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Abstract 
To assess the life-cycle welfare effects of pension reforms, we provide a dynamic stochastic model 
of saving, portfolio choice, and retirement featuring a rich characterisation of the pension system. 
Relying on the exogenous variation from a sequence of Italian pension reforms, we identify and 
estimate the model, which is then used to draw implications of alternative pension policies. The 
validated model predicts substantial social security wealth effects on retirement, with the offset 
between public pension wealth and private savings softened when households can adjust their 
retirement decisions. We further find important distributional effects of pension reforms, with 
households’ welfare decreasing more the later in the working life they face the reform. Our findings 
have implications for the design of pension policies and the support they might generate. (JEL: D15, 
E21, H31, H55, J26) 
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. Introduction 

he population aging, and the related challenges to the pay-as-you-go social security
ystems, caused profound changes to the pension legislation in several OECD
conomies. While there is wide between-countries variation in the extent, the speed and
he timing of these changes, a common trait has been the occurrence of heated policy
ebates over alternative interventions in social security systems. Most often, these
ebates lack the discipline of an operational economic model to understand the effects
f pension legislation changes on households decisions and welfare. This is especially
mportant since the literature remains divided on the answer to two long-standing and
elated questions at the root of the policy debate: (i) how public pensions crowd-out
rivate savings and (ii) how social security wealth affects retirement decisions. On
ne hand, while social security wealth is a perfect substitute for private savings in a
anonical life-cycle model with fixed retirement, the effect of public pension wealth
n private wealth is theoretically ambiguous when retirement is endogenous (Feldstein
974 ). On the other hand, while the vast empirical literature on the offset between
ocial security and private wealth has been inconclusive (see, e.g. Lachowska and
yck 2018 for a recent review), there is little evidence on the effect of social security
ealth on retirement (Blundell, French, and Tetlow 2016b ). Further, analysing the
elfare effects of pension reforms is a difficult task due to the complexity of pension
ules and economic environment in which individuals take decisions. Understanding
hese effects is crucial to the design of pension reforms, most importantly before the
eform takes place. We exploit quasi-experimental variation from pension reforms to
alidate a life-cycle framework to study the effects of alternative pension policies on
ouseholds’ saving and retirement decisions and, ultimately, their welfare. 

A body of economic research focuses on the evaluation of a social program
efore its actual introduction, as part of the problem of studying the effect of policy
hanges without the availability of ex-post information. The ex-ante evaluation of
ocial programs sheds light into the understanding of which range of effects to expect
rom the introduction of alternative policy changes (Todd and Wolpin 2006b ; Heckman
010 ). It can then provide a number of useful prescriptions to the policy makers. Todd
nd Wolpin (2006a ) and Attanasio, Meghir, and Santiago (2012 ) follow this approach
o develop and estimate two different dynamic models of education choices to study the
mpact of the PROGRESA program on children’s schooling attendance; Blundell et al.
2016a ) rely on tax and benefit reforms in the United Kingdom to estimate a dynamic
odel of employment, human capital accumulation, and savings and to analyze the
ffects of welfare policies. 

In this paper, we also propose an ex-ante policy evaluation exercise and exploit
he—arguably exogenous—variation induced by pension reforms. We focus on Italy,
n interesting case because of the dramatic changes to the pension legislation occurred
n the early 90’s. For younger generations of workers, who entered the labor market
fter 1978, the contribution model replaced the earnings model for the computation of
ension benefits. The earnings model was kept for the older generation of workers,
ut the generosity of the public sector formula was reduced. These reforms also
ntroduced flexible retirement age, with incentives for workers to postpone retirement,
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gain drawing a line between younger and older workers. The extent of the changes
nd the policies discontinuity among workers made Italy an almost ideal “laboratory”
o study the impact of pension policies on households behavior. Miniaci and Weber
1999 ), Attanasio and Brugiavini (2003 ), Bottazzi, Jappelli, and Padula (2006 ) and
ottazzi, Jappelli, and Padula (2011 ) use the Italian laboratory to investigate the effect
f these pension reforms on households decisions, looking at consumption, saving,
nd portfolio choices. Our exercise shares with theirs the same quasi-experimental
ariation, but differs in exploiting such variation to inform an economic model about
he most relevant channels through which pension reforms affect household behavior.

The reduced form effects, estimated exploiting a difference in differences (DiD)
dentification strategy, suggest substantial responses of households to the pension
eforms in terms of discretionary wealth accumulation, participation in the financial
arkets as well as expectations about future retirement age. These estimates represent
he first stage in our estimation exercise. In the second stage, we develop and estimate a
ynamic stochastic life-cycle model in which households maximize expected lifetime
tility choosing consumption, the allocation of wealth to risky assets, and the age of
etirement, while facing uncertainty with respect to income, returns from the risky
ssets, and mortality. The model features a rich characterisation of the Italian pension
ystem before and after the pension reforms, explicitly incorporating the transition
rom a defined benefits (DBs) to a notionally defined contributions (NDCs) scheme,
hich has been brought forward as a prominent option of social security reform
Lindbeck and Persson 2003 ; Börsch-Supan 2005 ). 1 The model developed in this paper
an be used to draw implications that extend beyond any specific institutional context.

To estimate the model, we target the first stage impacts of the reforms on
iscretionary wealth and participation in the financial markets. The structural approach
arefully replicates the institutional setting, allowing for (ex-ante) heterogeneity with
espect to the sector of employment, which in turn determines the treatment status
nder the pension reforms. Years of work history in 1995 depend on year-of-birth. We
onsider six year-of-birth cohorts of households, with variation in cohort membership
mplying variation in the treatment status. Since we match the model-driven impacts
f major pension reforms to their data-driven counterpart, we provide an arguably
redible tool to conduct ex-ante policy analysis. In particular, adopting a structural
pproach allows us to overcome two limitations inherently associated with the usage of
 standard DiD strategy to study the effect of pension reforms: (i) the concerns about the
redibility of the identifying assumptions, upon which the DiD strategy relies (parallel
rend and linearity of the functional form); (ii) even when the empirical effects are
redibly identified, they are not informative on the offset between public pension and
iscretionary wealth, the long-run saving and actual retirement behavior of households,
he welfare implications of these reforms nor the consequences of alternative pension
. Private pension funds were introduced in Italy in 1993, but social security—the first pillar—with its 
3% contribution rate still plays the lion’s share in the Italian pension system. Pension wealth coincides with 
ocial security wealth for most households, due to the still limited degree of coverage of private pensions 
approximately 1=3 of the working age population). 
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olicies. By using an indirect inference approach to the structural estimation with a
iD regression as auxiliary model, we obtain unbiased estimates of the structural
arameters irrespective of the unbiasedness of the DiD estimate as the causal effect
f the reform. 

The estimated model, with reasonable values for the structural parameters, matches
ey pre-intervention statistics and the average effects of the pension reforms estimated
rom actual data exploiting the DiD identification strategy. By validating a life-cycle
odel with the reduced form effects of pension reforms, we contribute to the vast

iterature (pioneered by Deaton 1991 ; Carroll 1997 ; Attanasio et al. 1999 ; Gourinchas
nd Parker 2002 ) that studies intertemporal choices of consumption and savings. This
iterature typically estimate the structural parameters targeting the observed behavior
f households over some windows of their life-cycle, with identification mostly relying
n the age profiles of consumption (e.g. Gourinchas and Parker 2002 ), income, or
ealth (e.g. French 2005 ). To the best of our knowledge, we are the first to estimate
he structural model exploiting quasi-experimental variation from pension reforms
or identification. 2 Using the method proposed by Andrews, Gentzkow, and Shapiro
2017 ), we show that the empirical DiD effects of the reform are important for the
stimation of the structural parameters. Matching the empirical effects with the model-
riven counterparts allows us to address concerns over structural models failing to
eplicate the effects of actual policy changes (Heckman 2010 ). Further, we are the
rst to estimate a fully fledged life-cycle model of savings, portfolio allocation, and
etirement for the Italian economy. In this respect, the model extends previous models
f portfolio choice, typically assuming an exogenous retirement date (see Gomes,
aliassos, and Ramadorai 2021 ), and models of retirement, where households save in
ne risk-free asset (see Blundell, French, and Tetlow 2016b ). We add to the literature
hat studies retirement decisions in life-cycle models (see, e.g. French 2005 ; Blau 2008 ;
rench and Jones 2011 ; Haan and Prowse 2014 ) also by explicitly introducing the
ynamic incentives individuals face to postpone retirement under the NDC pension
ystem. 

Most importantly, the structural approach provides important novel insights about
he consequences of the pension reforms, with implications beyond the specific reforms
xploited in this paper for model validation. First, we shed further light on the
isplacement effect between public pension and private wealth, in that contributing to
he literature starting from Feldstein (1974 ). Although recent studies in this literature
ely on credible identification strategies, some report high offset (above 0.5) (Attanasio
nd Brugiavini 2003 ; Attanasio and Rohwedder 2003 ; Bottazzi, Jappelli, and Padula
006 ; Aguila 2011 ; Alessie, Angelini, and van Santen 2013 ), while others find low
r no offset (Feng et al. 2011 ; Chetty et al. 2014 ; Lachowska and Myck 2018 ). Our
esults show an offset between social security and private wealth of about 0.65, holding
etirement age constant. Allowing for flexible retirement, the model-predicted offset
s about 0.55, indicating that neglecting the retirement response to changes in public
. Blundell et al. (2016a ) estimate the model comparing behavior of different cohorts facing different 
ax-credits and in-work benefits regimes. Low et al. (2018 ) validate the model against the empirical effects 
f a welfare reform after estimating the model using moments observed in the pre-reform period. 
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ension wealth can downward bias its estimate. Second, and related, the model predicts
ubstantial social security wealth effects on retirement: following a 10% decrease in the
ension benefits they would receive for a given age of retirement, households postpone
etirement by around 0.5 years on average. To the best of our knowledge, this is the first
aper that provides a validated structural estimate for the social security wealth effect
n retirement exploiting variation in benefit generosity. This finding complements
revious empirical evidence on the effects of social security financial incentives on
abor supply (Börsch-Supan 2000 ; Gruber and Orszag 2003 ; Mastrobuoni 2009 ; Engels
t al. 2017 ). Manoli and Weber (2016 ) provide non-parametric evidence of substantial
etirement decisions response to financial incentives using data from Austria. Third, the
odel shows older households in working age experience substantially larger welfare
osses for the same variation in pension rules. It thus provides a quantification and
ationalization of “life-cycle” welfare effects of pension reforms, so far overlooked in
he literature. Households would be willing to pay around 2.4% of annual consumption
n average to face the reform 10 years earlier in their life-cycle. We show our main
ndings are robust to modifying the set of auxiliary parameters/moments or the
tructural model specification. Finally, we use the estimated model to show how two
lternative pension policies, an increase in the early retirement age and a reduction in
enefit generosity, can have different implications in terms of individuals’ retirement
nd saving responses across the wealth distribution. 

The rest of the work is organized as follows. Section 2 presents the main features
f the institutional framework, some stylized facts from the data and the empirical
trategy to estimate the reduced form effects of the pension reform. In Section 3 , we
resent the dynamic life-cycle model used to capture the behavior of households before
nd after the introduction of the pension reforms. The estimation results of the model
re presented in Section 4 . In Section 5 , we discuss the role of the retirement decision
n shaping the offset between public pension and private wealth, examine the life-
ycle welfare consequences of pension reforms, and conduct two policy experiments.
ection 6 concludes. 

. Institutional Setting, Research Design, and Empirical Evidence 

.1. Pension Reforms 

ntil the early 90’s, pension spending was increasing in Italy on a steady basis to reach
6:2 % as ratio to the GDP in 1992, at the time the highest value among developed
conomies. The high pension spending was the consequence of high replacement
ates, earnings-based benefits, and generous provisions for early retirement, inducing
orkers to retire as soon as they were eligible to, as discussed in Brugiavini
1999 ). This trend fueled the growing alarm over the sustainability of the Italian
ension system. As a result, the pension legislation was profoundly revised, with
wo major interventions in 1992 and 1995. These progressively introduced an NDC
odel for pension benefits with flexible retirement, while leaving mandatory pension
ax/contribution rates unaffected. We describe here the main changes in the pension
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egislation introduced by the reform. A more detailed description of pension rules,
efore and after the reforms, is provided in Online Appendix B. 3 

In the pre-reform period, pension benefits are computed, according to an earnings
odel, multiplying a measure of average earnings before retirement by the product
f number of contribution years (capped at 40 years) and the so-called accrual rate.
orkers employed in the public sector enjoyed more generous provisions than private
mployees (see Online Appendix Table B1). 

The reforms progressively introduced an NDC scheme for those workers who
ad less than 18 years of contribution in 1995 (which we call “middle-aged”
orkers). The NDC links pension benefits to the entire history of earnings, economic
rowth, and retirement age, providing incentives to postpone retirement within a
ossible window defined by the legislator between 57 and 65 years of age (see
nline Appendix Table B2). Pension contributions are proportional to earnings and
apitalized on an annual basis using a 5 years moving average of the GDP growth rate.
ension benefits are obtained multiplying the sum of capitalized contributions by an
ge-increasing transformation coefficient (see Online Appendix Table B1). Because
he NDC was progressively phased-in for middle-aged workers, in the post-reform
egime their pension benefits are computed in part with an earnings model, and in
art with a contributions model, depending on the number of years of contributions
f the worker in 1995. Pension benefits continue, after the reforms, to be computed
ith an earnings model for workers who had at least 18 years of contribution in 1995
which we call “older” workers). However, while the generosity of pension provisions
or older private employees was unaffected by the reform, a parametric reform of
he earnings formula for older public employees (aiming to harmonize rules between
ectors) implied a significant decrease in pension wealth also for this group of workers.

.2. Research Design 

he transition toward the NDC induced a substantial decrease in pension wealth for
any middle-aged workers, for a given retirement age. 4 In a life-cycle setting, these
eforms should make households save more and, accordingly, increase their non-
ension wealth (for a given retirement age) and/or work longer to access higher pension
enefits. 

In the ideal empirical experiment to study the effects of these reforms, at the time of
he reform workers would have been randomly assigned to transition toward the NDC
ystem, within year-of-birth cohorts. This hypothetical experimental design, together
ith the availability of large sample data for treated and control households over their
. Attanasio and Brugiavini (2003 ) and Bottazzi, Jappelli, and Padula (2011 ) also provide details on how 

hese interventions changed both the pension award formula and the eligibility rules. 

. Online Appendix Figure B1 illustrates the NDC induces (in the most simplified setting) a decrease in the 
PV of pension wealth at the pre-reform normal retirement age relative to the pre-reform DB system, and 
n increasing profile of pension wealth NPV over retirement age. We provide an extensive discussion of 
he reform’s impact on pension wealth in Section 5.1 . 

24

https://academic.oup.com/jeea/article-lookup/doi/10.1093/jeea/jvad049#supplementary-data
https://academic.oup.com/jeea/article-lookup/doi/10.1093/jeea/jvad049#supplementary-data
https://academic.oup.com/jeea/article-lookup/doi/10.1093/jeea/jvad049#supplementary-data
https://academic.oup.com/jeea/article-lookup/doi/10.1093/jeea/jvad049#supplementary-data
https://academic.oup.com/jeea/article-lookup/doi/10.1093/jeea/jvad049#supplementary-data
https://academic.oup.com/jeea/article-lookup/doi/10.1093/jeea/jvad049#supplementary-data
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ntire working lives (and the absence of any other confounding events, that is, non-
rthogonal to the reforms) would allow us to estimate not only the causal effect of the
eforms, but also the age-specific treatment effects on discretionary wealth. However,
s is the case for many real-world pension reforms, in our setting, the ideal empirical
xperiment is not available. On one hand, the changes in eligibility criteria and pension
ormulas brought about these reforms provide an arguably exogenous shock to pension
ealth: The reforms give a differential treatment to workers on the basis of their years
f contribution at the date when the law comes into effect (and of their sector of
mployment). To obtain empirical estimates for their average effects, one can therefore
dopt a DiD design in which older private employees work as a control group (under
he standard DiD assumptions; see Online Appendix A.1). On the other hand, the
eform-induced discontinuity along contributory years in 1995-sector of employment
ields a treatment allocation such that treated are on average younger (middle-aged
orkers) than the controls (older workers). Further, we can only observe both treatment
nd control groups over a specific window of their life-cycle. As a result, there is
imited common support over age across treatment status to empirically investigate
ow these reforms affected behavior at different stages of the households’ working
ife (see Online Appendix A.1 for more discussion). 

Most importantly, irrespective of the limitations of the quasi-experimental setting,
he DiD effects of the reforms are not informative on: (i) the offset between public
ension and discretionary wealth (as this requires observing pensions at the individual
evel); (ii) the long-run behavioral response of households (as actual retirement
ecisions of middle-aged workers will be observable only after around 2040); (iii) the
elfare implications of these reforms; (iv) the consequences of alternative changes to
he pension legislation. Albeit key for their evaluation, analysing the welfare effects of
ension reforms is especially challenging due to the complexity of the institutional
ontext (e.g. the incentives provided by the pension rules and the role of financial
arkets) and the dynamic economic environment in which households take joint
ecisions of savings, portfolio allocation, and labor supply in the face of various
ources of risk. 

To overcome some of these challenges, we provide a structural framework
o conduct pension policy evaluation, which we validate exploiting the quasi-
xperimental variation from actual pension reforms. In a first step, we use the
eform-induced discontinuity along contributory years-sector of employment to obtain
mpirical DiD estimates for their average effects on household behavior. The literature
as already empirically analyzed the effects of Italian pension reforms in a DiD setting
n households choices: Miniaci and Weber (1999 ) focus on consumption, Attanasio
nd Brugiavini (2003 ) on saving, Bottazzi, Jappelli, and Padula (2006 ) on private
ealth and Bottazzi, Jappelli, and Padula (2011 ) on portfolio choices. 
In this paper, we rely on the same shock but use the DiD effects to quantitatively

nform a structural life-cycle model of households’ behavior about the most relevant
echanisms in the response of households to the reforms-induced pension wealth
hock. While the DiD estimates are not enough to answer questions (i)–(iv) above
even when the DiD assumptions are satisfied), they can be used to credibly validate the
tructural model using an indirect inference approach. Replicating the same DiD design

https://academic.oup.com/jeea/article-lookup/doi/10.1093/jeea/jvad049#supplementary-data
https://academic.oup.com/jeea/article-lookup/doi/10.1093/jeea/jvad049#supplementary-data
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n the data simulated by the economic model as that employed in the actual data, we
btain unbiased estimates of the structural parameters irrespective of the unbiasedness
f the reduced-form estimates as the causal effect of the reform (Gourieroux et al.
993 ). To match the reduced form effects, we model how households’ decisions—
efore and after the reform—change according to their treatment status, which in turn
epends on sector of employment and years of contribution when the reform has been
ntroduced. 

To assign the treatment status, households are then grouped based on their year-of-
irth (1940–1944; 1945–1949; 1950–1954; 1955–1959; 1960–1964; 1965–1970) and
ector of employment (private and public sector). Households belonging to different
ohorts have different years of contribution when the reform is introduced. Further,
he year-of-birth matters for the life-cycle timing of the reform. When the new regime
hases-in, older workers face a shorter time horizon, for a given retirement age,
o adjust their asset accumulation and portfolio allocation, compared to younger
ouseholds. 

We solve the model in the pre- and the post-reform DB regimes, separately for
ach sector of employment. Further, we solve the model in the post-reform pro-rata
egime separately for each cohort of middle-aged workers and sector of employment,
llowing for heterogeneity in the number of contributory years at the time of the
eform across cohorts. We then simulate counterfactual life-cycle behaviors depending
n households’ treatment status under the pension reform. To ensure that the age
istribution is balanced between simulated and actual data, we pool the simulated
eries for a number of households in each year-of-birth sector of employment cohort
orresponding to that observed in the actual data (see details in Online Appendix F).
he model is estimated through matching the model-predicted reform impacts to the
educed-form reform impacts, that is, using the DiD as auxiliary regressions. We
ugment the set of target moments to include also statistics that capture the age profile
f wealth and financial markets participation in the pre-reform period. We then use
he estimated structural model (which is validated to replicate the empirical effects of
he reforms) to study the long-run behavioral response of households to the reforms,
onduct welfare analysis and study the consequences of alternative pension policies. 

.3. The Data 

e use data from the Bank of Italy Survey of Household Income and Wealth (SHIW)
or the years 1986–2008, which provides a representative sample of the Italian
opulation of households. The SHIW is not only a standard reference to analyze Italian
ouseholds’ balance sheets but also quite unique in recording the joint distribution of
everal demographics, labor market status, earnings, hours of work, consumption, and
sset holdings variables. Here, we discuss the main variables definition and sample
election criteria. Additional details are reported in Online Appendix C. 

Our definition of total assets includes real assets and financial assets, net of
nancial liabilities. We define households as participating in the financial markets if
hey have non-zero investments in one of the following asset classes: mutual funds,
quity, shares in private limited companies, and partnerships. 

https://academic.oup.com/jeea/article-lookup/doi/10.1093/jeea/jvad049#supplementary-data
https://academic.oup.com/jeea/article-lookup/doi/10.1093/jeea/jvad049#supplementary-data
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In both the reduced form and the structural analysis, we consider a unitary model
or households’ behavior and then keep only observations referring to the head of
ousehold and household-level information data. Notice that Italy shows a large gender
ap in labor market participation, which is also reflected in the SHIW data, where the
abor market participation rate among men is around 86 % and among women less than
7 % . We drop households whose heads were born before 1935 and after 1975. These
ouseholds are not marginal to the reform. We also drop information on households
hose heads are neither married nor employed in either the private or public sector.
his leaves us with 14,036 households aged between 25 and 58. To identify the
reatment from the control group, we follow Bottazzi, Jappelli, and Padula (2006 ) and
se the information on whether the head of the household works in the private or in
he public sector. In addition, based on the years of contributions of the households
eads, we distinguish older (at least 18 years of contribution in 1995) from middle-
ged workers (less than 18 years of contribution in 1995). Online Appendix Table C1
eports summary statistics in the SHIW data by sector of employment. 

.3.1. Life-Cycle Profiles. Online Appendix Figure A13 reports the age-profiles
f median consumption to income ratio, wealth-to-income ratio and hours of work,
nd the average financial markets participation, separately for middle-aged and older
orkers. While we cannot draw any conclusion about the effect of the reforms at this
tage, the comparison of the age profiles for the two groups of households provides
ome suggestive evidence. 5 

The consumption to income ratio is lower for the treated than for the control
ouseholds, below age 45, as shown in Online Appendix Figure A13(a), implying
igher saving rates for the group of households targeted by the reform. Similarly,
nline Appendix Figure A13(b) shows a higher assets to income ratio for the middle-
ged at all ages. Online Appendix Figure A13(c) also documents the low propensity of
talian households to hold risky assets, with the treated and control households showing
ubstantial heterogeneity in their portfolio allocation choices. Indeed, the figure shows
 remarkably higher participation rate before age 50 for middle-aged households:
etween ages 30 and 50, the average participation is as low as around 10% for older
orkers, while around 20% of middle-aged households have some positive share of
heir wealth invested in risky assets. In contrast, there seems to be no differences in
he median working hours between the two groups, as shown in Online Appendix
igure A13(d). 

.4. Empirical Evidence on the Effects of the Reform 

.4.1. Empirical Strategy. We inform the estimation of the structural model with the
mpirical effects of the pension reforms on households’ private wealth, participation
. As discussed in Section 2.2 , the reform design implies middle-aged workers are observed, at any given 
ge, later on average than older workers (see Online Appendix Figure A1). Therefore, the vertical distance 
etween the dashed and the continuous lines in Online Appendix Figure A13 does not allow to separate cohort 
rom time effects. Although it is in general not possible to disentangle year, age, and cohort effects without 
dditional information, the overlaps can still provide some insights about differences in life-cycle profiles 
f the two cohorts. 
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n the financial markets, hours of work, and expected retirement age. These effects are
stimated here using a DiD identification strategy. Since the group of older private
mployees was untouched by the reform, while the groups of middle-aged private
mployees and public employees were targeted by the reform, older private employees
re used as the control group. The DiD strategy leads to the following empirical
pecification: 

yit D ı0 C ı1 POST t C ı2 Di C ı3 � PUB i C ı4 POST t � PUB i C ı5 Di � PUB i 

C ı6 POST t �Di � PRI Vi C ı7 POST t �Di � PUB i C "it ; 
(1) 

here y is the relevant outcome variable (log of net wealth-to-income ratio, log hours
f work, expected age of retirement, and financial market participation), POST is a time
f intervention dummy taking value 1 in the period after the reform, PUB and PRIV
re sector of employment dummies taking value 1 if the household head is employed
n the public or private sector, respectively, and D a treatment dummy, taking value 1
f the household head had less than 18 years of contributions in 1995. 6 The coefficients

6 and ı7 associated with the interaction of time dummy POST , treatment dummy D
nd sector of activity dummy, PRIV , or PUB , represent the DiD parameters of interest,
apturing the variation in y induced by the reform to the group of middle-aged private
nd public employees under the DiD assumptions. Notice that the departure from such
ssumptions (linearity and absence of pre-treatment trends) biases the estimation of
he pension reform impacts, but is not an issue in our indirect inference approach. 

We estimate equation ( 1 ) for the log of net wealth-to-income ratio, log hours of
ork, and expected age of retirement using Ordinary Least Squares (OLS), while we
se a probit model for participation in the financial markets. 7 We also include various
emographic variables to control for permanent differences in consumption and asset
ccumulation behavior induced by differences in earning profiles or preferences.
oreover, to capture macroeconomic shocks, we also allow for year dummies. Finally,
e include five cohort dummies indicating whether the head is born between 1945–
949; 1950–1954; 1955–1959; 1960–1964, and after 1965 (households whose head
s born in the years before 1945 are the reference category). In Online Appendix (see
nline Appendix Figures A11 and A12), we show there is substantial within-cohort
ariation in years of contribution in 1995 (and therefore treatment status under the
ension reform), which allows us to separately identify cohort and treatment effects. 

.4.2. Reduced Form Results. The DiD results are reported in Table 1 (a more
omplete set of estimation results is reported in Online Appendix Table A1). 

The results show that middle-aged private and public employees increase the
rivate wealth-to-income ratio by around 18 % and 32 % , respectively (see column 1).
. We define as pre-treatment period the years before 1992 ( P O ST D 0 ), when the first intervention was 
ade, and as post-treatment period the years after 1995, P O ST D 1 . We drop transitional years 1993–
995. 

. We apply the baseline sample selection described in Online Appendix C. 

https://academic.oup.com/jeea/article-lookup/doi/10.1093/jeea/jvad049#supplementary-data
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TABLE 1. DiD estimates for the effects of the pension reforms. 

(1) (2) (3) (4) 
Log net wealth- Participation in Log hours Expected age of 
-to-income ratio financial market of work retirement 

Private employees, middle-aged, 0.175 � 0.049 �� 0.007 0.736 ���
after the reform (0.090) (0.024) (0.009) (0.276) 

Public employees, middle-aged, 0.324 ��� 0.057 �� 0.017 0.784 ��
after the reform (0.091) (0.028) (0.014) (0.349) 

Controls Yes Yes Yes Yes 
Cohort dummies Yes Yes Yes Yes 
Time dummies Yes Yes Yes Yes 

Observations 14,738 15,252 15,218 13,125 
R2 0.106 0.113 0.112 0.136 

Notes: Column 1 reports OLS estimates for log wealth-to-income ratio, column 2 marginal effects from a Probit 
model for financial market participation, column 3 OLS estimates for the log of total hours of work of both spouses, 
and column 4 OLS estimates for the expected age of retirement. The estimates also control for age, gender, and 
education of the household head and household size. The data are obtained from the SHIW 1986–2008 waves. 
We drop the transitional years 1993–1995 as well as households whose heads are older than 58 years or out of the 
labor force. We keep married couples if the household head was born between 1935 and 1970. Standard errors 
for the estimated coefficients are reported in parenthesis, clustered at the household level. Three stars, two stars, 
and one star indicate statistical significance at the 1 % , 5 % ; and at the 10 % confidence level, respectively. 
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he larger response of public employees is consistent with the larger reform-induced
eduction of pension wealth for this group compared to private employees (as described
n Section 2.1 ; see also Section 5.1 ). These results are consistent with those in Attanasio
nd Brugiavini (2003 ) and Bottazzi, Jappelli, and Padula (2006 ), and complement the
esults in Lachowska and Myck (2018 ), who, also adopting a DiD approach, find
 Polish pension reform reducing expected pension wealth induced an increase in
iscretionary savings. Moreover, results in Column 2 provide first empirical evidence
uggesting these reforms induced an increase in financial market participation among
oth middle-aged public and private employees. In contrast, we find no effect on hours
f work for both the middle-aged private and public employees, which suggests that
talian households do not vary hours of work to insure against shocks to pension wealth.
owever, we show that these pension reforms induced instead a substantial revision
n the age of expected retirement for the middle-aged workers (consistently with the
esults in Bottazzi, Jappelli, and Padula 2006 ). 

.4.3. Robustness of Empirical Estimates. We conduct several robustness checks
described in Online Appendix A.1) to the baseline DiD specification and show the
esults are largely unaffected (see Online Appendix Table A2). 

While highlighting the limitations of this quasi-experimental setting to empirically
nvestigate the effects of these reforms at a more disaggregated level, we also
rovide some suggestive evidence regarding the pension reforms effect heterogeneity
y age and cohort (see Online Appendix A.1 for the analyses discussion and

https://academic.oup.com/jeea/article-lookup/doi/10.1093/jeea/jvad049#supplementary-data
https://academic.oup.com/jeea/article-lookup/doi/10.1093/jeea/jvad049#supplementary-data
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resentation). Together, the results (in Online Appendix Table A3) point toward the
younger” middle-aged workers (more consistently those employed in the private
ector) increasing wealth relatively more than “less young” middle-aged workers in
esponse to the reform, but are (unsurprisingly) very noisy. If anything, these empirical
ifficulties provide additional support to the usefulness of a validated structural model
o study the implications of these reforms on household behavior and welfare. 

. The Life-Cycle Model 

he reduced-form evidence presented above suggests the transition toward the NDC
ystem with flexible retirement induced an increase in discretionary wealth (more for
ublic employees), an increase in financial market participation, and a revision in
he expectations regarding future retirement age. However, it is not informative on
he offset between public pension and discretionary wealth, nor the actual retirement
hoices response to the incentives to postpone retirement introduced by the reform.
urther, the DiD results are silent about the welfare implications of the reforms and
annot inform policy makers about the consequences of alternative pension policies.
o answer these questions, we specify a rich life-cycle model based on the institutional
etting and the main facts we observe in the data regarding households’ response to the
eforms. 

.1. Model Setup and Assumptions 

ur stochastic life-cycle model builds on Deaton (1991 ), Carroll (1997 ) Attanasio
t al. (1999 ) and Gourinchas and Parker (2002 ). Households take decisions regarding
onsumption, the allocation of wealth between risky and riskless assets and the age
f retirement. The model therefore extends previous models of portfolio choice (see
omes, Haliassos, and Ramadorai 2021 for a review), typically featuring an exogenous
etirement date, and models with endogenous retirement (e.g. Blundell, French,
nd Tetlow 2016b ), which assume households save in one risk-free asset. Besides
he reduced-form evidence suggesting households increased their financial markets
articipation following the reforms, endogenous portfolio allocation is important in
his context because, by investing part of their wealth in risky assets associated with
igher expected returns, households may increase (in expectation) accumulated wealth
t retirement. Further, the model introduces an NDC scheme, capturing the dynamic
ncentives this system introduces for workers to postpone retirement. Our modeling
hoice to focus on the extensive margin at retirement is driven by the data showing
o effect of these Italian reforms on the intensive margin (as indicated by the DiD
stimates in column 3 of Table 1 ). Because Italy’s health-care system features universal
overage, we do not include uncertain medical expenditure, in contrast to the model of
etirement behavior developed by French and Jones (2011 ). 

Households face uncertainty with respect to financial assets and human capital
eturns as well as length of life. Further, modeling choices are driven by the institutional

https://academic.oup.com/jeea/article-lookup/doi/10.1093/jeea/jvad049#supplementary-data
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etting. Namely, the model is specified to replicate the salient features of the pension
egimes faced by different cohorts before (defined benefits system) and after (pro-
ata/NDC model) the pension legislation change, as we detail below. The time unit
s a year. 

.1.1. Preferences. The utility function is intertemporally separable. The period
tility function is 

u.Ct ; RI zt / D q.zt /
z C

1 ��
t 

1 � � e
'

1 
.1 �R/ � '2 .1 �R/; 

here Ct is consumption, q.zt / is a function of demographic shifters to account for
he evolution of households composition over the life-cycle, z Ct D Ct =q.zt / , R D
 f t � N g , and N are the years of contribution at retirement. Following Attanasio,
ow, and Sanchez-Marcos (2008 ), the parameters are constrained to deliver a
on-homothetic period utility function, with working reducing utility directly and
ndirectly, through reducing the utility of consumption. Therefore, the coefficient of
elative risk aversion � is greater than 1, '1 and '2 are greater than 0. 

.1.2. Bequests. When households die at age t , the remaining wealth, At , is left to
heir heirs. As in De Nardi (2004 ), households value bequests according to the bequest
unction b.At / D �.At C k/1 ��=.1 � �/ , where � is the intensity of the bequest
otive and k the parameter controlling the curvature of the bequest function. 

.1.3. Length of Life. Households live at most until age T , but can die before.
herefore, length of life is uncertain. To model the uncertainty of the length of life,
e denote as dt , the probability that the household is alive in period t C 1 , conditional
n being alive in period t . 

.1.4. Financial Assets Returns. Households allocate their wealth, At , between a
iskless Bt and a risky St asset. The riskless and the risky assets earn returns equal
o rf and rf C �S 

C �tC 1 , respectively, where the excess return from risky assets �S 

s greater than 0 and �tC 1 are independently and identically distributed according to
 .0; �2 

S 

/ . 8 As in Fagereng, Gottlieb, and Guiso (2017 ), we also allow for tail risk in
he risky assets return distribution: The return in the tail event is rtail and the probability
s ptail . 

We assume costly collection and processing of the financial information needed to
ccess the return from the risky asset. Since the access decision is made on a period
asis, households pay a per-period fixed cost,  , to hold the risky assets (see Jappelli
nd Padula 2015 for the interpretation of the fixed participation cost). Moreover,
. We impose zero correlation between shocks to risky returns and labor income. While complicating 
he analysis a non-zero correlation makes little difference in the portfolio rule and thus on the households’ 
imulated portfolio allocations; see Gomes and Michaelides (2005 ). 
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e assume borrowing (non-negative share of the riskless asset) and short-sale (non-
egative share of risky asset) constraints: The share of risky assets, !t D St =At , lies
etween 0 and 1. The return from a household’s portfolio can then be written as 

r
p 

tC 1 D rf 

C !t .�S 

C �tC 1 /: (2) 

.1.5. Earnings. During the working life, households receive gross labor earnings

t : 

YtC 1 D gt Yt vtC 1; (3) 

here vt are permanent i.i.d. shocks to earnings with constant variances, and gt is
he age-varying earnings growth factor. This is a standard permanent-transitory type
arnings process in which, following Scholz et al. (2006 ) among others, we set the
ariance of the transitory shocks to 0, as it mostly reflects measurement error in
arnings. We interpret vt as productivity shocks, for example, shocks to the value and
rice of a worker’s skills. Both shocks’ variances and growth rates are then allowed to
ary with the workers’ sector of employment (private and public sector). In each period
hey work, individuals make social security contributions equal to .�=3/Yt , where � is
he sum of employees’ and employers’ contribution rate. 

.1.6. Pension Wealth and Benefits. In the pre-reform regime, pension benefits, PB ,
re computed according to an earnings model 

PB D �NHN 

; 

here � is the accrual rate (which varies depending on the individual’s sector of
mployment), N are years of contribution, and HN 

is a measure of average earnings
t retirement. We approximate the evolution of average earnings using the following
ynamic equation: 

HtC 1 D . 1 �R/ �h1 Ht C h2 YtC 1 

�C RHN 

; (4) 

here h1 and h2 depend on the individual’s sector of employment and R is an indicator
or whether the individuals are retired. 9 

In the post-reform regime, individuals retire under a pro-rata model, that is a
ombination of earnings and contributions models. Pension benefits are given by 

PB D �N1995 HN 

C 	N 

; 
. In the pre-reform regime, H
N 

corresponds to the last year of earnings for individuals employed in 
he public sector ( h

1 
D 0 and h

2 
D 1 ) and to the average of the last 5 years of earnings for individuals 

mployed in the private sector ( h
1 

D 0:8 and h
2 

D 0:2 ). Therefore, equation ( 4 ) approximates the private 
ector, pre-reform rule. 
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here N1995 is now the number of years of contribution in 1995 and 	N 

is the
ontributions model component of pension benefits, defined as 

	N 

D ˛N 

„N 

; 

here „N 

is the amount of defined contribution wealth accumulated by the
ousehold at retirement and ̨ N 

is the so-called transformation coefficient, increasing
ith age of retirement. Therefore, defined contribution wealth is annuitized at
etirement, coherently with the pension legislation under the pro-rata model, in which
nnuitization of the defined contribution wealth is mandatory. Each period they work,
ndividuals contribute a non-contingent share, �=3 , of their labor earnings to the defined
ontribution account, and receive an employer defined contribution equal to 2�=3 . 10 

efined contribution wealth earns each year a deterministic return factor, x Gt , that
quals the 5 years moving average of the GPD growth factor. During working life
 R D 0 ), defined contribution wealth thus evolves according to 

„tC 1 D . 1 �R/ � x Gt „t C �YtC 1 

�
: (5)

hen the retirement decision becomes available for the working household (between
ges 56 and 64), we can write the evolution of defined contribution benefits as 

	tC 1 D
  x Gt 	t 

˛t 

C �YtC 1 

! 

˛tC 1 : (6)

herefore, by choosing to postpone retirement, individuals obtain higher defined
ontribution benefits 	 through additional contributions ( �YtC 1 ) as well as higher
ransformation coefficients ( ̨ tC 1 =˛t > 1 , under the NDC scheme). 

.2. The Households’ Problem 

ouseholds choose consumption, the portfolio share of risky assets and retirement age
o maximize 

E0 

(  

T X 

tD 0 

ˇt 
�
dt u.Ct ; RI zt / C .1 � dt /b.At /

�)  

; 

here ˇ < 1 is the subjective discount factor. Before retirement, the dynamic budget
onstraint reads as 

AtC 1 D
�
1 C r

p 

tC 1 

� �
At C

�
1 � �

3 

�
YtC 1 � Ct �   � 1 .!t > 0/ 

	
; (7)
0. These contribution rules reproduce those in the actual institutional setting. The Italian system 

dentifies a list of contingencies, including unemployment, job mobility, and disability, during which the 
tate contributes on the individual defined contribution account in lieu of workers and employers. For this 
eason, we assume a working household to contribute to the defined contribution account in each period 
up to age 56) in the post-reform regime. 
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nd after retirement as 

AtC 1 D
�
1 C r

p 

tC 1 

� �
At C PB � Ct �   � 1 .!t > 0/ 

�
: (8) 

In solving the model, we assume that households retire at a fixed age under the
arnings model. In the pre-reform regime, workers are indeed observed to retire as
oon as they fulfill eligibility requirements (Brugiavini 1999 ). 11 Under the pro-rata
odel, households are allowed to choose their retirement age in the 57 � 65 window,
eplicating a key institutional element of the post-reform regime. Moreover, in contrast
o French (2005 ), where retirement is modeled as a participation choice and then
ouseholds can reenter the labor market, we explicitly model the retirement choice
s an absorbing state: When they retire, households begin to receive pension benefits
ntil they die. This is motivated by the circumstance that both the pre- and post-reform
ension legislation put strong limitations on the possibility to work after retirement. 

.2.1. State Variables. The dynamic optimization problem of the household is
haracterized by the state variables: age ( t ), assets ( A ), labour earnings ( Y ), average
arnings ( H ), defined contribution wealth ( „), and pension benefits from defined
ontribution wealth ( 	). 12 Defined contribution wealth ( „) and benefits ( 	) are state
ariables only in the post-reform regime. We denote the set of state variables as

t D f t; A; Y; H; „; 	g . 
We provide below the recursive formulation of the households optimization

roblem. In each period the household consumes, chooses the portfolio composition
nd (between age 57 and 65) the extensive margin of labor supply, given the wealth
vailable at the beginning of the period, the level of permanent income, average
arnings, defined contribution wealth, and benefits. We present the household’s
roblem in the periods after retirement and before retirement when the decision to
etire is (between ages 57 and 65) or is not available. 

.2.2. The Problem after Retirement. In both the pre and post-reform setting, the
fter retirement Bellman equation is 

V R 

t .Xt / D max 
f C

t 
;!

t 
g 

n 
u.Ct ; 1 I zt / C ̌ Et 

h 
dtC 1 V

R 

tC 1 .XtC 1 / C .1 � dtC 1 /b.AtC 1 /
i o 
; 

ubject to equation ( 8 ). 
1. Online Appendix Figure B1 illustrates the earnings model provides strong incentives to retire as soon as 
he worker meets eligibility criteria: retiring after the normal retirement age decreases the NPV of pension 
ealth. 

2. Similarly to O’Dea (2018 ), „ wealth is a state variable only up to age 56 (when the retirement 
ecision becomes available), with defined contribution benefits � being a state variable only after age 
6. The transition from defined contribution wealth to defined contribution benefits at age 56 is governed 
y the equation: 

�
57 

D

 x G

56 
„

56 
C �Y

57 

�
˛

57: 

09 July 2024
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The working household problem when the retirement decision is not available
efore the reform (and after the reform for households younger than 57), the recursive
ormulation of the household problem is: 

Vt .Xt / D max 
f C

t 
;!

t 
g ̊
u.Ct ; 0 I zt / C ̌ Et 

�
dtC 1 VtC 1 .XtC 1 / C .1 � dtC 1 /b.AtC 1 /

��
; 

ubject to equations ( 3 ), ( 4 ), ( 5 ), and ( 7 ). 

.2.3. The Working Household Problem When The Retirement Decision is Available.
fter the reform, households can decide when to retire between ages 57 and 65. In each

 2 Œ56; 64
, the working household must then solve two problems, corresponding to
he decision to retire ( R D 1 ) or keep working ( R D 0 ): 

vt .Xt ; R D 1/ 

D max 
f C

t 
;!

t 
g 

n 
u.Ct ; 1 I zt / C ̌ Et 

h 
dtC 1 V

R 

tC 1 .XtC 1 / C .1 � dtC 1 /b.AtC 1 /
i o 
; 

vt .Xt ; R D 0/ 

D max 
f C

t 
;!

t 
g ̊
u.Ct ; 0 I zt / C ̌ Et 

�
dtC 1 VtC 1 .XtC 1 / C .1 � dtC 1 /b.AtC 1 /

��
; 

ubject to equations ( 3 ), ( 4 ), ( 6 ), ( 7 ), and ( 8 ), and where vt .Xt ; R/ is the retirement
hoice-specific value function. The decision problem of the working household
hether to retire at time t can then be expressed recursively as 

Vt .Xt / D max ̊ vt .Xt ; R D 0/; vt .Xt ; R D 1/
�
: 

The problem cannot be solved analytically and we derive the policy rules
umerically by backward induction. The solution algorithm combines continuous and
iscrete choices based on modifications of the algorithms in Iskhakov et al. (2017 )
nd Druedahl and Jørgensen (2017 ), and is especially close to the nested endogenous
rid method in Druedahl (2021 ). For each level of the discretized state space for
ermanent income, average earnings, defined contribution wealth and benefits, we then
mploy the Endogenous Grid Method proposed by Carroll (2006 ) to derive the optimal
onsumption function on an exogenous grid for cash-on-hand, and then compare
he corresponding value-of-choice to compute the discrete retirement and portfolio
hoices. Details on the solution algorithms are reported in Online Appendix E. 

. Estimation and Results 

he estimation is in two-steps, as in Gourinchas and Parker (2002 ). The first step
ocuses on the parameters that are estimated outside the structural model: the earnings
rocess, the risky asset returns distribution, the survival probabilities, the demographic
hifters, the curvature of the bequest function, and the parameters characterising the
ension rules. The latter closely replicate those legislated for older and middle-aged

https://academic.oup.com/jeea/article-lookup/doi/10.1093/jeea/jvad049#supplementary-data
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orkers, before and after the reforms (differentiating by sector of employment). This
rst step is described in detail in Online Appendix D. 
Preferences ( ̌ , � , � , '1 , '2 ), fixed-costs (  ), and the probability of disastrous

vent ( ptail ) parameters are estimated in the second step resting on the Gourieroux
t al. (1993 ) indirect inference approach. 

.1. Structural Parameters Estimation 

stimation of the structural parameters exploits the exogenous variation induced by the
ension reforms. To do this, we construct moments conditional on treatment status and
llow for heterogeneous policy variation between households’ cohorts. We explicitly
arget the DiD estimates for the effects of the pension reforms obtained from the
ctual data. The effects of a pension reform in a life-cycle framework predicted by the
conomic model also depend on the level of wealth accumulated by the households
and their portfolio allocation) prior to the introduction of the policy. Therefore, to
end further credibility to our validation exercise, we also target moments describing
he evolution of wealth and participation over the working life in the pre-treatment
eriod. 

Therefore, the approach implies minimizing the distance between the DiD
stimates on actual and simulated data (therefore using equation ( 1 ) as auxiliary model)
nd some additional target moments included to capture the age-profile of wealth and
articipation in the financial market during the working life in the pre-treatment period.
dentification exploits then the exogenous variation induced by the pension reforms as
ell as pre-treatment information. The indirect inference approach, by replicating the
ame empirical design in the simulated data as that used in the actual data, delivers
onsistent estimates of the structural parameter and of the reform impacts, even when
iD estimates on actual data fail to do so. Hence, the threats to the validity of the DiD
ssumptions are not an issue for the estimation of the structural model parameters and
he analysis of the life-cycle effects of pension reforms. 

We simulate the behavior of 10,000 households. For each sector of employment,
e simulate the behavior of six year-of-birth cohorts of households (1940–1944; 1945–
949; 1950–1954; 1955–1959; 1960–1964; 1965–1969) over their life-cycle. Each
ousehold is assigned an initial level of income and wealth-to-income ratio as drawn
rom the empirical joint distribution of income and wealth (conditional on sector of
mployment) in the SHIW data for individuals aged 24–28, as in French (2005 ). We
ake random draws from the risky asset returns and mortality distributions, as well
s the sector of employment-specific earnings process. These are then used, together
ith the cohort-specific policy functions (before and after the pension reform) and
ension award formula, to simulate the behavior over the life-cycle, accounting for
he pension policy change in 1995. 13 Notice that the age of the policy change varies
3. Online Appendix Table A8 reports average simulated replacement rates for selected sub-groups of 
ouseholds. 

https://academic.oup.com/jeea/article-lookup/doi/10.1093/jeea/jvad049#supplementary-data
https://academic.oup.com/jeea/article-lookup/doi/10.1093/jeea/jvad049#supplementary-data
https://academic.oup.com/jeea/article-lookup/doi/10.1093/jeea/jvad049#supplementary-data
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etween cohorts. Then, we pool the simulated series for a number of households in
ach year-of-birth-sector of employment cohort that is proportional to that observed
n the SHIW 1986–2008 data. That is, for each combination of sector of employment
nd cohort, we simulate the behavior of a number of households that is proportional
o the observed number of households in that group. Finally, applying the additional
ample selection described in Section 2.3 , we obtain a simulated sample that mimics
he composition of the actual sample used to estimate equation ( 1 ) in Section 2.3 . We
onstruct the remaining variables (treatment status, pre- or post-treatment period and
heir interactions with the sector of employment) relying on year-of-birth (the median
ear in the year-of-birth range) and sector of employment information. 

We use two sets of moment conditions. The first set collects the DiD estimates
rom the OLS regressions of the wealth-to-income ratio and of the financial market
articipation (marginal effects) for private and public employees. The second describes
he pre-treatment behavior of households: We target median wealth-to-income ratios
nd average participation rates for households in the age groups 25–35, 36–45, and 46–
5, separately for private and public employees, as well as the (unconditional) median
ealth-to-income ratio between 65 and 75 years of age. Specifically, we run median
egressions of the wealth-to-income ratio on a third order polynomial of the household
ead’s age, dummies for household size, cohort and year dummies, separately for
rivate and public employees, and then take the predicted conditional median wealth-
o-income ratio by age group. 14 

The model is overidentified since we estimate seven parameters ( ̌ , � , � , '1 ,

2 ,  ; and ptail ) to match 17 moments in the data. 15 We minimize the weighted
istance between the target moments in the simulated and actual data using a simulated
nnealing algorithm (Kirpatrick, Gelet, and Vecchi 1983 ). Following the suggestion
n Pischke (1995 ), we use the inverse of the diagonal of the bootstrapped variance-
ovariance matrix of the moments as a weighting matrix. 16 Details on the estimation
rocedure are reported in Online Appendix F. 

.1.1. Identification. The parameters are jointly identified and several sources of data
ariability contribute to identification, with a changing degree between parameters.
n Online Appendix F, we discuss how identification of each model parameter relies
n which source of variation in the data. A crucial identifying assumption is that the
4. A similar approach is adopted to estimate the age profile of stock market participation, employing a 
inear probability model. 

5. Since the domain of the parameters '
1 
and � corresponding to a given level of utility cost of work and 

arginal propensity to bequeath, respectively, depends on the values of ̌ and � , to increase the efficiency 
f the estimation algorithm, we estimate the utility cost of work Q '

1 
and the marginal propensity to bequeath 

Q instead. For a given set of parameter values, we back out '
1 
and � using '

1 
D .1 � �/ log .1 � Q '

1 
/ and 

D .1=ˇ.1 C r
f 

//Œ.1= Q � � 1/.1=.1 C r
f 

//��� . 

6. The approach addresses the small sample bias issues from the adoption of the optimal weighting 
atrix shown by Altonji and Segal (1996 ). 

n 09 July 2024
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TABLE 2. Estimated structural parameters. 

Parameter Value Standard error 

Time discount factor ˇ 0.9919 (0.0002) 
Coefficient of relative risk aversion � 1.6103 (0.0091) 
Financial markets participation cost  766.13 (1.7627) 
Tail event probability ptail 0.0205 (0.0001) 
Utility cost of work z '1 0.1417 (0.0034) 

'2 0.0006 (0.0001) 

Marginal propensity to bequeath Q � 0.8761 (0.0015) 

Notes: The estimates are obtained using an indirect inference approach. The simulated annealing algorithm is used 
to minimize the distance between moments of actual and simulated data. The cost of financial market participation 
is expressed in 2010 euros. Asymptotic standard errors are reported in parentheses. 
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ension reforms did not impact the preference parameters and the cost of financial
arket participation. 

.2. Estimation Results 

able 2 reports the estimation results. The estimate of the time discount factor, ˇ, is
lose to 0.99, which amply falls in the ballpark of previous estimates for dynamic life
ycle models (see French 2005 ). We estimate a coefficient of relative risk aversion
qual to around 1.61, a value close to those estimated by Attanasio and Weber (1995 )
nd by Gourinchas and Parker (2002 ). 17 Our estimate for the marginal propensity to
equeath (0.88) corresponds to a value for the intensity of the bequest motive, � , of
bout 24, and is broadly in the range of those estimated in the literature. Specifically,
t is close to that estimated by De Nardi, French, and Jones (2010 ) (0.88), and smaller
han that estimated by Lockwood (2018 ) (0.96). 

The estimated per-period cost of stock market participation is around 766 in 2010
uro. This value falls in the middle of the range of estimates for the median per-
eriod cost of participation (650–930) obtained by Vissing-Jorgensen (2004 ). 18 For the
edian income earners, this estimate implies a cost between around 4.8% (for younger
ouseholds) to around 2.7% (for older households) of the annual net household income,
hus in the lower part of the range of estimates (4%–6%) obtained structurally by
horunzhina (2013 ). Our estimate for the tail event probability (2%) falls within the
ange of values (0.6%–3.2%) that Fagereng, Gottlieb, and Guiso (2017 ) argue to be
onsistent with the stock market crashes history between 1920 and 2010. 

As in Attanasio, Low, and Sanchez-Marcos (2008 ), the  2 parameter reflects
he utility cost of deciding to not retire and work 1 year longer. Our estimate for
7. Higher values have been employed in the calibration of life-cycle models when trying to match 
nancial market participation rates over the life-cycle, as in Fagereng, Gottlieb, and Guiso (2017 ). 

8. We obtain this range converting the median estimates of $350 (in 1983 dollars) for 1994 and $500 
or 1989 in 2010 euro. 
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his parameter is 0.0006. We find a significant degree of substitutability between
onsumption and leisure in utility. Specifically, we estimate a utility cost of working
quivalent to around 14 % of consumption, which compares to the 7:3 % equivalent cost
f working calibrated by Attanasio, Low, and Sanchez-Marcos (2008 ). 19 

.2.1. Sensitivity. To support the arguments on the identification of the model,
e analyse the sensitivity of the parameter estimates to changes in the target
oments using the measure proposed by Andrews, Gentzkow, and Shapiro (2017 ).
he sensitivity measure, reported in Online Appendix Figure F1, confirms the main
ntuition for identification outlined above, and shows in particular the importance of
he DiD estimates for the effects of the reform to pin down the parameter values of the
tructural model. 

.2.2. Goodness of Fit. Table 3 reports the value of the auxiliary moments/
arameters in the simulated data, in the SHIW data and the 95% confidence interval
CI) for the difference between data and simulations. 20 The pre-reform age profile of
oth the wealth-to-income ratio and the financial market participation in the simulated
ata is close to that in the actual data. The model also mimics satisfactorily the
eterogeneity between sectors of employment. Remarkably, for all age groups, the
heoretical moments fall within the 95% CI of the corresponding empirical moments.
nline Appendix Figure A14 helps to visualize the comparison between simulated and
ctual data and confirms the ability of the model to replicate observed pre-treatment
oments. The model does also a good job in replicating the DiD estimates obtained
rom estimating the equation ( 1 ) for the wealth-to-income ratio and the financial market
articipation. All the DiD estimates (for private and public employees) obtained using
he simulated data are close to the corresponding empirical estimates and fall within
heir 95% CI. 

Online Appendix Figure A8 shows the model also predicts well the (untargeted)
ge profile of wealth-to-income ratio of middle-aged workers observed in the SHIW
ata in the post-reform (see details in Online Appendix A.3), providing additional
redibility to the model as a tool to conduct counterfactual pension policy evaluation.
lthough we cannot observe the retirement choices of the cohort of middle-aged
orkers (and therefore we do not target retirement behavior directly in our estimation
trategy), we can provide some evidence whether the model-predicted retirement
ehavior is consistent with the average expected age of retirement of middle-aged
orkers in the SHIW data after the reform. 21 As reported in OnlineAppendix TableA4,
he model predicts middle-aged workers to retire at around 62.27 years of age on
verage (very similar for private and public employees). Remarkably, this is consistent
9. The estimate for the utility cost of working corresponds to a value of '
1 
of around 0.09. 

0. Details on the computation of the confidence intervals are reported in Online Appendix F. We follow 

ow and Pistaferri (2015 ) with this approach to evaluate the goodness of fit. 

1. Middle-aged workers will become eligible to claim benefits for early retirement starting from around 
030. 

https://academic.oup.com/jeea/article-lookup/doi/10.1093/jeea/jvad049#supplementary-data
https://academic.oup.com/jeea/article-lookup/doi/10.1093/jeea/jvad049#supplementary-data
https://academic.oup.com/jeea/article-lookup/doi/10.1093/jeea/jvad049#supplementary-data
https://academic.oup.com/jeea/article-lookup/doi/10.1093/jeea/jvad049#supplementary-data
https://academic.oup.com/jeea/article-lookup/doi/10.1093/jeea/jvad049#supplementary-data
https://academic.oup.com/jeea/article-lookup/doi/10.1093/jeea/jvad049#supplementary-data
https://academic.oup.com/jeea/article-lookup/doi/10.1093/jeea/jvad049#supplementary-data
https://academic.oup.com/jeea/article-lookup/doi/10.1093/jeea/jvad049#supplementary-data
https://academic.oup.com/jeea/article-lookup/doi/10.1093/jeea/jvad049#supplementary-data
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TABLE 3. Goodness of fit. 

Target moments 

Pre-treatment statistics Sector Age group Model Data [95% CI Difference] 

Wealth-to-income ratio Private 25–35 1.70* 2.20 �0:20 1.22 
36–45 2.79* 2.89 �0:11 0.31 
46–55 3.58* 3.60 �0:51 0.55 

Public 25–35 1.71* 1.65 �0:81 0.68 
36–45 2.96* 2.97 �0:25 0.25 
46–55 3.88* 4.13 �0:34 0.86 

All 65–75 6.58* 6.58 �0:21 0.23 

Financial markets part. Private 25–35 0.042* 0.082 �0:017 0.096 
36–45 0.098* 0.104 �0:017 0.030 
46–55 0.131* 0.129 �0:044 0.040 

Public 25–35 0.054* 0.045 �0:078 0.058 
36–45 0.081* 0.072 �0:025 0.007 
46–55 0.098* 0.097 �0:059 0.057 

DiD estimates Sector 

(Log) wealth-to-income ratio Private 0.237* 0.182 �0:270 0.160 
Public 0.331* 0.333 �0:204 0.209 

Participation Private 0.041* 0.043 �0:037 0.042 
( Marginal effects ) Public 0.042* 0.043 �0:050 0.051 

Notes: The wealth-to-income ratio refers to the age-group median, the financial markets participation to the 
age-groups fraction of households holding risky assets in their portfolios. The 95% confidence intervals for 
the difference between data and simulations is also reported. *Indicates simulated moment falls within the 95% 

confidence interval of the empirical moment. 
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ith the increase in the (untargeted) average expected age of retirement of middle-aged
orkers elicited in the SHIW data in the post-reform period (62.31 years). 

.2.3. Robustness of Structural Estimates and Model Predictions. We provide an
xtensive sensitivity analysis of structural parameter estimates and main model
redictions (see details in Online Appendix A.4). The estimated structural parameters,
oodness of fit, and main model predictions of each robustness analysis are reported
n Online Appendix Tables A5, A6, and A7, respectively. 

. Implications 

.1. The Effects of the Reforms on Pension Wealth 

o understand and evaluate the effects of the pension reforms on behavior and welfare,
e start from a discussion of their effects on pension wealth. Details on this simulation
xercise, additional discussion, and results are reported in Online Appendix A.2. 

https://academic.oup.com/jeea/article-lookup/doi/10.1093/jeea/jvad049#supplementary-data
https://academic.oup.com/jeea/article-lookup/doi/10.1093/jeea/jvad049#supplementary-data
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We first simulate the effects of the reform on pension wealth across the distribution
f contributory years at the time of the reform (keeping retirement age at the pre-reform
alue). Online Appendix Figure A4 shows that, while the reforms left pension wealth
lmost unaffected for private employees with 18 years of contribution at the time of the
eform (i.e. “youngest” older workers—control group under the reforms), they induced
 ' 6 % decrease on average for private employees with 17 years of contribution (i.e.
oldest” middle-aged workers). Public employees with 17 years of contribution at the
ime of the reform experienced an even larger decline in pension wealth ( ' �21 % ).
urther, Online Appendix Figure A4 shows the reform induces a homogeneous (for
rivate employees) or slightly increasing (for public employees) effect on pension
ealth across households’ age at the time of the reform. This is due to fewer years
f contribution in 1995 corresponding to younger households, that is, households who
ccumulate more defined contribution wealth under the pro-rata model. We show the
reater effects of the reform on pension wealth among public employees arise from the
ore generous pension provisions they are entitled to in the pre-reform period, rather
han heterogeneity in the income process across sectors (results in Online Appendix
igure A5). 
The average impacts of the reform on pension wealth mask substantial

istributional effects. Intuitively, the transition from an earnings model (where benefits
epend on last years of earnings) toward the NDC (in which benefits depend on the
ntire history of earnings) induces a greater decrease in pension wealth for those
xperiencing higher labor income growth over their working life. In the model,
eterogeneity in the effects of the reform is driven, conditional on employment sector,
y heterogeneity in realized growth rates of lifetime earnings (the ratio of total labor
ncome earned during the working life over initial labor income). Despite facing
ommon and deterministic age profiles of earnings, individuals experience different
ealized growth rates of earnings due to the realization of the idiosyncratic permanent
ncome shocks. Figure 1 shows the effects of the reform on pension wealth against
he deciles of realized growth rates of lifetime earnings (defined over the whole
imulated sample) separately for public and private employees (for a given cohort). The
istributional implications of the reform on pension wealth are substantial: households
n the tenth decile of the distribution of lifetime earnings growth experience about 30%
reater negative effects on pension wealth than households in the first decile of the
istribution. These results are likely to mask additional heterogeneity. One important
ource of heterogeneity is the level of education, which in turn is likely to affect
he earnings age profile. The results in Figure 1 suggest higher educated households
ight then experience, ceteris paribus, greater negative pension wealth shocks from
he transition from DB toward NDC. 

While we rely on the reforms-induced variation in pension rules for private and
ublic employees to estimate the model, in Online Appendix A.2, we also characterise
he incentives brought about these reforms for the generality of self-employed. 

https://academic.oup.com/jeea/article-lookup/doi/10.1093/jeea/jvad049#supplementary-data
https://academic.oup.com/jeea/article-lookup/doi/10.1093/jeea/jvad049#supplementary-data
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https://academic.oup.com/jeea/article-lookup/doi/10.1093/jeea/jvad049#supplementary-data
https://academic.oup.com/jeea/article-lookup/doi/10.1093/jeea/jvad049#supplementary-data
https://academic.oup.com/jeea/article-lookup/doi/10.1093/jeea/jvad049#supplementary-data
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FIGURE 1. Distributional effects of the reform on pension wealth. The figure reports the effects of 
the reform on pension wealth against the deciles of realized growth rates of lifetime earnings, for a 
given cohort (born in 1960–1965), separately for public and private employees. The effects of the 
reform at the individual level are computed as the log difference of counterfactual pension benefits 
earned under the pro-rata and the earnings model, fixing retirement age at the pre-reform value. 

5

W  

t  

s  

s  

s  

w  

i  

r  

s

w  

i
 

e  

r  

i  

2
p
a
u

D
ow

nloaded from
 https://academ

ic.oup.com
/jeea/article/22/1/355/7260851 by U

ni Venezia user on 09 July 2024
.2. Displacement Effect 

e can use simulated wealth and pension benefits generated by the model to investigate
he offset between discretionary and social security wealth. For each individual i in the
imulated sample, we construct the effect of the reform on private wealth ( �Ai;t ) and
ocial security wealth ( �PBi;t ) at age t as the the percentage change between the
imulated actual behavior in the presence of the reform ( AA 

i;t and PB
A 

i;t for private
ealth and pension benefits, respectively) and the simulated counterfactual behavior
n the absence of the reform ( AC 

i;t and PB
C 

i;t for private wealth and pension benefits,
espectively). 22 To obtain an estimate of the model-implied offset between private and
ocial security wealth, we estimate the following equation on simulated data: 

�Ai;t D ıA 

0 C ıA 

1 �PBi;t C "i;t ; (9) 

here c ıA 

1 indicates the response of accumulated savings for retirement to a variation
n expected pension benefits predicted by the structurally estimated economic model. 

To isolate the effect of changes in pension benefits on savings, we first estimate
quation ( 9 ) for each cohort shutting off the retirement choice in the model (setting
etirement age at the pre-reform value). Second, to understand the role of retirement
n the offset, we conduct the same analysis allowing households to flexibly choose
2. Notice that percentage changes in pension benefits equal percentage changes in social security wealth, 
rovided that pension benefits are constant after retirement and assuming that the pension reform does not 
ffect the individual survival probabilities. In Online Appendix A, we also report results on the offset obtained 
sing euro changes in discretionary and public pension wealth. 

https://academic.oup.com/jeea/article-lookup/doi/10.1093/jeea/jvad049#supplementary-data
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FIGURE 2. Response of discretionary wealth to changes in pension wealth. The figure reports OLS 
estimates for equation ( 9 ) on simulated data. Each bar corresponds to the point estimate for the 
model-predicted offset between public pension and discretionary wealth, in various counterfactual 
experiments. A total of 95% confidence intervals are also reported. Panel (a) reports the results for 
the offset by the timing of the reform over the households’ life-cycle, keeping retirement age at 
the pre-reform levels. The first two bars on the left correspond to the estimated offset for older and 
middle-aged workers, respectively. Bars 3–6 indicate the estimated offset for the cohorts of workers 
born in the years 1940–1944, 1945–1949, 1950–1954, and 1960–1964, respectively. The last bar on 
the right of panel (a) corresponds to the offset estimated for households that face the introduction of 
the reform at the beginning of the working life. Panel (b) compares the offset shutting off endogenous 
retirement and allowing for flexible retirement choices of middle-aged workers (first two bars on the 
left), the cohort of workers born in 1960–1964 (bars 3 and 4) and households that face the introduction 
of the reform at the beginning of the working life (bars 5 and 6). 
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hen to retire. We focus on simulated discretionary wealth at the end of working life
 t D 60 ). 

Figure 2 (a) reports the model-predicted percentage change in discretionary wealth
ollowing a 1% reform-induced variation in pension wealth for different timings of
he reform over the working life (i.e. for different cohorts), obtained fixing labor
upply. The comparison between the model-predicted response with fixed and flexible
etirement is reported in Figure 2 (b) (for the entire group of middle-aged workers,
 specific cohort, and simulating the reform from the age of 25). Results obtained
sing changes in euros for both public pension and discretionary wealth are reported
n Online Appendix Figure A16. The model predicts a 10 % decrease in benefit
enerosity induces an average increase in discretionary wealth at retirement of around
.1% and 6.2 % for older and middle-aged workers, respectively. Clearly, these value
hould not be interpreted as estimates for the offset because the pension wealth shock
ccurred during the working life (at ages 53, 48,…, for the cohort of workers born
n the years 1940–1944, 1945–1949,…, respectively). As expected, the response of
rivate wealth to changes in pension benefit generosity decreases with the age at
hich workers face the pension wealth shock. Figure 2 (a) shows then the extent to
hich older households are less willing to replace lost social security wealth with
iscretionary wealth, compared to what they would do were they facing the post-reform
ension rules from the beginning of their working life. Online Appendix Figure A17

https://academic.oup.com/jeea/article-lookup/doi/10.1093/jeea/jvad049#supplementary-data
https://academic.oup.com/jeea/article-lookup/doi/10.1093/jeea/jvad049#supplementary-data
https://academic.oup.com/jeea/article-lookup/doi/10.1093/jeea/jvad049#supplementary-data
https://academic.oup.com/jeea/article-lookup/doi/10.1093/jeea/jvad049#supplementary-data
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eports the percentage change in discretionary wealth before retirement (at age 60,
long run ”) and 5 years after the introduction of the reform (“short run ”), for each
ecile of reforms-induced variation in pension benefits. 23 While the short-run response
bviously understates the total effect on the accumulation of savings for retirement, the
gure shows how bias increases with the (negative) variation in pension benefits. 
To rule out the bias from observing households with varying planning horizons

Gale 1998 ) and obtain the model-predicted offset between public pension and
iscretionary wealth, we use the estimated model to simulate the introduction of
he reform at age 25. The estimated model predicts an offset between discretionary
ealth and social security wealth of around �0.64. This value falls in the ballpark
f the estimates in the literature (see, e.g. Bottazzi, Jappelli, and Padula 2006 and
lessie, Angelini, and van Santen 2013 ), and suggests the displacement effect between
ublic pension and private wealth is lower than one also in a model with perfectly
nformed and financially sophisticated individuals. Figure 2 (b) shows that the model-
redicted response of discretionary wealth to public pension wealth shocks is softened
hen households can flexibly choose when to retire. Specifically, the estimated model
redicts an offset between public pension and discretionary wealth of around �0:55
hen labor supply is allowed to vary, significantly lower than that predicted in the case
f fixed labor supply. 

.3. The Response of the Retirement Age 

hat is the role of the retirement age in explaining households’ savings responses
o pension wealth shocks? In the post-reform regime, households can access higher
ension benefits by retiring later. As shown in Section 4 , the model-predicted response
f households to the pension reforms in terms of savings for retirement and stock
arket participation is consistent with an increase in the retirement age (as well as

he expected age of retirement of middle-aged workers elicited in the SHIW data). 
To investigate the importance of retirement decisions against shocks to pension

ealth, we exploit the simulated percentage change in pension benefits induced by
he reform (at the age of 60, i.e. the retirement age in the pre-treatment period) across
iddle-aged workers, and the simulated effect on retirement age (constructed as the
ifference between the simulated post-treatment retirement age and the retirement age
n the pre-reform regime.) We estimate the following simple equation using simulated
ata: 

� log RET i D ıR 

0 C ıR 

1 � log PB i C "i ; 

here � log RET D log RET 

A � log RET 

C is the log change in the age of retirement
in years), at the individual level, in the presence, and in the absence of the policy

hange. c ıR represents the simulated response of retirement to changes in the generosity
1 

3. The ranking considers the percentage change in pension benefits induced by the reform. 
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FIGURE 3. The extent of insurance through the retirement age. Each point corresponds to the model- 
predicted response of retirement to changes in pension wealth, in each decile of reform-induced 
variation in pension benefits. The response is expressed as the difference between the simulated 
retirement age under the post-reform NDC scheme and that under the pre-reform defined benefit 
regime. 
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f the social security system. We find a value of c ıR 

1 D �0:085 . The model predicts
hen households to increase the retirement age by around 0.9% (about 0.5 years)
ollowing a 10% decrease in the pension benefits they would receive for a given age
f retirement. This is one of the first quantification of the pension wealth effect on
etirement exploiting variation in benefit generosity. 24 

Figure 3 plots the increase in retirement age in years by deciles of variation in
ension benefits induced by the pension reform, showing the extent of the labor supply
esponses to a reduction in expected pension benefits (for a given retirement age)
redicted by the estimated model. The model predicts individuals to work up to 3 years
onger to offset the reduction in benefit generosity. 

.4. Life-Cycle Welfare Effects 

s discussed in Section 5.1 , the effects of the reforms on pension wealth are
ubstantially heterogeneous across the distribution of realized lifetime earnings
4. Few studies have documented the impact of real-world reductions in benefit generosity on (the 
xtensive margin of) labor supply. Krueger and Pischke (1992 ), Snyder and Evans (2006 ), and Gelber 
t al. (2017 ) empirically study the effect of benefit generosity on employment exploiting the lower benefits 
f the cohort of US individuals born in the period 1917–1922. While the former study finds no evidence 
f benefit generosity on employment, the last two find considerable labor supply responses that might 
nderstate the true effects from increasing benefit generosity because of limited awareness about the policy 
hange among the affected cohorts. Further, Manoli and Weber (2016 ) provide non-parametric evidence 
f substantial retirement decisions response to financial incentives using data from Austria. 
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rowth. Further, the reform hit the different cohorts of households in different moments
f their life cycle. The later in the working life households face a reduction in expected
ension wealth for a given retirement age, the smaller their ability might be to close the
ap between the optimal amount of discretionary wealth they accumulated in the pre-
eform regime and that they would have accumulated had they faced the post-refom
egime since the beginning of their working lives. 

To study the potential distributional welfare effects of the reforms, we use a welfare
etric similar to Low, Meghir, and Pistaferri (2010 ). 
We compute the counterfactual lifetime utility from t1995 , the (cohort-specific) age

t which the pension legislation occurs, to T in two settings, had the change actually
ccurred ( m D A ) or not ( m D C ), using the corresponding simulated decision
rofiles: 

Et
1995 

Um 

i D 

T X 

tD t
1995 

ˇt�t
1995 u.Cm I i;t ; Rm I i;t I zi;t /: 

Following Low, Meghir, and Pistaferri (2010 ), we define �i as the fraction of
onsumption needed to make an individual indifferent between the m D A and m D C 

ettings: 

Et
1995 

UC 

i D 

T X 

tD t
1995 

ˇt�t
1995 u

�
.1 � �i /CA I i;t ; RA I i;t I zi;t 

�
; 

rom which we can derive �i D 1 � .Et
1995 

UC 

i =Et
1995 

UA 

i /
1=.1 ��/ . We interpret �i as

he consumption-equivalent welfare effect of the reform. 
The average value of �, for each cohort-sector of employment group, is reported

n Online Appendix Table A9. Because of the exogenous average reduction in lifetime
esources, the introduction of the pension reform induced a welfare loss on average.
lso, because of the greater reduction in pension benefits for a given retirement age
aced by public employees (mainly due to the more generous pre-treatment pension
rovisions), workers employed in this sector experienced larger welfare losses. 

Most importantly, the welfare analysis shows that households experienced a larger
elfare loss the closer to the (pre-treatment) retirement age they are when the policy
hange is introduced, conditional on treatment status. Clearly, since different cohorts
f households faced heterogeneous variations in expected pension wealth due to the
eform, these heterogeneous welfare losses across cohorts may be just the consequence
f the specific pension policy design. 25 Figure 4 reports the welfare effects by deciles
f reforms-induced variation in pension benefits, separately for the 1940–1944, 1950–
954 (i.e. older workers), 1955–1959, and 1965–1969 (i.e. middle-aged workers)
5. Under the pro-rata model, the later in the working life the middle-aged worker was in 1995 the larger 
he share of pension wealth computed with the earnings model. 

https://academic.oup.com/jeea/article-lookup/doi/10.1093/jeea/jvad049#supplementary-data
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FIGURE 4. Welfare effects by changes in pension benefits and age at the time of reform. Each point 
corresponds to the model-predicted consumption-equivalent welfare effect of the reform �, in each 
decile of reform-induced variation in pension benefits. The consumption-equivalent welfare effects of 
the reform are reported separately for households belonging to different year-of-birth cohorts, facing 
either a post-reform defined benefit pension scheme (reform at ages 53 and 43) or a post-reform 

pro-rata NDC regime (reform at ages 38 and 28). 
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ohorts (facing the introduction of the reform at different ages). 26 First, the graphs show
he large within-cohort heterogeneity in the welfare effects of the reforms across the
istribution of reforms-induced variation in pension benefits. Second, they provide a
epresentation of the life-cycle welfare effects of the pension reforms, with households
hat face the introduction of the reform at older ages experiencing larger welfare losses,
onditional on the same (and for any level of) reduction in pension benefits generosity.
hese life-cycle effects are substantial. Households experiencing an above-median
eduction in pension benefits would be willing to pay, on average, around 3% of annual
onsumption to face the same pension wealth shock 10 years earlier in their working
ife. 27 

In the model, this effect quantitatively depends on the degree of decreasing
arginal utility of consumption and the utility cost of work. When exposed to the same
eduction in expected social security wealth, older households need indeed to increase
he saving rate more than younger households to achieve the same level of accumulated
6. As above, to capture the change in benefit generosity and isolate it from the effect of endogenous 
abor supply responses, the variation in pension benefits is computed given the pre-reform retirement age 
60). Deciles of variation in pension benefits are defined using the distribution for the whole population, 
uch that the magnitude of pension wealth change is constant within decile across groups. 

7. This is computed as the average of the differences in consumption-equivalent welfare effects between 
he 1940–1944 and 1950–1954 cohorts of older workers (facing the reform at ages 53 and 43) and between 
he 1955–1959 and 1965–1969 cohorts of middle-aged workers (facing the reform at ages 38 and 28). 
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rivate wealth at (a given age of) retirement. 28 However, in the presence of uncertainty
nd risk aversion, households find it costly to adjust their consumption response as
uch as it would be necessary to accumulate the amount of savings for retirement that

hey would have accumulated had they faced the same policy rules from the beginning
f their working lives. The model quantifies the extent to which older households find
t optimal to decrease current consumption more than younger households (and then
he greater welfare losses) following the same decrease in expected pension benefits. 

.5. Early Retirement Age and Benefit Generosity 

o shed further light onto the social security wealth effect on retirement and the
isplacement effect between private and social security wealth, we use the estimated
odel to study the responses of households to two pension policies that a legislator may
onsider to increase the financial sustainability of the social security system during the
emographic transition: (i) an increase in the early retirement age; (ii) a reduction in
enefit generosity. We simulate the introduction of the policy reforms starting from
he defined contribution regime in place in Italy in 2013, in which workers can choose
o retire between 57 and 70 years of age with pension provisions increasing with age
for a given amount of contributions), separately for cohorts of workers aged 40 and
5 at the time of reform. 29 Specifically, the first policy change consists in an increase
f the early retirement age to 62, while the second reform reduces the coefficients
ransforming total pension wealth contributions into annuities by 10%. 

Panel (a) of Figure 5 plots the simulated labor supply effects of the increase in the
arly retirement age from 57 to 62, while panel (b) plots the predicted labor supply
esponses to the 10 % decrease in benefit generosity. Similarly, Figure 6 compares the
ffects on the accumulation of discretionary wealth from the two reforms (panel (a)
or the increase in early retirement age and panel (b) for the the decrease in benefit
enerosity). 

The results show the substantially different implications of the two alternative
olicy changes. First, while increasing the early retirement age only induces a
mechanical) increase in the retirement age for those workers that would have retired
efore 62 in the pre-reform regime (without much differences between different
ohorts of workers), decreasing the benefit generosity increases the retirement age,
or any given level of pre-reform retirement age up to 70 years of age. Further, the
odel provides a quantitative assessment of the “life-cycle” wealth effects on labor
upply, with younger cohorts of workers delaying retirement less than older workers
o accumulate higher pension wealth. As shown in panel (b) of Figure 6 , this is due to
8. Online Appendix Figure A18 shows the extent of heterogeneity in the average consumption response to 
he pension reform (from the time of the introduction of policy change to retirement) between households 
elonging to the different cohorts. 

9. We conduct these policy experiments for private employees, as the differentiation is mostly relevant 
ue to the pre-reform heterogeneity in pension rules (as shown in Section 5.1 ). 

4

https://academic.oup.com/jeea/article-lookup/doi/10.1093/jeea/jvad049#supplementary-data
https://academic.oup.com/jeea/article-lookup/doi/10.1093/jeea/jvad049#supplementary-data
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FIGURE 5. Effects on the probability to retire at a given age of alternative reforms. The graphs plot 
the model-predicted retirement response, expressed as the percentage point change in the probability 
to retire at a given age, when switching from the baseline NDC scheme to the post-intervention regime 
(panel a: The baseline regime when the minimum early retirement age is increased to 62; panel b: 
The baseline regime when benefit generosity is decreased by 10%). 

FIGURE 6. Effects on private wealth accumulation of alternative reforms by age. The graphs plot 
the model-predicted effects on private wealth, expressed as the percentage change in simulated 
private wealth, by age of the household head, when switching from the baseline NDC scheme to 
the post-intervention regime (panel a: The baseline regime when the minimum early retirement age 
is increased to 62; panel b: The baseline regime when benefit generosity is decreased by 10%). 
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he fact that younger households optimally accumulate more wealth than older workers
t retirement in response to the same decrease in benefit generosity. 

Figure 6 also highlights the stark divergence in the response of households in
erms of discretionary savings for retirement to the different pension policy changes.
n one hand, decreasing benefit generosity induces households to increase savings
or retirement. On the other hand, because households that would have retired before
2 years of age are now constrained to retire later (and then access higher pension
rovisions once retired), they optimally choose to reduce the savings rate. The model
hows then substantial wealth effects on consumption from increasing the minimum
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ge for early retirement in the presence of benefit generosity increasing with retirement
ge. 

.5.1. Heterogenous Effects across the Wealth Distribution. Panels (a) and (b) of
igure 7 show the effects on retirement of increasing the minimum age for early
etirement and decreasing benefit generosity, respectively, by wealth quintiles at the
ime of reform. 

The model predicts substantial heterogeneity in the labor supply response at
etirement to the increase in the early retirement age across the wealth distribution, with
ouseholds in the top wealth quintile responding more (and with the heterogeneity in
he response being larger when households face the policy change later in the working
ife). In contrast, decreasing the benefit generosity increases retirement age less the
igher the ranking of households in the wealth distribution. 

In the model, this result reflects the circumstance that, prior to the policy change,
ouseholds in the upper part of the wealth distribution were choosing to retire earlier
ue to the fixed costs of working, and the marginal utility gains from working
ecreasing with wealth. 

The model also shows that the legislator’s choice about the policy instrument
o govern the demographic transition can have sizable consequences in terms of
onsumption and welfare inequality. 30 First, while increasing the early retirement
ge induces an increase in consumption in the upper part of the wealth distribution
panel c, Figure 7 ), the decrease in benefit generosity induces a rather homogeneous
onsumption response (panel d). Further, the model shows that the increase in
onsumption inequality from increasing the early retirement age (i.e. an increase in
onsumption among those consuming more—see Online Appendix Figure A20 for
aseline consumption across the wealth distribution) is larger the later households face
he introduction of the policy change. 

Finally, the model predicts the two alternative pension policies to have different
elfare implications. While a decrease in benefit generosity induces substantial
elfare losses across the entire wealth distribution (slightly increasing the lower the
evel of wealth at the time of reform), as shown in panel (f) of Figure 7 , increasing
he minimum age for early retirement affects mainly the welfare of households at the
op of the wealth distribution at the time of reform, as shown in panel (e) of Figure 7 .
urther, the estimated model shows the two options for pension reform have different
mplications in terms of life-cycle welfare effects, with the latter mostly emerging
ollowing a variation in benefit generosity. 
0. We take the median log variation in annual consumption (measured as the difference between 
onsumption under the alternative option for pension reform and the counterfactual consumption in the 
aseline) in the years following the policy change. The welfare effects are computed as detailed in 
ection 5.4 . 

https://academic.oup.com/jeea/article-lookup/doi/10.1093/jeea/jvad049#supplementary-data
https://academic.oup.com/jeea/article-lookup/doi/10.1093/jeea/jvad049#supplementary-data
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FIGURE 7. Early retirement age and benefit generosity—effects across the wealth distribution. The 
graphs plot the model-predicted effects on retirement (top panels), consumption (middle panels), 
and welfare (bottom panels). The left (right) panels depict the effects of increasing the minimum 

early retirement age to 62 (decreasing pension benefit generosity by 10%). The simulated effects are 
reported separately for cohorts of workers facing the policy change at 40 and 55 years of age. Each 
bar corresponds to the simulated effect in each wealth quintile at the time of the reform. 
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. Discussion and Conclusion 

his paper proposes an evaluation approach to pension policies that combines ex-post
nd ex-ante evaluation methods. We estimate a dynamic life-cycle model of savings,
ortfolio choice, and retirement using the reduced form effects of a wave of major
ension reforms carried out in Italy in the nineties. The estimated model mimics pre-
eform statistics and the effects on asset accumulation and participation rates in the
nancial markets estimated exploiting a DiD identification strategy, complementing
revious evidence about the displacement effect between private and social security
ealth. We also show that the estimated model predicts substantial social security
ealth effects on retirement. Further, our framework suggests important life-cycle
ffects of the pension reforms, with older workers experiencing larger welfare losses,
or any level of variation in benefit generosity. We use the estimated model to illustrate
he substantially different consequences of alternative pension policies in terms of
onsumption and retirement wealth effects, as well as “life-cycle” welfare effects. 

These results should be interpreted through the lenses of our assumptions on
ndividual behavior. First, our model neglects the role of health. Clearly, there are
everal reasons why individuals’ health may affect their retirement behavior. However,
lthough a large literature (starting from French 2005 ) has studied the impact of health
n retirement, the existing evidence shows that health explains only a small fraction of
he variation in retirement (Blundell, French, and Tetlow 2016b ). Importantly, because
ur focus is on the interplay between households decisions and the financial incentives
rought about the social security system, neglecting the role of health is problematic
or our findings to the extent that changes in the pension rules have an effect on
ealth. Some recent research have shown that increasing the minimum retirement age
as positive consequences on individuals’ health (Bertoni, Brunello, and Mazzarella
018 ). This suggests that the effects we find when simulating an increase of the
inimum age for early retirement may represent a lower bound for the effect on the
etirement age. While we believe that our findings represent first important evidence
n the consequences of pension reforms for asset accumulation and retirement from
 validated structural model, a promising avenue for future research is to extended
his structural framework for pension policy analysis to incorporate the role of health.
econd, our model assumes that all households are aware of the pension reforms
nd can optimally adjust their choices in response to the changing pension policy
ramework. As suggested by previous studies (e.g. Bottazzi, Jappelli, and Padula 2006 ),
art of the population may have expectation error in terms of future replacement
ates. Moreover, there is large evidence that financial knowledge is generally low in
he population (see, e.g. Lusardi and Mitchell 2014 ). Limited financial knowledge
nd awareness about the policy changes may lead to understating the true behavioral
esponses using reduced form approaches. 31 Hence, because we neglect the role of
imited financial literacy, our structural estimation may be providing a lower bound for
1. On the role of frictions in the attenuation of estimated responses see; for example, Chetty (2012 ). 
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he cost of working with the consequence that the estimated model overstates (some)
ndividuals’ labor supply response at retirement to the pension reforms. Financial
iteracy is more likely though to play a role in the distributional effects of the pension
eforms, with heterogeneous responses to the pension reforms across the financial
iteracy (and wealth) distribution. Future research should explore the implications of
llowing for endogenous knowledge accumulation on the response of households to
ension policy shocks. 

Our findings inform models of asset accumulation and social security about the
mportance of the retirement decision in response to shocks to pension wealth, and are
elevant to studies considering the role of financial incentives for retirement. Further,
e highlight and quantify the different trade-offs that policy makers need to consider
hen designing future pension policies, with important implications in terms of their
cceptability among the population. 
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