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ABSTRACT
Demographers use microsimulation for studying individual 
life courses and their attributes; events are specified to be 
the result of stochastic processes based on predetermined 
probabilistic rules.

In this study, we developed and validated a microsimulation 
model to reconstruct individual’s life courses and their 
interactions in different regions of the European Union. 
One of the main objectives of this study was to track 
migrants’ pathways in the context of three population 
systems, namely Sweden, the Netherlands and Spain, 
from 2014 to 2018.

We used official datasets as data inputs to analyze and 
project future population dynamics. A revised version 
of the MicSim package which is part of the statistical 

software R has been used to model mobility and migration 
patterns at large scale. For this purpose, among other 
things, new functions were added to make the software 
more efficient concerning runtimes and data handling.

By analyzing the modelling results we conclude that 
MicSim has the potential to be applied for modelling 
migration and also more general population movements 
at a large scale.

The application of the MicSim package would provide 
policymakers with a valid instrument for the governance 
of migration accounting for the demographic and social 
patterns of migrants and their origin-destination contextual 
environments.
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1. INTRODUCTION
Modern societies are characterized by multiculturalism, 
and this is evident throughout Europe. While this has 
always been the case and changes in population size 
and composition are largely foreseeable (European 
Commission, 2022), the complexity has heightened due to 
increased mobility and migration (Byram, 2016). In Europe, 
the current coexistence of varied populations and cultures 
(European Commission, 2023a), coupled with their dynamic 
societal development, presents a multitude of political 
challenges for decision-making  (European Commission, 
2022), challenges which span from demographic shifts 
to economic disparities and environmental sustainability 
(European Commission, 2023b). 

For instance, migration played a pivotal role in countering 
the decline of the working-age population across EU 
territories from 2015 to 2019 with urban areas experiencing 
growth due to positive net migration, contrasting with rural 
and intermediate areas facing declines (Ghio et al., 2022). 
Coordinated policy measures aimed at economic viability 
and infrastructure have the potential to counteract this 
decline and thus attract younger population groups (Ghio 
et al., 2022).

The COVID-19 pandemic amplified the disadvantageous 
situation of rural and intermediate areas concerning 
population density and composition, prompting the 
European Commission to launch an initiative aimed 
at pinpointing specific actions and remedies to bolster 
adaptability and resilience (European Commission, 2023b). 
As reported by Goujon et al. ( 2021a) the COVID-19 
infection rates exhibited age and gender disparities, 
with women under 60 more affected due to frontline 
healthcare roles, while men over 60 faced higher fatality 
rates, notably in Italy. 

In general, population ageing is one of the most serious 
problems in the EU. It is often accompanied by great 
economic inequality, which differs greatly from one area 
of Europe to another. Clearly, changes in the distribution 
and size of a population have a significant impact on social 
issues and institutions (Verdugo, 2012). Understanding their 
potential implications at different levels of management 
(European, national or regional) is essential for devising 
and implementing targeted and effective future European 
policies (Ruiz, 2016; Alvarez Alvarez et al., 2021). However, 
to implement informed and reactive policy measures, 
a tailored and, above all, evidence-based approach is 
needed (Goujon et al., 2021b; European Commission, 
2022; European Commission, 2023b).  

In this context, having robust tools to help predict, analyse, 
and evaluate policy impacts is of fundamental importance 
(Novotný, 2023). In particular, statistical analysis of the 

dimensions, and evolution of the population over time and 
space can provide valuable insights into the challenges 
faced by societies. For example, a sound analysis of 
migration processes and a sustainable projection of the 
labor market may lead to a change in migration laws, 
which in turn may lead to higher labor migration. 

Through demographic modelling (especially, population 
monitoring and forecasting), it is possible to investigate the 
dynamics and structure of a human population, focusing 
on its size, composition, and changes it undergoes over 
time. The changes result from inflows to and outflows 
from this population and reflect the impact of births, 
deaths, and migration. When this in- and outflows 
occur  disproportionately  concerning fertility, mortality 
and migration, the age structure of a population or 
subpopulation changes (National Research Council, 
1997). The information necessary to conduct demographic 
modelling comes from many different sources such as 
census data, micro or macro surveys, and commercial or 
administrative data. Due to this large amount of data, it 
is necessary to synthesize the information to estimate 
populations and their characteristics (Lomax & Smith, 
2017).

For example, to anticipate future population trends and 
guide decision making, various demographic forecasts have 
been performed in Europe. Eurostat regularly publishes 
demographic projections essential for understanding the 
challenges related to population ageing and labour market 
dynamics (see for instance: https://ec.europa.eu/eurostat/
web/population-demography/population-projections). 

Furthermore, the analysis of the numerous socioeconomic 
and financial variables, of the development strategies 
implemented and of any existing disparities at 
supranational, national, regional and local levels allow 
research institutes such as the Joint Research Center (DG-
JRC) of the European Commission, academic organizations 
and think tanks to contribute with specialized studies 
on specific aspects of demographic change, such as, for 
instance, the fiscal impact of immigration (Belanger et 
al., 2020) and ageing (Belanger et al., 2022) in EU, the 
implications and needs of long-term care at national 
(Baldini et al., 2007) or European level (Grubanov-Boskovic 
et al., 2021; Belmonte et al., 2023) or the transmission 
of COVID-19 within British communities (Spooner et al., 
2021). These projections provide a valuable basis for 
policymakers, helping them to understand and address 
the demographic challenges and opportunities facing 
Europe.Among the tools of demographic modelling, 
dynamic microsimulation — a computerized technique 
for simulating trajectories following predetermined 
probabilistic rules — allows mapping the behaviour of 

https://ec.europa.eu/eurostat/web/population-demography/population-projections
https://ec.europa.eu/eurostat/web/population-demography/population-projections
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individual entities within a larger population over time, 
thus providing policymakers with valuable insights into 
the potential consequences of various policy scenarios. 
Microsimulation stands out as a powerful and versatile 
method for leveraging current demographic databases 
(mostly derived from sample surveys) to trace potential 
impact  of policy-induced changes on individuals, families, 
and entire populations.

The concepts of microsimulation have been introduced 
for the first time by Orcutt in 1957 (Orcutt, 1957; 
Orcutt et al., 1961). The term ‘micro’ is related to the 
possibility of estimating individual characteristics and 
modelling changes individual by individual. The events 
that individuals experience during their life course are the 
result of stochastic processes based on predetermined 
probabilistic rules. Monte Carlo methods are used 
to simulate events, which involve generating random 
numbers to determine values from the distribution of 
the processes being studied (hence the word ‘simulation’) 
(Zagheni, 2015). Demographers utilize microsimulation for 
estimating and projecting populations and their attributes.

The main difference between micro and macro-simulation 
consists in microsimulation using a sample rather than the 
total population, individual rather than aggregated data 
and in not averaging numbers but in repeating random 
experiments (Van Imhoff, 1998). As stated by Zagheni 
(2015) “Microsimulation allows population scientists to 
go beyond some of the simplifying assumptions made 
in standard macro demographic models”. 

A large majority of dynamic microsimulation models 
developed since the 60s have a link with the model of 
Orcutt (1961). In the last sixty years, many different types 
of microsimulation models have been developed and 
applied in different fields to investigate various research 
questions. 

These models have been used for many purposes that 
include the projection of lifetime behaviours (e.g. labour 
force participation), policy analysis and the investigation 
of complex demographic dynamics such as population 
ageing (Marois, 2021) and population movements (Lutz, 
2019). Microsimulation models have been also largely 
used to evaluate the results of long-term programs; 
education, long-term care and pensions (Morrison, 2017; 
Carrière et al., 2008) are among the many different things 
investigated using this type of models. 

An overview of the different applications of this technique 
in social sciences and in other areas is available in Li & 
O’Donoghue (2013), Schofield et al. (2018), Kim (2021), 
and O’Donoghue (2021).

When population interactions and heterogeneity have 
a central role or the number of variables is large, 
microsimulation is the most appropriate technique to be 
applied (Van Imhoff, 1998; Spielauer, 2011). Compared to 

macrosimulation, microsimulation can accommodate for 
interactions between individuals and variables much better 
than ‘macro’ models (Zagheni, 2015); microsimulation 
models are the preferred choice when individual pathways 
are relevant.

Individual-level models are the preferred choice when 
processes are complex at the macro level but easier to 
understand at the micro level or when the recording of the 
history of individuals is relevant. Despite its attractiveness, 
both to gain insights into population dynamics and for 
policy-relevant analyses, microsimulation stores important 
limitations that need to be considered.

Microsimulation is computationally intensive. This was a 
main problem for early implementations of microsimulation 
models but the recent developments in computing 
technology means that this is less of a limitation now 
than it was in the past. To run a microsimulation model 
is also necessary to collect detailed demographic data 
that are often not available or that require a particular 
effort to be collected. When this type of data is available, 
the calibration process could be difficult (Zagheni, 2015). 
Also, the assumption of the importance of selected 
parameters and the choice of a specific model structure 
can be considered as major limitations in microsimulation 
modelling (Çağlayan 2018). 

The objective of this study was to track migrant pathways 
in the context of three population systems (Sweden, 
the Netherlands and Spain), using official datasets, to 
analyze and project population dynamics by applying 
a new version of a microsimulation model. We used a 
revised and extended version of the R package MicSim. 
Our analyses on mobility and migration patterns have 
also been used to validate the new functions that were 
added to make MicSim more efficient concerning runtimes 
and data handling, enabling large-scale applications with 
the package.

The revised MicSim package has shown to be a valid 
instrument to support policymakers in the governance of 
population dynamics.
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2. METHODS

2.1 THE MICSIM PACKAGE

The MicSim R package (https://cran.r-project.org/web/
packages/MicSim/index.html) implements a generic 
continuous-time microsimulation model suitable for a wide 
range of applications in demography. MicSim simulates 
individual life courses that are defined as a sequence of 
states that individuals pass over time and the time interval 
between the states (Zinn, 2014). 

Continuous-time multi-state models are commonly applied 
to characterize individual life courses. The stochastic 
process used for describing individual life courses usually 
comes from the family of Markovian processes (Kijima, 
1997).

MicSim is a discrete-event simulation model where 
each demographic event brings changes in the state of 
an individual. The model considers an open population 
whose life courses are specified to evolve along three 
continuous time scales: individual age, calendar time, and 
the time spent by an individual in the current state. The 
model is parameterized with an initial population (called 
base population), transition rates, and when applicable, 
a population of migrants (Zinn, 2014).

MicSim can manage a wide range of situations relevant 
for population projections and forecasts. It implements two 
classes of stochastic models: non-homogeneous semi-
Markov processes and non-homogeneous continuous-time 
Markov processes.

Non-homogeneous continuous-time Markov processes are 
used to specify life-course events over age and calendar 
time; with semi-Markov processes duration dependence is 
also considered. This second type of models assumes that 
the propensity of individuals to change their state may 
also depend on the amount of time passed in that state. 

Before life courses can be constructed, the transition 
pattern applied during simulation has to be detailed. 
Information on the events that should be considered 
have to be provided to the model by the user. Two types 
of information are required by the MicSim package: first, 
for all events and time scales along which dependency is 
assumed, transition rates and, second, a transition matrix 
indicating which transition rate applies to which transition 
or event, respectively.

MicSim has been designed to be very flexible. In its first 
version (1.1.0) the model was mainly applied to small 
datasets. One of its main limitations was the computational  

 
time required to simulate the life courses of large numbers 
of individuals, especially when a large number of attributes 
is associated to each individual.

Considering the need to carry out large-scale simulations 
(e.g., European level), the MicSim package was revised 
concerning its runtimes requirements. We removed 
from the source code of MicSim any dependency from 
other packages (e.g., ‘chron’ R package) that negatively 
influenced its computational time. MicSim has also been 
extended with several new functions to handle time and 
date data. A strong work for optimizing the code has 
been done and checks for fertility transitions leading to 
newborns more efficiently were implemented.

Besides these major changes, further innovations were 
added to the model. A link with the mother ID was added to 
newborns together with the possibility to inherit attributes 
from the mother such as, for example, nationality. New 
semantic checks on input data were introduced as well. 
Semantic checks mitigate inconsistencies between input 
data, parameters and outputs; the use of terse array-based 
constraints emphasizes the focus on the coherent flow of 
the information and data among modules (Bosco, 2019; 
Bosco et al., 2013; De Rigo et al., 2013). These include 
checks on the time and age ranges in the initial population, 
in the population of immigrants and the transition rates 
provided to the model.

All these changes led to version 2.0.0 of the software. In 
this version, large sets of data can be managed, allowing 
the application of the model at the European level and 
for a broader set of applications. Since MicSim is part of 
the statistical software R, it is open source and available 
under the GPL-2 license (https://cran.r-project.org/web/
packages/MicSim/index.html).

2.2 THE MICROSIMULATION MODEL

The microsimulation model of this study considers mortality, 
internal movement between Spain, the Netherlands, and 
Sweden, emigration out of these countries, and parity 
specific fertility as events. The simulation runs along two 
simulation horizons: one running from the 1st of January 
2014 to the 1st of January 2015, and one running from 
the 1st of January 2014 to the 1st of January 2019. We 
selected two different time intervals for testing the model 
in a short and in a longer period. The decision to run the 
model over 5 years and not on a longer time is due to 
the availability of the data necessary to run and validate 
the model.

https://cran.r-project.org/web/packages/MicSim/index.html
https://cran.r-project.org/web/packages/MicSim/index.html
https://cran.r-project.org/web/packages/MicSim/index.html
https://cran.r-project.org/web/packages/MicSim/index.html
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In total, ages from 0 to 100 years are simulated. Figure 
1 illustrates the model. MicSim requires transition rates 
for all events, along all possible ages and the whole range 
of the simulation horizon considered. Since MicSim works 
in continuous time, these rates have to be delivered for 
continuous age and calendar time.

2.3 DATA

Microsimulation uses data specified at individual or 
household level. MicSim works with a virtual population 
consisting of all individuals that are considered during 
simulation. It can be regarded as a longitudinal sample 
from a synthetically constructed population that resembles 
a real one. As input MicSim requires an initial population, 
transition rates for all events considered during simulation, 
and the distribution of migrants entering the virtual 
population along simulation time. 

2.3.1 THE INITIAL POPULATION AND 
THE POPULATION OF MIGRANTS
To equip our model, we utilized Eurostat data (https://
ec.europa.eu/eurostat/web/main/data) related to three 
European countries: Spain, the Netherlands and Sweden. 
Our data include information on a wide variety of 
demographic characteristics such as age, sex, place of 
origin and citizenship.

The input microdata related to male and female population 
aged between 0 and 99 years were obtained using the 
Eurostat Datasets of population on the 1st of January by 
age and sex (https://ec.europa.eu/eurostat/cache/metadata/

en/demo_pop_esms.htm) with the reference year 2014. 
The initial population fed into MicSim covers 10% of the 
total population of Spain, Sweden and the Netherlands 
(about 7.5 million individuals). Considering that MicSim 
works on a continuous time base, individuals need a date 
of birth to be modelled. The day and month of birth of 
each individual in the microdata were randomly calculated 
taking into account the yearly age group and leap years.

Data related to international immigration were obtained 
using information on the total immigration in each of the 
selected countries after removing the internal movements. 
The modelling input related to immigration microdata 
was created using the Eurostat dataset of immigration 
by five-year age group, sex and citizenship with an age 
definition equal to ‘reach’ (https://ec.europa.eu/eurostat/
cache/metadata/en/migr_immi_esms.htm).

Similarly, to the microdata for the permanent resident 
population, the dates of birth and immigration of each 
individual were randomly calculated taking into account 
the five-year age group and leap years.

2.3.2 TRANSITION RATES

From Eurostat datasets, we also derived all the transition 
rates by country, age and sex related to mortality, emigration 
and internal movement among the analyzed countries. The 
rates were calculated for each age class considered in the 
simulation (i.e., from 0 to 99 years of age). In both of our 
simulation settings (i.e., for the simulation 2014-2015 and 
the simulation 2014-2019), we assume transition rates to 
be constant along calendar time. 

FIGURE 1.  Diagram of the microsimulation model.

https://ec.europa.eu/eurostat/web/main/data
https://ec.europa.eu/eurostat/web/main/data
https://ec.europa.eu/eurostat/cache/metadata/en/demo_pop_esms.htm
https://ec.europa.eu/eurostat/cache/metadata/en/demo_pop_esms.htm
https://ec.europa.eu/eurostat/cache/metadata/en/migr_immi_esms.htm
https://ec.europa.eu/eurostat/cache/metadata/en/migr_immi_esms.htm
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2.3.2.1 MORTALITY RATES

The Eurostat datasets of mortality at national level by age 
and sex (https://ec.europa.eu/eurostat/cache/metadata/
en/demo_mor_esms.htm) and of population on the 1st 
of January by age and sex (https://ec.europa.eu/eurostat/
cache/metadata/en/demo_pop_esms.htm) were used to 
calculate the annual probability of dying by age and sex.

For the simulation running from the 1st of January 2014 
to the 1st of January 2015, the annual probability of dying 
was specified as the ratio between the annual flow and 
the mid-year population, calculated as the arithmetic 
mean of the initial (1st of January 2014) and final (1st of 
January 2015) stocks of the population. 

For the simulation performed over the time- interval 1st 
of January 2014 – 1st of January 2019, the probability 
of dying was calculated as the ratio between the average 
annual value of the flow (e.g., average annual mortality 
calculated in the five years) and the mid-year population, 
calculated as the arithmetic mean of the initial (1st of 
January 2014) and final (1st of January 2019) stocks of 
the population in the reference period.

The probability of dying was converted to transition rates 
by using equation 1 (Fleurence & Hollenbeak, 2007):

(1)

where p is the probability of dying by country, age and sex, 
r is the transition rate and t is the unit of time.

2.3.2.2 EMIGRATION AND INTERNAL 
MOVEMENT RATES

There is not a uniform definition of ‘an emigrant’, and, 
very often, methodologies for computing emigration rates 
are conditioned by data availability, see also (Willekens et 
al., 2017). Our way of calculating emigration rates is not 
the only one either, but it is a pragmatic one that yields 
feasible emigration rates.

We computed the rates related to internal movements 
between Spain, the Netherlands and Sweden, and 
emigration out of these countries by using the emigration 
and immigration by five-year age group, sex and 
citizenship(https://ec.europa.eu/eurostat/cache/metadata/
en/migr_immi_esms.htm) dataset from Eurostat. 

Since Eurostat data for immigration and emigration refer 
to five-year age groups, we derived emigration and internal 
movements rates for each yearly age, required by the 
model, from the five-year age group flows, considering 
they are constant for the five-year age class period to 
which they refer.

For the simulation running from the 1st of January 2014 
to the 1st of January 2015, the rates were computed 
as the ratio between the annual flow and the mid-year 
population, calculated as the arithmetic mean of the initial 
(1st of January 2014) and final (1st of January 2015) stocks 
of the population. For the simulation performed over the 
time interval: 1st of January 2014 -1st of January 2019, 
the rates were calculated as the ratio between the mean 
annual value of the flow in five years and the mid-year 
population, calculated as the arithmetic mean of the initial 
and final stocks of the population in the reference period.

2.3.2.3 FERTILITY RATES

Data relating to cohort-specific (i.e., by age and parity) 
fertility rates and parity progression ratio (i.e., the 
proportion of women who progress from one parity to the 
next with parity ranging from 0 to 4+), for women aged 15 
to 49 years old, were calculated using data collected from 
the National Institutes of Statistics of Spain, Sweden and 
the Netherlands. Specifically, we use the number of women 
by age group and parity to calculate the age-specific 
fertility rates by the number of births. So, we derive the 
age-order specific rates. We checked the consistency of the 
‘typical pattern of the average parities’, which increases 
with age, by computing the cumulative order-specific 
fertility rates to be compared with the total fertility rate.

In our simulation the number of births is estimated 
by applying fertility rates to women only (i.e. “female-
dominant” model) and, therefore, the number of males is 
assumed to be irrelevant to rates of childbearing (Preston 
et al., 2001). Consequently, births belong by definition 
to the same segment (i.e. nationality at birth) of the 
population as the mother (Preston et al., 2001).

https://ec.europa.eu/eurostat/cache/metadata/en/demo_mor_esms.htm
https://ec.europa.eu/eurostat/cache/metadata/en/demo_mor_esms.htm
https://ec.europa.eu/eurostat/cache/metadata/en/demo_pop_esms.htm
https://ec.europa.eu/eurostat/cache/metadata/en/demo_pop_esms.htm
https://ec.europa.eu/eurostat/cache/metadata/en/migr_immi_esms.htm
https://ec.europa.eu/eurostat/cache/metadata/en/migr_immi_esms.htm
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3. RESULTS AND DISCUSSION
 
To validate whether the implemented model and the 
MicSim software deliver feasible output, we compared 
the results of the two simulation settings (2014-2015 
and 2014-2019) with Eurostat data related to mortality, 
fertility, migration and living population in the same time 
intervals. 

3.1 MORTALITY

The model’s predictions related to mortality are very close 
to the official data from Eurostat. Figure 2 shows very 
similar results for the number of female and male deaths 
aggregated at five-year age groups predicted by the model 
(for the time interval 1/1/2014 – 1/1/2015) and the data 
from Eurostat in the Netherlands. The good performance 
of the microsimulation model (and the related software) 
is also confirmed by the analysis over multiple runs for 
all the countries, where, again, the median of the model’s 
prediction is in line with the official data.

A similar result in predicting the number of deaths was 
obtained for all the countries also in the time interval 
1/1/2014 – 1/1/2019 (see Annex I).

3.2 MIGRATION

Also for migration, the model well predicts the number of 
emigrants for all the considered age classes.

Looking at the time interval from January 2014 to January 
2015, the left panel of Figure 1 shows the comparison 
between the number of emigrants predicted by MicSim’s 
microsimulation model and the corresponding official 
data from Eurostat. The right panel of Figure 3 depicts 
the distribution of internal movements between Spain, the 
Netherlands, and Sweden over ten runs of MicSim using 
boxplots. The black horizontal lines mark the median of 
the simulated numbers of internal movements and the 
red line is the related number projected by Eurostat. We 
see a high concordance between simulated data and the 
Eurostat projections. One of the main benefits of dynamic 
microsimulation is its capability to mimic heterogeneity 
in populations by stochastic fluctuations. This fluctuation 
is also visible in the boxplots of Figure 3. All in all, the 
stochastic pattern is feasible, the interquartile ranges 
(depicted by the grey areas) are not as far and over- or 
underestimation is not an issue.

FIGURE 2.  On the left, the trend by five-year age groups related to male and female deaths in the Netherlands for 
the time interval 1/1/2014 – 1/1/2015. In orange are the Eurostat data and in blue the values predicted by the MicSim 
model. On the right, boxplots related to ten modelling runs reporting the difference between the simulated projections 
and Eurostat data for the total number of deaths in Spain (ES), the Netherlands (NL) and Sweden (SE). The red line 
represents Eurostat data, and the black line represents the median of the different simulations.
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Looking at the results obtained by applying the model in 
the time interval January 2014 – January 2019, we find 
similar results concerning our MicSim’s model capability 
to reproduce the Eurostat predictions. However, we also 
detected deviations we are going to discuss.

We have found differences in the number of female 
emigrants in the Netherlands for the age groups 10-14 
and 60-64 years. This difference is not evident in the 2014-
2015 simulation setting. For Spain, no significant deviations 
between the emigration figures can be found either.
Figure 4 reports the corresponding figures by 5-year 

age groups related to female emigration in Spain and 
the Netherlands. Also for males, the data show a similar 
difference between Spain and the Netherlands and some 
variability affect also the modelling predictions related to 
Sweden (see Annex I).

Within the model, mortality such as emigration can be 
mapped by a non-homogeneous continuous-time Markov 
process, it means the model, from a statistical point of 
view, calculates the number of deaths and emigrants 
applying the same approach. Because mortality, as 
previously mentioned, is always well predicted by the 

FIGURE 3.  On the left, the trend by five-year age groups (x-axis) related to the total number of male and female 
emigrants in Spain for the time interval 1/1/2014 – 1/1/2015. In orange are the Eurostat data and in blue the 
values simulated by the MicSim model. On the right, boxplots related to ten modelling runs reporting the difference 
between the simulated projections and Eurostat data for the internal mobility among Spain (ES), the Netherlands 
(NL) and Sweden (SE). The red line represents Eurostat data, and the black line represents the median of the different 
simulations.

FIGURE 4.  The trend by 5-year age groups (x-axis) related to the total number of female emigrants in Spain (ES) and 
the Netherlands (NL) for the time interval 1/1/2014 – 1/1/2019. In orange are the Eurostat data and in blue the values 
simulated by the MicSim model.
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model in all the countries and for all age classes and 
sex, the modelling architecture is not at the basis of the 
observed ‘fluctuations’ affecting migration estimates. The 
only difference is in the transition rates used in the model. 

Within the Eurostat database, the data related to 
emigration are only available aggregated in classes of 5 
years. Because the R package MicSim performs continuous-
time microsimulations for population projection, as already 
mentioned in the data section, we assigned a rate to each 
age considering they are constant for the five-year age 
class period to which they refer. In addition, because one 
of the aims of this study was also to test the performance 
of the MicSim package in poor data conditions, we decided 
to calculate a single mean rate, for sex and age, for all the 
5 years of the simulation. The use of a ‘mean’ migration 
rate during our simulation is one of the main causes of 
the difference with Eurostat data.

3.3 FERTILITY

Also regarding the number of newborns predicted by 
the model, our predictions are very close to official data 
from Eurostat. Considering the time interval 1/1/2014 
– 1/1/2015, just for Spain the model’s uncertainty is 
remarkably higher when compared to Sweden and the 
Netherlands and the median of the simulated data differs 
from the Eurostat number (see Figure 5). 

By analyzing the model’s prediction from January 2014 
to January 2019 we noticed a slight underestimation 
of the model when compared to official Eurostat data 
(in the order of 1-2 % - see Annex I). We suspect that 
this difference is due to the different databases used 

to estimate the fertility rates. The MicSim model uses 
data from the National Statistical Offices to calculate the 
parity progression ratio and from this the parity-specific 
fertility rates that are fed into the MicSim model; and not 
the official Eurostat data. The reason for this approach 
is that the Eurostat data do not contain sufficient parity 
information to calculate parity-specific rates.	

3.4 LIVING POPULATION

MicSim is also able to predict total population numbers 
with high precision and accuracy as compared to the 
Eurostat benchmark.

Figure 6 shows an example of the living female population 
in Spain and Sweden for the simulation horizon January 
2014 - January 2015 (individuals residing in the country 
on the 1st of January 2015). The upper panel depicts the 
population numbers for one-year age groups and the lower 
panel shows them aggregated at five-year age groups. 

Although overall there is a high degree of agreement 
between the simulated figures and the Eurostat values, 
there are notable fluctuations in the simulated values 
around the Eurostat benchmark for the one-year age 
groups, particularly strong in Sweden. 

This fluctuation is most likely caused by the use of data for 
emigration and internal movements aggregated in classes 
of 5 years. Because we are using within the model a mix 
of rates from 1 to 5 years, the model’s results should be 
analyzed using a 5-year interval. The aggregation of the 
simulation results over five age years leads to a levelling 
of these fluctuations.

FIGURE 5.  Boxplot related to ten modelling runs showing the difference between the simulated projections and 
Eurostat data for the number of births calculated over a year, from January 2014 to January 2015. The red line 
represents Eurostat data, and the black line represents the median values over ten simulation runs.
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By looking at the time interval 1/1/2014 – 1/1/2019 for 
estimates related to the total living population by sex 
and age class we noticed a similar trend but also some 
differences. Figure 7 shows the female population by 
5-year age classes; if for Spain the model’s predictions 
almost perfectly overlap with Eurostat data, in the 
Netherlands (but a similar behaviour is visible also in 
the data related to Sweden – see Annex I) for the classes 
ranging from 15 to 35 years the model under- and over-
estimate when compared with Eurostat data but the mean 
of these under- and over-estimates looks still in line with 
data from Eurostat.

As mentioned before, the use of a ‘mean’ migration rate 
during our simulation is probably one of the main causes 
of this difference with Eurostat data but not the only one.

As reported in the section on data, to create the initial 
population and the population of immigrants required by 
the model, it was necessary to randomly attribute to each 
individual a day and month of birth and immigration. By 
creating different sets of data for the initial population and 
the immigrants and running the model over 5 years applying 
the same rates to both initial populations, we noticed some 
differences in the final results. Figure 8 shows an example 
of these differences. A different date of birth is responsible 
for moving people from one transition rate to another 
within the same simulation interval. This could bring to 
some differences in the final population, especially for age 
intervals with the major differences between transition rates.

FIGURE 6.  Comparison between predicted female and male total population by age classes (x-axis) in Spain and 
official Eurostat data. On the bottom the data aggregated using 5-year age groups and on the top the values for each 
age class.
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FIGURE 7.  Comparison between predicted female total living population by 5-year age groups (x-axis) in Spain and 
the Netherlands versus official Eurostat data.

FIGURE 8.  Comparison between two different total populations of only males in the Netherlands obtained by applying 
two different sets of data for the initial population fed into the model.
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Another possible reason for these discrepancies with 
official Eurostat data could be linked with the dataset we 
used to extract the initial population, the population of 
immigrants and all the rates applied in the model. Figure 
9 shows the difference existing in some countries and 
for some years between the total population reported 
by Eurostat and an expected population calculated by 
applying the Balancing Equation of Population Change 
(equation 2):

(2)

N(t) = N(0) + B[0,t] – D[0,t] + I[0,t] – O[0,t] 			 
			                
where :
N(t) = number of people alive at time t
N(0) = number of people alive at time 0
B[0,t] = number of births between time 0 and t
D[0,t] = number of deaths between time 0 and t
I[0,t] = number of immigrants between time 0 and t
O[0,t] = number of emigrants between time 0 and t

An imbalance in equation 2, sometimes referred to as an 
“error of closure” (Preston et al., 2001), could contribute to 
an increase in the distance between predicted and official 
data, especially for emigration where statistical offices 
find it difficult to have precise estimates.

FIGURE 9.  Percentage distance between the total population reported by Eurostat (https://ec.europa.eu/eurostat/
cache/metadata/en/demo_pop_esms.htm) for all the years from 2015 to 2019 and the total population calculated 
using information reported by Eurostat for fertility, mortality, emigration and immigration.

https://ec.europa.eu/eurostat/cache/metadata/en/demo_pop_esms.htm
https://ec.europa.eu/eurostat/cache/metadata/en/demo_pop_esms.htm
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4. CONCLUSIONS
Because of the results we discussed in the previous 
paragraphs, we conclude that MicSim has the potential 
to be applied for modelling migration and also for more 
general population movements at a large scale, even 
if data are scarce or not available for each year of the 
simulation period. Although the architecture of the model 
is overall efficient and validated by the present work, 
fluctuations in the estimates may be due to the use of 
rates calculated with data having a different periodicity 
from that used in the simulation (e.g. five-year data used 
for annual simulations) or to the ‘inclusion in microdata 
of information generally not available in aggregated data 
but at the same time having a high degree of detail, such 
as the exact date of birth and/or immigration of each 
individual. 

Nevertheless, MicSim’s model can be used for forecasting 
and projections and could serve as a ‘new’ tool for 
measuring the impacts of immigrants on native populations 
in different countries. The use of MicSim for modelling 
migration could be an added value for policymakers to 
take decisions for managing these processes.

Ongoing developments of the package include the inclusion 
of linkages between individuals. In this way, for example, 
families and the inheritance of behaviours such as the 
transmission of fertility through the maternal line can 
be modelled and simulated. Another extension of the 
MicSim package is the inclusion of a household structure 
to model, for example, the intergenerational transmission 
of home ownership.
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Eurostat data for the number of births calculated over five years, from January 2014 to January 2019. The red line 
represents Eurostat data, and the black line represents the median values over five simulation runs.	 27

FIGURE A-10.  Comparison between predicted male total living population by 5-year age groups (x-axis) in Spain and 
official Eurostat data for the time interval 1/1/2014 – 1/1/2019.	 28

FIGURE A-11.  Comparison between predicted male total living population by 5-year age groups (x-axis) in the 
Netherlands and official Eurostat data for the time interval 1/1/2014 – 1/1/2019.	 28

FIGURE A-12.  Comparison between predicted female total living population by 5-year age groups (x-axis) in Sweden 
and official Eurostat data for the time interval 1/1/2014 – 1/1/2019.	 29

FIGURE A-13.  Comparison between predicted male total living population by 5-year age groups (x-axis) in Sweden 
and official Eurostat data for the time interval 1/1/2014 – 1/1/2019.	 29
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ANNEX I.

Mortality

FIGURE A-1.  The trend by five-year age groups related to female deaths in Spain for the time interval 1/1/2014 – 
1/1/2019. In orange the Eurostat data and in blue the values predicted by the MicSim model.

FIGURE A-2.  The trend by five-year age groups related to male deaths in Spain for the time interval 1/1/2014 – 
1/1/2019. In orange the Eurostat data and in blue the values predicted by the MicSim model.



MICSIM, A MICROSIMULATION MODEL FOR POPULATION DYNAMICS 24

AN
N

EX
ES

FIGURE A-3.  The trend by five-year age groups related to female deaths in the Netherlands for the time interval 
1/1/2014 – 1/1/2019. In orange the Eurostat data and in blue the values predicted by the MicSim model.

FIGURE A-4.  The trend by five-year age groups related to male deaths in the Netherlands for the time interval 
1/1/2014 – 1/1/2019. In orange the Eurostat data and in blue the values predicted by the MicSim model.
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FIGURE A-5.  The trend by five-year age groups related to female deaths in Sweden for the time interval 1/1/2014 – 
1/1/2019. In orange the Eurostat data and in blue the values predicted by the MicSim model.

FIGURE A-6.  The trend by five-year age groups related to male deaths in Sweden for the time interval 1/1/2014 – 
1/1/2019. In orange the Eurostat data and in blue the values predicted by the MicSim model.



MICSIM, A MICROSIMULATION MODEL FOR POPULATION DYNAMICS 26

AN
N

EX
ES

Emigration 

FIGURE A-8.  The trend by 5-year age groups (x-axis) related to the total number of male emigrants in Sweden for 
the time interval 1/1/2014 – 1/1/2019. In orange the official Eurostat data and in blue the values simulated by the 
MicSim model.

FIGURE A-7.  The trend by 5-year age groups (x-axis) related to the total number of female emigrants in Sweden 
for the time interval 1/1/2014 – 1/1/2019. In orange the official Eurostat data and in blue the values simulated by the 
MicSim model.
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FIGURE A-9.  Boxplot related to five modelling runs showing the difference between the simulated projections and 
Eurostat data for the number of births calculated over five years, from January 2014 to January 2019. The red line 
represents Eurostat data, and the black line represents the median values over five simulation runs.
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FIGURE A-11.  Comparison between predicted male total living population by 5-year age groups (x-axis) in the 
Netherlands and official Eurostat data for the time interval 1/1/2014 – 1/1/2019.

FIGURE A-10.  Comparison between predicted male total living population by 5-year age groups (x-axis) in Spain and 
official Eurostat data for the time interval 1/1/2014 – 1/1/2019.
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FIGURE A-12.  Comparison between predicted female total living population by 5-year age groups (x-axis) in Sweden 
and official Eurostat data for the time interval 1/1/2014 – 1/1/2019.

FIGURE A-13.  Comparison between predicted male total living population by 5-year age groups (x-axis) in Sweden 
and official Eurostat data for the time interval 1/1/2014 – 1/1/2019.
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