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Abstract 

Demographic microsimulation is a computationally-intensive tool used by population scientists to model 
demographic processes, gain insights into life course transitions and make projections (Zagheni, 2015).  

In microsimulation models, the sequences of events that each simulated person, characterized by its 
demographic characteristics such as age, sex, marital status, etc., experiences over time are the result of 
stochastic events (often using a competing risk model) with predetermined probabilistic rules in which 
the transitions between states are generally generated using algorithms and computer techniques also 
known as Monte Carlo methods (hence " simulation"). Each individual is considered as the unit of the 
analysis (hence 'micro') and constitutes an observation in a rectangular data file (i.e., a matrix containing 
records of demographic characteristics and other key variables of interest). For every predefined time 
interval of the simulation, everyone might experience the risk of several events including death, marriage, 
childbirth, immigration, and emigration (Zagheni, 2015).  

Considering that the selection of the event and the waiting time until the event occurs are determined 
stochastically, everyone faces the risk of experiencing during the simulated time interval several events 
including death, marriage, childbirth, and migration (Zagheni, 2015). However, to restrict the range of 
potential events for subgroups of the population (for example, to respect the advisable minimum time 
space between pregnancies or avoid social taboos, etc.) some constraints are sometimes applied to the 
simulation program. Therefore, each event for which the individual is at risk is often modeled as a 
piecewise exponential distribution in which the individual next event is the one with the shortest waiting 
time, the latest randomly generated based on the input demographic rates (Zagheni, 2015).  

Hence, population files and demographic rates are taken as input by the simulator and demographic 
projections are built accordingly (Zagheni, 2015). 

In this technical manual, we describe the architecture and use of the first prototype of the KCMD 
Demographic Tools Platform (here referred to as DTP), an online dashboard that will permit users to run 
demographic microsimulation in a user-friendly environment. 

The DTP combines the power of two well-known microsimulation software, i.e., Modgen and OpenM++, 
with the practicality and versatility of the Shiny dashboard and R environment. 

  

The Demographic Tools Platform, conceived and implemented both as an online platform but also as an R 
package that can be used in different Operating Systems, should represent a valid tool for different types 
of users, be they policymakers, policy officers, or consultants working in the policy sector, demographers 
(e.g., Modgen or OpenM++ experienced users) or just researcher and students who might do not have 
specific knowledge of programming but who are interested in carrying out demographic microsimulations 
by using open-source resources packaged and supplied in a user-friendly environment. 
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1 Introduction 

Changes in distribution, size, and population greatly impact social issues and societal institutions 
(Verdugo, 2012). Statistical study of the size and characteristics of the human population, and its history 
and evolution across time and space might surely help in understanding the problems faced by the 
individuals constituting the society, whether they are citizens or immigrants. 

For instance, the analysis of population dynamics might ameliorate the quality of immigrant’s life, 
therefore, increase the source of quality labor (Junrith et al., 2012) and, eventually, help societies to have 
a better perception of the immigration phenomenon and improve future social policies (Ruiz, 2016). 

In the last decade, Europe has also been shaken by profound demographic changes, changes that have 
been exacerbated by the COVID pandemic and that have prompted the European Commission to start a 
process that will help identify concrete actions and solutions to improve adaptation and resilience, 
especially of vulnerable people, to changing realities (European Commission, 2020). 

For this reason, is fundamental to understand which are the main drivers of demographic changes and the 
likely implications of those changes at different levels (i.e., European, national, regional, communities, 
family units, and single individual) so that it would be possible to develop and implement effective and 
tailored EU policies that are closer to citizens’ needs (Alvarez Alvarez et al., 2021). 

 

Figure 1. The Atlas of Demography. 

  

Source: Alvarez Alvarez et al., 2021. 

In this context, innovative tools, such as those realized by the European Commission, Joint Research 
Centre, Knowledge Centre on Migration and Demography (KCMD) Unit, i.e. the two online dashboards 
referred to as the Atlas of Demography (Alvarez Alvarez et al., 2021; Figure 1) and the Atlas of Migration 
(European Commission and Joint Research Centre, 2020; Figure 2), and the Dynamic Data Hub web map 
service (European Commission and Joint Research Centre, 2021; Figure 3) might permit to access the 
available demographic data in real-time and therefore supporting the Commission’s culture of evidence-
based policymaking. 
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Figure 2. The Atlas of Migration. 

 

Source: European Commission and Joint Research Centre, 2020.
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Figure 3. The Dynamic Data Hub 

 

Source: European Commission, Joint Research Centre, 2021
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2 Demographic projections 

Understanding population dynamics (i.e., changes occurring in the population composition) is a key factor 
for governments to put in place political strategies which can have an effective impact on current and 
future populations (Bae et al., 2016). 

By using a valid description of the various processes that govern the population system and by 
determining the population structure it is possible to put in place a simplified and quantitative1 
description of the reality and, therefore, modeling in a meaningful way the future of the population and 
provide unbiased demographic projections (Van Imhoff and Post, 1998).  

2.1 Microsimulation models 

The analysis of population dynamics at a micro-level can be carried out using a microsimulation model 
which describes individuals in a population and their behaviors by using, respectively, micro population 
data (e.g., census data) and statically-based transition probabilities (e.g., fertility rate) (Bae et al., 2016).  

Demographic projections can be obtained using static and dynamic models. Usually, static models, which 
are often used to measure the anticipated effect of a change in public policy, keep unvaried the 
characteristics of the actors and modify, by using macro demographic projections produced separately 
(e.g., by an official body), the weighting of individuals in each age group. On the contrary, dynamic models 
work continuously to update the characteristics of each individual, which are, therefore, subjected during 
the entire length of the simulation to the life cycle events the latest occurring with a probability varying 
according to the characteristics of the actor (Bélanger and Sabourin, 2017).   

For instance, in some dynamic microsimulation models, individuals in the sample are followed one by one 
during a period that is relevant to the population under study. In closed models, this period goes from 
birth to death (i.e., an individual’s history completely explained by the model), whereas in more open 
models it might include also exceptions to this rule and, therefore, consider phenomena such as 
immigration (a new individual is added to the sample) and emigration (the person stops being relevant 
for the model and it is dropped from the overall sample). However, in the case of immigration, considering 
that the individual is created ‘ex nihilo', its demographic characteristics and other relevant covariates must 
be devised throughout determined procedures (Van Imhoff and Post, 1998). 

In this study two different freely available programming technologies, commonly used to run 
microsimulation models, were taken into consideration during the design and build of the KCMD 
Demographic Tools Platform: Modgen, a framework for the development of microsimulation models 
developed at Statistics Canada (www.statcan.gc.ca) in 1994 (Bélanger and Sabourin, 2017) and OpenM++ 
(2013), an open-source platform developed at the University of Ottawa (www.uottawa.ca) that permits 
developing, use and deploy micro-simulation or agent-based models. 

 

2.1.1 Modgen 

Modgen (Model generator), a framework for the development of microsimulation models developed at 
Statistics Canada in 1994, is a generic microsimulation package based on the C++ programming language 
(Bélanger and Sabourin, 2017) and working exclusively in Microsoft Operating System. Designed to be 
used in conjunction with Microsoft Visual C++2, the Modgen software supports the creation, maintenance, 
and documentation of both static and dynamic microsimulation models, be they continuous or discrete-
time, with interacting or non-interacting populations (Statistics Canada, 2017a).  

In Modgen we can distinguish between “time-based” models (often referred also as multiagent or agent-
based), in which an entire population is simulated simultaneously to take into account the interactions 
between its members, and case-based models in which simulation of the entire sample or population is 
carried out progressively in each case, be it a person or some other unit, for instance, a family or a firm 
(Bélanger and Sabourin, 2017). 

 

 
(1) Simplified and quantitative respectively refer to the fact that not all variables affecting population structures are included in the 

model, and that one set of numbers goes in, and another set of numbers comes out (Van Imhoff and Post, 1998). 
(2)  Freely available using the Microsoft Visual Studio suite (Community Edition).  

http://www.statcan.gc.ca/
http://www.uottawa.ca/
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Thanks to the integration of Modgen programming language in an Integrated Development Environment 
(Microsoft Visual Studio; https://visualstudio.microsoft.com/), underlying mechanisms like event 
queueing and Monte Carlo estimation are hidden to the model developers which can, therefore, 
concentrate on model-specific code such as the declaration of parameters, simulated actors, events and 
the format of tabular outputs. Eventually, a stand-alone model executable program with a complete visual 
interface and detailed model documentation is created for subsequent use of the built model (Statistic 
Canada, 2017a). 

 

As Modgen is not independent of Visual Studio (Integrated Development Environment, or IDE), model 
developers must have the appropriate version of Visual Studio to be able to create models (Visual Studio 
2015 or 2017, at least the Standard Edition, for Modgen 12). Nevertheless, a model developer using 
Modgen does not need to have advanced programming skills as a prerequisite (Statistics Canada, 2017a). 

Figure 4 describes the different processing steps to build the executable (.exe) file needed to run (in 
Microsoft OS) the ‘MODGEN Platform’. In short, the Modgen precompiler takes the source code (.mpp files) 
and produces several C++ (.cpp) files (Statistics Canada, 2017a). 

 

Figure 4. Chart showing the creation of an executable in Modgen model 

 

Source: modified after Statistics Canada, 2017b. 

The C++ (.cpp) files, along with the Modgen Library (i.e., a library containing the entities that all models 
have in common and constituted by about 70 files evenly distributed in Modgen and Windows System 
folders; Figure 5) are compiled by the C++ compiler to create an executable. Eventually, the executable 
reads scenario (.sce) and parameters (.dat) files and produces as output several simulation tables. 

At compilation time, links are made with the Modgen library to incorporate it into the model's executable 
file. In this way, each model is an independent executable file. Amongst other things, the library contains:  

¶ the interface for all Modgen models,  

¶ the simulation engine and  

¶ the help generator. 

The C++ language requires certain header files to incorporate the library into models. These files are 
installed with Modgen. In addition to the Modgen library, there are other Microsoft libraries and header 
files supplied with Visual Studio and incorporated into models (Statistics Canada, 2017b). 

 

  

https://visualstudio.microsoft.com/
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Figure 5. Creation of a case-based Modgen model using Visual Studio 2017 

 

Notes: The files of the Modgen library are comprised in the red-delimited area whereas the green-delimited area contains the source 
code. 

 

Graphical outputs can be, therefore, obtained using the BioBrowser tool (Figure 6), a companion 
application to Modgen which permits the user to visually explore the longitudinal profiles of the low-level 
simulated entities generated by Modgen models (Statistics Canada, 2017a).  

 

Figure 6. Example of a bibliography file visualised using the BioBrowser software. 

 

Source: https://www.statcan.gc.ca/en/microsimulation/modgen/download. 

 

 

https://www.statcan.gc.ca/en/microsimulation/modgen/download
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2.1.2 OpenM++ 

OpenM++ is an open-source microsimulation platform developed at the University of Ottawa 
(www.uottawa.ca) that permits the development, use, and deployment of micro-simulation or agent-
based models (OpenM++, 2013). 

Although OpenM++ is inspired by and compatible with Modgen, compared to its closed source 
predecessor, it has many advantages like portability (OpenM++ is designed, developed, and tested to work 
on Windows, Linux, macOS in 32 and 64 bits (OpenM++, 2013). 

 

Figure 7. The architecture of the OpenM++ model. 

 

Notes: OS = Operating System; IDE= Integrated Development Environment; DB = databases. 

Source: Modified after OpenM++, 2013. 

 

 

http://www.uottawa.ca/
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As a result, the same model can be created and tested on a model-developer PC (Microsoft, Linux, or 
macOS) and later run on Linux (or Windows) HPC cluster with thousands of CPUs), scalability (i.e., it works 
on a single PC, in a cluster or the cloud environment) and is open source (OpenM++, 2013; Figure 7).  

For this reason, OpenM++ cannot be considered a copy of Modgen but a new, functionally equivalent 
implementation of the publicly available specification of the Modgen language. Indeed, OpenM++ does not 
depend on Modgen, does not use Modgen, and does not share any source code with Modgen. On the other 
hand, it is possible to compile and run Modgen models by using OpenM++; in fact, OpenM++ provides a 
superset of Modgen language specification and therefore it can compile Modgen source files (OpenM++, 
2013). 

Similarly, to Modgen, also in the OpenM++ model developer can create a new model using an Integrated 
Development Environment which can be different according to which Operating System (i.e., Microsoft, 
Linux or macOS) is being used (e.g., Microsoft Visual Studio, Microsoft Visual Studio Code, XCode, etc.). 
Once created, OpenM++ models can be run with default or new parameters using bash commands 
(OpenM++, 2013). 

Moreover, the OpenM++ web-service (oms), a JSON web-service written in Go and used from openM++ UI 
JavaScript, makes integration (e.g., creation of HTTP client and send-receive JSON data) with OpenM++ 
very simple for many popular development platforms (.NET, Java, Python, Perl, R, JavaScript, etc.) 
(OpenM++, 2013).  

For instance, Python can be used to automate modeling, using very general OpenM++ interfaces. 
Eventually, the R package “openmpp” (version 0.8.3) permits to R developer to access the OpenM++ 
database, prepare model parameters and analyze output values from an R Graphical User Interface (e.g., 
R Studio;  Figure 8) (OpenM++, 2013). 

 

Figure 8. OpenM++ integration with R: using the RiskPaths model.  

 

Source: OpenM++, 2013. 
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3 The KCMD Demographic Tools Platform 

The KCMD Demographic Tools Platform (from now on referred to as DTP) has been conceived and 
designed to include the following characteristics (Figure 9): 

¶ The GUI should be based on open-source Business Intelligence (BI) tools3.  

¶ The microsimulation engine should use the Modgen programming language. 

¶ Can be used on several Operating Systems. 

¶ It should be user-friendly (i.e., no need to use an Integrated Development Environment4 and with 
the possibility to have drag and drop functionalities). 

¶ Can use relational and non-relational databases. 

¶ Can be provided as an R package or as an embedded web application. 

¶ Outputs should be tabular, graphical, and interactive. 

 

The user can, therefore, access the DTP to see in detail its microsimulation models, browse the data and 
parameters entered during the phase of creation, view the simulation results (showed as tabular outputs 
or as interactive graphs) and if necessary, modify the input parameters and perform a new simulation. 

 

Figure 9. Design and expected functionalities of the KCMD Demographic Tools Platform.  

 

 

3.1.1 The dashboard 

The open-source Shiny Business Intelligence tool (https://shiny.rstudio.com/) was used to build the first 
prototype of the interactive KCMD-Demographic Tools Platform.  

Shiny is an R package that permits the building of interactive web apps straight from R (https://www.r-
project.org/). Thanks to the versatility of the Shiny package and the computational power of the R 
programming language it is possible to host standalone apps on a webpage or embed them in R Markdown 
documents or build dashboards that can be, eventually, extended using CSS themes, htmlwidgets, and 

 
(3) Business Intelligence (BI) technologies, such as Tableau, Qlik, Microsoft Power BI, Sisense and Shiny, are used to support the 

decision-making process. BI tools enable the extraction of knowledge from the data stored and therefore permit transforming 
data into actionable insights (e.g., reports and dashboards) therefore providing value to an organization and help to achieve its 
business goals. 

(4) The Dashboard should allow any user, be it a programmer expert in the use of an Integrated Development Environment (IDE) 
and the programming languages Modgen or C ++ or a user without any specific knowledge of programming, to perform 
demographic microsimulations based on the Modgen programming language, without the need of using a specific development 
environment (eg Microsoft Visual Studio) or write a single line of code. This result was achieved thanks to a preprocessor which, 
starting from the values entered by the user in the dashboards (by using dropdown menus, interactive tables, or graphs) writes 
source (.mpp), scenario (.sce) and parameter (.dat) files in a newly formed folder (named as the model itself), and therefore, by 
using the C++ compiler, builds the microsimulation model. 

https://shiny.rstudio.com/
https://www.r-project.org/
https://www.r-project.org/
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JavaScript actions. For this reason, the Shiny BI tool can be considered a full web framework that allows 
developers, even with limited knowledge of HTML, CSS, and JavaScript, to create interactive web 
applications characterized by complete control over UI/UX design and customization. 

The DTP was realized in R (version 4.0.2, “Taking off Again”; R Core Team, 2018) using RStudio (version 
1.3.959) and an x86_64-w64-mingw32/x64 (64-bit) platform running in a Microsoft Windows 10 
Operating System. Some JavaScript code (e.g., jQuery) was also used to allow some additional features 
such as drag and drop functionalities used to modify, for instance, input tables and microdata. 

 

The DTP was published online through the RStudio Connect server of the European Commission which is 
based in a Linux RedHat 9 environment and it is accessible at the Knowledge Centre on Migration and 
Demography (KCMD) Data Portal: 

https://migration-demography-tools.jrc.ec.europa.eu/demographic-tools-platform  

Parallel to the online version of the platform an R package has also been created (see appendix) to be used 
in Microsoft, Linux, and macOS.  

Once installed, it can be used locally within an R GUI (e.g., R Studio) without the need for an Internet 
connection. The R Package and the R source code can be downloaded from the KCMD Bitbucket repository 
at the following URL : 

https://citnet.tech.ec.europa.eu/CITnet/stash/projects/KCMD/repos/DTPkcmd/browse  

 

Figure 10. Access the dashboard and the Bitbucket repository through the EU Login system.  

 

Source: https://webgate.ec.europa.eu/cpnp/public/ecas-signup.cfm. 

 

Both the online platform and the Bitbucket repository are accessible only to registered users after logging 
into the EU platform (EU login, Figure 10). After the EU login, further authorization is required to access 
the KCMD products (online platform and Bitbucket repository). A request can be made by using the 
‘Contact the KCMD team’ function available in the footer of the Knowledge Centre on Migration and 
Demography (KCMD) Data Portal, indicating in the subject “DTP access”. 

 

https://migration-demography-tools.jrc.ec.europa.eu/demographic-tools-platform
https://citnet.tech.ec.europa.eu/CITnet/stash/projects/KCMD/repos/DTPkcmd/browse
https://webgate.ec.europa.eu/cpnp/public/ecas-signup.cfm
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3.1.2 Microsimulation modules 

To test the possibility to run demographic microsimulation with different degrees of complexity two 
modules, reported in the publication of Bélanger and Sabourin (2017) as ‘Life Table’ and ‘International 
Migration’ (see https://www.microsimulationandpopulationdynamics.com/), were chosen and 
implemented in the DTP. According to Bélanger and Sabourin (2017), all the data were taken from widely 
available microdata files from the 2006 Canadian census and vital statistics data available on the Statistics 
Canada website. 

Table 1. Modelling life table and international migration using Modgen’s modules 

Module Input parameters Output tables 

Life Table 

Annual hazard of death according to 
gender and age (2) 

¶ Life expectancy at 5-year-old 
¶ Life expectancy at birth 
¶ Life expectancy by age 

Maximum lifespan (1) 

Probability of male birth (1) 

Simulation seed (1) 

Simulation cases (1) 

International 
Migration 

Fertility hazards by age and province (2) 

¶ Population size at the end of 
the period by gender, age, 
and province 

¶ Deaths by gender, age, and 
province 

¶ Births by gender, age, and 
province 

¶ Exits by gender, age, and 
province 

¶ Entrances by gender, age, 
and province 

¶ Immigration by gender, age, 
and province 

¶ Emigration by gender, age, 
and province 

Number of immigrants per year (1) 

Risk of emigration by gender, age, and 
province (2) 
Sum of weights of recent immigration in 
microdata file (1) 
Interprovincial migration (origin-
destination matrix) (2) 

Outmigration hazard by gender, age, and 
province (2) 

Annual hazard of death according to 
gender and age (2) 

Maximum lifespan (1) 

Probability of male birth (1) 

Starting calendar year of simulation (1) 

End of simulation (1) 

Simulation seed (1) 

Simulation cases (1) 

Microdata (2) 
(1) tabular data. 
(2) single value. 

Source: modified after Bélanger and Sabourin, 2017. 

 

The first module (‘Life Table’) requires only five input parameters (four values and one table) whereas 
the second (‘International Migration’), characterized by greater complexity, requires thirteen input 
parameters (eight single values and five tables) and a file of microdata, the latest providing a 
representative picture of the real population and therefore making demographic projections closer to the 
reality (Table 1). 

 

 

https://www.microsimulationandpopulationdynamics.com/
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3.1.2.1 The ‘Life Table’ module 

With this module, it is possible to create microsimulation models that calculate the life expectancy for 
different cohorts whose risk of death varies during the simulation based on age and sex. 

The Life Table module uses constant parameters and the MortalityHazard table (i.e., risk of mortality by 
age and gender). The constant parameters are the maximum lifespan (AgeMax = 110 years) of an actor in 
the simulated population, the probability of having a son (ProbabilityMale = 0.512), and other values that 
are directly influencing the modeled values such as the total number of samples (SimulationCases = 5000) 
that should be considered during the simulation and the seed of the simulation (SimulationSeed = 16807), 
a number (or vector) used to initialize the pseudorandom number generator. All values, except the 
maximum lifespan, can be changed during the creation of the model (Figure 11). 

 

Figure 11. Default input parameter values for the Life Table module 

 

 

The Mortality hazard table shows an average lower risk of mortality for females (the average value is 
0.15123 with a minimum of 0.00005 and a maximum of 1.52443) than for males (the average value is 
0.16968, with a minimum of 0.00009 and a maximum of 1.62311 Table 2). 

 

Table 2. Default values of Mortality Hazard for males and females. 

Gender (1) Province (2) Mean Min Max 

S_FEM All 0.15123 0.00005 1.52443 

S_MAL All 0.16968 0.00009 1.62311 

(1)  S_FEM = female; S_MAL = male. 
(2)  Values are for all Canadian provinces. 

Source: modified after Bélanger and Sabourin, 2017. 

 

By looking at the graph of Mortality Hazard by age it can be seen how this difference between females and 
males is not constant, but it increases in certain age groups (Figure 12). 

 

Figure 12. Graph of the Mortality Hazard values by gender 

 

Notes: Gender: S_FEM = female; S_MAL = male. 

Source: modified after Bélanger and Sabourin, 2017 
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3.1.2.2 The ‘International Migration’ module 

The international migration module can be used to build micro-simulation models in which the actors, 
over a given period, according to a stochastic principle and based on their specific characteristics, can 
experience events of different types such as death, birth, emigration, and immigration. 

 

Figure 13. Default input parameter values for the International Migration module 

 

 

Table 3. Default values of Mortality Hazard by gender and Canadian provinces. 

Gender (1) Province (2) Mean Min Max 

S_FEM 

P_NFL 0.08084 0.00014 1.00000 

P_PEI 0.07978 0.00010 1.00000 

P_NOS 0.08657 0.00008 1.00000 

P_NEB 0.08214 0.00010 1.00000 

P_QUE 0.08546 0.00006 1.00000 

P_ONT 0.08639 0.00006 1.00000 

P_MAN 0.08765 0.00005 1.00000 

P_SAS 0.08844 0.00006 1.00000 

P_ALB 0.08288 0.00004 1.00000 

P_BRC 0.07957 0.00005 1.00000 

S_MAL 

P_NFL 0.11545 0.00009 1.00000 

P_PEI 0.09608 0.00006 1.00000 

P_NOS 0.09941 0.00007 1.00000 

P_NEB 0.09150 0.00005 1.00000 

P_QUE 0.10088 0.00008 1.00000 

P_ONT 0.09986 0.00009 1.00000 

P_MAN 0.09847 0.00009 1.00000 

P_SAS 0.09463 0.00015 1.00000 

P_ALB 0.09160 0.00005 1.00000 

P_BRC 0.09370 0.00010 1.00000 
(1) S_FEM = female; S_MAL = male. 
(2) P_NFL = Newfoundland and Labrador; P_PEI = Prince Edward Island; P_NOS = Nova Scotia; P_NEB = New Brunswick; P_QUE = 
Quebec; P_ONT = Ontario; P_MAN = Manitoba; P_SAS = Saskatchewan; P_ALB = Alberta; P_BRC = British Columbia. 

Source: modified after Bélanger and Sabourin, 2017. 

 

The constant parameters, in this case, are those that were already present and described in the Life Table 
module, i.e. the maximum lifespan (AgeMax = 110; not modifiable), the probability of having a son 
(ProbabilityMale = 0.512), the number total of cases (SimulationCases = 5000) and the seed of the 
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simulation (SimulationSeed = 16807) plus others which are specific of this module such as the total weight 
of recent immigrants (i.e., in the last 5 years previous to the starting of the simulation) in Canada 
(WeightRecentImmig2001 = 1121807.6), the total number of immigrants arriving in Canada each year 
(ImmigSimul = 300,000) and finally the variables that indicate the period, i.e. the initial (StartYear = 2011) 
and final (horizon = 2036) of the simulation (Figure 13).     

As regards the mortality risk table, the mortality risk values divided by sex and age, in this case, are 
provided for each of the ten Canadian provinces (Table 3). 

Also in this case the mortality risk is on average higher in the male gender than in the female one (Table 
3) with differences that may be accentuated for some age groups and some provinces (Figure 14). 

 

Figure 14. Graph of the Mortality Hazard values by gender and Canadian provinces 

 

Notes: Gender: S_FEM = female; S_MAL = male; Canadian provinces: P_NFL = Newfoundland and Labrador; P_PEI = Prince Edward 
Island; P_NOS = Nova Scotia; P_NEB = New Brunswick; P_QUE = Quebec; P_ONT = Ontario; P_MAN = Manitoba; P_SAS = Saskatchewan; 

P_ALB = Alberta; P_BRC = British Columbia. 

Source: modified after Bélanger and Sabourin, 2017 

 

Table 4. Default values for the female gender in different Canadian provinces 

Province (1) Mean Min Max 

P_NFL 0.04363 0.00008 0.11041 

P_PEI 0.04955 0.00000 0.13125 

P_NOS 0.04436 0.00003 0.10870 

P_NEB 0.04637 0.00000 0.11315 

P_QUE 0.05012 0.00010 0.13871 

P_ONT 0.04610 0.00037 0.12218 

P_MAN 0.05664 0.00028 0.13382 

P_SAS 0.06092 0.00009 0.15003 

P_ALB 0.05572 0.00019 0.14390 

P_BRC 0.04376 0.00039 0.11194 
(1)  P_NFL = Newfoundland and Labrador; P_PEI = Prince Edward Island; P_NOS = Nova Scotia; P_NEB = New Brunswick; P_QUE = 
Quebec; P_ONT = Ontario; P_MAN = Manitoba; P_SAS = Saskatchewan; P_ALB = Alberta; P_BRC = British Columbia. 

Source: modified after Bélanger and Sabourin, 2017. 



18 

Regarding the birth event, in the module, there is detailed fertility data for cohorts of women during their 
childbearing years (from 15 to 49 years old). 

According to the default table, the province of Saskatchewan has on average the highest fertility value 
while Newfoundland and Labrador have the lowest (Table 4). However, in all the provinces fertility 
presents a normal trend with a maximum hazard ratio reached at an age between 27 and 31 years old 
(Figure 15).     

 

Figure 15. Graph of the Fertility Hazard values for females in Canadian provinces 

 

Notes: Canadian provinces: P_NFL = Newfoundland and Labrador; P_PEI = Prince Edward Island; P_NOS = Nova Scotia; P_NEB = New 
Brunswick; P_QUE = Quebec; P_ONT = Ontario; P_MAN = Manitoba; P_SAS = Saskatchewan; P_ALB = Alberta; P_BRC = British 

Columbia. 

Source: modified after Bélanger and Sabourin, 2017 

 

The next two events considered in the module are immigration (or international immigration which takes 
into consideration movements of actors from and to the Country) and emigration (or domestic emigration, 
i.e., movements between different provinces in the same Country). 

For the International Immigration, the immigration hazard table provides data for cohorts of males and 
females in each Canadian province (Table 5). 

According to the table, the risk of immigration is on average greater for males than for females with some 
exceptions, namely in the province of Quebec (average values for the two genders are identical whereas 
the maximum value is slightly higher in the female gender), the province of Alberta (with both average 
and maximum values higher in female than in male) and in the provinces of Prince Edward Island and 
Manitoba (both showing maximum values of immigration hazard for females higher than for male) (Table 
5). The curves based on the immigration hazard table show a maximum ranging between 21 and 23 years 
old for females and between 22 and 25 years old for males (Figure 16). 

To include domestic emigration in the International Immigration module it is necessary to consider 
instead two different tables: the origin-destination matrix for the various Canadian provinces (Table 6), 
and the emigration hazard table providing data for cohorts of males and females in each Canadian 
province (Table 7). 

As regards the data reported in the origin-destination matrix for the various Canadian provinces, the 
largest value in the distribution probability matrix is that of the Quebec-Ontario pair (origin-destination 
= 0.66129) while the lower value is that related to the possible movements from the province of 
Saskatchewan to the province of Prince Edward Island (0.00166) (Table 6;  Figure 17). 
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Table 5. Default Values of International Migration Hazard by gender and Canadian provinces 

Gender (1) Province (2) Mean Min Max 

S_FEM 

P_NFL 0.01212 0 0.05944 

P_PEI 0.01317 0 0.07378 

P_NOS 0.01227 0 0.05284 

P_NEB 0.01101 0 0.04777 

P_QUE 0.00342 0 0.01148 

P_ONT 0.00480 0 0.01513 

P_MAN 0.01330 0 0.04698 

P_SAS 0.01709 0 0.06718 

P_ALB 0.01352 0 0.04330 

P_BRC 0.00797 0 0.02572 

S_MAL 

P_NFL 0.01305 0 0.06827 

P_PEI 0.01345 0 0.05761 

P_NOS 0.01268 0 0.05685 

P_NEB 0.01142 0 0.04808 

P_QUE 0.00342 0 0.01141 

P_ONT 0.00501 0 0.01696 

P_MAN 0.01346 0 0.04466 

P_SAS 0.01720 0 0.07002 

P_ALB 0.01329 0 0.04024 

P_BRC 0.00810 0 0.02724 
(1) S_FEM = female; S_MAL = male. 
(2) P_NFL = Newfoundland and Labrador; P_PEI = Prince Edward Island; P_NOS = Nova Scotia; P_NEB = New Brunswick; P_QUE = 
Quebec; P_ONT = Ontario; P_MAN = Manitoba; P_SAS = Saskatchewan; P_ALB = Alberta; P_BRC = British Columbia. 

Source: modified after Bélanger and Sabourin, 2017. 

 

Figure 16. Graph of the International Migration Hazard values by gender and Canadian provinces 

 

Notes: Gender: S_FEM = female; S_MAL = male; Canadian provinces: P_NFL = Newfoundland and Labrador; P_PEI = Prince Edward 
Island; P_NOS = Nova Scotia; P_NEB = New Brunswick; P_QUE = Quebec; P_ONT = Ontario; P_MAN = Manitoba; P_SAS = Saskatchewan; 

P_ALB = Alberta; P_BRC = British Columbia. 

Source: modified after Bélanger and Sabourin, 2017  
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Table 6. Default values of Origin-Destination Matrix for Canadian provinces 

 
Province of Destination (1) 

P_NFL P_PEI P_NOS P_NEB P_QUE P_ONT P_MAN P_SAS P_ALB P_BRC 

P
ro

v
in

ce
 o

f 
O

ri
g

in
 (

1
) 

P_NFL 0 0.01763 0.15973 0.05672 0.02435 0.47508 0.02060 0.00890 0.13569 0.10128 

P_PEI 0.04639 0 0.27119 0.15605 0.04189 0.28091 0.01659 0.01629 0.09303 0.07767 

P_NOS 0.07033 0.03870 0 0.14389 0.06321 0.39415 0.02851 0.01322 0.10823 0.13976 

P_NEB 0.03359 0.03428 0.20131 0 0.16855 0.34536 0.02733 0.01129 0.09708 0.08122 

P_QUE 0.00734 0.00413 0.03272 0.06301 0 0.66129 0.01903 0.00944 0.06966 0.13337 

P_ONT 0.05876 0.01193 0.08861 0.05692 0.21318 0 0.06480 0.02973 0.17393 0.30215 

P_MAN 0.00874 0.00205 0.02491 0.01539 0.03197 0.28177 0 0.12192 0.23998 0.27328 

P_SAS 0.00357 0.00166 0.01135 0.00590 0.01339 0.11696 0.11173 0 0.49758 0.23787 

P_ALB 0.01529 0.00400 0.02931 0.01744 0.03086 0.20758 0.06183 0.13539 0 0.49830 

P_BRC 0.01212 0.00370 0.04472 0.01727 0.05063 0.28624 0.06573 0.07501 0.44459 0 
(1) P_NFL = Newfoundland and Labrador; P_PEI = Prince Edward Island; P_NOS = Nova Scotia; P_NEB = New Brunswick; P_QUE = Quebec; P_ONT = Ontario; P_MAN = Manitoba; P_SAS = Saskatchewan; 
P_ALB = Alberta; P_BRC = British Columbia. 

Source: modified after Bélanger and Sabourin, 2017. 
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Figure 17. Chart of default values of Origin-Destination Matrix for Canadian provinces 

 

Notes: Canadian provinces: P_NFL = Newfoundland and Labrador; P_PEI = Prince Edward Island; P_NOS = Nova Scotia; P_NEB = New 
Brunswick; P_QUE = Quebec; P_ONT = Ontario; P_MAN = Manitoba; P_SAS = Saskatchewan; P_ALB = Alberta; P_BRC = British 

Columbia. 

Source: modified after Bélanger and Sabourin, 2017 

 

Table 7. Default values of Emigration Hazard by gender and Canadian provinces 

Gender (1) Province (2) Mean Min Max 

S_FEM  

P_NFL 0.00025 0.00000 0.00079 

P_PEI 0.00033 0.00000 0.00136 

P_NOS 0.00061 0.00000 0.00186 

P_NEB 0.00047 0.00000 0.00140 

P_QUE 0.00077 0.00017 0.00199 

P_ONT 0.00125 0.00023 0.00348 

P_MAN 0.00101 0.00012 0.00289 

P_SAS 0.00053 0.00000 0.00171 

P_ALB 0.00144 0.00027 0.00379 

P_BRC 0.00126 0.00021 0.00362 

S_MAL 

P_NFL 0.00027 0.00000 0.00088 

P_PEI 0.00035 0.00000 0.00137 

P_NOS 0.00065 0.00000 0.00199 

P_NEB 0.00049 0.00000 0.00150 

P_QUE 0.00075 0.00017 0.00207 

P_ONT 0.00136 0.00030 0.00361 

P_MAN 0.00104 0.00000 0.00309 

P_SAS 0.00054 0.00000 0.00180 

P_ALB 0.00149 0.00032 0.00379 

P_BRC 0.00133 0.00025 0.00376 
(1) S_FEM = female; S_MAL = male. 
(2) P_NFL = Newfoundland and Labrador; P_PEI = Prince Edward Island; P_NOS = Nova Scotia; P_NEB = New Brunswick; P_QUE = 
Quebec; P_ONT = Ontario; P_MAN = Manitoba; P_SAS = Saskatchewan; P_ALB = Alberta; P_BRC = British Columbia. 
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Source: modified after Bélanger and Sabourin, 2017 

According to the emigration hazard table, which is providing data for cohorts of males and women in each 
Canadian province, except for the province of Quebec, the average emigration risk value is always higher 
in the male gender than in the female one (Table 7). The maximum values are also generally higher in the 
male gender except for the province of Alberta where they are identical between the two genders (Table 
7).  The curves based on the emigration table show a maximum ranging between 28 and 30 years for 
females, and 33 years for males (Figure 18). 

     

Figure 18. Graph of the Emigration Hazard values by gender and Canadian provinces 

 

Notes: Gender: S_FEM = female; S_MAL = male; Canadian provinces : P_NFL = Newfoundland and Labrador; P_PEI = Prince Edward 
Island; P_NOS = Nova Scotia; P_NEB = New Brunswick; P_QUE = Quebec; P_ONT = Ontario; P_MAN = Manitoba; P_SAS = Saskatchewan; 

P_ALB = Alberta; P_BRC = British Columbia. 

Source: modified after Bélanger and Sabourin, 2017 

 

3.1.3 Microsimulation engine 

Considering the need to create the DTP as an online Shiny dashboard and therefore deployed during 
development in a Shiny-server and, eventually, during production in RConnect (both servers working 
exclusively in a Linux environment) it was necessary to migrate the Modgen’s modules from the Modgen 
platform (which is working exclusively on Microsoft OS) to OpenM++.  

Therefore, source files (.mpp) of Modgen’s modules have been modified to make them compatible with 
the OpenM++ software specifications (Figure 19). 

 

The source files, the scenario, and the parameters created using the DTP were eventually compiled by the 
OpenM++ program and it was possible to create, both for the “Life Table” and “International Migration” 
modules, fully functional microsimulation models running through an OpenM++ microsimulation engine. 
In OpenM++ all the model information and subsequent modifications are therefore stored in an SQLite 
database which is then queried, at run-time by the DTP by using the ‘SQLite’ and ‘openmpp’ R libraries. 
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Figure 19. Migration of Modgen modules to OpenM++.  

 

Source: modified after Bélanger and Sabourin, 2017 and OpenM++, 2013. 
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4 The landing page of the DTP 

The DTP is accessible, through registration (EU login, Figure 10), at the Knowledge Centre on Migration 
and Demography (KCMD) Data Portal (https://migration-demography-tools.jrc.ec.europa.eu). 

On the Data Portal, some links redirect to the main web page of the KCMD, an online webpage where the 
users can find numerous publications and documents on demography and the phenomenon of migration 
and the activities of the European Commission on these important issues, and other interesting tools such 
as the Atlas of Migration, the Atlas of Demography, and the Dynamic Data Hub. 

 

Figure 20. The landing page of the DTP 

 

https://migration-demography-tools.jrc.ec.europa.eu/
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On the landing page (https://migration-demography-tools.jrc.ec.europa.eu/demographic-tools-
platform), the users can find the main information regarding the DTP (Figure 20).  

To access the DTP a user needs to login into the EU platform (EU login, Figure 10) and request further 
authorization by using the ‘Contact the KCMD team’ function available in the footer, indicating in the 
subject “DTP access”. So doing the ‘Access DTP’ button will be enabled, therefore giving, the authenticated 
user, direct access to the dashboard. 

By opening the dashboard, a warning message will be displayed informing the user that a temporary 
folder has been created for this session and that, by closing the browser, the folder and all the models will 
be erased from the main server (Figure 21). However, users can download all the models created during 
the session by using the proper buttons.  

 

Figure 21. Creating the main session by accessing the DTP 

 

 

Eventually, this technical manual is available in the Resource section (Figure 20) and can be downloaded 
by the users as a pdf document. 

https://migration-demography-tools.jrc.ec.europa.eu/demographic-tools-platform
https://migration-demography-tools.jrc.ec.europa.eu/demographic-tools-platform
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4.1 Structure of the dashboard  

 The dashboard consists of two main menus, namely the area for creating and managing models and the 
area for viewing the results and carrying out new simulations. Then there is an additional menu where 
the user can create and set the working directory, i.e., the folders in the server where models are saved 
and stored during the current session. 

Each menu can be reached via the relative button located at the top of the dashboard (Figure 22).  

 

Figure 22. Menu positioned in the header of the DTP.  

 

 

Sub-menus will be accessible via dropdown menus positioned inside the top banner (Figure 23) or by 
using tabs and subtabs available in the main body of the DTP dashboard.  

 

Figure 23. Examples of dropdown menus positioned in the banner of the DTP.  

 

 

The central part of the dashboard (main body) is the area where the main information requested by the 
user are displayed. This area is divided (vertically or horizontally) into tabs and subtabs, therefore 
allowing the navigation of the different contents presented, whether they are dropdown menus, tables, or 
graphs (Figure 24).  
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Figure 24. Examples of tabs and subtabs showed in the main body of the DTP.  
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4.2 Models 

To create and list microsimulation models, the user must click on the ‘Models’ tab, located in the DTP 
navbar. 

In the Models menu a user can: 

¶ create a new microsimulation model using the two modules 'Life Table' and 'International 
Migration' 

¶ list and manage the models: delete them, if necessary, from the database (and in the case also the 
relative folder), update the folder relating to a selected model or download the entire model 
folder to the user's PC. 

 

4.2.1 Create a model 

From the ‘Models’ menu, open the ‘Create a Model’ tab. Enter the model’s name (maximum 15 characters 
without spaces), the model type (currently only a case-based option is available), and a description (max 
100 characters) of the model (Figure 25). By clicking on the button ‘select a module’ it is, therefore, 
possible to select between one of the two available modules, namely ‘Life Table’ or ‘International 
Migration’. By opening one of the two modules, a further section will appear below with several elements 
inside that will be different depending on the chosen module.  

Please note that in both modules it is not possible to change the maximum age (110 years) during the 
creation of the model5 (a warning message will be displayed). 

 

Figure 25. Model creation using the “Create a Model” tab.  

 

 

By choosing the Life Table (Table 1), the area below is divided into three parts. An area on the left with 
several single value fields related to different input parameters (i.e., ‘AgeMax’, ‘ProbabilityMale’, 
‘SimulationSeed’ and ‘SimulationCases’) and a larger central area displaying tabular data of mortality 
hazard values divided by gender (‘SEX’ variable). It should be noted that these values do not refer to any 
of the ten Canadian provinces and therefore the spatial (‘PROV’ variable) column shows the words 'All'. 
As previously mentioned, all values, except the ‘AgeMax’ variable, can be changed by clicking with the 
mouse in the value fields or the table’s cells. 

 
(5) The variable ‘AgeMax’ can be modified when running new simulations. 
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Finally, at the bottom of the area, there is the graph of the ‘MortalityHazard’ table. The graph is modified 
in real-time according to the changes made by the user in the table above. Each graph can be exported as 
an image (.png) by using the apposite button positioned in the taskbar on the top right of the chart. 

 

Figure 26. Modifying the origin-destination matrix in the “International Migration” module. 

 

 

The International Migration module requires, instead, a file of microdata and thirteen different 
parameters (eight single values and five tabular data; see Table 1) that must be entered or validated by 
the user (Figure 26). Input fields of single parameters can be found in the left area of the screen while five 
different tables are shown as different subtabs in the central part of the main body area. By opening one 
subtab, the relative graph is displayed in the lower part of the screen. In a similar manner as the ‘Life 
Table’ module, the graphs are interactive and when hovering above the chart with the mouse the user can 
see the related information of the dataset. Moreover, any modifications made by the user in the above 
tables will be immediately reflected in the related graph. Each graph can be exported as an image (.png) 
by using the apposite button positioned in the taskbar on the top right of the chart. 
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Box1. How to create a new microsimulation model using the ‘Life Table’ module. 

In this example, we will see how to create a new microsimulation model using the ‘Life Table’ module. 
During the creation, we will not change the default parameter’s values. Open the ‘Model’ tab and the ‘create 
model’ subtab. Then insert in the model name the text ‘Box1LifeTable’ and choose ‘case-based’ from the 
‘Model Type’ drop-down menu and, then, insert a short description such as ‘LifeTable module test (Box1)’ 
and, eventually, after clicking on the button ‘Select a module’, choose ‘Life Table’ from the dropdown menu. 

 

Therefore, do not change any of the default constant parameters and click ‘Build the model!’. 

Wait for the end of the building to see the results and therefore carefully read the log message at the end of 
the building to check for any error during the building of the model.  

If the building was successful then move to the ‘Simulations’ tab and choose from the dropdown menu the 
model that was just created and wait for its initialization, otherwise, if there were some problems during 
the creation go to the list models subtab, delete the model that you have just created and try to re-create 
again. 

 

The user can also find a button 'Microdata' (Figure 26) that allows the visualization, through a pop-up, of 
the microdata. At this stage and in a similar way to the ‘AgeMax’ parameter, the microdata values cannot 
be changed (it will be possible to modify them individually or entirely by uploading a new table if a new 
simulation will be carried out). 

Once the parameters have been modified, the user by clicking on the 'build the model' button will start the 
procedures for the preprocessing (from SQL data to .mpp source files), precompilation (from .mpp source 
files to C++ files), and compilation (from C++ files to the executable file), procedures these necessary to 
build the model within a specific folder.  

At the end of this phase, a window will open showing the result of the entire creation process (that can be 
successful or negative and therefore, in the latest case, showing any problem encountered during the 
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building of the model) (Figure 27). A copy of the report will be saved in the model folder as [model 
name].log. 

 

Figure 27. The compilation report showed in the console after the building of a model.  

 

 

(Box1 continued) 

Within the ‘Simulations’ tab, select the ‘Current simulation’ subtab. Then, to see the graphical outputs, check 
the radio button ‘Use categories’ in the “Graphical outputs’ subtab. Eventually, in the first row of the drop-
down menu select ‘AGE_GROUP’ as Age (or age-group), ‘SEX’ as Gender, and ‘none’ for Spatial and Time 
resolution parameters. The dashboard will create immediately several graphs based on your selection. 

 

Compare the above charts with those created in Box.2 which are obtained by modifying some input 
parameters.  
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4.2.2 List models 

A complete list of the models is shown in the ‘List Models’ tab (Figure 28). Here, by selecting a single row 
in the table, the user can: 

¶ Delete models from the list6.  

¶ Change the folder of a specific model (for instance if the original folder name was edited)  

¶ Download as a compressed file (.zip) the entire model folder to the local PC. 

 

Figure 28. List Models in the DTP.  

 

 

4.3 Simulations 

In the Simulations menu, it is possible to analyze each model in detail. It is possible to check which inputs 
have been inserted during the creation of the model, visualize outputs of the model both in tabular or 
graphic form, modify the data (single values or tabular), and therefore perform new simulations.  

To enter the Simulations menu, the user needs to select a model, which will be soon available after the 
creation in the dropdown menu 'Choose a model' placed in the central banner (Figure 29) of the DTP. 

 

Figure 29. Simulation’s menu of the DTP.  

 

 

4.3.1 Current simulation 

If the model has just been created and not yet opened, the DTP will warn the user that the model must be 
initialized. In this phase, the SQLite model database is created together with the first 'run' of the model, 
the latest referred with the default value of ‘102' (Figure 30).  

 

 

 

 

 

 
(6) For example, any problems arising during the compilation will prevent the DTP to build the executable but not adding the model 

to the SQLite database and creating the related folder. In this case, the user can delete it (i.e., the entry in the models database 
and also the entire folder) in the ‘List Models’ section and create it again in the ‘Create a Model’ section. 
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Figure 30. Choose a model in the Simulations menu of the DTP.  

 

 

4.3.1.1 Input parameters  

After selecting the model7, the 'Run-ID' dropdown menu in the central banner will be enabled and it will 
then show a default value equal to 102 assigned to the first run of the model (Figure 31). Immediately, the 
'Input parameters' subtab will automatically be opened by the DTP showing all the values entered during 
the creation of the model. If other Run-IDs are available, the user can visualize the values and tables8 used 
in each simulation by selecting a different Run-ID value. 

In more complex models the visualization of the tables can take a few minutes, so the user needs to be 
patient and wait for the completion of the process. 

The data presented in the tables might present numeric codes which are different from those shown 
during the creation of the model. The reason is that the OpenM++ might use in some cases numeric code 
to identify variables in the SQLite database. Nevertheless, the user will be able to refer to the original 
meanings of the code thanks to the indications given in the note section at the bottom of the dashboard 
(Figure 31). 

  

Figure 31. Visualize input parameters of the ‘Life Table’ model after initialization of the database.  

 

 
(7) If a model was never opened, the ‘Input parameters’ subtab will be displayed at the end of the first initialization of the database  
(8) All the data visualized in the ‘Input parameters’ subtab cannot be modified by the user 
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4.3.1.2 Tabular outputs  

In this tab, the user can visualize the results of the simulation presented in tabular form. 

In more complex models the visualization of the tables can take a few minutes, so the user needs to be 
patient and wait for the completion of the process. 

In some cases, the variables presented in the tables will show a numeric code that is different from those 
used during the building of the model. Nevertheless, thanks to the notes reported at the bottom of the 
dashboard (Figure 32) the user will be able to refer to each numeric code that was used by OpenM++ to 
save information in the SQLite database to the corresponding variable name. 

 

Figure 32. Visualize tabular outputs of the Life table model.  
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4.3.1.3 Graphical outputs  

The KCMD Demographic Tools Platform also offers the possibility to visualize the results of the simulation 
graphically.  

In this tab, a user can choose to not show graphs or to build graphs using two different tools, i.e., based on 
defined categories (age, gender) or built from scratch using the ‘drag and drop chart maker’. 

 

4.3.1.3.1 Use categories 

The user must indicate to which category a model’s variables belong, choosing between four different 
categories, namely age (or age-group), gender (male, female), spatial distribution (e.g., Canadian 
provinces), and time resolution (i.e., simulation period). If a category is not included in the model 
variables, the user must select ‘none’ in the dropdown menu (Figure 33). 

 

Figure 33. Visualize graphical outputs based on categories of the selected model. 

 

Notes: Models built using (A) the ‘LifeTable’ and (B) the ‘International Migration’ modules. 

  

If the time resolution variable has been selected, the user can start the simulation and view the results for 
each time step automatically by clicking on the 'play’ button, or manually, by moving the slide bar 
positioned at the bottom of the dashboard and indicated as ‘simulation period’ (Figure 34).  

 

Figure 34. Visualize graphical outputs during a ‘simulation period’. 
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4.3.1.3.2 Drag and drop chart maker 

The ‘drag and drop chart maker’ (Figure 35) allows the user to create their charts without having to choose 
one or more categories to which the model’s variables belong. 

As soon as the output table has been selected from the dropdown menu the dataset variables, indicated 
with different colors depending on their type (categorical variables in red while numeric variables in 
blue), will appear inside a delimited central area. Below this area there are other small boxes, that 
correspond to the aesthetics used for plotting the data that can be summarised in which variable should 
be used: 

¶ in each Cartesian axes (i.e., X or Y)  

¶ to distinguish, based on different colors or sizes, the different plotted areas, curves, or histograms 

¶ to group and facet the current dataset to create several graphs arranged horizontally or vertically 
in the output area. 

 

Figure 35. The DTP drag and drop chart maker.  

 

 

Some of these settings (e.g., indication of which variables should be used in the Cartesian axes) are 
mandatory for creating the chart while others are optional.  

The type of chart to be used can be changed by clicking on the geometries section located on the left, next 
to the dataset variables and aesthetics sections.  

Therefore, the user must drag a variable from the above-delimited area and drop it within the box 
corresponding to the desired option (e.g., variable used for the X-axis) (Figure 36). 

 

Finally, in the lower part of the graph, the user can find the controls to modify the plots and get the code.  

 

Indeed, here the user can customize the graph by choosing the fonts and dimensions of the characters 
being used in the chart, inserting labels, titles, and subtitles, modifying the plot options and appearance 
(e.g., color, theme, the position of the legend, etc.), select all or only a part of the original dataset and finally 
export the R code of the graph to be used in different R programs or export the graph as an image (.png 
file). 
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Figure 36. Chart created using the drag and drop chart maker.  

 

 

4.3.1.4 Console outputs 

Here, the user can check the simulator outputs console showing the log messages originating during the 
first initialization of the model or, by changing the ‘Run-ID’ value in the dropdown menu, created during 
the subsequent simulations (Figure 37).  

 

Figure 37. The console of the Simulation’s Tab.  
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4.3.2 New simulation 

In the ‘New Simulation’ tab, it is possible for the user to fully modify the data entered during the creation 
of the model - whether they are single values or tables (including microdata) - and then carry out a new 
simulation.  

 

4.3.2.1 Selection of parameters  

Using the dropdown menu ‘Variable(s) to modify in current run-ID’, the user can select from those 
available in the selected model, which variable(s) need to be modified9. 

By clicking on the checkbox ‘Change also microdata’ the user will have the possibility to upload also a new 
microdata file (Figure 38). 

Eventually, by clicking the ‘Confirm selection!’ button a new section will be added to the current 
visualization showing the values (single value fields or tables) of the variables that have been previously 
selected.  

If the user wants to change the selection (i.e., remove or add one or more variables), by clicking the ‘Change 
Selected Variables’ button, the current selection will be deleted, and the dashboard will be restored to the 
previous visualization. 

 

Figure 38. Selection of parameters before running a new simulation. 

 

  

4.3.2.2  Modify parameters  

Single values can be modified by clicking directly in the text fields whereas the values in the tables can be 
changed either by clicking inside the single cell in the table or by selecting one or more rows and then 
clicking the ‘Edit selected row(s)!’ button. A pop-up will open showing an interactive graph of the selected 
row(s). The user can then modify the cell value(s) by simply dragging and dropping up and down the 
histogram value(s) directly on the graph using the mouse (Figure 39). 

Please note that to permit better visualization of the cell values they are shown in the graph multiplied by 
105. By closing the pop-up windows the user can go back to the ‘New Simulation’ tab. 

Alternatively, the user can download the current table and make the changes independently using a 
spreadsheet and then upload back in the DTP the modified file. 

  

  

 
9 As the first Run-ID is used as a base for showing the input parameters, the values shown here are always those related to the Run-ID 

= 102. 
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Figure 39. Modify input parameters using drag and drop graphical feature  

 

  

If the user had previously enabled the ‘Change also microdata’ checkbox, then the Microdata section will 
be shown on the dashboard. Therefore, the user can choose to edit the microdata by uploading a new file 
from the computer. To do this, he should click on the upload file button in the microdata subsection. At 
this stage, it is also possible to specify whether the first row of the file contains the header with the names 
of the columns or not. In the latter options, the columns of the uploaded file will have default names to 
distinguish them otherwise the first row will be used to distinguish the column variable’s name in the 
microdata header (Figure 40). 

 

Once the microdata file has been uploaded, each column of the uploaded file must be assigned to a model 
variable. To do this, simply drag using the mouse the name of the variable from the ‘Header of microdata 
file’ box to the box containing the chosen variable. Repeat this operation for all the variables so that all the 
boxes are filled. Once the assignment operation for all the variables has been completed, the ‘assign and 
change column order’ button will be enabled, and the user can therefore assign the microdata’s variables 
to the corresponding model’s variables. If some variables were wrongly assigned it is possible just to move 
back the wrongly assigned microdata variable to the original box and then repeat the operation or swap 
the position by dragging and dropping the variables between two different boxes. After this operation, by 
clicking again on the assign column button the microdata dataset will change accordingly with the last 
modification carried out. 

 

In this phase, the user can also change the individual cell values by clicking inside the cell and typing the 
new value. 
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Figure 40. Upload and assign microdata variables using the drag and drop feature.  

 

 

Finally, by clicking the button ‘validate and save microdata’ the microdata in the model will be modified 
and the previous microdata file will be saved as a backup file in the same folder. Be careful that the 
microdata will be used for all the Run-ID and therefore any changes in the microdata file will affect also 
all the future simulations that will be carried out within the same model. At this point, the user can just 
close the popup and go back to the ‘New Simulation’ tab (Figure 40). 

 

4.3.2.3  Run the new simulation  

To perform the new simulation, simply click on the run simulation button (Figure 41). At the end of the 
simulation, the KCM-DTP will open the ‘input parameters’ tab, picking the last Run-ID that was created. 

 

Figure 41. Run a new simulation.  
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Box2. How to modify parameters in existing models. 

In this example, we will see how to modify some parameters in an existing model. We will use the model 
created in the previous example (see Box1).  

Open the ‘Simulations’ tab, select the ‘‘Box1LifeTable’ model from the drop-down menu, and then go to the 
‘New Simulation’ subtab. 

In the drop-down menu ‘Variable(s) to modify in current run-ID’ select the ‘AgeMax’, ‘ProbabilityMale’, and 
‘MortalityHazard’ from the list of parameters. 

Then, modify the parameters as follow: 

- Decrease the maximum lifespan (AgeMax) from 110 years (default value) to 86 

- Reduce the possibility of having a son by half (ProbabilityMale = 0.256) compared to the default 
value (0.512) 

- Double the risk of mortality for the male gender (SEX = 1) in the age from 0 to 5 years old by, either 
clicking in each cell and inserting the new value or using the drag-and-drop feature to change dynamically 
all the desired values. 

Click on ‘Run the model!’ at the bottom of the dashboard and wait for the end of the simulation.  

 

At the end of the new simulation, the dashboard will open automatically the ‘Input Parameters’ subtab 
(‘Current Simulation’ subtab).  

Always check that the last value of the ‘Run-ID’ drop-down menu is selected (in this example the Run-ID is 
equal to 103). 
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(Box2 continued) 

To see the graphical outputs check the radio button ‘Use categories’ in the “Graphical outputs’ subtab.  In 
the first row of the drop-down menu select ‘AGE_GROUP’ as Age (or age-group), ‘SEX’ as Gender and ‘none’ 
for Spatial and Time resolution parameters. The dashboard will create immediately several graphs based 
on your selection.  

 

 

Compare these charts with those created in Box.1 using default parameters. 
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4.5 Setting 

In this menu, the user can change the working directory used by the DTP to save and store the models 
created by the user during the current session(Figure 42). All the models will be saved and stored in the 
working directory (Figure 43) for the entire duration of the session but, once the browser is closed or, if 
the page is reloaded, automatically deleted from the server. 

 

Figure 42. Set up the working directory.  

 

 

 

Figure 43. The working directory of the ‘LifeTable1’ model.  
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5 Conclusions 

KCMD aims to provide independent scientific evidence to strengthen the Commission's response to the 
opportunities and challenges related to migration, demographics, and related policies. In a strategic 
collaboration with several Directorates-General and Commission services, KCMD starts from policy 
questions, maps, and makes sense of existing knowledge, addresses knowledge gaps through its research 
or in collaboration with external organizations, and facilitates the adoption of its findings for EU 
policymakers and other stakeholders. KCMD's lines of work cover both internal and external aspects of 
the migration and include underlying research and forecasting work. 

In this context, the KCMD Demographic Tools Platform was conceived and implemented as a platform that 
can represent a valid tool for different types of users, be they policymakers, policy officers or consultants 
working in the policy sector, demographers (e.g., Modgen or OpenM++ experienced users) or just 
researchers and students who might do not have specific knowledge of programming but who are 
interested in carrying out demographic microsimulations by using opensource resources packaged and 
supplied in a user-friendly environment. 

The idea of developing the first prototype of the DTP as a Shiny dashboard instead of using other tools 
such as Tableau, Microsoft Power Bi, or Qlik (i.e., technologies which are commonly used to support the 
decision-making policies of the European Commission) is because the final product had to guarantee 
access to source code, therefore, permitting full customization and version control.  

Moreover, among the different Business Intelligence tools, Shiny was chosen for developing the DTP as 
the final product can be distributed both as an online tool based on paid solutions from RStudio (i.e., 
RConnect) or as a free R package that can be used by the users locally on different Operating Systems, also 
with no need of an internet connection. 

Even though developing code can be more challenging, by using Shiny, which is however considered a 
fast-prototyping code-based solution, it was possible to build a cost-effective interactive web platform 
characterized by an efficient response time, complete automation, and, thanks to the computational power 
of R and availability of numerous statistical packages, advanced analytics capabilities.  

Eventually, it was also necessary to integrate into the DTP the OpenM++ software, an unavoidable need 
that was guaranteed by using the R package "openmpp" (version 0.8.3) which permitted to access the 
OpenM++ SQLite database, prepare model parameters and analyze output values using an R Graphical 
User Interface. 

Further steps of this project will be to make the dashboard much more fast and reactive (e.g., by using 
‘future’ and ‘promises’ in asynchronous programming) and flexible with the possibility for the users to 
choose between different demographic modules, modify or create new ones, change the microsimulation 
engines (other than Modgen or OpenM++) used to run microsimulation models in the platform so that it 
would be possible to create projections related to different aspects of population dynamics. 
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Annexes: Using the KCMD Demographic Tools Platform package in RStudio 

The package is available for Windows, Linux, and macOS on the Bitbucket platform at the URL:   

https://citnet.tech.ec.europa.eu/CITnet/stash/projects/KCMD/repos/DTPkcmd/browse 

 

Software: 

To use the package the following software (or a more recent version depending on your Operating System) 
need to be installed on the PC 

¶ R version 4.0.2 (2020-06-22) 

¶ RStudio version 1.3.959 

¶ g++ version 8.1.0 

¶ OpenM++ (2022-01-11) 

 

To install OpenM++ on your machine you need to download the release for your Operating System (OS) 
and unpack it in a directory on your PC. It does not need to be installed and you can have different releases 
on the same machine. 

The DTP package was tested with the release of 11 January 2022 (available at the following address 
https://github.com/openmpp/main/releases/tag/v1.9.5) 

The relative zip files for different OS can be downloaded at the following links: 

Windows : 

https://github.com/openmpp/main/releases/download/v1.9.5/openmpp_win_20220111.zip  

Linux: 

 https://github.com/openmpp/main/releases/download/v1.9.5/openmpp_debian-10_20220111.tar.gz 

Linux/Ubuntu: 

https://github.com/openmpp/main/releases/download/v1.9.5/openmpp_ubuntu_20220111.tar.gz  

Linux/Debian-11: 

https://github.com/openmpp/main/releases/download/v1.9.5/openmpp_debian_20220111.tar.gz 

Linux/RedHat: 

https://github.com/openmpp/main/releases/download/v1.9.5/openmpp_redhat_20220111.tar.gz  

macOS Intel: 

https://github.com/openmpp/main/releases/download/v1.9.5/openmpp_mac_x86_64_20220111.tar.g
z  

macOS Arm: 

https://github.com/openmpp/main/releases/download/v1.9.5/openmpp_mac_arm64_20220111.tar.gz  

 

On macOS it is necessary to provide OpenM++ with the execution rights by typing in a terminal the 
following command (with administrator rights): sudo xattr -r -d com.apple.quarantine ~/OpenM++ 

 

  

https://citnet.tech.ec.europa.eu/CITnet/stash/projects/KCMD/repos/DTPkcmd/browse
https://github.com/openmpp/main/releases/tag/v1.9.5
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https://github.com/openmpp/main/releases/download/v1.9.5/openmpp_debian-10_20220111.tar.gz
https://github.com/openmpp/main/releases/download/v1.9.5/openmpp_ubuntu_20220111.tar.gz
https://github.com/openmpp/main/releases/download/v1.9.5/openmpp_debian_20220111.tar.gz
https://github.com/openmpp/main/releases/download/v1.9.5/openmpp_redhat_20220111.tar.gz
https://github.com/openmpp/main/releases/download/v1.9.5/openmpp_mac_x86_64_20220111.tar.gz
https://github.com/openmpp/main/releases/download/v1.9.5/openmpp_mac_x86_64_20220111.tar.gz
https://github.com/openmpp/main/releases/download/v1.9.5/openmpp_mac_arm64_20220111.tar.gz
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Unzip the zip file and rename it within the root folder to have: 

On Windows10: C:\OpenM++ 

On Linux or macOS: ~/OpenM++  

 

R Packages11: 

The KCMD Demographic Tools Platform needs the OpenM++ library. It can be installed in RStudio using 
the following command: 

On Windows:  

install.packages('c:/OpenM++/ompp-r/openMpp_0.8.4.tar.gz', repos = NULL, type = "source") 

 

On Linux or macOS: 

install.packages('~/OpenM++/ompp-r/openMpp_0.8.4.tar.gz', repos = NULL, type = "source") 

 

 

Subsequently, the following libraries need to be installed in RStudio with the command: 

install.packages(c('backports','bslib','bsplus','DBI','DescTools','digest','dplyr','DT','esquisse','futu
re','ggplot2','glue','gplots','hash','ipc','lubridate','microbenchmark','parallel','plotly', 
'rAmCharts4','rhandsontable','rprojroot','RSQLite','shiny','shinyBS','shinybusy','shinyjs','shinyda
shboard','shinyFiles','shinyjqui','shinymanager','shinythemes','shinyWidgets','sjmisc','sortable','s
tringr','tibble','tictoc','tidyr'), dependencies = TRUE, repos='http://cran.rstudio.com/') 

 

Starting the application: 

Install the DTP package in RStudio using the following command: 

install.packages('[download folder]/ DTPkcmd_0.0.2.tar.gz', repos = NULL, type = "source") 

 

Load the package in RStudio by typing: 

library(“DTPkcmd”) 

 

Start the DTP by typing in RStudio the command: 

DemoSim()  

 
(10) As the Modgen modules were developed using Visual Studio 2017, to let the dashboard works with the latest release of the 

OpenM++ software (based on Visual Studio 2019) it is necessary to rebuild the libopenm openM++ model run-time library using 
Visual Studio 2017 as indicated in the OpenM++ wiky here: https://github.com/openmpp/openmpp.github.io/wiki/Windows-
Quick-Start-Developer 

(11) If required by RStudio (based on the current configuration and version of the operating system installed on the PC), before being 
able to install some packages in RStudio (e.g., opensll, etc.) it is necessary to download and install some applications or libraries 
in the Operating System (for this purpose always follow and check the instructions of RStudio and of the OS). 
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