CONSTRUCTION OF A RELIABLE AND ROBUST REVENUE AND EXPENDITURE SOCIAL SECURITY PENSIONS’
PROJECTION MODEL

THE MAIN QUESTION OF THE RESEARCH
How to create a reliable revenue and expenditure and robust projection model of social security pensions

THE ISSUE:

Periodic reporting of future social security revenue and expenditure is required, according to the
requirements of the European Union, as well as many other sets of countries around the world. The
demographic valuation, along with all its accessory measurements, such as fertility, mortality, migration,
etc., affects the economic situation of countries while vice versa the macro and micro economics of
countries affect the demographic evolution. In order to properly study the projection of future social
security earnings and expenses, all economic, demographic and other labor market assumptions need to
be fully consistent, reflect trends and deliver the most accurate results possible. Valuations should
withstand comparisons and controls for both quality and quantity. The standards that have already been
developed for the purpose are for the most part macro-finance, micro-simulation or macro-simulation. In
our experience these approaches do not qualitatively correlate to the above sizes, are relatively opaque
and not flexible.

METHODOLOGY:

Developing the theoretical background for the creation of a mixed methodology that will simultaneously
mimic the peer generation of population (cohort) macrosimulation and microsimulation within the cohort,
we can exploit the proper mathematical model, data and past experience to create a reliable template.
Thus, the cohorts of population will stay in some states for a little while (unemployment) or for longer
periods of time (work, permanent disability) or they will be absorbed (death) depending on the probability
of the statistics and / or probability theory. The model will also specify individual profiles, or those of the
thinnest groups in relation to their characteristics (salary, career, age, gender) in each situation where
groups or individuals will be stationed. The model will consist of two sub-models: 1. The macrosimulation
one that will carry out the demographic projection and therefore the projection of the workforce in
relation to the number of people by age, gender and time in each category. This sub-model will be a
macro-simulation and 2. The microsimulation other that will carry out the financial projection in relation to
the social security contributions (revenues) and benefits (expenses) depending on the profile and number
of the projected groups in sub-model 1. The second sub-model is about substantially with the projection of
the salary of the employees and the income of the self-employed and will be a micro-simulation one.

RESTRICTIONS:

The MODEL is only limited in practice by the absence of the possibilities of transition from one situation to another.
Therefore, Monte Carlo simulations can be performed to produce results close to the assumptions required, as well
as to test for consistency with macroeconomic trends.

DATA:

The data needed to feed the model in the examples will be of two types: 1. Macroeconomic and demographic
assumptions that will be considered as exogenous parameters; 2. Person-by-person data and / or statistics from
social security agencies and labor force research. Examples of requested data and indicative data are listed below:




EXOGENOUS MACRO-ECONOMIC AND DEMOGRAPHIC CASE FOR GREECE FROM THE PROJECT ROUND 2018:

Greece EC (DG ECFIN) - EPC (AWG) 2018 projections
Main demographic and macroeconomic assumptions
Demographic projections (EUROSTAT) Ch 16-70 2016 2020 2030 2040 2050 2060 2070
Fertility rate 0,3 1,39 1,33 1,40 1,46 1,52 1,58 1,64
Life expectancy at birth
males 7,7 78,8 79,6 81,2 82,6 84,0 85,3 86,5
females 6,4 83,9 84,5 85,8 87,0 88,2 89,3 90,3
Life expectancy at 65
males 51 18,7 19,2 20,2 21,2 22,1 23,0 23,8
females 52 21,4 21,9 22,9 23,9 24,8 25,7 26,6
Net migration (thousand) 34,9 -23,9 -16,8 4,1 79 13,3 10,5 11,0
Net migration as % of population 04 -0,2 -0,2 0,0 0,1 0,1 0,1 0,1
Population (million) 3,1 10,8 10,5 9,9 9.4 8,9 8,3 7,7
Children population (0-14) as % of total population -2,1 14,4 13,9 11,6 11,4 12,1 11,8 12,3
Prime age population (25-54) as % of total population 9,7 41,4 39,8 35,2 32,2 32,1 32,1 31,6
Working age population (15-64) as % of total population| -10,4 64,2 63,3 61,0 55,6 51,4 52,7 53,8
Elderly population (65 and over) as % of total population 12,5 21,4 22,8 27,4 32,9 36,5 35,4 33,9
Very elderly population (80 and over) as % of total population 10,1 6,6 7.4 8,8 11,3 14,4 17,2 16,6
Very elderly population (80 and over) as % of elderly population 18,3 30,8 32,2 32,1 34,2 39,4 48,6 49,1
Very elderly population (80 and over) as % of working age population 20,7 10,3 11,6 14,4 20,2 28,0 32,7 31,0
Macroeconomic assumptions* AVG 16-70| 2016 2020 2030 2040 2050 2060 2070
Potential Real GDP (growth rate) 0,8 -1,4 -0,3 0,5 0,8 1,1 1,3 1,2
Employment 15-74 (growth rate) -0,4 -0,4 -0,2 -0,3 -0,8 -0,8 -0,4 -0,4
Labour input : hours worked (growth rate) -0,4 -0,2 0,1 -0,3 -0,8 -0,8 -0,4 -0,4
Labour productivity per hour (growth rate) 1,1 -1,2 -0,4 0,8 1,6 1,9 1,7 1,5
TFP (growth rate)| 0,8 -0,6 0,0 0,5 1,0 1,2 1,1 1,0
Capital deepening (contribution to labour productivity growth) 0,4 -0,6 -0,3 0,3 0,5 0,7 0,6 0,5
Potential GDP per capita (growth rate) 1.4 -0,8 0,3 1,1 1,3 1,7 21 1,9
Potential GDP per worker (growth rate) 1,2 -0,9 -0,1 0,8 1,6 1,9 1,7 1,6
Labour force assumptions Ch 16-70 2016 2020 2030 2040 2050 2060 2070
Population (15-64) (in thousands) -2.785 6.904 6.667 6.050 5.228 4.569 4.357 4.118
Population growth (working age:15-64) 0,3 -1,0 -0,9 -1,1 -15 -0,8 -0,4 -0,7
Population (20-74) (in thousands) -2.804 7.486 7.325 6.870 6.279 5.509 4.906 4.682
Population growth (20-74) 0,3 -0,7 -0,6 -0,6 -1,1 -1,3 -0,7 -0,4
Labour force 15-64 (thousands) -1.627 4.698 4.594 4.320 3.878 3.437 3.241 3.071
Labour force 20-74 (thousands) -1.372 4.736 4.632 4.423 4.113 3.721 3.485 3.363
Participation rate (20-74) 8,6 63,3 63,2 64,4 65,5 67,5 71,0 71,8
Participation rate (15-64) 6,5 68,0 68,9 71,4 74,2 75,2 74,4 74,6
young (15-24)| 2,2 25,7 26,3 27,6 28,5 26,9 27,0 27,9
prime-age (25-54)| 2,8 85,4 86,5 87,4 88,1 88,4 88,1 88,2
older (55-64) 30,2 45,2 48,8 65,0 71,3 74,6 75,3 75,3
Participation rate (20-74) - FEMALES 11,5 55,7 56,4 58,8 60,0 62,2 66,0 67,2
Participation rate (15-64) - FEMALES 9,2 60,7 62,4 66,5 69,4 70,6 69,7 69,9
young (1524)| 1,6 243 24,5 25,7 26,5 24,9 24,9 25,8
prime-age (25-54) 4.9 77,8 80,1 82,2 82,7 82,9 82,7 82,7
older (55-64)| 37,0 34,0 38,3 58,2 65,7 70,3 70,9 71,0
Participation rate (20-74) - MALES 5,0 71,2 70,4 70,3 71,2 72,9 75,9 76,2
Participation rate (15-64) - MALES 3,2 75,6 75,7 76,4 78,8 79,6 78,7 78,9
young (15-24) 2,6 27,1 28,1 29,4 30,3 28,7 28,8 29,7
prime-age (25-54) -0,2 93,3 93,0 92,6 93,2 93,4 93,0 93,1
older (55-64) 22,0 57,6 60,8 72,6 77,4 79,3 79,8 79,6
Average effective exit age (TOTAL) (1) 6,2 61,9 62,9 64,9 66,1 67,0 67,4 68,1
Men 5,6 62,3 63,0 65,0 66,3 67,0 67,2 67,8
Women 6,8 61,6 62,8 64,7 66,0 66,9 67,6 68,3
Employment rate (15-64) 16,8 51,8 57,4 63,3 67,0 69,3 68,5 68,7
Employment rate (20-74) 18,1 48,4 52,8 57,2 59,4 62,5 65,7 66,5
Employment rate (15-74) 17,0 45,4 49,5 53,7 56,3 58,8 61,3 62,4
Unemployment rate (15-64) -15,9 23,8 16,7 11,4 9,6 7,9 7.9 79
Unemployment rate (20-74) -16,0 23,4 16,4 11,1 9,3 75 75 7.4
Unemployment rate (15-74) -16,2 23,6 16,6 11,2 9,3 7,5 7,6 75
Employment (20-74) (in millions) -0,5 3,6 3,9 3,9 3,7 3,4 3,2 3,1
Employment (15-64) (in millions) -0,8 3,6 3,8 3,8 3,5 3,2 3,0 2,8
share of young (15-24) 1,9 4% 5% 6% 6% 5% 6% 6%
share of prime-age (25-54)| -12,3 82% 80% 71% 69% 73% 72% 70%
share of older (55-64) 10,4 14% 15% 23% 26% 21% 22% 24%
Dependency ratios Ch 16-70 2016 2020 2030 2040 2050 2060 2070
Share of older population (55-64) (2) 3,9 19,7 21,1 25,0 26,1 20,9 21,1 23,6
Old-age dependency ratio 15-64 (3) 29,7 334 36,1 44,9 59,2 71,0 67,2 63,1
Old-age dependency ratio 20-64 (3) 32,6 36,2 39,2 48,9 63,8 77,3 73,6 68,7
Total dependency ratio (4) 30,2 55,8 58,0 63,9 79,7 94,6 89,6 86,0
Total economic dependency ratio (5) -50,9 195,6 170,7 150,7 150,5 156,9 154,8 144,6
Economic old-age dependency ratio (15-64) (6) 18,4 62,4 61,0 67,4 80,9 92,8 89,1 80,8
Economic old-age dependency ratio (15-74) (7) 11,7 61,3 60,0 65,3 75,6 84,9 82,0 73,0
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ENDOGENOUS REQUESTED DATA FROM SOCIAL SECURITY SCHEMES PERSON BY PERSON:

KATANOMEZ

ANO APXEIA
NINA ANA TAMEIO, HAIKIA |ENEPFQN EIAIKA NEOEIZEPXOMENQN KAI 2YNOAO ETHZIQN EIZ®OPQN ANA HAIKIA
KAZ 1 KAI ®YAO EMANEIZEPXOMENQN MAHBOZ | ZYNOAO ETHZIN AMOIBAN (ME ANAAPOMIKA)
NINA 2 ANA TAMEIO, HAIKIA |ENEPrQN KAI EIAIKA NEOEIZEPXOMENQN KAI NAHEOS ZYNOAO ATOMQN ANA MAHOOZ MAHPQMENQN é:l"\‘g'/;(/il\:;gmgg ngrc\kggfz AMO 1
KAZ KAI ®YAO EMANEIZEPXOMENQN MHNQN ETOYZ, ANO 1 EQZ 12 EQs 12 !
NINA 3 ANA TAMEIO, HAIKIA (ENEPFQN, ANENEPMQN ('OXI ZYNTASIOYXQN) KAT NAHEOS ZYNOAO ATOMQN ANA MAHOOZ ETQN
KAZ KAI ®YAO EIAIKA NEOEIZEPXOMENQN KAI ENMANEIZEPXOMENQN MPOYMHPEZIAZ, AMNO 1 EQZ 60
NINA a ANA TAMEIO, HAIKIA |ENEPIFQN, ANENEPIQN ('OXI ZYNTASIOYXQN) KAI NAHEOZ ZYNOAO ATOMQN ANA ETOZ MPOMENEZTEPHZ
KAZ KAI ®YAO EIAIKA KAI ENANEL YMHPEZIAZ, AMTO 1955 EQZ 2014
NINA ANA TAMEIO, HAIKIA |ENEPFQN KAI ANENEPTQN ('OXI ZYNTASIOYXQN) ZYNOAO ATOMQN ANA OIKOMENEIAKH KATAZTAZH, MAHOOZ
KAZ 5 KAI ®YAO KAAAOY YFEIAZ MAHEOZ ErTAMOZ, ATAMOZ MEZH HAIKIA 2YZYroY MAIAIQN MEZH HAIKIA NAIAION
NINA ANA TAMEIO, HAIKIA ZYNOAO TEAEYTAIQN ETHZIQN AMOIBQN ANA ETOZ
|KAZ 6 KAI ®YAO ANENEPFQN nAHeoz AIMO 1955 EQF 2013
ANA AITIA AIAKOMHZ: 1-pn kataBoAn el0Qopmv, 2-
NINA ANA TAMEIO, HAIKIA dAAwon diakonng yia aAhayn Tapeiou 3-
kaz |’ |KAI oYAO ANENEPTON MAHOOZ ouvTakind6on and iAo Tapeio, 4- Bavaroc, 5-
AAR
ANO APXEIA

ZYNTASIOYXQN FHPATOZ ANAMHPIAZ XHPEIAZ
EIA’;A 7 :2?;:%:10' HAIKIA OP®ANEIAZ KAI EIAIKA NEQN ZYNTASIOYXQN NAHEOZ iﬁxgsg;;:j!n’\‘ MAPOXQN ANA HAIKIA (ME

THPATOZ ANAMHPIAZ XHPEIAZ OP®ANEIAZ ETOYZ
:IA';A 8 :2?;¢:\4§IO, HAIKIA NEQN ZYNTASIOYXQN FHPATOZ ETOYZ AITO ENEPIFOYZ |TAHOOZ | ZYNOAO MOZQN TEAEYTAIOY MIZO0Y
NINA ANA TAMEIO, HAIKIA |NEQN ZYNTASIOYXQN FHPATOZ ETOYZ AITO
KAZ 9 KAI ®YAO ANENEPFOYE MNAHOOZ | ZYNOAO MOZQN TEAEYTAIOY MIZO0Y

ZYNTASIOYXQN FHPATOZ ANAMHPIAZ XHPEIAZ
EIA';A 10 :2?;::\4510' HAIKIA OP®ANEIAZ KAI EIAIKA NEQN ZYNTASIOYXQN NAHOOZ éﬁ?gﬁ;\gZAL?rﬁg;NA CIKGIENELRUATSIAZLY MEZH HAIKIA ZYZYTOY P}Q’:Aelgi MEZH HAIKIA NAIAIQN

FHPATOZ ANAMHPIAZ XHPEIAZ OP®ANEIAZ ETOYZ !

ENDOGENOUS NEEDED STATISTICAL DATA FROM THE HELLENIC STATISTICAL SERVICE AND OTHER SOCIAL SECURITY
DATA PROVIDERS:

MNAHOOZ ANMAZXOANOYMENQN ANA HAIKIA ®YAO KAI KAAAO
AMNAZXOAHZHZHZ (H KAI TAMEIO)

MIZO0I H EIXOAHMATA, PERCENTILE ANA HAIKIA ®YAO KAI KAAAO
AMNAZXOAHZHZHX (H KAI TAMEIO)

MPODIN KAPIEPAZ, ETH MPOYTMNHPEZIAZ, HAIKIA EIZOAOY ZTHN ArOPA
EPFAZIAZ ANA HAIKIA ®YAO KAI KAAAO AMAZXOAHZHZHZ (H KAI TAMEIO)

AANATH ®OPEA -ETMAITEAAMTOZX MNOZEZ ®OPEZ ANA HAIKIA ®YAO KAI
KAAAO AMNAZXOAHZHZHZ (H KAI TAMEIO)

XPONOZEIPEZ

XPONOZEIPEZ

NMOZ0=TO ANEPIQN MOY EMANENTAZONTAI THN EPFASIA ANA TAMEIO
(IKA, OAEE, OTA)

MEZO3Z XPONOZ ANEPIIAS MPIN THN EMANENTA=H ANA TAMEIO (IKA, OAEE,
OrA)

MOZ0=TO ANEPIQN MOY AEN ENANENTASONTAI STHN EPFASIA ANA
TAMEIO (IKA, OAEE, OTA)

MEZO3> XPONOZ ANEPI'IAZ ANA TAMEIO (IKA, OAEE, OrA) MPIN THN ENTA=H
>TON ANENEPIO MAHOYZMO (EKTOS E.A,)

MEZO3> XPONOZ ANEPI'IAS ANA TAMEIO (IKA, OAEE, OFA) MPIN THN ENTA=H
>TON ANENEPIO MAHOYZMO (EKTOS E.A,)

XPONOZEIPEX

XPONOZEIPEX

XPONOZEIPEZ

NAHOOZ ANAZXOANOYMENQN ZE ANEMIZHMH EPFAZIA ANA KAAAO (H

10 TAMEIO), HAIKIA KAI ®YAO

XPONOZEIPEZ

TEAEYTAIOZ MIZ00X NEQN ZYNTAZIOYXQN ANA HAIKIA ®YAO KAI KAAAO (H
TAMEIO)AMNAXXOAHZHZ

MPOYMHPEZIA NEQN ZYNTAZIOYXQN ANA HAIKIA ®YAO KAI KAAAO (H
TAMEIO) ANAXXOAHZHZ

AOrOZ ANMOXQPHZH> NEQN ZYNTAZIOYXQN (NQPITEPO AYNATO ME
E=ArOPA XPONOY YIHPEZIAZ, NQPITEPH ©EMEAIQZH, NMPOQPH
2YNTAZIOAOTHZH, KANONIKH XYNTAZIOAOTHZH, KAOYZTEPHMENH
2YNTAZIOAOTHZHZ, AITO ANENEPIOZ KTA) ANA KAAAO (H TAMEIO

11 XPONOZEIPEX

12 XPONOZEIPEX

13 XPONOZEIPEX




POPULATION PROJECTION EXAMPLE:

The following states exist:

1.“EM” employed person(or active personl)

2.“ACTIVE DEATH” death of active person

3.“DIS” disabled person

4.“DIS DEATH” disabled person’s death

5.“IN” inactive person (outside the labor market and non unemployed)
6.“IN DEATH” death of an inactive person

7.“0ld Age Pensioner”

8.“UN” unemployed person (or active person 2)

The probabilities of transition Rij (i, j = 1,...8) respectively from one state to another, as a figure are:

B33 DIS

i R34 DEATH

Ri1 R13 o RER
R33
R18_

. R57 R76-— R87
R17 0ld Age
Pensioner

R77




The following transition matrix differs according to age(x), gender (gi, i=1,2) and projection year (t) :

INDEX STATES 1 2 3 4 5 6 7 8 ROW SUMS
1 EM (ACTIVEL) RI1 § RI2 ; RI3 0 RI5 0 RI7 : RIS Pl
2 ACTIVE DEATH 0 0 0 0 P2
3 DIS 0 R33 i RA 0 P3
4 DIS DEATH 0 0 0 P4
5 IN R51 0 0 R55 ¢ R56 ¢ R57 & R58 P5
6 IN DEATH 0 0 0 0 0 0 0 P6
7 OLD AGE PENSIONERS 0 0 0 0 0 R76 ¢ R77 0 P7
8 UN (ACTIVE2) R61 { R82 { RE3 0 R85 0 R67 : R8S P8
COLUMN SUMS Sl S2 S3 M S5 S6 S7 S8 TOTAL

Through MC simulation appropriate probability distributions can be attributed for every transition. Moreover in a
dynamic changing environment we can be leaded to conclusions in respect to the evolution of these probabilities
over time.

PART OF THE MATHEMATICAL TYPOLOGY:

Sub model 1: Macro simulation projection of active (employed + unemployed) population:

For simplicity a connection between transition probabilities with usual actuarial symbols is
performed. So for an active (a) person aged x, with gender male (g1) at year t:

g1 qu,t) = R17 =R87

From mortality tables the probability of death of an active male between ages x and x + 1,
between years tand t+1is g, q‘(‘x,t)

g1 xn =R13 = R83

Respectively 41 i(y) is the probability of disability of an active male between ages x and x + 1,
between years t and t+1 is and

g1 T(x't) = R18

g1 Txp) 1S the probability of exit to pension of an active male between ages x — 1 and x,

between years t and t+1 .

If in the base year which is symbolized by = 0, the number of active males, (gender g,) per age
(x = 15,...,75), is g, Actives, ;) then we can calculate this number i.e for next year t+1, for the
first projection year t+1=1




Calculations’ process in year t+1for active people:

1) Number of new deaths:

g1 NewDeaths(xﬂ,Hl) =g ACtiveS(x,t) * g1 qu,t)

2) Number of new disabilities:
g NewInvalids 14,1y = g, ACtivespy * g7 Uz

3) Remaining actives from year t to year t+1 after subtracting deaths, disabilities and
retirements:

g, RActives x,q11) =

= |, Actives(yy — g, NewDeathsyi1e+1) — g, NewInvalidseprerny | * (1 — g, Terresn) =

R11 x ; Actives(y s

4) Having assessed the new entries of active people to the labor market at age x + 1 for the
year t + 1, the number of active people for the year t+1 ,, Actives 1,41 is calculated:

If 4, NActives ,,1..1) are the new entrants in year t+1
Then , Actives yiq:i1) = g, RACtiVES(xi111) T g, NACtiVeS xy1t41)

All the equations above hold for the female population, with gender g2. H {(wa péBodocg,
XPNOLULOTIOLWVTOG TIVAKEG PE avTioToLXEG TBavoTnTeg yla BnAug (g,), ya va urmtoAoyLotel
T0 MANBOG TWV EVEPYWV YUVALKWY TOU TIPWTOU ETOUG 4. ACtives y y

MAIN ASSUMPTIONS:
All macroeconomic assumptions are exogenously provided for all the projection years 50-70. We also assume that
data person by person are provided by the social security schemes.

PUBLIC DOCUMENTS:

Results social security projections and valuations as well as described methodologies exist for all member states of
the European Union at least from 2000 and onwards every three years’ time until 2018. Other countries have
performed similar valuations that can be also used.
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