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MODELLING THE PENSION SYSTEM IN AN 
OVERLAPPING-GENERATIONS GENERAL 
EQUILIBRIUM MODELLING FRAMEWORK1

MIROSLAV VERBIČ*

ABSTRACT: Th is article presents a theoretical contribution to the fi eld of overlapping-gen-
erations general equilibrium modelling, i.e. an upgrade of this branch of models with a 
pension system. Within the pension block we model both the fi rst pension pillar, fi nanced 
on a pay-as-you-go basis, and the fully-funded second pillar of the Slovenian pension sys-
tem. Th e modelling of the fi rst pension pillar is based on cash fl ows of the mandatory pen-
sion insurance institution, the relationship between the pension base and the pension, and 
the process of harmonising pension growth with wage growth. Th e modelling of the second 
pillar centres on implementation of the liquidity constraint. Use was made of supplemen-
tary pension profi les, and the ratio between premia paid and pensions paid out from sup-
plementary pension insurance. Th e total pension category was also introduced and the 
model ensured that at every point households adjusted the scope of labour supply and their 
current consumption towards the target total pension.
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1. INTRODUCTION

Eff ectively monitoring the consequences of economic policy on social development de-
mands an appropriate tool, namely one capable of refl ecting the complex consequences 
of the impact of overall and individual social and tax policy measures for households 
and the national budget. Overlapping-generations general equilibrium (OLG-GE) mod-
els currently represent the most advanced form of numerical general equilibrium models 
1 Th is research was funded jointly by the Ministry of Finance, Ministry of the Economy, Ministry of Health, 
and Ministry of Labour, Family and Social Aff airs of the Republic of Slovenia under contract nos. 3311-02-
828610 and 3311-04-828915. I am very grateful for the data and very helpful comments from Renger van 
Nieuwkoop, Boris Majcen, Tine Stanovnik, Jože Sambt, Mateja Slapar, and two anonymous referees. Respon-
sibility for the views expressed and any remaining errors is mine alone.
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and it is for this reason we fi nd them suitable for this task. Th e case in hand involves a dy-
namic model of a national economy including overlapping generations of various house-
holds, distinguished according to size of household and income level, which maximise 
the total utility over the lifespan, assuming perfect foresight. Th is kind of model facili-
tates the monitoring and forecasting of complex short-term and long-term consequences 
of demographic changes – (continued) ageing of the population being key among them 
– on individual categories of public fi nance, as well as the impact of changes in the tax 
system and social security system on the fl exibility, competitiveness and thus growth of 
the economy.

Th e advantages that overlapping-generations equilibrium models off er in compari-
son to other modelling tools, such as actuarial models of pension reforms and gen-
erational accounting models, are not to be searched for directly in the modelling of 
specifi c socio-economic phenomena such as a demographic slowdown of GDP, but 
fi rst and foremost in the key characteristics of general equilibrium modelling which 
are closer to the functioning of the actual economy, making the results of the model 
more realistic and reliable. Of course, this entails modelling mutual interactions and 
feedback eff ects between macro-economic aggregates that simpler models are unable 
to capture. Th is is seen in the analysis of the pension system, where a link has to be 
established between labour endowment and labour price; unfavourable demographic 
changes will lead to a reduction in the active working population and hence the la-
bour endowment, which will lead to an increase in the price of labour (wages) above 
steady state growth. Since pension dynamics depend on the dynamics of wages, this 
also means higher pension expenditure. It can be seen that modelling relationships 
of this kind is vital for ensuring a realistic and accurate analysis is produced using a 
model of this kind.

Th e contribution of this article to overlapping-generations general equilibrium mod-
elling relates to modelling the pension system within a dynamic general equilibrium 
framework, both the mandatory pay-as-you-go (PAYG) fi nanced component as well as 
the fully-funded (FF) supplementary component of pension insurance. Studying the 
modelling of the pension system should be addressed primarily within the context of 
implementing the transition from a pay-as-you-go fi nanced system to a fully-funded 
system, and other ongoing changes in pension legislation that are becoming increas-
ingly prominent in Slovenia. Th e second chapter thus provides a brief description of the 
SIOLG 2.0 dynamic general equilibrium model of the Slovenian economy, which will 
serve as the basis for modelling the pension system. Th e third chapter covers the model-
ling of the fi rst pillar of the pension block, considering the mandatory pension insurance 
institution, the relationship between the pension base and the pension and addressing 
the relationship between premia paid and pensions paid out from supplementary insur-
ance, which will fi nally enable us to model supplementary pension insurance within the 
pension block of our model (the fourth chapter). Th e fi ft h chapter concludes the article 
with the key fi ndings.
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2. THE OLG-GE MODEL OF THE SLOVENIAN ECONOMY

Th e model SIOLG 2.0 is a dynamic overlapping-generations general equilibrium model 
of the Slovenian economy2, based on social accounting matrix (SAM) for the year 2000, 
data on the demographic structure of the population, expected future demographic de-
velopments, characteristics of Slovenian households, and the breakdown of households 
into generations (Verbič 2007). Th e model has been developed with the very intention 
of analysing the sustainability of Slovenian public fi nances3, although it can be used to 
analyse any part or any sector of the economy.

Th e starting points of the OLG-GE model are the life cycle theory of consumption by 
Modigliani and Brumberg (1954) and the permanent income hypothesis by Friedman 
(1957), which are actually special cases of the more general theory of the intertemporal 
allocation of consumption (Deaton 1992). Unlike in Keynes’ theory of behaviour of con-
sumption and savings, based only on current income, in the OLG-GE model consump-
tion and savings are derived from intertemporal optimisation behaviour and are there-
fore dependent on full lifetime income. In the simplest case of unchanged income until 
retirement (Modigliani 1986), consumers save during their active lifetime and spend 
their savings aft er the retirement in order to maintain unchanged consumption. Th e 
retirement is therefore the raison d’etre for saving.

Overlapping-generations general equilibrium models represent the pinnacle of dynamic 
CGE modelling. OLG-GE modelling was fi rst proposed already by Samuelson (1958) 
and Diamond (1965), but did not become an established means of economic model-
ling until Auerbach and Kotlikoff  (1987) who constructed a relatively large and detailed 
computable model of the American economy based on a detailed decomposition of the 
consumption side of the model which means that, unlike in the Ramsey-type models, 
consumers live a fi nite length of time but long enough to live at least one period with 
the next generation of consumers. Defi ning consumers by their birth cohort enables an 
analysis of inter-generational eff ects which makes OLG-GE models especially valuable 
for the analysis of tax policies, pension policies and other social policies.

Besides the path-breaking work of Auerbach and Kotlikoff  (1987), one should emphasise 
a number of contributions that have signifi cantly infl uenced the fi eld of OLG-GE model-
ling. Rasmussen and Rutherford (2004) provided a compact approach to the numerical 
simulation of overlapping-generations models with perfect foresight and fi nite lifetimes. 
Th eir exposition presented the fundamental characteristics of this class of problems, for-
mulated using the complementarity framework. Th ey addressed some important issues 
regarding the representation of international trade, bequests, government tax and ex-

2 Th e equations of the model SIOLG 2.0 (excluding the pension system, the representation of which is the 
main purpose of this article) are presented in Appendix 1. Th e variables of the model (including the pension 
system) are presented in Appendix 2.
3 Readers are invited to consult Verbič et al. (2006), Verbič (2007), and Verbič (2007a) in order to obtain an 
insight into the consequences of the ageing population in Slovenia for welfare, macroeconomic aggregates, 
supplementary pension saving and public fi nance sustainability.
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penditure policies, and the labour-leisure choice with endogenous retirement. Hviding 
and Mérette (1998) and Fougère and Mérette (2000) incorporated endogenous growth, 
which was generated by the accumulation of both physical and human capital. Th ey es-
tablished that the estimates of the long-run economic eff ects of population ageing are 
signifi cantly altered when the model features endogenous growth. Equipe Ingénue (2001; 
2001a) developed a multiregional world model in which the structure of each regional 
economy is similar to that of other OLG general equilibrium models, except for the ex-
ogenous labour supply. Aglietta et al. (2007) and Equipe Ingénue (2007) upgraded the 
initial model with imperfect fi nancial markets, stochastic life expectancy and bequest 
motives.

Th e dynamic general equilibrium model SIOLG 2.0 comprises not only the standard 
model structure of a national economy, but also the demographic block and the pension 
block, within the framework of which the fi rst and second pillar of the Slovenian pen-
sion system are being modelled. Since the model incorporates most of the contemporary 
techniques of CGE modelling, the extent to which this fi eld in Slovenia lagged behind 
the rest of the world has practically been eliminated. Namely, the model is built within 
the general algebraic modelling system (GAMS) which has become both the most widely 
used programming language and most widespread computer soft ware (Brooke et al. 
1998) for constructing and solving large and complex CGE models.

Within the GAMS framework, the dynamic general equilibrium model is written in 
Mathiesen’s (1985) formulation of the Arrow-Debreu (1954) equilibrium model, i.e. as 
a mixed-complementarity problem (MCP). Th e key advantage of this formulation is the 
compact presentation of the general equilibrium problem which is achieved by treating 
variables implicitly and thus signifi cantly reducing the computation time for higher-
dimensional models. Namely, the mathematical programme includes equalities as well 
as inequalities, where the complementarity slackness holds between system variables 
and system conditions (Rutherford 1995a; Böhringer et al. 2003). Functions of the model 
are written in Rutherford’s (1995) calibrated share form; a reasonably straightforward 
algebraic transformation which nevertheless considerably simplifi es the calibration of 
the model (Böhringer et al. 2003; Balistreri and Hillberry 2003). To solve the model, i.e. 
to achieve convergence, a recent version of the PATH solver (Ferris and Munson 2000) is 
used, which is renowned for its computational effi  ciency.

Consumers live in the model according to their expected length of life, i.e. their life ex-
pectancy at birth. Assuming that the life expectancy is approximately 80 years and that 
the active lifetime period starts at the age of 20, there are 60 generations in each period 
of the model. Th ere is a new cohort of consumers born in each such period, thus in-
creasing the population while at the same time a number of consumers die and decrease 
the total population. Consumers are observed in fi ve-year intervals within households 
which maximise the expected lifetime utility subject to their income constraints, where 
one has to put out the need to save for retirement and to support children. Households 
are diff erentiated in the model according to year of birth, income and size; within each 
cohort a distinction is made between a couple without children and a nuclear family with 
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two children on average, and fi ve income profi les representing diff erent income brackets. 
Consequently, there are ten versions of the model altogether, which facilitates an analysis 
of intra-generational eff ects of diff erent economic policies.

Th e volume of labour and labour productivity growth are given exogenously. Changes 
in wages are refl ected in changes in the labour supply. Th e consumption of households 
with children is additionally corrected due to the extra cost per child where children are 
born in the childbearing age of a woman or, to be precise, a household, i.e. in the age 
bracket of 20-40 years. In the fi rst ten years aft er retirement the household comprises two 
adults, and then one adult. Saving decisions of households aff ect investment decisions of 
fi rms in the capital markets and thus future production. Th e eff ects ascribed herein have 
recurrent eff ects on the product market through decreasing prices and on the labour 
market through higher productivity, leading to higher wages and fi nally the higher in-
come of households. Both eff ects can be analysed with a dynamic OLG-GE model quite 
straightforwardly.

Th e perfect foresight assumption in the forward-looking model specifi cation implies the 
ability of households to perform the intertemporal optimisation of the present value of 
entire future consumption. In other words, consumers have full information at their 
disposal, on average adopt the right decisions and are familiar with future modifi cations 
of key economic indicators, which is the quintessence of rational expectations. Th ey are 
able to anticipate new policies and prepare themselves for future changes. Th e assump-
tion of an equilibrium in all markets and the assumption of achieved sustainable eco-
nomic growth enable the analysis of diff erent scenarios which cause deviations from the 
reference growth path and changes in macroeconomic and microeconomic indicators. 
Th is is especially important when analysing social security because it enables a projec-
tion of the eff ects of demographic changes on the social security system. For this we 
have available three variants of demographic projections; the low variant combines lower 
fertility with lower life expectancy and lower net migration, while the high variant com-
bines higher fertility with higher life expectancy and higher net migration than in the 
reference medium variant.

On the other hand, the assumption of perfect foresight is also valid for fi rms which max-
imise profi ts within an environment of perfect competition. Technology is given by the 
constant elasticity of substitution (CES) production function. Th e number of production 
sectors in the model depends on the availability of the input-output table for the base 
year, which means there are 60 sectors of the standard classifi cation of activities (SCA) 
available for discretionary aggregation. Government spending depends on economic 
growth and growth of the population, and is fi nanced with revenues from personal in-
come tax, capital income tax, value-added tax and import duties. Th e sources of revenue 
for the Slovenian system of public fi nances represent various possibilities of funding dif-
ferent economic policies in the simulation phase of the modelling.

Th e dynamic general equilibrium model SIOLG 2.0 is closed using Armington’s (1969) 
assumption of imperfect substitutability whereby commodities are separated by their 
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source into domestic and imported products. Demand for imported products is derived 
from the cost minimisation criterion of fi rms and the utility maximisation criterion of 
consumers. As regards the export side of the model, domestically produced products are 
sold at home and abroad but are nevertheless treated as imperfect substitutes. Slovenia is 
assumed to be a small open economy, implying that changes in the volumes of imports 
and exports do not aff ect the terms of trade. International capital fl ows are endogenous 
given the intertemporal balance of payments constraint.

3. MODELLING THE FIRST PENSION PILLAR

Activities within the basic pension system in the Republic of Slovenia can be divided into 
at least two parts: (1) activities that occur before the pension accrual when the insured 
person reaches retirement age, ar, and are actually linked to the accrual process; and 
(2) activities that occur aft er pension accrual that are linked to changes in the pension 
value over time. In order to present the otherwise complex mandatory pension system 
in Slovenia in a more understandable manner, the fi rst part of the mandatory pension 
insurance activities are further broken down into the valuation of the pension base and 
pension accrual. Th is makes three phases of pension activity: (1) valuation of pension 
base; (2) pension accrual; and (3) harmonising pension with selected national economic 
indicators (indexation). Th e fi rst two phases take place simultaneously, while the third 
phase follows. Th e mandatory pension insurance system is thus described in Figure 1.

FIGURE 1: Functioning of the fi rst pension pillar in Slovenia 

Below we describe the structure of the fi rst pillar of the Slovenian pension system as 
modelled in the SIOLG 2.0 dynamic general equilibrium model of the Slovenian econo-
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my. Th e modelling can roughly be divided into: (1) revenues of the Institute for Pension 
and Disability Insurance and total pension expenditure; (2) (minimum) pension bases 
and pensions of households of an individual generation; and (3) pension indexation (har-
monising pension growth with the growth of wages).

3.1 Th e Mandatory Pension Insurance Institution

In Slovenia the mandatory pension insurance institution is known as the Institute of 
Pension and Disability Insurance (IPDI). Since the article deals with fi ve-year intervals, 
one can de facto discuss mandatory pension institution revenues and expenditure at a 
fi ve-year level in this model. Th ey are modelled in the form of the income of IPDI on one 
hand, and total pensions expenditure on the other.

Th e income of the IPDI, incIPDI,t, primarily comprise mandatory pension contributions 
(contribution rate rent

lt ) and where required general government transfers, while alter-
natively mandatory pension insurance may also be fi nanced with revenues from tax on 
labour income (via replacement contribution rate τl,t

rent, applied to the gross labour cost 
( ) , , , , , ,1 l el t g h l t g ht p y+ ), tax on capital income (with replacement tax rate τr), or value-added 
tax (with replacement tax rate τVAT,t). Th is gives the following expression with optional 
components to match the model scenarios:

(1)

where tq  is the reference steady state level, tp  the reference steady state price, , ,t g hc  the 
reference private consumption, yc,t,g,h the level of private consumption, pc,t,g,h the price of 
private consumption, βh,s the share of sector s goods in material consumption, yt,s the lev-
el of domestic production, pA,t,s the price of Armington goods, pva,t,s price of value added, 
yl,t,g,h the level of labour supply, pel,t,g,h the price of leisure, ,t sR  reference capital services, 
pr,t the price of capital services, tg  reference government consumption, yG,t level of gov-
ernment consumption, pG,t price of government consumption, pf price of foreign curren-
cy, 

,IPDI tζ  reference government transfers to the IPDI, σcc substitution elasticity between 
consumption components, and σkl substitution elasticity between labour and capital.
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Th e total pension expenditure of IPDI equals , ,t g h
h g

aggpens∑∑ , where the aggregate pen-

sion, aggpenst,g,h, paid to household h of generation g, is expressed as follows:

  (2)

where μB is the benchmark scenario multiplier (where it equals 1, otherwise it is 0), μt,g
aret 

is the multiplier for time periods in which generation g is retired, vrh
g,h is the number of 

retired households, θ#
g,h the number of adults in a household and 

, ,t g hpens  is the pension 
of each retired household h of generation g in time period t.

3.2 Th e Pension Base and the Pension

Individual pensions , penst,g,h, are expressed in the benchmark scenario as:

(3)

while their calculation in counterfactual scenarios is expressed separately for persons 
who already retired in the fi rst period:

(4)

and for persons who have not yet retired:

(5)

where 
, ,t g hpens  is the benchmark pension, μt,g

alive
,h the multiplier for households already 

existing in the fi rst model period, μwh
t,g,h the multiplier for households that live entirely 

within the model horizon, ξ correction factor for the calculation of pensions, required 
due to the diff erences between the model calculations of pensions and the IPDI proce-
dures, ιt,gren the pension index for calculating the pension of generation g, αg the accrual 
rate for calculating the pension of generation g, 

,
mm
g hpb  the pension base for calculating 

the pension of generation g with a correction for the minimum and maximum pension 
base, and γ is the steady state growth rate.

For those people who already retired in the fi rst model period, there are no income pro-
fi les available to calculate their pensions in this period which in turn demanded an alter-
native solution. Expression (4) therefore relates to the pension base:
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Pursuant to the new pension law of 1999, the pension base is calculated on the basis of 
the best consecutive 18 years of income from employment (gross wage). For the purposes 
of this OLG-GE model these are assumed to be the last 18 years. Since the dynamic 
model SIOLG 2.0 is based on fi ve-year intervals, an approximation of the pension base is 
arrived at using the best 17.5 years instead of 18 years of wages.

Wages for period t are not valued using a wage index for the period, but with the pension 
index also used by Wiese (2004). Th e pension index was the same as the wage index until 
1990, but from then on it started to be adjusted according to a relatively untransparent 
system described in detail in Verbič (2007: 200-203). Th e valuation process subsequently 
had a signifi cant negative impact on the replacement rate, as pension indexation was 
lagging behind wage growth from 1991 to 2005. Table 1 indicates the correction of the 
pension base by the valuation coeffi  cient as planned by the 1999 pension legislation (Of-
fi cial Gazette of the Republic of Slovenia, No. 106/99). Th e valuation coeffi  cient for 2005 
is just 0.777, which basically means that someone who has been earning the average wage 
throughout his or her career and retired in 2006 will have a pension base for calculation 
of the pension reaching 77.7% of the average wage.

TABLE 1: Value of the valuation coeffi  cient in real terms at a 2.5% steady state growth 

Year Valuation coeffi  cient

2000 0.82
2005 0.78

2010 0.76
2015 0.74
2020 0.72
2025 0.71
2030 0.69

Note: Valuation coeffi  cients are calculated such that at a 2.5% steady state growth and 80% indexation of 
pensions to wages they ensure the horizontal equality of pensioners retiring (under equal entry conditions) 
under the old Pension Act (OGRS, No. 12/92) and the new Pension Act (OGRS, No. 106/99).

Source: Pension and Disability Insurance Act (OGRS, No. 106/99); own calculations and model simulations.

In terms of calculating the pension base, one can speak of a covert “valuation tax” which 
reduces the individual’s pensionable income for calculation of the pension base (Wiese 
2004: 32, 36-47). Th e shock that economic policy caused to the pension system in 1991 
when pensions were not indexed to wage growth was transferred by the 1999 pension re-
form into the system of calculating the valuation coeffi  cients, which made the method of 
calculating the pension base, and hence also pensions, very untransparent. In this model 
the valuation coeffi  cient remains unchanged aft er 2030 as it is assumed that a continued 
fall would lead to unacceptably low pensions4.

4 If the valuation of the pension base had not been restricted in the model, the tax rate of the valuation tax 
would have been asymptotically approaching 100% and thus the value of the replacement rate would have 
been approaching zero. It is assumed that this would lead to changes in pension legislation.
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Based on stochastic simulations, Wiese (2004) indicated in the case of the pension in-
dexation that was valid before the change in the method of harmonising pensions in 
2005 (Offi  cial Gazette of the Republic of Slovenia, No. 72/05), that the pensions index 
was lagging behind the wage index by 0.5% in over 80% of replications. It can be assumed 
that between 2000 and 2005 the pension index was equal to the wage index, reduced by 
0.5%. Th e change in the pension legislation in 2005 (Offi  cial Gazette of the Republic of 
Slovenia, No. 72/05) limited the value of the valuation coeffi  cient to 0.777, as specifi cally 
indicated in Table 1. Another option is the use of wage indexation in simulations where 
the wage index is multiplied by the exogenous factor KWI. Th is can be changed appropri-
ately, thus adjusting the calculation of pensions.

Modelling the pension base is carried out in several parts which are brought together 
in expression (5). Th is is required because the system for defi ning pensions (valuation, 
accrual and indexation), which is given in Figure 1 is complex and specifi c to each gen-
eration. It is therefore impossible to model the procedures of the pension defi nition with 
a suffi  cient degree of realism and consistency in a generation-independent way, as is 
possible in some less complex pension systems such as the Swiss system (Müller et al. 
2003). To this end, the article fi rst defi nes the pension index for pension calculation, then 
calculates the pension base and fi nally corrects the calculated pension base by taking 
the minimum and maximum pension base into account. Th e next section indicates the 
modelling of harmonising pensions with wages.

Th e pension index for calculation of the pension of generation g, ιt,grent, is given by the fol-
lowing expression:

(6)

where μt,g
aret is the multiplier for the generation that has already retired in year t, μt,g

ret is 
the multiplier for the generation retiring in year t and vtaxt the valuation tax. Figure 2 
indicates the generation-specifi c defi nition of the pensions mentioned above, which is 
expressed in the pensions index via the valuation tax. Th e curve arising from the ori-
gin represents the pension profi le of the generation retiring in the fi ve-year period end-
ing in 2000. Th e value of the valuation tax equals one at the starting point, and then 
changes according to the recursive formula that will be defi ned in expression (16). Th e 
generation retiring in the next period, ending in 2005, has a diff erent pension profi le 
as indicated by the second curve. Th is is achieved by transforming the fi rst curve for 

2005t ≥  using the expression vtaxt / vtax2005. Th e new profi le is acquired by setting the 
original pension profi le to 1 at the moment of the transition (t = 2005) and applying a 
recursive defi nition of the valuation tax, where the original profi le continues along its 
original path.
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FIGURE 2: Generation-specifi c pension profi les

Th e pension base for calculating the pension of generation g (without a correction for the 
minimal pension base), 

,g hpb , is calculated separately for generations born within the 
model horizon (newborn generations):

(7)

and for generations already in existence in the model in the fi rst time period (existing 
generations):

(8)
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bration correction. Th e pension base divisor in our model with fi ve-year time and age 
intervals has on principle the value of 3.5, which assumes that the full service period is 
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where the factor min

ϑ  equalled 39.4% in 2000 for gross wage or 62.5% for net wage (Ma-
jcen et al. 2005a: 142). Th e minimum ( ,

min
t gpens ) and maximum pension ( ,

max
t gpens ) for 

period t are given by expressions:

(10)

while the actual pension for generation g, ,t gpens , based on the minimum pension in the 
base year, min

gpens , is given by this expression:

.                                                      (11)

However, this version of the OLG-GE model uses a max-min formulation for determin-
ing the actual pension directly in the pension base calculation. Th e pension base for cal-
culating the pension of generation g with a correction for the minimum and maximum 
pension base, ,

mm
g hpb , is arrived at using the expression:

,                                                                  (12)

while the minimum pension base of generation g, min
gpb , is given by the expression:

(13)

where ιtmin is the pensions index for calculating the minimum pension base, and minpb  is 
the minimum pension base in 2000 (the base year).

Th e constraint on the product of the pensions index for calculating the minimum pen-
sion (pension base) and the minimum pension base in the base year in expression (13), 

( ) ( )ord ord 4t g= − , is required because the model includes a discrepancy between the 
set of generations g and the set of time periods t, where ord(t) and ord(g) are mathemati-
cal operations that assign numerical values to the elements of sets t and g. Namely, the 
time period set has 2000 (base year) as the fi rst element, while the generation set has 
1945 (the base year reduced by the number of annual generations in the model) as the 
fi rst element. It has to be recalled that the model deals with fi ve-year time periods which 
are constructed so that the fi rst time period covers years 1996 to 2000, and the fi rst gen-
eration covers years 1941 to 1945. Figure 3 presents the background mechanism for the 
constraint on the product of the pension index.

FIGURE 3: Time periods and generations in a dynamic general equilibrium framework
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Take as an example the 12th generation which, for the purposes of the model, was born 
in the fi rst time period5 (1996-2000). Th is generation will retire without pension deduc-
tions in the ninth time period (2036-2040), while its pension will be calculated based on 
service years, which will conclude in the eighth time period (2031-2035). Th is explains 
the gap between the generation and the time period in the constraint on the product of 
the pension index presented by expression (13).

3.3 Adjustment of Pensions with Respect to Wages

As stated above, there is a choice between the approach used by Wiese (2004) and arbi-
trary wage indexation in the approximation of the pension index. Instead of using the 
wage index and pension index, the model therefore only uses the wages index either cor-
rected by 0.5% or multiplied by an exogenous factor. An existing pension is additionally 
corrected with a value of –0.65% until 2025 due to the adjustment of pensions between 
existing and new pensioners, which is described in detail by Verbič (2007: 112-122). Th e 
approach employed by Wiese (2004: 37), which applies in the case of harmonising pen-
sions that was valid before the 2005 change in the pension legislation (Offi  cial Gazette of 
the Republic of Slovenia, No. 72/05), provides the following pensions index:

(14)

while the arbitrary wage indexation that applies independently of the currently valid 
pension indexation percentages gives the following index:

(15)

where KWI is the coeffi  cient of adjustment of the growth of pensions with respect to the 
growth of wages (coeffi  cient of the wage indexation). Approach (15) was employed in this 
article. Th e adjustment of pensions between existing and new pensioners is implemented 
in order to equal the pension levels between former insured persons who have already 
retired and insured persons retiring now. Without the adjustment the latter group would 
have a smaller pension due to the falling value of the accrual rate and the valuation 
coeffi  cient. Th e pensions of existing pensioners are therefore adjusted downwards. Th e 
minimum pension is also adjusted by the pension index and is decreasing relatively over 
time.

5 Th e generation was actually born in the 1976-1980 time period, as generations only appear in the model 
during their active working life, i.e. aft er 20 years of age.
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In our general equilibrium model, the modelling of this part of the pension system has 
also been simplifi ed slightly, which is refl ected in the adjustment of pensions between 
existing and new pensioners being absent. Th e growth in the valuation tax is given in the 
expression below, which de facto presents a recursive defi nition of the valuation tax:

(16)

while the pension index for calculation of the minimum pension base, ιtmin, is given by the 
following expression (Weise, 2004: 47–48):

(17)

where the products , 1

,

(1 )(1 ) l t

l t

p
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p
γ ++ +  in expression (16) and ,

,0

l tt
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pq
pp

 in expression (17) match

the wage growth illustrated in expression (15). In addition to productivity growth, (1 )t
tq γ= + ,

a correction due to the use of discounted prices is also introduced, (1 ) t
tp r −= + .

4. MODELLING THE SECOND PENSION PILLAR

Th e second pillar of the pension system in Slovenia comprises the supplementary 
pension insurance which can be broken down into: (1) individual and collective; (2) 
voluntary and mandatory; and (3) based on employee or employer payments. Fol-
lowing the signifi cant consolidation of the pensions market in the fi rst half of this 
decade, the fi rst and third classifi cations can be regarded as being practically the 
same, and one can speak of individual supplementary pension insurance as insurance 
based on employee payments, and collective supplementary pension insurance as in-
surance based on employer payments. Distinguishing between whether participation 
is mandatory and the type of scheme is somewhat more diffi  cult; individual supple-
mentary pension insurance is voluntary, while collective supplementary insurance 
may be mandatory or voluntary. Unfortunately, the data collected do not permit us 
to distinguish between policyholders in terms of whether their insurance is manda-
tory or not.

In order to model the second pillar of the Slovenian pension system within this OLG-GE 
model, the supplementary pension insurance profi les fi rst have to be designed, which is 
set out in the next section. Th e subsequent analysis addresses the relationship between 
the premium paid and the pension paid out from supplementary pension insurance. Th e 
key elements used in similar models around the world to capture the second pillar are 
then assessed to determine their suitability and feasibility in this model. One of the pos-
sible methods will fi nally be selected on the basis of available resources and implemented 
for the pension block in this OLG-GE model.
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4.1 Th e Supplementary Pension Insurance Profi les

Th e consistent disaggregated data that would be required for any in-depth analysis of 
the pension system’s second pillar, except some partial attempts to collect and analyse 
them (Stanovnik 2004a; Slapar 2005; Majcen et al. 2006), so far do not exist; therefore 
they fi rst had to be acquired and processed appropriately. Th is involves: (1) microdata 
from the Statistical Offi  ce of the Republic of Slovenia (SORS), which were already used 
to analyse the long-term sustainability of the fi rst pension pillar and the signifi cance of 
the second and third pillars (Majcen et al. 2006); and (2) data from the Insurance Su-
pervision Agency (ISA) model’s database, which has already been used to produce the 
projections of revenues and income of voluntary collective pension insurance (Slapar 
2005). Th e SORS microdata supports a detailed analysis of individual supplementary 
pension insurance from the policyholder level to the most aggregated forms, while data 
from the ISA model database supports the analysis of collective supplementary pension 
insurance from the pension institution level up to the most aggregated forms. Below the 
article sets out the profi les for supplementary pension insurance in Slovenia, while the 
procedure for their formulation has already been described in detail in Verbič (2007: 
214-221).

In order to formulate a single supplementary pension insurance profi le for the Republic 
of Slovenia, the individual and collective supplementary pension insurance profi les had 
to be combined. Th is was not a simple task as there are some policyholders included in 
both forms of pension schemes, i.e. they appear twice. However, this issue was not spe-
cifi cally addressed in the analysis because of the low number of such cases (Verbič 2007: 
218). Th e supplementary pension insurance premium was calculated as the weighted av-
erage of the individual supplementary pension insurance premium and the collective 
supplementary pension insurance premium, where the number of policyholders in both 
pension scheme types was used for weighting.

Th e age structure of the average annual supplementary pension insurance premia in 
2004 is given in Figure 4. It can be noted that the supplementary pension insurance pre-
mium profi le follows the collective supplementary pension insurance premium profi le 
quite closely, although its level is slightly lower. Only the 60-64 and 65-69 age brackets 
exhibit higher volatility in the individual supplementary pension insurance premium, 
which causes the supplementary pension insurance premium profi le to move slightly 
above the profi le of the collective supplementary pension insurance premium. Th e age 
structure of the number of supplementary pension insurance policyholders in 2004 is 
given in Figure 5. It can be established that the collective supplementary pension insur-
ance policyholders represents the majority of policyholders. Th e problem of the small 
number of observations in some age brackets (20-24 and 60-69) of course remains so the 
calculated premia for supplementary pension insurance in those age brackets have to be 
considered with some caution.
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FIGURE 4: Average annual supplementary pension insurance premium in 2004

Sources: SORS Microdata (2006) and ISA Model Database (2005); own calculations.

FIGURE 5: Number of insured persons of supplementary pension insurance in 2004

Sources: SORS Microdata (2006) and ISA Model Database (2005); own calculations.

Based on the results illustrated in Figures 4 and 5, one can conclude that the dimensions 
of individual supplementary pension insurance in Slovenia for the type of analysis in this 
article, i.e. an analysis using the dynamic general equilibrium model for the Slovenian 
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economy, are negligible in practical terms. Use will therefore only be made below of a 
single, unifi ed supplementary pension insurance profi le.

Further, in modelling the second pillar of the Slovenian pension system the profi le of 
the average employee in terms of their participation in supplementary pension insur-
ance will be of greater interest to this article than the profi le of the average supplemen-
tary pension insurance policyholder in the Republic of Slovenia. For this reason, the 
age structure of supplementary pension insurance policyholders is replaced by the age 
structure of employees to acquire the actual average annual premium in 2004, which is 
represented by fi ve-year age brackets in Figure 6.

FIGURE 6: Average annual supplementary pension insurance premium in 2004, taking 
into account insured persons only and all employees

Sources: SORS Microdata (2006) and ISA Model Database (2005); own calculations.

It can be seen that the actual average premium in 2004, taking into account all employ-
ees, is signifi cantly lower than the actual average premium for supplementary pension 
insurance policyholders as only approximately half of all employees are included in that 
form of insurance, and almost 40% of that group are civil servants for whom only the 
minimum supplementary pension insurance premium is being paid for by the govern-
ment. It can be seen that the supplementary pension insurance premium profi le for all 
employees fi rst grows, is relatively stable for employees between 35 and 50 years of age, 
and then starts to fall. Th e supplementary pension insurance premium profi le that only 
relates to policyholders does not indicate this specifi c pattern of growth in the initial 
period of employment service, although aft er 50 years of age the trend for policyholders 
matches the profi le for employees.
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4.2 Th e Premium and the Supplementary Pension

Th e link between the premium paid and the pension paid out from supplementary pen-
sion insurance is of key signifi cance to the analysis of supplementary pension insurance. 
Primarily of interest is the level of pension that would be paid out from supplementary 
pension insurance based on the premia actually paid in Slovenia determined for 2004 by 
the construction of supplementary pension insurance profi les. To this end, a modelling 
tool based on the contribution by Majcen et al. (2006) was used. Th e International La-
bour Organisation (ILO) family of models was used as the framework for the calculation 
and simulation of macroeconomic categories, and the simulation of the current pen-
sion legislation, while use is also made in tandem with the intergenerational accounting 
model and the annuity calculation based on assumptions on the required amount of 
supplementary pension saving (Verbič 2007: 221-226).

Th e annual value of the pension from supplementary pension insurance that an individ-
ual would receive in the fi rst full year aft er their retirement is calculated fi rst on the basis 
of the actual average supplementary pension insurance premium paid by policyholders 
only, and then for all employees in 2004, as illustrated in Figure 6. Th e results, broken 
down into fi ve-year age brackets, are given in Figures 7 and 8, based on the assumption 
of two diff erent retirement ages.

FIGURE 7: Supplementary pension at retirement based on paid supplementary pension 
insurance premia for insured persons in 2004

Sources: Own model simulations based on the model of Majcen et al. (2006); own calculations on the basis of 
SORS Microdata (2006) and ISA Model Database (2005).

It can be seen that a policyholder’s pension (Figure 7), calculated for the fi rst year aft er 
their retirement, decreases quite sharply with age. Th e given assumptions anticipate this 
as older policyholders have fewer years left  to save until their retirement, which means 



MIROSLAV VERBIČ  |  MODELLING THE PENSION SYSTEM IN AN OVERLAPPING-GENERATIONS ... 135

less accumulated funds for calculating the pension annuity. Assuming the retirement 
age of 65 years, an individual has fi ve more years available for saving that with an as-
sumed retirement age of 60 so the supplementary pension curve is higher for the fi rst 
version than the supplementary pension curve in the second version, although with in-
creasing age the two curves converge. Th e convergence can be seen between the curves 
themselves and in the tendency of both curves toward a null pension. Th e only break in 
the fall of pensions with age occurs in the 25-29 age bracket, where – as seen in Figure 
4 – there was growth in the actual average supplementary pension insurance premium 
compared to the preceding fi ve-year age bracket.

FIGURE 8: Supplementary pension at retirement based on paid supplementary pension 
insurance premia for all employees in 2004

Sources: Own model simulations based on the model of Majcen et al. (2006); own calculations on the basis of 
SORS Microdata (2006) and ISA Model Database (2005).

Th e pension calculated for the fi rst year aft er retirement on the basis of actual premia 
and taking into account all employees (Figure 8) has a diff erent age structure from the 
pensions for which only supplementary pension insurance policyholders were taken into 
account. It can be seen that, due to the growing proportion of policyholders in the total 
number of employees, the pension calculated on the basis of actually paid premia fi rst 
rises, peaking between the ages of 30 and 35, before decreasing. As may be seen from a 
comparison of Figures 7 and 8, the characteristic trends arising from the diff erent retire-
ment ages are retained.

4.3 Th e Liquidity Constraint and Supplementary Pension Savings

A review of overlapping-generations general equilibrium modelling (Verbič 2007: 22–55) 
indicates that the fi eld is so new and complex that to date only a handful of more or less 
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successful attempts to model the second pension pillar have been made. At present we 
are aware of three such attempts, which are listed herein by descending complexity of the 
pension block within the OLG-GE framework, but also by ascending relevance in terms 
of the institutional characteristics of the Slovenian pension system (Verbič 2007: 227–
235). Th ese are the model of the Danish economy by Knudsen et al. (1998), the model 
of the Dutch economy by Draper et al. (2005), and the model of the Lithuanian (Lassila 
1999) and Finnish economies (Alho et al. 2006).

Based on the review of existing modelling of supplementary pension insurance in mod-
els of this kind, and the resources available, it was decided to introduce a liquidity con-
straint to the SIOLG 2.0 model. Th is approach is similar to that employed in Lassila’s 
(1999) model of the Lithuanian economy. To this end, the category of total pension was 
introduced, comprising the pension from the fi rst pension pillar and the pension from 
the second pension pillar, while saving in the third pillar of pension insurance remains 
residual and is not explicitly modelled. Th e functioning of the pension system, as mod-
elled in the model SIOLG 2.0, is illustrated in Figure 9.

FIGURE 9: Modelling mandatory and supplementary pension insurance 

Every household decides on the use of its labour endowment as either labour or leisure. It 
earns a net wage based on the labour time, on which labour tax is then paid. Th e net wage 
and the amount of labour tax, roughly speaking, comprise the gross wage from which 
social contributions are paid, including contributions for mandatory pension insurance. 
Th e pension from the fi rst pension pillar is being calculated on the basis of the gross 
wage. On the other hand, households also save within the second pension pillar in ac-
cordance with the supplementary pension insurance profi les. Th is (largely) involves sup-
plementary pension insurance within the voluntary second pillar of the pension system. 
Th e actuarial calculation of the second pillar pension is made on the basis of the premia 
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paid. Th e sum of the pension from the fi rst and second pillars of the pension insurance 
therefore represents the total pension.

On the other hand, households can also decide on the total pension they will receive 
aft er retirement. To this end, they adjust the ratio between their labour and leisure time 
in order to meet their objectives throughout their active working life (or the remainder 
thereof). If a household aft er retirement wants a pension higher than the reference pen-
sion it has to increase its activity by increasing labour time at the expense of leisure time, 
given the fi xed labour endowment, ωt,g,h = 1. On the other hand, the household may also 
reduce its consumption of goods and services, which is not illustrated in Figure 9. When 
the sum of the total target pension is defi ned outside the model, i.e. exogenously, one can 
speak of mandatory supplementary pension insurance or the mandatory second pillar. 
Due to the assumptions of the model regarding the rationality and perfect foresight of 
households, their decision-making is therefore constrained and their decisions are po-
tentially less optimal, while the welfare level is lower. However, the liquidity constraint 
also changes the macro-economic results, which can lead to some interesting overall 
eff ects.

Th e value of the liquidity constraint, liqconsg,h, is a shadow price that defi nes the portion 
of the net wage allocated to saving within the second pillar of the pension system. Th e 
actual form of the liquidity constraint depends on the counterfactual scenario relating 
to the second pension pillar (Verbič 2007: 236, 244–246). Th e liquidity constraint, which 
only models the existing second pension pillar and allows full eff ects of the pension re-
form, is relatively simple:

(18)

while the liquidity constraint, which in the reference scenario keeps saving in the second 
pillar of the pension system at the existing level, but in the counterfactual scenario (par-
tially) compensates for the pension reform, has the following form:

(19)

where μsp is the multiplier for counterfactual scenarios with an active second pillar, gℑ  
is the ratio of interest-bearing supplementary pension insurance savings to non-interest-
bearing savings, θ#

g,h the number of adults in a household, νrh
g,h is the number of retired 

households, yl,t,g,h is the level of the labour supply, πt,g,h is the reference labour productivity 
profi le,  pel,t,g,h is the price of leisure, tp  is the reference steady state price, pf is the price 
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of foreign currency, μt,g
aret is the multiplier for the generation already retired in year t, μt,g

ret is 
the multiplier for the generation retiring in year t, , ,t g hpens  is the pension of each retired 
household, α g is the actual accrual rate for calculating the pension of generation g, α~g is 
the target accrual rate for calculating the pension of generation g, ι~t is the generation-
independent pension indexation factor, and spillarg is the pension from supplementary 
pension insurance as a proportion of the pension from mandatory pension insurance in 
the reference scenario.

In order to achieve the various objectives of the analysis, the parameters of liquidity 
constraint (19) are varied within the framework of given counterfactual scenarios. Th e 
key supplementary pension insurance parameters to be adjusted are: (1) the target ac-
crual rate for pension calculation, α~g, i.e. the target proportion of the total pension in the 
pension base; and (2) the multiplier for the generation retiring in a given year, μt,g

ret, i.e. the 
period to which the target proportion of the total pension relates.

Now, let us consider the liquidity constraint (19) in greater detail. Th e fi rst part of the liquid-
ity constraint relates to the reference scenario which models saving in the second pillar of 
the pension system at the existing level. Reference saving in the second pillar is expressed 
as a proportion of the fi rst pillar pension in the fi rst year following retirement. Th e latter 
has the form ( ), , ,

ret
v g v g h

v
pensμ∑ , where the multiplier μv,g

ret has only one non-zero element
for the retirement year, therefore the just presented sum also contains only one non-zero 
element. Th e age structure of the pension from the second pension pillar, calculated on 
the basis of premia paid by all employees as a share of the pension from the fi rst pension 
pillar in the fi rst year aft er retirement, spillarg, is independent of the statutory retirement 
age, as illustrated in Figure 8.

Aggregation by index t gives us the existing savings in the second pillar of the pension 
system for retired generations (with multiplier μt,g

aret). Th e latter is then aggregated based 
on the number of pensioners, νrh

g,hθ#
g,h, and appropriately discounted using the reference 

steady state price, tp . In order to acquire the portion of net wages allocated to saving 
within the second pillar of the pension system, the calculated savings are further divided 
by the net income from employment, , ,, , , , , , t g hl t g h el t g ht

y p π∑ . As capital is not explicitly 
modelled in our OLG-GE model, the compounding mechanism has to be approximated 
in case of supplementary pension saving accumulation as otherwise there would be a 
growing gap between interest-bearing supplementary pension insurance savings to 
which the compounding mechanism applies and the non-interest-bearing supplemen-
tary pension insurance savings, where only paid premia are aggregated. Th e correction is 
presented by the ratio of interest-bearing to non-interest-bearing supplementary pension 
insurance savings, gℑ , defi ned as follows:

,                                                                                        (20)

where ,w gN  is the average number of years of service for an individual generation calcu-
lated on the basis of the fi ve-year intervals, and r  (reference) annual interest rate.
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Th e second part of the liquidity constraint relates to the selected counterfactual sce-
nario which models the saving in the second pension pillar required to achieve the tar-
get total pension. Hypothetical saving in the second pillar is expressed as the diff erence 
between the target total pension and the actual fi rst-pillar pension. Th e target total pen-
sion is arrived at by correcting the fi rst-pillar pension in the fi rst year aft er retirement, 

( ), , ,
ret
v g v g h

v
pensμ∑ , by the ratio between the target and actual accrued rate, which amounts

to α~g αg
–1, and the value obtained is then indexed to wages using the pension indexation

factor ι~t. Th e latter is required because the actual pension is indexed, while the target 
pension would otherwise not have been. Due to the multiplier μv,g

ret the sum above only 
has one element so the pension index for calculating pensions ιt,grent, used in expression (5) 
is no longer having an eff ect over time. Th e generation-independent pension indexation 
factor, ι~t, is given by the expression:

(21)

where μt,g
ret is the multiplier for the generation retiring in year t and ιtmin is the generation-

independent pension index, which was also used to calculate the minimum pension 
(minimum pension base) of generation g.

Th e diff erences between the target total pension and the actual fi rst pillar pension is 
then aggregated by index t for retired generations (with multiplier

 
μt,g

aret), which gives the 
required total saving in the second pension pillar. Th e latter is then again aggregated 
based on the number of pensioners, νrh

g,h θ#
g,h, and appropriately discounted using the ref-

erence steady state price, tp . In order to acquire the portion of net wages allocated to 
saving within the second pension pillar, the calculated savings are further divided by the 
net income from employment, , ,, , , , , , t g hl t g h el t g ht

y p π∑ , and an approximation of the com-
pounding mechanism is carried out on accumulated assets by using the ratio between 
the interest-bearing and non-interest-bearing supplementary pension savings, 

gℑ . Since 
already retired generations have a null value of the liquidity constraint, the liquidity con-
straint divisor in the model has to be adjusted, to avoid a division by zero.

Th is concludes the modelling of the second pension pillar in our OLG-GE model. In the 
reference scenario there is always only the existing second pension pillar that is being 
modelled. From the technical point of view, this is mandatory pension saving but since 
in so doing we are modelling the existing second pillar saving, which is (mainly) volun-
tary, it can be understood as a voluntary second pillar. In the fi rst counterfactual scenar-
io, which follows from expression (18), the extent of the second pillar does not change, 
while in the set of counterfactual scenarios arising from expression (19) the extent of the 
second pillar is adjusted to the target total pension. In that case, the total saving required 
in the second pillar may be calculated, which can only be understood as a mandatory 
second pension pillar. Additional saving in the second pillar is therefore the diff erence 
between the required level of saving in the counterfactual scenario and the existing level 
of saving in the reference scenario.
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5. CONCLUSION

Th is article presents an important upgrade of the overlapping-generations general equi-
librium model with a pension system. Within the pension block we model both the fi rst 
pension pillar, fi nanced on a pay-as-you-go basis, and the fully-funded second pillar of 
the Slovenian pension system. At present in Slovenia the third pension pillar does not 
even have an appropriate legal basis so it is considered as residual saving in our model. 
Th e modelling of the fi rst pension pillar was designed to capture the key pension system 
parameters that are usually the subject of change within pension reforms. Our work 
focused on cash fl ows of the mandatory pension insurance institution (revenues and ex-
penditure of the Institute of Pension and Disability Insurance), the relationship between 
the pension base and the pension, and the process of harmonising pension growth with 
wage growth.

Th e modelling of the second pension pillar provided a greater challenge as the review of 
overlapping-generations general equilibrium modelling already indicated that the fi eld 
is so new and complex that to date only a handful of more or less successful attempts to 
model the second pension pillar exists. Based on the available resources it was decided to 
model supplementary pension insurance with a focus on the implementation of a liquidi-
ty constraint. Supplementary pension profi les were created and the relationship between 
premia paid and pensions paid out from supplementary pension insurance was studied. 
Th e category of total pension was introduced, representing the sum of the pension from 
the fi rst and second pillars, and the model ensured that at every point households adjust-
ed their labour supply and their current consumption towards the target total pension. 
Th is creates a certain amount of supplementary pension saving which can be treated as 
mandatory supplementary pension insurance if the target total pension is defi ned at a 
level that diff ers from the reference level.

Of course, we are aware that economic models are merely tools intended to replicate 
and analyse a specifi c economic theory or a part thereof, and as such are always an in-
complete and defi cient representation of reality. Th e same applies to our dynamic over-
lapping-generations general equilibrium model of the Slovenian economy. However, in 
terms of its capacity to capture the socio-economic reality and in terms of available levels 
of socio-economic analysis it can be realistically assessed that at present there is no bet-
ter or more complete deterministic instrument to meet the objectives set herein than a 
dynamic general equilibrium model.

RECEIVED: MAY 2007
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APPENDICES

Appendix 1: Overview of Equations of the Model SIOLG 2.0

Zero-profi t conditions
 
Zero-profi t condition of intertemporal utility of the composite consumption:
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Zero-profi t condition of the aggregate production:
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Zero-profi t condition of the value added:
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Zero-profi t condition of the domestic production:

(A4)

Zero-profi t condition of the Armington good:

(A5)

Zero-profi t condition of the capital stock:

(A6)

Zero-profi t condition of the investment:
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Zero-profi t condition of the labour market:
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Zero-profi t condition of the total consumption:

(A9)

Zero-profi t condition of the private consumption:

(A10)

Market-clearing conditions
 
Market-clearing condition of the Armington good:
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Market-clearing condition of the labour endowment:

(A12)

Market-clearing condition of the labour market:

(A13)

Market-clearing condition of capital services:

(A14)

Market-clearing condition of the capital stock:
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Market-clearing condition of the domestic supply:
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Market-clearing condition of the foreign currency:

(A17)

Market-clearing condition of the total consumption:

(A18)

Market-clearing condition of intertemporal utility of the composite consumption:

.                                                                                                (A19)

Income balance equations
 
Household income of a given generation:
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Government income:

(A21)

Model restrictions
 
Terminal condition of intertemporal utility of the composite consumption:

(A22)

Terminal condition of the total consumption:

.                                                                      (A23)

Terminal condition of the investment:

(A24)

Steady-state growth of the government expenditure:

.                                                                                                        (A25)
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Appendix 2: Overview of Variables of the Model SIOLG 2.0

Indices of variables

t index of the time period (1, …, T)
g index of the generation (1, …, G)
h index of the household (1, …, H)
s index of the production sector (1, …, S)
N length of the lifespan of generations

Elasticities and other parameters

σ elasticity of intertemporal substitution
σcl elasticity of substitution between consumption and leisure
σcc elasticity of substitution between the components of consumption
σkl elasticity of substitution between capital and labour
σA Armington’s elasticity of substitution
ηX elasticity of transformation between exports and domestic production
θ parameter of the relative risk aversion
γ steady state growth rate
δ depreciation rate
υ  utility discount rate
r (reference) annual interest rate
rp (reference) interest rate of the periodic interval
αh consumption preference parameter
βh,s share of the good of a given sector in the material consumption
θc share of capital stock in total assets

Prices

pt reference steady state price
pTlast

 reference price in the last model period
pf price of the foreign currency
pf reference price of the foreign currency
pc,t,g,h price of the private consumption
pc,t,g,h reference price of the private consumption
pz,t,g,h price of the total consumption
pz,t,g,h reference price of the total consumption
pzT,a,g,h terminal price of the total consumption
pG,t price of the government consumption
pu,g,h price of the intertemporal utility of the composite consumption
pu,g,h reference price of the intertemporal utility of the composite consumption
pel,t,g,h price of leisure
pel,t,g,h reference price of leisure
pl,t gross price of labour
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pl,t reference gross price of labour
pr,t price of the capital services
pr,t reference price of the capital services
py,t price of the domestic production
py,t reference price of the domestic production
pA,ts price of the Armington good
pA,t,s reference price of the Armington good
pH,t price of the production for domestic market
pH,t reference price of the production for domestic market
pva,t,s price of the value added
pva,t,s reference price of the value added
pk,t price of the capital stock
pk,T terminal price of the capital stock
pinv,t price of the investment
pM,t price of imports
pM,t reference price of imports

Activity levels

qt reference steady state level
yc,t,g,h level of the private consumption
yc,t,g,h reference level of the private consumption
yz,t,g,h level of the total consumption
yz,t,g,h reference level of the total consumption
yG,t level of the government consumption
yu,g,h level of the intertemporal utility of the composite consumption
yu,g,h reference level of the intertemporal utility of the composite consumption
yt level of the domestic production
yt reference level of the domestic production
yl,t level of the labour supply
yl,t reference level of the labour supply
yA,t level of the Armington good
yA,t reference level of the Armington good
yk,t level of the capital stock
yinv,t level of the investment
yinv,Tlast

 level of the investment in the last model period

Consumption

ct,g,h,s private consumption
ct,g,h,s reference private consumption
zt,g,h total consumption
zt,g,h reference total consumption
zT,a,g,h terminal total consumption
zT,a,g,h reference terminal total consumption
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gt government consumption
gt reference government consumption
ug,h intertemporal utility of the composite consumption
PVz,g,h

 reference present value of the total consumption

Production and foreign trade

ωt,g,h labour endowment
πt,g,h reference labour productivity pr ofi le
lt,g,h labour profi le
lt,g,h

 reference labour profi le
lst,g,h leisure profi le
lst,g,h

 reference leisure profi le
wt average net wage
Nw,g average number of years of service of a given generation
idag,t,s aggregate intermediate demand
idag,t,s reference aggregate intermediate demand
vat value added
vat reference value added
kt capital stock
kt reference capital stock
kT terminal capital stock
kT reference terminal capital stock
Rt,s capital services
Rt,s reference capital services
invt investment
invt reference investment
Ht production for the domestic market
Ht reference production for the domestic market
Xt exports
Xt reference exports
Mt imports
Mt reference imports

Income and wealth

incg,h income of a household of a given generation
incIPDI,t income of the Institute of Pension and Disability Insurance
incG,t income of the government
Dt reference government budget defi cit
cmat,g,h reference asset position
cmaT,g,h terminal asset position
cmaT,g,h reference terminal asset position
CMA total assets
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Taxes, contributions and transfers

tl tax rate of the labour income tax
tl

rent contribution rate of the mandatory pension contributions
τl,t

rent replacement contribution rate of the mandatory pension contributions
tr tax rate of the capital income tax
tr reference tax rate of the capital income tax
τr,t replacement tax rate of the capital income tax
tVAT tax rate of the value-added tax
tVAT reference tax rate of the value-added tax
τVAT,t replacement tax rate of the value-added tax
τc,t tax rate of the consumption tax for adjustment of government expenditure
TRt

 reference transfers of the government
ξt,g,h transfer of the government to a household of a given generation
ξt,g,h reference transfer of the government to a household of a given generation
ξIPDI,t

 reference transfer of the government to the Institute of Pension and Disability 
Insurance

Th e pension system

penst,g,h pension of a household of a given generation
penst,g,h reference pension of a household of a given generation
aggpenst,g,h aggregate pension, paid to a household of a given generation
vg,h

rh number of retired households
θg,h

# number of adults in a household
αg accrual rate for calculating the pension of a given generation
α~g target accrual rate for calculating the pension of a given generation
vtaxt valuation tax
KWl coeffi  cient of adjustment of the growth of pensions with respect to the growth 

of wages
min

ϑ  net wage factor for the calculation of the minimum pension base
ξ correction factor for the calculation of the pension
℘ pension base divisor, including the calibration correction
pbg,h pension base for calculating the pension of a given generation
pbg,h

mm pension base for calculating the pension of a given generation with a correc-
tion for the minimum and maximum pension base

pbmin minimum pension base in the base time period
pbg

min minimum pension base of a given generation
pbt

min minimum pension base
pbt

max maximum pension base
ιt,grent pension index for calculation of the pension of a given generation 
ιtmin pension index for calculation of the minimum pension base
ι~t generation-independent pension indexation factor

gℑ  ratio of interest-bearing to non-interest-bearing supplementary pension in-
surance savings
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liqconsg,h share of the net wage, assigned for savings in the second pension pillar (sup-
plementary pension insurance)

spilarg pension from supplementary pension insurance as a proportion of the pen-
sion from mandatory pension insurance in the reference scenario

Multipliers

μB multiplier of the benchmark scenario
μsp multiplier of the counterfactual scenario with active second pension pillar
μt,g

aret multiplier for the generation that is already retired in a given year
μt,g

ret multiplier for the generation that is retiring in a given year
μal

t,
ive
g,h multiplier for the household that already exists in the fi rst model period

μwh
t,g,h multiplier for the household that lives entirely within the model horizon
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