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Abstract

In almost all developed countries, policy makers have implemented pension reforms by
increasing statutory retirement ages, lowering pension levels and/or adjusting pension for-
mulas to address demographic change. This paper provides a novel, unifying framework to
evaluate the welfare effects of such pension reforms. I show that the welfare effects of any
reform rest crucially on the “behavioral fiscal multiplier”–the total fiscal effect relative to
the mechanical fiscal effect (the mechanical effect is the fiscal effect absent any behavioral
responses). Behavioral fiscal multipliers can be readily estimated with reduced-form methods
using data on contributions to and transfers from the entire welfare state system. To illus-
trate my framework, I exploit a series of pension reforms in Austria. I find that increasing the
early retirement age has a behavioral multiplier of 1. This means that the total fiscal effect is
purely mechanical and there is no fiscal effect from behavioral adjustments. In response to the
reform workers spend more time in employment, which generates additional social security
contributions. However, individuals also spend more time in unemployment, which generates
additional expenditures on unemployment insurance benefits. These two effects cancel, lead-
ing to a net-zero fiscal effect of behavioral responses. This finding implies that increasing the
Austrian early retirement age is not welfare-enhancing–unless one thinks that $1 in the hands
of an early retiree has a lower social value than $1 in public funds. By contrast, reducing
pension levels generates a multiplier of 1.5. This policy induces some workers to stay longer
in employment without triggering substitution to other welfare benefits. As a result, reducing
pension levels is welfare improving, provided that taking $1 away from a retiree is associated
with a social loss smaller than $1.5. In a standard calibration of the model, the social loss
is smaller than $1.5 for reasonable values of risk aversion suggesting that reducing pension
levels was welfare-improving. My framework can also rank the welfare effects of the two re-
forms. Based on my estimates, a social planner with preferences for redistribution clearly
favors reducing pension levels over increasing the early retirement age.
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1 Introduction

Due to dramatically aging populations throughout the world, pension reforms are on the polit-

ical agenda everywhere. The basic idea of pension reforms is to incentivize workers to delay their

retirement, thus increasing the ratio of workers to pensioners and easing the demographic burden

on pay-as-you-go social security systems.1 Many countries have implemented pension reforms in

the recent past. For instance, the U.S. has started to gradually increase the full retirement age

from 65 to 67 and almost all European countries have implemented increases in the statutory

retirement ages. Many countries have increased work incentives by reducing pension levels and/or

by increasing the actuarial fairness of pensions. The hope is that these measures induce workers

to postpone their retirement. While many reforms have already been implemented, future reforms

are inevitable to avoid the financial collapse of pay-as-you-go pension systems. The key question

is: How should we reform pension systems?

To answer this question we need to understand the welfare effects of pension reforms. While

there exists a rich literature that evaluates the labor supply and fiscal effects of pension reforms

(e.g. Mastrobuoni 2009; Behaghel and Blau 2012; Staubli and Zweimüller 2013; Manoli and Weber

2016a; Cribb et al. 2016), the link between the empirical estimates from the program evaluation

literature to welfare consequences is missing so far. This paper aims to provide this link. I show

that the welfare effect of a pension reform crucially depends on the “behavioral fiscal multiplier”

and that behavioral fiscal multipliers can be credibly estimated with reduced-form methods. The

behavioral multiplier of a reform is defined as the total fiscal effect divided by the mechanical

fiscal effect. The mechanical fiscal effect measures the hypothetical effect of a reform on fiscal

revenue if individual behavior did not respond to the reform. The mechanical fiscal effect can be

directly calculated holding pre-reform behavior fixed. The total fiscal effect of a pension reform

can be estimated with program evaluation methods. The existing literature estimates the total

fiscal effects of pension reforms but usually does not identify the mechanical fiscal effect. However,

this extra step of relating the total effect to the mechanical effect (i.e. the behavioral multiplier)

is crucial for welfare evaluation.

Why is the behavioral multiplier key for welfare evaluation? One can think of a pension reform

as taking away one dollar from a retiree and transferring it to public funds. Different pension

reforms simply target different groups of retirees. For example, an increase in the early retirement

1In pay-as-you-go pension systems, working-age individuals pay for the pensions of the currently old generation.
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age takes away one dollar from early retirees, a cut in pension levels takes away one dollar from all

retirees. A reform then mechanically increases public funds by one dollar. Additionally, a reform

induces behavioral responses. Individuals adjust to the new rules, e.g. by delaying retirement

and working longer, which further increases public funds. In total, taking away one dollar from a

retiree increases public funds by the behavioral multiplier. However, taking away one dollar from

a retiree comes at a social cost. This social cost depends on the relative social valuation of one

dollar in the hands of a retiree versus one dollar in public funds. I refer to this cost as “the social

value of the dollar.” If one dollar is socially more valuable in the hands of a retiree, the social

value of the dollar is above one. If one dollar is socially more valuable in public funds, the social

value of the dollar is below one. The social value of the dollar, therefore, measures the social cost

of transferring one dollar from retirees to public funds in dollar terms. More specifically, the social

value of the dollar depends on three things. First, it depends on how valuable this dollar is to the

affected retirees (measured by their marginal utility of consumption). Second, it depends on the

welfare weights the social planner attaches to the group of affected retirees. Third, it depends on

the social value of public funds, i.e. the social value of whatever else the planner would use this

dollar for, or put differently, the social cost of raising public funds.2

In summary, taking away one dollar from retirees (a pension reform) has a social benefit of

increasing public funds by the behavioral multiplier, but comes at the cost of the social value of

the dollar. Hence, to evaluate the welfare effect of a reform, we need to compare the behavioral

multiplier to the social value of the dollar (social benefits vs. social costs). If the behavioral

multiplier is larger than the social value of the dollar, the reform is welfare improving (social

benefits exceed social costs) and vice versa. The social value of the dollar does not directly relate

to moments in the data.3 After all, the social value of the dollar depends on the value that

society as whole puts on a marginal increase of public funds relative to a decrease in pension

generosity. This is a judgment call but under reasonable assumptions on the efficiency of the

tax system and social preferences the social value of the dollar is larger than one, i.e. one dollar

in the hands of a retiree has at least a social value of one dollar. In contrast, the behavioral

multiplier can be readily estimated from data on fiscal costs and revenues that are generated by

individuals’ behavioral responses to the reform. The behavioral multiplier is essential, because it is

2Importantly, economic theory tells us that behavioral adjustments to small reforms do not have direct welfare
effects (by the envelope theorem) and hence do not enter in the social value of the dollar.

3I am not aware of other papers that have related the social value of a dollar to empirical estimates in the
retirement context. In the unemployment insurance literature, there are exciting new approaches on this frontier
(e.g. Hendren (2017) and Landais and Spinnewijn (2019)). These approaches might also be applied in the retirement
context but require data on consumption and saving decisions of individuals.
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the benchmark against which to judge the social value of the dollar. Under certain circumstances,

knowing only the behavioral multiplier (but not the social value of the dollar) suffices to assess

whether a pension reform was welfare improving or not. In my empirical analysis, the size of

the estimated multipliers (and the characteristics of the affected workers) imply that only mild

assumptions on social preferences are needed to make clear-cut statements about the welfare effects

of these reforms.

In the empirical analysis of the paper, I estimate the behavioral multiplier of increasing the

early retirement age and the behavioral multiplier of reducing pension levels by exploiting a series

of pension reforms in Austria. Austria provides an ideal set up for three main reasons. First,

seven pension reforms changed the early retirement age, pension levels and actuarial fairness of

the pension formula at least once. Austrian policy makers phased in most policy changes yielding

vast quasi-experimental variation. Second, the Austrian pension formula is very similar to other

developed countries’ pay-as-you-go formulas and the Austrian pension reforms changed margins

that relate to current policy discussions. Third, the Austrian Social Security Data (ASSD) is

an ideal data source to estimate behavioral multipliers of pension reforms. The ASSD does not

only include information on the complete labor market and earnings history of workers since

1972 but also the history of take-up of welfare state programs (such as unemployment insurance,

disability insurance and sickness benefits). As I will demonstrate below, changes in take-up of

social insurance programs crucially affect the size of the behavioral multiplier.

To estimate the behavioral multiplier of increasing the early retirement age (ERA), I exploit

two pension reforms in 2000 and 2003 that increased the ERA in steps from 55 to 60 for women

and from 60 to 65 for men. The increase in the ERA is phased in by quarters of birth. With

a difference-in-difference strategy, I find large and positive fiscal revenue effects of increasing

the ERA. However, this fiscal revenue effect is purely mechanical, implying that the behavioral

multiplier of this reform is one and in some cases as low as 0.9. This is surprising. Since individuals

can no longer retire early, we expect them to work longer and pay more taxes, leading to additional

fiscal revenue and hence a large behavioral multiplier. While there is a positive fiscal effect through

additional payroll tax revenue, there are also additional expenditures from individuals substituting

to unemployment benefits. It turns out that these two effects cancel out each other. The net fiscal

effect from behavioral adjustments is therefore zero, leading to a behavioral multiplier of one.

Interestingly, this finding implies that increasing the Austrian early retirement age is not welfare-

enhancing – unless one thinks that $1 in the hands of an early retiree has a lower social value
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than $1 in public funds. As I show in the theoretical part of the paper, a natural lower bound for

the social value of the dollar is one. Hence, the ERA reform with a behavioral multiplier of one is

unlikely to be welfare-enhancing.

To estimate the behavioral multiplier of reducing pension levels, I exploit a 1988 reform using

a regression discontinuity design. The reform changed the pension formula by date of birth in a

particular way that made pensions by about 1.25% less generous on average.4 For this reform, I find

large behavioral multipliers of around 1.5. In response to the reform, I find that individuals delay

their retirement and work longer. This increases fiscal revenue both by a reduction in spending on

pensions and by additional pay-roll tax revenue. There is no substitution to other welfare benefits

that would counteract this effect. In sum, this produces a behavioral multiplier of 1.5. Hence,

reducing pension levels is welfare improving – provided that taking one dollar away from a retiree

is associated with a social loss smaller than 1.5 dollars. In a standard parametrization of the model

with CRRA utility I find that the social loss is smaller than 1.5 dollars for reasonable values of risk

aversion. Hence, reducing pension levels is welfare-enhancing. The result that reducing pension

levels generates behavioral multipliers substantially larger than 1 is surprising. A reduction in

pension levels has a large mechanical effect, since individual’s pensions are lower for the rest of

their life. Moreover, a change in pension levels might be less salient and more complicated to

understand than increasing the ERA. Therefore, one might not expect that individuals change

their labor supply and retirement decision in response to this reform.

My framework also allows comparing the welfare effect of increasing the ERA to the welfare

effect of reducing pension levels. Based on my estimates, a social planner with preferences for

redistribution clearly favors reducing pension levels over increasing the ERA. Reducing pension

levels has a substantially higher behavioral multiplier of 1.5 compared to the ERA reform with a

behavioral multiplier of 1. Moreover, the pension level reform did not uniformly cut pension levels

but disproportionately affected high income earners, while the ERA reform affected individuals

across the income distribution. This implies a lower social value of the dollar for the pension level

reform, since taking away one dollar from high income retirees is less costly than taking away

one dollar from all retirees. Hence, reducing pension levels has a higher social benefit (behavioral

multiplier) and comes at lower social costs (social value of the dollar) compared to increasing

the ERA. Therefore, reducing pension levels is preferable to increasing the ERA in the Austrian

4An individual’s pension is determined by her assessment basis multiplied with her pension coefficient. The
assessment basis measures the average earnings over a specific period (assessment period) after applying a cap to
earnings in each year. The 1988 pension reform increases the assessment period from the last 10 years to the last
11 years for men born after January 1st 1928 and for women born after January 1st 1933. Due to seniority wages
this decreases pension by 1.25% on average.
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context.

The more general message of my analysis is that spillovers to other welfare systems are of first-

order importance and labor market opportunities of older workers are key in this respect. The

behavioral multiplier summarizes these effects. If my framework is applied to reforms in other

countries, the welfare implications can be very different depending on the labor market responses

of affected workers.

Contribution to Literature. The logic that the behavioral multiplier is central to welfare

evaluation is not new. This is a direct consequence of the envelope theorem and the foundation

of the sufficient statistics literature. The previous literature on sufficient statistics has mainly

focused on optimal unemployment insurance and taxation. There is a lot of recent and exciting

work done in these areas (for an overview of this literature see Chetty and Finkelstein (2013);

Kleven (2018) and for recent papers on unemployment insurance see Chetty (2006a); Shimer

and Werning (2007); Chetty (2008); Schmieder et al. (2012); Kolsrud et al. (2018)). This is the

first paper to take this idea to the retirement context and show that reduced-form estimates are

informative for welfare effects of pension reforms. In the retirement context, with complicated

dynamics and multiple generations, it is not obvious what the relevant reduced-form estimates are

and whether we can estimate them. This paper demonstrates that the behavioral multiplier of

a reform is central and that it can be credibly estimated with reduced-form methods. There are

two recent working papers that closely connect to my paper. Lee et al. (2019) estimate the fiscal

externality (behavioral multiplier minus 1) for two unemployment policies. Hendren and Sprung-

Keyser (2019) estimate the marginal value of public funds (willingness to pay for a policy divided

by the behavioral multiplier) for 133 historical policy changes in the United States, focusing on

policies in social insurance, education and job training, taxes and cash transfers, and in-kind

transfers. Both papers argue, as I do as well, that these measures a key for welfare analysis of

policy changes.

The empirical part of this paper contributes to the large and growing reduced-form literature

evaluating past pension reforms (Duggan et al., 2007; Mastrobuoni, 2009; Behaghel and Blau,

2012; Staubli and Zweimüller, 2013; Manoli and Weber, 2016a; Cribb et al., 2016; Seibold, 2019)

by evaluating the labor supply and fiscal implications of increasing the ERA and reducing pension

levels. Staubli and Zweimüller (2013) and Manoli and Weber (2016b) study the same ERA reform

as this paper. My analysis uses a slightly different identification strategy and estimates the

behavioral multiplier of the reform as a new outcome. The theoretical framework provides a
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new perspective on the welfare effects of this reform. The pension level reform has not been

studied before.

There is also a large literature on structural retirement models (Gustman and Steinmeier, 1986;

Stock and Wise, 1990; Berkovec and Stern, 1991; Rust and Phelan, 1997; French, 2005; van der

Klaauw and Wolpin, 2008; Iskhakov, 2010; Laitner and Silverman, 2012; Imrohoroglu and Kitao,

2012; Gustman and Steinmeier, 2015). This literature performs counterfactual analysis of social

security reforms in estimated models to understand the labor supply and welfare effects of pension

reforms. I view this structural approach as complementary to my paper. For instance, in my

empirical analysis I cannot observe the labor supply response to a reform over the entire life-cycle

of an individual (especially at younger ages). In policy simulations, French (2005) finds very

little life-cycle variation in hours worked between ages 30 and 55, suggesting that my empirical

analysis might not be missing a substantial effect by ignoring outcomes at younger ages. In the

other direction, careful reduced-form empirical analysis of pension reforms can be informative for

structural model building.

Road-map. Section 2 develops the theoretical framework for welfare evaluation. Section

3 describes the institutional background in Austria, the seven pension reforms and the data.

The empirical analysis in section 4 is divided in two parts. Section 4.1 estimates the behavioral

multiplier of increasing the early retirement age. Section 4.2 estimates the behavioral multiplier of

decreasing pension levels. Finally, Section 5 concludes. Various model extensions and robustness

checks are relegated to the Appendix.

2 Model

This section develops the framework to evaluate welfare effects of pension reforms. The model

is in the spirit of the sufficient-statistics literature. I show that in a large class of models the

multiplier of a pension reform, which can be estimated with reduced-form methods, is key for

welfare evaluation.5 Pension reforms are challenging to evaluate because there are effects within

and between generations. I start with a life-cycle model of only one generation to illustrate the

key trade-offs. In Appendix A.4 I show that with multiple overlapping generations we want to

estimate the exact same multiplier as with only one generation. The logic of the argument is that

we want to design the optimal pension formula for each generation and hence need to know the

multiplier of a reform within one generation.

5In what follows, I will use “multiplier” when I refer to the “behavioral multiplier.”
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Agents. There is a continuum of agents indexed by i ∈ I facing a life-cycle of T periods.

Agent’s expected life-time utility, denoted by Ui(C,Π, X), depends on their consumption C, other

choices Π (such as labor supply), and the full state history X. In each period, an agent is in a

specific state xt with a state history xt = {xi}t−1
i=0 . A state is described by assets at and a vector

of other states st, i.e. xt = {at, st}. The other states st can include, but are not limited to, labor

market status, past earnings, health, productivity and mortality. This formulation is flexible,

allowing, for instance, for utility depending on labor markets status, health status, productivity or

age. In particular, this can also capture differences in longevity. While I fix the maximum length of

life to T periods, this is not restrictive. Differences in longevity can be modeled as a state variable

“death” that sets the utility function to zero for all future periods and T can be arbitrarily large.

Each period, an agent chooses consumption ct(x
t) and other choices πt(x

t), which includes labor

income yt(x
t) and a vector pt(x

t) of other behaviors. C ≡
(
c0(x0), c1(x1), . . . , cT−1(xT−1)

)
and

Π ≡
(
π0(x0), π1(x1), . . . , πT−1(xT−1)

)
denote the contingent life-cycle plan of an agent. The agent

therefore solves the following optimization problem

Vi = max
C,Π

Ui(C,Π, X) (1)

subject to the constraints

at+1 = (1 + rt)at + yt(x
t)− τ(xt) + b(xt)− ct(xt)− q(pt(xt)) (2)

and

st+1 = f
[
st, πt(x

t), εt
]
. (3)

The constraints impose minimal structure on the evolution of state variables. For assets, I

impose the standard budget constraint (2) stating that for every state history xt in each period

t assets tomorrow at+1 equal assets today at plus capital income rtat, plus after tax income

yt(x
t)− τ(xt) and benefit receipt b(xt), minus consumption ct(x

t) and expenditures of the other

choices q(p(xt)).6 Constraint (3) characterizes the evolution of the other state variables such as

labor market status or health, and is assumed to follow some process f [st, πt(x
t), εt]. This process

is allowed to depend on the full state history st, the random component εt and choices πt.

6q(·) is mapping the other choices pt(xt) into monetary expenditures.
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Social Planner. The social planner can specify state-history-dependent transfers b(xt) and

taxes τ(xt). These functions capture all kinds of (un-)conditional transfers and taxes and therefore,

in principle, describe the entire welfare state. When choosing the benefit and tax function, the

social planner faces a revenue constraint G(b, τ) ≥ Ḡ, where revenue is defined as the present value

of taxes minus transfers. The planner’s objective function sums over the indirect utilities Vi of all

agents weighted by welfare weights ωi. The planner therefore solves

max
b(·),τ(·)

W (b, τ) =

∫
ωiVidi (4)

subject to

G(b, τ) =

T−1∑
t=0

[1 + rt]
−t
E
[
τ(xt)− b(xt)

]
≥ Ḡ. (5)

The expectation operator in (5) is defined over the distribution of state histories, which depends

on the agent’s choices C and Π.7

Fréchet Derivative. The social planner is optimizing over functions. To formalize this I

use the Fréchet derivative, which is a generalization of the concept of directional derivatives to

functions.8 The Fréchet derivative δW (b;h) measures the change in social welfare W (b, τ) if

the benefit function b(·) is tilted in direction of the function h(·). Intuitively, one can think

of changing the current benefit function b(·) in direction h(·) as a specific reform that changes

the pension formula in particular way. Different directions h(·) can capture changes in pension

generosity (level shift in benefit function), in actuarial fairness (slope of the benefit function) and

early and normal retirement age (shift to the right in the age dimension). Figure 1 illustrates

this idea graphically. In summary, the Fréchet derivative is a powerful tool to capture arbitrarily

complicated (marginal) changes in the benefit function and therefore any small pension reform

can be evaluated in my framework.

Optimal Benefit Function. Suppose the planner implements a particular pension reform, i.e.

the benefit function is changed in the direction of a measurable function h : X → R. The welfare

effect of this reform is given by

7Formally,
∑T−1
t=0 [1 + r]−t E

[
τ(xt)− b(xt)

]
=
∫ ∑T−1

t=0 [1 + r]−t
[
τ(xt)− b(xt)

]
µ(d(ε0, . . . , εT−1)|x0, C,Π)

where µ(d(ε0, . . . , εT−1)|x0, C,Π) is the product measure on the cross product of ΥT (the space of the error terms εt)
and T copies of Υ , since xt = {at, st} can be expressed in terms of (ε0, . . . , εT−1) via (2) and (3). For notational ease,
I assume that the distribution of state histories has a density function, denoted by µ(xt;C,Π). This is not crucial for

the argument but allows me to write the expectation operator as
∑T−1
t=0

∫
[1 + r]−t

[
τ(xt)− b(xt)

]
µ(xt;C,Π)dxt.

8See Luenberger (1997) for a formal treatment.
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Figure 1: Illustration Fréchet Derivative

(a) Actuarial Fairness (b) Early Retirement

Notes: This figure illustrates the idea of the Fréchet derivative. Suppose the black line is the pre-reform benefit function and

the red line the post-reform benefit function. In panel (a) we change the slope of the benefit function. Individuals who retire

early face a reduction in their benefits. Hence, the direction of change h(·) is negative for these individuals. Individuals who

retire later face an increase in their benefits and their direction of change h(·) is positive. Panel (b) illustrates an increase

of the early retirement age (ERA). This shifts the whole benefit function to the right.

δW (b;h) =

∫
ωiEi

[
T−1∑
t=0

∂Ui(C,Π, X)

∂ct(xt)
h(xt)

]
di+ λ ∗ δG(b;h). (6)

The first term measures the direct welfare effect of changing the benefit function. This direct

welfare effect is given by the change of the benefit function h(xt) multiplied by the marginal utility

of consumption ∂Ui(C,Π,X)
∂ct(xt)

of agent i in that state multiplied by her welfare weight ωi. This direct

effect only depends on the mechanical effect of the reform. The Envelope theorem ensures that

behavioral adjustments do not have a first-order welfare effect. The second term, λ ∗ δG(b;h),

captures the social value of the fiscal effect of the reform. δG(b;h) is the total change in fiscal

revenue and consists of two separate effects: The mechanical and behavioral fiscal effect. The

mechanical fiscal effect, M(h), is the hypothetical change in fiscal revenue if agents’ behavior did

not respond to the reform. Formally, this simply sums up all changes in the benefit function h(·)

at the pre-reform behavior, i.e. at the pre-reform state-history distribution

M(h) =

∫ T−1∑
t=0

[1 + rt]
−t
Ei
[
−h(xt)

]
di. (7)

The behavioral effect B(h) measures the hypothetical change in fiscal revenue of the reform if
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only agents’ behavior adjusted and the benefit function was held constant. Formally, the behavioral

effect is given by

B(h) =

∫ T−1∑
t=0

∫
[1 + r]

−t [
τ(xt)− b(xt)

]
δµ(xt;h)dxtdi, (8)

where δµ(xt;h) measures the change in the state-history distribution due to changes in the agents’

behavior. The sum of these two effects yields the total fiscal revenue effect δG(b;h) = M(h)+B(h).

Lastly, the multiplier on the planner’s budget constraint, λ, converts the fiscal revenue effect from

dollars to welfare. λ measures the social value of a dollar in public funds. This value depends on

what the planner uses the dollar for. As I formally show below, a natural lower bound for λ is the

average marginal utility of consumption in the population. In this case, the planner would simply

redistribute the dollar lump-sum across all individuals.

The optimal benefit function then ensures that there is no potential welfare improvement from

any reform, i.e. that δW (b;h) = 0 for all deviations h(·). Starting from (6) the optimal benefit

function therefore fulfills

1
M(h)

∫
ωiEi

[∑T−1
t=0

∂Ui(C,Π,X)
∂ct(xt)

h(xt)
]
di

λ︸ ︷︷ ︸
Social value of the dollar

= 1 +
B(h)

M(h)︸ ︷︷ ︸
Multiplier

(9)

for all deviations h(·). A formal proof of this optimality condition can be found in Appendix

A. Normalizing the welfare effect by the mechanical effect M(h) provides the same metric for all

reforms in equation (9), making an increase in the early retirement age comparable to a cut in

pension levels. The thought experiment in equation (9) is therefore to take away one dollar from

retirees through a specific reform. The LHS of (9) measures the social value of the dollar in the

hands of the affected group. The RHS of (9) measures the multiplier of the reform, i.e. how much

additional fiscal revenue is generated by behavioral responses of agents on top of the mechanically

saved dollar. Formula (9) nests the Baily-Chetty formula for optimal unemployment insurance

benefits as a special case as I illustrate in Appendix A.3.

Welfare Effect of a Reform. How is equation (9) useful for thinking about welfare effects of

actual pension reforms? Suppose we have a specific reform that makes the pension system less

generous, for instance a reduction in pension levels. Further suppose that we can determine the

social value of the dollar (LHS of (9)) and the multiplier (RHS of (9)) of this reform. If we find

that the multiplier is larger than the social value of the dollar, we can conclude that the reform is
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welfare improving.

δW (b;h) R 0 ⇔
1

M(h)

∫
ωiEi

[∑T−1
t=0

∂Ui(C,Π,X)
∂ct(xt)

h(xt)
]
di

λ︸ ︷︷ ︸
Social value of the dollar

Q 1 +
B(h)

M(h)︸ ︷︷ ︸
Multiplier

If we find that the social value of the dollar is larger than the multiplier of the reform, we would

have better not changed the system and the dollar is better left in the hands of the retirees. In

that case the reform is welfare-reducing. If the pension system was optimal before the reform, the

social value of the dollar and the multiplier would be equal.

But can we get credible estimates of the social value of the dollar and the multiplier of a reform?

In principle we can estimate the multiplier of a reform with reduced-form methods. The social

value of a dollar, however, is not directly related to observed moments in the data. In the end

this is a judgment call of the planner, since it will always depend on the welfare weights a planner

chooses. Nevertheless, knowing the multiplier of a reform is informative. The multiplier provides

the benchmark of how high the social value of a dollar must be such that the reform is no longer

welfare improving. For instance, assume reducing pension levels has a multiplier of 1.5, meaning

that for each mechanical dollar there is an additional 50 cents reduction in expenditures due to

behavioral response (e.g. individuals retire later and pay more taxes). Reducing pension levels is

then welfare improving as long as the dollar in the hands of the affected retirees is valued at less

than 1.5 dollars. To illustrate the magnitude of the social value of the dollar I also parameterize

the model. Appendix A.5 provides the details for this exercise.

Lower Bound for the Social Value of the Dollar. A natural lower bound for the social value

of the dollar is unity, meaning that one dollar in the hands of a retiree has a social value of at least

one dollar. To derive this lower bound, we need to make two assumptions. First, assume that

welfare cannot be improved through higher lump-sum taxation. This is a fairly mild assumption

on the efficiency of the tax system and implies that λ is smaller than the average marginal utility

of consumption in the population. Second, assume a utilitarian planner, i.e. ωi = 1 ∀i.9 With

these two assumptions we can bound the social value of the dollar by the average marginal utility

of consumption of individuals affected by the pension reform divided by the average marginal

consumption in the population, i.e.

9This simplifies the argument and rules out that a planner would put zero weights on individuals, who are
affected by the reform.
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Social Value of the Dollar ≥

∫
Ei

[∑T−1
t=0

∂Ui(C,Π,X)
∂ct(xt)

h(xt)
]
di∫

Ei

[∑T−1
t=0

∂Ui(C,Π,X)
∂ct(xt)

h
]
di

≥ 1 (10)

where h is the lump-sum transfer, which would redistribute the mechanical effect from the reform

M(h) equally across all agents and periods. If we think that the marginal utility of consumption

of retirees affected by the reform is larger than the average marginal utility of consumption in the

population, then the social value of the dollar is larger than unity. Put differently, the social value

of the dollar is larger than unity if we think that a transfer to retirees is socially more valuable

than a transfer to all individuals. The formal argument for this lower bound is in Appendix A.2.

In consequence, a reform with a multiplier below unity cannot be welfare-improving if we are

willing to make these fairly mild assumptions.

Ranking Welfare Effects of two Reforms. Multipliers of reforms can be informative to

rank the welfare effects of two reforms without exactly pinning down the social value of the

dollar. For instance, if two reforms target the same individuals, the social value of the dollar is

identical. Hence, the multipliers are sufficient to rank the two reforms and the reform with the

higher multiplier is preferable. In practice, we do not have two reforms that target the exact same

individuals. However, we might have two reforms where we can rank the social value of the dollar

of the two reforms under mild assumptions on the planner’s preferences. For instance, assume

that we have two reforms A and B. Suppose that reform A reduces pension levels for high income

individuals while reform B reduces pension levels for all individuals. In this case the social value

of the dollar of reform A is lower than the social value of the dollar of reform B if we assume

the planner has redistributive preferences (since it is less costly to take away one dollar from rich

individuals). If reform A also has the higher multiplier we can conclude that reform A is preferable

to reform B.

Formally, the difference of the welfare effects of the two reforms is the difference in the multipli-

ers (first line in equation below) minus the difference in the social value of the dollar (second line).

If the multiplier of reform A is larger than the multiplier of reform B, the first term is positive.

If the planner has preferences for redistribution and reform A targets higher income individuals

compared to reform B, then the social loss of reform B is larger and the term in the second line is
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positive. As a consequence, reform A is unambiguously preferable to reform B.

δW (b;hA) − δW (b;hB) =

([
1 +

B(hA)

M(hA)

]
−
[
1 +

B(hB)

M(hB)

])

+
1

λ

∫ ωiEi
[∑T−1

t=0
∂Ui(C,Π,X)
∂ct(xt)

hB(xt)
]
di

M(hB)
−

∫
ωiEi

[∑T−1
t=0

∂Ui(C,Π,X)
∂ct(xt)

hA(xt)
]
di

M(hA)



Estimating the Multiplier. The ideal experiment to estimate the multiplier of a reform would

be to observe a treatment and control group under the pre- and post-reform regime over their life-

cycle. In this case the multiplier can be estimated in three steps:

1. Estimate Total Fiscal Effect T (h) as the mean difference in life-cycle fiscal revenue between

treatment and control group.

2. Calculate the Mechanical Fiscal Effect M(h): Calculate life-cycle fiscal revenue in the control

group under both the pre- and post-reform pension regime (holding behavior fixed). The

difference in fiscal revenue is the mechanical effect.

3. Compute the Behavioral Fiscal Effect as residual B(h) = T (h)−M(h).

Reduced-form methods, such as difference-in-difference or regression-discontinuity estimators, can

deliver credible estimates on the total fiscal effect of a reform. The mechanical effect of a reform

is straightforward to calculate. The challenge of estimating the multiplier, however, is the life-

cycle aspect and the ideal experiment does not usually exist. Typically, individuals learn about

changes in their pension rules around age 50 to 60 and not already at the beginning of their life.

If they knew about the reform already at younger ages, forward-looking individuals might adjust

their behavior in anticipation of the reform. Hence, the challenge is to estimate these potential

anticipation effects of a pension reform. For some of the Austrian reforms, individuals learned

about changes in their rules well in advance and I provide evidence that anticipation seems not to

play a key role. In the empirical part of the paper, I therefore argue that we can get a good sense

of the multiplier of a pension reform with reduced-form methods.

Extensions. In appendix A.4 I show that with multiple overlapping generations we want to

estimate the exact same multiplier as in the one generation setup to evaluate welfare effects of

pension reforms. The logic of the argument is that we want to design the optimal pension formula

for each generation and hence need to know the multiplier of a reform within each generation.
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The social value of the dollar now also accounts for the relative valuation of a dollar in the hands

of the current generation versus in the hands of future generations. Appendix A.6 discusses

how the welfare evaluation changes in case of general equilibrium effects, non-marginal changes

or behavioral biases of agents. In presence of these effects, there is an additional term on the

LHS of formula (9), i.e. the direct welfare effect looks different. The RHS is still the multiplier

of the reform. In particular, non-marginal changes and behavioral biases imply that behavioral

adjustments have first-order welfare effects. In case of non-marginal reforms we can sign the

additional term on the LHS. Behavioral adjustments to non-marginal reforms are costly and

increase the social value of the dollar. Hence, if a reform is welfare-reducing in the marginal change

framework, the reform is even more welfare-reducing if we account for the direct costs of behavioral

adjustments. With behavioral biases the sign of the additional term (the “bias correction term”)

depends on whether a reform reduces or amplifies the bias. For example, suppose individuals

are myopic and a reform induces them to retire later and save more. In this case, the reform

reduces the bias (myopic individuals save too little and retire too early from the viewpoint of a

paternalistic planner) and hence accounting for this bias term reduces the social value of the dollar

making the reform more attractive.

3 Institutional Background and Data

3.1 The Public Pension System in Austria

The Austrian public pension system covers all private-sector workers. The system is primarily

financed as a pay-as-you-go system, but financial shortfalls have to be covered by the federal

budget.10 The other pillars of the pension system are of minor importance.11 Public pensions are

the main source of income for retirees and they replace on average 75% of the pre-retirement net

earnings. Public pensions are calculated as a function of insurance years, experience, retirement

age and past wages. Since 1985 Austria had seven major pension reforms that changed the benefit

formula substantially. In general, the pension benefit formula consists of two parts, the assessment

basis and the pension coefficient:

10In 2017, the share coming from the federal budget (the so-called “Bundesbeitrag”) amounted to about 1.7%
of GDP or 17.2% of overall spending for old-age pensions (HV, 2018).

11Funded company pension schemes, comparable to 401(k) plans in the U.S., are not mandatory and in 2007
less than 20% of the Austrian workforce was covered by such plans. Since 2002, there has been a new severance
pay scheme where employers transfer 1.53% of the monthly salary to a pension account. The contribution rate to
the pay-as-you-go pension system is 22.8%. Third-pillar pensions (“Prämienbegünstigte Zukunftsvorsorge”) have
only been available since 2003. For more details see Fink (2009).
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old-age pension = assessment basis× pension coefficient.

The assessment basis measures the average earnings over a specific period after applying a cap

to earnings in each year. The assessment basis is comparable to the Average Indexed Monthly

Earnings (AIME) in the U.S. system. The pension coefficient is the individual’s replacement rate

(in percent) that is applied to the assessment basis. The pension coefficient is a function of the

number of insurance years and the claiming age.12

Individuals with more than fifteen insurance years are eligible to claim old-age pensions. The

normal retirement age (NRA) is 60 for women and 65 for men. The early retirement age (ERA)

was 55 for women and 60 for men and was step-wise increased to 60 for women and to 65 for men.

Since 2005, individuals with more than 37.5 insurance years can still retire early at age 62. In

Austria, pension eligibility and payments always depend on individual accounts. It is not possible

to qualify for retirement benefits through one’s spouse’s contribution record.

3.2 Pension Reforms since 1985

Since 1985 Austria has had seven major pension reforms. The seven reforms changed all

relevant margins of the pension benefit formula at least once and Austrian policy makers phased

in most policy changes yielding vast quasi-experimental variation. The early reforms in 1985 and

1988 reduced pension levels by adjusting the definition of the assessment basis. The pension

reforms in 1993, 1996, 2000 and 2003 changed the actuarial fairness by adjusting the pension

coefficient to penalize early claiming. The reforms in 2000 and 2003 also increased the early

retirement age. Table 1 provides an overview of the seven pension reforms. The changes in

the assessment basis, pension coefficient and retirement ages were all phased-in with complicated

transition rules. This creates quasi-experimental variation in pension rules, which I exploit in my

empirical analysis. I explain the complicated transition rules and how I exploit them in section

4 in detail. In the following, I shortly describe how the three main determinants of the pension

formula, the assessment basis, the pension coefficient and the retirement age, changed over time.

Assessment Basis. Before 1985, the assessment basis was calculated as the average earnings

in the last five years. The pension reform in 1985 increased the assessment period from the last

five to the last ten years. In 1988, this period was further increased from the last ten years to

12Insurance years include both contribution years (i.e., periods of employment, including sick leave) and non-
contributory periods of labor force participation (e.g., unemployment).
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the last fifteen years. These reforms reduced the pension level for most individuals, since the

average earnings of the last fifteen years are lower than the average earnings in the last five years

for individuals with increasing wage profiles due to seniority effects. In 1993, the assessment basis

was again changed from the average earnings of the last fifteen years to the average earnings of the

best fifteen years. For most individuals, the best fifteen years are exactly the last fifteen years and

this reform did not substantially change pension levels. Starting in 2004, the assessment period

was step-wise increased from the best fifteen years to the best 40 years. This change was phased

in between 2004 and 2028; each year the assessment period increased by one year.

Pension Coefficient. Before 1993, the pension coefficient only depended on the number

of insurance years and was independent of the claiming age. Up to 30 insurance years, each

insurance year increased the pension coefficient by 1.9 percentage points. Above 30 insurance

years, the pension coefficient increased by 1.5 percentage points with each additional insurance

year up to a maximum of 80%. The maximal pension coefficient was therefore reached at 45

insurance years. The pension reform in 1993 introduced a bonus for claiming pensions after the

early retirement age. This made pensions more generous for individuals who claim after the early

retirement age. For each month after the early retirement age the pension coefficient was scaled

up by a certain factor. For example, claiming five years after the early retirement age scaled the

pension coefficient up by a factor of 1.11. The reform in 1996 introduced a penalty for claiming

before age 56 for women and 61 for men. This penalty for claiming early depends on the number

of insurance years. The pension reforms in 2000 and 2003 further changed the penalty. Since 2000,

each insurance year increases the pension coefficient by two percentage points and the penalty for

each year claiming before the NRA is set at three percentage points with a maximum penalty of

ten percentage points. The reform in 2003 further increased this penalty to 4.2 percentage points

per year with a maximum of 15%. These changes were phased in over time with complicated caps

on benefit losses with respect to prior rules.

Retirement Age. The reforms in 2000 and 2003 also increased the early retirement age in steps

for men from 60 to 65 and for women from 55 to 60. The normal retirement age will be increased

from 60 to 65 for women in 2024. Interestingly, this change was already enacted in 1993. While

the actual change has not taken place yet, the announcement almost 30 years ago allows studying

anticipation effects over long periods of time and shedding light on forward-looking behavior of

individuals with respect to increases in the normal retirement age.
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Table 1: Austrian Pension Reforms

Reform Assessment Basis Pension Coefficient (%) Retirement Age

Rules

before

1985

indexed earnings of

last 5 years

only depends on insurance years
(IY)

PC =


50 if 15 ≤ IY < 25

51 + 1.2(IY − 25) if 25 ≤ IY < 30

57 + 1.5(IY − 30) if

79.5 if 45 ≤ IY

ERA: 55 women, 60 men

NRA: 60 women, 65 men

1985 indexed earnings of

last 10 years

reduction in pension coefficient for

individuals with less than 25

insurance years (1.9 ∗ (IY) instead

of the flat 50%).

-

1988 indexed earnings of

last 15 years

- -

1993 indexed earnings of

best 15 years

pension coefficient depends on

claiming age. Bonus for claiming

after ERA, PC is scaled up by a

factor for each month of claiming

after ERA.

Increase of NRA for women from

60 to 65, but implementation

starts in 2024.

1996 - Penalty for claiming before age

56/61. Penalty depends on number

of insurance years and only applies

to individuals with 33 ≤ IY < 40.

-

2000 - increase of penalty for claiming

before NRA (from 2 to 3 pp for

each year before NRA with caps

on loss)

increase of ERA from 55 to 56.5

for women, from 60 to 61.5 for men

2003 indexed earnings of

best 40 years

(increase by 1 year

every year starting

in 2004)

reduction in PC from 2 pp for each
insurance year to 1.78 pp.

increase in penalty for claiming

early from 3 pp to 4.2 pp for each

year before NRA.

increase of ERA from 56.5 to 60

for women, from 61.5 to 65 for men

2004 introduction of

individual pension

accounts based on

life-time earnings

Corridor pension: early retirement

at age 62 again possible with more

than 37.5 insurance years.

17



3.3 Other Social Insurance Programs

Apart from old-age pensions, there are three other important social insurance programs in

Austria: disability insurance (DI), sickness insurance (SI), and unemployment insurance (UI). The

DI program provides partial earnings replacement to workers below the full retirement age who

have accumulated at least 5 insurance years within the last 10 years and have a health impairment

that is considered severe. DI benefits are calculated in a similar fashion as old-age pensions (based

on the assessment basis and the pension coefficient) and replace approximately 70 percent of pre-

disability net earnings up to a maximum of around e4,500 per month. SI benefits cover workers

with temporary illness, which last longer than 12 weeks. SI benefits replace approximately 65%

of the last net wage and the benefit duration is 52 weeks for individuals who have worked at least

6 months in the previous 12 months, and 26 weeks otherwise. UI benefits replace approximately

55% of the wage on the last job subject to a minimum and maximum. Unemployed below age 50

receive at most 39 weeks of regular UI benefits, job losers above age 50 can claim benefits for up

to 52 weeks provided they have paid UI contributions for at least 9 years in the last 15 years.13

3.4 Austrian Social Security Data (ASSD)

In my empirical analysis, I use the Austrian Social Security Data (ASSD), which is described

in Zweimüller et al. (2009). The ASSD cover the universe of private-sector employees since 1972

and contain detailed information on labor market status, earnings and demographic variables.

This data set allows constructing social security benefit receipt. Based on individual’s earnings

records and labor market histories, I calculate old-age pensions (OA), disability pensions (DI),

unemployment benefits (UI) and sick leave benefits (SI) as well as social security contributions.14

I define fiscal revenue as payroll taxes minus old-age (OA) pensions, disability insurance (DI)

benefits, unemployment insurance (UI) benefits, and sick-leave insurance (SI) benefits

13After UI benefit exhaustion individuals can apply for “unemployment assistance” (UA), which is means-tested.
UA benefits last for an indefinite period and replace around 70% of regular UI benefits. However, I do not observe
UA take-up in the data.

14I do not directly observe pension and benefit payments but the corresponding labor market status and then
construct pension and benefit payments based on my calculated benefits. I observe actual OA and DI pension
payments for individuals, who receive OA or DI pensions in 2001 or start claiming after 2001. To verify my pension
calculations, I compare my calculated OA and DI pensions with the actual payments for this subsample. Figures
42 to 47 in Appendix E show that on average my calculated pensions track actual pensions and that there is no
systematic error in my calculations across pension levels or over time.
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Fiscal Revenue = Pay roll taxes− (OA pension+DI benefits+ UI benefits+SI benefits) .

This definition of fiscal revenue treats social security as a closed system and ignores the potential

effects of a pension reform on other transfer programs and other tax revenue. Ideally, I would

want to include all taxes and transfers that affect the government budget constraint. However, I

am limited by the data. Some taxes, like VAT, and some transfers, like social assistance, simply

cannot be observed in the data. Moreover, I cannot reliably calculate the additional revenue from

income taxation because labor income in the ASSD is top and bottom coded.15 By ignoring other

forms of taxation, I tend to underestimate the multipliers.

4 Empirical Evidence

4.1 Early Retirement Age

Policy Variation. The pension reforms in 2000 and 2003 increased the early retirement age

(ERA) step-wise from 60 to 65 for men and from 55 to 60 for women. Figure 2 plots the variation

in ERA by date of birth. The 2000 pension reform increased the ERA by 1.5 years and the increase

was phased in by quarter of birth. For men born between October 1940 and September 1942, the

ERA increased by two months every quarter of birth from 60 to 61.5. For women born between

October 1945 and September 1947, the ERA increased by two months every quarter of birth from

55 to 56.5. Men with at least 45 contribution years and women with at least 40 contribution

years were unaffected by this reform and could still retire at age 60 and 55 respectively. The 2000

pension reform was debated in June 2000 and put into practice in October 2000. The 2003 pension

reform further increased the ERA from 61.5 to 65 for men and from 56.5 to 60 for women and

the increase was again phased-in by quarter of birth. First, the ERA increased by two months for

each quarter of birth for men born between January and June 1943 and for women born between

January and June 1948. Then, the ERA increased by one month for each quarter of birth for men

born between July 1943 and December 1952 and women born between July 1948 and December

1957. The 2003 pension reform was in parliament in June 2003 and became effective on January

2004.

The pension reforms in 2000 and 2003 also changed other margins of the pension formula.

15Pay roll taxes only apply to the uncensored part of the income distribution and I can therefore calculate them.

19



Figure 2: Early Retirement Age Variation by Quarter of Birth

(a) Women

55
56

57
58

59
60

Ag
e

1940 1945 1950 1955 1960
Birth cohort

Early retirement pension

(b) Men

60
61

62
63

64
65

Ag
e

1935 1940 1945 1950 1955
Birth cohort

Early retirement pension Corridor pension

Notes: This figure shows the variation in the early retirement age by date of birth. The 2000 pension reform increased the

ERA for women from 55 to 56.5 and for men from 60 to 61.5 stepwise by 2 months for each quarter of birth. The 2003

pension reform further increased the ERA to 60 for women and 65 for men. The 2004 pension reform reintroduced the

possibility of early retirement at age 62 for individuals with more than 37.5 insurance years (”corridor pension”).

However, for the 2000 pension reform these other changes are of minor importance for my em-

pirical strategy. Importantly, for the 2000 pension reform the pension formula did not change if

individuals claimed at their ERA. The 2003 pension reform is more challenging in this respect. In

appendix B, I discuss these other changes in detail.

In the main text I focus on the 2000 pension reform, which increased the ERA from 55 to 56.5

for women and from 60 to 61.5 for men. The analysis of the 2003 pension reform is in Appendix

C.

Sample Selection. For the 2000 pension reform, my main sample consists of all women born

between 1945 and 1947 and all men born between 1940 and 1942. For the 2003 pension reform, my

main sample consists of all women born between 1948 and 1957 and all men born between 1943 and

1952. In all samples, I exclude individuals who have worked in publicly-owned industries (public

administration, public transportation, and education), as public sector workers are covered by a

separate pension system with different eligibility rules. I further exclude self-employed individuals

and individuals who have spent any time working in jobs defined as heavy labor, as they might

be eligible for a special heavy labor pension. Furthermore, I exclude women with more than 40

contribution years and men with more than 45 contribution years, since they are exempt from the

increase in the ERA.
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4.1.1 Descriptive Evidence

Figure 3 plots the percent of women in retirement, employment, unemployment and the residual

category by age for different birth cohorts. The vertical lines indicate the cohort specific ERA.

Panel (a) shows that around 10 percent of women are on disability benefits before age 55. Right

at the ERA retirement take-up jumps up and around 50 percent of all women are in retirement.

Retirement then gradually increases with age and at the NRA almost all women are retired. Panel

(a) also indicates that the increase in the ERA simply shifts this retirement profile to the right.16

Panel (b) shows that employment rates significantly drop at the ERA and the increase in ERA

shifts the employment profiles to the right. Panel (c) illustrates that the unemployment rate

increases to almost 20 percent in the year before the ERA and then drastically drops at the ERA.

Again the increase in the ERA seems to shift this profile in parallel to the right. Panel (d) suggests

that the residual category does not systematically vary across birth cohorts with different ERA.

Figure 4 displays the labor market - age profiles of men. Panel (a) shows that labor force

participation of older men in Austria is very low. At age 59, already 50 percent of all men retired

through disability pensions and only 30 percent are in employment. This is due to the generous

disability insurance system with relaxed eligibility rules for individuals older than 57.17 At the

ERA around 90 percent are in retirement and less than 10 percent are still working. As for women,

the increase in the ERA seems to shift all profiles to the right.

4.1.2 Empirical Strategy

I exploit the variation in the ERA by quarter of birth in a cohort difference-in-difference

specification. This approach compares younger and older cohorts, who face different ERA rules,

over time. My control group consists of individuals born in the last quarter, which is not affected

by the reform. Individuals in the control group can still retire at the pre-reform ERA. For the

2000 pension reform I have nine different treatment groups. Each quarter of birth with a different

16However, the figure also shows that retirement take-up increases already before the ERA. Only around a third
of this increase is explained by disability insurance take-up. Hence, there are women who claim retirement prior
to the new ERA. This is due to measurement error in the number of contribution years, which leads to some
misclassification in eligibility rules. The number of contribution years is not directly observable and I calculate it
based on labor market histories. The calculation of the contribution years is not exact because some labor market
histories are censored in 1972 and I impute contribution years following the approach in Staubli and Zweimüller
(2013). Moreover, the definition of contribution years is not straightforward. For instance, individuals can buy in
contribution years for some of their education and I might not observe all of this. As a consequence, there are some
women (men) who have actually more than 40 (45) contribution years, but I calculate less than 40 (45) contribution
years for them. This problem seems to be more severe for women than for men. However, this is not a problem
for my identification strategy. The misclassification reduces the absolute magnitudes of my estimates, since there
is not 100 percent compliance. However, I am primarily interested in the relative size of effects (behavioral vs.
mechanical fiscal effect) and the relative size is not affected by this misclassification.

17For a detailed discussion of the Austrian DI system see Staubli (2011); Haller et al. (2019)
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Figure 3: Women’s Labor Market Status by Age
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Notes: This figure shows the labor market profiles for women born in different quarters. The vertical lines indicate the

cohort specific ERA.

22



Figure 4: Men’s Labor Market Status by Age
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Notes: This figure shows the labor market profiles for men born in different quarters. The vertical lines indicate the cohort

specific ERA.

23



ERA forms a separate treatment group. I then compare the outcomes of the treatment groups

and the control group at all ages between three years before the ERA and three years after.

The comparison between the control group and the first treatment group identifies the effect of

increasing the ERA by two months. The comparison of the second treatment group with the

control group identifies the effect of increasing the ERA by four months and so on up to the ninth

treatment group, where we identify the effect of increasing the ERA by 1.5 years.18 I implement

this comparison by estimating the following regression

Yit = α+

9∑
j=1

ERA+36∑
k=ERA−36

βkj∗Treatij∗I[ageit = k]+

ERA+36∑
k=ERA−36

κk∗I[ageit = k]+

9∑
j=1

Treatij+λt+εit

(11)

where i denotes individuals and t year-months. Yit is the outcome variable of interest (such

as net transfer payments, and labor supply measures like indicators for working or retirement).

I[ageit = k] are dummies for age at a monthly frequency and control for age-specific levels in the

outcome variable. Treatij are dummies, which indicate to which of the nine treatment groups the

individual belongs. This is determined by their quarter of birth. λt are time dummies at monthly

frequency to capture common time shocks and seasonal effects. βkj then identifies the effect at

age k in treatment group j.

I am interested in three main outcomes. First, how does the policy change affect fiscal revenue?

For this I construct for each individual the net transfer as payroll taxes minus the sum of retirement,

unemployment, disability and sick leave benefits as described in section 3.4. Second, I decompose

the fiscal revenue effect into the behavioral and mechanical fiscal effect to get the multiplier of the

reform. Third, I am interested in understanding the behavioral fiscal effect, i.e. how individuals

adjust their labor market decisions in response to the change in the ERA. I construct labor market

status indicators for employment, retirement, unemployment, disability pension and sick leave and

also look at transitions.

4.1.3 Results

Fiscal Revenue Effect. Figure 5 plots the βkj-coefficient estimates from regression (11) for

the total fiscal revenue (measured in Euros) for women. Panel (a) illustrates the effect of increasing

the ERA by 2 months from 55 to 55 and 2 months. Panel (b) presents the estimates for increasing

18As a robustness check I compare only adjacent quarters of birth and run 9 separate difference-in-difference
regressions. The counterfactual is then to increase the ERA by two months but starting at different ages. The
results of this exercise are in Appendix B.2.
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the ERA by 6 months, in panel (c) the ERA is increased by one year and in panel (d) by 1.5 years.

The red line indicates the pre-reform ERA at age 55, the grey solid line shows the new ERA

and the dashed grey line is located at the age individuals learned about the reform. There are

three main takeaways from these figures. First, increasing the ERA has a significant and positive

effect on fiscal revenue. For each month of increasing the ERA the net fiscal revenue per capita

increases by around 650 Euros per month. Second, there are no effects before individuals knew

about the reform (at ages to the left of the dashed line), which implies that trends of the control

and treatment groups are parallel pre-reform. Third, the effects are limited to the age window

where the ERA increased. There are no anticipation effects before age 55. Some individuals knew

more than two years in advance that their ERA is increased by more than one year (panel (d)).

One could expect that individuals adjust to this increase already before age 55. For instance, with

a higher ERA unemployed individuals have a stronger incentive to search for a new job, since they

might run out of UI benefits before they reach the ERA. However, there is no strong evidence for

such anticipation effects. Moreover, the effects vanish exactly at the new ERA and hence there

are no long lasting effects beyond the new ERA.

Figure 6 shows the fiscal revenue effects for men. The patterns are identical to the women’s

patterns. Only the magnitude of the effects is slightly higher, since men tend to have higher

pensions. The patterns for the other five treatment groups also look very similar, these figures

can be found in Appendix B.1.

Multiplier. The crucial question for welfare analysis is how much of the fiscal revenue effect

is purely mechanical and how much is due to behavioral adjustments. The mechanical fiscal

effect is simply the reduction in old-age pension payments between the old and new ERA. The

counterfactual for the mechanical fiscal effect is that individuals would behave the same as before

the reform. That is, they would stop working at the old ERA and would not receive their old-age

pension until they reach the new ERA. However, individuals respond to the change in the ERA by

working longer or substituting to other benefits. The behavioral fiscal effect therefore consists of

the additional pay roll tax revenue minus the additional expenditures in UI, DI and SI benefits.19

19I construct the mechanical fiscal effect by calculating the old-age pension expenditures in the control group
between the old and new ERA and subtract the old-age pension expenditures in the treatment group in that age
window. I need to subtract the old-age pension expenditures in the treatment group because some individuals in
my treatment groups can still retire early if they have more than 40/45 contribution years. Without this correction
I would overestimate the mechanical effect.

The alternative way to calculate the mechanical fiscal effect is to directly sum up the difference-in-difference
estimates of the old-age pension expenditures between the old and the new ERA. The difference between these two
approaches are minimal, the mechanical fiscal effects only differ by a few Euros.

25



Figure 5: DiD Estimates Fiscal Revenue by Age for Women Reform 2000

(a) ERA 55 + 2 months
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Notes: This figure plots the βkj-coefficients from regression (11) for the total fiscal revenue (measured in Euros). Panel (a)

shows the effect of increasing the ERA by 2 months, Panel (b) for a 6 month increase, Panel (c) for a one year increase and

Panel (d) for a 1.5 year increase. The red line indicates the pre-reform ERA, the grey solid line shows the new ERA. The

dashed grey line is located at the age individuals learned about the reform. Hence, effects between the dashed grey line and

the red line could be interpreted as anticipation effects of the reform.
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Figure 6: DiD Estimates Fiscal Revenue by Age for Men Reform 2000

(a) ERA 60 + 2 months
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(b) ERA 60 + 6 months
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(c) ERA 61
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(d) ERA 61 + 6 months
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Notes: This figure plots the βkj-coefficients from regression (11) for the total fiscal revenue (measured in Euros). Panel (a)

shows the effect of increasing the ERA by 2 months, Panel (b) for a 6 month increase, Panel (c) for a one year increase and

Panel (d) for a 1.5 year increase. The red line indicates the pre-reform ERA, the grey solid line shows the new ERA. The

dashed grey line is located at the age individuals learned about the reform. Hence, effects between the dashed grey line and

the red line could be interpreted as anticipation effects of the reform.
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Figure 7: Mechanical Effect ERA Reform 2000

(a) Women ERA 56
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(b) Men ERA 61
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Notes: This figure plots the estimated total fiscal revenue effect (black dots) and the mechanical fiscal effect (red area). For

both women and men the fiscal revenue effect is purely mechanical. The green line plots the additional pay roll tax revenue

and the maroon dashed line plots the additional benefit expenditures. The additional revenue from individuals working

longer is offset by the additional expenditures from individuals substituting to UI, SI and DI benefits. These two effects

cancel, leading to no additional savings from behavioral adjustments of individuals.

Figure 7 plots the estimates for the total fiscal effect (black dots) and the mechanical effect (red

area) for women with ERA 56 and men with ERA 61. The figure shows that the large and positive

fiscal revenue effect of increasing the ERA is purely mechanical, implying that the behavioral fiscal

effect is zero. Why are there no additional savings from individuals working longer and paying

additional taxes? There is a positive fiscal effect through additional pay roll tax revenue (green

line in the figure), but there are also additional expenditures from individuals substituting to UI,

DI and SI benefits (red dashed line in the figure). These two effects cancel and the net fiscal effect

from behavioral adjustments is zero.

Figures 20 to 23 in Appendix B.1 show the decomposition of the total fiscal effect for the other

treatment groups. The takeaway from these figures is that the total fiscal revenue effect is in all

groups mostly driven by mechanical effect. Interestingly, at higher ERAs the negative fiscal effect

of additional benefit payments starts to dominate the positive pay roll tax effect, which leads to a

negative behavioral fiscal effect and a multiplier below one. Table 2 shows the total fiscal effect and

the total effect for each treatment group. The column “Fiscal Revenue Effect” in table 2 is the sum

of the significant βkj-estimates from regression (11) for fiscal revenue. I abstract from discounting

here because all effects are within a narrow time window of 1.5 years. The column “Mechanical”

is the sum of the mechanical fiscal effect between the old and new ERA (red area in figure 7).
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The behavioral fiscal effect is then calculated as the difference between the fiscal revenue effect

and the mechanical effect. Table 2 reveals increasing the ERA is an effective policy to increase

fiscal revenue. A two months increase in the ERA generates an increase in net fiscal revenue of

1200 - 1400 Euros per capita. However, this total fiscal effect is purely mechanical (column two).

In consequence the behavioral effect is small or even negative. This leads to multipliers that are

centered around one and in some cases as low as 0.9. This means for taking one dollar away by

increasing the ERA, fiscal revenue increases by around one dollar or in the worst case by only 90

cents.

The multipliers for women are decreasing with the increase in the ERA. One might worry

that this is primarily driven by time trends. However, I also find multipliers around one in the

robustness check in Appendix B.2, where I only compare adjacent quarters of birth.

Table 2: Multipliers for the ERA Reform in 2000

ERA Fiscal Revenue Effect Mechanical Behavioral Multiplier (1+B/M)

Women
ERA 55 + 2 months 1253 1120 133 1.12
ERA 55 + 4 months 3890 2474 1417 1.57
ERA 55 + 6 months 4949 3763 1185 1.32
ERA 55 + 8 months 5245 4970 275 1.06
ERA 55 + 10 months 6446 6230 216 1.03
ERA 56 7530 7578 -49 0.99
ERA 56 + 2 months 8337 8565 -228 0.97
ERA 56 + 4 months 8699 9694 -995 0.90
ERA 56 + 6 months 10069 11143 -1074 0.90

Men
ERA 60 + 2 months 1473 1448 25 1.02
ERA 60 + 4 months 2552 3059 -507 0.83
ERA 60 + 6 months 5070 4855 216 1.04
ERA 60 + 8 months 6584 6433 152 1.02
ERA 60 + 10 months 7728 7611 117 1.02
ERA 61 7774 8173 -399 0.95
ERA 61 + 2 months 11102 10314 788 1.08
ERA 61 + 4 months 11576 10809 768 1.07
ERA 61 + 6 months 11918 11448 470 1.04

Labor Market Responses. With a higher ERA, unemployed individuals have a stronger

incentive to search for a job and find employment, since they might run out of UI benefits before

they reach the ERA. However, this does not happen. Individuals respond to an increase in the

ERA in a very simple way. Individuals, who are employed before the old ERA, remain employed
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until they reach their new ERA or lose their job. Individuals, who are unemployed before the

old ERA, remain unemployed until they reach their new ERA. I do not find any evidence for an

increased transition from unemployment to employment at least in the short run. Figure 8 shows

the levels for employment, unemployment and retirement. The 40 percentage points reduction in

retirement is accompanied by a 20 percentage points increase in employment and a 20 percentage

points increase in unemployment. Figure 9 plots the transitions and shows that this is driven by

individuals keeping their jobs or remaining unemployed. There is no increased transition from

unemployment to employment or the other way around.20

4.1.4 Welfare Implications

The analysis showed that increasing the ERA has a multiplier of around one. Hence, increasing

the ERA is welfare improving only if the social value of the dollar in the hands of an early retiree

is below one. The theoretical discussion in section 2 showed that a natural lower bound for the

social value of the dollar is one. Hence, it is unlikely that increasing the ERA is welfare-enhancing.

It is still important to understand the distributional effects of increasing the ERA, i.e. to

understand who retires early. Figure 10 plots the distribution of average income in the last 15

years (grey bars) and the share of individuals in that income bin, who retire early (red bars). The

figure reveals that early retirement is prevalent across the distribution. An ERA reform therefore

affects individuals from everywhere in the income distribution. This makes it harder to argue

that the social value of the dollar is below one. Based on the argument in section 2, the average

marginal utility of consumption of retirees would need to be lower than the average marginal

utility of consumption in the population for the ERA reform to be welfare improving.

4.2 Pension Levels

An individual’s pension is determined by her assessment basis multiplied with her pension co-

efficient. The assessment basis measures the average earnings over a specific period after applying

a cap to earnings in each year. The pension coefficient is the individual’s replacement rate (in

percent) that is applied to the assessment basis. Before 1985 the assessment basis was the average

earnings in the last 5 years. The pension reforms in 1985 and 1988 increased the assessment period

step-wise from the last 5 years to the last 15 years. This makes old-age pensions on average less

20In the longer run, there might be a positive employment effect before the old ERA. Figures 24 to 28 in appendix
B show that for ERA 56 (60) and higher there is a downward sloping trend in unemployment before the ERA. It
is, however, hard to tell whether this is a time trend or an effect of the reform.
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Figure 8: DiD Estimates Labor Market Status by Age: Women ERA 55 + 6 months
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Notes: This figure shows the DiD estimates for employment, unemployment and retirement. The 40 percentage points

reduction in retirement is accompanied by a 20 percentage points increase in employment and a 20 percentage points

increase in unemployment.
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Figure 9: DiD Estimates Labor Market Transitions: Women ERA 55 + 6 months
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Notes: This figure shows the DiD estimates for labor market transitions.
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Figure 10: Early Retirement across the Income Distribution
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Notes: This figure plots the distribution of average income in the last 15 years (grey bars) and the share of individuals in

that income bin, who retire early (red bars).

generous because of seniority wage profiles, however, it does not lead to a uniform cut in pension

levels. Individuals across the income distribution are affected differentially. I focus on the change

of the assessment period from the last 10 to the last 11 years implemented in the 1988 pension

reform. This change provides a clean design as I outline in the next paragraph.

Policy Variation. In 1985, the assessment period was changed from the last 5 years to the last

10 years. This change was phased in over time. Between January and April 1985 the assessment

period was either the last 5 or last 7 years, whatever was more favorable. Between May and

December 1985, the assessment period was the last 7 years. In 1986, the assessment period was

the last 9 years and in 1987 this was extended to the last 10 years. The 1985 pension reform also

substantially reduced the pension coefficient for individuals with less than 30 insurance years. 21

The 1988 pension reform changed the assessment period from the last 10 years to the last 15

years. This change was phased in by birth cohorts and over time. Table 3 describes the exact

transition rules. The assessment period remains at 10 years for men born before 1.1.1928 and

women born before 1.1.1933. Individuals born after these dates face an assessment period of 11

years in 1988. For men born in 1928 and women born in 1933, the assessment period remains

at 11 years in the following years (unless the longer assessment period is more favorable). For

21Pre-reform individuals with less than 30 insurance years have a flat 50% pension coefficient. After the reform,
the pension coefficient is calculated as 1.9 times the number of insurance years. Hence, an individual with 15
insurance years has a pension coefficient of 50% pre-reform and after the reform her pension coefficient is 28.5%.
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the other cohorts, the assessment period increases each year by one year until they reach age 60.

Only for the male cohort of 1928 and the female cohort of 1933, the rules changed once and then

remained in place for the following years. I focus my analysis on these two cohorts and the 1988

pension reform, since this is the cleanest design with a clear counterfactual. 22

The 1988 pension reform was announced and implemented in a very short time window. In

July 1987, it was announced that a new pension reform will be debated and that the reform should

be implemented in 1989. However, in October 1987 the federal ministry of labor, social affairs,

health and consumer protection sent out a reform proposal. The proposal passed legislation in

November. The transition rules for the increase in the assessment period was not in the initial

proposal and was added during the legislative process. The new rules were in place on 1.1.1988.

Hence, men born in January 1928 and women born in January 1933 only learned two months in

advance that they will be treated by the reform.

Sample Selection. My main sample consists of the male birth cohorts 1927-1928 and female

birth cohorts 1932-1933. I exclude individuals who have worked in publicly-owned industries (pub-

lic administration, public transportation, and education), as public sector workers are covered by a

separate pension system with different eligibility rules. I further exclude self-employed individuals

and individuals who have spent any time working in jobs defined as heavy labor, as they might

be eligible for a special heavy labor pension. Lastly, I exclude individuals who are on DI before

the reform, since they already left the labor force and are not affected by the reform.

4.2.1 Descriptive Evidence

Figure 11 plots the distribution of pension levels under the rules in 1981, 1985 and 1988. The

figure shows that the increase of the assessment period from the last 5 to the last 10 to the last

15 years reduced pension levels on average but there is significant heterogeneity. Notably, men

at the top of the pension distribution face a reduction in pension levels, while men at the lower

end of the distribution are less affected. The effects for women are smaller because most women

are at the lower end of the pension distribution. In my main analysis I focus on the change of

22DI benefits are calculated in the same way as old-age pensions, forward-looking individuals therefore have
an incentive to claim DI benefits at earlier years before their assessment period increases by another year. This
anticipation effect would be interesting to estimate. However, in 1984 relaxed DI eligibility criteria were introduced.
This led to strong take-up of DI after age 55 and roll-out of these more lenient rules led to very strong trends in DI
take-up across birth cohorts. This makes it hard to disentangle time trends from birth cohort effects. I therefore
focus on the cohorts with the fixed rules and exploit the variation in an RDD, where differential trends across birth
cohorts are less of a concern.
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Figure 11: Pension Distribution pre/post 1985 and 1988 Reform
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Notes: This figure plots the distribution of pension benefits under the rules in 1981, 1985 and 1988. To isolate the effect

of the change in the pension calculation, I take the male birthcohort 1927 and the female birth cohort 1932 and simulate

their potential pensions under the different regimes holding their retirement behavior fixed.

the assessment period from 10 to 11 years. Figure 12 plots the distribution of pension benefits

with an assessment period of the last 10 versus the last 11 years. Men at the top of the pension

distribution are strongly treated by the change in the assessment period. For women the effects

are more uniform across the distribution and on average smaller. This makes it more difficult to

precisely identify effects for women. The effects for men are stronger. I therefore focus on men in

the main text, the results for women are in appendix D.

4.2.2 Empirical Strategy

I exploit the variation in pension levels induced by differential assessment periods across birth

cohorts in an regression-discontinuity design (RDD). The running variable is date of birth. The

assessment period for men born before January 1st 1928 is 10 years, for men born between 1/1/1928

and 12/31/1928 the assessment period is 11 years. I estimate the following regression

Yi = βDi + fl(bdatei)1 {bdatei < 1/1/1928}+ fr(bdatei)1 {bdatei ≥ 1/1/1928}+ εi, (12)

where Di = 1{bdatei ≥ 1/1/1928} is an indicator for individual i being born after January

1st 1928, fl(·) and fr(·) are flexible functions to capture trends in the outcome variable by date

35



Table 3: Phase in Pension Reform in 1988

Year Men born Women born Assessment period If more favorable

1988
until 1927 until 1932 120 months 132 months
after 1928 after 1933 132 months

1989
until 1927 until 1932 120 months 144 months

in 1928 in 1933 132 months 144 months
after 1929 after 1934 144 months

1990

until 1927 until 1932 120 months 156 months
in 1928 in 1933 132 months 156 months
in 1929 in 1934 144 months 156 months

after 1930 after 1935 156 months

1991

until 1927 until 1932 120 months 168 months
in 1928 in 1933 132 months 168 months
in 1929 in 1934 144 months 168 months
in 1930 in 1935 156 months 168 months

after 1931 after 1936 168 months

1992

until 1927 until 1932 120 months 180 months
in 1928 in 1933 132 months 180 months
in 1929 in 1934 144 months 180 months
in 1930 in 1935 156 months 180 months
in 1931 in 1936 168 months 180 months

after 1932 after 1937 180 months

Figure 12: Pension Distribution with Assessment Period last 10 vs. last 11 years
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(b) Women
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Notes: This figure plots the distribution of pension benefits with assessment period last 10 years versus last 11 years. To

isolate the effect of the change in the assessment period, I take the male birthcohort 1927 and the female birth cohort 1932

and simulate their potential pensions under the different regimes holding their retirement behavior fixed. Hence, the shift

in the distribution illustrates the mechanical effect of the reform. The vertical lines represent the means.
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Figure 13: Retirement and Employment at Age 60
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Notes: This figure shows the average retirement and employment rates at age 60. The fitted lines are local linear polynomials

with a bandwidth of 8 months.

of birth. I am again interested in the total fiscal effect of the reform, the decomposition of this

effect into the behavioral and mechanical part, and understanding the labor market responses of

individuals.23

4.2.3 Results

Labor Market Responses. Figure 13 shows that the reduction in pension levels has significant

effects on retirement take-up at age 60. Individuals to the left of the cutoff have an assessment

basis of 10 years, individuals to the right of the cutoff have an assessment basis of 11 years. This

leads to a reduction of around 1.25 percent in pensions on average. The lower pensions go hand-

in-hand with a reduction of 2 percentage points in retirement take-up at age 60 (panel (a)) and

to a less precisely estimated increase in employment of around 2 percentage points (panel (b)).

There are no effects on UI or SI take-up. Even though treatment intensity is not very strong with

a 1.25 percent reduction in pension levels at the cutoff, individuals react in their labor supply

decision.

The increase in the assessment period from 10 to 11 years does not lead to a uniform cut in

pension levels. The corresponding pension reduction varies by earnings history. Individuals with

flat wage profiles are not treated by the change, while individuals with seniority wage profiles face

23Figure 36 in appendix D shows that the number of observations are not perfectly smooth around January for
all birth cohorts. I discuss in appendix D why this seems not to be a problem for my RDD.
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a reduction in pension levels due to the reform. This naturally creates placebo and treatment

groups. To exploit this, I calculate for each individual the potential pension he would get with an

assessment period of 10 and 11 years given his earnings history at age 59.5. Based on these potential

pensions I define two groups: (i) a treatment group composed of individuals, who experience a

reduction in pensions of at least 1.5% and (ii) a placebo group composed of individuals, who

have roughly equal pensions in both regimes (change in pensions is between 0 and 0.25%). This

definition is arbitrary and based on sample size considerations.24Figure 14 shows retirement and

employment rates at age 60 for these two groups. The figure reveals that the retirement and

employment effect we observe in the whole sample is driven by the treatment group. For the

treatment group (individuals with a change in pensions of more than 1.5%), retirement at age

60 drops from 66% to 62% at the cutoff (panel (a)). This reduction in retirement rates by 4

percentage points is offset by a 4 percentage points increase in employment (panel (b)). Panels

(c) and (d) show that there is no significant effect in the placebo group.

Figure 15 plots the RD estimates at each age between 50 and 85. There are no effects before

age 59. Individuals just learn about the reform at age 59 and hence this is another placebo

test for the validity of the RDD. There is a significant reduction in retirement at age 60 and a

corresponding increase in employment. For ages 61 to 65 the point estimates still suggest a lasting

effect on retirement and employment. However, these effects are not precisely estimated and not

statistically different from zero. After the normal retirement age at 65, the point estimates are

close to zero.

Fiscal Revenue Effect and Multiplier. Figure 15 already indicates that the policy change

induced behavioral change. Figure 16 shows how these labor supply effects translate to fiscal

revenue effects. Figure 16 plots the RD estimates for fiscal revenue at each age between 50 and 85

for men and women. The red area indicates the mechanical fiscal effect of the reform. Before the

early retirement age there is no mechanical effect. There are also no effects on fiscal revenue as

we would expect if the RD is valid (individuals did not yet know about the reform at these ages).

Between the early and normal retirement age, the estimated total fiscal effect is larger than the

mechanical fiscal effect. After the normal retirement age the total fiscal effect very closely follows

the mechanical effect. The difference between the total fiscal effect and the mechanical fiscal effect

is the behavioral fiscal effect. Hence, the figure corresponds to what one would expect from the

24Roughly 25% of all individuals experience a decline in pensions of more than 1.5%. Taking a higher cutoff
value would significantly reduce the sample size.
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Figure 14: Employment and Retirement at Age 60
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Notes: This figure shows the average retirement and employment rates at age 60. The fitted lines are local linear polynomials

with a bandwidth of 8 months. The treatement group is defined as individuals who potentially loose more than 1.5 percent

in their OA pension if the assessment period is changed from 10 to 11 years. This potential loss is measured at age 59.5.

The placebo group consists of individuals, who experience a loss of less than 0.25 percent.
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Figure 15: RD Estimates by Age: Men
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Notes: This figure plots the RD estimates at each age between 50 and 85 based on local linear regressions with a bandwith

of 8 months.

labor supply responses. There is a behavioral fiscal effect from individuals delaying retirement and

working longer. After the normal retirement age, when everyone is retired, only the mechanical

effect of the reform is left. This is a consistent pattern for both men and women but the effects

are not precisely estimated. However, this is not surprising since treatment intensity is relatively

low with an average reduction in pension levels of 1.25 percent for men (with a median change of

1.5 percent) and 1.2 percent for women (with a median change of 1.2 percent).

Based on these estimates I construct the present value of the total fiscal effect and the present

value of the mechanical fiscal effect at age 60. I discount the effects with an interest rate of two

percent and then add up the estimates from age 60 to age 85. Above the normal retirement age

I set the fiscal revenue estimates equal to the mechanical effect, since they are almost identical.

Not doing this would lead to higher multipliers. Table 4 shows the present value of the total fiscal

revenue effect, of the total mechanical fiscal effect and the corresponding multiplier. For men the

multiplier of the reform is 1.48. For women the multiplier is 1.84. Table 7 in Appendix shows

multipliers for different discount rates and for different bandwidths of the local linear regressions.

For lower bandwidths and higher discount rates multipliers tend to be higher.
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Figure 16: RD Estimates by Age: Fiscal Effect
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Notes: This figure plots the RD estimates for fiscal revenue by age (black squares with 95 CI, based on local linear

regressions with bandwidth 8 months). The red area indicates the mechanical fiscal effect of the reform. Between the

ERA and NRA the estimated total fiscal effect is larger than the mechanical fiscal effect. After the NRA the total fiscal

effect very closely follows the mechanical effect. Hence, there is a behavioral fiscal effect (difference btw. total and

mechanical) between ERA and NRA. After the NRA, when everyone is retired, only the mechanical effect of the reform is left.

Table 4: Multiplier Benefit Generosity Reform 1988

Group Fiscal Revenue Effect Mechanical Behavioral Multiplier (1+B/M)

Men 7995 5408 2587 1.48

Women 4735 2578 2157 1.84

4.2.4 Welfare Implications

The relative comparison between the ERA reform and the pension level reform reveals a clear

pattern. The multipliers of a reduction in pension levels are 50 percent larger than the multipliers

of increasing the ERA. Additionally, the reduction in pension levels mostly affects individuals at

the top of the income distribution while the ERA reform affects individuals across the income

distribution. Based on the discussion in section 2, this implies for a planner with preferences for

redistribution that the reduction in pension levels has a lower social value of the dollar compared

to increasing the ERA because the pension level reform targets higher income individuals. Hence,

a planner with preferences for redistribution clearly favors the pension level reform over the ERA
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reform, because it has higher multipliers and comes at a lower social cost (lower social value of

the dollar).

The absolute welfare effect of the pension level reform is positive if the social value of the

dollar is less than 1.48 for men and at less than 1.84 for women. To illustrate the magnitude

of the social value of the dollar, I parameterize the model. In summary, I assume a standard

isoelastic (CRRA) utility function and that the fiscal savings from the pension reform are lump-

sum redistributed in the working age population, i.e. λ corresponds to the average marginal utility

of consumption of working age individuals. Furthermore, I assume that consumption equals income

since consumption cannot be observed in the data. This potentially overestimates the social value

of the dollar. Working age individuals tend to save (consume less than their income), while retirees

tend to dissave (consume more than their pension payments). Hence, assuming consumption equals

income overestimates the marginal utility of consumption of retirees (numerator of social value

of the dollar) and underestimates the marginal utility of consumption of working age individuals

(denominator of social value of the dollar). Appendix A.5 provides a detailed discussion of this

parametrization.

With these assumptions, I can directly calculate the social value of the dollar as a function of

the risk aversion parameter γ. Figure 17 plots the social value of the dollar and the multiplier

of the 1988 pension reform for men and women. Panel (a) shows that reducing pension levels

of men is welfare-enhancing if risk aversion is below 2.4, i.e. the multiplier is larger than the

social value of the dollar. Hence, this parametrization implies that the reform is welfare improving

for reasonable values of risk aversion .25 Panel (b) shows reducing pension levels of women is

welfare-reducing if risk-aversion is above 0.75 even though women have a larger multiplier than

men. The different welfare implications for men and women arise because the pension levels of

women are significantly lower than the pension levels of men, which implies a much larger social

value of the dollar for women. However, individual pension income of women in 1988 in Austria

is probably a poor approximation for their consumption. Income at the household level would

be a better predictor but cannot be observed in my data. For men individual income is a better

approximation for household resources in that time.

25Estimates from the literature suggest that the coefficient of relative risk aversion is below 2, Chetty (2006b)
finds an upper bound of γ < 1.78.
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Figure 17: Welfare Effects of Reducing Pension Levels

(a) Men
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Notes: This figure plots the social value of the dollar and the multiplier of the 1988 pension reform. The social value of

the dollar is based on the parameterization of the utility function (additive separable CRRA utility function) as detailed in

Appendix A.5. Reducing pension levels of men is welfare-enhancing (multiplier is larger than social value of the dollar) if

risk aversion is below 2.4. For women, reducing pension levels is welfare-reducing if risk-aversion is above 0.75. The large

difference between men and women arises because the pension levels of women are significantly lower than the pension

levels of men, which implies a much larger social value of the dollar for women.

5 Conclusion

This paper shows that the behavioral fiscal multiplier is central for welfare evaluation of pension

reforms. The behavioral fiscal multiplier, the total fiscal effect relative to the mechanical fiscal

effect, can be readily estimated with reduced-form methods and provides the benchmark against

which to judge the social value of the dollar. Exploiting a series of pension reforms in Austria, I

find that increasing the early retirement age has a multiplier of 1 and reducing pension levels has

a multiplier of 1.5. This implies that increasing the Austrian early retirement age has not been

welfare-enhancing – unless one thinks that $1 in the hands of an early retiree has a lower social

value than $1 in public funds. By contrast, reducing pension levels is welfare improving – provided

that taking $1 away from a retiree is associated with a social loss smaller than $1.5. For a standard

parametrization of the utility function I find that the social loss is smaller than 1.5 for reasonable

values of risk aversion and hence reducing pension levels was welfare-improving. The low multiplier

of increasing the early retirement age arises because the additional social security contributions

paid by workers spending more time in employment are neutralized by additional expenditures on
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unemployment benefits. In contrast, reducing pension levels induced some workers to stay longer

in employment without triggering substitution to other welfare benefits. My empirical analysis

illustrated my framework in the Austrian context. Needless to say that the estimated multiplier

depends on the particular context. If my framework is applied to reforms in other countries, the

welfare implications can be very different depending on the labor market responses of affected

workers.

The more general message of my analysis is twofold. First, the size of the behavioral multi-

plier crucially depends on the extent to which a particular pension reform generates spillovers to

other pension reforms. Second, pension reforms generate high multipliers if older workers face a

labor market with favorable job opportunities. For instance, increasing retirement ages does not

generate large multipliers if older workers cannot find or keep their jobs. To some degree, labor

market opportunities for older workers are a policy parameter. Hence, policy makers can influence

multipliers and the effectiveness of reforms. Potential labor market policies to achieve this are

active labor market policies targeting older unemployed individuals, providing financial incentives

for firms to keep older workers employed (e.g. reduced social security contributions) or increased

job protection to keep older workers in employment. The effectiveness of such policies is an im-

portant topic for future research, especially the role of firms seems understudied in this respect.

Another important topic for future research is to relate the social value of the dollar to observable

moments in the data. In the unemployment literature, there are exciting new approaches on this

frontier (e.g. Landais and Spinnewijn (2019) and Hendren (2017)), which could also be applied in

the retirement context.
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A Technical Appendix

A.1 Derivation Optimal Benefit Function

This section derives the formula for the optimal benefit function in (9). The derivation estab-

lishes the differentiability of the government’s objective function and that the first order condition

(6) holds for any optimal benefit function. The derivation exploits the powerful “differentiable

sandwich lemma” from Clausen and Strub (2016), who generalize the envelope theorems in Mil-

grom and Segal (2002). For the derivation, I impose three technical assumptions. First, I assume

that the utility function Ui(C,Π, X) is twice continuously differentiable in consumption c(xt) with

∂Ui(.)
∂ct(xt)

> 0 and ∂Ui(.)
∂ct(xt)

→ ∞ for ct(xt) → 0 and ∂2Ui(.)
∂ct(xt)2 ≤ 0. Second, I assume the existence of

a solution to the agent’s problem that can be represented by a Lagrangian. Third, I assume the

planner’s budget constraint is differentiable in b.

We can solve agent i’s optimization problem in (1)-(3) with the following Lagrangian

Li(C,Π, γ, η) = Ui(C,Π, X) (13)

−E

[
T−1∑
t=0

γi,t+1

(
at+1 − (1 + rt)at − yt(xt) + τ(xt)− b(xt) + ct(x

t) + q(pt(x
t))
)]

−E

[
T−1∑
t=0

ηi,t+1

(
st+1 − f

[
st, πt(x

t), εt
])]

.

Let a solution to this problem be denoted by C∗i ,Π
∗
i and the corresponding Lagrange multipliers

be denoted by γ∗i = {γi,j+1}T−1
j=0 and η∗ = {ηi,j+1}T−1

j=0 . The optimal consumption choice solves

∂Ui(C,Π, X)

∂ct(xt)
= γi,t+1. (14)

The government’s optimization problem is to choose functions b(·).26 We can express the

planner’s objective function as W (b) =
∫
i∈I ωiVi(b) =

∫
i∈I ωiLi(C(b),Π(b), γ(b), η(b))di, where

C(b),Π(b) denote the optimal choices of the agent for a given benefit function b and γ(b), η(b) are

the corresponding Lagrange multipliers. The Lagrangian of the planner’s problem in (4) and (5)

is given by

LSP(b) =

∫
i∈I

ωiLi(C(b),Π(b), γ(b), η(b))di+ λ
(
G(b)− Ḡ

)
. (15)

26For notational convenience I suppress the tax function τ(·). Optimization of the tax function would add an
additional first order condition identical with the one for the benefit function, just with opposite sign.
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Suppose b∗ is an optimal solution to the planner’s problem. To establish differentiability of the

planner’s objective function I construct a lower and upper support function and then apply the

differentiable sandwich lemma. As an upper support function I take C(b) = W (b∗), where W (b∗)

is the welfare associated with the optimal benefit function b∗. By definition we have W (b∗) ≥

W (b) ∀b.This upper support function is therefore simply a constant and C ′(b) = δW (b∗;h) =

0. The lower support function is given by L(b) =
∫
i∈I ωiLi(C(b∗),Π(b∗), γ(b∗), η(b∗))di +

λ
(
G(b)− Ḡ

)
. Li(C(b∗),Π(b∗), γ(b∗), η(b∗)) is the indirect utility of the agent, holding his be-

havior for benefit function b∗ fixed. This corresponds to the idea of a lazy decision maker that

uses a completely unresponsive policy rule as in Benveniste and Scheinkman (1979). We have

Li(C(b∗),Π(b∗), γ(b∗), η(b∗)) ≤ Li(C(b),Π(b), γ(b), η(b)) ∀b. Therefore, L(b) is a lower support

function. Since I assume that the planner’s budget constraint is differentiable, L(b) is differen-

tiable and the derivative is given by

L′(b) =

∫
i∈I

ωiE

[
T−1∑
t=0

γ∗i,t+1h(xt)

]
di+ λδG(b∗;h) (16)

By the differentiable sandwich lemma of Clausen and Strub (2016), we have δW (b∗;h) =

C ′(b) = L′(b). Using C ′(b) = 0 and (16) we get

δW (b∗;h) =

∫
i∈I

ωiE

[
T−1∑
t=0

γ∗i,t+1h(xt)

]
di+ λδG(b∗;h) = 0. (17)

Using (14) and

δG(b;h) =

T−1∑
t=0

[1 + rt]
−t
E [−h(xt)] +

∫ T−1∑
t=0

∫
[1 + r]

−t [−b(xt)] δµ(xt;h)dxtdi (18)

yields the result in (9).

A.2 Lower Bound for the Social Value of the Dollar

To derive a lower bound for the social value of the dollar we first need to bound λ. For this,

suppose that the tax system is such that we cannot improve welfare through lump-sum transfers,
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i.e. equation (9) holds for all lump-sum transfers h.27 In this case, we have

λ =

1
M(h)

∫
ωiEi

[∑T−1
t=0

∂Ui(C,Π,X)
∂ct(xt)

h
]
di

1 + B(h)

M(h)

. (19)

Moreover, if we assume that for lump-sum transfers the behavioral response is small (income

effects are small), i.e. 1 + B(h)

M(h)
≈ 1, we have

λ =
1

M(h)

∫
ωiEi

[
T−1∑
t=0

∂Ui(C,Π, X)

∂ct(xt)
h

]
di (20)

and λ corresponds to the average marginal utility of consumption in the population. If there are

income effects, individuals will adjust their labor supply in response to the transfers and we have

1 + B(h)

M(h)
≥ 1. As a consequence we have

λ ≤ 1

M(h)

∫
ωiEi

[
T−1∑
t=0

∂Ui(C,Π, X)

∂ct(xt)
h

]
di. (21)

For the social value of the dollar, this implies

1
M(h)

∫
ωiEi

[∑T−1
t=0

∂Ui(C,Π,X)
∂ct(xt)

h(xt)
]
di

λ
≥

1
M(h)

∫
ωiEi

[∑T−1
t=0

∂Ui(C,Π,X)
∂ct(xt)

h(xt)
]
di

1
M(h)

∫
ωiEi

[∑T−1
t=0

∂Ui(C,Π,X)
∂ct(xt)

h
]
di

, (22)

where h is the lump-sum transfer, which would redistribute the mechanical effect from the reform

M(h) equally across all agents and periods and hence we have M(h) = M(h). If we think that the

marginal utility of individuals affected by the reform is larger than the average marginal utility in

the population and assume equal welfare weights for all individuals, then

Social Value of the Dollar ≥
1

M(h)

∫
Ei

[∑T−1
t=0

∂Ui(C,Π,X)
∂ct(xt)

h(xt)
]
di

1
M(h)

∫
Ei

[∑T−1
t=0

∂Ui(C,Π,X)
∂ct(xt)

h
]
di

≥ 1. (23)

For instance, this is the case if we assume that the utility function is concave in consumption

(falling marginal utility) and that the reform targets individuals, who have below average con-

sumption. These are all reasonable assumptions for pension reforms and hence a natural lower

bound for the social value of the dollar is 1 dollar.

27Actually, it is sufficient to assume that increasing lump-sum taxes is not welfare-enhancing. In this case, we

have λ ≤
1

M(h)

∫
ωiEi

[∑T−1
t=0

∂Ui(C,Π,X)

∂ct(x
t)

h

]
di

1+
B(h)

M(h)

for all lump-sum taxes h and the argument still goes through.
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The assumption of equal welfare weights is not crucial. The argument goes through if the

welfare weights are such that a transfer to retirees is socially more valuable than a transfer to all

individuals.

A.3 Comparison to the Baily-Chetty Formula (Optimal Unemployment

Insurance)

The famous Baily-Chetty formula for optimal unemployment insurance is a special case of my

formula in equation (9). The stylized Baily-Chetty formula is given by

v′(cu)

u′(ce)
= 1 + ε

where ε = ∂D
∂b

b
D , denotes the elasticity of unemployment duration D with respect to unem-

ployment benefit generosity b.

The RHS of this formula exactly corresponds to my RHS term in (9). By definition we have

ε = ∂D
∂b

b
D . Since individuals can only respond by adjusting their search effort and this affects fiscal

expenditures through altered unemployment duration ∂D, the behavioral fiscal effect is given by

B = ∂D ∗ b. The mechanical fiscal effect is given by M = ∂b ∗D. Hence, the elasticity captures

the behavioral over mechanical fiscal effect in this model, i.e. ε = ∂D
∂b

b
D = B

M .

In this stylized job search model individuals have a utility function for being employed u(ce) and

a utility function for being unemployed v(cu). Both utility functions only depend on consumption

levels and taxes are lump-sum. The cost of taxation λ is simply the marginal utility of the tax-payer

and given by u′(ce). The direct welfare effect of changing unemployment benefit generosity in this

model is given by Eh

[
∂Ui(C,Π,X)
∂ct(xt)

]
= 1

∆M(h)

∫
ωiEi

[∑T−1
t=0

∂Ui(C,Π,X)
∂ct(xt)

h(xt)
]
di = 1

D∂bDv
′(cu)∂b =

v′(cu). Hence, my formula applied to this stylized model exactly delivers the Baily-Chetty formula.

A.4 Multiple Generations

The model in the main text treats pensions systems as if each generation pays for their own

pensions during their working life. However, an important aspect of pensions is inter-generational

redistribution. I show that even with multiple generations it is key to estimate the multiplier

of a pension reform in one generation. To introduce multiple generations, let there be a stream

of generations indexed by j ∈ {1, 2, . . .} and each generation consists of a continuum of agents

indexed by i ∈ Ij . Agents in each generation j solve the same maximization problem as in
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equations (1)-(3), but the constraints and objective functions can be generation specific.

Overlapping Generations: In the classical overlapping generations setup, the currently young

generation j+1 finances the pensions of the currently old generation j. The problem of the planner

is to choose benefit and tax functions for each generation j. The planner puts a welfare weight gj

on each generation j and solves the following problem

max
{bj(·),τj(·)}j≥1

W (b, τ) =
∑
j≥1

gj

∫
Ij

ωiVidi (24)

subject to

∑
t≥0

[1 + rt]
−t
Ej+1

[
τj+1(xt)

]
−
∑
t≥0

[1 + rt]
−t
Ej
[
bj(x

t)
]
≥ 0 ∀j ∈ {1, 2, . . .}. (25)

For each generation there is a separate budget restriction requiring that the present value of

benefit payments to the currently old generation equals the present value of the tax revenues from

the young generation. The optimal benefit function of generation j then solves

gj
1

M(h)

∫
Ij
ωiEi

[∑
t≥0

∂Ui(C,Π,X)
∂ct(xt)

h(xt)
]
di

λj+1
= 1 +

Bj(h)

Mj(h)
(26)

where Bj(h) is the behavioral fiscal effect of generation j over their life cycle and Mj(h) is

the mechanical fiscal effect of generation j. Hence, the RHS of this optimality condition (26) is

identical to the RHS of optimality condition (9) in the single generation setup. The only difference

to the single generation version is the interpretation of the LHS. The LHS measures the social

value of a dollar in the hand of the currently old generation j relative to the social value of a

dollar in the hand of the currently young generation j+1. To make this more transparent, assume

that the planner redistributes the savings from the pension reform with lump-sum transfers to

generation j + 1. In this case, the optimal benefit function solves

gj
gj+1

1
M(h)

∫
Ij
ωiEi

[∑
t≥0

∂Ui(C,Π,X)
∂ct(xt)

h(xt)
]
di∫

Ij+1
ωiEi

[∑
t≥0

∂Ui(C,Π,X)
∂ct(xt)

]
di

= 1 +
Bj(h)

Mj(h)
. (27)

General Setup: The budget restriction in the overlapping generations framework above is

too restrictive in the sense that the planner can smooth expenditures and revenue across multiple

generations. In this more flexible formulation the planner solves

53



max
bj(·),τj(·)

W (b, τ) =
∑
j≥1

gj

∫
ωiVidi (28)

G(b, τ) =
∑
j≥1

∑
t≥0

[1 + rt]
−t
E
[
τj(x

t)− bj(xt)
]
≥ 0. (29)

The optimal benefit formula then solves

gj
1

M(h)

∫
Ij
ωiEi

[∑
t≥0

∂Ui(C,Π,X)
∂ct(xt)

h(xt)
]
di

λ
= 1 +

Bj(h)

Mj(h)
(30)

and is therefore identical to the optimal benefit formula in the main text (except that there

is the additional welfare weight gi for the generation on the LHS). Importantly, in the multiple

generation setup we also need to estimate the multiplier of the reform within one generation in

the same way as in the one generation model in the main text.

A.5 Parametrization Model

The social value of the dollar consists of three parts: (i) the marginal utility of consumption,

(ii) welfare weights and (iii) the social value of public funds λ. Hence, I need to make assumptions

on these three margins.

First, I parameterize the utility function. I assume that utility is additively separable over time

and additively separable in consumption and the other choices. I denote the utility of consumption

in period t by u(ct) and the utility of the other choices by ψ(Π, X). Hence, expected life-time

utility is given by

Ui(C,Π, X) = E

[
T−1∑
t=0

(
βtu(ct)

)
− ψ(Π, X)

]
. (31)

Moreover, I assume that the utility function is isoelastic, i.e.

u(ct) =


c1−γt −1

1−γ γ ≥ 1 & γ > 0

ln(ct) γ = 1

, (32)

where γ denotes the coefficient of relative risk aversion.
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Second, I assume a utilitarian planner, i.e. every individual gets the same welfare weight

ωi = 1∀i.

Third, I need to pin down the social value of public funds. Following the discussion in Ap-

pendix A.2, I assume that welfare cannot be improved through lump-sum transfers to working age

individuals (younger than the ERA). This implies that

λ =
1

1 + B(h̄)

M(h̄)

∫
Ei

[
ERA∑
t=0

(
βtu′(ct)h̄

)]
di (33)

holds for any small lump-sum transfer h̄. If we further assume that income effects are small, i.e.

1 + B(h)

M(h)
≈ 1, we get that

λ ≈
∫
Ei

[
ERA∑
t=0

(
βtu′(ct)

)]
di. (34)

The social value of the dollar is then given by

Social Value of the Dollar =

1
M

∫
Ei

[∑T−1
t=ERA (βtu′(ct)hit)

]
di∫

Ei

[∑ERA
t=0 (βtu′(ct))

]
di

(35)

where hit is the reduction in individual i’s pension in period t because of the reform and M is the

mechanical effect of the reform (the sum of hit).

In my data, consumption is not observable. As an approximation I use income instead of

consumption. Hence, for retirees I set consumption equal to pension payments, i.e. ct = bt. For

working age individuals I set consumption equal to labor income, i.e. ct = wt. This potentially

overestimates the social value of the dollar. Working age individuals tend to save, i.e. ct ≤ wt, and

hence u′(wt) ≤ u′(ct). Retirees tend to dissave, i.e. ct ≥ bt, and hence u′(bt) ≥ u′(ct). Therefore,

we expect that

1
M

∫
Ei

[∑T−1
t=ERA (βtu′(ct)hit)

]
di∫

Ei

[∑ERA
t=0 (βtu′(ct))

]
di

≤
1
M

∫
Ei

[∑T−1
t=ERA (βtu′(bt)hit)

]
di∫

Ei

[∑ERA
t=0 (βtu′(wt))

]
di

≡ USVD (36)

holds and that my implementation provides an upper bound for the social value of the dollar

(USVD). Lastly, I assume no discounting β = 1.This provides a further upper bound on the social

value of the dollar (since the numerator of the social value of the dollar would be relatively smaller
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with discounting).

Implementation for 1988 Pension Level Reform. To implement the upper bound on the

social value of the dollar (USVD as defined in (36)) for the 1988 pension reform, I calculate the

mechanical loss hit for each individual in the control group (men born in 1927 and women born

in 1932) by calculating their old-age pensions with an assessment period of 10 and 11 years and

then take the difference between the two.

Based on the CRRA specification I calculate the marginal utility of each individual for different

values of γ, multiply it by hit and take the average across individuals and periods. This average

is then divided by the mechanical effect M (the average of hit over individuals and periods). For

the denominator, I take the earnings distribution of working-age individuals in the year 1988 and

calculate the average marginal utility of consumption for this earnings distribution for different

values of γ.

A.6 Extensions

The insight that the multiplier of a reform is central for welfare evaluation relies on three

critical assumptions. First, I assume that individuals optimize a consistent utility function and

the social planner respects the preferences of the individuals. Second, I assume that reforms are

small. Third, I abstract from general equilibrium effects and externalities of pensions reforms.

I discuss here how deviations from these three assumptions change the welfare evaluation. In

general, any deviation from these three assumptions leads to an additional term on the LHS of

equation (9) but does not change the RHS. Hence, in any case we need to know the multiplier of

the reform.

A.6.1 General Equilibrium Effects

Allowing for price changes does not alter the logic of the welfare evaluation. With perfect

competition the price adjustments only have a direct welfare effect through the mechanical effect of

the price changes. With general equilibrium effects, the optimal benefit function formula becomes

1
M(h)

∫
Ij
ωiEi

[∑
t≥0

∂Ui(C,Π,X)
∂ct(xt)

h(xt)
]
di

λ
+ γ = 1 +

B(h)

M(h)
(37)

where γ =
1

M(h)

∫
Ij
ωiEi

[∑
t≥0

∂Ui(C,Π,X)

∂ct(x
t)

dP (xt)
]
di

λ and dP (xt) measures the price change due to the

reform. Furthermore, B(h) is evaluated at the new prices, while M(h) is evaluated at the old
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prices. The sign of γ depends on the price changes. The general equilibrium effects of pension

reforms we might worry about are changes in wages and interest rates. If a pension reform induces

individuals to retire later and save more we might expect that interest rates fall (since there is more

capital). This affects capital returns of individuals and the planner’s budget constraint through

the discounting (this is captured in the behavioral fiscal effect B(h)). The effect on wages is not a

priori clear. It could be that the additional capital makes workers more productive and therefore

wages increase. It could also be that the additional workers in the market reduce wages (increased

labor supply). In the context of Austria it is unlikely that a pension reform affects interest rates,

since Austria is a small open economy and does not even set their own monetary policy.

A.6.2 Non-marginal Changes

The optimal benefit formula only holds for marginal changes. However, real-world reforms are

never truly marginal. In this section I discuss the welfare effect of discrete changes. Suppose there

are two different benefit functions b0(·) and b1(·), where b1(xt) = b0(xt)+h(xt). The welfare effect

of the discrete change from b0(·) to b1(·) is given by

∆W = W (b1, τ)−W (b0, τ) (38)

=

∫
ωi [Vi(b1)− Vi(b0)] di+ λ (G(b1, τ)−G(b0, τ)) (39)

where I assumed that λ0 = λ1 = λ. G(b1, τ)−G(b0, τ) measures the total fiscal effect of moving

from benefit function b0(·) to b1(·). Define G(bk) =
∫ ∑

t≥0 [1 + rt]
−t ∫

[(τ(x)− bk(x))µk(x)] dxdi,

where bk(x) denotes the benefit payment for state history x in regime k = {0, 1} and µk(x) is the

distribution of state histories in regime k. The state distribution µk(x) depends on the behavior of

individuals. The total fiscal effect can then again be decomposed into a behavioral and mechanical

effect:

G(b1)−G(b0) =

∫ ∑
t≥0

[1 + rt]
−t
∫ ∆b0(x)µ1(x)︸ ︷︷ ︸

mechanical

+ (τ(x)− b0(x)) ∆µ0(x)︸ ︷︷ ︸
behavioral

 dxdi (40)

where ∆b0(x) := b1(x) − b0(x) and ∆µ0(x) := µ1(x) − µ0(x). The mechanical effect is now

only slightly differently defined as

∆M(h) =

∫ ∑
t≥0

[1 + rt]
−t
∫

∆b0(x)µ1(x)dxdi. (41)
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The mechanical fiscal effect is now evaluated at the post reform state distribution, but this is still

straightforward to implement empirically. The behavioral fiscal effect is given by

∆B(h) =

∫ ∑
t≥0

[1 + rt]
−t
∫

(τ(x)− b0(x)) ∆µ0(x)dxdi. (42)

For discrete changes the envelope theorem fails and behavioral adjustments have first order

welfare effects. The direct welfare effect is given by

∫
ωi [Vi(b1)− Vi(b0)] di =

∫
ωi [Vi(b0 + h)− Vi(b0)] di (43)

=

∫
ωi

[
δVi(b0;h) +

1

2!
δ2Vi(b0;h, h) + . . .+

1

(k − 1)!
δk−1Vi(b0;h, . . . , h) +Rk

]
di

where the second line uses a Taylor approximation and the remainder term isRk = 1
(k−1)!

∫ 1

0
(1−

t)k−1δkVi(b0 + th;h, . . . , h)dt. Using δVi(b0;h) = Ei

[∑
t≥0

∂UiC,Π,X)
∂ct(xt)

h(xt)
]

we can write the

discrete welfare change as

∆W =

1
∆M(h)

∫
ωiEi

[∑T−1
t=0

∂Ui(C,Π,X)
∂ct(xt)

h(xt)
]
di

λ
+ γ −

(
1 +

∆B(h)

∆M(h)

)
(44)

where γ = 1
λ∆M(h)

(
1
2!δ

2Vi(b0;h, h) + . . .+ 1
(k−1)!δ

k−1Vi(b0;h, . . . , h) +Rk

)
. With non-

marginal changes the social value of the dollar term has an additional component γ, since be-

havioral adjustments have first order welfare effects. Nevertheless, the multiplier of the reform is

still a key ingredient for welfare evaluation.

A.6.3 Behavioral Biases

A recent and growing literature documents behavioral elements in retirement decisions (Be-

haghel and Blau, 2012; Goda et al., 2015; Brown et al., 2016; Cribb et al., 2016; Merkle et al.,

2017; Seibold, 2019). This evidence raises the question how the welfare evaluation changes in

presence of behavioral biases. Generally, behavioral biases induce a potential conflict between

the planner’s and the agents objectives. The behavioral welfare literature makes the distinction

between decision utility and true or “experienced” utility. If the two do not coincide, agents do

not maximize their true utility. As a consequence the logic of the envelope theorem fails and

behavioral responses have first order welfare effects. Hence, there is an additional term in the

direct welfare effect that measures the bias correction of behavioral responses. This is analogous
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to the effects of behavioral elements in optimal tax frameworks as in Farhi and Gabaix (2015)

and Bernheim and Taubinsky (2018). The crucial question in models with behavioral elements

is: What is the true utility and consequently what is the right welfare criterion? This discussion

is interesting and important. However, this paper makes no progress on that frontier. I simply

assume that true preferences exist and are known to the planner. My analysis here follows Farhi

and Gabaix (2015) and I simply adjust notation to my setup.

Let U(θ) denote the true or “experienced” life-time utility for choices θ.28 However, choices

are no longer necessarily made by maximizing the true utility function U(θ). Agents could max-

imize another (biased) decision utility function or fail to maximize completely. The choice func-

tion θ incorporates all these potential behavioral aspects. As in Farhi and Gabaix (2015), the

only restriction I impose is that the agent’s budget restriction is binding. That is, K(b, I) :=∑T−1
t=0 [1 + rt]

−t
E [yt(x

t)− τ(xt) + b(xt)− ct(xt)− q(pt(xt))]− I = 0, where I denotes the initial

endowment. The indirect utility function is denoted by V (b, I) = U(θ(b, I)). The government’s

objective function is then given by

W (b) = V (b, I) + λ
(
G(b)− Ḡ

)
where G(b) is government revenue and defined as in the standard model.

A change of the benefit function with increment h has a welfare effect of δW (b;h) = δV (b, I;h)+

λδG(b;h) and the optimal benefit function sets δW (b;h) = 0 for all h. This expression can be

rewritten using a behavioral version of Roy’s identity to get

VI
λ

+ γ = 1 +
B(h)

M(h)
(45)

where

γ =
δ(θ;h)

λM(h)

(
Uθ
VI
−Kθ

)
(46)

is the bias-correction effect. The RHS is the same as in the standard model. The first term on

the LHS, VI
λ , is analogous to the standard model. However, in the model with optimizing agents

I could express it in terms of marginal utilities of consumption through the agent’s first order

conditions. The new term γ captures the first order welfare effect of behavioral adjustments. The

28To save notation θ includes all choices, i.e. θ = {C,Π}, and I suppress that the utility function might depend
on the state history X.
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expression Uθ
VI
− Kθ in γ measures the welfare cost of the behavioral biases. Farhi and Gabaix

(2015) call this term the “behavioral wedge” and Bernheim and Taubinsky (2018) refer to this as

the “price-metric measure of bias”. Intuitively, UθVI −Kθ is the difference between the money-metric

of marginal utilities, UθVI , and the prices Kθ and therefore measures the degree of misoptimization.

With rational optimizing agents this behavioral wedge is zero.29 If agents fail to optimize their

true preferences, γ is non-zero and is determined by the behavioral wedge multiplied with the

reform induced change in behavior, δ(θ;h). The sign of bias-correction term, γ, depends on the

exact biases present and whether the reform corrects the sub-optimal behavior or amplifies the

biases.

The two most prominent behavioral biases in the retirement context are myopia and statutory

retirement ages as reference-points. In case of myopic behavior, individuals save too little, work not

enough and retire too early.30 Hence, a policy change that induces more savings, later retirement

and so on has a positive bias correction term and reduces the direct welfare effect of taking a dollar

away from retirees. If retirement ages serve as reference points, it is not clear what the true utility

is or should be. The additional complication is that the planner can set the statutory retirement

ages and might therefore be able to shift the reference point. How to evaluate welfare effects in

this context is an open question and an interesting avenue for future research.

29Formally, a rational agent solves maxθ U(θ) subject toK =
∑T−1
t=0 [1 + rt]

−t E
[
yt(xt)− τ(xt) + b(xt)− ct(xt)− q(pt(xt))

]
−

I = 0, which yields first order condition Uθ = VIKθ. Therefore, γ = 0.
30The consensus in the literature is to model myopic behavior with hyperbolic discounting and assume that

the true utility function uses exponential discounting. However, Bernheim (2009, 2016) argues that it is not clear
whether this is really a bias/mistake. It could also be interpreted as a present focus, i.e. living in the moment, that
should not be corrected by the planner.
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B Evaluation of the Early Retirement Age Reforms

Other Policy Variation 2000 Pension Reform: The 2000 pension reform also changed other

margins but less dramatically than the ERA and these changes do not systematically vary by

quarter of birth. The reform increased the penalty for claiming retirement benefits before the

normal retirement age (NRA). Before the reform the pension coefficient is reduced by 2 percentage

points for each year of claiming retirement benefits before the NRA. This penalty is capped at 10

percentage points. Moreover, the reduction can be at most 15 percent of the pension coefficient

before the penalty.31 The 2000 pension reform increases the penalty from 2 to 3 percentage points

for each year of claiming before the NRA. The maximal penalty is slightly increased from 10

percentage points to 10.5 percentage points and the rule that the pension coefficient with penalty

can at most be 15 percent lower than without penalty remains in place. However, the new penalty

only applies to men born after September 1942 and to women born after September 1947. For

men born before September 1942 and women born before September 1947, there was no change

in the pension formula if they claimed at the earliest possible age. If they claimed at older ages

the change in the penalty from 2 to 3 percentage points is phased in by quarter of birth. This

phase-in led to small differences in the replacement rate between quarter of births for claiming

after the ERA. However, the differences in the replacement rate between two adjacent quarters

of birth are around 0.2 percentage points (this corresponds to a difference in pension of 0.25%).

The treatment groups of the ERA increase of the 2000 pension reform are men born between

October 1940 and September 1942 and women born born between October 1945 and September

1947. Therefore, my treatment groups are subject to the transition rules and are not strongly

treated by the increase in the penalty. Especially, the differences between two adjacent quarters of

birth are minimal. The 2000 pension reform also temporarily extended the maximum duration of

unemployment benefits from 1 to 1.5 years for a subgroup of individuals. To qualify for the benefit

extension individuals need at least 15 years of employment in the past 25 years and only certain

birth cohorts in certain years were eligible. In 2000, only men born in 1940 and women born in

1945 were eligible. In 2001, men born in 1940-41 and women born in 1945-46 were eligible and in

2002 men born in 1940-1942 and women born in 1945-47 were eligible. The UI benefit extension

ended in December 2002.

31That is, the pension of early claimaints can at most be 15 percent lower compared to their pension if they
retired at NRA (with the same earnings history and number of insurance years).
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B.1 Results for the Pension Reform in 2000

B.2 Difference-in-Difference Estimation for Adjacent Birth Quarters

An alternative to my approach in the main text is to only compare adjacent quarters of birth

with a difference-in-difference approach. In this case the counterfactual is different. For each

group I estimate the effect of increasing the ERA by two months starting at the control group’s

ERA. The potential advantage of this approach is that adjacent quarters of birth might be more

comparable and I observe them at almost the same point in time at a given age. The drawback

is that sample size becomes relatively small. I implement this comparison with the following

regression

Yit = α+

ERA+6∑
k=ERA−6

βk ∗Treati ∗ I[ageit = k] +

ERA+6∑
k=ERA−6

κk ∗ I[ageit = k] +Treati +λt + εit. (47)

To make all changes directly comparable I normalize ages relative to the control groups ERA.

Figures 29 to 32 plot the βk estimates of the fiscal revenue effect as well as the mechanical effect

of the ERA increase. We see the same patterns as in the analysis of the main text. The fiscal

revenue effect is predominantly driven by the mechanical effect and in some cases the multiplier

is below one. Table presents 5 the detailed numbers. Due to the much lower sample size, the

estimates become a bit more jumpy but the multipliers are still centered around one.
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Figure 18: DiD Estimates of Fiscal Revenue by Age: Women Reform 2000

(a) ERA 55 + 4 months
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Figure 19: DiD Estimates of Fiscal Revenue by Age: Men Reform 2000

(a) ERA 60 + 4 months
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Figure 20: Mechanical Effect for Women, Reform in 2000

(a) ERA 55 + 2 months
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(b) ERA 55 + 4 months
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(c) ERA 55 + 6 months
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(d) ERA 55 + 8 months
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Figure 21: Mechanical Effect for Women, Reform in 2000

(a) ERA 56 + 4 months
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(b) ERA 56 + 6 months
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Table 5: Multipliers for the ERA Reform in 2000

ERA Total Fiscal Effect Mechanical Behavioral Multiplier (1+B/M)

Women
ERA 55 + 2 months 1038 1120 -83 0.93
ERA 55 + 4 months 1227 1216 11 1.01
ERA 55 + 6 months 887 984 -97 0.90
ERA 55 + 8 months 972 823 148 1.18
ERA 55 + 10 months 1008 985 23 1.02
ERA 56 1029 892 138 1.15
ERA 56 + 2 months 934 885 50 1.06
ERA 56 + 4 months 1003 970 33 1.03
ERA 56 + 6 months 757 872 -115 0.87

Men
ERA 60 + 2 months 1249 1448 -199 0.86
ERA 60 + 4 months 1528 1400 128 1.09
ERA 60 + 6 months 1381 1373 8 1.01
ERA 60 + 8 months 1103 1145 -42 0.96
ERA 60 + 10 months 1347 1213 134 1.11
ERA 61 1148 867 281 1.32
ERA 61 + 2 months 1052 1264 -212 0.83
ERA 61 + 4 months 1174 822 352 1.43
ERA 61 + 6 months 955 845 110 1.13
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Figure 22: Mechanical Effect for Men, Reform in 2000

(a) ERA 60 + 2 months
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(b) ERA 60 + 4 months
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Figure 23: Mechanical Effect for Men, Reform in 2000

(a) ERA 61 + 4 months
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(b) ERA 61 + 6 months
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Figure 24: DiD Estimates for Labor Market Status by Age: Women ERA 56 months
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Notes: This figure shows the DiD estimates for employment, unemployment and retirement.
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Figure 25: DiD Estimates for Labor Market Status by Age: Women ERA 56.5 months
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Notes: This figure shows the DiD estimates for employment, unemployment and retirement.
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Figure 26: DiD Estimates for Labor Market Status by Age: Men ERA 60 + 6 months
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Notes: This figure shows the DiD estimates for employment, unemployment and retirement.
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Figure 27: DiD Estimates for Labor Market Status by Age: Men ERA 61
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Notes: This figure shows the DiD estimates for employment, unemployment and retirement.
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Figure 28: DiD Estimates for Labor Market Status by Age: Men ERA 61 + 6 months
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Notes: This figure shows the DiD estimates for employment, unemployment and retirement.

73



Figure 29: Mechanical Effect Women Reform 2000

(a) ERA 55 + 2 months
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(b) ERA 55 + 4 months
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(c) ERA 55 + 6 months
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(d) ERA 55 + 8 months
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(e) ERA 55 + 10 months
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Figure 30: Mechanical Effect Women Reform 2000

(a) ERA 56 + 2 months
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(b) ERA 56 + 4 months
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Figure 31: Mechanical Effect Men Reform 2000

(a) ERA 60 + 2 months
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(b) ERA 60 + 4 months
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(c) ERA 60 + 6 months
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(d) ERA 60 + 8 months
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(f) ERA 61 months

-5
00

-2
50

0
25

0
50

0
75

0
10

00

-6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6
Age

Fiscal Revenue Mechanical Effect

76



Figure 32: Mechanical Effect Men Reform 2000

(a) ERA 61 + 2 months
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(b) ERA 61 + 4 months
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(c) ERA 61 + 6 months
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C Pension Reform in 2003

The 2003 pension reform further increased the ERA from 56.5 to 60 for women and from 61.5

to 65 for men. However, the reform also changed the penalty for retiring early significantly and the

replacement rate for a given number of insurance years. This makes it more difficult to separate

the ERA from other changes. Nevertheless, the results are consistent with the results from the

2000 pension reform as multipliers are still around 1.

Other Policy Variation 2003 Pension Reform: The 2003 pension reform reduces benefit

generosity by reducing the pension coefficient for a given number of insurance years. Before the

reform, each insurance year increased the pension coefficient by 2 percentage points, after the

reform this is reduced to 1.78 percentage points. This change is also phased-in by claiming year:

1.96 pp in 2004, 1.92 pp in 2005, 1.88 pp in 2006, 1.84 pp in 2007, 1.80 pp in 2008, 1.78 pp since

2009. The penalty for claiming before the NRA is increased from 3 percentage points per year

to 4.2 percentage points without transition rules. Furthermore, the assessment period changes

from the best 15 to the best 40 years. This change is phased-in: Since 2004 the assessment period

increases by one year each year until the assessment period is 40 years in 2028. The 2004 pension

reform reintroduces the possibility of early retirement by creating the so-called corridor pension.

Individuals with at least 37.5 insurance years. Until 2032 pension cuts resulting from the pension

reform were capped at 10%, except for the losses due to the increase in the ERA. However, the

2004 pension reform sets this cap at 5% until 2024 and then gradually increases the cap to 10%.

C.1 Empirical Strategy for the Pension Reform in 2003

I exploit the variation in the ERA by quarter of birth in a cohort difference-in-difference

specification analogous to the specification in the main text. I focus here on women because

for men the ERA increase beyond age 62 was irrelevant for most individuals (see figure 34).

Individuals with more than 37.5 insurance years can still retire at age 62 through the so called

“corridor pension”. Hence, most men were not affected by the ERA increase.

The control group for women is women born in 1948 Q2, with ERA 56 and 10 months. I take

this control group since they are already affected by the change in the penalty and after this group

the ERA increases by 1 month for each quarter of birth.
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Figure 33: Reform 2003: Women Labor Market Status by Age
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Figure 34: Reform 2003: Men Labor Market Status by Age

(a) Retirement (Disability and Old-Age)
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C.2 Descriptive Figures for the Pension Reform in 2003

C.3 Results Pension Reform 2003

For brevity, I focus here on fiscal outcomes and the multiplier. Figure 35 shows the fiscal

revenue and mechanical effect for women for selected treatment groups. Table shows the multiplier

for all groups for women. The main take-away from these tables is that the multiplier is still

relatively small and around 1. However, the estimates of the multiplier can be a mix between

increasing ERA, level shifts in generosity and changes in actuarial fairness (because the 2003

reform significantly changed other margins of the pension formula as discussed at the beginning).
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Figure 35: DiD Estimates Fiscal Revenue by Age: Men Reform 2003
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Table 6: Multiplier ERA Reform 2003

ERA Fiscal Revenue Effect Mechanical Behavioral Multiplier

Women
ERA 56 + 11 months 303 260 43 1.16
ERA 57 months 665 582 83 1.14
ERA 57 + 1 months 1027 899 129 1.14
ERA 57 + 2 months 1328 1217 110 1.09
ERA 57 + 3 months 1719 1536 183 1.12
ERA 57 + 4 months 2083 1853 230 1.12
ERA 57 + 5 months 2364 2075 289 1.14
ERA 57 + 6 months 2945 2552 393 1.15
ERA 57 + 7 months 3291 2910 380 1.13
ERA 57 + 8 months 3566 3282 284 1.09
ERA 57 + 9 months 3752 3389 363 1.11
ERA 57 + 10 months 4373 3928 446 1.11
ERA 57 + 11 months 4725 4379 346 1.08
ERA 58 months 4835 4789 46 1.01
ERA 58 + 1 months 5299 5179 120 1.02
ERA 58 + 2 months 5944 5751 193 1.03
ERA 58 + 3 months 7058 6563 495 1.08
ERA 58 + 4 months 6526 6280 247 1.04
ERA 58 + 5 months 6908 6633 275 1.04
ERA 58 + 6 months 7897 7423 474 1.06
ERA 58 + 7 months 8894 8331 564 1.07
ERA 58 + 8 months 8936 8378 558 1.07
ERA 58 + 9 months 9378 8841 537 1.06
ERA 58 + 10 months 10305 9473 832 1.09
ERA 58 + 11 months 11545 10536 1009 1.10
ERA 59 months 10450 9928 522 1.05
ERA 59 + 1 months 11552 10949 603 1.06
ERA 59 + 2 months 12754 11911 843 1.07
ERA 59 + 3 months 13514 12453 1061 1.09
ERA 59 + 4 months 7386 10533 -3147 0.70
ERA 59 + 5 months 7795 10602 -2807 0.74
ERA 59 + 6 months 7933 10506 -2573 0.76
ERA 59 + 7 months 5607 9514 -3907 0.59
ERA 59 + 8 months 4735 8671 -3936 0.55
ERA 59 + 9 months 4227 7626 -3399 0.55
ERA 59 + 10 months 6251 8470 -2218 0.74
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D Evaluation of Pension Level Reform

D.1 Balance Checks

Figure 36 shows that the number of observations around January is not balanced. This is

potentially a problem. However, I do not find any effects for labor market outcomes or fiscal

revenue before the reform. Moreover, figure 14 in the main text shows that the effects are driven

by the treated group. I do not find effects for the placebo group that is unaffected by the reform.

This speaks for the validity of my RDD despite the unbalanced number of observations around

the cut-off.

Figure 36: Number of Observations by Date of Birth

(a) Men
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Notes: This figure shows the number of observations by date of birth. Around January the number of observations is not

balanced. However, this is unlikely to be driven by manipulation as a response to the reform.

84



Figure 37: Number of Observations by Date of Birth

(a) Men Treatment Group
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(c) Women Treatment Group
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Notes: This figure shows the number of observations by date of birth for the treatment and placebo groups. The cutoff is

at 1.1.1928 for men and 1.1.1933 for women.
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D.2 Additional Figures and Tables for Men

Figure 38: RD Estimates by Age: Labor Supply Men Treatment and Placebo

(a) Treatment group: Retirement (OA and DI)
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Notes: This figure plots the RD estimates at each age between 50 and 85 based on local linear regressions with a bandwith

of 8 months.
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Figure 39: RD Estimates by Age: Fiscal Effect Men Treatment and Placebo

(a) Men Treatment Group
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Notes: This figure plots the RD estimates for fiscal revenue by age (black squares with 95 CI, based on local linear

regressions with bandwidth 8 months). The red area indicates the mechanical fiscal effect of the reform.

Table 7: Multiplier Benefit Generosity by Discount Rate and Bandwidth

Discount rate: r=0% r=2% r=5% r=7%

Multiplier Men
bandwith = 2 2.34 2.62 3.08 3.39
bandwith = 4 1.61 1.75 1.96 2.10
bandwith = 6 1.48 1.59 1.76 1.88
bandwith = 8 1.39 1.48 1.62 1.72
bandwith = 10 1.30 1.37 1.49 1.57

Multiplier Women
bandwith = 2 1.92 2.15 2.52 2.77
bandwith = 4 1.78 1.98 2.31 2.55
bandwith = 6 1.94 2.19 2.59 2.88
bandwith = 8 1.66 1.84 2.12 2.32
bandwith = 10 1.45 1.56 1.76 1.89
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D.3 RDD Figures Women

Figure 40: Retirement and Employment at Age 55: Women
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Notes: This figure shows the average retirement and employment rates at age 60. The fitted lines are local linear polynomials

with a bandwidth of 8 months.

Figure 41: RD Estimates by Age: Labor Supply Women

(a) Retirement (OA and DI)
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Notes: This figure plots the RD estimates at each age between 50 and 85 based on local linear regressions with a bandwith

of 8 months.
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E Data Appendix: Pension Benefit Calculation

The ASSD provide all information necessary to compute individual old-age and disability

pensions. I validate my pension calculations by comparing my predicted old-age pensions with

actual old-age pensions for the subsample of retirees who received benefits in 2001 or who retired

after 2001, using matched data obtained from the Austrian Social Security Administration. Figure

42 plots mean matched old-age pensions against mean predicted old-age pensions (in 1000-Euro

bins), pooling all years from 1985 to 2014. To get a sense of the distribution of predicted benefits

I plot the 95th percentile (upper bar) and the 5th percentile (the lower bar), i.e. 90% of all

observations lie between the two bars. Figures 43 and 44 plot this for each year separately. Figure

45 shows the same exercise for disability pensions. In all years, actual pensions track predicted

pensions very closely.

89



Figure 42: Imputed and Matched Old-Age Pensions (Years 1985-2014)
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Notes: This figure plots mean matched old-age pensions against mean predicted old-age pensions (in 1000-Euro
bins), pooling all years from 1985 to 2014. The bars represent the 95th percentile (upper bar) and the 5th percentile
(the lower bar), the dot represents the mean. Panels (c) and (d) show the relative frequency of pension levels for
men and women in this subsample.
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Figure 43: Imputed and Matched Old-Age Pensions by Year: Men
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Notes: This figure plots mean matched old-age pensions against mean predicted old-age pensions (in 1000-Euro
bins) for each year separately.

Figure 44: Imputed and Matched Old-Age Pensions by Year: Women
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Notes: This figure plots mean matched old-age pensions against mean predicted old-age pensions (in 1000-Euro
bins) for each year separately.
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Figure 45: Imputed and Matched Disability Pensions (Years 1985-2014)
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(b) Women
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Notes: This figure plots mean matched disability pensions against mean predicted disability pensions (in 1000-Euro
bins), pooling all years from 1985 to 2014. The bars represent the 95th percentile (upper bar) and the 5th percentile
(the lower bar), the dot represents the mean.

Figure 46: Imputed and Matched Disability Pensions by Year: Men
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Notes: This figure plots mean matched disability pensions against mean predicted old-age pensions (in 1000-Euro
bins) for each year separately.

92



Figure 47: Imputed and Matched Disability Pensions by Year: Women
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Notes: This figure plots mean matched disability pensions against mean predicted old-age pensions (in 1000-Euro
bins) for each year separately.
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