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Abstract

Several European countries are currently considering reversing parts of their pension reforms that were
adopted previously to improve sustainability. In this paper we present a framework that allows us to
quantify the macroeconomic and fiscal costs of such reversals. We thereby integrate the country-specific
information from the latest Ageing Report into a dynamic general equilibrium model with overlapping
generations. Focusing on Germany and Slovakia as country cases, our model replicates the Ageing Report’s
pension expenditure projections very well. We calculate the macroeconomic impact of first the additional
pension reforms needed to contain the public debt pressures arising from population ageing and second the
costs of reform reversals. Our model results show that undoing past pension reforms would generate

substantial adverse macroeconomic costs and could pose challenges for fiscal sustainability.

JEL Classification: H55, J11, J26
Keywords: public pension, reform reversals, population ageing, overlapping generations model,
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Non-technical summary

Population is ageing in most advanced economies, including in Europe, and this trend is ex-
pected to continue in the coming decades. In view of the adverse macroeconomic and fiscal
implications of ageing, many European countries have implemented significant pension reforms
in the past two decades to safeguard their public pension systems. More recently, however, the
reform progress has stalled, and despite an unchanged demographic outlook several European

countries reversed, or plan to do so, parts of their previously adopted pension reforms.

In this paper we offer a framework that allows us to evaluate the macroeconomic and fiscal
costs of pension reform reversals. We thereby use a dynamic general equilibrium model with
overlapping generations and combine it with the 2018 Ageing Report projections to exploit the
country-specific information contained in it. The Ageing Report projections have the advantage
that they are detailed, country-specific and account for implementation delays, i.e. they include
the future impact of already adopted pension reforms. Not accounting for the latter would
instead overstate and bias the adverse ageing-related consequences. Yet, the Ageing Report is
based on a simple accounting framework which ignores general equilibrium behavioural reactions.
By using a general equilibrium model with overlapping generations we can account for feedback
effects between changes in pension parameters, pension expenditures and macroeconomic vari-
ables. Specifically, for our analysis we use the model by Baksa and Munkacsi (2016), which is
a Gertler-type (Blanchard-Weil-Yaari-type) dynamic general equilibrium model with demogra-
phy, overlapping generations, unemployment and wage bargaining. The model is calibrated for
Germany and Slovakia. While both countries are confronted with population ageing and have
partly reversed previously adopted pension reforms, they differ in terms of demographic driving

forces and projected pension expenditures.

In line with the literature we find that population ageing has major adverse implications if left
unaddressed through reforms. However, different from most other studies, we do not only look
at the demographic transition, but also account for already adopted pension reforms. Moreover,
similar to other studies we find evidence that pension reforms help to contain the adverse im-
plications of ageing, although by a varying degree, depending on the concrete measures adopted

and the country-specific circumstances. In particular, increases in the retirement age appear
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to help to alleviate ageing pressures most. The analysis also shows that reform packages that
consist of various pension reform measures help to spread the adjustment burden more equally
across generations which is proxied by the share of the young generation’s consumption in total
consumption. Finally, we find strong evidence for the presumption that reversals of pension
reforms are potentially very costly. In fact, reform reversals would not only result in higher
aggregate pension expenditure and public debt-to-GDP ratios, but would in most cases also
exacerbate the adverse macroeconomic impact of ageing. If the reversed reform elements were
to be compensated by other reform measures, this would improve fiscal sustainability, but might

disproportionally burden one generation at a time.

Our main contribution to the literature is twofold: First, our paper offers a framework that al-
lows us to combine the long-term dynamics of pension expenditures, as projected in the Ageing
Report, with the behavioural and feedback effects of our overlapping generations model. We
use this framework to evaluate the macroeconomic and fiscal impact of population ageing and
pension reforms. Second, our framework enables us to quantify the possible cost of pension
reform reversals. To our knowledge, the cost of reform reversals have not been systematically
analysed in the literature yet. Our framework allows us to look at the macroeconomic and fiscal
cost of reform reversals and can be easily extended to other European countries than the two

analysed in this paper.
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1 Introduction

Population is ageing in most advanced economies, including in Europe, and this trend is expected
to continue in the coming decades. Population ageing is widely seen to pose adverse fiscal and
macroeconomic challenges that render policy action.® Against this background, many countries
in Europe have implemented significant pension reforms in the past two decades to contain the
adverse consequences of ageing. More recently, however, reform progress has stalled in Europe
and despite an unchanged demographic outlook several countries have reversed, or plan to do
so, parts of previously adopted pension reforms. For example, Germany recently decided to cap
the decline in the benefit ratio and the increase in the contribution rate until 2025 at certain
levels, and is considering whether to extend this cap even until 2040. Slovakia decided to break
the automatic link between changes in life expectancy and retirement age, by capping the retire-
ment age at 64 years. In Spain, the government inter alia postponed the implementation of the
sustainability factor to 2023, which links the replacement rate to changes in life expectancy. In
Italy it was decided to partly backtrack previous reform achievements by inter alia temporarily
facilitating early retirement. Greece is facing significant risks related to court decisions reversing
past pension cuts. In the Netherlands discussions are ongoing whether to postpone the foreseen
increase in the retirement age, and thereafter to loosen the agreed link between changes in life
expectancy and retirement age. All these reform reversals cause potentially substantial fiscal and
macroeconomic costs in the long run, thereby putting additional burden on future generations.
Moreover, this may lead to debt level pressures which are an area of concern particularly for

countries with already elevated public debt-to-GDP ratios.

In this paper, we offer a framework that allows us to evaluate the adverse macroeconomic and
fiscal impact of a sudden and not foreseen reversal of pension reforms. We thereby use a dy-
namic general equilibrium model with overlapping generations (OLG) and combine it with the
2018 Ageing Report to exploit the country-specific information contained in it.* We focus on
Germany and Slovakia as country cases. Concretely, on the basis of our model we try to repli-

cate the Ageing Report’s pension expenditure projections for these two countries. Looking at

3For an overview of the macroeconomic and fiscal implications of ageing see for example ECB (2018).

“See European Commission (2018). The Ageing Report’s long-term projections are published every three
years. They are jointly prepared by the Ageing Working Group and the European Commission. While the Ageing
Report’s pension expenditures are a central element of the projection exercise, total ageing cost projections also
cover other public expenditure items, such as health and long-term care costs.
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a variety of fiscal and macroeconomic variables, we can disentangle the future impact that is
purely related to population ageing from the projected impact of pension reforms that have
been adopted in the past, but are not yet fully implemented. Within our framework we are also
able to quantify the size of additional pension reform measures needed to compensate for the
expected ageing-induced increase in the public debt-to-GDP ratio. Even more importantly with
respect to our main policy question, the framework allows us to quantify the possible macroe-
conomic and fiscal effects of pension reform reversals. We also offer an indication of what would

be needed in terms of policy measures to compensate for these reform reversals.

The model used in our framework is called OGRE (Baksa and Munkacsi 2016a, and 2016b), which
is an acronym for Overlapping Generations and Retirement. It is a Gertler-type (Blanchard-
Weil-Yaari-type) dynamic general equilibrium model with OLG households, demography, un-
employment and wage bargaining.> The model assumes two generations: the workers and the
retirees. Workers either work, in which case they receive labour income and pay income taxes,
or are unemployed, in which case they receive unemployment benefits. The retirees do not
work, but they receive pension benefits. The size and structure of the population is chang-
ing over time, and changes are induced by the probabilities to be born, to retire and to pass
away. The model has a rich fiscal sector which covers several public revenue and expenditure

items, including pensions. For simplicity reasons we use the closed-economy version of the model.

The general fit of our model with the Ageing Report projections is very good for the two coun-
tries analysed. While both countries are facing challenges due to population ageing, they differ
in terms of demographic driving forces and projected pension expenditures. We do not expand
the set of countries further as this would go beyond the scope of this paper. Yet, the framework
can be easily applied to other countries, including those in which fully-funded schemes play a

more prominent role, as OGRE can handle both pay-as-you-go and fully-funded regimes.®

Our results can be summarised as follows: in line with the literature we find that population

5See Gertler (1999), Blanchard (1985), Weil (1989), and Yaari (1965). The labour market rigidities and wage
bargaining are based on Blanchard and Gali (2010).

5Tn this paper we only focus on pension reforms that adjust the parameters of existing pay-as-you-go systems,
while we disregard any reforms that would imply a switch from a pay-as-you-go to a fully-funded regime. Baksa
and Munkacsi (2016b) and Baksa et al. (2016) examined the latter, for instance. While not reported in the paper,
we also calibrated the model for Spain and Portugal, the results of which could be shared upon request.
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ageing has major macroeconomic and fiscal adverse implications if left unaddressed through
reforms.” However, different from most other studies, we do not only look at the demographic
transition, but also account for already adopted pension reforms, as captured in the 2018 Age-
ing Report. This is an important aspect when calculating the additional pension reforms that
would be needed to fully contain the adverse public debt impact of ageing. In line with the liter-
ature, we find evidence that pension reforms help to contain the adverse implications, although
by a varying degree, depending on the concrete measures adopted and the country-specific cir-
cumstances. In particular, increases in the retirement age appear to help to alleviate ageing
pressures most. The analysis also shows, though, that reform packages that consist of various
pension reform measures help to spread the adjustment burden more equally across generations.
Finally, we find strong evidence for the presumption that reversals of pension reforms are po-
tentially very costly. In fact, reform reversals would not only result in higher aggregate pension
expenditure and public debt-to-GDP ratios, but would in most cases also exacerbate the ad-
verse macroeconomic impact of ageing. If the reversed reform elements were to be compensated
by other reform measures, this would improve fiscal sustainability, but might disproportionally

impact one generation.

Our main contribution to the literature is twofold: First, our paper offers a framework that
allows us to replicate the long-term dynamics of pension expenditures, as projected in the Age-
ing Report, very well, which we combine with the behavioural and feedback effects of our OLG
model. We use this framework to evaluate the macroeconomic and fiscal impact of population
ageing and pension reforms. The Ageing Report projections have the advantage that they are
detailed, country-specific and account for implementation delays, i.e., the future impact of al-
ready adopted pension reforms. In particular the latter is important in view of the numerous
pension reforms adopted in past years, as not accounting for them would overstate and bias
the adverse ageing-related consequences.® Yet, the Ageing Report projections are based on a

simple accounting framework and thereby do not capture feedback effects between changes in

"On the macroeconomic impact of population ageing and pension reforms, although far from exhaustive, see
for example Fehr (2000), Borsch-Supan et al. (2006), Kilponen et al. (2006), Diaz-Gimenez and Diaz-Saavedra
(2009), Kara, E. and L. von Thadden (2010), Karam, et al. (2010), Keuschnigg et al. (2013), de la Croix et al.
(2013), Goraus et al. (2014) and Baksa and Munkacsi (2016b). See also Conesa and Krueger (1999), Galasso
(2008), Heijdra and Romp (2009), and Beetsma et al., (2013) who discussed the political feasibility of pension
reforms and optimal pension policies.

80n importance of implementation delays of pension reforms for their macroeconomic impact, see Bi and
Zubairy (2019).
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macroeconomic variables, age-related expenditures and pension parameters.

Second, our framework enables us to quantify the cost of reform reversals. There is a wide range
of studies that analyse the economic and fiscal impact of population ageing and different kinds
of pension reforms, including systemic reforms. To our knowledge, however, the macroeconomic
costs of reform reversals have not been systematically analysed in the literature yet. The few
exceptions include the papers by Borsch-Supan and Rausch (2018) and Dolls and Krolage (2019)

which focus on the fiscal cost of pension reform reversals in Germany.

We do not look at the drivers of pension reform reversals in this paper. In fact, reform reversals
can be, among other things, explained by moral hazard behaviours. For example, the median
voter is ageing, which calls for swift policy action rather sooner than later. In addition, the
political pressure to adopt reforms is distinctly vanishing in good economic times (Beetsma et
al. (2013)). Yet, these aspects go well beyond the scope of this paper and would deserve a paper

on its own.

The paper is organised as follows: In section 2 we briefly outline the ageing challenge. In section
3 we present our framework and explain how we link the OLG model to the 2018 Ageing Report
projections for our two country cases, Germany and Slovakia, to generate the baseline scenario.
Moreover, we present the motivation for our policy scenarios, including the one on reform rever-
sals. In section 4 we first present the results for our baseline scenario. We then show the impact
in case additional pension reforms were adopted to neutralize the public debt pressures arising
from population ageing. In section 5, we assess the adverse impact of reform reversals by using

Germany and Slovakia as illustrative examples. In section 6 we conclude.

2 The demographic challenge

Europe’s population is rapidly ageing and the demographic challenges are expected to become
even more pressing over time. In particular in the next one and a half decades, the baby boom
generation, i.e., the sizeable cohort of those born between 1955 and 1970, will enter retirement.

The change in the relative size of the age cohorts is well captured by the old-age dependency
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ratio, which sets the elderly population (of age 65 and older) in relation to the working-age
population (of age 15-64). According to Eurostat, the old-age dependency ratio of the euro area
will almost double in the next half century, from 30% today to 52% in 2070, with two thirds of
this increase concentrated in the next two decades (Figure 1, left-hand side).® The demographic
transition differs, however, across countries. By 2070, the old-age dependency ratio is projected
to be highest in Portugal and Greece, while it will be lowest in Ireland and France (Figure 1,

right-hand side).

Population ageing is being driven by a number of demographic trends. Life expectancy will
continue to rise, as people tend to live longer. According to Eurostat, remaining life expectancy
at the age of 65 will average at 23.6 years for men and 26.9 years for women by 2070, which
corresponds to around 5 years more than today. Moreover, fertility rates are already today
well below the natural recovery level in most European countries. Looking ahead, they are
expected to either remain low or even in some countries decline further. Finally, these negative
demographic trends are expected to be only partly mitigated by net inward migration flows of

workers, in particular as these flows are likely to fluctuate over time.

Population ageing has considerable adverse macroeconomic implications. These materialise inter
alia in form of a shrinking labour force as well as a drop in the growth rates of consumption,
investment and GDP growth.!® The precise impact is strongly determined by the starting po-
sition, and whether ageing mainly stems from higher life expectancy, lower fertility rates, or a
combination of both. With respect to the labour force, the pool of workers will gradually age
and, in particular, if fertility rates are very low, eventually shrink. A gradual contraction in the
labour force and aggregate employment will, in turn, drag down GDP growth.!! Moreover, age-
ing will affect aggregate consumption and saving rates, as workers and pensioners have different
marginal propensities to consume and save. Following the life-cycle-hypothesis, workers tend to

accumulate savings and consume less than the elderly, but once in retirement people are likely

9The old-age dependency ratio is, however, only a rough proxy for the effective old-age dependency ratio, as
the later takes on top of the statutory retirement age also incentives for earlier or later retirement into account.
Moreover, the indicator does not acknowledge that the countries’ statutory retirement age might be different from
the 65-year-threshold.

OFor an overview of the main channels through which ageing can affect the economy, see e.g. Bérsch-Supan
and Ludwig (2006), Keuschnigg et al. (2013), de la Croix et al. (2013), ECB (2018), and Brand et al. (2018).

" The adverse growth impact is expected to be even larger if one believes that productivity and innovation is
age-dependent and hump-shaped, as shown e.g. in Aksoy et al. (2019). In our model, however, we do not assume
productivity to be endogenous.
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Figure 1: Old-age dependency ratio
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Note: The old-age dependency ratio (OADR) is defined as the number of people aged 65 or older as a percentage
of the working-age population (i.e., people aged 15 to 64). In the chart on the left-hand side, the blue solid line
shows the ratio for the euro area aggregate and the grey shaded area is determined by the largest and lowest
values of the euro area countries over time. The chart on the right-hand side shows the OADR for 2016 (yellow

dots) and 2070 (red dots) in all euro area countries

to dissave and increase consumption. At the same time, the prospect of rising life expectancy is
likely to cause households to change their saving behaviour by fostering precautionary savings.
At aggregate level, the impact can be expected to vary over time in line with changes in the
underlying demographic structure and behavioural responses. The capital-labour ratio can be
expected to increase with labour supply shrinking. As this will exert downward pressure on the

equilibrium real interest rate, also investment growth is likely to be dampened.

Ageing poses considerable fiscal challenges. Public pension spending in Europe is elevated al-
ready today, accounting for more than half of total public expenditures. In several countries
pension spending can be expected to further increase following a rising number of pensioners
and given that most European countries have a pay-as-you-go (PAYG) system in place. This
would aggravate the intergenerational burden sharing. Indeed, the 2018 Ageing Report projects
public pension spending in the euro area to increase on average from 12.3 percentage points of
GDP in 2016 to 13.5 percentage points of GDP in 2040, before falling back to 11.9 percent-
age points of GDP in 2070, notwithstanding large cross-country differences. Moreover, rising
pension expenditures can pose challenges for the financing of pension systems, in particular for
countries with a mandatory PAYG regime. The outlook of the old-age dependency ratio indi-

cates that the number of workers potentially available to finance one pensioner will shrink from
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three to two by 2070. Assuming no additional changes to the main three pension parameters -
i.e., the retirement age, the benefit ratio or the contribution provisions - population ageing can
be expected to result in a widening of the financing gap. Yet, challenges vary across countries,
reflecting differences in the set-up of their social security systems, the underlying change in the
age profile and national preferences. In addition, population ageing may also affect tax revenues.
Most prominently, a shrinking labour force will ceteris paribus limit indirect tax revenues and
social security contributions. Taking all these aspects together, ageing can be expected to push
public debt-to-GDP ratios too. This, in turn, is likely to pose long-term fiscal sustainability

risks, particularly in those countries with already elevated levels of public debt today.

To address the adverse implications of population ageing, many countries have adopted pension
reforms.!? Especially countries that underwent an economic adjustment programme, such as
Greece, Spain, Cyprus and Portugal, have adopted fundamental changes to their pension sys-
tems. These included a wide range of measures, affecting pension system rules as well as pension
parameters. In contrast, systemic pension reforms that foresee a full or partial shift from PAYG

schemes to fully-funded schemes have been limited to a few countries, mainly in Eastern Europe.

More recently, however, the reform progress has stalled and several countries are planning or
have already reversed parts of their previously adopted pension reforms. For example, Germany
decided in 2018 to cap both the expected decline in the benefit ratio and the expected increase
in the contribution rate until 2025 at pre-fixed levels. It is contemplating whether to extend
this cap until 2040, in which case the strong cohort of baby boomer would benefit from this
cap. More recently, the government supported the idea to introduce a basic pension as of 2021,
conditional on 35 contributory years. Slovakia decided to implicitly break the automatic link
between changes in life expectancy and the statutory retirement age, by capping the retirement
age at 64 years. Moreover, the government legislated generous changes to minimum pensions
and the Christmas bonus. In Spain, the government inter alia postponed the implementation
of the sustainability factor to 2023, which should link the replacement rate to changes in life
expectancy. In Italy previous reform achievements were partly abandoned by inter alia tem-

porarily facilitating early retirement. Greece is facing significant risks related to court decisions

12For a detailed overview of past pension reforms in various EU countries see Carone et al. (2016) and European
Commission (2017).
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that aim at undoing past pension cuts. In the Netherlands discussions are ongoing whether to
postpone the foreseen increase in the retirement age, which thereby would loosen the agreed link
between changes in life expectancy and retirement age. None of these reform reversals mentioned

above were reflected in the 2018 Ageing Report projections, as they were not adopted by the time.

3 The framework

3.1 Key elements of the OGRE model

We estimate the macroeconomic and fiscal impact of population ageing and changes of the pen-
sion parameters on the basis of a dynamic general equilibrium OLG model. We use the model
by Baksa and Munkacsi (2016a and 2016b), called OGRE (Overlapping Generations and Retire-

ment), which is summarised in Annex 1.13

OGRE is a Gertler-type (Blanchard-Yaari-Weil-type) model.'* Its central element is the de-
mographic block which considers two types of households, both with perfect foresight: workers
(i.e., people between the age of 20 and the retirement age) and retirees (i.e., people who have
reached the retirement age). The absolute and relative size of these two cohorts changes over
time, and so does their sum, i.e., total population. The size of the cohorts is determined by three
probabilities: the probability to be born, to retire and to pass away. All three probabilities may

change over time.

According to the model, workers either work, in which case they receive labour income and pay
income taxes, or are unemployed, in which case they receive unemployment benefits. Workers
use their disposable income or unemployment benefits for consumption and savings in risk-free
bonds, in line with the Euler equation. They retire, once they have reached retirement age.
This is determined by the probability to retire.'® Retirees do not work, but receive pension

benefits. Per capita pension payments are set in real terms at the start of retirement, and are

3For a more detailed description of the closed-economy version of the model see Baksa and Munkacsi (2016a).
Compared to the original version of the model, we disregard the informal sector in this paper and the ageing shock
is differently modelled. In fact, in the original version of OGRE, the ageing shock was defined as a 10 percentage
point increase in the old-age dependency ratio.

1Gee Gertler (1999), Blanchard (1985), Yaari (1965) and Weil (1989).

1511 the model we use the effective retirement instead of the statutory retirement age.
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kept constant thereafter. Retirees die with a certain probability. By the end of their lifetime,

retirees have consumed all their savings.

On the production side, firms hire workers and use physical capital. Firms take account of price
adjustment costs when setting prices. Moreover, the model assumes labour market rigidities in
form of hiring costs and wage bargaining, which have an influence on the level of unemploy-
ment.'® Moreover, the model has a rich fiscal sector with different kinds of public revenues
(personal income tax, social security contributions, VAT) and public expenditure items (pen-
sion benefits, unemployment benefits, government consumption).!'” The public pension system
is a PAYG system. Governments may issue government bonds to finance any funding gap, for
example in the pension system. We assume the economy to be closed. Monetary policy is char-

acterised by a Taylor rule.

The population ageing shock enters the model via a combination of a declining or low proba-
bility to be born (equivalent to a declining or very low fertility rate) and a falling probability
to pass away (equivalent to an increase in life expectancy). Thereby, an ageing shock results in
a lower share of workers relative to pensioners. In particular the fertility rate determines how
persistently the labour force will shrink over time. In our model, a shrinking labour force results
in lower aggregate employment while the unemployment rate will decline. As labour input be-
comes scarcer, this would adversely affect the production process. We assume per capita labour
productivity and the labour force participation rate not to change with age. Compensation per

employee tends to go up as the labour force gets scarcer.

Moreover, the model accounts for other general equilibrium effects of population ageing. On the
demand side, growth in aggregate consumption can be expected to be depressed by a smaller
number of workers and lower income growth. This effect is partly compensated by higher aggre-
gate consumption resulting from a rising cohort of retirees. Moreover, a more subdued growth
outlook triggers a decline in aggregate investment, which would partly reduce the projected rise

in the capital-labour ratio.

'The modelling of the labour market and the wage bargaining process is based on Blanchard and Gali (2010).
n principle, the model allows to differentiate between PAYG, fully funded, and mixed pension schemes. Yet,
this differentiation is not further considered in this paper.
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In our model, population ageing will affect public finances through several channels: first, public
pension spending will grow with a rising cohort of retirees. Subsequently, this would result in
higher public expenditure, particularly if there are no built-in adjustments on the side of so-
cial security contributions or pension benefit payments. Second, lower economic activity and a
shrinking labour force reduces government revenues via lower indirect taxes by households and
firms. To finance a budget deficit, the government can issue risk-free bonds. This together with

lower GDP growth rates will push up the public debt-to-GDP ratio.

3.2 Ageing Report projections: generating the baseline scenario

In the baseline scenario we quantify the impact of population ageing and already enacted pen-
sion reforms by taking the Ageing Report projections. These projections offer many advantages.
First, the projections are based on a very detailed, country-specific set of data that allows us to
capture the main characteristics of a country’s pension system. Second, the projections account
explicitly for the future impact of already enacted, but not yet fully implemented social security
reforms on age-related spending. This is important in view of the numerous pension reforms
adopted in past years, as their impact is not yet fully reflected in actual data and will only be-
come fully visible after some time. Instead, not accounting for their impact would overstate the
adverse ageing-related consequences. Third, the projections are done under a no-policy change
assumption. Concretely, in the baseline scenario it is assumed that no additional pension policy
measures will be adopted over the projection horizon. This provides a more accurate picture
of a country’s actual adjustment needs. Finally, the projections are based on a set of common
macroeconomic and demographic assumptions across countries. This allows for a cross-country

comparison of the demographic transition and the adjustment needs.

However, the Ageing Report projections as such are not suitable for evaluating the macroeco-
nomic implications of population ageing, pension reforms or their reversals. In fact, the projec-
tions are based on a simple accounting framework that ignores general equilibrium behavioural
reactions. Thus, feedback effects between changes in macroeconomic variables, age-related ex-
penditures, and pension parameters cannot be captured. For example, it cannot be assessed how
changes in the retirement age will affect employment, or how consumption growth will react to a

lower pension benefit ratio. By integrating the Ageing Report projections in our model allows us
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to benefit from the information inherent in the Ageing Report while overcoming the limitations

on the feedback effects.

The baseline scenario relies on two sets of information: the ageing shock and the pension expen-
diture dynamics projected in the Ageing Report. First, we define the ageing shock by targeting
the old-age dependency ratio from 2016 to 2070, as stated in the Ageing Report. Thereby,
we translate the ageing shock into the model structure by allocating the level and change in
the old-age dependency ratio to the probabilities to be born, to be retired and to have passed
away.'® Thus, the projected size of the two age cohorts (i.e., the workers and the retirees) in
a country over time is derived from the probabilities in the initial period and the changes over
time. Thereby, we can explain to what extent changes in the old-age dependency ratio are due
to changes in fertility, mortality and retirement. This is important for our analysis, as the im-
pact of population ageing depends on the prevailing driving forces that trigger the demographic
transition, as explained above. Moreover, with this approach we are able to capture changes
in the demographic structure such as the sizeable cohort of the baby boom generation entering
retirement, rising longevity and low fertility, as well as changes to the effective retirement age

due to already enacted pension reforms.

Second, to sketch the macroeconomic and fiscal effect of population ageing in the baseline sce-
nario we try to replicate the Ageing Report’s projected path of public pension spending for the
period 2016-70 in our model structure.'® Our estimates under the baseline scenario show the
long-term impact of population ageing while accounting for already enacted pension reforms.
The impact is expressed as percentage point changes compared to the initial period, which is
the year 2016, in line with the latest Ageing Report. Moreover, the modelling approach allows
us to decompose the macroeconomic and fiscal impact into the part that is purely driven by the
demographic process and the part that is affected by the implementation delay of previously

adopted pension reforms.

181t is important to note that the way the ageing shock is modelled in this paper is different from the approach
used in the earlier versions of OGRE. See footnote 13.

19We also reproduced the 4 underlying driving factors of the pension spending path used in the Ageing Report.
The results can be interpreted as a sensitivity analysis for the fitness of the model and are shown in the Annex 2.
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3.3 The policy scenarios: additional pension reforms and reform reversals

A central part of the paper relates to the policy scenario analysis. We focus on two kinds of
policy scenarios, which are compared to the baseline: a scenario with additional pension reforms
and one assuming a pension reform reversal.?’ The analysis is done for our two country cases:

Germany and Slovakia.

In doing so, we first determine the required size of the additional pension policy instruments.
Thus, under the additional policy reform scenario we calibrate the policy instruments such that
they stabilise the public debt-to-GDP ratio at its initial level, i.e., in 2016. Assuming a full
compensation of the public-debt impact of population ageing is obviously a radical choice. How-
ever, we use this approach for presentational purposes rather than to prescribe concrete policy
advices. The main reason why we focus on changes in the public debt-to-GDP ratio rather than
on changes in public pension spending is that this allows us to account for all inherent changes
to the pension parameters, including the contribution rate, and for feedback effects though
changes in tax revenues. We distinguish three different types of pension reforms: increase in the
retirement age, decline in the benefit ratio and increase in the contribution rate. We assume
additional reforms to be implemented at once. We also analyse the impact if all policy options

were adjusted at the same time in comparison to the baseline scenario.

Thereafter, we define the reform reversal scenario and gauge its potential macroeconomic im-
pact. We try to mimic, as much as possible within our model framework, the current policy
discussions on reform reversals in the two country cases. Concretely, in the reversal scenario for
Germany we freeze the benefit ratio at its current level of 48% and assume that the contribution
rate would not exceed the threshold of 20% until 2040. With this reform reversal scenario we
assume that the agreed freeze of the benefits ratio and contribution rate until 2025 will be ex-
tended until 2040.?! In Slovakia, we assume the retirement age to stop increasing from the year

2045 onwards. This reflects the decision by the Slovakian government to freeze the retirement

20Tt should be recalled that neither the policy scenarios nor the reform reversal scenarios are based on the
Ageing Report.

2In Germany, the so-called “double threshold“ measure was adopted in mid-2018 to be effective until 2025.
Members of the government suggested extending this measure until 2040, which is broadly in line with the
recommendation by the Deutsche Rentenkommission issued in March 2020. As, this measure was adopted after
the publication of the 2018 Ageing Report, it is not reflected in the Ageing Report projections.
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age at 64 years.?? Similar to the approach taken in the additional reform scenario, we determine
the necessary compensatory measures under the reform reversal scenario by what is needed to

stabilize the public debt-to-GDP ratio.

3.4 Data and calibration

The calibrated models for our two country cases match well the input data (see Table 1 and
Annex 3). For the macroeconomic variables in the initial steady-state period, the calibrations
are based on multi-year averages of national accounts data from Eurostat, in most cases covering
the period 2009-2016, i.e., after the outbreak of the financial crisis. The targeted values include
GDP growth and its main components, as well as variables related to the labour market and
public finances. Moreover, we replicate all important country-specific pension system variables,
as reported in the 2018 Ageing Report. These include gross pension expenditures, the (gross)
replacement rate and the benefit ratio.?? With the OGRE model we are able to reproduce the
Ageing Report’s change in public pension spending (including its driving factors) over the pro-

jection horizon until 2070 (see Annex 2).

The main advantage of our approach is that we are able to capture the country-specific dynam-
ics of public pension expenditures, as projected in the Ageing Report, and combine it with the
behavioural and feedback effects of our OLG model. At the same time, it should be noted that
it is not possible to fully replicate all elements of the Ageing Report projections. In fact, some
of the variables used in the Ageing Report cannot be easily translated into our model structure.
For example, with respect to pension expenditures, the Ageing Report projects total pension
expenditure, which includes other components such as early pension payments, minimum pen-
sions or disability pensions. In our model, we only look at earnings-related pensions. To make
the model results comparable with the Ageing Report, the values are therefore rescaled. More-
over, in the model we look at the effective retirement age, while the Ageing Report projects the
effective exit rate from the labour market. We assume these two variables to be identical, while

this is not necessarily the case as old-age workers can get unemployed.

22In Slovakia, the government decided in end-2018 to implicitly break the automatic link between changes in
life expectancy and retirement age, by capping the retirement age at 64 years. This will be reached in 2045.

Z3When replicating the key pension system variables, we focus on the 2016 data provided in the 2018 Ageing
Report (as 2016 is the starting year of the projections), to ensure comparability of the results.
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To model the demographic structure, we use Eurostat’s population data on the absolute size of
the respective cohorts for Germany and Slovakia.?* We translate the data such to obtain values
for the three probabilities in the initial period for which the model is calibrated, i.e., for 2016.
Concretely, in the initial period the probability to be born results from the number of people in
the age cohort of the 19 year-olds, while the probability to pass away is based on the size of the
very old-age cohort (i.e. of the people aged 85 years and older).?> The retirement probability is

derived from the effective exit age from the labour market, as reported by Eurostat.

Table 1: Calibrating the initial period

in % of GDP, unless stated otherwise

Germany Slovakia
calibrated  targeted  calibrated  targeted

value value value value
Consumption (total) 60.7 54.6 60.8 60.4
Consumption (public) 19.1 19.1 16.9 16.9
Investment 20.1 20.0 22.3 20.2
Compensation of employees 59.7 56.3 54.9 46.0
Unemployment rate (%) 5.7 5.6 12.8 12.7
Unemployment benefit 1.5 1.8 0.7 0.7
Pension expenditure 7.2 7.8 6.9 6.7
Benefit ratio (%) 34.1 32.4 34.4 36.3
Old-age dependency ratio (%) 37.2 38.3 36.5 32.6
Public debt 75.4 75.4 53.3 53.3

Note: The targeted values are based on the 2018 Ageing Report and Eurostat
data.

The model structure allows us to replicate Eurostat’s projected path of the old-age dependency
ratio until 2070 (see Figure 2, left-hand side panels). In fact, for Germany the old-age depen-
dency ratio is projected to increase sharply until 2040 and more slowly thereafter, while for
Slovakia the ratio will peak in 2060 before starting to decline thereafter. Moreover, the devel-
opment of the old-age dependency ratio can be decomposed into the three driving forces, i.e.,
the probabilities to be born, to retire and to pass away. As shown in Figure 2 (upper right-hand
side panel), for Germany, the dynamics of the old-age dependency ratio is mostly driven by the
cohort effect, as the sizeable baby boom generation will enter retirement within the next one

and a half decades. This is reflected in the strong contribution of the probability to retire until

24We use Eurostat data, in line with the Ageing Report. As a sensitivity analysis (available by the authors
upon request) we replicated the analysis with UN population projections.

Z>While migration flows are not explicitly shown in the model, they are indirectly captured as they impact the
absolute size of the cohorts.
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2040. While improvements in life expectancy are also projected to matter, their impact on the

dependency ratio will be much smaller.

In Slovakia, the expected change in the old-age dependency ratio is mostly due to the strong im-
provement in life expectancy, as shown by the probability of death (see Figure 2, lower right-hand
side panel). The projected impact of the cohort effect, which is smaller compared to Germany,
will gradually decline as of around 2060. To a lower extent, population ageing in Slovakia is also

driven by its very low fertility rate.?%

Figure 2: Old-age dependency ratio and driving forces

(retirees/workers, in %)
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26 Although Slovakia’s fertility rate is assumed to improve in the long-run, the old-age dependency ratio in the
long-run is expected to be impacted by today’s very low fertility rate.




4 Results

4.1 The baseline scenario

Under the baseline scenario, we find strong support for the general view that population ageing
has adverse macroeconomic and fiscal implications. Assuming no compensatory measures, the
results show an increase in the public debt-to-GDP ratio by around 100 percentage points until
2070, compared to the initial period, for both Germany and Slovakia.?” Moreover, real GDP
per capita is projected to decline by almost 14% in Germany and 9% in Slovakia, compared to
the initial period (see Tables 2 and 3).28 The long-run model results can be decomposed into
the impact driven by the demographic transition (see column “ageing” in Tables 2 and 3) and
the impact that results from past pension reform measures (see the columns under “impact of

adopted pension reforms” in Tables 2 and 3).

In the case of Germany, the model-induced decline in GDP per capita by almost 14% by 2070
largely results from population ageing (decline by 15.3%). Yet, previously adopted pension
reforms can be expected to partly cushion or amplify the macroeconomic impact, depending
on the respective instruments.?’ Specifically, the legislated gradual increase in the statutory
retirement age until 2029 is expected to have a potentially growth-enhancing impact, and will
thereby partly cushion the adverse growth impact of population ageing. In line with our model,
the effective retirement age will increase from 64 years (in 2016) to 65.5 years by 2070. The
baseline scenario captures also other legislative settings: in case of rising pension spending, this
requires compensatory adjustments in form of higher contribution rates or a lower benefit ratio.
Yet, higher contribution rates can be expected to further worsen the impact on GDP per capita

(by 1.2%), while a less generous benefit ratio will only have a marginal positive growth impact.

2"The results are qualitatively very similar to the results with the open-economy version of the model. Yet,
for simplicity reasons we only report the results with the closed economy version here, while the results with
the open-economy model can be shared upon request. Compared to the open-economy version, the results show
an overall more pronounced adverse impact of population ageing in the closed-economy version, as in particular
variables, such as consumption, seem to react more strongly to changes in the degree of openness.

28While the tables show the long-run results, compared to the initial period, the projected long-run develop-
ments over time are shown in the charts in Annex 4 (for Germany) and Annex 5 (for Slovakia).

2In Germany the pension system is prohibited to generate public debt. Instead, increases in pension spending
need to be compensated by higher contribution rates and lower benefit ratios. Moreover, in 2007 Germany
legislated a reform that foresees a gradual increase in the statutory retirement age from 65 to 67 years by 2029.
Back then, it was also decided to reduce the pathways to early retirement, inter alia through higher penalty
deductions, and to harmonise the parameters for calculating pension benefits in West and East Germany.
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Table 2: Baseline scenario: long-run results for Germany

in % of GDP, unless stated otherwise

Baseline! Ageing Impact of adopted pension reforms:

Germany retirement  benefit contribution
age ratio rate
(1+2+3+4) (1) (2) (3) (4)
GDP per capita (%) -13.9 -15.3 2.5 0.1 -1.2
Consumption: total -1.5 -1.6 0.4 0.0 -0.2
Consumption: share of young (% of total) -4.6 -7.8 1.1 1.7 0.4
Investment -1.3 -14 0.1 0.0 0.0
Unemployment rate (%) 0.8 -0.3 0.0 0.0 1.1
Pension expenditure 1.9 3.8 -0.6 -1.3 0.0
Primary balance -2.9 -6.5 1.1 1.1 1.4
Public debt 100.3 208.6 -33.9 -29.4 -44.9

'Deviation from the respective values in the initial steady state (see Table 1) until 2070

The baseline results for Germany show a decline of aggregate total consumption by 1.5 per-
centage points of GDP, compared to the initial period. This is largely driven by the steep fall
in the workers’ share of total aggregate consumption (by 4.6 percentage points), which can be
explained by two factors. First, the cohort of the young will shrink relative to the cohort of
the pensioners. Second, as agents are forward-looking, the young cohort tends to consume less
and save more to prepare for increased longevity. By building up a higher stock of savings
during working lives, future pensioners will be better prepared for consumption smoothing. The
aging-induced decline in the young’s share of total aggregate consumption is partly reduced by
the reforms implying a higher retirement age (cohort effect) and a lower benefit ratio (lower

disposable income of the pensioners).

Finally, the baseline results for Germany assume pension expenditure to increase by 1.9 percent-
age points of GDP in 2070, compared to the initial period. This figure is broadly comparable
with the Ageing Report projections.?? The ageing impact on pension expenditures will be al-
most halfed thanks to previously adopted reforms, namely the rise in the retirement age and
the declining benefit ratio. As the German pension system is prohibited to accumulate debt,
the projected public debt increase of 100 percentage points of GDP by 2070 only reflects the
feedback effects via lower public revenues and a negative denominator effect. It abstracts from

any others factors, like e.g. national fiscal rules, that could imply a different debt trajectory

30The 2018 Ageing Report projects pension expenditures in Germany to increase by 2.4 percentage points of
GDP until 2070. See Table 1 in European Commission (2018).

ECB Working Paper Series No 2396 / April 2020 20



besides the ageing impact.

While the results for Slovakia are qualitatively very similar to those for Germany, they reveal
important differences between the two countries. In particular, differences relate to the main
driving forces of population ageing, the structure of the economy as well as the impact of past
pension reforms. In fact, as shown in Figure 2, population ageing in Slovakia is mainly driven by
rising life expectancy. To address the ageing challenge, Slovakia adopted in 2012 an important
pension reform that first automatically links the retirement age to changes in life expectancy

and second reduces the generosity of the pension system through changes in the indexation rule.

The baseline results for Slovakia predict a decline in GDP per capita by 9% by 2070, compared
to the initial period (see Table 3). Without the adopted pension reforms, namely the one ad-
justing the retirement in line with changes in life expectancy, the ageing impact would be more

than twice as strong, given the projected strong increase in life expectancy.

Table 3: Baseline scenario: long-run results for Slovakia

in % of GDP, unless stated otherwise

Baseline! Ageing Impact of adopted pension reforms:

Slovakia retirement  benefit contribution
age ratio rate
(1+2+3+4) (1) (2) (3) (4)
GDP per capita (%) -9.0 -18.5 9.8 0.1 0.0
Consumption: total -0.4 -1.3 0.9 0.0 0.0
Consumption: share of young (% of total) -4.2 -9.5 4.0 1.3 0.0
Investment -1.1 -2.0 0.8 0.0 0.0
Unemployment rate (%) -1.0 -1.3 0.4 0.0 0.0
Pension expenditure 1.2 4.1 -2.2 -0.7 0.0
Primary balance -2.4 -6.7 3.6 0.7 -0.1
Public debt 103.0 230.5 -105.3 -24.3 2.1

!Deviation from the respective values in the initial steady state (see Table 1) until 2070

The consumption share of the young in Slovakia is overall estimated to decline by 4.2 percentage
points of total consumption, compared to the initial period. The previously adopted pension
reforms can be seen as improving the intergenerational burden sharing as they help to cushion
the adverse ageing impact for the young relative to those for the pensioners. In fact, the reforms

leading to a higher retirement age and reducing the generosity of the pension system limit the
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decline in the young’s consumption share by 4 and 1.3 percentage points, respectively.

The baseline results for Slovakia show an increase in pension expenditure by 1.2 percentage
points of GDP by 2070, compared to the initial period. This is the same figure as projected in
the Ageing Report. Without the impact of the adopted reforms the increase in pension spending
would be three times as high. The public debt-to-GDP ratio is estimated to increase by 103 per-
centage points of GDP by 2070, but would be considerably stronger without the adopted reforms.

4.2 Policy scenarios with additional reform measures

The spending pressures arising from population ageing call for additional pension reforms which
would need to go well beyond those already adopted. Therefore, as a next step, we examine
the macroeconomic and fiscal impact of additional pension reforms. We report the macroeco-
nomic impact of the additional pension policies in comparison to the baseline scenario, i.e. by
how much would the additional policy measures change the results obtained under the baseline

scenario.

We calibrate the additional pension reforms by the effort that would be required to fully com-
pensate for the increase in the public-debt-to-ratio due to ageing. In other words, the additional
pension reforms need to ensure that the public debt-to-GDP ratio is kept broadly constant at
the initial level. We use the same modelling framework as in the previous section, as this allows
us to explicitly account for the economic feedback effects of pension reforms. The assumption
of perfect foresight continues to hold. Thus, households are expected to react immediately to
policy changes by inter alia adjusting their savings behaviour. We consider the same types of
pension reforms as discussed above. Concretely, we analyse by how much the three pension
parameters, i.e., the retirement age, the benefit ratio and the contribution rate, would need to
be changed in order to alleviate the public debt impact of population ageing, and assess their

impact.
Taking again Germany and Slovakia as country cases, we find the following results in the ad-

ditional reform scenarios: in order to fully compensate for the ageing-induced debt increase of

around 100 percentage points of GDP, Germany would need to increase the effective retirement
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age by 3.5 years until 2070, compared to an increase in the effective retirement age to 65.5 years
by 2070 under the baseline scenario (see Table 4). Similarly, Slovakia would need to increase its
retirement age by 4.5 years, compared to an increase to more than 67 years by 2070 under the
baseline scenario (see Table 5). Alternatively, if the compensatory measures were only to rely
on reforming pension entitlements, the benefit ratio would need to be reduced by 26 percentage
points in Germany and 21 percentage points in Slovakia, in order to keep the public-debt-to-ratio
roughly constant at the initial level. For reforms targeting the financing side, pension contribu-
tions would need to be increased by almost 11 percentage points in Germany and 7 percentage

points in Slovakia.

Table 4: Additional pension reforms: long-run results for Germany

in % of GDP, unless stated otherwise

Baseline' Impact of additional pension reforms?

Germany retirement  benefit  contribution mix

age ratio rate

(1) (2) (3) (1)+(2)+(3)
GDP per capita (%) -13.9 6.1 0.2 -2.9 1.1
Consumption: total -1.5 1.2 -0.1 -0.6 0.2
Consumption: share of young (% of total) -4.6 2.5 5.8 0.9 3.1
Unemployment rate (%) 0.8 -0.1 -0.1 2.8 0.8
Pension expenditure 1.9 -1.3 -4.5 0.1 -1.9
Public debt 100.3 -108.6 -101.7 -97.1 -102.3
Policy instruments
Retirement age (year) 65.5 3.5 - - 1.2
Benefit ratio (%) -8.0 - -26.0 - -8.7
Contribution rate (%) 4.4 - - 10.6 3.5

Deviation from the respective values in the initial steady state (see Table 1) until 2070, long-run results for
the retirement age
Deviation from the baseline

Furthermore, in line with the literature, we find evidence that the macroeconomic impact
strongly differs depending on which reform measures have been adopted. For example, in the
case of Germany an increase in the retirement age by 3.5 years, which would be necessary to keep
the public-debt-to-ratio constant at the level in the initial period, would imply that GDP per
capita would be 6.1% stronger, compared to the baseline (see Table 4). In the case of Slovakia,
adjustments in the retirement age would allow to almost fully offset the adverse growth impact

estimated in the baseline scenario. In fact, prolonging people’s working lives helps to enlarge the
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cohort of workers compared to the baseline scenario.?® This can be expected to boost aggregate
consumption and investment, while public pension expenditure could be scaled down consider-
ably. Cutting pension entitlements, in turn, would leave GDP per capita roughly unchanged,
compared to the baseline scenario (see Table 4, the column “benefit ratio” for Germany and
Slovakia). Furthermore, higher contribution rates would in the case of Germany aggravate the
adverse impact on GDP per capita, compared to the baseline scenario, while for Slovakia the

results would be unchanged compared to the baseline scenario.

Table 5: Additional pension reforms: long-run results for Slovakia

in % of GDP, unless stated otherwise

Baseline’ Impact of additional pension reforms?

Slovakia retirement  benefit  contribution miz

age ratio rate

(1) (2) (3) (1)+(2)+(3)
GDP per capita (%) -9.0 8.4 0.4 0.0 2.9
Consumption: total -0.4 1.5 -0.1 -0.1 0.4
Consumption: share of young (% of total) -4.2 2.8 5.4 1.4 3.2
Unemployment rate (%) -1.0 0.0 -0.1 0.0 -0.1
Pension expenditure 1.2 -1.5 -2.9 0.0 -1.4
Public debt 103.0 -97.5 -101.7 -102.5 -100.9
Policy instruments
Retirement age (year) 67.2 4.5 - - 1.5
Benefit ratio (%) -5.0 - -21.0 - -7.0
Contribution rate (%) -0.2 - - 6.8 2.3

Deviation from the respective values in the initial steady state (see Table 1) until 2070, long-run results for
the retirement age
ZDeviation from the baseline

Relying at one reform measure at a time could, however, turn out to be politically challenging
as the additional adjustment burden would be placed disproportionally on one generation. For
example, by lifting the retirement age the adjustment costs would be fully born by the cohort
of workers, as their working lives would be prolonged. Raising the contribution rate would only
affect the cohort of workers, while lower pension entitlement would only affect the cohort of pen-

sioners. Instead, reform mixes composed of various measures can be expected to help spreading

3'In this paper we abstract from the discussion how plausible it is to assume healthy ageing. Yet, this is a
relevant question with respect to the effectiveness of the policy instrument of postponing the retirement age. We
also abstract from age-dependent productivity rates.
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the adjustment burden more equally across generations. Therefore, we analyse the impact of a
mixture of reforms. We assume that each reform measure would contribute by one-third to the

adjustment effort that is needed to keep public debt constant at its initial level.

The estimation results under the reform mix scenario are encouraging in terms of intergener-
ational fairness and macroeconomic impact (see Tables 4 and 5, last column). Looking again
at the examples of Germany and Slovakia, the necessary increase in the retirement age would
be one-third of the adjustment coming only through changes in the retirement age. Likewise,
pension entitlements and contribution rates would need to be adjusted by around one-third com-
pared to a situation with only one single instrument. Overall, under the reform mix scenario the

adverse ageing impact on GDP per capita would be contained, compared to the baseline scenario.

5 Quantifying the costs of pension reform reversals

Several countries are currently discussing whether to reverse parts of their previously adopted
pension reforms. Our framework allows us to evaluate the macroeconomic and fiscal costs of
pension reform reversals. In the following, we study the impact of reform reversals by looking
more closely at the cases of Germany and Slovakia. In both countries the reform reversals only

emerged after the 2018 Ageing Report and therefore are not reflected in our baseline scenario.

In Germany, previously adopted reform measures have been lately reversed and further revisions
are under discussion. Concretely, in August 2018 the German government agreed on a reform
reversal, by setting the so-called “double threshold” until 2025. This “double threshold” foresees
that (i) the pension contribution rate should not rise above 20% (compared to 18.9% in the
initial period), and (ii) the benefit ratio should not fall below 48% until 2025.32 On top of this,
although not yet decided, it was proposed to prolong the “double threshold” until 2040. This
latter proposal, however, can be expected to be considerably more costly, as the large cohort of

baby boomers will retire between 2025 and 2040, and would therefore benefit from the additional

321t should be noted that the benefit ratio used in the model is not fully comparable to the national definition.
The latter looks at the level of pensions in retirement relative to earnings for a standard pensioner who earns
average income and pays contributions for 45 years. Therefore we re-scaled the benefit ratio in Figure 3 to align
it with the policy discussion.
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generosity foreseen under the “double threshold” scenario extended to 2040.

Figure 3: Pension reform reversal in Germany: “double threshold” until 2040
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Sources: Borsch-Supan and Rausch (2018), and authors’ calculations.

We define the “double threshold” until 2040 as our reform reversal scenario for Germany.?® Thus,
in the reform reversal scenario the pension contribution rate should not rise above 20% and the
benefit ratio should not fall below 48% until 2040. After 2040, both the benefit ratio and the
contribution rate are assumed to develop roughly in line with the Ageing Report projections.3*
This is shown in Figure 3, with the solid lines representing the baseline scenario and the dashed
lines reflecting the reform reversal scenario. Like in the previous sections, the baseline scenario
replicates the 2018 Ageing Report projections, including the already adopted reforms, according
to which Germany’s contribution rate will increase to around 27% and its benefit ratio will de-

cline to below 40% by 2070 (see Figure 3, solid lines). Under the baseline scenario, both ratios

are projected to start worsening rapidly from the mid-2020s onwards.?>

33The reform reversal scenario for Germany includes the “double threshold” agreement until 2025, as this was
only decided in mid-2018 and therefore is not included in the 2018 Ageing Report projections.

34Yet, the paths of the dotted and solid lines do not fully match after the year 2040 given that the two scenarios
imply different feedback effects until 2040 which will have a lagged impact. This is particularly relevant for the
benefit ratio.

35In the baseline scenario, the contribution rate is projected to increase to 19.5% and the benefit ratio to



In the reform reversal scenario, we quantify the costs of reform reversals by the adverse impact
on the public debt ratio, in comparison to the debt impact under the baseline scenario. For
Germany, we find that the reform reversal would imply sizeable costs (see Table 6, column “reform
reversal”). Specifically, by 2070, the increase in the public debt-to-GDP ratio can be expected
to be ceteris paribus almost 60 percentage points higher than under the baseline scenario, as
a result of higher pension expenditures, adverse feedback effects and lower contribution rates.
At the same time, the impact on GDP per capita would be only marginally better (decline by

13.3%) than under the baseline scenario.?6

Table 6: Reform reversal scenario: long-run costs for Germany

in % of GDP, unless stated otherwise

Baseline! Reform Compensatory
Germany reversal' measures??
GDP per capita (%) -13.9 -13.3 10.1
Consumption: total -1.5 -1.3 2.0
Consumption: share of young (% of total) -4.6 -6.5 4.2
Unemployment rate (%) 0.8 0.1 -0.2
Pension expenditure 1.9 3.1 -2.1
Public debt 100.3 157.5 -176.0
Policy instruments
Retirement age (year) 65.5 65.5 5.5

"Deviation from the initial steady-state until 2070; long-run result for the retirement age
“Deviation from the reform reversal scenario
3Change in retirement age to compensate for the debt impact of the reform reversal

Moreover, we calculate the compensatory measures for Germany that would be needed in order
to offset the adverse debt impact under the reform reversal scenario of almost 160 percentage
points of GDP by 2070, compared to the initial period (see Table 6, column “compensatory mea-
sures”).3” We assume that the adjustment will be solely placed on increases in the retirement
age. We find that the compensatory measure needed to offset the effects of the reform reversal

would be very painful for future generations. In fact, the results suggest that Germany would

decrease to 47.6% by 2025. This implies that the “double threshold” will not be a binding constraint until 2025,
except for a small gap arising for the benefit ratio towards the end of this period, while it will become considerably
more constraining thereafter.

361t should be noted, however, that the results might reflect a potential upward bias, as the model does not
explicitly account for behavioural changes of the labour supply in response to changes in the pension system. In
fact, the labour force participation rate is kept constant.

3"Thus, the estimated increase in the public debt-to GDP ratio by almost 160 percentage points under the
reform reversal scenario reflects both the ageing-related debt impact, as derived under the baseline scenario, and
the debt impact due to the reform reversal.
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have to increase its effective retirement age by 5.5 years to 71 years by 2070 to be able to fully
offset the increase in the public debt-to-GDP ratio.?® Out of this suggested total increase in the
retirement age, 2 years would be on account of the reform reversal, while the remaining 3.5 years
reflect the compensatory measures needed to offset the ageing cost increase under the baseline
scenario. Moreover, the compensatory measures in form of higher retirement age would help to

largely alleviate the adverse macroeconomic and fiscal effects of the pension reform reversal.

Slovakia is another interesting example to study the impact of reform reversals. In end-2018,
Slovakia decided to reverse one of its previous pension reforms, namely by capping the automatic
link between the retirement age and changes in life expectancy at the age of 64 years. In the
baseline scenario, the effective retirement age is expected to increase from its initial level of 61
years (2016) to above 67 years. In the reform reversal scenario we assume for Slovakia that
the automatic link between the retirement age and increases in life expectancy will be capped
in 2045, i.e., the year when the retirement age is expected to reach 64 years, according to the

baseline scenario.

Like for Germany, we quantify the fiscal costs of the reform reversal in Slovakia by comparing
the debt impact under the reform reversal scenario with that under the baseline scenario. Our
results show that such a reform reversal would be very costly. In fact, the increase in the public
debt-to-GDP ratio would be more than 50 percentage points higher than the estimated increase
of around 100 percentage points of GDP under the baseline scenario (see Table 7). Moreover,
the results under the reform reversal scenario suggest an even more adverse economic outlook
than under the baseline scenario: GDP per capita can be expected to shrink by almost 15% by
2070, compared to the initial period. This is in line with earlier findings for Slovakia, namely
that, as discussed in section 3, the increase in life expectancy is the most dominant factor for
the expected rise in the old-age dependency ratio. Moreover, capping the retirement age at 64
years would lower further the young’s total consumption share and increase pension expenditure

even more, compared to the baseline.

380ther simulations obtain similar results. Bérsch-Supan and Rausch (2018) calculate the fiscal costs of the
“double threshold” assuming that it would be kept until 2060. These authors consider an alternative policy
scenario, and ask by how much the VAT rate would need to be increased to finance the “double threshold” via tax
subsidies to the pension system. They find that the VAT rate would need to increase by more than 6 percentage
points by 2040 to offset the fiscal cost of the “double threshold”.
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Table 7: Reform reversal scenario: long-run costs for Slovakia

in % of GDP, unless stated otherwise

Baseline! Reform Compensatory measures:>

Slovakia reversal' ~ benefit contribution miz
ratio rate
(1) 2 ()+()

GDP per capita (%) -9.0 -14.8 0.5 -0.1 0.2
Consumption: total -0.4 -0.9 -0.2 -0.1 -0.2
Consumption: share of young (% of total) -4.2 -6.7 7.8 2.2 5.0
Unemployment rate (%) -1.0 -1.3 -0.1 0.2 0.0
Pension expenditure 1.2 2.6 -4.2 0.0 -2.1
Public debt 103.0 156.1 -145.4 -154.7 -150.5
Policy instruments
Retirement age (year) 67.2 64.0 - - -
Benefit ratio (%) -5.0 -5.0 -29.0 - -14.5
Contribution rate (%) -0.2 -0.2 - 12.2 6.1

Deviation from the initial steady-state until 2070; long-run result for the retirement age
2Deviation from the reform reversal scenario

In addition, we analyse the hypothetical case that compensatory measures were adopted that
would aim to offset the debt impact under the reform reversal in Slovakia, compared to the initial
period. Concretely, we consider addressing the reform reversal costs through either lower benefit
ratios, higher contribution rates, or a combination of the two (see Table 7, last three columns).
We find that, if the retirement age were to be capped at 64 years, the benefit ratio would need
to be lowered massively, by more than 29 percentage points, in order to fully compensate for
the debt increase until 2070. Alternatively, the contribution rate would need to be increased by
more than 12 percentage points to fully compensate for the debt impact of the reform reversal.
Although the size of the compensatory measures could be halved when combining the two com-
pensatory measures (see Table 7, column “mix”), they would not help to alleviate the adverse

impact on GDP per capita.

6 Conclusions

The paper offers a framework to examine the measures needed to cope with the macroeconomic
and fiscal effects of population ageing, as well as to quantify the costs of pension reform re-
versals. Concretely, we exploit the country-specific information contained in the 2018 Ageing
Report which we integrate into a dynamic general equilibrium model with overlapping gener-

ations to capture feedback effects. In the baseline scenario we thereby account for the impact
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of already adopted pension reforms, as captured in the Ageing Report. We also examine the
additional pension reforms that are needed to contain the public debt impact arising from the
demographic transition, and assess their macroeconomic impact. We find evidence that mixed
reforms which consist of different pension reform measures help to spread the adjustment burden
more equally across generations. Intergenerational equity of public pension systems is an im-
portant consideration, also in view of raising political pressures to revert past pension reforms.
We study the costs of pension reform reversals in two countries: Germany and Slovakia. We
find that pension reform reversals in these two countries could generate substantial fiscal costs
as measured by the additional public debt-to-GDP impact compared to the baseline scenario
and potentially worsen the macroeconomic outlook. Addressing these costs through other pol-
icy instruments could be expected to require painful adjustments, thereby potentially worsening

intergenerational fairness further.

Our paper contributes to the literature in two ways: first, to our knowledge this is the first paper
which integrates the long-term dynamics of pension expenditures, as projected in the Ageing Re-
port, into a dynamic general equilibrium model with overlapping generations. By this we are able
to capture feedback effects in a general equilibrium framework, and to systematically account
for important country-specific aspects and already adopted pension reforms which will become
effective over time. Second, our framework allows us to quantify the expected macroeconomic
and fiscal costs of reform reversals. While most European countries have adopted important
pension reforms in the last two decades, more recently pension reform reversals are being dis-
cussed or have already been decided. So far pension reform reversals have hardly been reflected
in the literature. We try to fill this gap with our framework that allows us to systematically

quantify the costs of pension reform reversals.
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Annex 1 Technical description of the OGRE model

In this technical appendix, first, we focus on solving the optimizing problems of the young and
old generations, we describe the pay-as-you-go pension system and the price and wage setting
equations of the firms. At the end, we provide the normalized - detrended by population growth
- equations and the steady-state calculation of the model. Regarding any other technical detail,

further information is available from the authors upon request.

A.1.1 Demography and overlapping generations

Demography

Total population (V) is equal to the sum of the number of old (retired) (N) and young (worker)

people (N)):

N, = NP +N/
NtY = (1_“‘)2/—1)Nt}:1+ntNt}:1

16) 16) o)
Ny = (1—wi )Ny +th—1Nt):1

s¢ denotes the ratio of the number of old and young people, while sz/ denotes the share of young

people in the whole population:

o)
St = W = NtY - (1 - wt—l)Ngil NtY t—1 NtY
B (1 _wto—l) Wty—l
(1 —wl | ) =1 (1—w) | +mn)
NY NY 1 1

Ny _NtY‘FNtO_l_i_%ti:l‘i‘St

t

NY “1)N- - v

1+gt == Ntyvlz Ntyvl :1—wt71+nt

1+ gV0 = NP _ (- Wl ONZ 1 + Wil N —(1—uwl )+ Wi—1
' N2, N2, U s
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Finally, population (and the BGP) growth follows as:

1+ = 144V = NtY—i-NtO 7Nt}t:1+Nt{171+gt +N}t: _
gt = 9 _Nt}:l_i_Nt(Zl_Ngil_{_Nto,l_ 1+ 851 =
NN
NY | NP NY
e N E 1™ s g™ _ (g gy Lt
14581 1+ 81 C s

Retired generation
First-order conditions of a retired agent

'Retired’ agent ¢ of retired cohort a is one individual who retired a years ago. FEach agent

maximises the following Bellman-equation:

VOBY 114(0) = max { ;== OO0 + BE(1 — wf)VO(BE(0)
subject to this budget constraint:

(1+ th)pl(f)cao,t(i) + (1 — w?)Bgt(i) =(1+ Tt71>BzzO—1,t—1(i) +TRZ?(Z')

where O denotes the retired cohort, the TR};tO (1) is the pension benefit that was set by the
government a years ago. Here, we assume that TRY?,, (i) = TR} (i) Vn > 0, i.e. the gov-
ernment in the pay-as-you-go pension system sets the real value of the benefit at the time of
retirement, and provides the same real amount until the pensioner passes away. Cgt(i) is the
level of individual consumption, Bgt(i) is the individual risk-free bond, p? is the retailer price
of the pensioners’ consumption basket, and TtC is the consumption tax rate.

The first-order conditions are as follows:

Cao,t(i> : Cgt(i)_7 + )\gt(l + th)pto =0

BRy(i) = BE(1—w) Vo o+ Bi(l = w)AZ, =0
The one-period-ahead Envelope-theorem is:

EVgo, i) = —E A1 1 (1+70)
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The first-order conditions imply the Euler equation:

Cn(@)
BE,—5——(1+1)
Caojtl,tﬂ(@)7

A+
(1 +thr1)PtO+1

which can be rearranged:
1 1
EC1,041(1) = OB (1+ 1) 7 A7
where

1
1479 |7
AgtH — B ( + )Py ]

(1+75)p50

Based on the Euler-equation, all future individual retired consumptions follow:

n
n 1
EiCF,ptin(i) = CL ()87 By [T (1 + revn—1)7 Ay,
k=1

Individual consumption of a retired agent

First, we derive the intertemporal budget constraint from the one-period budget constraint:

+

Et f: HZ:l(l - wto-i-k—l)(l + Tgrn)pto+ncao+n,t+n(i) o Et io: HZ:l(l — wto"'k_l)TRgfn,t+n(i)
n=0 [Tiei (1 + 7o) [Tiei (U +rer—1)
+(1+ rt—l)BaO—l,t—l(i)

n=0

if k >nand ryp = 0.

We can use the Euler equation for future consumptions:

ey (1= 0@y ) (1 + 7P O (087 Ty (14 r-1) 7 AL
B k=1 Witk—1 Ttdn)PeynCat\l k=1 Tt+k—1 ti+k
tnz:% [z (X + rese—1) a
- (1 B wto—i-k—l)nTR;/-l—On,t—&—n (2)

=F
>3 [Tt (T +reyk—1)

n=0

+ 41 +r-1)B 1,4 (3)

If we rearrange, we get consumption of agent ¢ of cohort a at time ¢ as a function of the present

value of pension benefits, other income and initial wealth:

n o YO .
E, ZOO Hk:l(l_wt+k—1)TRa+n,t+n(l)
— n
n=0 Hk:l(l'”“r’“*l)

n 19
By n2o(1+ 7'15(3;11)101t0+n@7 [T (1= wt0+k—1)(1 + Tipk-1)7 Agt+k

Caoﬂf(i) = +
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(1+ Tt—l)BaO—l,t—l(i)
n i
Er Yool 4+ 78,08 n 87 Tlhey (1 - wto-i-k—l)(l + Tipr-1)7 A§t+k

_l’_

Finally, using the assumption that TRY 9, (i) = TR}, (i) Yn > 0:
o0 M
Eth 0 H : 1+7’t+k 1)
i
B oo+ thrn)PtOJrn5V Mol —wly A rek1)7 AL
(1+r-1)BY 1, ()
o 1

Er o004+ 750)p2 087 TThet (1= w1 (1 + repn 1) A§t+k

Cauli) = TRy £ (i)

_l’_

The denominators are the function of non-individual variables, then we can denote it as an

aggregate variable:

o0 n
1 n

n 1_
om0 = By (L)l 87 [T — el )+ ) A
MPC; n=0 k=1
> 1_
= (1+70)p7 + By Z(l + TP B H —wp ) (L + rero1)? 1A§t+k
n=1

= (1+77)pf +

87 (1= w)(1+ 1) 7T AL o1 Be Y (U )87 [T - w1+ Peak)T Ak
n=0 k=1
1
=1+7)p + 5 (1—w?)(1+ Tt) 1Agt+1Etm

Using the same recursive substitution for the future expected pension benefit, the consumption

function of agent 7 of cohort a at time t is:

C(i) = MPCPQPTRY? (i) + MPCP(1+1i-1)BS 1, 1(4)

where Q0 is the discount factor of the retired households:
O = 1+E _:dt QP

Aggregate consumption of the retired cohort

Aggregate consumption is equal to the sum of pension benefits, other income and initial wealth:

ECB Working Paper Series No 2396 / April 2020 37



STN? = MPCPQY Z (i)TRY P (i) +
a=0 a=0
+ MPCE(1+7re1) > NG0By (1)
a=0

First, the number of old people declines over time:

N+1t = (1_Wt I)Nat 1

N+2t = (1 _wto—l)(l_wtO—Z)NaO,t—Q

a

and
o0
>N
a=0

Now, we can express aggregate pension income in period ¢ of those who get retired at period t,

one period before, etc.:

NOTRyP (1) = TRy®
Nl(,)tTR{?(i) = (1 —Wt I)NOt 1TROt (1) =(1 —WI:O—1)TR2/—O1

NQO,tTR{?(Z') = (1—% 1)(1—% 2)N0t 2TROt o(1) = (1—W?—1)(1—wg2)TRtY—%

using TRY t+n( i) = TRK?(@') Vn > 0 again.

Then, adding up all pensions implies:

TR, = Y NC,HTRY?()=TR'®+(1-w? )TRG+..

= TRY°+(1—w? TRy

Now, aggregate consumption of the retired cohort cohort is defined as:
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oo
Y
a=0
while total savings of the retired is:

Z tBat 1 ( Noo,tB(()),t 1( JFZ tBat 1 (

Here, we need to be careful with the just-retired agents: they were young one period before
without knowing about their next period retirement. We can use the law of large numbers to

get the following expression: N& = th_ 1N2: 1

Ylast
NOtBOt 1( NOtZBbt 1 —Wt V- 1Ny

where the last refers to the fact that those who get retired today spent their last year in the
young cohort in the previous year.
Then, from ¢ — 1 to ¢ it is easy to see that: > o2 Ngt =>>,1- ng)Nc?fl,tfl which implies

that
o
Z NO.BY, (i) =w! 1Bl 1+ > (1—w )N 1, \BS, (i)
a=1

Here, the second term means that only those retired agents cumulate savings who expect to
survive the next period. Hence, the amount of aggregate old-age savings from the previous
period is BZ | = >, (1 -w? )N? 4 1 1Ba +_1(i). Then, overall savings of the retired cohort in
period t can be expressed easily by adding just-retired savings from the previous period’s young

cohorts:

ZNaOtBat () =w] B}y + B2,
a=0

As a last step, we put together all parts of the equation, so, aggregate consumption of formal

goods of the retired cohort is:

CP = MPCOOPTR, + (14 r_1)MPCP(w) {BY | + B2 ).
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Young generation
First-order conditions of a young agent

"Young’ agent ¢ of young cohort b is one individual of its cohort who started to work (was born)

b years ago. The Bellman-equation of a young individual is:

. 1 . . .
V(B 4t ) = e { 12 0+ B3 (1= WL (B0 + o VEBLP 0)}
while the budget constraint is:

(1+ 709} Co(i) + (1= wi ) By (i) +wi By (i) =

= (1+7_1)BY L1 (i) 4+ (1 - TV wi Ly 1 (i) + wY Uy 4 (i) + Profity (i) — LTaxy (i)

where ng ,(i) denotes the young agent’s individual consumption, pf is the retailer price of the
young consumption basket, ng . (i) is young households risk-free bond, ngto (7) is young house-
holds’ state-contigent risk-free bond, L () is individuals’ working hours, w; is the real wage,
Profit, (i) denotes the profits from the firms, and LTaxp.(7) is the other lump-sum taxes.
If the given household is unemployed (U;), she receives unemployment benefit (w!) from the
government, but this benefit will not be taken into account at the time of retirement.

The first-order conditions are as follows:

Cz?,/t(i) : Cl},/t(i)_w"‘/\l}:t(l‘i‘TF)Pf =0

Byy(i) = BE(—w )V +E(1-w )X, =0

,t

BYP(i) © BEw] Vé%to + Ew] AL, =0
The one-period-ahead Envelope-theorem is:
EVgy, = —ENy1 o0 (1+71)
Also, from the retired agent’s optimization we know that:

EtVngto = —EtAoO,tH(l +ry) = _Et)‘l;o+1,t+1(1 + 7t
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where Et)\(()),t 1= Et)‘t?+1,t 41 because someone who was young in ¢ gets retired in ¢ + 1.

Thus, the Euler equations of the young individual are:

Criaa ()77 (1+ 7))

BE; ; (I4r) —FpF3 =1
Cé,@(l)” (1 +75)pi
o) A\ Y
(Cb+1,t+1<1)) 1+ 7))
BE; . (1+Tt)ﬁ:1
Cb,t(z) K (1+ Tt+1)pt+1

Rearranging results in the following:

1 1
Etcgil,t—l-l(z) = Clz,/t(l)ﬁw(1+Tt)7AZt+1
1 1
Etc()?tﬂ(i) = C{t(i)ﬁw(l +7"t)”AZ:8-1
where
1 N, Y 5
Alvi1 = By ( +gt )p; ]
(1+ Tt+1)Pt+1
YO, — (1+77)p! r
tt
* (1+ thrl)pto+1

Also, we can express each period’s consumption as a function of period-t consumption and the

discount rate:

n
n 1
Etcgjrn,t+n(i) = C’g;(i)ﬂvEt H(1+Tt+k—1)7AZt+k
k=1

Individual consumption of a young agent

First of all, we would like to stress that one needs to be careful when deriving the young agent’s
individual consumption because old-age incomes and expenditures must be taken into account,
too. Moreover, the young agents also consider the probability of retirement, for instance, in
period t the probability that a young agent becomes retired in period ¢ + 1 is w) , while the
probability that the same agent becomes retired in period ¢ + 2 is (1 — w} )w) 1. So, the first
term of the left-hand side of this equation shows the stream of lifetime consumption if the agent
stays young, then, from the second term onwards she retires with some probability in each

period:
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Et i HZ:1(1 - WtY+k71)(1 + Tﬁn)pz;nog;n,wn(i)
[Toei (U4 7erk1)

= . 1- 2 - 1+ C'n Oncr?f n ;
—I—Etw,}/ (Z Hk=2( Wite—1)( Titn )Pt 1e4n(2) n

HZ:1(1 + retk—1)

_|_

[T s(1 = w1+ 7E0)PEn O 2 14 ()
+E:(1 - w Wt+1 (Z Hk:1(1 et + ...

5 Z [Th, @ —wis ) [(1 = 75 )Wetn Lot tn (1) + Wik Uit () + Profityin en (i) — LTaZb1n 14n (i)]
= t n
szl(l + retk—1)

+

+(1+ thl)B;/ 1,e-1(2) +

Hk 2 ‘*’t+k 1)
_|_
Hk 1 1+T’t+k 1)

+Etwt ZTRTL lt+n

H Wto+k 1)
+E (1 t wt+1 ZTRn 2.t4n (1 231(1+7“t+k D +

Hk 4 Wt+k 1)
IL_, 1+7“t+k 1)

+E(1—- wz/)(l Wt+1 Wt+2ZTRn 3, t+n (1)

n=3

+ ...

Based on the Euler-equations, we can express expected future consumptions. Let’s consider an
agent who is young in period ¢, then her consumption functions in the next periods after getting

retired are:
0) 0 n 1.0
ECR nin (i) = BeCRra ()87 TT A+ repr1) " ALy ok
k=2

On the other hand, if the agent stays young in period ¢+ 1 and gets retired after that, her future

old-age consumptions look like:

n
O N O . E l O
EiCR tinia(i) = BiCRryo(i)B7 [T+ regr—1) " Ao sk
k=3

Now, we plug them in the intertemporal budget constraint:

o n Y C N,V
E, Z Hk:l(l - wt+k71)(1 + Tt+n)pt+n0b+n t+n( @) "
HZ:1(1 + retk—1)

n . 1
v =~ B H::2(1 - wtOJrkfl)(l + Tg-7b)pto+nc()o,t+l(z)(1 + Tepr—1)7 A?+1,t+k
"l‘Etwt Z +

HZ:1 (L +7e4k-1)

n=1

2

C O O . O
51— wY )WY BW ch 3(1 i+k 1)(1+Tt+n)pt+ncoyt+2(")(1+7"t+k—1) At+2,t+k L=
+E( Wi )Wt+1
[lec 4 rege—)

n=2
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5 i szl(l - szrkfﬂ [(1 — 7 D)Wt tin Lopn it (B) + W Ubgon tn () + Profiteyn e 4n (i) — LT@CEb+n,t+n(i)] N
=FE

e (T 1)
A+ re-1) By (0) +

H (1w )
+Ew! Y TRY k=2 + +
t Z n— 1t+n Hk ) 1+"'t+k 1)

Hk (L —wPii 1)+
Hk LA+ rep—1)

+E (1 —wy )"Jt+1 ZTRn 2 t+n

After that, we use the other Euler equation (the one that shows the substitution between period-¢
young and period-t + 1 old-age consumption):

i RCE U IE " A U
t n
szl(l +Tt+k—1)

Wet1 + ...

1 1
Y Bl A0
FBwY Zﬁ‘f [T, -« + 7P O DA+ ) Y AY G (L rope—1) TAZ e .
— [l (o)
n 1 1
S o C V0 Y ; TAYO A0
+E (1 wY) Y B Hk:3(1_wt+k—1)(1+Tt+n)pt+ncb+1,t+1(l)(1+rt+1)7At+1,t+2(1+7"t+k71)”’At+27,«,+k
t{L — Wy E

= | P

5 i H:zl(l - W,?;kfl) [(1 - TtL+n)wb+n,t+an+n,t+n(i) + wg»nUlH»n,tﬁ»n(i) + Profityyn t4n (i) — LTaIb+n,z+n(i)] N
=LK

HZ:1(1 +Titk—1)
H 1) By, (0) +

Hk 2 t+k 1)

Hk 1+ repe_1)

Hk 5 t+k 1)
+
I 1(1+7't+k 1)

+Etw ZTRn 1t+n +

+E:(1 — w; )wt+1 ZTRn 2,140 (3)
n=2

Concentrating on consumptions:

_|_

Et i szl(l - wz;kfl)(l + TSrn)prran;n,twLn(i)
HZ:1(1 + Tigtk—1)

oo n n . 1 1
LW Z B [Tl — wie_1)(1+ Tg»n)ngncl}jt(Z)(l +r) AL (L regn—1) YA gk
¢ H:zl(l + repk—1)

n=1

Yk i 87 Tl (1 — wlin 1)) (1 + 150)P e n Ot g1 (8) (1 + rip1)” Ao (L+ree—1)7 Ato+2,t+k
t

E (1
+E( Wett szl 1+ repn—1)

n=2
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We rearrange and get the following:

(1477 )pi Co(i) +

oo n 1 1
Y /. Y 1 +TE-n)P?+nﬁ”’ HZZQ(l —w,fik_l)(l +7"t)”A3th+1(1 +Tt+k*1)'YA?+l,t+k
+Cb,t (Z)Etwt - +
2 [T (7o)
(1-w)

+(1+ Tﬁl)pfﬂC’ﬁl,tH(i)m

oo n 1 1

v N Yy Y (1 + 75)P n B TT (1= Wl )L+ re) T AL (14 reik—1) T AL 5 44,

+E:Cpp1,041(0)(1 — wp Jwita Z 7 +
o [T, A+ reqr—1)

Simplifying before recursive substitution gives us:

(1+79)p) Cy () +

L+ [l (T + i)

1 1 n 1

Y Wv?/(l'*'Tt)”\}jtquﬁﬁY = (1+7-tc+n)p?+ngw HZ:Q(l 7wto+k—1)(1+Tt+k*1)’yAto+l,t+k

+Cb,t(Z)Et Z +
n=1

1-w))

FE (L4 751)P 1 Oy 4 ()
t( t+1)Pt+1Ch 11,041 () (1+ 1)

Sk

1 1 n
Y TAYO = [ oo c \,0 /ETI™ o
. wit g (L4 re41) T ALY 4y 0B7 (4 754 )P B [ [k:3(1 — Wiy )L+ Tegk—1)
+EtC§+1,t+1(l)(1 - wf) E = =

AO
2tk |
(1+r)1+7e41) —~ HZ:3(1+rt+k,1)

Now, we can use W from the retired agents’ optimization:

t+1
1 1 1
Y ()| +70Y + BB 7wy (1 +m)7 AV —— |+
b,t(l) ( T )pt 87wy ( Tt) tit1 MPCgrl
Y
+Etcb+1,t+1(l>m [(1+Tt€r1)p£r1+5”ﬂt1;1(1+7“t+1)” Afﬁ,mm + ..

And, using the Euler-equation again (to have period-t consumption only):

n
. R 1
Etcgjrn,wrn(@) = Cl{t(z)ﬁ”Et H(l + Tt+k*1)7Az,/t+k
k=1

Finally, we get:

. 1 . 11,1 1
Corli)ppy = Coel) {(””C i+ Bl (1) AT AL frpea | +

, 1,1 1—w 13,1 1
Cra() B (1 + n)vﬁvAfﬁlﬁ {(1 0P e (L ree) T BTN e g | o

t+2
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where

1

1
- YAYO
MPCY *

1 194
=1+l + EB7(1+r)7 " |(1—w)A], ¢ At,t—f—lm

1
t, t+17MPCt+1

Similarly, the young agent’s budget constraint contains old-age income items, i.e., expected

revenues from the pension fund.

1— Y
( Wy )Wt+1 0O

)2 (i) = B} Q7 TRy 441 (3) + By L+ ren)

o T Ry, S (i) +

(1—w))(A —wli)wiis 0
(14 rer1) (1 + 7reg2)

PGYO,.

PG, YO( )

Again, we use that TR, /7, TRPG YO( 1) Vn > 0. In a recursive way it looks as:

. . (1—-w)) .
Iy 2 (i) = B! TRy 21 (1) Q41 + Br— 5T 11 (4)
(1 + Tt+1)

Furthermore, young-age income is:

v . Hk 1 t+k 1) [(1 - Tﬁrn)wt+an+n,t+n(i) + w?+nUb+n,z+n(i) + Profityyn, 4n (i) — Tal’b+n,t+n(i)]
V(i) = E Z

L O+ rer)

y
) —w

(1= ) wi Ly 1 (3) + wf Up 4 (i) + Profity ¢ (i) — LTamy (i) + Et Tir : Il{&-l t1(0)
Tt

If we add the present value of young income and expected pension benefits, we can introduce a
new variable:
2 (i)

I
ney. (i) = Iy, (i) + i

. I wi’ 1—w! ,
= (1 =19 weLp (i) + wf Uy o (i) + Profity (i) — LTaxy (i) + Et + TRO () Q1 + By 7 O-;zt Inchiy 141 (3)

Thus, the individual consumption function of agent i of cohort b in period t is
Ciy(i) = MPCY Incl,(i) + (1 + 11 ) MPCY By_y ;4 (i)

Introducing a new variable for life-time income, and using marginal propensity to consume:
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Cri(i) = MPCY Incy (i) + MPCY (1+74-1)By_1._1(i)
Y
Wi

1+7‘t

Inci, (i) = (1 =78 wil,(i) + w Use(i) + Profity (i) — LTaxy, (i) + Ey TRy &1 (1)1 +

Y
1—UJt

T Incyys1,41(7)

+E;

1

1_ 1
= A+l +E(1+r)7 87 |(1—wd)A i MPCZ,

1 Y\ YO
— WA
MPCY MPCY, @ e

Aggregate consumption of the young cohort

As a first step we need to express the total number of young people. If Ngjt is the number of

b-year old workers, the total number of workers is
o
Ny =3 Ni
b=0
Following the previous idea, we sum up all consumptions, incomes and savings:
(o) oo e.)
Y ONYCr(i) = MPCY Y N Inel, (i) + (1+ r—1 ) MPCY Y Ny, By, (4)

where we note that the new young workers in time ¢ have zero savings from the previous period.

') e’} [e%) NY

. . b—1,t— .
STNNLCE (i) = MPCY YT N Inct (i) + (1 + r—)MPCY S N@N%”B{_ 11 (i)
b=0 b=0 b=1 b—1,t—1

Rearranging gives us:

o0 o0 o0
Nl?;cg,/t(i) =MPCY ZNE},/tInch,t@) + (14 7-)MPC) (1 —w ) ZNlil,tlegil,tfl(i)
b=0 b=0 b=1

Aggregate values are defined as:

cY > NYLCYL ()

b=0
o0
Y Y Y .
B, = ZNb—l,t—le—l,t—l(z)
b=1
(o]
Incd = ZNgtlnth(i)
b=0
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It is important to note that in each period, independently from the survival probabilities, each
young agent saves for the next period, hence, the overall savings BY | = 352, N,}:Ltleg:Ltfl (1)
are divided among those who remain young and get retired.

As a result, the aggregate consumption functions are:
CY = MPCYInel + (1 +r_1)MPCY(1—w)B},

Now we need to aggregate the supporting variables as well. First of all, we rename individual

contemporary income as follows:
Incy, (i) = I, (i) + I (i)
Aggregating gives us:
Ine =17 +1)°

After aggregating and rearranging we get:

o0 oo
> NLTY ZNg/t ( — 1w Ly (i) + Profity, (i) — Taﬂ?b+n,t+n(i)) +
b=0
(1—w)) = vy oy ,
E— Ny T,
+ L4 1+ 1, 1;) bt b+1,t+1(2)
[e'S) » 1 [e'S) v v .
Z Ny (U= 7 yuwnLaa(0) + Profita(i) — LTazny() + B 3~ Nt i T ()
0 t p=0

Because Itlfrl contains the income of the new-born people as well, the last term can be rearranged,

using the law of large numbers as follows:

EtZNb+l t+1Ib+1 1+1(1) = EtIt+1 EtNg:erlIb 1+1(1) =
b=0

NI}/ neNY
= BT}, <1 - N’;H) = B (1 - ]\tfyt
t+1 t+1

Then, total young income is:

Y

t+1
(1 +7)(1+gy)

ItY = (1 — TtL)tht + Profit; — LTaxs + E
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A similar exercise can be done for pension benefits. First, we define Z} O which can be rearranged

as:

Z th = Ew] Z Ny, BT Ry, 00 (D0 +
b=0
(1- wY
St Zth b+1 t+1(1) = E;Ng 11T Ry, t+1( )QtJrl +
1 +7ig1)
1 .
AN ra— Z Nl}jrl,tJrlIgerl,tJrl(Z)

(L+re1) =
Now, similarly to total young income, the last term can be expressed as:

o0
1-—
% YO ,
E D> Ny Th G i (i) = By 71
b—0 1+ 9t+1

We also know that the following expression holds:
EtNO t+1TR0 t+1( )Qt+1 EtTRt-i-thH
Finally, the expected income of the young after getting retired is

V0 = BTRYO0C  + E 1—wy 7vo
td Ll 82 t ) t+1

(14 re01) (1 + gy

Based on the derivation above, we can express the aggregate version of the young household’s
income as:
YO 1 Y

TR —w
Ined = (1 — Hw Ly + wl Uy + Profit, — LTax, + E,—t Qt+1 + E, ¢
1+r )+ g)

I ”Ct+1
where aggregate unemployment is as follows:
Ui =NY — L

Aggregating the young households’ budget constraints

The individual budget constraint of a young agent is as follows:

(1+ th)przft(i) +(1— Wf)ngt(i) + thBfft*(i) =
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= (1 — ) wi L (3) + wf Uy (i) + Profity (i) — LTaxy (i) + (1 +r—1) By 41 (4)

Aggregating implies the following:

hE

le/t(l"i_Tt Cbt +Zth Wt Bbt +Zthth S(i) =

)

0 b=0

[e.9] o0
=3 N, ((1 — 7Y wi Ly g (i) + wf Uy 1(3) + Profity, (i) — LTa:cb,t(i)) + (L4rem1) > NGB 1)
b b=1

o
I

)

I
o

where the definition of aggregate savings is:

ZNI};Blil,tfl(i) = Z(l - wzil)Nl}:l,tlegil,tfl(i)
b=1 b=1

After aggregation, there is no difference between the B} and B}*. So, we can easily express

aggregate budget constraint:

(1+ th)prtY + BY = (1-— TtL)tht + ngUt + Profit, — LTax; + (1 +ry—1)(1 — wzf_l)Bty_l

A.1.2: Fiscal policy and pay-as-you-go pension plan

Pension system

To account for the overall expenditure of the pension system, we need to count the number of
just-retired and retired agents. The number of just-retired agents, (those who were young one

period before) is:

o0
o _ Y ArY
No,t = Zwtlebfl,tfl
b=1

and the total number of retired agents in period ¢ is the just-retired agents plus those who

survived the previous periods:
O ) O O O O O
Ny =Ny + (1 —w )Ny + (1 —wp ) (1 —wiZg)Noy o + ..

Individual (7)’s pension in the year of retirement t is based on replacement rate v; and the

previous period income:
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TRy (i) = vew—1Ly—1,4-1(i)
We need to use the following expressions to aggregate:

o
O mpYO(; o) . Yy Yy .
No:TRoy (i) = wlNgywe—1Lp14-1(i) = viw;_y E Ny_qp—qwi—1Lp-14-1(7)
b=1
YO Y
TR~ = wnw; w1l

Furthermore, total pension expenditure of all retired people is as follows:
TR =TR'?+ (1 —w? )TR'G + (1 —w?)(1 —w?)TRYS + ...
which can be rewritten as:
TR, =TRY° + (1 —w? | )TR;_,

Rest of the fiscal sector

The government budget constraint is as follows:

Debt; + LTazx; +Taxy = Govy +TR; + wgJUt + (1 4+ r¢—1)Debt; 1

Tax; = Tto(p?CtO + p,?/C’tY) + (TtSSC + TtL)'lUtLt

where Gov denotes the other - exogenous - current expenditures, Debt is the level of public
debt. The government wants to stabilizes the public debt-to-GDP ratio by adjusting the level

of lump-sum taxes:

U Debt Target
LTazxy = Govi+ TR+ wy U+ (14 1r4—1)Debt;_1 — { v } Y; — Tax;

The households finance government debt and the bond market equilibrium is the following:

Debt; = BY + BP
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A.1.3: Firms’ optimization

The young households own the firms and the labor union, hence, in their optimization we take
into account their survival probability.
Production and nominal price setting

The firms produce differentiated products and due to their monopolistic power they are able to
set optimal prices. However, nominal price setting is costly. Hence their optimal price settings
conditional on the current a future cost of the price settings (Rotemberg, 1982). The cost

function can be given by a quadratic convex function:

R(Pm')):dna( PY (i) _1>2
PYyG)) 2 \PYL6) (L +me)”

where P;(i) is the optimal individual price in period ¢, m denotes the inflation. If the firms adjust

their prices by the previous period inflation is cost-less, debends on the size of 9.

Total cost of production follows as:

Py(i)
Pi_1(1)

TCy(i) = Pinv(i) + (1 4+ 775)YW, Ly (i) + Py(i) ViR < ) + HCyH;

Law motion of employment can be described as the function of previous level of employment,

firing probability and the actual hiring (that also imposed by convex adjustment cost):

Li(i) = (1 = pr{ ) Le—1(i) + Hy(i) <1 -5 <Hjjf()z))>

Hiring cost is the positive function of the hiring-probability:

HC, = rpri®he
H;

H
pr
! U1 +priLiy

The firms are responsible for capital accumulation:

Ki(i) = (1 — 8)K;—1(3) + Invg (i) <1 _S (I’“’t(z)»

Invi_1(i)

where S () function denotes the investment adjustment cost, any changes in investment which
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differ from the balanced growth path is costly. The cost functions are the following;:
S ( Inw (i) > b ( 1 Inv(i) 1>2
Invg_1(i)) 2 1+ gt Invi—1(7)
. _ 2
S( Hy(i) ) b (1 Hi()
Ht_l(i) 2 ]_ —I—g Ht 1( )

We can write up the Bellman-equation:

V(Pi1(3), Le—1(d), Hi—1(3), Ki—1(3), Inve—1(i)) = P(i) Y (i) — TC(i) +
V(P(3), Le(3), He(4), Ky (i), Inv (i)

+Et(1—w2/) 1+’th

+MC; ([aéml(i)%l + (1= )i (ALu(i) 7] - Ym')) +

o 1 w5 (0) 1)
+Qt(< 5 Ko 1<>+1nvt<>(1— (I””t(z )) z)

Invi_1(7)

where @ is the nominal Tobin-Q.
We can plug the demand for individual product, that can be derived from a Dixit-Stiglitz
aggregator function:

Py(i)

V(.. = Pt(i)( P, >_ Yt_TCt(Z')—FEt(l—th)V("')

1+

o (WK““W F - L) ] - (%) Y) n

+ A ((1 —priVLy 1 (i) + Hy (i) (1 -5 (Hﬁ%))) - Lt(i))
+ Q <(1 — 8) K1 (i) + Invy(i) (1 -5 (W)) - Kt(z')>

Inve_1(i

Substitute out total cost:

V(.) = P) (P;(:)yw Y, — PiInwg(i) — (1 + 775C)Y Wi Ly (i) —
- PR ( pi%)) — HC H(i) + Ey(1 — /) ‘filz

+ MG <[aém_1<z‘>eel F - AL ] - (i@)y) ;

ECB Working Paper Series No 2396 / April 2020 52



+ AF ((1 —pr{ ) Le—1(i) + He(i) (1 -9 (H?f?’))) Lt(i))

v oQ ((1-5)}@ 1()—1—171%()(1—5( Irvi(0) )) K,@))

Inv,_1(1)

The first-order conditions are as follows:

n = () veno <PP()) YR (70) -

P, (i) 1
P ()) Pr_1(i) (1 + mp 1)19+

— P()Y,R (

+ Et(l—wY)Y+()+MCt (P;(:)> o 1];12—0
8.?(‘,5/21‘) - Et11_+ . VKf(“_QtZO
iy = MO B Vi AT (-5 (5m) - (750) tramom) =°
82:/&) = —(1+TtSSC)Wt+MOt(1—a)émfxt AH+Et11+U;tYVLt()—O
8[22(1‘) _ —Pt+Et1 th()+Qt (1 5(.)_5’(.)1jgtm>

Using the Envelope-theorem we get:

, P,(i) Py(i)
v, N = P YR,( - >

Pri—1(i) H(0)Y: Pi1(i)) Pooq(i)2 (1 + mp)”
VLt 1(1) - (]- —pr‘)A{{

e = A'{{SI<HT(1()Z)) 1+1giV (Hjﬁiz(i)y

1 Yi(i)
K 1() Kt 1(@)% Qt( )
Inw (i)
N /
VITL’Ut—l('L) - QtS 1—|—gt In’ut 1 Z )

Stepping one period ahead gives us:

Ve = Ptﬂ(z)YtHR/( b1 ( )) - 1(4)

Py(i) )2 (14 m)”
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Vie = (L—pri)Af

_ o (Heg1(9) 1 Hi1(3) )
Vi = AthS ( Hy(i) >1+g§i1 ( Hy(i) )
1

1
Yiii(2)e
Viiy = a"MCtHHi)l + Q41(1 —6)
Kt 2)9
1 Inve(i)\ 2
an i) = S'(- < . )
Inue (@) Q1S )1 +gi41 \ Inug(i)

As a simplification, we can introduce a new variable for the marginal product of capital which

modifies the no-arbitrage condition:

Yi(i)o
Ttl{ = Oé%mCtL‘l
Kt_l(Z)g
1 —w%f K
% = 73 T (7’,5+1 + q1(1 — 5))

The effective real wage can be given as: labor demand can be expressed as:

Y
- —w
=1+ TtSSC)wt + )\F — R Zi (1 —Prﬂl))\gl

And the labor demand has the following form:

1

Yi(i)®

Ty,
(AeLe(i))

wy = mey(1 — a)%

S

If we substitute out the capital and labor from the production function we can get marginal cost

function:

~ \1-071-9
mey = lartKl_g +(1-aw) <wt> ]
Ay

The firms’ hiring decision can be given as:

1—w) 1 H H
he = E =Ll ( e41(i )( 41 (0 )
)

T+ 1+ g%,

(s () 1 )
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The investment decision is as follows:

1—w @1 Invge1(i)\? 1 Inwv(i)
1=F L S’-( ) (1—5-—5’- )
t 147 14 g1 () Inwv(i) +a () ()1+gtlnvt_1(i)

The price-setting curve can be expressed as:

() vimeno () givn(3455) -

. / Pt(i> 1
- Blink (Pt—l(i)> Prq(3) (1 +m— 1)'9

Pt+1(2)> Prra(9)
Py(i) /) Pi(i)? (1 + m1)”

+

Pt(i))_“" |
Y, =
P, ¢=0

-— P, Y; /
) 41 (1) Y1 R ( )

We can assume that all firms follows the same price setting behaviour, it means the individual

and the aggregate prices are the identical, and we can introduce the inflation 1 + m; = Pfj -
1 1 1 1 1
1+ R ( + ) + R, ( + ) + ¢
(p—l (1+7Tt_1)7 g0—1 (1—|—7Tt_1)7 (1—|—7Tt_1)7
1 14 14741
E 1-wf Yy B ((1+7Tt)”’) ((1+7Tt)”) — % e
Yo-1 Y, 1+, p—1 "

Retailers

We can assume that in short run the households can not adjust their consumptions immediately.
There is a retailer sector that sets the cohort specific relative prices for the consumption baskets

in a way to smooth out the short run cyclical adjustment of the households consumption.

& 1w {isct -t (1009 (G ) )]

e t+n—1

Taking the first-order condition of consumption:

. ) . ) ) . 2
pio= 1460 (G pges (CGL) LG 1-wigey (G 1 (Cin
cy cl ) 1+gcCl, 1+m ¢! ) 1+gi1 \ Cf
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where the adjustment cost is a usual convex function:

. . . 2
ges (CLY_ 6 (1 ci
Ci_y 2 \l+aCy,

Wage bargaining

The value function of the workers is as follows:

VY = (1 - 15w + B

F F H F H U
147 {(1 —Prigq +p7“t+1p7“t+1)vtli1 + prt—f—l(l - prt—}—l)‘/t-i—l}

The value function of the unemployed is:

VtU:w?—l—Et

H \{/U H
1+r [(1 —prig)Visr + e Vit

Wage-bargaining is as follows:
max(‘/tw o V;U)thtl_g
The first-order conditions are:

o(V¥ =V the (1 —f) — (1= o) (Vi = ViV)he, 7 (1L +77°C) =0

o(V;* = V) T he(1 = 7f) = (1 - o)(1 + 77%9)
o he, 1 —TtL

:Vw_vU
1—0 1+TtSSC t ¢

We can express the differences between the two value functions:

Ve -V = (1 - thw — ol + By

1 [(1 — prﬁl +p7°£1p7"£r1)vt$1 +
+ 7y

F H Y, U
+prig (1 —prid ) Viyy 1 -k T4

H \1,U H
(1 =priig)Vig +P7‘t+1Vt$1] =

:(1—TtL)wt—th+Et1+rt

(1 =prD) (1 —prthy) (Vi - Vi) ]
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Finally, we can plug in the first-order conditions:

o 1—7£
h t — 1— L .U
l1—0 Ctl—i—TtSSC ( Tt Jwi wi

+ E 1 (1 F )(1 H) g h 1_Ttljr1
—pr —pr ———hei41—ce~
e b

A.1.4: Monetary policy

The behaviour of the central bank can be discribed by the Taylor-type monetary policy rule:

. . ) 1-p; i
Lbip = ()" (L) (1 m)®) " et
where p; is interest smoothing, ¢, denotes the inflationary reaction, and &% assigns the monetary
policy shock. Once the inflation is reaches the target again, the central should set the interest
rate at its flexible price equilibrium level.

The real interest rate is defined by the Fisher-identity:

1+ it = Et(l + T't)(l + 7Tt+1>

A.1.5: Normalized model equations

Each variable must be detrended: individual variables are normalized by population (/V;) because
there is only population growth in the model. This section lists all the final equations of the

model: detrended variables are denoted by ;.

Demography:
8 = (1_%0—1) S Wty—l
1—w) 1+n)  (I—wl+n)
1
Yy _
5t N 1+8t
1+g7 = 1—wl +m
wy_
1+g7 = (1—%0—1)‘*‘8;11
1+ s
Ltg = 14g  =(1+g" ")
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Households:

- - 1 _
co = MPCtOTRtQ?JrMPC’tO%;l[wt \BY , +B2]
t
1 1
= (1+7)p° 1 _ ——1AoE
MPCO (14 70)p7 + 87 (1= wP) (1 +7)7 tMPCtOH
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A.1.6: Steady state of the model

To be able to calculate the steady-state solution we need to specify initial guess for r and we
calibrate the hiring cost to gross wage ratio. Then the rest of the variables and equations can
be solved numerically. As a function of the initial guess, we can determine the variables of
production, labor market and those of the government and pension system. Finally, we turn to
the consumption and savings functions. At the end, using the market clearing equations we can
check whether our initial guesses are correct.

First, the demographic equations are:

~1
wY 1 (1-w9)
S = _— . A—
(1—wY +n) (1—wY +n)
¥ = !
1+s
Y
14+4%0 = 1—w0+%
l4g = 1+ =14¢"Y =1-w¥ +n

Then, we need to guess an initial value for r which is verified by the Newton-Raphson algorithm.

Assuming m = 0 in the steady state implies:
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The Tobin-Q () is one in the steady-state equilibrium, so the initial assumption for r and the

no-arbitrage condition imply the steady-state value of the marginal product of capital:
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The firms’ supply curve in the steady state gives us the marginal cost as the inverse of the

markup:

Based on the marginal cost function we can calculate the real wage:
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We can calculate the capital and labor per production ratios from the input demand functions

of the firms:
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And we can use our assumption about the hiring cost gross wage ratio:

WR =

2|z

We can express the real wage from the firm equation:
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The unemployment benefit is exogenous, can be also calibrated in terms of real wage:
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w

These assumption can be used for the wage bargaining equation and we can express the prf:
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Based on prfl we can calculate x that consistent with our wage cost ratio:
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And we can express the unemployment-to-GDP ratio:
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We can also add the profit-to-GDP ratio:
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We can use the unemployment-to-GDP ratio to express the level of GDP from the unemployment
definition since we now the labor-to-GDP ratio and the share of young population in the steady

state:

The retailers relative prices are one in the steady state, since we know all tax bases we can also

express the sum of distortionary tax revenue of the government:

|

— = 7C— + (%5 1 ryw =

Tax c C
Y

~

Using the assumption of replacement ratio and labor market variables we can calculate the
steady-state pension expenditures. Using the pension expenditures, the assumptions for public
debt-to-GDP ratio, and government expenditure to GDP ratios we can calculate the equilibrium

level of the tax burden:

TR Wwo L

= = 1% W —=

% l+g vV

R _ TR ([ 1-wO)"

Yy Y l4+g

The level of the public debt-to-GDP ratio is given, based on the expenditures and distortionary

tax revenues we can calculate the lump-sum tax-to-GDP ratio:

LTax Gov TR U (1 +7r ) Debt  Tax
- +w” = + -1 — — —
Y 1+g

v - vty vy v

AY, A9, and AY© are one in the steady-state, we can use them to calculate the M PC© and
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The pensioners’ discount factor in the steady state is the following:
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We can express the young households’ expected lifetime-income-to-GDP ratio by using the initial

guess of Y:
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Based on the young consumption function one can substitute out the young consumption-to-

GDP ratio in the budget constraint, and express the young bond-to-GDP ratio:
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Now, we can express the old households’ bond-to-GDP ratio from the bond market equilibrium:

BO Debt BY

Y Y Y

And based on the consumption functions we can calculate the consumption-to-GDP ratios:

1Y T 1 BY BO
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Y Y 1+g Y Y
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\% 14+g %

Finally we need to check if the initial assumptions for r is correct. It means that we need to

check if the total consumption is equal with the sum of the young and retired consumption.
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Otherwise the algorithm should choose another initial value until the condition is satisfied.

¢ .0 0
R

Y Y

If we have the right initial values, we can calcuate the levels of all the normalized variables, and
run the simulations.
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Annex 2 The Ageing Report’s accounting framework® and the

calibration results with OGRE

pension erpenditure population(65+) retirees « average pension income y population(20 — 64)
GDP ~ population(20 — 64) ~ population(65+) bl hours worked

(dependency ratio) x (coverage ratio) x (benefit ratio) x (labour market effect)

Changes in pension expenditures can be explained by the following factors:

e Dependency ratio effect: quantifies the impact of changes in the old-age dependcy ratio

on pension expenditure;

e Coverage ratio effect: looks at the number of pensioners relative to the population older
than 64 years. The ratio can capture how developments of the effective exit age and the

share of the population covered by the pension system influence pension expenditure;

e Benefit ratio effect: indicates how average public pension spending develops relative to
the average wage. The ratio assesses how changes to the legal framework of pension systems

(concerning pension calculations and indexation rules) affect pension expenditure; and

e Labour market effect: describes the effect labour market behaviour/reforms have on

pension expenditure.

Table 8: Comparison of the driving factors of pension expenditures
in OGRE and the Ageing Report

in % of GDP, unless stated otherwise

Germany Slovakia

OGRE AR' | OGRE AR'
Dependency Ratio Effect 4.1 5.1 5.2 6.9
Coverage Ratio Effect -0.4 -1.0 -1.0 -3.2
Benefit Ratio Effect -1.6 -1.9 -1.5 -1.2
Labor Market Effect -0.2 -0.2 -1.5 -0.9
Residual 0.0 -0.2 0.0 -0.6
Total 1.9 1.8 1.2 1.0

LY The Ageing Report’s pension expenditures are rescaled
to earnings-related pension expenditures.

39For further information see European Commission (2018).
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Annex 3 Calibration of the parameters

Table 9: Structural parameters

Name Sign Values

Germany  Slovakia

Discount factor B8 0.999
Physical capital depreciation rate 1) 0.1
Physical capital income o" 0.385 0.32
Elasticity of production technology 0 0.8 0.95
Price markup n 1.2

v

Gross pension-wage replacement rate 0.43 0.52
Ratio of hiring cost to wage WR 0.1675 0.575
Bargaining power o 0.75
Elasticity of hiring cost aHC 0.5
Technology growth rate (%) ga 1.5 3
Inverse of intertemporal substitution y 1
Adjustment cost of physical capital investment — ¢rp. 2.5
Consumption habit oc 4
Rotember price adjustment cost op 80

Price indexation Yp 0.5
Interest rate smoothing pi 0.5
Reaction to inflation in Taylor rule o 2.5
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Annex 4 Baseline scenario - Germany

(deviation from initial steady-state)

GDP per capita Share of Young Consumption

(percentage) (percentage of total consumption)

2016Y 2026Y 2036Y 2046Y 2056Y 2066Y
s Contribution Rate  mmmmmmm Benefit Ratio  mmmmmm Retirement Age  wwwwm Aging == e= eTotal mmmmm Contribution Rate  mmmmmm Benefit Ratio  mmmmmmm Retirement Age  mwwwm Aging == em e Total
Unemployment Rate Public Debt
(percentage) (percentage of GDP)
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Annex 5 Baseline scenario - Slovakia

(deviation from initial steady-state)

GDP per capita Share of Young Consumption
(percentage) (percentage of total consumption)

2016Y 2026Y 2036Y 2046Y 2056Y 2066Y 2016Y 2026Y 2036Y 2046Y 2056Y 2066Y

mmmm Contribution Rate mmmm Benefit Ratio mm— Retirement Age e Aging s em eTotal mmmmm Contribution Rate  mmmmmm Benefit Ratio  mmmmmm Retirement Age W Aging = e eTotal
Unemployment Rate Public debt
(percentage) (percentage of GDP)
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