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This new type of model consists of various
sorts of interacting units which receive inputs
and generate outputs. The outputs of each
unit are, in part, functionally related to prior
events and, in part, are the results of a series
of random drawings from discrete probability
distributions.

—Guy H. Orcutt (1957)



Foreword

This book is intended for anyone who needs a practical introduction to microsimu-
lation in general and to the Modgen program in particular. We have selected Modgen,
a Statistics Canada software package, as the platform for this initiation in micro-
simulation because of its flexibility, performance, accessibility and multifunctional
capacity. Our view is that although Modgen is increasingly being used outside
Statistics Canada itself, it is still under-exploited. Recent European microsimulation
projects have invested significant resources in building their own microsimulation
platforms, but these have not always proved to be as flexible or to perform as well.
The underuse of Modgen is probably due mainly to the fact that the documentation
produced by Statistics Canada is essentially aimed at those who are already experi-
enced Modgen users. We believe that there is a need for a training manual designed
for beginners, offering a simple but realistic microsimulation model. This book is
intended to fill this gap. It provides a series of exercises which are specifically tai-
lored to enable the beginner to build up his or her first dynamic microsimulation
program step by step. To create a dynamic microsimulation model, a designer has to
begin by identifying the events which will affect a population and which will drive
its evolution over time. Whether the population is made up of businesses, house-
holds, people or other elements (or cases, to use the technical term), these individual
elements all have to come into existence (or be born), evolve (grow older) and dis-
appear (or die). Each particular population model, then, exists in a particular setting.
In this book we use examples of human populations and build a model of demo-
graphic projection which simulates the evolution of the population of the different
regions of Canada, based on certain demographic characteristics. Although we will
be using some of the concepts and methods of demography, the non-demographer
should find it relatively easy to practise the exercises and then to transpose his or her
skills in using Modgen into the development of models in another expert field, such
as economics, sociology, biology or elsewhere.

The idea for this book emerged from a seminar organised by the Population
Change and Lifecourse Strategic Knowledge Cluster (PCLC Cluster). Because of a
lack of documentation on Modgen, the Cluster decided to sponsor the production of
a training manual to encourage Modgen users to learn how to use the software
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program, and this task was given to us. Through the Cluster, this book has therefore
received financial backing from the Canadian Social Sciences and Humanities
Research Council (SSHRC). The authors would like to acknowledge the support of
SSHRC and of its director, Professor Roderic Beaujot. We would also like to thank
Samuel Vézina for proofreading the original manuscript and Julien De Gouffe from
Statistics Canada for his precious technical support. The book was originally writ-
ten in French and has been translated into English by Duncan Fulton, whom we also
wish to thank for his work.

Of course, any errors or imprecisions that you may encounter in this book are
entirely ours. We are always happy to receive suggestions and comments, and you
can write to us at comments @microsimulationandpopulationdynamics.com.

Québec, Canada Alain Bélanger
Patrick Sabourin


comments@microsimulationandpopulationdynamics.com

Installing Modgen 12

Modgen is a microsimulation package based on the C++ programming language.
The Modgen software is designed to be used in conjunction with Microsoft Visual
C++.

Fortunately, Visual C++ is now available at no cost, as Microsoft has released a
free version of its Visual Studio suite (Community Edition). You must download and
install Visual Studio Community Edition before installing Modgen.

You will then be able to download and install the Modgen 12 software which is
also available for free on the Statistics Canada website.

It is important that you install Visual Studio before Modgen, since Modgen will
introduce some of its components in the Visual Studio files. Both installations are
straightforward and should not be problematic. Complete installation instructions,
along with download links to Visual Studio and Modgen can be found on the book
website: www.microsimulationandpopulationdynamics.com.

Modgen 12 is scheduled to be released sometime in the Winter of 2017. Should
it still be unavailable by the time you buy this book, you can write to statcan.
microsimulation-microsimulation.statcan @canada.ca and ask for an advanced copy
of the program.

Users of previous versions of Modgen will notice that some substantial changes
have been made in version 12. Most notably, the Modgen toolbar has been removed,
and precompilation (more on that topic in the book!) is now performed automati-
cally upon compilation with the Visual C++ compiler. The developer’s guide and
other files, previously accessible through the Modgen toolbar, are now only avail-
able through the start menu.

For up-to-date information on the book and on Modgen, visit http://www.
microsimulationandpopulationdynamics.com/.


http://www.microsimulationandpopulationdynamics.com/
http://www.microsimulationandpopulationdynamics.com/
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Introduction

IF WE ASK A DEMOGRAPHER to describe the future evolution of a given popu-
lation, he or she will start by gathering two types of information. The first of these
concerns the actual population numbers by age group and sex (and perhaps by
region), which are the starting point for an elementary form of population forecast
or projection. The demographer’s next question will be about the frequencies with
which the main demographic events occur — births, migrations and deaths. These
frequencies will be used to calculate rates for each age and gender group. So our
imaginary demographer will be building a model whose operationalisation requires
population numbers for every group considered as “homogeneous” in some way
(e.g. in terms of age or sex) and rates which represent the degree of risk (of mortal-
ity, birth, migration, etc.) that these groups are exposed to. The number of such
events projected per year is obtained by multiplying the population numbers by the
risk in question. Based on analysis of more or less recent trends or on comparison
with trends observed in other regions or countries, hypotheses are formed about the
likely evolution of these rates in the future.

From Multi-state Macro Models to Microsimulation

This projection methodology is determinist in nature. The uncertainty attached to
the future evolution of the various rates is estimated by generating a consistent set
of scenarios which incorporate different plausible hypotheses about future rates of
fertility, migration and mortality. These scenarios allow us to generate a set of pro-
jections; as future events unfold, their actual values should fall within the limit
values of these projections. A probabilistic component can also be added to the
model by estimating, in addition to the central tendency, the variance of each param-
eter (e.g. based on a chronological series). In this way the same projection can be
repeated several times, giving the rates a random value depending on the variance
attributed to each of them.

xvii



Xviii Introduction

Any model is necessarily an abstraction from reality, but these kinds of models,
whether they are deterministic or probabilistic, have several major limitations. Firstly,
all of them assume that each sex and age group is internally homogeneous, that is,
that all the individuals in a group experience the same risk of undergoing a particular
type of event (e.g. that all women aged 22 have the same risk of dying, migrating or
giving birth). Such a hypothesis rarely if ever holds true in practice, and this is bound
to result in a bias in the projected results. To illustrate this, suppose that a population
is composed of two subgroups (e.g. with different languages or religions), which are
different from each other in terms of their fertility (and, to keep things simple, solely
in that respect). Assuming that fertility rates remain constant, the more fertile sub-
group will gradually increase in its relative size within the population as a whole. But
if the relative size of this more fertile group within the population increases, then the
fertility of the population as a whole will automatically rise, even though there has
been no change in the behaviour of the women of either of the sub-groups. This will
mean that the further into the future the projections extend, the more this simple
macro model will tend to under-estimate the number of future births.

Another limitation of traditional macro models is linked to the nature of the pro-
jection hypotheses. According to these, the probability of an event occurring in the
future depends entirely on present conditions. To use the example of fertility again,
the probability of a woman giving birth is assumed to depend solely on her age and
the region where she is living at time t, without taking account of her country of
birth or her parity (the number of children she has). But if fertility behaviour is
partly a result of the social and cultural environment in which a person was brought
up, then a woman born in a country with higher fertility will have, on average,
higher fertility than one born in a region with lower fertility, irrespective of where
she is living at time t. But a simple cohort-components model is unable to take these
differences into account, because the fertility of both women are assumed to be the
same as the fertility of all women of the same age in their region of residence.

We should point out that it is theoretically possible to make the cohort-components
model more complex, so as to account for the underlying heterogeneity of popula-
tions (for example in terms of ethnic group or region of birth). But the difficulty here
is more technical, and results from the fact that component-based projections usually
depend on matrix computation. Without going into details, the key point here is that
the size of the matrix increases exponentially with the number of variables being
considered. So the model quickly becomes unworkable (Van Imhoff and Post 1998).

Microsimulation enables us to overcome these limitations by creating a ran-
domised series of experiences for each individual in the projection and so building
up a unique biography for each simulated case. Looking again at the fertility exam-
ple, we can trace the stages in a simple microsimulation model. The first step is to
compile a representative sample of the female population of the region being stud-
ied (e.g. using publicly available micro-level data from a census). For each woman
in the sample and for each year in the simulation, a randomised experiment is then
carried out whose probability of success is a function of the level of fertility at each
age. To put this in concrete terms, a random value between 0 and 1 is compared to
the probability of giving birth, for each woman in the sample. If the random value
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is lower than the probability of giving birth, an individual aged O is added to the
simulation. If the opposite is true, there is no birth and the model moves on to
another event. The randomized experiment is repeated for every fertile age, varying
the probability of giving birth. The result for the population as a whole is obtained
by aggregating all the individual results, using appropriate weighting.

Access to increasingly powerful computers at ever lower cost, as well as improved
availability of survey microdata, has meant that microsimulation has become
increasingly widely used over recent decades. The development of programming
languages and of software such as the Modgen program presented in this book has
made it easier to create microsimulation models and has helped to increase the num-
bers of people using them. However, even with the help of Modgen, developing a
dynamic microsimulation model is, initially, a potentially more demanding task
than developing a cohort-component projection model or even a multiregional
model. Considerable resources have to be devoted to programming, establishing
parameters and validating the model.

But despite the effort needed to set them up, microsimulation models are never-
theless superior to macromodels. One of their main advantages, as argued by Orcutt
(1957) in his original article, is theoretical in nature. The most powerful theoretical
models for explaining human behaviour, such as decisions to have a child or to
migrate, operate at the level of the individual. So it makes sense to simulate these
behaviours at the individual level. The same argument explains another strength of
microsimulation which we have already touched on. This concerns changes in the
composition of the population which are hard to capture in macro models but which
can be easily taken into account by a microsimulation model. Behaviours like those
involving fertility and mobility can be made to vary according to a large number of
relevant variables such as country of birth, level of education or religion. At the
analytical level, microsimulation offers greater flexibility and is usually the only
way to obtain consistent results, especially when a number of different characteris-
tics have to be projected at the same time. For example, the microsimulation model
developed at Statistics Canada to forecast the ethnocultural diversity of the Canadian
population (Alain Bélanger and Caron Malenfant 2005) required simultaneous pro-
jection of several ethnic variables: immigration status and immigration period,
membership of a visible minority group, religious denomination and mother tongue
as well as age, sex and region of residence. Two other modelling options were avail-
able to the researchers developing this model, as alternatives to microsimulation —
but one of them would have been impossible to implement, and the other would
have yielded inconsistent results. If we had attempted to carry out this projection
using a multistate model, the transition matrix would have had several hundred mil-
lion cells, much more than the total number of inhabitants of Canada. This matrix
would have been so big that it would have been impossible to create and manipulate.
The other option would have been to carry out separate projections for each dimen-
sion of cultural diversity. Such projection models might have been manageable, but
their results would not have been internally consistent. This is because there is no
reason to assume that population projections based, for example, on immigrant
status would arrive at the same totals as those based on visible minority group
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membership or religious affiliation. Furthermore, this approach would not have
allowed cross tabulation of all the projected variables, and this would necessarily
have reduced the quality of the projection itself as well as the richness of the results
produced. It is much easier to introduce a number of explanatory factors for each
type of behaviour into a microsimulation model, because there is no need to increase
the state space (the matrix) exponentially. A new explanatory factor (a state) can be
simply added to the existing model without having to reorganise everything that has
been done up to that point.

Conditional relationships (interactions) between explanatory variables are prac-
tically impossible to account for in a conventional projection model. For example,
the relationship between the fertility of immigrant women, their ethnic origin and
their religion can be modelled relatively easily in a microsimulation model, but
significantly increases the number of cells in the transition matrix of a cohort com-
ponent-model (it would be multiplied by the number of possible states in the immi-
grant status times the number of possible ethnic origins times the number of included
religions). In the same way, modelling variables which vary over time is theoreti-
cally possible as an extension of multistate models, but in practice this would also
lead to an exponential increase in the size of the transition matrix or to such compli-
cations that it is hardly ever attempted (Wolf 2001). The healthy immigrant effect-
the effect of duration of residence of immigrants in the host country on their relative
mortality risk-is an example of the implementation of a continuous variable in a
projection model.

Finally, a multistate model does not allow for the modelling of possible interac-
tions between the actors (in a model, individuals are referred to as “actors” or
“cases”). There are numerous social processes in which the interactions between
individuals are essential elements in understanding the phenomenon (and therefore
in modelling it). For example, in family demography, modelling the formation of
unions may require projecting the entire set of individuals in a population so as to
enable a marriage market to be built up and interactions between the members of a
couple to be generated. Modgen for instance enables us to build agent-based micro-
simulation models where individual agents may interact (by exchanging informa-
tion, for instance), but these latter models are not dealt with in this introductory
book. Our focus will be placed exclusively on the modelling of the life courses of
non interacting individuals.

What Is Modgen?

Modgen is a framework for the development of microsimulation models. It includes
a specialised microsimulation programming language, a runtime library and a suite
of standalone applications which can be used with Modgen modules. Modgen was
designed at Statistics Canada in 1994 to facilitate the programming and modification
of microsimulation models. The aim was to develop a generic programming environ-
ment which would allow all kinds of microsimulation projects to be carried out.
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Fig. 1 The user interface of a Modgen model

The Modgen Language is a superset of the C++ programming language, so that
Modgen functions are formed of C++ functions. The elements of the language spe-
cific to Modgen are processed by a precompiler which converts Modgen code into
C++ code. The code is then processed by the C++ Visual Studio compiler to create
a functional program. That is why Modgen 12 requires Visual Studio to be installed.
There is no need to be an expert in C++ programming in order to use this book, but
a basic knowledge of programming concepts will be very useful for understanding
the code in the models. The library contains elements which are common to all the
microsimulation models created using Modgen, such as the user interface (Fig. 1).
Whereas the structure of the user interface is common to all Modgen models, its
content is individualised for each one. It enables the user to run the model, consult
and modify the parameters, control the simulations and manage the scenarios, as
well as examine and export the tables generated by the model. With this interface it
is possible to use projection models without necessarily knowing how to design
them, in other words without needing to know the Modgen programming language.
So a model can be distributed to external users, such as experts and decision makers,
who can themselves set up their own scenarios and derive projections from them.

The Modgen Toolkit includes numerous optional applications, some installed
with Modgen and others available online. The most commonly used tools are
Modgen BioBrowser and the Modgen Web Interface. Microsimulation programs
often require large databases to be created in which output information on the simu-
lated individuals is stored; analysis of results then has to be done separately using
external database software. With Modgen the simulation takes place at the individ-
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ual level, but the tables generated by the model show aggregated results according
to the designer’s specifications. So Modgen generates tables in real time during the
simulation. This means that there is no need for output databases, which can take up
a large amount of time and processing power. But Modgen still maintains the option
of observing individual life courses, thanks to the monitoring option provided by
Modgen BioBrowser. BioBrowser allows a subset of the simulated population of
individual life courses to be observed graphically, with its dimensions and variables
specified by the user. Developers more interested by a life course perspective than
by the aggregated projection results per se will find the BioBrowser very useful. The
BioBrowser is not covered in this book, but information on this topic can be found
in the Modgen developer’s guide.

The Modgen Web Interface has been developed by the Canadian Partnership
Against Cancer. It enables the user to operate a Modgen model from a website. This
interface means that the user can see and modify the parameters, see the results in
graphic or table form as well as compare the results of different scenarios.

Types of Models

Modgen has been designed to be very flexible, and the software allows for both
static and dynamic' models, although dynamic models are the most commonly
used. For dynamic models, Modgen adopts a competing-events approach which is
general enough to permit the use of continuous-time, discrete-time, or combined
models.

So-called “time-based” models, in which an entire population is simulated
simultaneously so as to take into account the interactions between its members, are
possible. These models are often known as multiagent or agent-based. So-called
“case-based” models, which we will use for the examples in this book, are more
usual. In these models the entire population is simulated, but one case at a time, with
each single case representing an individual (or some other unit, a family or a firm
for instance).

'Typically, static models use weighted aging techniques to display the population over the course
of the simulation. The characteristics of the actors do not change, but their weighting in the popula-
tion is modified. In practice these models use macrodemographic projections carried out sepa-
rately, usually by an official body, to modify the weighting of individuals in each age group. Static
models are often used to measure the anticipated effect of a change in public policy, for example a
fiscal measure, on individuals in terms of winners and losers.

Dynamic models work by continuously updating each of the characteristics of each individual
across time: this is the type of model described in this book. Individuals evolve over time, experi-
encing life cycle events such as unions and their breakdowns, births, migratory movements, edu-
cational advancements, entry into and exit from the labor market etc. up to the time of death or the
horizon of the projection. Each of these events occurs with a probability varying according to the
characteristics of the actor. A specific risk is therefore calculated for every event which each actor
in the projection may encounter, based on their current characteristics.
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Finally, whatever the type of model chosen, the simulated populations may be
synthetic (determined by the designer) or based on empirical micro-data (e.g. cen-
sus data). There are two main types of dynamic model: population models and
cohort models. These two types use similar processes for aging and for modification
of the characteristics of individuals, but differ in terms of the population used as the
starting point for the simulation. A cohort model uses a cohort of individuals all
born at the same time as its starting population. So the base population of a cohort
model is a synthetic population. A population model instead takes as its starting
point a representative sample of the projected population, generally derived from
publicly available census data. The first four chapters of this book deal with devel-
oping a cohort model, and the two remaining chapters with a model of the Canadian
population.

Structure of the Book

When a Modgen model is first created, the software automatically generates a
default model that projects a population cohort subject to a fixed death rate. The
program also calculates the life expectancy of this imaginary population and creates
a table to present this result. We begin, in Chap. 1, by describing how to set up this
automatically generated program and how to specify some of its parameters. We use
this simple model to introduce certain fundamental ideas and to describe a number
of essential functions for the development of all microsimulation models using
Modgen.

Chapter 2 deals with the further development of the model automatically gener-
ated by the creation wizard. In this chapter we introduce the basic factors enabling
some variation in the risk of death, namely age and sex. This produces a more real-
istic microsimulation model by cohort which simulates life expectancy and the
other elements of the life table, using mortality data from the Canadian province of
Ontario in 2006. The programming exercise developed throughout this chapter will
teach the reader to add new states to a model, such as sex (male or female), and to
create a new event function, such as the birthday. The latter will provide the age of
the actor in completed years, thus enabling us to distinguish it from exact age, which
is also used for the purposes of calculating the life table. Finally, the reader will
learn how to modify an existing event function and how to add new dimensions to a
results table.

Chapter 3 continues the development of this cohort model by integrating a
regional dimension, thus transforming the life table created in Chap. 2 into a “mul-
tistate” table. This chapter’s example will help the reader to learn how to create a
new event function that is more complex than the birthday event. This event is part
of a module on interregional mobility, where internal migration is modelled in two
stages. First, the probability of an individual leaving his or her place of residence is
compared to a random number. If the Monte Carlo experiment succeeds (if the ran-
dom number is lower than the probability of leaving), the model will randomly
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