Dypes
Dynamic microsimulation of pensions

The Dypes model: Overview and Features

The microsimulation programing language Modgen: Overview and
Features

User Interfaces

Key language concepts
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Dypes overview

e Introduction

The majority of developed countries are facing a population aging process that may
threat the sustainability of their social protection programmes. In a context of rising
long-term care costs and increasing pension’s bill, the concern about the necessary
reforms to make the system sustainable is fully justified. Reform proposals vary from a
complete restructuring of the system — like a switch to a true or to a notional
capitalisation system — to marginal adjustments of the legal parameters of the current

system.

The dynamic microsimulation model Dypes is a useful tool to analyse the effects of
pension system reforms. The flexibility of the model allows to focus in different
aspects of the reforms:

e Consider both the system sustainability and pension level adequacy,

e Looking at the differential impact of changes in financial incentives by

population groups (males and females and different working careers).

The first issues conform the two main pillars of the European Commission concerns in
terms of pension’s policies. The second can be useful to design appropriate responses

from the private sector (mainly retirees).

e Description

Dypes simulates in continuous time the main events of individual’s life up to 2060:
education, labour entry, labour market transitions, unemployment spells and, finally,
retirement and mortality. It employs available information on the probabilities of each

transition by population groups and —unlike other microsimulation models- it uses a
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starting population sample with information on working careers to improve simulation
results. Dypes starts from an administrative sample of individuals related to Social

Security (Muestra Continua de Vidas Laborales: http://www.seg-

social.es/Internet 1/Estadistica/Est/Muestra Continua de Vidas Laborales/index.ht

m). Dypes also incorporates advanced behavioural modules to capture individual’s

reactions to both business cycle fluctuations and changes in retirement incentives.

¢ Advantages

4 )

= Flexibility given the modular structure.

= The model accounts for individuals’
reactions to changes in financial
incentives to retire. It is therefore a tool
particularly suitable for analysing reform
effects focusing in different population
groups.

= The main events are modelled in
continuous time.

= Dypes uses a starting population sample
to better feet with the reality.

- J

e Current stage of development

Dypes is currently working both in time based and case based version. It has been used

to analyze the effects of the 2011 and 2013 reforms of the Spanish pension system.

-
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Dypes: Features

Dynamic population microsimulation model

1. Runs on continuous time - some events occur in discrete time.

2. Starting population subsample. Based on an administrative data set: 1,200,000
individuals (not households) from Social Security registers (the 2007 wave of
the MCVL -Muestra continua de vidas laborales). Future generations are
simulated (1,800,000 total individuals).

3. Both versions: case-based and time-based model: The first version (Fernandez-
Diaz, Patxot, Souto, 2013)" is “case-based”. It simulates each case from birth to
death before the simulation of the next case begins (case-based model)-, and
the second version (Patsot, Solé, Souto, 2017)2 is “time-based” and hence
simulates every year all cases taking into account more explicitly interactions.

4. Behavioral approach for some key events of the model: retirement, based on
expected pension given legislation and unemployment expectations.

! Fernandez-Diaz, F. J., Patxot, C., & Souto, G. (2013). DYPES: A Microsimulation model for
the Spanish retirement pension system. Documento de Trabajo, 06.

? Patxot, C., Solé, M., & Souto, G. (2017). Should pensions be redistributive? The impact of
Spanish reforms on the system’s sustainability and adequacy. Documento de Trabajo, 02.
http://documentos.fedea.net/pubs/dt/2017/dt2017-02.pdf
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Dypes structure

Main

Change in qualification
group

Blrt

Entry in the

Labour

Wage growth model

<
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Mortality

st
1 assign Educ level,
2ond entry wage and qualification

hi(t) = ho.h;, where &; = exp(SX)).

InPeee* — (1 p)-[pr(n)-BR[bc ,...,bc , ]-cc(n)]+ p(minimum)

Behavioural retirement module

Trade-off between increasing behavioural realism and keep the model treatable
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Modgen overview

Modgen is a programming language developed in Statistics Canada and used in
dozens of applications around the globe

Modgen is freely available from Statistics Canada

Currently, there are two versions of Modgen: one needs Visual Studio 2010 but
an open-source implementation of Modgen openM++ have been recently
available (https://ompp.sourceforge.io/wiki/index.php/Main Page)

Modgen creates a stand-alone model executable program with a complete
visual interface and detailed model documentation

Modgen translates Modgen code into C++. This allows to combine the
strengths of the generic C++ language with specialized microsimulation
language concepts and functions

Minimizes code writing as the general underlying mechanisms in dynamic
microsimulation are already programed and hidden

Modgen includes a powerful tabling language and tools for visualizations.
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Modgen: Features

It allows all approaches in dynamic microsimulation: Discrete, or continuous
time; interacting or non-interacting populations; case-based or time-based

It allows using a starting population subsample (if needed)
Fast: compiled language, pre-compiled to C++. 35 mi 1,4 individuals, whole life.
Multilingual models possible
Export of parameters and tables to Excel
Unlimited dimensions for parameters and tables
Visualization of individual life courses
Common fully documented user interface
Scenario management
Automated generation of model documentation
Multi-threading and grid-computing possible
ModGen way of working:
o It creates an event queue
o Computes time to event (using behavioural or fixed probabilities)

o Once and event happens, all times (queue) revaluated

Events/Waiting Times

E1 0

—— - -

E2

E3

time advances l

E3

Only contingentwaiting times are
randomly updatedinot E3in this example)

E2waiting time
Contingenton E1

E2

-—— e = =)

 mmmmeee)

time advances

Simulation: [N N N ] E1 E3 sessssscssscscssesssnsnss

Time: >
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Why using ModGen in Dypes?

o Efficient and freely available programming language + user friendly application

O

O

Used in many different kind of models

Relevant in Spain to handle huge data bases like the MCV (1,8 million
people takes 30 mi)

Based in C++ and implemented in VisualStudio (soon open source
openM+, end 2015)

Minimizing code writing keeping flexibility = It frees up for other
tasks: Data mining, behavioural analysis

o Easy conversion from case based (longitudinal) to time based (cross-section)

o

Advantages of longitudinal: Lower computational requirements and
allows for simulating the effects of the 2013 reform of the Spanish
pension system.

Advantages of cross-section: Allows for interaction and hence, it eases:

o Incorporates computation of relative measures like inequality
indicators (Ginis, etc)

o Alignments
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Programming interface

roW|

rosoft Visual Studio Academ o x|
Fie Edit View Project Buld Debug Team Data Tools Test Window Help

1" H " e BE W QS d e B9 - - LB b [Reklease ~|[winz2 || % [ow3 R i Nee e G T

Solution Explorer X PEECTRU N TrackingOutput.mpp  Tick

& "= Person -] % Deatrvent) 3
2] Solution ‘microWE' (1 project) El//LABEL(Mortality, EN) Mortality Module £3
2 [ microws B

3 C++Files /* NOTE(Mortality, EN)
(g External Dependencies This module models mortality which is driven by an age baseline as well as by relative risks
B [ Moduies (mpp) depending on mother's education in young ages and own education later in life.

=) sirths.mpp Mortality is parameterized with recent rates from Malawi. Relative risks are derived from
|=] CalendarClock.mpp publications based on the Health and Fertility survey. Mortality is assumed to decrease over time
|F Education.mpp at a rate of 1 percent per year.
|2 Microdatatianding.mpp =/
|2, microwE.mpp
= Mortality.mpp partition AGE_GR MORT { 5, 18, 15, 28, 48, 68 }; //EN Age group
|2 PersonCore.mpp
|E] startingPopulation.mpp classification MORT REL //EN Relative mortality risks
|2 TableCutput.mpp {
|2 TickerCore.mpp MR_LOW_EDUC, //EN No primary education
2] TrackingOutput.mpp MR_HIGH_EDUC, //EN Secondary education
|2 unions.mpp MR_URBAN, //EN Urban
|E] Urbarization.mpp MR_MINORITY //EN Minority
Bl [ Scenarios i
| Base{PersonCore).dat
parametars
double MortalityRates[AGE_RANGE][SEX]; //EN Mortality Rates
double MortalityRelRisks[AGE GR_MORT][MORT REL]; //EN Relative mortality risks
double MortalityTrend[SIM_YEARS]; //EN Mortality trend
Find and Replace >4 x 15
[ Find In Files ~ | A% QuickReplace ~
Find what: 00% -4 |
I ] o ;
Look in: Show output from: | Modgen 11 BIR=NESIES
[ Entire Solutien jJ Marking Up 1nput files ... =
¥ Includ sub-folders ) .
Creating output files ...
_|Find options.
¥ Match case Removing special markup ...
I Match whole word Mapping symbols to modules
I Use:
fereeer | Modgen: 8 errors - @ warnings
Look at these file types: 4 »
[ =mpp | t =] output g

The main window shows the code of a particular file, while the list of files (modules)
created is in the left window.
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Model documentation

il
&

Hide Back Prirt  Options

A microWB 1.0.0.0 - Encycl dic D i

Cortents | Index | Search |

= ([ mieoWE Module: Education
@ Actors Top Classifications  Parameters Parameter Groups FRanges Parameters/Read Simple/Read
@ Actor sets Simple/Set
Q Parameters .
0 Parameter Groups Note:
= (‘Q| Modules This module implements education progressions. Education levels distinguished in the model are below
z Bitths primary, primary, and secondary education. Probabilities to graduate from primary respectively
E CalendarClock secondary education depend on mother's education, urban-rural setting, minority status, and a time
"’ S0 oC trend. Parameters of this module were chosen for demonstrational purposes only. In the base scenario
3 = tor they leave the education compaosition of the population stable; The two policy scenarios implement two
E MicrodataHandling types of educational interventions: The first improves the odds to reach higher education for everybody
z microWE while leaving differences by mothers' education, urban-rural setting and minority status as in the base
E Mortality scenario. The second scenario closes gaps between rural and urban rates as well as between the minority
= and the majority population while the differences by mothers' education are reduced by 50 percent.
z PersonCore
z StartingPopulation Classifications:
[2] TableOutput
(2] TickerCore Name Label
z TrackingOutput EDUC Education level
2 11
3 Unions EDUC_PARA Education Parameters
z Urbanization
@ Tables EDUC_TRANS Education transmission
@ Types
Parameters:
Name Label
EducationParameters Education transmission

The executable application includes and automatically created documentation. As an
example the image shows the content of a module called “Education” showing in the
main window, a brief description and the elements (classifications, parameters, etc.)
involved in the module. Those can also be directly approached in the left window.
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User interface of the executable application

\Wida Laboral\Proyectos V5200812011 i bservedEU_NOInc\Base.sce - [Parameter: Years of b used to comp]
"W Scenario Edit View Window Hel B
g DLhEd » 3
=) Parameter Groups Columns:
1 Earmings Growth Parameters Riange of calendar years of stulation

) Earings Legal Perameters

") Entrance inthe lahor market

) Labor market adjustments

) Labor market transitions observed
] Labor matket transitions estimation
) Martalty

=1 Pension reforms simulaton

09 [2010 [2001 2012 [2013 [20i4 [2005 [2006 [a7 [2018 [2mi9 [2m0 [2021 [2022 [2023 [2024 [2025 [2026 [2027
15 15| 15 15 15 15 15| 19| 15 15 15| 15| 15 15 15 15| 13| 15 18 1w

Pension ndexation rles
Retirernent penalty

Retiement premium

EN Eded jub (meses cotc)

rormal and mirimum retrement age

Pension Topes,
! Pension Parameters Estimation
) Micro papuletion output Fle parameters

+ Satsompin Parameter Groups
) Weight Parameters
P — (Inputs)
#plicaRieforma
=) Table Groups.

) LSED_TABLES
#] BUIDING_TABLES
e MARTIN e |
# WRONG

) Other tables

Table Groups (Outputs)

FieView GiousView A1 }

Ready

\_2015\2015_Projects\WorldBank\WoridBank-July\microWB-Malawi-05-NewPara\Base.scex
Scenario Edit View Window Help

ZDERS| L BRE )y I mBaE - 8

|
Sy = Ioix)
Age baseline for first births ——a - —
~Relative risks for first births Raws: Columns:
~Higher order births Pararneters far biths Bitth Number
Higher order births time trend
Birth order
= Education 4 Bith |5 Bith |6, Bith |7 Bith_ |8, Bith |9, Bitth |10, Bitth |11, Bith_[12. Bi
Education transmission Period 1 0.02452| 0.01947| 0.02360) 0.01567 | 0.02062| 0.01430] 0.01287| 0.00
E-Mortality Period 2 0.45383 | 0.39610| 0.34571| 0.33475| 0.32181| 0.26745| 0.27737| 0.25062| 0.22328
~Mortalty Rates Feriod 3 0.69179| 0E4515] 056251 | (49957 045878 0.38700| 023497 | 024647 0.19066
Relative martality risks Period 4 0.29546| 0.28412| 0.24475| 019957 | 0.15649 0.12003| 0.11570| 0.08638| 005576 0.05020| 0.0d!
Mortaiity trend Period 5 0.15851| 0.10952| 0.09288| 0.09318| 0.08194] 0.03799| 0.02475| 0.01583) 0.02340| 0.01424| 0.0
=)+ Starting Population Period £ 0.03174] 002376 003068 002714 002308 0.02103| 0.02643| 0.01621| 0.00000] 0.00000| 0.00
File nzme of starting population Frimary Education 0.8 .
Storting population size Secur:'daryEducam BEe| _Table: Expenience of women (ever 15) (out of date)
El-Union formation Minorty studed 7| Transtomatior: Value:
- Age baseline for first union formation Tiban (EE
Relative risks for first union formation Urban Aurat Minariy: Educalion level,  Rows: Columns:
£l Urbanization [Fuet =] [Not betonging to mircry =] [Betow pimary | Selected Quaniiies Generation
- Urbanization _—
E)-Table Groups
E1- Other tables
- Average population by year Humber of women
Educ distribution at 16 Average parily
Educ distribution at 16 by YOB Everage number of childien dead < 10 038 0.z
~Educ distribution start pop

e o wamen [ miel
Experience of women (ever 15)

|
File View  Group Wiew I

Ready [ um [ v

The user interface allows to access the inputs and outputs of the model, which appear
as tables in the left window. The input tables can be changed directly in order to run
alternative scenarios.
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Resulting parameter tables

o x|
Rows:  Columns: Parameter: Relative mortality ris =100 x|
Age range SEX
Rows: Columns:
Age group Relative mortality risks
I ale Female
a 0.04147
1 0.00653 | 0.00623 Mo prirnary Secandary _—
7 0.00659| 0.00823 education education Urban Minerity
3 0.00855| 0.00523 0E0 0.96 125
4 0.00853| 0.00623| {F{E10) 1.1 060 0.8 1.25
5 00025 0003 WAmim | il in in in
G il
7
] Calurinz
9 Simulated pears
10
11
2012 |23 2014 (2B |26 (2007 (2018|2018 (2020 (2021|2022 |2023 2024|2025 |2026 [ad
0980 0.970) 0961 0.951| 0941| 0932 0923 0914| 0904| 0.895| 08365 08578 0869 0860 0857
»
BioBrowser
=10l
Hle Edit View Help
o 2 T A Y el R
Starting actor: Person - Individual  Filter: (tracking) = True
E—BEE Filter for tracking , Filter for final tracking K[ 4[» [ ] sore:]] Actor: 19/2674 | =
- |_ _I EI gl == Education level
Tt T et
Primary—
e o P e st i
'J—;Iilgl == Ever in a union

DataBase: C:\_2015\2015_Projects\WorldBank\WorldBank-Juby\microWB-Malawi-09-NewPara\Basa(trk).mdb
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There Biobrowser allows to observe the transitions of concrete individuals. For
example, education level remains constant, while other variables experimenting
changes during the life course show changing values.

Key ModGen concepts and programing

The following are the elements that need to be programed.

o Parameters: organized in tables (which can be of any dimension). Data are
stored in .dat files and can be edited within the user interface.

o Actors: An actor is the entity whose life is simulated. A model’s actor is often a
person

o States: describe the characteristics of actors. States can be logical, numeric, or
categorical.

o Events: consists of two functions:
o Time function: when does event happen?

o Implementation function: the consequences when the event happens.

e Declaration of states and events

As an example, the following code defines an actor and its age while it is alive.

actor Person

1
logical alive = { TRUE }; J/EN Alive
logical ever_15 = ( integer_age »>= 15 ); //EN Person 15+
int age_gr mort = self_scheduling_split(age, AGE_GR_MORT); //EN Age group
event timeDeathEvent, DeathEvent; S/EN Death event
bi

o Types of states

o Simple: Initialized, then updated in events

o Derived: derived from other states and automatically updated
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o Self-scheduling: update themselves according a given schedule

As an example, the following code defines age groups and the parity status.

partition AGE_GROUP { 15, 17.5, 2@, 22.5, 25, 27.5, 3@, 32.5, 35, 37.5, 40 };

actor Person

{
PARITY_STATUS parity_status = { PS_CHILDLESS }; //EN Parity
integer age_group = self_scheduling_split(age, AGE_GROUP); //EN Age group
//EN Pregnancy hazard
double pregnancy_hazard = ( parity_status == PS_CHILDLESS ) ?
FirstPregnancyBaseline[age_group]
* FirstPregnancyRelative[union_status] : ©.0;
e Dimensions
o Ranges: a limited set of integer numbers.
o Partitions: splitting continuous time into intervals
o Classifications: categorical variables
range TAB_AGE { e, 19 }; //EN Allowed age range

//EN Age partition
partition AGE_GROUP { 15, 17.5, 20, 22.5, 25, 27.5, 30, 32.5, 35, 37.5, 40 };

classification PARITY_STATUS //EN Partity Status

{ PS_CHILDLESS, //EN Childless
PS_PREGNANT //EN Pregnant
I
parameters
{l
double FirstPregnancyBaseline[AGE_GROUP]; //EN First pregnancy baseline risk

-
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Code: dimensions and parameters

range AGE_RANGE { @, lee };
range SIM_YEARS { 2011, 2158 };

partition AGE_GR_MORT { 5, 1@, 15, 28, 48, 6@ };

classification SEX
1

MALE,

FEMALE

b

classification MORT_REL
{
MR_LOW_EDUC,
MR_HIGH EDUC,
MR_URBAN,
MR_MINORITY

1

parameters

1
double MortalityRates[AGE_RANGE][SEX];
double MortalityRelRisks[AGE_GR_MORT][MORT_REL];
double MortalityTrend[SIM_YEARS];

b

Event example: Fertility
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//EN
J/EN

//EN

//EN
J/EN

//EN

f/EN
J/EN
//EN
J/EN

J/EN
//EN
J/EN

Age range
Simulated years

Age group

Male
Female

Relative mortality risks

No primary education
secondary education
Urban

Minority

Mortality Rates
Relative mortality risks
Mortality trend
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actor Person

{
PARITY_STATUS parity_status = { PS_CHILDLESS }; //EN Parity
//EN Pregnancy hazard
double pregnancy_hazard = ( parity_status == PS_CHILDLESS ) ?
FirstPregnancyBaseline[age_group]
* FirstPregnancyRelative[union_status] : @.@;
event timePregnancyEvent, PregnancyEvent; //EN Pregnancy Event
s
TIME Person::timePregnancyEvent()
{
if ( pregnancy_hazard > ©.0 ) return WAIT(-log(RandUniform(2)) / pregnancy_hazard);
else return TIME_INFINITE;
T
void Person::PregnancyEvent()
{
parity_status = PS_PREGNANT;
Y
Tables

In order to define output tables the following elements need to be
specified. In the following an example is shown of how a table is
programed and the resulting image in the executable application.

o Name
o Filter
o Dimensions

o Expressions

Table definitions
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table Person ChildlessByAge //EN Childlessness by age
[ WITHIN(TAB_AGE15, int_age) ]

{
tab_agel5 *
{
//EN Proportion childless at beginning of age year decimals=4
value_in(is_childless) / unit,
//EN Proportion lived childless by year of age decimals=4
duration(is_childless,TRUE) / duration()
}
I
table Person DeadChildrenl® everlS_3GEN //EN Experience of women (ever 15) 3 GEN

[ trigger_transitions(alive,TRUE,FALSE) && sex == FEMALE && generation »>= 1 && generation <= 3 && ever_15 ]

1

urban_rural+ *
minority+ *

educt *
1
unit, J/EN Number of women
value_in(parity)/unit, //EN Average parity decimals=2
value_in(child_deathsl@)/unit //EN Average number of children dead < 18 decimals=2
¥
* genlto3
IE
Resulting table
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Table: Childlessness by ag - 10| x|
Transtormation: Yalue 2
Fows: Columns:

Age  Selected Quantities :I
w
Fropartion Fropartion lived
childless at childless by
beginning of wear of
e year age
5 0.9936
0.9510
0.9656
18 0.9505 0.9324
19 0.9148 0.6965
20 0.68798 0.68610
21 0.8426 0.5681
22 0.3604 0.2425
23 0.1563 01076
24 0.0695 0.0633
25 0.0574 0.0529
26 0.0458 0.0473
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Information

Dypes documentation.

e CHM File name: NuevaVidalaboralTB2_EN.chm

e Publications:

Fernandez-Diaz, F. J., Patxot, C., & Souto, G. (2013). DYPES: A Microsimulation model
for the Spanish retirement pension system. Documento de Trabajo, 06.

Patxot, C., Solé, M., & Souto, G. (2017). Should pensions be redistributive? The impact
of Spanish reforms on the system’s sustainability and adequacy. Documento de
Trabajo, 02. http://documentos.fedea.net/pubs/dt/2017/dt2017-02.pdf

e Starting sample: http://www.seg-
social.es/Internet 1/Estadistica/Est/Muestra Continua de Vidas Laborales/
index.htm

Modgen downloads and documentation:

http://www.statcan.gc.ca/eng/microsimulation/modgen/modgen

OpenM++ implementation (open source):

https://ompp.sourceforge.io/wiki/index.php/Main_Page

-
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