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Abstract

In 2007 Germany has introduced a pension reform which increases the normal retire-

ment age from currently age 65 to 67. The present study aims to quantify the macroe-

conomic, welfare and efficiency consequences of this reform by means of a computable

general equilibrium model with overlapping generations. Our model features the most

recent demographic projections and distinguishes three skill classes with different life

expectancies within generations. Most importantly, individuals choose their effective

age when they exit from the labor market and start receiving pension benefits.

Our quantitative analysis indicates three central results: First, the previously imple-

mented pension reductions are not able to stabilize long-run contribution rates and in-

crease future old-age poverty rates in Germany considerably. Second, the considered

reform will increase effective retirement age by about one year and redistribute towards

future cohorts. However, it hardly reduces old-age poverty since rich people are more

flexible in adjusting retirement. Overall, the efficiency gains of the reform are very mod-

est. Third, supplementary policy should raise the actuarial adjustment factor while other

reform packages aimed to reduce old-age poverty may be associated with significant ef-

ficiency cost.
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1 Introduction

Almost all countries of the Western world are confronted with a rapidly ageing population

which places considerable pressure on the sustainability of pay-as-you-go financed social

security systems. With respect to the pension system, the financial problems are exacer-

bated by the fact that despite the rise in life expectancy, the effective age of retirement has

been steadily decreasing for decades, see Cremer and Pestieau (2003). At least partly, the

described trend towards early retirement was due to the fact that governments had imple-

mented generous early retirement schemes as a means to fight unemployment during the

1980s and 1990s. However, the cost of these programs rose quite dramatically in ageing

societies since they increase pension-related spending while at the same time reducing tax

revenues to finance retirement.1 As a consequence, the positive view of early retirement has

changed considerably in recent years. Nowadays it is a key policy objective in countries

such as the U.S., France, Great Britain or the Netherlands to encourage labor force partic-

ipation and employment of older workers through increases in the normal retirement age

(NRA) and reductions in early retirement incentives. On theoretical grounds it has been

argued that such a policy may even yield a double dividend since it may improve the finan-

cial situation of the pension system and foster redistribution among retirees, see Cremer and

Pestieau (2003).

The purpose of the present paper is to analyze the most recent pension reform in Germany

which implements a phased-in increase of the NRA by two years from age 65 to age 67. The

situation in Germany is of particular interest for at least three reasons. First, in contrast to

other countries, Germany’s pension system features a tight tax-benefit linkage so that labor

supply distortions at the intensive margin are fairly small. Second, various pension reforms

of the recent past have already reduced future pension benefits and early retirement incen-

tives. As a consequence, distortions at the extensive labor supply margin have decreased

and the effective retirement age has increased recently. Third, due to fairness considera-

tions the increase in the NRA is very unpopular among the German population. There is a

widespread fear that especially those with physically demanding and often low-paid jobs

are the main losers since they are not able to adjust their retirement behavior.2

In order to isolate and quantify the distributional and efficiency effects of the present re-

form and various supplementary measures, the present study applies a general equilib-

rium model with overlapping generations in the Auerbach-Kotlikoff (1987) tradition which

1Herbertsson and Orzag (2003) estimate an early retirement burden which amounts to 10 percent of GDP

in year 2010 within the OECD.

2For example, Scheubel, Schunk and Winter (2009) report of opinion polls which show that about 80 to 90

per cent of the population oppose this reform.
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takes into account the demographic transition in Germany as well as endogenous retire-

ment choices. The latter is the central innovation of the present study. Among others, Fehr

(2000), Beetsma, Bettendorf and Broer (2003), Kotlikoff, Smetters and Walliser (2007) as well

as Catalan, Guajardo and Hoffmaister (2010) also quantify the macroeconomic and welfare

consequences of an increase in the eligibility age for social security. However, the retirement

choice in these models is very artificial. Given an exogenous age when they start receiving

pension benefits, agents can only decide at what age they quit working. In order to achieve

the withdraw from the labor force exactly when agents receive social security benefits, ei-

ther a significant drop in productivity or a dramatic increase in marginal labor income taxes

(due to an earnings test) is assumed. This approach has mainly two disadvantages. First, the

drop in individual productivity around retirement is at odds with empirical evidence which

shows only a modest decline in productivity between ages 60 and 70, see French (2005).

Second, and even more important, since agents have no choice when to draw their pension

claims, social security rules which affect the retirement choice can’t be captured satisfactorily

by these models.

Consequently, recent studies have introduced models where individuals optimize the re-

tirement age when they quit working and start to receive their pensions. Fehr, Sterkeby

and Thøgersen (2003) analyze early retirement incentives of the Norwegian pension system

in a model with variable labor supply and retirement choice that distinguishes five income

classes within a generation. Focussing on the long-run equilibrium, the study compares

the impact of various pension reforms on retirement behavior and welfare of the different

income classes. The results indicate that reforms which delay retirement also have a pos-

itive long-run welfare impact. Sánchez-Martı́n (2008) includes the demographic transition

but only allows for an endogenous retirement choice. The study compares various reforms

of the Spanish pension system aimed to improve sustainability. Eisensee (2005) combines

endogenous labor supply at the intensive and the extensive margin, includes population

ageing along the transition path and considers differential mortality among three income

classes in a closed economy model. Comparing different policy reforms aimed to improve

the sustainability of the U.S. pension system, the study distinguishes between the direct

effect and the general equilibrium effect on retirement behavior. While the former quan-

tifies the impact of the policy in a partial equilibrium framework, the latter also captures

the repercussions from changes in wages and interest rates. It turns out that for some pol-

icy instruments the indirect effect increases retirement age substantially stronger than the

direct effect. This finding indicates that partial equilibrium studies of retirement behavior

could be quite misleading. However – and in contrast to Fehr et al. (2003) – Eisensee (2005)

does not compare the welfare consequences of alternative policy options with endogenous

retirement.
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This is where the present study steps in. Building on Kallweit (2009), we quantify macro-

economic impact, but also welfare and efficiency consequences of the phased-in NRA in-

crease in Germany. Our baseline path (i.e. the economy with previous benefit cuts but with

constant NRA) indicates a significant increase in future old-age poverty rates. The consid-

ered reform of 2007 will increase effective retirement by roughly one year. Although the

reform redistributes towards future cohorts, it hardly reduces old-age poverty. The most

promising supplementary instrument is a higher adjustment factor for early retirement.

Other reform packages aimed to reduce old-age poverty are either not successful or they

come at significant efficiency cost.

The next section reviews the recent pension reform process in Germany. Then we present

the general equilibrium model which is applied for the quantitative analysis. Section four

discusses the calibration of the baseline path, section five reports the results from the simu-

lation exercises and section six concludes.

2 Recent pension reforms and controversies in Germany

The recently implemented increase in the NRA is the last of four major pension reforms

which can be described by three central elements: higher retirement ages, significant ben-

efit cuts and the introduction of tax-favored funded private pensions. Already the reform

of 1992, which became fully effective after the year 2004, introduced an actuarial reduction

for early and an actuarial increase for deferred retirement. The adjustment factors are 3.6

per cent for each year (or 0.3 per cent per month) of retirement before age 65 and 6 per cent

for each year (or 0.5 per cent per month) of retirement after age 65. These adjustments are

in addition to reductions (increases) due to fewer (longer) contribution years.3 The applied

adjustment factors for early and delayed retirement are still strongly disputed. Among oth-

ers, Berkel and Börsch-Supan (2004) as well as Queisser and Whitehouse (2006) propose an

increase in adjustment factors in order to facilitate an undistorted retirement choice.4 Be-

fore the discussion came to an end and the adjustment factors were fully implemented, the

pension reform of 2001 brought a radical change in the pension provision paradigm from a

defined benefit towards a defined contribution scheme. It introduced ceilings for future con-

tribution rates (20 per cent up to 2020 and 22 per cent up to 2030) which should be achieved

by adjustments in the pension indexation formula. In order to compensate for future cuts

3Berkel and Börsch-Supan (2004) describe the phased-in implementation in more detail.

4The literature applies various “actuarial neutrality” concepts which may be either related to the fiscal

sustainability of the pension scheme or to the distortions of the retirement choice, see the discussion in Breyer

and Kifmann (2002) or Queisser and Whitehouse (2006).
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in public pensions, the reform introduced heavily subsidized (and regulated) individual

retirement accounts (“Riester pensions”). Soon it became clear that the adjustment of the

indexation formula would not suffice to stay within the contribution rate limits. Therefore,

the reform of 2004 introduced the so-called sustainability factor which links the current pen-

sion benefit to the ratio of pensioners and contributors. As a consequence, the future rise in

the dependency ratio will partially translate into a lower replacement rate and a higher con-

tribution rate depending on a weighting factor which is built into the system. This should

ensure that the system stays within the contribution rate limits specified above.5 In order

to stabilize the system in years after 2030, the latest pension reform of 2007 introduced an

announced and gradual increase of the NRA from 65 to 67. Starting in 2012 and the birth

cohort 1947, the NRA will increase initially by one month per year and birth cohort and

later by two months per year and birth cohort. Consequently, the birth cohort of 1958 faces

a NRA of 66, while cohorts born 1964 and later face a NRA of 67.

Of course, the reform will dampen the increase in future contribution rates. This will alter

the intergenerational distribution and generate positive efficiency effects from improved la-

bor supply incentives. However, the quantitative results crucially depend on the induced

changes in retirement behavior within and across generations, since they determine the fu-

ture structure of benefits. If, for example, the cohort born in 1964 would retire in year 2029

(i.e. at age 65) it has to accept a benefit reduction of 7.2 percent, while a deferral of retirement

by two years would yield full pension benefits. In addition, with differing life expectancies

the benefit adjustment cannot be actuarially fair and the higher NRA will affect retirement

behavior of different types of individuals within a cohort quite differently.6 Since income

and life expectancy are positively correlated, one can easily imagine that the reform may

generate substantial differences in intra-generational welfare changes which further increase

old-age poverty. Therefore, Breyer and Hupfeld (2009) criticize the whole concept of neu-

trality or “marginal fairness” and propose an additional adjustment factor in the pension

formula which corrects for differences in life expectancy.

The next section develops a simulation model which is able to quantify the welfare conse-

quences of the recent reform and various policy instruments which are currently discussed.

5For a more detailed description and economic analysis of these reforms see Fehr and Habermann (2006),

Börsch-Supan, Reil-Held and Schunk (2008) or Knell (2010).

6For example, Berkel and Börsch-Supan (2004) estimate that the considered reform will increase average

retirement ages of men by nine months while women will even retire one month earlier.
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3 The model economy

3.1 Demographics and intracohort heterogeneity

We consider an economy populated by overlapping generations of individuals with the (ex-

ogenous) skill level s ∈ S = {1, . . . , S}. The skill level s determines the individual produc-

tivity ej and affects individual mortality which will also depend on the date of birth (i.e.

labor market entry). Consequently, individuals age j ∈ (1, . . . , J) may live up to a maximum

possible lifespan of J periods, where individual lifespan uncertainty is measured by ψs
j,t ≤ 1

the period-dependent conditional survival probability from age j − 1 to age j of skill type s.

At the beginning of each period t, a new generation enters the model where the population

growth rate nt depends on the fertility pattern.

Our model is solved recursively. Consequently, an age-j agent faces the individual state

vector

zj = (s, aj, epj, rzj) (1)

where aj ∈ A = [0, ∞] denotes assets held at the beginning of age j, epj ∈ P = [0, epmax]

defines agent’s accumulated earning points for public pension claims and rzj ∈ R = {0, 1}

reveals whether the household is already retired (i.e. receives pension benefits with rzj = 1)

or is still working at age j (rzj = 0). Consequently, in each period t, the age-j cohort is

fragmented into subgroups, according to the initial distribution at age j = 1 as well as mor-

tality, population growth and optimal household decisions. Let Xt(zj) be the corresponding

cumulated measure so that
∫

S
dXt(z1) = 1 with z1 = (s, 0, 0, 0) (2)

must hold since we have normalized the cohort size of initial newborns to be unity. In the

following, we will set C = S ×A× P ×R for the sake of simplification and omit the time

index t and the state index zj for every variable whenever possible. Agents are then only

distinguished according to their age j.

3.2 Budget constraints and bequests

The budget constraint is defined by

aj+1 = aj(1 + r) + wj + pj + bj + vj − τ min[wj, 2w̄] − T(yl
j, yr

j) − (1 + τc)cj (3)

with a1 = aJ+1 = 0 and aj ≥ 0 due to borrowing constraints. In addition to interest in-

come from savings raj, households receive gross labor income wj = w(1 − ℓj)ej during their
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working period as well as public pensions pj during retirement. As time endowment is

normalized to one, ℓj defines leisure consumption and w the wage rate for effective labor.

At specific ages households additionally receive accidental bequests bj and in specific sim-

ulations they receive lump-sum transfers vj which are explained below. Households have

to pay social security contributions and income taxes. Due to a contribution ceiling which

amounts to the double of average income w̄, the contribution rate τ is not applied to income

above the ceiling. Income taxes depend on taxable labor income yl
j, taxable capital income yr

j ,

and the tax schedule T(·). Finally, the price of consumption good cj includes consumption

taxes τc. Of course, leisure can only be consumed up to the time endowment, i.e. ℓj ≤ 1.

Our model abstracts from annuity markets. Consequently, private assets of all agents who

died are aggregated and then distributed equally among all working age cohorts younger

than the earliest possible age of retirement and skill groups. Consequently,

bjt+1(zj) =
Γ

(1 + nt+1)(1 + λ)

J

∑
i=1

∫

C
(1 − ψs

i+1)(1 + rt+1)ai+1(zi)dXt(zi), (4)

where Γ is the inverse of the sum of the working population below the earliest age of retire-

ment and λ measures technological progress.

3.3 Individual preferences and the decision to retire

Our model assumes a preference structure that is represented by a time-separable, nested

CES utility function. Individual period utility depends on consumption of goods cj and

leisure ℓj and is defined by

u(cj, ℓj) =
1

1 − 1
γ

[

c
1− 1

ρ

j + αℓ
1− 1

ρ

j

]

1− 1
γ

1− 1
ρ , (5)

where ρ denotes the intratemporal elasticity of substitution between consumption and leisure

at each age j and γ defines the intertemporal elasticity of substitution between consumption

and leisure in different years, while α is the age-independent leisure preference parameter.

Households maximize intertemporal utility by taking into account the budget constraint (3).

Technically, this decision problem is solved recursively. Consumption, leisure and assets are

chosen in order to maximize the utility function

V(zj) = max
cj,ℓj

{

u
(

cj, ℓj

)

+ ψs
j+1βV(zj+1)

}

, (6)

where β defines the time discount factor and ℓj = 1, if the household is already retired.
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At the beginning of each year of the retirement window between ages 60 and 70, households

have to decide whether to retire or not, i.e. change their status from rzj = 0 to rzj = 1. We

assume retirement to be a one-time, irreversible decision.7 The retirement decision is made

similarly to the college choice in Heckman, Lochner and Taber (1998) via a comparison of

utilities. Let V(z0
j ) and V(z1

j ) denote utilities from being in the labor force and being retired

at age j. Consequently we derive

[

V(z1
j )

V(z0
j )

]
1

1− 1
γ

− 1 − ǫz

the consumption equivalent variation of retiring, where ǫz ∼ N(µ, σ2) captures additional

non-pecuniary (i.e. psychological) gains or cost from retirement which are not observed

by the model. Since we assume that those costs are normally distributed within each skill

class with mean µ and variance σ2, we can – due to the law of large numbers – compute the

fraction of households that decide to retire from

P











[

V(z1
j )

V(z0
j )

]
1

1− 1
γ

− 1 − ǫz









 = Φµ,σ2





[

V(z1
j )

V(z0
j )

]
1

1− 1
γ

− 1



 .

3.4 The production side

Firms in this economy use capital and labor to produce a single good according to a Cobb-

Douglas production technology Y = ̺KǫL1−ǫ where Y, K and L are aggregate output, cap-

ital and labor, respectively, ǫ is capital’s share in production, and ̺ defines a technology

parameter. Capital depreciates at a constant rate δk and firms have to pay corporate taxes

Tk = τk

[

Y − wL − δkK
]

where the time-invariant corporate tax rate τk is applied to the out-

put net of labor costs and depreciation. Firms maximize profits renting capital and hiring

labor from households so that net marginal products equal r the interest rate for capital and

w the wage rate for effective labor.

3.5 The government sector

The tax system

Our model distinguishes between the tax system and the pension system. In each period

t the government issues new debt (1 + nt+1)(1 + λ)BG,t+1 − BG,t and collects taxes from

7A similar simplification is assumed by Eisensee (2005) and Sanchez-Martin (2008).
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households and firms in order to finance general government expenditure Gt, which is fixed

per capita, as well as interest payments on its debt, i.e.

(1 + nt+1)(1 + λ)BG,t+1 − BG,t + Ty,t + Tk,t + τctCt = Gt + rtBG,t, (7)

where revenues of income taxation are computed from

Ty,t =
J

∑
j=1

∫

C
T(yl

j(zj), yr
j(zj))dXt(zj)

and Ct defines aggregate consumption (see (15)). The intertemporal budget is balanced by

consumption taxation.

Our model takes into account the transition towards deferred taxation of pension benefits in

Germany introduced in 2005. Consequently, taxable labor income yl
j is computed from gross

labor income net of (a fraction κ1 of) pension contributions and a work related allowance

d(wj) and – after retirement – (a fraction κ2 of) public pensions. With respect to taxable

interest income we apply a fixed saving allowance ds, so that

yl
j = max[wj − κ1τ min[wj, 2w̄] − d(wj); 0] + κ2pj and yr

j = max[raj − ds, 0].

Given taxable income, we apply the German progressive tax code of 2005 to labor income

and assume that all households are married couples (i.e. full income splitting). Interest

income, however, is taxed at a constant rate τr which reflects the flat capital income tax

recently introduced in Germany. A solidarity surcharge of 5.5 percent is applied to the final

tax burden. Consequently,

T(yl
j, yr

j) = 1.055 × (2 × T05(yl
j/2) + τryr

j).

The pension system

In each period t, the pension system pays old-age benefits and collects payroll contributions

from labor income below the contribution ceiling 2w̄t. Individual pension benefits pj of a

retiree of age j ≥ jR in a specific year are computed from the product of the adjustment

factor ν(jR) which depends on the individual retirement age jR, earning points epjR he has

accumulated until retirement age and the actual pension amount (APA) per earning point:

pj = ν(jR) × epjR × APA. (8)

In the baseline path (before the reform) the normal retirement age is fixed at age 65. Pensions

are reduced by 3.6 per cent for each year of early retirement before NRA. However, as will be
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discussed below, the model abstracts from increases in pensions due to delayed retirement

so that

ν(jR) =







(1 − (NRA − jR) × 0.036) , jR < NRA

1, jR ≥ NRA.
(9)

Accumulated earning points of the pension system depend on the relative income position

wj/w̄ of a worker. Since the contribution ceiling is fixed at the double of average income

w̄, maximum earning points collected per year are 2. Therefore, earning points accumulate

according to

epj+1 = epj + min[wj/w̄; 2], (10)

where ep1 = 0.

Finally, the actual pension amount APAt of a specific year t is adjusted according to

APAt = APAt−1 ×
wt−1Lt−1(1 − τ

p
t−1 − τt−1)

wt−2Lt−2(1 − τ
p
t−2 − τt−2)

×

{

1 + 0.25 ×

(

1 −
PRt−1

PRt−2

)}

. (11)

Equation (11) reflects the central elements of the adjustment formula which was introduced

by the pension reforms 2001 and 2004. Since then, changes in the actual pension amount are

related to lagged changes of an artificial income concept which is computed from gross labor

earnings net of fictive contributions τp (which amount to 3 percent before and 4 percent after

2008) to the private pension scheme and actual contributions to the public scheme. The last

part of (11) reflects the sustainability factor where PR defines the pensioners ratio which

measures the ratio of retired to working households of a specific year.8 Since this pensioners

ratio will increase in the future, the adjustment factor will decrease future benefits. However,

the impact of the rising dependency ratio is dampened by the weight 0.25. Note that any

delay in retirement induced by the reform of 2007 will dampen the sustainability factor and

increase benefits of already retired households.

The budget of the pension system must be balanced in every period by adjusting the contri-

bution rate. Consequently,

PBt = τtPCt (12)

where

PBt =
J

∑
j=60

∫

S×A×P×{1}
pj(zj)dXt(zj) and PCt =

69

∑
j=1

∫

S×A×P×{0}
min[wj(zj); 2w̄]dXt(zj)

define aggregate pensions benefits and contributions in period t.

8Strictly speaking, the pensioners ratio is computed in practice from the standardized numbers of “equiva-

lence pensioners” and “equivalence contributers” derived from (fictive) standard pensions and average earn-

ings.
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3.6 Welfare and efficiency calculation

In order to compare welfare for a specific individual before and after the reform, we follow

Auerbach and Kotlikoff (1987, 87) and compute the proportional increase (or decrease) in

consumption and leisure φ which would make an agent in the baseline path as well off as

after the reform. We can compare all cohorts living in the reform year t = 1 and all new-

born cohorts along the transition path before and after the reform since they have identical

individual state variables. Due to the homogeneity of the utility function (5) and (6) the

necessary increase (or decrease) in percent of resources is

φt(zj) =







[

Vt(z1
j )

Vt(z0
j )

]
1

1− 1
γ

− 1







× 100,

where z0
j and z1

j indicate that utility of the specific person is measured before and after the

reform, respectively. Consequently, a value of φt(zj) = 1.0 implies that this agent would

need one percent more resources in the initial baseline path to attain the utility level he

receives after the policy reform.

In order to asses aggregate efficiency consequences, we introduce a Lump-Sum Redistribu-

tion Authority (LSRA) in the spirit of Auerbach and Kotlikoff (1987, p. 62f.) as well as Fehr

(2000) or Nishiyama and Smetters (2007) in a separate simulation. The LSRA treats those

cohorts already existing in the initial year 2008 and newborn cohorts differently. To already

existing cohorts it pays a lump-sum transfer (or levies a lump-sum tax) vj,1(zj), j > 1 to

bring their expected utility level after the reform back to the level of the initial equilibrium

V1(z0
j ). Since utility depends on age and state, these transfers (or taxes) have to be com-

puted for every agent in the first year of the transition. Consequently, after compensation,

their relative welfare change is φc(zj) = 0.0. Furthermore, those who enter the labor market

in period t ≥ 1 of the transition receive a transfer v1,t(z1, φc∗(z1)) which guarantees them a

(compensated) relative consumption change φc∗(z1) which is identical for all newborn fu-

ture cohorts. Note that the transfers v1,t(z1, φc∗(z1)) may differ among future cohorts but

the relative utility change φc∗(z1) is identical for all. This utility change is determined by

requiring that the present value of all LSRA transfers is zero:

J

∑
j=2

∫

C
vj,1(zj)dX1(zj) +

∞

∑
t=1

v1,t(z1, φc∗(z1))Πt
s=2(1 + ns)(1 + λ)(1 + rs)

−1 = 0.

In the first period of the transition the LSRA builds up debt (or assets) from

(1 + n2)(1 + λ)BRA,2 =
J

∑
j=1

∫

C
vj,1(zj)dX1(zj)
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which has to be adjusted in each future period according to

(1 + nt+1)(1 + λ)BRA,t+1 = (1 + rt)BRA,t − v1,t(z1). (13)

Of course, LSRA assets are also included in the asset market equilibrium condition (16).

If φc∗(z1) > 0 (φc∗(z1) < 0), all households in period t = 1 who lived in the previous period

would be as well off as before the reform and all current and future newborn households

would be strictly better (worse) off. Hence, the new policy is Pareto improving (inferior)

after lump-sum redistributions.

3.7 Equilibrium conditions

Given a specific fiscal policy, an equilibrium path of the economy has to solve the households

decision problems (6), reflect competitive factor prices and balance aggregate inheritances

with unintended bequests. Furthermore, in the closed economy aggregation holds,

Lt =
J

∑
j=1

∫

C
(1 − ℓ(zj, Zt))ej dXt(zj), (14)

Ct =
J

∑
j=1

∫

C
cj(zj, Zt)dXt(zj), (15)

Kt =
J

∑
j=1

∫

C
ajdXt(zj) − BG,t − BRA,t, (16)

the budgets of the government (7), the pension system (12) and the redistribution authority

(13) are balanced and the goods market clears in every period, i.e.

Yt = Ct + Gt + (1 + nt+1)(1 + λ)Kt+1 − (1 − δk)Kt.

In the small open economy the capital market takes into account net foreign assets and the

goods market includes net exports.

4 Calibration of the initial equilibrium

Since we assume a realistic demographic transition, the initial year of the simulation model

is not a long-run equilibrium and the reference simulation for the policy reforms is a base-

line path of the economy under the existing fiscal system. In order to compute the initial
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equilibrium and the subsequent baseline path, households in the first year of the transition

are endowed with a profile of assets and pension claims. In the short run the baseline path

mainly depends on the exogenous dynamics of the population structure. In the medium run,

the model returns to a stable population structure so that in the long run the economy can

converge to a steady state. We provide the economy with 300 years to return to the long run

equilibrium. The following subsections discuss the assumed demographic, productivity-,

preference-, technology- and fiscal parameters required to solve the model numerically.

4.1 Demographic projections

Since the model’s period represents one year, agents start economic life at age 20 (j = 1)

and face a maximum possible life span of 99 years (J = 80). In order to derive different skill

classes, we have classified individuals between ages 20 and 60 of the years 1984 to 2006 from

German Socio-Economic Panel (SOEP) data9 into three different educational groups (S = 3)

according to the International Standard Classification of Education (ISCED). For low-skilled

we have aggregated levels 0 to 2 (primary and lower secondary education), levels 3 and 4

(higher secondary and post-secondary education) are merged to middle-skilled and levels

5 and 6 (tertiary education) to high-skilled individuals. In our data set, low-, medium- and

high-skilled individuals represent 26, 55 and 19 per cent of the population. These relative

shares were also applied in the model. The projection starts in the initial year 2008 with the

population vector taken from the most recent population forecast of the Federal Statistical

Office (StaBu, 2009). For the middle-skilled types we apply conditional survival probabili-

ties ψj which are based on the year 2000 Life Tables reported in Bomsdorf (2003). They yield

a (cross-sectional) life expectancy of 79.6 years which fits quite well to the official figure of

79.8 years in StaBu (2009). Since our model takes into account the positive relationship be-

tween life expectancy and lifetime income, we adjust the conditional survival probabilities

of low- and high-skilled so that their initial life expectancy is 77.1 and 82.1 years, respec-

tively. The assumed five year difference in life expectancy between low- and high-skilled

is well in line with the results from Reil-Held (2000) and von Gaudecker and Scholz (2007)

for Germany.10 This mortality difference within skill classes is retained in all future peri-

ods. The model’s population projections are based on StaBu (2009). This forecast compares

fifteen alternative combinations of assumptions with respect to fertility, life expectancy and

migration which all end in year 2060. We take one of their “benchmark scenarios” and com-

pare it with two alternative scenarios which we call “optimistic” and “pessimistic”. Table 1

reports the differences in the assumptions.

9The SOEP data base is described in Wagner, Frick and Schupp (2007).

10Brown (2002, p. 410) applies the same difference in life expectancy for similar skill classes in the U.S.
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Table 1: Assumptions for population projections

Scenarios

Benchmark Optimistic Pessimistic

Birth rate 1.4 1.6 1.2

Life expectancy
in 2060 (in years) 86.9 (+7.3) 89.3 (+9.7)

Migration after
2014 (in 1000) 100 200 100

Following the official projections, our benchmark scenario assumes that the birth rate re-

mains at 1.4 children per woman until 2060. Afterwards the birth rate adjusts endogenously

in order to build up a stable population structure with zero population growth. Life ex-

pectancy increases linearly until year 2060 by 7.3 years to an age of 86.9 years for the middle-

skilled households. After year 2060 we assume constant mortality rates. Finally, follow-

ing StaBu (2009) we assume that the negative net migration of 50.000 in year 2008 changes

gradually again and increases to 100.000 net migrants until year 2014 and beyond.11 In the

optimistic scenario we keep life expectancy constant and assume a higher birth and net mi-

gration rate. In the pessimistic scenario we keep net migration constant, but assume – as in

StaBu (2009) – lower fertility combined with a stronger increase in life expectancy. Figure 1

reports the resulting population dynamics in this century.

Figure 1: Alternative population projections

In 2008, Germany has a population of 82 million people. In the benchmark scenario of the

model simulation, this number decreases until 2060 to 65.6 million people. In the optimistic

and pessimistic scenarios the German population declines to 76.7 and 65.7 million people,

11Due to the model structure, we have to assume that all net migrants enter at age 20 (i.e. at j = 1).
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respectively. The corresponding numbers from the StaBu (2009) projection for 2060 are 64.7,

74.5 and 64.0 million. The right part of Figure 1 shows the development of the dependency

ratio, measured by 60 year-old and older to 20-59 year-old. Starting from a ratio of 46.1 in

year 2008, this number increases until 2060 to 89.4 (92.3) in the model’s (official) benchmark

simulation. The respective figures for the optimistic and pessimistic scenario are 73.8 (81.7)

and 99.4 (104.8), respectively. Of course, the model’s dependency ratio reflects the fact that

our immigrants are younger than those of the official projections.

4.2 Productivity assumptions

The productivity profile ej of the three skill classes is important for our quantitative results,

since productivity in old age is a decisive determinant of retirement behavior. If productivity

of older people declines sharply, retirement behavior will not be affected by the increase in

the normal retirement age. However, estimating the productivity of elderly households is

complicated by the fact that those with low productivity retire, so that those who remain in

the labor force after age 60 represent a biased productivity of the respective cohort. In order

to deal with this problem, our productivity estimates are split in two parts, i.e.

ej =







e(ς1+ς2×j+ς3×j2)(1 + λ)j−1, j ≤ 60

[ς4 + ς5 × (j − 60) + ς6 × (j − 60)2](1 + λ)j−1 j > 60,

where we also include technological progress which is assumed to cause the time endow-

ment to grow, see Kotlikoff et al. (2007). For individuals up to age 60 we estimate produc-

tivity profiles from inflated income data of primary household earners from the German

SOEP. Our unbalanced panel data covers full-time workers with a total of 83893 observa-

tions which are already divided into the three skill groups explained above. Following the

conventional procedure, we correct income for working time and assume that log wages

depend on an agent’s age and age squared. The resulting parameters are reported in Table

2.

Table 2: Productivity parameters
ς1 ς2 ς3 ς4 ς5 ς6

Low-skilled 9.6207 0.0437 -0.0500 1.16486 -0.01891 -0.00791
Medium-skilled 9.4190 0.0575 -0.0649 1.30297 -0.02599 -0.00841
High-skilled 8.6649 0.1025 -0.1090 1.83888 -0.05204 -0.00393

For productivity at and above age 60 we follow Eisensee (2005, p. 102) and assume that it

declines in a quadratic fashion until it reaches zero at age 70 and 75 for the low-/middle-
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skilled and high-skilled, respectively. This procedure yields an average annual productivity

decline of 7, 15 and 15 per cent for the low-, middle- and high skilled class after age 60. Con-

sequently, our assumptions are somewhere between the figures in Eisensee (2005) where the

respective figures are 8, 19 and 17 per cent and French (2005) who estimated a productivity

decline of 4 per cent in old age from U.S. data. Figure 2 shows the productivity profiles for

the different skill classes. It is important to note that these profiles are kept constant in the

future despite the increase in life expectancy. We applied alternative assumption about fu-

ture productivity changes after age 60, but the consequences for retirement behavior where

negligible.

Figure 2: Productivity profiles for skill-classes

4.3 Preference, technology and fiscal parameters

With respect to the preference parameters, we set the intertemporal elasticity of substitution

γ to 0.5, the intratemporal elasticity of substitution ρ to 0.6 and the leisure preference param-

eter α to 1.5. This is within the range of commonly used values, see Auerbach and Kotlikoff

(1987) or İmrohoroğlu and Kitao (2009). These parameters imply a compensated wage elas-

ticity of 0.1 and 0.15 for age groups 20-39 and 40-59, respectively, which is consistent with

the results from Fenge, Uebelmesser and Werding (2006). In order to calibrate a realistic

capital to output ratio, the discount factor is set at 0.995 which implies an annual discount

rate of about 0.5 percent. Finally, to generate a realistic retirement behavior, we assume an

identical variance σ2 for all skill classes and adjust the skill-specific expectation value µ as

reported in Table 3.

As for technology parameters we specify the general factor productivity θ = 0.93 in order

to normalize labor income and set the capital share in production ǫ at 0.3 which is quite

realistic for Germany. The annual depreciation rate for capital δk is set at 4.8 percent which
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Table 3: Preference, technology and fiscal parameters

Preferences Technology Government

γ = 0.5 θ = 0.93 τc = 0.17
ρ = 0.6 ǫ = 0.3 τr = 0.24
α = 1.5 δk = 0.048 τk = 0.15
δ = 0.995 λ = 0.013 ds = 1600
σ = 3 · 10−4 T(y) see text
µ1 = 2.1 · 10−2 APA see text
µ2 = −1.3 · 10−2 NRA=65
µ3 = −2.7 · 10−2

yields a realistic investment ratio. Finally, the rate of technological progress λ is set to 1.3

per cent which is the average trend for the period 1995-2006 reported in Erber and Fritsche

(2009).

With respect to the fiscal parameters we assume a debt-to-output ratio of 60.9 percent in

2008. Afterwards, we keep government debt constant per capita. The corporate tax rate

is fixed at 15 per cent. The annual APA value in year 2008 is chosen in order to derive a

realistic contribution rate of 19.9 per cent in the initial equilibrium. Finally, the taxation of

gross income (from labor, pensions and capital) is close to the current German income tax

code and the marginal tax rate schedule T05 which was introduced in 2005. For capital

income we consider an annual allowance of 1.600 e and a tax rate of τr = 0.25. With respect

to labor income, we assume that 4 percent of gross income could be deducted from the tax

base in addition to an annual allowance of 1.200 e. The two parameters κ1, κ2 are adjusted

in every year and for every cohort in order to reflect the phased-in deferred taxation of

public pensions in Germany. Starting in 2005, 60 percent of contributions could be deducted

from the tax base. This fraction increases every year by 2 percentage points until in 2025 all

contributions to pensions could be deducted from the tax base. Similarly, in 2005 only 50

percent of pensions of existing and new pensioners had to be taxed. Since then, the taxable

fraction κ2 of pensions increases for every new cohort of pensioners by initially one and

later two percentage points, so that cohorts retiring in year 2040 or later have to tax their

full pension.12 As for the tax schedule, the marginal tax rate rises linearly after the basic

allowance of 15.600 e from 15 percent to a maximum of 42 percent when yl
j passes 104.000

e.

Given revenues from income and corporate taxation, we fix the consumption tax rate at

17 percent and compute government consumption G endogenously to balance the budget.

12Note that the phased-in taxation of pension benefits might induce earlier retirement in our model, but

these effects can be neglected.
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Table 3 reports our parameter values and Table 4 presents some calibrated figures of the

initial equilibrium.

Our calibration aims to reproduce a realistic government sector and the current German

capital-output ratio. The central differences between model and reality are due to the as-

sumption of a closed economy which on the one side implies an endogenous interest rate

but also requires a zero trade balance. Table 4 also reports the share of elderly (i.e. those age

65 and older) who receive less than 40 per cent of median net income in the economy, so that

they are below the social assistance level. Currently, about 2.7 per cent of people older than

64 years receive the (in reality means-tested) basic benefit in Germany.

Table 4: The benchmark equilibrium

Model Germany
benchmark 2008a

Expenditures on GDP (% of GDP)

Private consumption 62.5 56.3
Government consumption 18.5 18.1
Gross fixed investment 19.0 19.3
Export - Import 0.0 6.3

General government indicators

Aggregate pension benefits (% of GDP) 13.9 11.3
Tax revenues (% of GDP) 20.4 23.8
Social security contributions (in %) 19.9 19.9

Poverty rate among elderly 2.7 2.4b

Interest rate (in %) 4.6 —
Capital-output ratio 2.9 3.1

a IdW (2009), bSVR (2008, p. 379)

4.4 Retirement behavior and baseline path

Of course, we are mostly interested how well the model could replicate the observed re-

tirement behavior. As can be seen in the right part of Figure 3, actual retirement ages in

Germany are described by three peaks at ages 60, 63 and 65.13 Age 60 is the earliest age

where women, unemployed or disabled people who are eligible could receive an old age

pension, while age 63 is the earliest age where long-term insured can receive an old age

pension. In both cases, however, early retirees have to accept the actuarial adjustments of

their pension benefits. Those who retire at the normal retirement age of 65 can receive a

13This distribution is calculated from data of Deutsche Rentenversicherung (2009).
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full pension without reductions. Surprisingly, there is almost no retirement after the NRA.

Partly this may be due to the fact that firms pay seniority wages and therefore want to get

rid of their elderly employees. In addition, since there are no legal restrictions for working

after age 65, people can receive pensions and receive income from labor at the same time.

Finally, the spike in the distribution of retirement age at 65 may not entirely be the product

of fully rational decision making as discussed in Lumsdaine and Wise (1994). Our model is

not able to capture these aspects. Consequently, as can be seen in the left part of Figure 3, a

significant share of individuals is still working after age 65. If we would include actuarial

adjustments of benefits after age 65, this fraction would be even higher.

Figure 3: Retirement behavior in the initial equilibrium

The model is able to replicate the two peaks at ages 60 and 65. As one can see, low-skilled

individuals retire earlier than middle- and high-skilled individuals. The mean retirement

age of low-skilled in the initial year is age 60.4 and rises to ages 63.3 and 64.8 for middle-

and high-skilled. Himmelreicher et al. (2009) indicate that there exists a delayed retirement

of high-skilled in Germany, but the difference seems to be less than two years and, therefore,

much smaller than in the model. Of course, differences in retirement of skill-types in our

model are exaggerated by the fact that there is a perfect correlation between skill-type and

life expectancy. Consequently, not only low-skilled retire early, but also those with lower life

expectancy. Following Coile and Gruber (2007) we also calculate elasticities for retirement.

If we increase retirement wealth by 10 per cent, the probability of retirement of a 65-year

old medium-skilled household increases from 54,3 per cent to 56 per cent. This corresponds

to an elasticity of nonparticipation with respect to benefits of 0.32. The retirement elasticity

of the model rises with skill and decreases with age. Coile and Gruber (2007) estimate an

average retirement elasticity of 0.16 for the U.S.

This should suffice to explain our calibration and initial equilibrium. Table 5 reports the

baseline path of the economy until 2060 if the NRA is kept at its current level. Due to the

positive productivity growth, (effective) labor supply and therefore employment increases
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despite the fall in the number of workers. However, savings as well as assets and the cap-

ital stock grow quite stronger, so that wages increase and the interest rate falls throughout

the transition. Due to the change in the age structure, consumption grows stronger than

employment and the share of pension expenditures in GDP rises from initially 13.9 to 19.6

per cent in 2060. Note that the retirement age almost remains constant until 2060 despite

the increase in life expectancy. During the same time, poverty rates among elderly strongly

increase due to the reduction in pension benefits.

Table 5: Baseline path of the economy

Year 2008 2020 2030 2040 2050 2060

Employment 100.0 109.3 111.4 118.2 125.9 133.8
Capital 100.0 120.2 132.4 137.9 145.2 153.8
Wage 100.0 102.9 105.3 104.7 104.4 104.3
Interest Rate 4.6 4.1 3.7 3.8 3.8 3.8
Mean retirement age 62.8 62.8 63.0 63.0 63.0 63.1
Pension benefits 13.9 15.4 18.2 19.0 19.4 19.6
Elderly poverty rate 2.7 6.3 6.9 10.3 10.5 9.7

Figure 4 shows the dynamics of the contribution rate and the consumption tax rate. In all

three population scenarios considered, the former rises from currently 19.9 to roughly 25

per cent until 2030. Therefore, current pension policy is not able to stabilize the contribution

rate at 22 per cent in the short run, as originally intended. Even worse, in the medium

and long run our model predicts that the contribution rate will rise up to 28 per cent in the

benchmark scenario. The optimistic and pessimistic scenarios mainly differ in their long

run implications where contribution rates either decline to 25 per cent or increase further

to 30 per cent. Note that in the right part of Figure 4 the consumption tax also increases

significantly by 5 and almost 8 percentage points in the medium and long run. This is due to

the fact that public goods are constant per capita and therefore rise with the total population,

while taxes are currently mainly paid by employed persons.14 Since the tax base declines

much stronger than the demand for public goods, the tax rate has to increase during the

transition.

Is it possible to design a pension reform package which dampens the long-run increase in

contribution and poverty rates without harming future cohorts? The next section tries to

answer this question by considering specific reform scenarios and computing their welfare

and efficiency implications.

14This argument still holds despite the fact that the model takes into account the deferred taxation of pen-

sions in the future.
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Figure 4: Social security contributions and consumption taxes on baseline path

5 Simulation of policy reforms

This section considers four specific policy reform scenarios. The benchmark reform is the

pension reform of 2007 which increases the normal retirement age from currently age 65 to

age 67. More specifically, starting in 2012 the NRA for the cohort born in year 1947 increases

by one month. For the cohort born in 1948, the NRA increases by two months and so forth.

For cohorts born in and after year 1959, the NRA increases by fourteen, sixteen, eighteen

months and so on until, finally, cohorts born in and after 1964 all face an increase in the

NRA of two years. This benchmark reform is compared with alternative packages where

we supplement the pension reform of 2007 with the following measures:

a) Adjustment factor 6%: Following Berkel and Börsch-Supan (2004) as well as Queisser

and Whitehouse (2006) we model an increase in the adjustment factor from 3.6% to

6%. The increase is phased-in – as the NRA – between 2012 and 2029.

b) Life expectancy adjustment: Following Breyer and Hupfeld (2009) we introduce a cor-

rection factor 10
5+5epjR

/jR
for life expectancy in the pension formula (8). In our model

low income households (i.e. where epjR /jR < 1) also have a lower life expectancy, so

that the correction factor increases their pension benefit. The opposite holds for high

income households.

c) Age-dependent contribution rates: Following Cremer and Pestieau (2003), contribu-

tion rates for older workers are reduced. More specifically, workers age 60 and above

contribute only 10 per cent of labor income while contribution rates for younger work-

ers have to balance the budget.15

15Such a policy also mimics recent Dutch stimuli to raise participation levels of those beyond age 62 by

reducing their annual taxable income and (after age 65) their pension premiums.
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The next subsection discusses the macroeconomic effects of these four policy packages. We

then report the resulting welfare and efficiency effects and perform some sensitivity analysis.

5.1 Macroeconomic effects of pension reforms

Table 6 compares changes of some specific macroeconomic variables along the transition

path. The first reform considered is the increase in normal retirement ages as implemented

by the pension reform 2007. Since the reform reduces future pension benefits, people save

more and delay retirement by roughly 12.0 months on average in the long run which in

turn increases employment by 0.4 per cent. The small employment effect indicates a strong

intertemporal substitution of labor supply. When households work longer at old age, they

reduce labor supply at younger ages.16 The increase of the mean retirement age is some-

where around the long-run retirement age increase of 8 months estimated by Berkel and

Börsch-Supan (2004). It is also in line with the results from Mastrobuoni (2009), who finds

evidence that the mean retirement age of the affected cohorts in the U.S. increases by about

half as much as the increase in the NRA.17 Since savings grow stronger than employment,

long-run wages increase. Higher income tax revenues allow to reduce consumption taxes

and the longer working phase allows to reduce contribution rates in the long run. Note,

however, that old-age poverty does not change significantly in the long run due to the re-

duction in pension benefits.

Figure 5 takes a closer look at contribution rates and the retirement decision. The left part

shows that contribution rates would remain constant for quite a while and then fall in the

long run by about 1.5 percentage points, if we keep the retirement ages of the baseline path

(”Exogenous RA”). With ”endogenous” retirement ages, the delay of retirement has a much

stronger impact on contribution rates in the short and medium run due to the immediate

increase of the contribution base. In the long run, however, higher pension benefits dampen

the reduction in contribution rates. The right part of Figure 5 shows that the increase in

effective retirement ages is not uniform across skill classes. While middle- and high-skilled

delay retirement by more than one year, low-skilled hardly alter their retirement behavior.

There also is a slight announcement effect which decreases retirement ages in year 2011

right before the implementation of the reform since households who initially planned to

16This finding corresponds well with the recent discussion in İmrohoroğlu and Kitao (2009). They show that

pension reforms have only minor effects on aggregate employment but they change the life-cycle profile of

labor supply.

17Of course, one should not overemphasize these comparable findings, since the figures are derived empiri-

cally and in a different context. For example, in the U.S. system, the NRA increase from 65 to 67 reduces final

benefits by 10 per cent (Mastrobuoni, 2009).
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Table 6: Macroeconomic effects of the considered pension reforms∗

Variable Pension reform Adjustment Life expectancy Age-dependent

2007 factor 6% adjustment contribution rates

Capital stock

2020 -0.7 -3.3 -2.9 -1.7

2040 1.1 -1.8 -3.2 -1.4

2060 2.8 -2.0 -3.6 -1.5

Employment

2020 0.0 0.2 -2.5 -0.2

2040 0.4 1.2 -2.1 0.5

2060 0.4 1.6 -2.2 0.8

Wage rate

2020 -0.2 -0.9 0.0 -0.4

2040 0.1 -0.7 -0.2 -0.5

2060 0.3 -0.8 -0.2 -0.5

Consumption tax rate

2020 0.0 0.0 1.2 0.1

2040 -0.3 -0.4 1.1 -0.1

2060 -0.4 -0.6 1.0 -0.1

Contribution rate

2020 -0.6 -1.5 -0.8 -0.5

2040 -1.4 -2.0 -1.1 -0.9

2060 -1.5 -1.8 -1.2 -0.8

Mean retirement age (in months)

2020 4.8 15.6 10.8 7.2

2040 12.0 34.8 21.6 16.8

2060 12.0 34.8 20.4 16.8

Poverty Rate

2020 -1.9 -1.6 -2.5 0.2

2040 -1.2 -0.6 -1.1 2.1

2060 0.0 0.7 -0.5 2.8

∗Changes compared to the baseline path.
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retire early in year 2012 may now find it optimal to already retire in 2011.

Figure 5: Pension reform 2007: Contribution rates and effective retirement ages

Next, consider alternative packages supplementing the pension reform 2007 in Table 6. In

the second column we increase the adjustment factor between 2012 and 2029 from 3.6%

to 6%. As we can see, the mean retirement age rises dramatically. As shown in Figure 6,

now also low-skilled workers postpone their retirement significantly, but they still have the

lowest retirement age. Resulting from the postponement of retirement, labor supply in-

creases and savings decline. This leads to a lower wage and a higher interest rate. Note that,

although having adapted their retirement behavior, low-skilled workers face even higher

pension reductions. Consequently, the poverty rate is slightly higher compared to the bench-

mark reform explained above.

The adjustment for life expectancy as proposed by Breyer and Hupfeld (2009) accomplishes

to reduce the long-run poverty rate slightly. The mean retirement age now increases by even

20.4 months in the long run. As shown in Figure 6, now mainly high-skilled households de-

lay retirement sharply, since they face lower retirement benefits. Since in our model even the

middle-skill class receives an increase in benefits after the reform, aggregate employment

and savings fall sharply after the reform. As a consequence, wages decrease, the consump-

tion tax rate increases by one percentage point and contribution rates decrease much less

than before.

Finally, we assume in the right part of Table 6 that the contribution rate for workers age 60 or

older decreases to 10 per cent. As shown, this measure delays retirement significantly by 16.8

months on average in the medium and long run. At the same time, the contribution rate for

younger workers increases by roughly 0.7 percentage points compared to the pension reform

2007. Overall, the reform increases aggregate employment but reduces savings, since people

mainly work longer. The reduction of savings combined with the reduced labor supply at

an early age has a negative impact on the old-age poverty rate which is higher than in the
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pension reform 2007.

Figure 6: Supplementary measures and effective retirement ages

5.2 Welfare and efficiency effects

Of course, the fiscal and macroeconomic consequences of different reform scenarios dis-

cussed in the preceding subsection can not explain the intra- and intergenerational redistri-

bution effects, nor can they indicate the changes in aggregate efficiency. In order to quantify

the former, one has to compute the changes in welfare across and within cohorts due to a

specific reform scenario. The latter requires to implement the LSRA redistribution mecha-

nism explained in subsection 3.6 above.

As one would expect, Table 7 shows in the left top corner that the pension reform of 2007

improves welfare of already retired due to the higher pension value and the consumption

tax reduction. Middle-aged cohorts lose, since the reform decreases their future pension

benefits, while households living in the long run benefit from reduced contribution rates

early in life. The computed long-run welfare gains roughly amount to 0.4 per cent of aggre-

gate lifetime resources. Due to lower life expectancy and earlier retirement, the reduction

of pension benefits hurts low-skilled households more significantly than high-skilled ones.
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Younger high-skilled do not lose due to the reform.18 Finally, after implementing LSRA-

transfers the right column shows that the pension reform of 2007 will increase efficiency

only slightly by 0.13 percent of aggregate resources. These positive efficiency effects are due

to reduced labor supply distortions.

Table 7: Welfare effects of the considered pension reforms∗

Pension reform 2007

Birth without LSRA with

year poor median rich LSRA

1940 0.25 0.30 0.31 0.00

1960 -0.94 -0.50 -0.36 0.00

1980 -0.39 -0.09 0.01 0.00

2000 0.24 0.13

2020 0.38 0.13

Adjustment factor 6%

Birth without LSRA with

year poor median rich LSRA

1940 0.52 0.61 0.62 0.00

1960 -1.07 -0.38 -0.19 0.00

1980 -0.10 0.21 0.36 0.00

2000 0.54 0.36

2020 0.41 0.36

Life expectancy adjustment

Birth without LSRA with

year poor median rich LSRA

1940 -0.85 -0.82 -0.74 0.00

1960 -0.61 -0.71 -1.45 0.00

1980 -0.41 -0.32 -0.83 0.00

2000 -0.30 -0.84

2020 -0.31 -0.84

Age-dependent contribution rates

Birth without LSRA with

year poor median rich LSRA

1940 -0.40 -0.39 -0.34 0.00

1960 -0.96 -0.37 -0.22 0.00

1980 -0.36 0.05 0.17 0.00

2000 0.20 -0.02

2020 0.22 -0.02

∗ Changes measured in percent of resources in initial equilibrium.

The right top corner of Table 7 reports the welfare consequences when the adjustment fac-

tor rises to 6% in 2029. As explained above, this policy increases the mean retirement age

significantly. Current retirees benefit (due to the higher APA) and older low-skilled work-

ers lose more compared to the benchmark reform. High-skilled workers and especially the

young and future generations benefit. As shown in the right column, higher adjustment

18Since we apply an ex-ante welfare measure, it is not possible to distinguish skill classes for households

who enter the labor market after the reform.
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factors increase efficiency gains significantly. This reflects the reduced (or even eliminated)

distortions of the retirement decision.

When the pension formula is adjusted for life expectancy, almost all cohorts lose compared

to the pension reform 2007. Only poor medium aged workers gain slightly. The welfare

effects are mainly due to higher labor market distortions reflected in the efficiency loss of

0.84 per cent of aggregate resources.

Finally, if the pension reform of 2007 is supplemented by age-dependent contribution rates,

intergenerational redistribution is dampened and aggregate efficiency decreases slightly

compared to the pension reform 2007. On first sight this result seems to be surprising. In line

with the empirical results of Fenge, Uebelmesser and Werding (2006), labor supply elastic-

ity increases with age in our model. Consequently, optimal tax theory suggests a reduction

of marginal taxes with rising age. However, due to the tax-benefit linkage marginal con-

tribution rates already decline with age, so that the additional differentiation might go to

far.19

5.3 Sensitivity analysis

Simulating the pension reform 2007 with the ”optimistic” and ”pessimistic” demographic

scenarios discussed above has only negligible macroeconomic and welfare effects, since

changes in demographic parameters mainly alter the path of the economy but not the im-

pact of the policy reform. Similarly, when we increase future productivity profiles after age

60 to account for the rising life expectancy our results suggest only very modest effects.

We also simulate the policy reform of 2007 in a model with fixed working time per period

where people can only choose their retirement age. In this case the employment growth

and consequently the dynamic adjustment of the whole economy is dampened compared to

Table 5.20 Whereas the rising life expectancy increases labor supply and employment dur-

ing working years in the previous model, it can now only induce delayed retirement. The

pension reform of 2007 has now a much smaller effect on retirement which is delayed by

7.2 month so that employment increases by 1.3 per cent. Of course, the stronger effect on

employment is due to the fact that intertemporal substitution of labor is not possible any

more. In the previous model people stayed longer in the labor market, but they worked less

hours. As a consequence, the poverty rate among elderly rises significantly by 4.4 percent-

age points in the long run. The left part of Table 8 shows that the resulting welfare effects are

19We find slight efficiency gains when we place a higher contribution burden on older workers.

20Of course, detailed Tables are available upon request.
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very similar to the results in Table 7. Efficiency gains are slightly higher since the pension

reform shifts tax revenues towards the lump-sum labor income tax.

Table 8: Sensitivity analysis of welfare effects∗

Fixed labor supply

Birth without LSRA with

year poor median rich LSRA

1940 0.44 0.48 0.47 0.00

1960 -0.73 -0.47 -0.44 0.00

1980 -0.26 -0.08 -0.09 0.00

2000 0.28 0.27

2020 0.53 0.27

Small open economy

Birth without LSRA with

year poor median rich LSRA

1940 0.28 0.33 0.33 0.00

1960 -0.90 -0.52 -0.40 0.00

1980 -0.32 -0.09 0.01 0.00

2000 0.32 0.05

2020 0.52 0.05

∗ Changes measured in percent of resources in initial equilibrium.

Finally, we simulate the pension reform of 2007 in the small open economy. Again, employ-

ment and the whole economy grow slower than in Table 5, but now this is due to capital

outflows which reduce the capital stock and wages. With constant interest rates, the pen-

sion reform only increases retirement age by 9.6 months in the long run (which is very close

to the estimate of Berkel and Börsch-Supan (2004) for males), whereas employment almost

remains constant. Again, the long-run poverty rate increases significantly by 4.4 per cent

although the welfare effect of the reform hardly change.

This suffices for the sensitivity analysis. Overall we feel that the welfare effects of Table 7

are quite robust with respect to alternative model parameters.

6 Conclusions and discussion

The results of this paper strongly suggest that the German pension system faces substantial

financial problems in the long run despite all previous efforts to improve sustainability. If

existing retirement patterns remain unaltered, contribution rates would increase up to 26

per cent in the year 2040 even in the most optimist demographic scenario. Consequently,

the recently implemented increase in the normal retirement age is necessary. It will delay

retirement by 9 to 12 month on average which in turn reduces future contribution rates

by roughly 1.5 per cent. However, the reform will not dampen the future increase in the
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old-age poverty rate. Of all instruments considered to reduce future old-age poverty, the

increase of the adjustment factor seems to be most promising. This last finding might be

also an important perception for other European countries which currently manage too low

adjustment factors for early retirement.

Of course, our quantitative conclusions heavily depend on the assumed model structure

and population dynamics. We feel that the results are quite robust with respect to the de-

mographic projections and model parameters. However, specific assumptions of the model

structure which seem to be important for our results should be highlighted. First, in or-

der to reduce the model’s dimensionality, we have assumed a perfect (positive) correlation

between life expectancy and skill-level. While this simplification greatly reduces computa-

tional time it is quite unrealistic. At the moment our approach seems to exaggerate redis-

tribution within the cohorts. Second, our model abstracts from income uncertainty which

might be important especially at old age when people become unemployed. Introducing

income uncertainty especially during the years before retirement may not only change the

households’ retirement behavior, but also turn around efficiency effects of policy reforms.

With uncertain income, redistribution serves as an insurance device which is not captured

in the present study, see Nishiyama and Smetters (2007). Third, our model completely ab-

stracts from disability retirement. At least some people always have the choice to retire

earlier on disability benefits or to remain in the labor force and retire as ordinary retirees,

see Diaz-Gimenez and Diaz-Saavedra (2009) for a recent application of this issue in Spain. If

the model allows for a disability retirement option, the consequences of the pension reform

2007 may completely change since people may now opt for earlier retirement with disability

benefits. In future work we plan to implement these extensions in the model.
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Börsch-Supan, A., A. Reil-Held and D. Schunk (2008): Saving incentives, old-age provision

and displacement effects: evidence from the recent German pension reform, Journal of

Pension Economics and Finance 7(3), 295-319.

Breyer, F. and S. Hupfeld (2009): Fairness of public pensions and old-age poverty, Finan-

zArchiv 65(3), 358-380.

Breyer, F. and M. Kifmann (2002): Incentives to retire later - a solution to the social security

crisis? Journal of Pension Economics and Finance 1(2), 111-130.

Brown, J.R. (2002): Differential mortality and the value of individual account retirement

annuities, in: M. Feldstein and J.B. Liebmann (eds.), The distributional aspects of social

security and social security reform, Chicago University Press, Chicago, 401-440.

Catalan, M., J. Guajardo and A. Hoffmaister (2010): Coping with Spain’s aging: retirement

rules and incentives, Journal of Pension Economics and Finance, forthcoming.

Coile, C. and J. Gruber (2007): Futur social security entitlements and the retirement deci-

sion, Review of Economics and Statistics 89(2), 234-246.

Cremer, H. and P. Pestieau (2003): The double dividend of postponing retirement, Interna-

tional Tax and Public Finance 10, 419-434.

Deutsche Rentenversicherung (2009): Rentenzugang 2008, Berlin.

Diaz-Gimenez, J. und J. Diaz-Saavedra (2009): Delaying retirement in Spain, Review of Eco-

nomic Dynamics 12, 147-167.

Eisensee, T. (2005): Essays on public finance: Retirement behavior and desaster relief, Insti-

tute for International Economic Studies, Stockholm University, Monograph Series no.

54, Stockholm.

Erber, G. and U. Fritsche (2009): Productivity growth in Germany: No sustainable eco-

nomic recovery in sight, DIW Berlin, Weekly Report 5(3), 19-25.

Fehr, H. (2000): Pension reform during the demographic transition, Scandinavian Journal of

Economics 102, 419-443.

Fehr, H. and C. Habermann (2006): Pension reform and demographic uncertainty: The case

of Germany, Journal of Pension Economics and Finance 5, 69-90.

Fehr, H., W.I. Sterkeby, and Ø. Thøgersen (2003): Social security reform and early retire-

ment, Journal of Population Economics 16, 345-361.

29



Fenge, R., S. Uebelmesser and M. Werding (2006): On the optimal timing of implicit social

security taxes over the life cycle, FinanzArchiv 62(1), 68-107.

French, E. (2005): The effect of health, wealth, and wages on labor supply, Review of Eco-

nomic Studies 2, 395-427.

Heckman, J., L. Lochner und C. Taber (1998a): Explaining rising wage inequality: Explo-

rations with a dynamic general equilibrium model of labor earnings with heteroge-

neous agents, Review of Economic Dynamics 1, 1-58.

Herbertsson, T.T. and M.J. Orszag (2003): The early retirement burden: Assessing the costs

of the continued prevalence of early retirement in OECD countries, IZA Discussion

Papers 816, Bonn.

Himmelreicher, R.K., C. Hagen, and W. Clemens (2009): Bildung und Übergang in den
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