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Institutional Context:

= Modgen is a generic microsimulation language developed and
maintained at Statistics Canada

= MicroNPS is a simple model prototype implemented in Modgen,;
developed at IIASA for exploration of use of MS for study of
poverty, health & social security in developing world.

= MicroNPS is currently being used in the context of a TA project of
the Asian Development Bank (ADB) on the implementation of the
New Pension System (NPS) in India.
Note: ADB has not reviewed and in no way endorsed the presented
work in progress

= MicroNPS is also intended to be used for training and capacity
building, e.g. @ Institute for Economic Growth (IEG); Delhi



Outline:

= What is Modgen?

MicroNPS as an example of a pension model implemented in
Modegn: Look and feel

= How was it done? Code examples



Interacting or non-interacting populations

Modular development

Multilingual models possible

Powerful tabulation facilities

Standard errors and coefficients of variation for tables
Export of parameters and tables to Excel

Unlimited number of dimensions for parameters and tables
Visualization of individual life courses

Common user interface for all models

Scenario management

Fully documented user interface

Generation of detailed encyclopaedic model documentation
Multi-threading and grid-computing possible



http://www.statcan.qgc.ca/microsimulation/modgen/modgen-enqg.htm

Documentation includes a commented list of models.

Pohem (1994) - Population Health Model (POHEM)

LifePaths (1994) ¢ Large general purpose Canadian model, extensively used for pension

XEcon (~1995) - XEcon is an experimental nempirical model of interacting firms and consumers.
PopModM (2002) - PopModM was created as a proof of concept for the World Health Organization .
IDMM (2002) - Infectious Disease Microsimulation Model

Health Forecasting Model (~2002) - UCLA School of Public Health.

CVMM (~2003) - The Child Vaccination Model-developed with London School of Hygiene and Tropical Medicine

The HIV microsimulation model (HIVMM) was caedeveloped with the WHO and SACEMA
DemoSim (2004/2009) - population projections..

RiskPaths (2006) ¢ competing risk tarchimg model

PeriMod (2008) - McGill University; simulates foetus histories from conception to birth

PredatorPrey (2008) - ecological model of a hypothetical population of plants, herbivores, and predators.

Persim (2008) ¢ personnel planning in public sector

CellMM (2008) ¢ Model demo to replicate differential equation

GBD_CVD(2009)-a Df 26 I £ . dzN& SIYNFRAT2 513880 cafSF NJ 5A &S| & S¢
HealthPaths (2009) ¢ Bootstrapping ms

CareMod - (based on Pohem) costs and benefits of interventions that reduce cancer in Canada.
BugMM (2009) ¢ prototype model simulating an ecological experiment in Zimbabwe: tsetse flies.
MicroNPS ¢ Pension reform in India
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What is Modgen? - Models

* Models are currently established or in development to:

A Analyze, develop and cost government programs, such as
public pension sustainability or post-secondary education

A Estimate the life time costs of diseases, such as heart disease
or lung cancer, and evaluate the potential impacts of public
health interventions on those diseases

A Generate detailed population projections
A Perform human resources planning for large enterprises

A Examine the spread of infectious diseases among interacting
populations

A Study foetal growth

= Modgen has also been used as an instructional tool to teach
microsimulation itself to social scientists in both Canada and
Europe.



automating every aspect possible:
A Interface

A Event queuing

A Interactions among actors

A Tabulation

A Exploring life histories

= Make it possible to create and maintain a microsimulation model
without a professional programmer

Generic! Full flexibility of C++

= Il ntegrated i nto Microsoft Vi-sual
processoro

= Modgen program translated into C++ and then compiled as C++
application

New: Modgen Web: allows running models on web
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E4 Context: The New Pension System (NPS)

[TASA

The NPS is a version of the public sector pension plan for
Aunorgani zed sectoro = 89% of

- Voluntary but with a minimum contribution of 500Rs / month
- Enhanced investment choices (investment strategy & 6 funds)
- Non-withdrawable

- EET tax regime: contribution & accrued earnings exempt,
Taxable at withdrawal (ongoing discussion)

- Low fees compared to existing private plans



L Assessing NPS: EXisting experience

[TASA

Existing experiences in Asia Indian context

€ overall di scou - Densefinancial

- Irregular and low payments: Infrastructure
low accumulations at high - Same scheme as civil
management costs service expected to

- Public control leading to poor increase confidence
Investment return (allocation - Expertise in information
to state-run development technology
funds)

- Early withdrawals: erode
savings if allowed, discourage
pension plan enrolment if not
allowed

- Disability and survival
protection limited
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N4l Assessing NPS

Pilot district activities

Household survey (n=800) in Mangalore (urban) and Hamirpur
(rural) districts; Institutional survey; Focus group discussions

Some findings: Average work income ~3400 Rs/month (70US$)
Average saving capacity reported (Mangalore) 140Rs/month

MacroNPS modelCell-based model

Cohort component population projection ~UN

Fixed rates: mortality decline, rural-urban migration, Imp,
iInterest, wage growth, pension saving

Used for Asizing the mar ket o0;
Micro-foundation? 5% saving of av. 3600Rs = 180Rs; 500 min.



Al Assessing NPS: Microsimulation

- Initial idea: model calculations for stylized individual life-
courses scenarios; expected pensions, IRR, etc:
AMIi crosi mulation for one | ndi

- Extended to cohort ms model; then to population ms

- Add distributional analysis into otherwise highly stylized
modeling

- Add simple behavioural models for saving (boundary
conditions, e.g. survival)

- Ability to reproduce macro scenarios and test/change/refine
assumptions & models
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Assessing NPS: Modeled behaviors

Behaviours

Fertility: distribution of nafan
Partnership & partner matching by age and education

Mortality by sex and rural/urban; UN projections

Rural-urban migration: 1%, urbanisation 30% -> 50%

Education: by urban/rural and sex

Labour market participation: age, sex, urban/rural; assumptions on
duration in given state

Wages & income mobility: Gini 0.36 log-normal; persons stay with
parameterized probability in given decile

Pension saving: saving rate accounting for subsistence minimum
Sickness and disabillity: age specific rates; distribution of costs

Pension

Fees and operating costs
IRR, distribution of benefits, Poverty



@ MicroNPS: Parameters and behaviours
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MicroNPS - C:A\IIASA\_MicroNPS_V11\Szenarios\Base.sce - | O | il

Scenmario  Edit Wiew Window Help

B D& s BB r n nOE + |2 °

[]- Parameter Groups - Model Run Progress =1ol x| -
=8 General Demography Reading Parameters: =10l x| .

- Population by year of birth (alive at age 18 resp. 2010) "
- Rural-Urban migration rate Parameter: Populatic Columns: —
----:Drtt::?ty rdate . Municipality type: Flows: Coly || A82 range
B- FamiIvDE)er:'ntggr:s-hevase e lm VEIEHI
- Family type definitions 28 29 30 il 32 33 34 35 3
- Family type distribution — 00| 001 001 00| 00| 007 00| O
- Age when moving out of parents’ household T9EE ﬁ ?542? —
- Average age difference between spouses (for partner matching by education) 198 19427 | 18437
£+ Health and Disability 1957 | 1gdz7| Teazr m =10l.x]
EI Incol:::lﬁj risks 1358 18427 18427 tunicipality type:  Fiows: Colurns: !
‘... Median income at productivity 1in 2010 '11323 12%; 1:23; Fural - | Agerange Sex
Income growth _ 1961 | 21192 21192
Income mobility between deciles 15D 5 D
Existence minimum per aequivalence person T AR Female |Male =
i peguivalence scale and alimony T 51521 27190 0 w 0.05326 =
E-Labor 1 0.00823| 0.00395
Labor market participation and mability ::ggg 3131923 3131923 2 0.00629| 0.00335 B |
- Age profile of labor productivity 55 S SIREEN 3 0.00629| 0.00335
- Saving and Pension T a6 | 2395 4 0.00629| 0.00395
- Pension saving rate (proportion of income put into pension saving if above minimum contribution) {aEa 57953 23950 5 0.00155| 0.00134
- Maximale pension saving rate (max. proportion of income put into pension saving to meet minimum) 15970 9952 23962 B 0.00155] 0.00134 ;|g|5|
- Interest on pension savings 577 T REE R 7 0.00155| 0.00134
- Minimum contribution to pension scheme 1573 e | 270 8 0.00155| 0.00134
- Pengion conversion factor g 000155 0.00134
) ) ) ; . 1973 27092 27092
- Proportion of population entering plan when becoming eligible 974 79| 370 1a 0.00108| 0.00033
B NP5 fees " 000106 0.00033 1
- Monthly account maintenance fee 1 ] 95 27092| 27092 12 0.00106| 0.00038 [|
- Average transaction fee 13 000106 0.00098 —
- Account opening fee 14 000106 0.00098
- Management fee LGN e AT ES
& Education 1972 |56~ | 000775 0.00156
‘.. Education distribution 1973 |57 | nomi7s) nooise
=] Table Groups 1974 Ve | 000175 o.0056
& Total population and life expectancy 1975 | g 0.00175| 0.00156
- Fertlty 1976 | W50 000247 | 0.00226 L
- Sickness and disability 1977 | = =
= Income and Poverty Lats Il
i i.Time spent in poverty age 13+ by age aroup % B
File View  Group View I i 1B

Ready [ num 16%




@ MicroNPS: Model documentation
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=
& o

Hide Back Prnt  Options

A& MicroNPSs 2.1.0.0 - Encyclopedic Docu tation
Contents | Indes | Search | e men

= ([ MicrolPS Module: Income
@ Actaors Top  Classifications  Parameters  Parameter Groups  Parameters/Read Simple/Read
@ Pammeters Derived/Read  Simple/Set
+] P eter G
- @ SIEMELSraroups IncomeGrowth Income growth ﬂ
= [ﬂ| Meodules
E Education IncomeMobility Income mobility between deciles
% Lamlr?l; LaborMarketParticipation Labor market participation and mobility
?] Heal
2] Income MedianIncome Median income at productivity 1 in 2010
E MicroNP5 Productivity Age profile of labor productivity
E Martality
E PersonCore Parameter Groups:
E Population
2] SavingPension Name Label
o
3 Tables P04 Income Income
@ Tables
@ Table Groups PO5_Labor Labor
@ Types
Parameters referenced in the module:
Mame Label
aequi_scale Aequivalence scale and alimony
ExizstenceMinimum Existence minimum per asquivalence person
ExiztenceMinimum Existence minimum per asquivalence person
T rm mim pmem o i i e by T e = =i b j
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Illustration

L
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Population age 65 with Household Pension Income above Poverty Line

Health Expenditure

Base vs.

by Initial Income Decile and Year of Birth

Scenario

—

V /S /4

/

/a4
|/ J )y 7

J J 7

100%

90% -

80% -

70% -

60%

50%
40% ~

30%

20% -

10%

0% -

' (ec02'2e02]
' (zeoz'T0T]
' (1€02'0€02]
' (0£02'620¢]
' (6202'8202]
' (8202'220¢2]
' (2202'9202]
' (9202's20¢2]
' (5202'v202]
' (vzoz'czoe]
' (£202'2202]
' (zz02'1202]
' (1202'020¢]
' (0202'6102]
' (6102'8102]
' (8102'£702]
(L102'9102]
' (9702'5T02]
' (gT02'vT0Z]
(yT0Z'€T0T]
(e10Z'2T02]
' (z102'1T02]
(1102'0T02]
' (0102'6002]
' (6002'800¢]
' (800z'2002]
' (2002'900¢]
' (9002'5002]
' (5002'%00¢]
' (¥002'€002]
' (£002'200¢]

(zooz't002]
(tooz'0002]
(0002'666T]
(666T'866T]
(866T'L66T]
(266T'966T]
(966T'G66T]
(566T'¥66T]
(766T'€66T]
(€66T'266T]



L

[TASA

lllustration: Expected individual pensions

EXPECTED PENSION
2.5% WAGE GROWTH, 2.5% INTEREST

12000
=1st Decile
10000 =2?7nd Decile
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!% lllustration: Expected IRR

IRR - 1992 BIRTH COHORT - ALL (2.5% WAGE GROWTH, 2.5% INTEREST)

30%

25%

20%

15%

10%

5%

0% -

Not Savings Negartive 0.25% 0.50% 0.75% 1.00% 1.25% 1.50% 1.75% 2.00% 2.25% 2.50%
member  eroded IRR
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E lllustration: Life-Course inc. 1992 cohort 61" decile
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Life-CourseIncome and Pension by Type for the 2002 Birth Cohort;
Male, 6th Earning Decile

30000

28000

26000
24000 /
22000
20000 V
18000 // /\ = Household labor income
/// \/ ==Household labor income net of NPS contributio
16000 A A

/_/// L/ V) \ ===Household pension income
14000 Existence Minimum
//J/ \ == Household income net of NPS contributio
12000 // /-
10000 /// f}\ == |ndividual labor income
8000 L_.A === |ndividual pension income
6000 2
4000 - / N— ‘
2000 et =N

(0 o o o o o o e
20222426283032343638404244464850525456586 062646668707 2747678808284868890

Rs.

=== Household income

Age



@ MicroNPS: Life-Course income

[TASA

ing) - Microsoft Visual Studio

Project Build Debug Tools Test Window Help

.m""l_] F-E-s o 6 R2R-e S
T I+ R E:§|Hex”¢||3v_

Tables.mpp™ " Health.mpp

‘_Ll 3 |Release -”Win32 "H [

takble Person Tabll TncomeTypes
[ integer age »>= 18 && integer time >= 2010 ]
{
Sex+ *
StartDecile+ =
split(time of birth, COHORTISIMYELR)+ *
{
value in(HHLaborIncome) / unit,
value in(HHNetLaborIncome) / unit,
value in(HHPensionTncome) S unic,
value in(SurviveIncome) S unit,
value in(HHNetIncome) / unit,
value in(HHIncome) / unit,
value in(Aequilncome) / unit,
wvalue in(LaborIncome) S unit,
value in(PensionTncome) S unitc
}
* split(integer age, AGEL)
}:

SPEN Average incoms by type at birthdavs

J//EH Bex
SFEN Start decile
S/EHN Year of birth

J/EN Household labor income

F/EN Household labor income net pension contribut
S/EN Household pension income

SPEN Survival minimum

FS/FEH Household net income

J/EN Household income

JS/EN Legiovalence income

S/EN Indiwvidual labor income

SPEN Individual pension income

S/EN RAge

Call Stack

I,@Threads-lé Modules |£"_| Watch 1 |

g Call Stack

,j,Eireakpclints ||:?| Output |

Ln 235 Col 53 Ch 35



A typical module: (1) Gen. Definitions;

range LIFE /[EN Age range
{
0,100
i
range YOB /[EN Year of Birth
{
1955, 2032
I3
classification SEX I[EN Sex
{
FEMALE, [/EN Female
MALE [/EN Male



parameters

{
double MortalityRate[MUNICIP][LIFE][SEX]; /[EN Mortality rate

double MortalityDecrease, //EN Mortality decrease

MicrolPS - C:\_TIASA\_MicroNPS_V15\Szenarios)Base.sce - |I:I|5|
Scenario  Edit Miew Window Help

HDEEE BB » 1 n BE + | &
- Parameter Groups - ! arameter: Mortality rate

Hl-Genera Demography Municipality tppe: Rowes: Columns:
- Population by year ¢
- Rural-Urban migratic ILIrI:uan vI Age range Sex
- Mortality rate |
- Mortality decrease
[=I- Family Demography b ale
- Family type definitio [N C.0605; 0.05326
0.00625| 0.003535

- Family type distribut
- Age when moving ou
- Bverage age differe
[=I-Health and Disability

- Health risks

- Probability to needr
- Cost of a medical co

- Probability that aielj
1 »
_I_I 0.00106| 0.00038

File View  Group View | 0.00106| 0.00098
Ready | NUM | | e

0.00623| 0.003595 Parameter: Mortality decrease by year

0.00623| 0.00335
0.00623| 0.00335
0.0M55| 0.00134
0.0M55| 0.00134
0.0M55| 0.00134
0.0M55| 0.00134
0.0M55| 0.00134

| = Lo SO - T M | D] PO —

bl =]




A typical module: (3) Actor definitions

i % Tl :

IF |

actor Person
5/ Simple States
logical alive = { TRUE;
/[ Events
event timeMortalityEvent, MortalityEvent;
/I Functions
double LifeExpectancy( int nYob, int nSex, int nMunicip, int nMinExp);
/[ Derived states (automatically updated)
/[EN HH is poor (below survival income)

logical iIsPoorHH = (Survivelncome > HHIncome);

//EN Current integer age
integer  integer_age = self _scheduling_int (age);



A typical module: (4) Events

Education.mpp |~ PersonCore.mpp | Income.mpp - Mortality.mpp| Tables.mpp | Health.mpp |

TIHME Person::timeMortalityEwvent ()

vold Person: :MortalityEvent ()

i
alive = FALSE;
TotalPensionSaving=s = 0;
Finish():

¥

e —

{
TIME tEventTime = TIME INFINITE;
if ( integer age < MAX (LIFE) && integer age >= 18 && integer time >= 2010)
i
double MortalityHazard = MortalityRate[municip] [integer age] [gex] * pow((l-MortalityDec
tEventTime = WAIT( - TIME( log( RandUniformi(l) )} / MortalitvHazard) ):
¥
else if (integer age >= MAX(LIFE))
{
tEventTime = WAIT (0) ;
¥
return tEventTime;
}




A typical module: (5) Tables

MicroNP5 - C:\_IIASA\ MicrolPS_V15\5zenarios\Base.sce
Scenario Edit View Window Help
DS HE s+ 2R » 1 s &E + |57
e
E‘ NPS fees Transformation: alue
i i Monthly account ma
Average transactior Sex R Columms:
i Account opening fee I 'I alendar year Age grou
: E----I'v1ar'|ag|en1£r‘1?tFege Female calsndaryeat fge gocp =
E--Edumtinn L
+ Education distributio <20 [2050 [50-60 [60-70 [70-80 [80+  [al
=)+ Table Groups [20112012) | 072 059 056 053 N
- Total population and life [20122013) | 071 057 057 0.58 ] !
F¥l- Fertiity [2013.2014) | 070 057 053 067
[#l- Sickness and disability [2014.2015) | 067 056 052 056 B
&=+ Income and Poverty [2016200E) | 067 054] 052 075 085
-~ Time spentin poverl [2016.2017) | 063 053] 051 078 054
. " Average income by [2017.2018) | 063 051 051 076 053
- Pensions [20182018) | 063 050 051 072 052
- Fund Aggregates || | 292020 | 05| 048] 043) 075 051
4 I I [ 3 | T o o B T e e I O T . o] IwiF Il ] = [wl =il x
File View G“D“EWI — : : — ”
Ready [ o[ End 4
table Person Tabll PoorPerson /[EN Time spent in poverty
[ integer_age >= 18 && integer_time >= 2010 ]
sex+ * IIEN Sex
duration (isPoorHH, TRUB/ duration () /[EN Poverty rate decimals=2
* gplit  (integer_time, CALSIMYEAR) /[EN Calendar year
* age_class+ /[EN Age group

h



Summary & Conclusions

http://www.statcan.qgc.ca/microsimulation/modgen/modgen-enqg.htm

Devel oper 6s gui de
Commented list of models using Modgen
Documented example models

Software download: Modgen & examples

Teaching material also at: www.spielauer.ca

For programming MS VSO08 is required, a free 90 day trial can be

downloaded at www.microsoft.com (the academic license is 1009$)

STC provides technical assistance, supports prototype development,

open for project partnerships, technical centre & subscriptions

Modgen web goes public soon
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