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This guide gives a non-technical introduction to the use of the dynamic microsimulation model 
DYNAMIS-POP. DYNAMIS-POP is an open-source, customizable microsimulation platform for 
socio-demographic projections portable to most developing countries. It produces detailed 
population projections on the national and sub-national level including education, first 
marriage, ethnicity, fertility, child mortality, prenatal care, and immunization. DYNAMIS-POP is 
based on data readily available for most developing countries and - built as a modular platform 
- can be extended and adapted to specific needs. This guide introduces the generic standard 
version of the model focusing on its parameters and the creation of scenarios. For testing and 
training we provide an implementation for an imaginary country together with a starting 
population and a set of default parameters created/estimated from synthetic data. DYNAMIS-
POP has a Graphical User Interface (GUI) and runs on a standard Personal Computer under 
Windows. The use of DYNAMIS-POP is demonstrated by application examples which can be 
directly replicated. 
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1. INTRODUCTION 

1.1. THE DYNAMIS-POP MODEL AND MODELING PLATFORM 
This guide gives a non-technical introduction to the use of the dynamic microsimulation model 
DYNAMIS-POP. DYNAMIS-POP is a customizable, modular microsimulation platform for socio-
demographic projections portable to most developing countries. We introduce the use of 
DYNAMIS-POP version 2.22 “out of the box” - i.e. as is without any adaptations or extensions 
for specific applications or contexts. For testing and training purposes we provide a model 
implementation for an imaginary country together with a starting population file and a full set 
of parameters (-> “Download Materials”). The use of DYNAMIS-POP is demonstrated by 
application examples which can be directly replicated. 

This guide is organized in three parts: 

• We first introduce the Graphical User Interface (GUI) by means of a quick tour covering the 
most important aspects of using DYNAMIS-POP: opening a scenario, making changes to 
settings and parameters, running simulations, navigating through the table output and its 
views, and saving new scenarios together with the simulation results. This part 
complements the in-built help system of the model software which gives a more detailed 
and fuller description of the GUI. 

• We then briefly describe each of the DYNAMIS-POP modules from a user’s perspective. For 
each module we list and explain all corresponding parameter tables as well as the default 
output tables. We also give examples of how parameters can be changed for creating 
meaningful new scenarios. This part complements the detailed step-by-step 
implementation guide and the documentation of the statistical analysis for parameter 
estimation available at the project website, as well as the encyclopedic model 
documentation accessible from the DYNAMIS-POP help system. 

• By means of replicable exercises we give analysis examples of the use of DYNAMIS-POP for 
(1) the analysis of downstream effects of educational improvements, (2) projections of 
immunization rates. All analysis is performed interactively based on table output and by 
using Excel for ex-post analysis and visualization. This part complements the documentation 
of ex-post analysis, scenario comparisons and visualizations integrated into an automated 
work-flow using statistical software available on the project website. 

This User Guide is meant as a general introduction of how to use DYNAMSI-POP and does not 
cover model uses and adaptations which require programming. DYNAMSI-POP is designed as a 
highly flexible, modular and extendable modeling platform easily adaptable to specific needs. 
Easy adaptations include adding output tables and changing or extending parameter 
dimensions. More complex adaptations include the development of alternative modules 
replacing available modules or being provided as additional option selected by the user. And of 
course, new modules can be added. 

The data provided with this guide are of an imaginary country and were generated for 
demonstrational purposes only. Parameters and the starting population were estimated and 



created the same way as when porting the model to a new country, just that we used synthetic 
data replacing the standard micro-data files otherwise generated from real micro-data. All data 
steps are reproducible and documented in the technical report. 

 

2. THE DYNAMIS-POP USER INTERFACE 

DYNAMIS-POP 2.22 in implemented in Modgen, a freely available programming language 
developed and maintained at Statistics Canada. Modgen models are Windows applications 
running on standard PCs and share the same graphical user interface, with a menu bar, short-
cut icons for key commands, and a help system. The help system of Modgen (Help/Help on 
Modgen) provides a detailed guide to the visual interface accessible directly within the 
DYNAMIS-POP application. This chapter complements the in-built help system, providing 
“quick-start” step-by-step instructions for using DYNAMIS-POP. 

2.1. RUNNING DYNAMIS-POP 

2.1.1. STARTING DYNAMIS-POP 
The DYNAMIS-POP user interface is organized into two parts: a navigation area displaying a list 
of all parameters and output tables, and the display area for all tables. Like most Windows 
applications, DYNAMIS-POP has a menu bar and a toolbar to administer its functionality. 

 Figure: The DYNAMSI-POP GUI 

When starting the DYNAMIS-POP application, the selection window and table frame are empty, 
as we first have to load (or create) a simulation scenario. To do so, follow the following steps: 



• Open the simulation scenario ‘base.scex’. This can be done by clicking the ‘Open’ button or 
by selecting ‘Open…’ from the ‘Scenario’ menu. 

 Figure: Opening a Scenario 

2.1.2. SCENARIO SETTINGS AND PARAMETERS 
After opening a scenario, the selection pane containing a hierarchically grouped list of all model 
parameters is displayed on the left side. Selecting a parameter, a corresponding table is opened 
in the display area. Users can create new scenarios by editing parameters and saving the 
scenario under a new name. In addition to model parameters, the user also controls some 
scenario settings. Most importantly, users can choose the time horizon of the simulation and 
number of replications simulated. When running more than one replicate, all model results are 
automatically calculated as averages over the replicates and distributional information (e.g., the 
coefficient of variation) is automatically available for each output table cell. This allows users to 
assess Monte Carlo variation in results. 

• Select and display model parameters. For example, select the starting population parameter 
(the provided file is StartingPopulation_ABC_2000.csv). Select the simulated sample size: for 
a fast first trial of the model, a small population of 10,000 people is sufficient. 

• Open the scenario settings - the settings dialog box can be accessed by clicking the ‘Settings’ 
button or by selecting ‘Settings…’ from the ‘Scenario’ menu. Here you set the simulation 
end time (e.g. to 2035). For running a single replicate, set replicates to 1. When running 
more replicates (for producing distributional information on table output for assessing the 
Monte Carlo variation; a typical number is 16). If running more than 1 replicate, select the 
number of threads to the number of available processors you want to use. 

• Before running a new scenario, save the scenario under a new name. 



 Figure: Scenario Settings and Parameters 

Important scenario settings are: 

• The time horizon of the simulation. 
• The number of replicates produced: if the model is run more than once, distributional 

information is automatically generated from the individual model runs and results tables 
automatically average all results. 

• Number of threads: various replicates can be run in parallel, depending on the number of 
available processors. 

• Starting seed (of random numbers): when rerunning a model with the same seed, it will 
produce identical results. 

• Copy parameters to the output database: useful when exporting simulation results to Excel 
workbooks, which then can include all parameters of the model, too. 

• In the ‘Tables’ tab, the list of available tables is displayed and can be edited. Disabling 
output tables which are not relevant for a specific analysis helps to make simulation runs 
more memory-efficient and faster. 

2.1.3. RUNNING A SIMULATION 

• After setting all parameters and settings as requested, run the scenario by selecting 
Scenario/ Run or clicking the RUN icon. 



 Figure: Running a Simulation 

2.1.4. SIMULATION OUTPUT 
After running a scenario, the updated tables can be displayed directly within the application. 
Besides the table values, tables can contain additional views (e.g., of distributional information 
of table cells) and functionalities. With multi-dimensional tables, users control the order in 
which to display table dimensions and details like the number of decimal places. Tables can also 
contain documentation notes. Tables are labeled, adding to the readability of the output. Table 
properties can be changed over the context menu. Right-click tables and select Properties to 
access additional information and change the table’s display. 

• Open a multi-dimensional output table (e.g. Population by year, sex and region). Right-
clicking on it opens a context menu which allows changing the order of display dimensions, 
the setting of number formats (decimals) and other parameter characteristics. When 
running multiple replicates, you can choose to see distribution measures instead of the 
table values. 



 Figure: Output Tables and Table Properties 

2.1.5. TABLE EXPORT 
There are three ways to export table results for further use and analysis (e.g., in Excel): 

• The content of individual tables or table cells can be directly copied and pasted, either by 
marking cells or by right-clicking on a table and selecting copy from the Context menu. In 
this case, table values are copied without row, column, or table labels. 

• Right-clicking on the table also enables the Copy Special option. Here, the current table 
view, or all dimensions of the table together can be copied, including all dimension and 
table labels. 

• The Scenario/Export menu lets users choose tables to be exported together into an Excel 
Workbook. Dialog selects the display format for tables (including pivot table format) and 
chooses a file name. 



 Figure: Table Export 

2.1.6. MICRO-DATA OUTPUT 
Besides table output, DYNAMIS-POP - if the option is selected - produces micro-data output 
files. 

• Under the heading ‘Micro-data Output’ in the parameter list, users can set a file name and a 
point in time for micro-data output. It is also possible to produce panel-data output by 
selecting a time interval for repetitive file-output. The produced file is a labeled csv 
containing an extensive (pre-set) collection of variables. 

• Under the heading ‘Analysis File Output’ in the parameter list, users can set filenames and a 
point in time for the output of four micro-data files. These files have the same format as the 
four parameter files required for estimating model parameters and creating the starting 
population. 

 Figure: Microdata Output 



2.1.7. MORE HELP 
The user interface is fully documented within the application by a help system accessible via the 
help menu. 

 Figure: The Inbuilt GUI Help System 

Similar to the model’s user interface, the model itself is fully documented within the 
application. Users can access encyclopedic documentation from the help menu, including 
descriptions of the modules, parameters, model actors, and all table output. 

 Figure: The Inbuilt Encyclopedic Model Documentation 



 

3. MODULES, PARAMETERS AND TABLE OUTPUT 

3.1. STARTING POPULATION 
3.1.1. MODEL OVERVIEW 
DYNAMIS-POP creates a simulated population based on a starting population micro-data file. 
The simulation size is chosen by the user. It can be smaller or larger than the micro-data file, 
DYNAMIS-POP automatically generates the simulated population from the file. If and how often 
a record is sampled depends on its weight, the size of the file, and the size of the simulation. 
While the records of the micro-data can be weighted, all simulated persons have the same 
weight. Parameters contain the necessary information for the creation of the simulated 
population. 

3.1.2. PARAMETERS 

• Simulated sample size of starting population: This parameter gives users the choice to set 
the size of the simulation. The smaller the size, the faster the simulation but also its the 
higher its randomness. The appropriate simulation size depends on the size of the studied 
population group and the likeliness of studied events. For example, projecting the total 
population number will require a smaller sample than projecting the number of school 
dropouts on a district level. In practice, a population size of 100,000 is sufficient for most 
preliminary analysis; Results on immunization published in Spielauer & Dupriez (2020) are 
based on 24 replicates with a initial population of 250,000 each. The table output of the 
model provides distributional information - e.g. the coefficient of variation - measuring the 
Monte-Carlo variability of each table cell which helps determining an appropriate 
simulation size. (A typical criterion is keeping the coefficient of variation below one percent 
for key outputs.) 

• File name of starting population 
• File size of starting population: The number of records to be read. This is usually the size of 

the file, but users can also choose a smaller number which might be useful (more 
computational efficient) if the file is very large and only a small simulation run based on a 
subset of the data is intended. (In this case, the order of records should be random) 

• Real population size: The real population size. All output of DYNAMIS-POP is automatically 
scaled to the real population size. 

3.1.3. GENERAL POPULATION TABLES 

• Total population by sex and district 
• Total population by sex and region 
• Age Pyramids by District: Age pyramids using 5-year age groups (by sex and region). 



3.2. FERTILITY 
3.2.1. MODEL OVERVIEW 
DYNAMIS-POP models fertility in two alternative ways and allows various ways of alignment. 
The first - the base model - is a replication of a typical population projection model driven by 
age specific fertility rates. In this approach fertility only depends on age and calendar year. The 
limitation of this “macro” approach is, that even having perfect foresight, besides for age, the 
distribution of children to women is not realistic as it does not account for factors like parity 
(the number of births a woman already had), spacing (time since last birth), partnership status, 
regional differences, or differences in timing and the distribution of family size by education. All 
these factors are accounted for in the second modeling approach implemented in DYNAMIS-
POP. This “micro” approach - the refined model - uses a system of separate equations by parity. 
First births are based on rates by age, education, region, and partnership status. Higher order 
births use statistical models accounting for age, the time since last birth, and education. The 
second model also allows to model general time trends by parity. As changes in fertility are 
modeled explicitly, simulated changes can be decomposed to underlying factors like the 
changing education composition of mothers, changes in the distribution of the age of first 
marriage, and time trends. In the simulation children are linked to their mothers. Accounting 
for mothers’ characteristics in the fertility equations allows to include these characteristics 
when modeling processes like child mortality, immunization, and educational attainments. 

As official population projections are typically performed using the first approach and the 
ability to reproduce these demographic scenarios might be desirable for many policy 
applications, DYNAMIS-POP provides alignment mechanisms which combine the two modelling 
approaches. In this case, total outcomes - either the total number of births, or the number of 
births by age - are consistent with the first model, while the second model is used to account 
for the fertility differences between women. When choosing alignment, the relative fertility 
differences between women of different characteristics remain unchanged, but rates are 
proportionally adjusted to meet the desired aggregate outcome. This is done automatically in 
the simulation. 

3.2.2. USER OPTIONS 

• Fertility model selection: there are four choices of how fertility is simulated 
o Macro model (age only) - selecting this option, the macro - or base - model 

implementing age specific fertility like in cohort-component methods is applied. In this 
mode DYNAMIS-POP produces a typical macro model and therefore can reproduce 
published/official fertility projections. As this approach does not produce a realistic 
distribution of family sizes and does not account for individual level fertility differentials 
except or age, it should not be used when studying processes for which mothers’ 
characteristics are of importance, like child mortality, prenatal care, the 
intergenerational transmission of education, or immunization. 

o Micro model un-aligned - selecting this option, the refined fertility model is used as is, 
thus without alignment to given outcomes. This option should be used if you trust the 



model (and underlying micro-data from which parameters are estimated) and there is 
no need to exactly reproduce given projections, but rather you use DYNAMIS-POP for 
exploring the down-stream effects of changes in other processes (e.g. educational 
expansion) on fertility. 

o Micro model with aligned number of births - selecting this option, the refined fertility 
model is used, but the resulting number of births is aligned to the macro model. This 
option should be used if the alignment is a scenario requirement while a realistic 
distribution of births to women based on the detailed model is maintained as far as 
possible. While this approach does not allow the study of downstream effects of other 
processes on the number of births (which is given), it does allow studying changes in age 
patterns. 

o Micro model with aligned number of births by age - With this alignment option, not 
only the number, but also the age distribution of mothers is aligned to the macro model. 
This option should be chosen if one aims at exactly reproducing the macro approach, 
while simultaneously distributing births realistically to women of a given age. 

3.2.3. GENERAL PARAMETERS 

• Sex Ratio (males per 100 females) by calendar year. 

3.2.4. PARAMETERS OF THE BASE MODEL 
Like in most population projection models, fertility in the base version of DYNAMIS-POP is 
driven by projected Age-Specific Fertility Rates (ASFRs) - the average number of children born 
to a woman by year of age. ASFRs contain two pieces of information: the age shape of birth 
risks and - summed up - the Total Fertility Rate (TFR) - the number of children that would be 
born to a woman over her lifetime if she was to experience the age-specific fertility rates for a 
given year through her lifetime (and assuming her survival over the reproductive age range). 
DYNAMIS-POP keeps this information in two separate parameters which provides an easy way 
of creating alternative scenarios on future TFRs without having to manipulate large 
distributional tables. In the simulation, each year ASFRs are calculated combining the 
information of the age distribution of fertility with the TFR. 

• Age distribution of fertility (for ages 10-49 by calendar year). This parameter contains the 
information of the relative age differences in fertility by age. Parameters can be expressed 
as the expected number of births by women of a given age (ASFRs). As only the relative 
differences in rates is used in the model, it is not required that parameters add up to TFR; a 
common way to express age specific patterns is to proportionally adjust the age specific 
rates in a way that they add up to one. 

• Total Fertility Rate (TFR) by calendar year. The number of children that would be born to a 
woman over her lifetime based on the ASFRs of a given calendar year. 



3.2.5. PARAMETERS OF THE REFINED MODEL 

• First birth rates (by age, population group, geographical unit, and partnership status) 
Population groups and geographical units are country context specific. Default 
classifications are population groups by primary education attainment and a geographical 
classification by region. 

• Higher order births (by time since last birth, age group and education; separately by parity). 
Parameters are estimated using proportional (piecewise constant hazard regression) 
models. Birth risks are calculated by multiplying the baseline risk (by duration since last 
birth) with applicable relative risks (e.g. of being age 30-35 and having graduated from 
primary school). 

• Birth Trends (by parity and calendar year). This are trend parameters interpreted as 
additional relative risks. In the default setting all parameters are 1 assuming no trends. 

3.2.6. TABLES 

• Fertility rates and births by age. Displays age-specific fertility rates (ASFRs) and the 
absolute number of births by age for each simulated calendar year. 

• Births by mothers education. The absolute number of births by mothers education and 
district by year. 

• Average age at birth by education. The average age at first birth and at all births by 
education and year. 

• Births by district and age of mother. Number of births by age group for singling out very 
early and early teenage births. Numbers by district and year. 

• Proportion of births by mothers who never entered school by district and year. 

3.2.7. SCENARIO EXAMPLES 

• Composition effects versus trends: The base fertility model projects a decrease of the TFR 
as specified in the parameter. The refined model allows to run a projection without trends, 
changes in fertility resulting only from the changing composition of women (most 
importantly by education). Such a scenario can be created by running the refined model 
without trends and without alignment. 

• Trend towards a 2 child family: Such a scenario can be created by including a negative 
trend for third and higher order births. 

• Downstream effects: A typical use of DYNAMSI-POP is the assessment of downstream 
effects, e.g of an educational expansion, on fertility. While these scenarios do not make 
changes in fertility parameters, be sure the refined model version without alignment is 
selected. 

3.3. MORTALITY 
3.3.1. MODEL OVERVIEW 
Concerning mortality, the focus of DYNAMIS-POP (currently) lies on child mortality. While 
overall mortality is implemented in a way resembling typical population projection models 



being based on life tables, child mortality is modeled in more detail, accounting for mothers’ 
characteristics like her education and age at birth. The detailed model of child mortality is 
optional and - for an initial year - can be aligned to the base model. Users can also choose to 
apply separate trends for child mortality, or apply the overall trends calculated from the 
general changes in life expectancy. 

3.3.2. USER OPTIONS 

• Child mortality model selection: There are four alternative ways mortality is modeled: 
o Disable child mortality model: The base model is used for all ages. This option should be 

chosen if child mortality is not subject of the simulation analysis and it is intended to 
exactly reproduce given population projections. 

o Child mortality model without alignment: The refined child mortality model is used for 
children age 0-4. In this mode, no adjustments are made to the refined model. Changes 
in child mortality result from the changing educational and age composition of mothers 
and - if used - trends specified by the user. 

o Aligned, trends as for other ages: In this mode, child mortality is aligned in the first year 
of simulation resulting in the same age-specific mortality rates as in the base model. 
From there on, changes result from the changing composition of mothers and from an 
overall trend similar to the trend applied in the base model. This general trend results 
from the improvement in life expectancy, which is a model parameter. This mode allows 
the study of downstream effects of improvements in mother’s education and the 
avoidance of early teenage pregnancies assuming that these improvements realize in 
addition to general trends affecting all ages. 

o Aligned, trends from child mortality model: In this mode, child mortality is aligned in 
the first year of simulation resulting in the same age-specific mortality rates as in the 
base model. In the following years, trends specific to child mortality by year of age can 
be applied. Changes in child mortality result from the changing educational and age 
composition of mothers and - if used - trends specified by the user. This option allows 
making own assumptions on child mortality trends or - when not applying trends - to 
study composition effects in isolation. 

3.3.3. PARAMETERS OF THE BASE MODEL 
Like in most population projection models, mortality in the base version of DYNAMIS-POP is 
driven by a life table containing the age specific hazard rates of death. Life tables contain two 
pieces of information: the age profile of mortality risks and the remaining life expectancy at any 
year of age - most importantly the life expectancy at birth. DYNAMS-POP keeps this information 
in two separate parameters which provides an easy way of creating alternative scenarios on 
improvements in life expectancy without having to manipulate the hazard rates of the life table. 
This allows to use (and interprets the parameter as) standard life tables. During the simulation 
the standard life table is automatically scaled in order to meet life expectancy targets. 

• Life Table (age profile of hazards): The standard life table by sex. 



• Life Expectancy by sex. The period life expectancy of each calendar year by sex. 

3.3.4. PARAMETERS OF THE REFINED CHILD MORTALITY MODEL 

• Child mortality baseline risks: the age specific baseline mortality for children (of the 
reference group, i.e. mother’s age 17 and primary school attainment or higher) by sex. 

• Child mortality relative risks of all combinations of very young (<15) or young (15-16) 
teenage mothers and mothers never having entered or mothers having dropped out 
primary school. 

• Child mortality time trend: (by age and calendar year). Trend parameters interpreted as 
additional relative risks. In the default setting all parameters are 1 assuming no trends. 

3.3.5. TABLES 

• Deaths by year, sex, and district. 
• Mortality by age: The number of deaths and mortality rates by age group, year and sex. 
• Child Mortality: The number of deaths and the mortality rate by single year of age, by 

district and year. 
• Child survival to 5th birthday by district of birth and year 

3.3.6. SCENARIO EXAMPLES 

• Excess child mortality due to the high mortality of children with very young mothers 
without primary education. Which proportion of child deaths can be attributed to the high 
mortality in these risk groups? Solution: Compare two scenarios using the refined fertility 
model without alignment and trends. In the second scenario, set all relative risks to 1. 

• Downstream effects: A typical use of DYNAMSI-POP is the assessment of downstream 
effects, e.g. of an educational expansion, on child mortality. While these scenarios do not 
make changes in mortality parameters, be sure the refined model is selected and either 
aligned (for the initial year) without trends, or unaligned without trends. 

3.4. FIRST MARRIAGE 
3.4.1. MODEL OVERVIEW 
First marriage is modeled for women only and used as explanatory factor of first births. 
DYNAMIS-POP implements the parametric Coale & McNeil approach for modeling entry into 
first marriage. The parameterization of such a model is very intuitive: parameters are the 
minimum age at first union formation, the average age, and the proportion of women who will 
eventually marry. Based on these three pieces of information, first marriage hazards are 
calculated by a formula. The model was proposed by Coale and McNeil in the 1970s, based on 
extensive studies on the age pattern of first marriages in many countries. It usually gives a very 
good fit in developing countries. The scenarios are based on assumptions informed by observed 
cohort trends of parameters estimated for the past. The base scenario is created using linear 
trends that link past estimates to future target values (which are set manually). The provided 



data analysis script supports the creation of such scenarios including by providing visualizations. 
First marriage is modeled separately by primary education attainment. 

3.4.2. PARAMETERS 

• Union formation: This parameter table consists of three values by year of birth and 
education level: the minimum age of first marriage (empirically the age at which about 1% 
of women entered marriage), the average age at first marriage, and the proportion of 
women eventually entering marriage. 

3.4.3. TABLES 

• First union formation by education and age: The simulated age-specific first union 
formation hazards by calendar year. 

• Age at first union formation: The average age at first marriage by education and year. 
• First union formations by age group (females) and year. 

3.4.4. SCENARIO EXAMPLES 

• Downstream effects of later first marriage: Parameters allow easy scenario creation for 
assessing the downstream effects of postponed first marriages on fertility and child 
mortality. 

3.5. MIGRATION 
3.5.1. MODEL OVERVIEW 
DYNAMIS-POP models both international and internal migration, using the same approaches as 
typically found in macro population projection models. Immigration is modeled by allowing to 
set a number of projected immigrants by year and sex, and by making time-invariant 
assumptions on the age distribution of immigrants by sex as well as the distribution of 
destinations by age and sex. Besides these simple scenario settings which on the individual level 
determine key demographic characteristics of immigrants like time of birth, sex, time of 
immigration and district of landing, other characteristics are either explicitly modeled or cloned 
from an appropriate host population when entering the country. Immigrants are added to the 
simulation at birth and live abroad until entering the country. This allows to model individual 
histories from birth. This is done e.g. for primary education and school transitions, where 
“abroad” constitutes a separate geographical unit in parameter tables. 

Emigration is modeled applying time-invariant age- and sex-specific emigration rates. Once 
emigrated, emigrants are removed form the simulation. 

Internal migration is modeled applying time-invariant age-specific migration rates as well as 
age-specific origin-destination matrices determining the destination district. All parameters are 



by sex. DYNAMIS-POP distinguishes two sub-national levels, e.g. regions and districts, internal 
migration is modeled on the lowest geographical level. 

3.5.2. USER OPTIONS 

• Switch immigration on/off 
• Switch emigration on/off 
• Switch migration on/off 

3.5.3. PARAMETERS 

• Number of immigrants (by sex) 
• Age distribution of immigrants (by sex) 
• Destination of immigrants: The distribution of destination districts by sex and age (group) 
• Emigration rates on district level: Age specific emigration rates by sex and district. These 

rates are assumed to stay constant over time. 
• Migration probability: by age group, sex and district. 
• Migration Destination: Distribution of destination district by age group, sex and district of 

origin. 

3.5.4. TABLES 

• Immigrants: The total number of immigrants by sex, district and year 
• Immigration by sex, district and age group (for selected years) 
• Emigration rates and numbers by age group, sex, district and year. 
• Emigrants: The total number of emigrants by sex, district and year. 
• Net migration numbers and rates for both international and internal net migration by year, 

district and age group 
• Internal out migration rate: Validation table displaying simulated migration rates by age 

group, sex and district of origin. 

3.5.5. SCENARIO EXAMPLES 

• Comparing scenarios with and without migration allows to assess the contribution of 
immigration a/o emigration a/o internal migration to population growth on the sub-
national level. It also allows to assess the impact of migration on the population 
composition, like its age or educational structure. 

3.6. PRIMARY EDUCATION 
3.6.1. MODEL OVERVIEW 
DYNAMIS-POP models primary education in two complementary ways. The first - the base 
model - is a simple “fate model” assigning the basic outcome - never entering, entering without 
completion, completing - primary education. This model is parameterized by probabilities by 
sex, year of birth and district of birth. The second - the refined model - introduces relative 



differences in the likelihood of entering and graduating school by mother’s education thus 
allowing to model the intergenerational transmission of education. The relative differences are 
expressed in odds ratios. Users are given a choice if and how the refined model is used. One 
option consists in aligning the aggregate outcomes by sex and district to the base model for all 
years of birth. In this case, aggregate outcomes remain the same, but children are chosen 
accounting for their individual relative likelihood to enter and graduate from school. This might 
be of value when studying the school (and out of school) population by socio-demographic 
characteristics. The second option calibrates the model just for one birth cohort from which 
onward the refined module is used. All simulated future trends are then driven entirely by 
composition effects. 

Besides the education outcome, DYNAMIS-POP also models the progression through the 
primary education system. Assumptions can be made on the distribution of entry ages, 
probabilities to repeat a class or interrupt studies for a year, and the distribution of the highest 
grade attended of primary school dropouts. All these parameters can vary over time. Tracking 
of students through the system can be of value when projecting the number of students by 
grade attended and for related planning purposes, e.g. determining the number of required 
teachers and classrooms. Such projections are additionally supported by a school planning 
module, which is based on the educational projections and combines these with targets for 
pupil-teacher and pupil-classrooms ratios. 

3.6.2. USER OPTIONS 

• Model Selection 
o Use base model 
o Use refined model aligned to base for all birth cohorts. This Option produces the same 

aggregate outcome in primary education attendance and attainments as in the base 
model, but accounts for intergenerational transmission mechanisms of education, 
selecting students based on their mother’s education. This option is to be chosen if 
parental characteristics are important in the analysis while simultaneously aiming at 
meeting a given projection in school entries and graduations. 

o Use refined model aligned to base once. When using this option, the alignment of the 
refined model to the base model is done only for the year of birth, from which on the 
refined model is used. This ensures that for this selected year aggregated education 
outcomes applying relative factors by mother’s education are identical with the 
outcomes in the base model. For all following cohorts, parameters are frozen and all 
changes result from composition effects due to the changing educational composition of 
mothers. This option is useful for assessing the contribution of composition effects on 
education changes. 

3.6.3. PARAMETERS OF THE BASE FATE MODEL 

• Probability to start primary school: by birth cohort, district of birth and sex. 



• Probability to graduate from primary: by birth cohort, district of birth and sex. 

3.6.4. PARAMETERS OF THE INTERGENERATIONAL TRANSMISSION MODEL 

• First birth cohort to apply refined model: This is usually the first year of the simulation. 
Setting a later date is useful when studying the contribution of the composition effect 
without trends and policy effects as an alternative scenario to a policy scenario taking effect 
at a specific time. 

• Odds of starting primary school: express the relative likelihood of entering primary 
education by mother’s education. They are used in combination with aggregate outcomes. 
If outcomes are aligned for all cohorts, each year all odds are multiplied with a new factor 
(found automatically within the simulation) which aligns the aggregate outcome for a given 
composition of potential students by mother’s education. If aligned just once, the aligned 
odds are then kept frozen over the simulation and can be directedly transformed into 
probabilities (p= odds/(1+odds)) 

• Odds of primary school graduation: express the relative likelihood of graduating primary 
education by mother’s education. (They only applies to children having entered school.) 

3.6.5. PARAMETERS OF THE PRIMARY CAREER TRACKING MODEL 

• Start of school year: for example 0.66 for September 
• End of school year: for example 0.5 for July 
• Distribution entry age: by birth cohort. This parameter allows adapting to the fact that not 

all children enter school at a single legislated age and allows specifying the distribution by 
age 5 to 8. 

• School interruption rate: by calendar year. The probability students interrupt studies for a 
year. 

• Grade repetition rate: by calendar year. The probability students repeat a grade 
• Distribution dropout grade: by birth cohort. The distribution of the final grade attended of 

dropout students. 

3.6.6. PARAMETERS OF THE PRIMARY SCHOOL INFRASTRUCTURE MODEL 

• Pupil to teacher and classroom ratios: by calendar year and district. This parameter allow 
setting target ratios of students to teacher and classrooms over time. Combined with 
education scenarios this allows the projection of necessary resources. 

3.6.7. TABLES 

• Census by age group, education, sex and district: Population counts at the beginning of 
selected years 

• Population pyramids by education and district: Average population in 5 year age groups by 
education and sex for selected years 



• Population by district, age group, sex and education: Number of children <5, population 
15-49 by education, population 60+ by district, sex and year. 

• Primary education fate by district of birth: This table can be used for validation (if 
alignment is activated for all years the outcome should equal the parameters) or - when 
aligning just for an initial cohort, to assess changes caused by composition effects only. 

• Education composition of 15 year old by district of residence and sex. 
• Education composition of 15 year old by district of birth and sex 
• Primary school new entries by district: The number of new students entering primary 

education each year. 
• Primary school graduations by district: The number of primary school graduations each 

year. 
• Out of school children age 9-11 by district:** The number of children age 9-11 not attending 

primary school (and not having graduated yet). 
• Primary education fate by parents education: The distribution of primary education 

outcome by mothers primary education outcome. 
• Students by grade, required teachers and classrooms: by calendar year and district. 

3.6.8. SCENARIO EXAMPLES 

• Transition to universal primary education: The parameter tables for school entry and 
graduation probabilities allow to set a transition path towards universal entry and 
graduation. for example, parameters can be set to reach universal primary education within 
10 years. Comparing such a scenario with the base scenario and a scenario in which 
education only changes due to the changing education composition of mothers allows to 
de-compose the underlying factors causing the education expansion into a composition 
effect, the continuation of trends based on past trends (as in the abase scenario), and the 
additional improvements required to reach universal primary education. 

• Infrastructure planning: combining scenarios of education expansion with scenarios of 
reaching desired student- teacher and student-classroom ratios. 

• Downstream effects: Improvements in the education composition of a generation cause a 
series of downstream effects modeled in DYNAMIS-POP: more children will enter higher 
education, the average age of first marriage increases, fertility and child mortality drop, 
immunization rates increase and so does the human capital index (HCI) which factors in 
educational and mortality improvements. 

3.7. PRENATAL CARE AND CHILD VACCINATION (IMMUNIZATION) 
3.7.1. MODEL OVERVIEW 
For each child born in the simulation, DYNAMIS-POP assigns a status of the mother having 
received prenatal care and - depending on this status - the immunization status of the child. 
This two-step design for modeling vaccination was chosen, as prenatal care is both an 
important predictor for child vaccination and can be a policy goal by itself. A child is assumed to 
be immunized if it received the 8 doses of vaccines during the first year of life required for 
obtaining immunity against tuberculosis, diphtheria, pertussis, tetanus, polio and measles. Both 
prenatal care and immunization are decided depending on mother’s education, mother’s age 



(the effect of very young motherhood) and region. The models also allow including cohort and 
time trends. 

3.7.2. MODEL PARAMETERS 

• Pre-natal Care (odds): by year. The parameter consists of the baseline odds of receiving 
prenatal care as well as a set of odds ratios capturing education, regional differences, the 
effect of very young age of the mother, and trends. The parameter is estimated by logistic 
regression. 

• Child Vaccination (odds) by year and mother’s receipt of prenatal care. The parameter 
consists of the baseline odds of receiving all required vaccines, as well as a set of odds ratios 
capturing mothers education, regional differences, ethnicity, sex, the effect of very young 
age of the mother, and trends. The parameter is estimated by logistic regression. 

3.7.3. TABLES 

• Proportion of mothers having received prenatal care by year, education, and region. 
• Immunization rate by year, education of mother, prenatal care receipt of mother, region, 

sex, ethnicity 

3.7.4. SCENARIO EXAMPLES 

• Downstream effect of improvements in prenatal care on immunization: Improvements in 
prenatal care can be modeled in various ways, either affecting all pregnant women, or 
selected population groups. Scenarios affecting all pregnant women can be easily created 
by changing the baseline odds (the intercept of the model). In contrast, a typical scenario 
affecting different population groups differently is a scenario closing regional gaps. In such a 
scenario, all regional differences disappear over time. The effect of such scenarios on 
immunization can be assessed by comparing the resulting immunization outcomes to 
projected immunization rates of the base scenario. 

• Convergence to the best: elimination of differences between population groups: Examples 
of such scenarios are scenarios eliminating differences by sex, eliminating regional 
differences, or elimination ethnic differences in immunization rates. An example based on 
projections published in Spielauer & Dupriez (2020) is given below. 

3.8. ETHNICITY 
3.8.1. MODEL OVERVIEW 
Depending on the country context, ethnicity can refer to any grouping of people which follows 
a transmission process between mother and child. New-born inherit their ethnicity based on a 
transition probability matrix from the mother. For immigrants, ethnicity is sampled from a 
distributional parameter by sex and district of landing. 



3.8.2. PARAMETERS 

• Ethnicity of immigrants: The distribution of ethnicities of immigrants by sex and district of 
landing. 

• Transmission of ethnic group from mother to child: A matrix of child’s ethnicity by 
mother’s ethnicity by sex. 

3.8.3. TABLES 

• Census by age group, sex and ethnicity: Population by 5-year age group, sex and ethnicity 
for the starting year of the simulation and 10 years later. 

3.8.4. SCENARIO EXAMPLES 
Assumed to follow a stable transmission process, ethnicity parameters are typically not 
changed directly. Instead, scenarios changing the impact of ethnicity are common. A typical 
scenario is a scenario closing all ethnic gaps by convergence of all groups towards the group 
with the most desirable outcome. We demonstrate such a scenario in Example 2 for the case of 
child vaccination. 

3.9. SECONDARY EDUCATION 
3.9.1. MODEL OVERVIEW 
Secondary education is modeled based on period grade progression rates by sex. Currently, 
these parameters are scenario parameters and not estimated from the standard analysis files. 
Parameters are by population group and geographical region, both dimensions being country-
and context specific. DYNAMIS-POP 2.22 does not use any of these groupings and accordingly 
only “all” can be chosen from the drop-down menus of the parameter tables. DYNAMIS-POP 
2.22 models a 6 year secondary school. Grade progressions are the outcome of a series of 
decisions: grade success, direct progression, direct repetition, temporary dropout, and 
permanent dropout. 

 



3.9.2. PARAMETERS 

• Secondary Success: by grade. Proportion of students passing a grade. 
• Secondary Direct Progression Intake by grade. Proportion of students directly progressing 

to this grade after having passed the previous grade (or primary school in the case of grade 
one). 

• Secondary Delayed Progression Intake by grade. Proportion of students progressing to this 
grade after having interrupted studies for a year after passing the previous grade. 

• Secondary Direct Repetition Intake by grade. Proportion of students immediately repeating 
a grade after failing to pass. 

• Secondary Delayed Repetition Intake by grade. Proportion of students repeating a grade 
after having interrupted studies for a year after failing the previous grade. 

• Maximum years of delays allowed (interruption, repetition of grades): Sets the maximum 
time of delays in secondary studies. Any further delay leads to a permanent dropout. 

3.9.3. OUTPUT TABLES 

• Secondary school enrolment by grade 
• Secondary school attainments of population 20-24 by year and sex. Proportion of the 

population age 20-24 having entered / having completed secondary education 

3.9.4. SCENARIO EXAMPLES 

• Improvements in secondary education entry and success: Estimates of secondary school 
entry rates, as well as repetition and success rates are available for most countries (e.g. 
from UNESCO at http://data.uis.unesco.org/) and can be used as base for scenarios of 
future improvements in secondary education. 

3.10. HUMAN CAPITAL INDEX (AND ITS COMPONENTS) 
3.10.1. MODEL OVERVIEW 
DYNAMIS-POP models all components of the World Bank’s Human Capital Index (HCI) and 
allows its calculation and projection on a disaggregated level, e.g. by region. The Human Capital 
Index measures the human capital that a child born today can expect to attain by age 18, given 
the risks to poor health and poor education that prevail in the country where she lives. The HCI 
follows the trajectory from birth to adulthood of a child born today. 

Components of the HCI are: 

• Child survival up to the 5th birthday 
• Adult survival from 18 to 60 
• Years of schooling age 4-18 (max 14 years) including up to two years of pre-school 
• Quality of education to quality-adjust the years of schooling. This measure is based on test 

scores 
• Stunting in the first 5 years of life 



While most of the components for calculating and projecting the HCI are already available from 
other modules of DYNAMIS-POP (mortality, primary education and secondary education; and 
detailed population projections in general), two components have to be added: stunting and 
preschool education. 

The pre-school module is a simple module implementing up to 2 years of pre-school 
experience. It is assumed, that all children attending pre-school enter primary education. Pre-
school experience is decided at school entry thus the career itself is not modeled. The module 
has one single parameter table containing the probability to have attended pre-school for at 
least one year, and the probability that the pre-school experience was two years (by sex and 
region). 

Stunting is the impaired growth and development that children experience from poor nutrition, 
repeated infection, and inadequate psychosocial stimulation. Children are defined as stunted if 
their height-for-age is more than two standard deviations below the WHO Child Growth 
Standards median. Stunting is modeled as an individual level ‘fate’ decided at birth based on 
sex, region, and mother’s education. 

On the population level, the HCI is calculated by multiplying up its components in the following 
form. 

HCI = [Child Survival to 5th birthday] 
      * exp(0.08 * ([average years of schooling] * [average quality of schooling] - 14)) 
      * exp((0.65 * ([adult_survival] - 1.0) + 0.35 * ([proportion children not stunted] - 1.0)) / 2.0); 
 

The individual human capital can be calculated from the individual life experience - like the 
years of schooling - of each actor at the moment of her death. Note that, if the components of 
the human capital are correlated (which is the case as e.g. stunting affects school success) the 
average of the individual human capital will be different from the aggregate HCI calculated 
from the average values of the components. 

3.10.2. PARAMETERS 

• Stunting by mothers education, region and sex: This parameter is estimated from the 
analysis data. 

• Preschool attendance: by sex and region. This is a scenario parameter giving the probability 
of already having attended one or two years of preschool when entering primary school. 

• Quality of schooling by region. A scenario parameter used for weighting the years of school 
attendance. 

• HCI Coefficients: The coefficients used in the formula of the HCI 



3.10.3. TABLES 

• HCI variables by region of birth, sex and year of birth. A set of HCI related indicators: 
Stunting rate, Child survival rate, Adult survival rate, Average quality of schooling, Average 
years of schooling, Average individual level HCI. 

• HCI variables by district of birth, sex and year of birth. A set of HCI related indicators: 
Stunting rate, Child survival rate, Adult survival rate, Average quality of schooling, Average 
years of schooling, Average individual level HCI. 

• Stunting rates by region of birth, sex, and year of birth. 

3.10.4. SCENARIO EXAMPLES 

• What-If Scenarios and Vulnerable Populations: DYNAMIS-POP allows to create what-if 
projections of the HCI and its components. Of particular interest (as benchmark for an 
assessment of policy effects) are status quo scenarios on the micro level. In such scenarios, 
all trends at the macro level result from a changing population composition, while for 
people belonging to a specific group (e.g by region, education, ethnicity) the factors 
entering HCI (mortality, stunting, education) remain unchanged. Other ‘popular’ what-if 
scenarios would address the differences between population groups and policies targeting 
specific vulnerable groups. For example, we might assess the impact of narrowing the 
education gap between population groups on the HCI. 

• Decomposition Analysis and Time-Lines of Policy Effects: DYNAMIS-POP allows a 
decomposition analysis of projected changes in the HCI. This analysis goes beyond the 
contribution of the individual components of the HCI, as we can assess which part of the 
changes within each component stem from composition effects. 

• Quantify the downstream effects of policies: For example, improvements in education 
influence the HCI not only directly (e.g. more years in school) but also impact child mortality 
and stunting. Microsimulation can measure these effects and project the timeline of 
improvements. 

• Sub-National Analysis: DYNAMIS-POP operates at the sub-national level allowing to assess 
local variations in the HCI and its components. Closing sub-national gaps is a typical policy 
goal and DYNAMIS-POP allows the geographical mapping of the HCI and other measures. 

• Projections of the Human Capital of the Actual Population: DYNAMIS-POP allows 
projections of the human capital of the actual population: the HCI is a cohort measure and 
does not allow to directly infer the future average human capital of the working age 
population. For example, high child mortality substantially lowers the HCI of a cohort but 
does not impact the human capital of the survivors who make the future work force. Also, 
as a macro index, the HCI is constructed by a formula linking together the population 
averages of the components of the measure. As the components are highly correlated at 
the micro level (e.g. stunting increasing child mortality, lowering education prospects, etc.) 
the HCI is not identical with the average human capital of the population. DYNAMIS-POP 
allows comparing the HCI with the average human capital of the simulated cohort. Being 
able to make statements on the average individual level human capital and its distribution 
might be valuable in economic modeling. In general, one of the strengths of DYNAMIS-POP 



is its ability to simultaneously produce various alternative measures and their distribution, 
which can then be picked according to the concrete research question. 

3.11. MICRODATA OUTPUT 
3.11.1. OVERVIEW 
DYNAMIS-POP produces two types of micro-data (CSV) output. The first is a file of a pre-set 
collection of variables either produced once as a single cross-sectional file or repetitively as 
panel data. The time of the (first) output and the time intervals between outputs are specified 
by the user. The second microdata output produces four microdata files at a selected point in 
time. These four data files have the same format and content required to create a model 
starting population and to estimate all parameters using the set of analysis files documented 
and available at the Project Website. This file output is mainly used for model validation as it 
allows re-estimating all parameters based on simulated data. Both types of file output are 
optional and can be switched off. 

3.11.2. CROSS-SECTIONAL AND PANEL MICRO-DATA OUTPUT PARAMETERS 

• Write micro-data output file Y/N 
• File name micro-data output file 
• Time(s) of micro-data output: The first point in time, the time intervals, the last point in 

time. If setting time intervals to 0 output is produced only once. 

3.11.3. ANALYSIS DATA OUTPUT PARAMETERS 

• Analysis file output Y/N 
• File name: Births: 
• File name: Children 
• File name: Emigrants 
• File name: Residents 
• Time of analysis file output: A single point in time. Note that the Birth file and the Children 

file contain retrospective histories which have to be created within the simulation. For 
complete birth records, the model has to be run over at least 40 years. 

3.11.4. OUTPUT FILES 

• Micro-Data: This file currently only contains a few variables and is used for demonstrational 
purposes only. The list of variables can be easily extended in the implementation code. 
Variables in DYNAMIS-POP 2.22 are: Record ID, Weight (identic for all), Time of output, Time 
of birth, Sex, District of residence, Education level. 

• Residents: A synthetic future census of the resident population. Variables are: Record ID, 
Household ID, Weight (identic for all), Age, Sex, District of birth, District of residence, 
District 12 months ago, Education, Parity, Births past 12 months, Age at marriage, Age at 
most recent birth, Region of birth, Region of residence, Region 12 months ago, Ethnicity. 



• Emigrants: Emigrants of the past 12 months. Variables: Weight (identic for all), district of 
residence (abroad for all), previous district, Previous region, Age, Sex. 

• Births: Retrospective birth histories for the analysis of fertility. Variables: Month birth 01 .. 
14, Weight, Month of own birth, Education, Region, Month of interview, Month of first 
marriage, District 

• Children: Retrospective child records of births in the past 5 years for the analysis of child 
mortality, stunting, and child vaccination. Variables: Weight (identic for all), Month of 
interview, Region, Month of birth, Month of death, Sex, Age of mother (months) at birth, 
Education of mother, Ethnicity, Immunization, District, Prenatal care, Stunting. 

  



4. APPLICATION EXAMPLE 1: EDUCATION PROJECTIONS AND THE DOWNSTREAM-EFFECT OF 
IMPROVEMENTS IN PRIMARY EDUCATION 

4.1. OVERVIEW 
This example demonstrates the use of DYNAMIS-POP for education projections. We limit the 
analysis to primary education: children can either never enter school, enter but drop out, or 
graduate from primary school. DYNAMIS-POP models primary education on the district level - 
while we only show national level results, all results are also produced on the district level. We 
demonstrate the creation of three typical scenarios supported by DYNAMIS-POP: a scenario 
which is based on past trends, a scenario without trends in which all changes result from the 
intergenerational transmission of education, and a policy scenario which - after a transition 
phase of five years - makes primary education universal in all districts. 

Improvements in educational attainments produce downstream effects. Based on standard 
table output of DYNAMIS-POP we visualize the size and timeline of the effects on the following 
outcomes: 

• Immunization rates 
• The average age at first marriage 
• The number of births and the education composition of mothers 
• Child mortality 
• The number of teachers required by grade 
• The Human Capital Index 

4.2. SCENARIOS 

• The base scenario: the probabilities to enter and graduate from primary school follow 
recent trends as estimated by the standard analysis file. To create this scenario, we use the 
default parameters. The scenario option for primary education is set to: “Use refined model 
aligned to the base model for all birth cohorts”. By this choice, the education outcome of 
each cohort is given by parameters (by sex and district). While the aggregate outcomes are 
given, children are chosen according to their relative differences in the likelihood to 
enter/graduate by mothers’ education. 

• Composition effects only: In this scenario education changes result from the 
intergenerational transmission of education only - i.e. the changing educational 
composition of mothers. In this scenario there are no time trends on the individual level. To 
create this scenario, we use the default parameters. The scenario option for primary 
education is set to: “Use refined model aligned to the base model once”. 

• Universal primary education. in this scenario we increase school entry and success rates 
gradually starting from the birth cohort 2001 reaching 100% for the 2005 birth cohort. 
These changes are made in the parameter tables “Probability to start primary school” and 
“Probability to graduate from primary”. Like in the base scenario, the scenario option for 
primary education is set to: “Use refined model aligned to the base model for all birth 
cohorts”. 



 Figure: Scenario Parameters of Universal Primary Education. For all districts the probabilities 
linearly increase to 100% 

Other Settings: 

• Fertility: in order to assess the downstream effects of education changes on fertility, we use 
the refined model without alignment and trends. 

• Child mortality: in order to assess the downstream effects of education changes on child 
mortality, we use the refined model without time trends. 

• Immigration and Emigration are switched off for this analysis. 
• In order to capture the whole life cycle of persons born until 2050 (which is required for 

calculating the Human Capital Index of a cohort), the simulation horizon was set to 2151. 

4.3. SIMULATION RESULTS 
4.3.1. EDUCATION COMPOSITION BY YEAR OF BIRTH 
Composition effects alone lead to a very moderate improvement of education indicating that 
most of the improvements in the base scenario stem from trends on the individual level. The 
third scenario makes primary education universal from the 2005 birth cohort onwards. 



 Illustration based on output table: “Primary education fate by district of birth” 

4.3.2. REQUIRED TEACHERS BY GRADE 
The number of required teachers depends on the size of the potential student population, the 
actual enrolment rates, and the student-to-teacher to students (which in the default 
parameterization increases from 40 to 20 in a 15 years period). As expected the increase is 
fastest with universal education; in the very long run the picture changes: the number of 
required teachers starts decreasing in the universal education scenario - a downstream effect 
of the lower fertility in this scenario. 



 Illustration based on output table: “Students by grade, required teachers and classrooms” 

4.3.3. HUMAN CAPITAL BY BIRTH COHORT 
A measure immediately responding to educational changes is the Human Capital Index which is 
a cohort measure and thus improves immediately to the expected cohort education 
experience. An additional downstream effect of improvements in primary education is an 
increase in secondary education, as the model assumes fixed take-up rates. 



 Illustration based on output table: “HCI by region” 

4.3.4. BIRTHS BY MOTHERS’ EDUCATION 
Educational improvements of women also result in changes in fertility patterns (less children 
born later) and a changing education composition of mothers. Mother’s education enters 
various equations, including child mortality, immunization rates, and - if this scenario is selected 
- the child’s education. 



 Illustration based on output table: “Births by mothers education” 

4.3.5. CHILD IMMUNIZATION (VACCINATION) 
With the first cohorts affected by the education scenarios entering reproductive age, 
immunization rates start to diverge as an effect of the changing educational composition of 
mothers as well as a reduced number of early teenage births (which are associated with low 
immunization rates) 



 Illustration based on output table: “Immunization of children born in the country” 

4.3.6. CHILD MORTALITY 
With the first cohorts affected by the education scenarios entering reproductive age, also child 
mortality rates start to diverge. Comparing the composition effects only scenario with the 
universal primary scenario, by 2050 the number of child deaths would be 2/3 lower in the 
latter. The lower number also results from the lower fertility in this scenario. 



 Illustration based on output table: “Child Mortality” 

4.3.7. POPULATION PYRAMIDS BY EDUCATION 
According the model projections, the number of births would stabilize in the base scenario 
while universal primary education would result in a demographic transition with diminishing 
cohort sizes of the younger generations. 



 Illustration based on output table: “Population pyramids by education and district” 

4.3.8. AVERAGE AGE AT FIRST MARRIAGE OF WOMEN 
Changes in the average age at first marriage of women result from trend assumptions within 
education groups and the changing educational composition. In the long term, the spread 
between scenarios - which are the differences by composition effects only - amount to almost 
three years. 



 Illustration based on output table: “Age at first union formation” 

  



5. APPLICATION EXAMPLE 2: CHILD IMMUNIZATION 

5.1. OVERVIEW 
This example reproduces some of the analysis originally published in Spielauer & Dupriez (2020) 
- a paper studying and projecting child vaccination in Nepal. In a set of what-if scenarios, we 
project the change of immunization rates resulting from ongoing socio-demographic changes 
(our base scenario; we use the same base scenario as in Example 1) as well as from hypothetical 
improvements in closing gaps between ethnic groups and regional gaps in immunization, and 
improvements in prenatal care which is an important predictor for immunization. Unlike the 
first example, which - as one of the studied downstream effects - shows the effect of changes in 
primary education on immunization, in the scenarios of this exercise we leave education 
outcomes unchanged but modify the following parameters: 

• Region: regional differences in prenatal care and immunization. 
• Ethnicity: ethnic differences in immunization. 
• The effect of mothers’ education on prenatal care 

The presented analysis is an example of convergence scenarios. Convergence scenarios close 
the gap between population groups by a transition of group specific regression coefficients (in 
our case odds ratios) to the coefficients of the group with the currently highest outcome. The 
scenarios mimic policy goals of targeting disadvantaged groups (e.g. low castes) and removing 
regional differences over a set period of time. 

5.2. SCENARIOS 

• The base scenario uses the default parameters 
• Closing regional gaps: In this scenario, regional gaps in prenatal care and immunization are 

closed over a transition period of 10 years. 
• Closing gaps between ethnic groups: In this scenario, ethnic gaps in immunization are 

closed over a transition period of 10 years. 
• Closing regional gaps and gaps between ethnic groups: In this scenario, both gaps are closed 

over a transition period of 10 years. 
• Closing regional gaps and gaps between ethnic groups (as above) as well as the gaps in 

prenatal care by mother’s education. In this scenario, the education of mothers (after the 
transition period) has no effect on prenatal care and all women receive prenatal care as 
currently women of the highest education group. 



 Figure: Scenario settings to close regional gaps. For prenatal care all odds ratios converge to 1 
(as they are all initially lower than 1 which is the reference). For immunization, all odds ratios 
converge to 1 and the constant term is increased by the factor of the highest initial odds ratio 

Other Settings: 

• Fertility: we use the refined model without alignment and trends. The refined model 
accounts for fertility differentials by education. 

• Immigration and Emigration are switched off for this analysis. 
• As we project immunization until the 2050 birth cohort, the simulation horizon was set to 

2051. 

5.3. SIMULATION RESULTS 
5.3.1. PRENATAL CARE 
Prenatal care is highly associated with primary education. The improving educational 
composition of mothers leads to a modest improvement of overall rates. Closing regional gaps 
further increases prenatal care rates. Removing the discrepancies by education would show the 
greatest effect by far. 



 Illustration based on output table: “Prenatal Care” 

5.3.2. IMMUNIZATION 
Like prenatal care, also immunization rates are highly associated with primary education. The 
improving educational composition of mothers leads to a modest improvement of overall rates. 
The largest effect of the studied single measures would result from closing the ethnic gaps. 

 Illustration based on output table: “Immunization” 

Comparing the scenarios allows decomposing the effects of each change on the aggregate 
outcome. 



 Illustration based on output table: “Immunization” 

  



6. DOWNLOAD MATERIALS 

6.1. MODGEN PREREQUISITES 
To run Modgen applications on a PC, the Modgen Prerequisites have to be installed. This 
program is free and can be downloaded from the Statistics Canada Website at: 

• Modgen Prerequisites Download: modgen12.1-prereq-eng.exe 

6.2. MODEL AND PARAMETERS 
The User-Version of DYNAMIS-POP 2.22 is available at: 

• DYNAMIS-POP User version dynamis-pop-2-0-22-user.zip 

Unpacking the dynamis-pop-2-0-22-user.zip creates a folder with both a 32 and a 64 bit version 
of the DYNAMIS-POP model, and a subfolder “scenarios” containing all scenarios used in this 
guide as well as the synthetic starting population file. A folder Examples contains the Excel 
workbooks of the analysis examples given in this guide. 

The two Model executables are: 

• DYNAMIS-POP.exe (32 bit) This version allows the editing of all parameter tables and - after 
running a scenario - makes all output tables accessible within the user interface. The 
downside of this version is that it only allows simulations requiring less than 4GB of RAM. 
Required RAM for DYNAMIS-POP depends on the simulation horizon, the number of parallel 
replicates run simultaneously, the selected sample size, and the scope of selected table 
output. For a simulation of a single replicate until 2060 selecting all available tables of 
DYNAMIS-POP, this limit lies at a starting population size of around 750.000 persons. We 
recommend this version for training and testing; for most training purposes, a single model 
run with 50.000 persons will be sufficient. 

• DYNAMIS-POP64.exe (64 bit) This version removes the 4G RAM limitation; the maximum 
RAM is limited by the available RAM on the PC. For the analysis examples presented in this 
guide we were running 6 replicates with an population size of 250.000 persons each. Unlike 
the 32 bit version, the display of parameters and output tables is not supported in this 
version. To use it, a scenario has to be prepared and saved - and after running a simulation 
all results can be displayed - using the 32bit version. 

6.3. ANALYSIS EXAMPLES 
The Excel workbooks of the two analysis examples of this guide are part of the model 
download; they can also be downloaded at: 

• Example_01.xlsx 
• Example_02.xlsx 
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