 7 at the date of taking into care.  

In addition, the following conditions must be met:  

• For employees: 

o The commencement of the paternity benefit occurred in a period of 6 weeks from the date of 
birth of the child or from the date of taking the child into care 

• For self-employed individuals: 

o The commencement of the paternity benefit occurred in a period of 6 weeks from the date of 
birth of the child or from the date of taking the child into care;  

o The person has been participating in the insurance as a self-employed individual for at least 3 
months immediately preceding the date of commencement of the paternity benefit. 

• For foreign employees: 

o The commencement of the paternity benefit occurred in a period of 6 weeks from the date of 
birth of the child or from the date of taking the child into care;  

o The person has been participating in the insurance as a foreign employee for at least 3 months 
immediately preceding the date of commencement of the paternity benefit.  
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If more than one person fulfills the conditions of entitlement in respect of the same child, the paternity 
benefit is due only once and only to one of the entitled persons.  

In cases where the insured person takes care of: 

• More children born at the same time, or 

• More children taken into care at the same time, 

These simultaneous cares shall be considered care of only one child and only one paternal benefit is 
due for them. 

B.4.3.2. Indemnity Period of Paternity Benefit 

The indemnity period for the paternity benefit is 

• 1 week. 

The indemnity period for the paternity benefit starts: 

• on the day determined by the insured person in the period of 6 weeks after the date of birth of 
the child or from the date of accepting the child into care.  

The indemnity period ends: 

• on the day when the child is placed in a facility providing nonstop care for other than medical 
reasons on the part of the child or the mother of the child. 

• on the day when the child is placed in care substituting parental care. 

Paternal benefit is not paid: 

• in cases where during the indemnity period during which the insured person receives the pater-
nity benefit, the insured person becomes entitled to other paternity benefit under the same insur-
ance, the new paternity benefits are not paid during the period during which entitlement to the 
previous paternity benefits continues. The indemnity period for the new paternity benefit starts 
upon commencement of the paternity benefit.  

• for non-working days, if the insured person is not entitled to paternity benefit payment for at least 
1 calendar day which should have been a working day for him. 

B.4.3.3. Calculation and Amount of Paternity Benefit 

The amount of the paternity benefits for a calendar day (hereinafter referred to as 𝑉𝑂𝐷) is calculated as 
a percentage of the reduced daily assessment base: 

𝑉𝑂𝐷 =  0,70 × 𝑅𝐷𝑉𝑍 

B.4.4. Attendance Allowance 

Attendance Allowance is a sickness insurance benefit that compensates a shortage in income due to 
taking care of a sick child or another household member.  

B.4.4.1. Entitlement to Attendance Allowance 

Attendance allowance is due to an employee who is unable to work at his or her job because of: 

• Attending to a child under the age of 10 if the child became ill or injured. 

• Attending to another member of the household whose medical condition due to illness or injury 
requires necessary attendance by another person. 

• Attending to a member of the household who has given birth and her condition immediately after 
birth requires the necessary attendance by another natural person. 

• Care for a child under the age of 10, if the school or other similar facility for children is closed by 
an order issued by a competent authority, for example due to an accident or an epidemic. 
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• Care for a child under the age of 10, if, due to an imposed quarantine, he or she cannot be in the 
care of a school or other similar facility for children. 

• Care for a child under the age of 10, if the natural person who otherwise cares for the child is 
unable to care because of illness, injury or an imposed quarantine. 

The attending employee who attends to or cares for a child under 10 years of age does not have to live 
with the person attended to in the same household.  

In addition, the following condition applies to other attending persons: 

• The attending employee lives in a household together with the person attended to  

An employee is not entitled to attendance allowance if: 

• Another person is entitled to receive maternity benefits and this person is able to take care of the 
child. 

• Another person is entitled to a parental allowance and that person is able to care for the child. 

• Another insured person is entitled to the long-term attendance allowance due to provision of 
long-term care of the person attended to. 

• He is on a sick leave or under an imposed quarantine in the first 14 days of this condition. 

Change of the type of disease is not considered a new case of attendance. In the same case of attend-
ance: 

• If there is only one attending employee during the entire time of attendance, he or she is entitled 
to only one attendance allowance. 

• If the attending employee is relieved by another, the conditions for entitlement to the attendance 
allowance are assessed on the day of transfer of the attendance. Such relief can only happen 
once.  

The following persons are not entitled to attendance allowance: 

• Self-employed individuals 

• Employees working under an agreement to perform work 

• Foreign employees 

• Employees working in minor employment 

• Working students whose employment occurs during the school break  

B.4.4.2. Indemnity Period of the Attendance Allowance 

The indemnity period for attendance allowance shall not be longer than 

• 16 calendar days for employees who are single, widowed or divorced and who care of at least 
one child under the age of 16 who has not completed compulsory education;  

• 9 calendar days other cases.  

The indemnity period for the attendance allowance starts:  

• On the first day of the need for the attendance or care. The same applies to the change in the 
attending persons. 

The indemnity period ends: 

• For recipients of an old-age pension or disability pension for the third-degree disability, no later 
than the date on which the period of employment ends. 

Attendance allowance is not paid: 

• in cases where during the indemnity period during which the insured person receives the attend-
ance allowance, the insured person becomes entitled to attendance allowance regarding another 
natural person under the same insurance, the new attendance allowance is not paid during the 
period during which entitlement to the attendance allowance continues. The indemnity period for 
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the new attendance allowance starts on the day on which the need for attendance to that other 
natural person arose.  

• for non-working days, if the insured person is not entitled to the attendance allowance for at least 
1 calendar non-working day which should have been a working day for him or her. 

• for non-working days without income compensation.  

B.4.4.3. Calculation and Amount of the Attendance Allowance 

The amount of the attendance allowance for a calendar day (hereinafter referred to as 𝑉𝑂𝑆𝐷) is calcu-
lated as a percentage of the reduced daily assessment base: 

𝑉𝑂𝑆𝐷 =  0.60 × 𝑅𝐷𝑉𝑍 

B.4.5. Long-Term Attendance Allowance 

Long-term attendance allowance makes it possible for insured persons to stay at home in a situation 
where they care for a member of the family regarding whom the attending physician of the in-patient 
care facility has decided that his medical condition needs full-time home care after his discharge from 
hospital. 

B.4.5.1. Entitlement to Long-Term Attendance Allowance 

Long-term attendance allowance is due to an employee who, during the long-term attendance, is not an 
employee or self-employed individual and attends to a natural person: 

• who suffered a serious medical disorder that required hospitalization in which medical treatment 
was provided for at least 7 consecutive calendar days;  

• who is assumed, due to his medical condition after discharge from hospitalization, to require 
long-term care for at least 30 calendar days.  

The insured person must be in the following relationship with the natural person receiving the long-term 
attendance: 

• spouse  

• relative in a direct line 

• sibling, mother-in-law, father-in-law, daughter-in-law, son-in-law, niece, nephew, aunt, uncle 

• spouse of a relative in a direct line  

• spouse of a sibling, mother-in-law, father-in-law, son-in-law, niece, nephew, aunt or uncle of the 
person receiving the long-term attendance  

• partner or another natural person in the same household, where they live together in the house-
hold and have the same place of permanent residence, for foreign nationals: the same place of 
the reported stay for at least 3 months immediately preceding the day of occurrence of the need 
for long-term attendance. 

In addition, the following conditions must be met (in the case of claiming more than one insurance, these 
conditions for participation must be met in each insurance):  

• For employees: 

o Participation of the insured person in the insurance at least over a period of 90 calendar days 
in the last 4 months immediately preceding the day of occurrence of the need for long-term 
attendance. 

• For self-employed individuals: 

o Participation of the insured person in the insurance as a self-employed individual at least over 
a period of 3 months immediately preceding the day of occurrence of the need for long-term 
attendance. 

• For foreign employees: 
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o Participation of the insured person in the insurance as a foreign employee at least over a period 
of 3 months immediately preceding the day of occurrence of the need for long-term attendance. 

The insured person may not become entitled to payment of another long-term attendance allowance 
until the expiry of 12 calendar months from the date for which he or she was last entitled to the payment 
of this benefit during long-term attendance allowance. 

In the event that the insured person provides long-term attendance to more than one person at the same 
time, he or she is entitled to only one long-term attendance allowance during this time. 

The insured person is not entitled to long-term attendance allowance due to the provision of long-term 
care to a child if: 

Another person is entitled to receive maternity benefits and this person is able to take care of 
the child;  

Another person is entitled to a parental allowance and that person is able to care for the child.  

In the same case of attendance: 

If there is only one long-term attending employee during the entire time of attendance, he or she 
is entitled to only one long-term attendance allowance;  

If the long-term attending insured person is relieved by another, the conditions for entitlement to 
the long-term attendance allowance are assessed on the day of takeover of the long-term 
attendance. Such relief can occur repeatedly.  

The following persons are not entitled to long-term attendance allowance: 

Employees working under an agreement to perform work;  

Employees working in minor employment;  

Working students who are insured in an employment that occurs during the school break.  

B.4.5.2. Indemnity Period of Long-Term Attendance Allowance 

The indemnity period for long-term attendance allowance shall not be longer than 

• 90 calendar days. 

The indemnity period for long-term attendance allowance starts: 

• On the first day of the need for the attendance or care. The same applies to the change in the 
attending persons. 

The indemnity period ends: 

• On the day when the long-term attendance is no longer needed (however, no later than after 90 
days). 

Long-term attendance allowance is paid: 

• for days when the insured person provided long-term care and on which the need for this long-
term care also continued. 

Long-term attendance allowance is not paid: 

• for non-working days, if the insured person is not entitled to the long-term attendance allowance 
for at least 1 calendar non-working day which should have been a working day for him or her. 

• for non-working days without income compensation.  

• for days when the hospitalization of the person receiving the long-term attendance continued, 
with the exception of the first and last calendar day of the hospitalization. 

B.4.5.3. Calculation and Amount of Long-Term Attendance Allowance 

The amount of the long-term attendance allowance for a calendar day (hereinafter referred to as 𝑉𝐷𝑂𝐷) 
is calculated as a percentage of the reduced daily assessment base: 
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𝑉𝐷𝑂𝐷 =  0.60 × 𝑅𝐷𝑉𝑍 

B.4.6. Compensatory allowance in pregnancy and maternity 

Compensatory allowance in pregnancy and maternity is a benefit provided to women who have been 
transferred to other work due to pregnancy or maternity (up to 9 months after childbirth) and, as a result, 
their eligible income decreased. In the event of a decrease of income of the employee’s own free will, 
for example, that the female employee herself reduces her work time, the benefit is not provided. 

B.4.6.1. Entitlement to Compensatory Allowance in Pregnancy and Maternity 

The benefit is due to a female employee or service member who, without her own fault, receives lower 
eligible income than before being transferred to another job position. This is often the case when the 
work performed by a woman until now cannot be performed by pregnant women, mothers until the end 
of the ninth month after childbirth, or breastfeeding mothers.  

Transfer to another job position shall mean also adaptation of working conditions consisting of: 

• Reduction of workload;  

• Exemptions from certain work operations;  

• Transfer of work to another location or transfer to another workplace.  

The following persons are not entitled to the compensatory allowance in pregnancy and maternity: 

• Self-employed individuals;  

• Employees working under an agreement to perform work;  

• Foreign female employees;  

• Employees working in minor employment;  

• Female students who are insured in an employment that occurs during the school break.  

B.4.6.2. Indemnity Period of the Compensatory Allowance in Pregnancy and 

Maternity 

The compensatory allowance shall be paid for the calendar days during which the transfer to other work 
continued. Pregnant employees are paid this allowance up to the beginning of the 6th week before the 
expected date of birth. 

The compensatory allowance is not paid for calendar days on which the employee: 

• was on a sick leave;  

• was ordered to quarantine;  

• attended to or took care of a child under the age of 10 or another household member;  

• provided long-term care;  

• was on unpaid leave of absence;  

• was on maternity leave;  

• was on parental leave.  

B.4.6.3. Calculation and Amount of the Compensatory Allowance in Pregnancy 

and Maternity 

The amount of the compensatory allowance in pregnancy and maternity for calendar day is defined as 
follows: 

𝑉𝑃𝑇𝑀 =  𝑅𝐷𝑉𝑍 −  𝑍𝑃𝑀, 
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where 𝑍𝑃𝑀 is the average of the employee's eligible income per calendar day in each month after the 
transfer of work, and is calculated as: 

𝑍𝑃𝑀 =
𝐷𝑃

𝑇𝑀

, 

where 𝐷𝑃 is the employee 's earned income for each calendar month and 𝑇𝑀 is number of calendar 
days in that month, except for days when the compensatory allowance is not paid. 
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