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a  b  s  t  r  a  c  t

This paper  analyzes  the  impact  of women’s  retirement  on their informal  care  provision.
Using  SOEP  data,  we  address  fundamental  endogeneity  problems  by  exploiting  variation
in the German  pension  system  in two  complementary  ways.  We  find  a significant  effect
of retirement  on  informal  care  provision,  when  using  early  retirement  age  thresholds  as
instruments.  Heterogeneity  analyses  confirm  the underlying  behavioral  mechanism,  a  time
conflict  between  labor  supply  and informal  care.  We  further  exploit  a sizable  increase  in  the
early retirement  age for German  women  and  find  that  affected  women  provide  less non-
intensive  care.  High  intensity  care  is  not  impacted,  which  leads  to  a double  burden  and
potentially  negative  health  effects  for caregivers.  Exploiting  the  policy  reform,  we  find  evi-
dence supporting  the  notion  that formal  care  is  no  substitute  for  informal  care.  This  implies
that  less  overall  care  is  received,  which  can be  damaging  to the  health  of the recipients  of
care.
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nformal care
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ge threshold
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ension reform

. Introduction
Governments increasingly try to relieve pressures on
ension systems generated by population aging through
eforms that seek to prolong working lives and increase
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women’s labor market participation. Yet, aging also strains
long-term care (LTC) systems and raises the demand for
informal care from the same people who are called on to
increase their (formal) labor supply. The potential conflict
between the pension and LTC systems brought about by
policy responses to aging has been largely neglected.

This paper is one of the first to provide causal evi-
dence of an effect of retirement on informal care provision
on the basis of convincing exogenous variation. We  focus
on women’s retirement and care responses to the early
retirement age (ERA), an age at which they are poten-
tially primary caregivers. To identify the causal effect, we

exploit variation in the German pension system with two
separate, complementary identification strategies. First,
we investigate whether women  increase informal care
provision when retiring at their ERA, employing an ERA
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It is possible to combine informal with external care,
bought from professional providers. Parts of the costs are
covered by insurance. Care receivers are free to spend the

1 Carmichael and Charles (1998), Carmichael and Charles (2003a,b),
Heitmueller (2007), and Schmitz and Westphal (2017) are prominent
examples who all confirm a negative causal impact of care activities on
gainful employment.

2 See Carr et al. (2018), Jacobs et al. (2017) and Niimi (2018)
3 See Berecki-Gisolf et al. (2008), Boaz (1996), Carrino et al. (2019),

Carmichael et al. (2010), Doty et al. (1998), Golberstein (2008), He and
McHenry (2016), Mentzakis et al. (2009), Michaud et al. (2010), Moscarola
2 B. Fischer and K.-U. Müller / Journ

discontinuity design in an instrumental variables (IV) set-
up (Battistin et al., 2009; Eibich, 2015). We  refer to this as
ERA discontinuity analysis. Second, we exploit a reform-
induced increase in the ERA for German women within a
regression discontinuity design (RDD) (Manoli and Weber,
2016; Mastrobuoni, 2009). This will be referred to as ERA
reform analysis. We  use the German Socio-Economic Panel
(SOEP) (Goebel et al., 2019). Its rich information allows
analyzing different margins of informal care. We  can also
estimate effect heterogeneity in several dimensions with
both identification strategies. Exploiting household-level
information on different types of care received, we go one
step beyond an analysis of informal care supply. Within the
ERA reform analysis, we also estimate whether a reform-
induced reduction in informal care is compensated by care
from outside the household, which includes formal care.

Results based on both identification strategies confirm
that labor supply puts restrictions on women’s supply of
informal care. When women postpone early retirement,
they provide less informal care. We  find a significant
increase of previously employed women’s informal care
provision upon retirement at their ERA. Care hours rise on
average by about 0.8 hours (h) and the caregiving proba-
bilities by about 13 percentage points (pp) on a weekday.
When women face an increase of their ERA and prolong
their working lives, they provide significantly less infor-
mal  care, compared to cohorts with a lower ERA. Affected
women’s caregiving probability is reduced by almost 6
pp, mostly driven by a decrease in low-intensity care.
High intensity caregivers do not react and thus face a
double burden of labor and care supply. Heterogeneous
effects support this interpretation: Effects are larger when
the time conflict binds, e.g. for (full-time) employed or
highly educated women. These findings hold under various
robustness checks and are absent in placebo regressions. A
household-level ERA reform analysis on different types of
care received confirms our findings. It also provides evi-
dence that low-intensity care is not substituted by care
from outside the household. Care-dependent individuals
receive a different quality and lower quantity of care.

These effects are economically relevant in two dimen-
sions: First, previous literature has shown that informal
care is preferred over formal care by care recipients and
their relatives. It is also prioritized in LTC systems (Blaise,
2018; Hajek et al., 2018; Lipszyc et al., 2012; Mentzakis
et al., 2009) and plays an integral part in overall care:
around 48% of care-dependent persons in Germany are
cared for in their own homes, exclusively by family and
friends (informal care) (Wetzstein et al., 2015). The high-
est shares of informal caregivers are found among women
around the retirement age (about 12%; Geyer and Schulz,
2014; Wetzstein et al., 2015). Second, women have used
ERA thresholds extensively (Geyer and Welteke, 2019;
Keck and Krickl, 2013). Studying the caring behavior of
women in this context shows that pension institutions are
also important for the supply of informal care.

The study contributes in several ways to the liter-

ature on the behavioral relationship between informal
care, labor supply, and retirement. Literature has found
negative effects of caregiving behavior on labor market
lth Economics 73 (2020) 102350

participation.1 Van Houtven et al. (2013) among others2

further report that informal care providers have ceteris
paribus a higher probability to be in retirement. First, we
confirm a causal effect of retirement on informal care with
two  identification strategies, based on exogenous varia-
tion. In this way, we contribute to a strand of literature
that investigates effects of labor market participation on
informal care and finds a negative causal relationship.3

Second, we show effect heterogeneity, consistent with an
underlying time conflict, which has been solved through
retirement at ERA thresholds. Third, we  contribute to the
question of substitutability of informal and formal care by
estimating ERA reform effects on different types of care
received at the household level. A large body of literature
discusses whether informal and formal care can be seen
as substitutes, finding mixed evidence.4 Fourth, combin-
ing own  with previous findings from literature, we  discuss
further implications for the health of caregivers and care
receivers. Future reforms of social security systems need
to be more aware of trade-offs between pension and LTC
policies.

The paper is organized as follows. We  sketch relevant
institutional features of the German LTC and pension sys-
tems in Section 2. The data set is introduced, and estimation
samples are described in Section 3. We  discuss our two
identification strategies in Section 4. Empirical results from
both approaches are presented and discussed in Section 5.
Section 6 concludes.

2. Institutional setting

2.1. The state system of formal and informal care
provision

In 2016, around 2.7 million people received bene-
fits from the Social Care Insurance (Soziale Pflegever-
sicherung), the German governmental care insurer. Nearly
2 million of those were outpatients (BMG, 2017). The gov-
ernmental care insurer defines a strict priority of home
care.5 Benefit eligibility is defined only with respect to indi-
vidual care needs (online Appendix A.1). Three levels of
care dependency existed during the period of observation
that were extended to five levels in 2017. Most recipients
receive monetary benefits, in order to support relatives
who  take on the responsibilities, so-called informal care.
(2010), Nizalova (2012), or Stern (1995).
4 See Bell et al. (2007), Bonsang (2009), Hollingsworth et al. (2017),

Karlsberg Schaffer (2015) and Van Houtven and Norton (2004).
5 Defined in A3 SGB XI (German social security law book 11); see also

Hajek et al. (2018), HCHE (2017) and Geyer and Korfhage (2015).
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mount and can use it to reimburse family carers. Geyer
nd Schulz (2014) point out that many individuals in need
f care do not meet eligibility conditions. Informal care is
hen provided privately, without any state support and the
udget constraint is not influenced by the insurance sys-
em.

Several current laws (e.g. the ‘Pflegezeitgesetz’ or the
Familienpflegezeitgesetz’) promote the compatibility of
nformal care and gainful employment. Conditions for the
rovision of informal care without having to quit employ-
ent have improved significantly in recent years (BMAS,

017). However, the take-up of these rights and benefits
eems to be very limited, although official statistics have
ot been published (online Appendix A.2). Were these laws
o effectively address the time conflict between informal
are and labor supply during the period under observa-
ion, we arguably would not identify significant effects
f retirement on informal care. This paper therefore pro-
ides indirect evidence that these policies are not effective.
lthough these laws do not invalidate our identification
trategies, an increased take-up over time could reduce the
ize of the estimated effects.

.2. Early retirement thresholds in the state pension
ystem

The German state pension system provides different
aths into retirement that differ for men, women, and var-

ous cohorts.6 The six paths stated in the Statutory Pension
nsurance Scheme (’Gesetzliche Rentenversicherung’, GRV)
iffer in the defined normal retirement age (NRA), or the
arly retirement age (ERA).7 In this paper, we exploit the
ollowing ERA thresholds, which applied to women in the
ime period 2001–2015 for identification:

8 People who have acquired 35 years of contributions can
retire early at the age of 63, but face benefit reductions.8

9 The pension reform of 1999 introduced a change to the
ERA for German women abolishing women’s pension.9

While women born until Dec 31st 1951 could use
women’s pension to retire early at age 60, if they
fulfilled the contribution criteria;10 this pathway into
retirement was no longer available for women born
from 1952 onward. In 2012 the last cohort was eligible
for early old age pensions for women at age 60.

0 People born before 1952 could retire from unemploy-
ment, if they had 15 years of contributions. Cohorts born

until 1945 could use this path into retirement from the
age of 60. Those born from 1949 onwards were eligible
from an age-threshold of 63. Eligibility age was raised

6 See Boersch-Supan and Wilke (2004) for details on the German pen-
ion  system. Geyer and Welteke (2019) provide an extended overview
ncluding the 1999 pension reform and alternative paths into retirement.

7 An overview is given in GRV (2017a).
8 Since 2014 people who  have been born before 1953 and have 45

ears of contributions can retire without any deductions at the age of
3.  Women born between 1952 and 1953 can therefore retire at age 63
ithout deductions.
9 The Law was  announced on December 16, 1997.

10 Required were 15 years of pension contributions 10 of which had to
e accumulated after the age 40.
Fig. 1. Female eligibility ages along birth cohorts.

in monthly steps from 60 to 63, for those born between
January 1946 to December 1948, per one month of later
birth.

The ERA thresholds at ages 60 and 63, as described
above, are used in our ERA discontinuity analysis as instru-
ments. The NRA is 65 for all women in our sample. It defines
the reference age for the calculation of deductions under
early retirement. Our sample includes the years 2001–2015
(Section 3). All aforementioned age thresholds are rele-
vant for early retirement of women. We  pool women, born
before 1952 with later-born cohorts for our main specifi-
cation in the ERA discontinuity analysis. We  define the ERA
accordingly at age 60 years or age 63, respectively.

2.3. The pension reform of 1999

The pension reform of 1999 raised the effective ERA
from 60 to 63 years for women born from Jan 1, 1952
(Fig. 1). The contribution criteria for claiming retirement
benefits at age 63 (Retirement for long-term insured) did
not change. Geyer and Welteke (2019) argue that those
retirement paths could be claimed by very similar groups of
women. They calculate that around 60% of women  born in
1951 were eligible for women’s pension at age 60. We  make
use of this policy-induced variation in retirement behavior
in our ERA reform analysis.

As set out above, women, who  used age 60 to retire
through women’s pension faced higher deductions, com-
pared to women who  retired through invalidity pension
or women claiming pension for long-term insured at age
63 (online Appendix A.3). Women  born from 1952 onward
lose the most frequently utilized option to exit the labor
market and receive benefits before the age of 63. The only

pension type they can claim before age 63 is invalidity
pension.11 The reform, therefore, particularly affects the
retirement behavior of women, aged between 60 and 62,

11 Geyer and Welteke (2019) argue that, although being preferable to
women’s pension at age 60 because of lower deductions, eligibility cri-
teria for invalidity pension are hardly fulfilled. Claiming unemployment
benefits, going into inactivity, or applying for disability pensions are the
remaining options to leave the labor force at age 60.
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as those born before 1952 could retire at age 60, yet for
most women born later the earliest retirement age was 63.

3. Data, variables, and estimation samples

In this paper, we use the German Socio-Economic Panel
(SOEP, version 33). Besides rich longitudinal information
on individuals and households, it covers several behavioral
dimensions, among them the supply of labor and LTC, as
well as the retirement age (Goebel et al., 2019).12

3.1. Definition of variables

The SOEP questionnaire contains a question on the allo-
cation of time on a weekday. Since 2001 individuals are
asked to report their time spent on taking care of an adult
person in need.13 Information on hours of informal care
are self-reported and therefore, presumably, not perfectly
accurate.14 In order to capture the extensive margin of
informal care provision, we additionally collapse the hours
information into a binary variable that is equal to one, when
a person spends time on care provision for the elderly and
zero otherwise. To avoid linearity assumptions, we  also
define a binary variable for intensive care. This variable is
coded one, when an individual provides more than 10 h
of informal care per week and zero otherwise. It is used in
the heterogeneity analysis to assess, whether the demand
for intensive care induces a more severe time conflict. We
also use self-reported information from the SOEP to deter-
mine whether a person is retired or not (details in online
Appendix B.1).

3.2. ERA discontinuity analysis: sample construction

In the ERA discontinuity analysis, we investigate,
whether women can resolve a time conflict between the
provision of informal care and labor through retirement at
an ERA threshold. If a person is non- or unemployed prior
to retirement, a time (and/or a budget) constraint cannot
be removed through a transition into retirement. There-
fore, we eliminate non- and unemployed women who  are
not yet retired from our main estimation sample (details in
online Appendix B.2).

The actual size of the estimation sample in the ERA dis-
continuity analysis also depends on the bandwidth, chosen

around the age-cutoffs that are used for identification. In
the main ERA discontinuity analysis, we employ different
ERA’s as instrument and use a bandwidth of 5 years before

12 Further details on the data and the two  different estimation samples
are given in online Appendix B.

13 The exact question reads: “What is a typical day like for you? How
many hours do you spend on care and support for persons in need for care
on a typical weekday?” Separate questions are asked for care provided on
Saturdays and Sundays. We use this information in a robustness check
(online Appendix C.3). Taking care of children is also a separate question.
Thus, we do not mix  those two activities.

14 47% of informal caregivers supply 1 h, around 24% state 2 h, about
10% provide 3 h, and the remaining about 18% perform 3 or more hours.
A  relatively high number of people (1.5%) provide more than 20 h of care
per  weekday.
lth Economics 73 (2020) 102350

and after the cutoff, respectively (leading to a 10 year obser-
vation window).15 The resulting sample includes 10,095
person-year observations for 1,659 women  (Table A1 in the
online Appendix, see also details in online Appendix B.3).

3.3. ERA reform analysis: sample construction

The ERA reform analysis is based on the removal of the
ERA at age 60. We  investigate, whether this reform led
to a time conflict between informal care and labor sup-
ply for women, who would have been eligible for women’s
pension at this threshold. By construction, ERA reform
effects can only be estimated on a smaller sample. As a
consequence, we  use all women aged from 60 to 62 and
born between 1949 and 1954 as the baseline sample. In
the heterogeneity analysis, we  focus on women, who  are
employed before they reach age 60. We  also create a sam-
ple of women, who  fulfil the eligible criteria for women’s
pension. The main ERA reform analysis sample contains
3,569 person year observations on 1,390 women. Table A2
in the online Appendix provides summary statistics for the
outcome variables and some important covariates.

4. Identification strategies

We  are interested in the impact of retirement on
informal caregiving activities. Estimation approaches are
confronted with endogeneity issues that result from simul-
taneity (reverse causality) and selection on unobservables.
Both problems are inherent in the related individual deci-
sions. The ERA discontinuity analysis deals with these
issues by using ERA thresholds as instruments for retire-
ment. The ERA reform analysis is based on reform-induced
variation in one specific ERA and identifies the effect on
informal care provision, locally around the cutoff date.

4.1. ERA discontinuity analysis

When women  reach their ERA and fulfil the contribution
criteria, they become eligible for retirement benefits. This
changes their choice set and budget constraint, as retire-
ment with pension benefits becomes available. Eligibility
is determined solely through age, i.e. women’s treatment
status is exogenous. Around the ERA thresholds, individuals
differ only in benefit eligibility and are similar in all other
aspects. We  exploit this setting within a fuzzy regression
discontinuity design (fuzzy RDD; see Battistin et al. (2009),
Eibich (2015), or Müller and Shaikh (2018)). We  define
the cohort-specific ERA for all women  in our main sam-
ple, to estimate a Two Stage Least Squares (2SLS) model.
Retirement (Rit) as the treatment variable is an endogenous

regressor. The threshold variable Iit serves as instrument,
with Iit = 1, if Ageit > c. The cutoff c is defined for women
born before 1952 as c = 60 and for women born from 1952
onward as c = 63. The first stage captures the impact of

15 The sample thus theoretically consists of women aged 55 (the ERA at
age 60 minus 5 years for women born before 1952) to 68 (the ERA at age
63 plus 5 years for women born post 1952; in reality, women born in 1952
can, however, only turn 63 in 2015) who retire from employment.
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he respective threshold on treatment assignment, i.e. the
etirement decision:

it =  ̨ + ˇ1Iit + ˇ2(Ageit − c) + ˇ3(Ageit − c)Iit + εit (1)

e  allow the relationship between treatment variable Rit

nd the forcing variable, centered at the respective cut-
ff age c, (Ageit − c), to be different on each side of the
hreshold.16 The parameter ˇ1 measures the direct effect
f crossing the threshold on the retirement probability. The
econd stage uses the predictions of treatment assignment
rom the first stage and regresses it on an outcome indicator
or caregiving, Careit:

areit = � + ı1R̂it + ı2(Ageit − c) + ı3(Ageit − c)Iit + �it

(2)

e  analyze effects on Careit , namely the extensive and
ntensive margin of informal care and a binary indicator
or intensive care (Section 3.1). The parameter of inter-
st is ı1. For relevant and valid instruments, the predicted
etirement probability carries only exogenous variation at
he cutoff and is locally independent of the error term.
herefore, we can identify the effect of exogenous varia-
ion in retirement behavior locally around the threshold.
n the main specification, we estimate the effects for all

omen in our sample, crossing their cohort-specific ERA.17

e  perform several robustness checks in terms of band-
idth choice and using non-parametric estimators for the
iscontinuity (Gelman and Imbens, 2018).

Identification requires, first, that individuals cannot
anipulate their age to select into treatment (i.e. being

ligible to retirement benefits before reaching the defined
ge). Second, the potential outcome needs to be smooth
round the threshold, absent of treatment. There must not
e any discontinuous change in the retirement probabil-

ty by age in the absence of age cutoffs in the retirement
ules. Given those assumptions, effects of the instrumented
etirement behavior on care provision can be causally
ttributed to the local treatment (Lee and Lemieux, 2010;
ahn et al., 2001; Trochim, 1984). In our setting, the local
verage treatment effect (LATE) is specific to those women
hat retire at an age threshold, because of its incentive
tructure (and not coincidentally for other reasons). Under
alid and relevant instruments, this approach deals with
imultaneity and selection on unobservables.18

Even if ERA thresholds are used frequently (Geyer and
elteke, 2019; Keck and Krickl, 2013), retiring remains

 choice variable. Using ERA thresholds for identifica-
ion therefore allows for self-selection according to care

emand and the willingness or ability to supply infor-
al  care. This does not threaten identification. However, it

lightly changes the interpretation of our estimates: exter-

16 We define the binary threshold variable as 1, if the individual is older
han the respective age cutoff (Ageit > c). The first stage has more pre-
ictive power in comparison to the alternative specification with Iit = 1 if
geit ≥ c.
17 In an additional estimation, we use solely women  born until 1952 and
efine as threshold c only the ERA at 60 years that applied to this group.
18 Indirect evidence on the validity of these identification assumptions
s provided in online Appendix C.1.
lth Economics 73 (2020) 102350 5

nal validity for later retirement ages is reduced, when the
demand for informal care changes with age. It could also
be that those individuals facing a demand for and are will-
ing to provide informal care retire at the ERA because of
this reason. The remaining group of women  retiring at later
thresholds does not face a time conflict between work and
care to the same degree. This leads to an upward bias in
the estimated parameters in comparison to the underlying
parameters for the overall population of women.

4.2. ERA reform analysis

In the ERA discontinuity analysis, we  estimate whether
women increase informal care provision through retire-
ment at an ERA threshold. An implication of this effect –
which is relevant for the design of welfare state policies
– is that the removal or increase in the retirement age,
i.e. a delay of retirement, negatively impacts the supply
of informal care. The ERA reform analysis can explicitly
test, whether this interpretation holds: the reform strat-
egy exploits that women  who  are born shortly before or
after Jan 1, 1952, and who  are between 60 and 62 years
old, differ institutionally in their possibility to retire early.
We compare cohorts treated by this reform with older
cohorts in a similar age range. Accordingly, individual care
activity is regressed on a binary treatment variable (Di)
which equals 0, if the person was born before 1952, and 1
otherwise.

Careit = �0 + �1Di + �2(zi − c) + �3(zi − c)Di + ıXit + �it

(3)

Again, we  allow for a trend of the outcome with respect to
the running variable – now the exact individual month of
birth date zi – centered at Jan 1, 1952 (c). We  also allow for a
break in this trend (zi − c) at the cutoff date. The parameter
of interest in this specification, �1, represents an intention
to treat (ITT) effect, because not all women would have
been eligible for women’s pension at age 60. We  include
the year of reporting for each observation in the sample
and the exact age of the women as control variables (Xit).19

The ERA reform analysis identifies the causal ERA reform
effect on informal care provision, if individuals cannot
manipulate their birth date and therefore select into or out
of being eligible for retirement at age 60. In addition, we
must assume that absent of the reform the cohorts born in
1951 and in 1952 do otherwise not discontinuously dif-
fer in their retirement and in their caregiving behavior.
Moreover, we assume that a discontinuous change in the
demand for informal care does not occur around the cut-
off date. Geyer and Welteke (2019) show that other policy

changes cannot explain differences in retirement behavior
between these cohorts.

19 Further control variables are included in robustness checks (online
Appendix C.6).
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age diffe

Fig. 2. Retirement behavior by distance to ERA.
Note: Each dot represents the mean of the outcome per bin (quarters of 

included.

5. Results

5.1. ERA discontinuity analysis

In this section, we first present evidence for the valid-
ity of instruments. Then, we analyze graphically, how
women’s informal care provision behaves around ERA
thresholds. Third, ERA discontinuity analysis results for
our main sample of women based on cohort-specific ERA’s
with a 5-year bandwidth (i.e. a 10-year estimation window
around the thresholds) are discussed. All estimates include
heteroskedasticity-consistent standard errors clustered at
month of age (Lee and Card, 2008). Various heterogeneity
analyses and comprehensive robustness checks complete
the results of the ERA discontinuity analysis.

5.1.1. ERA discontinuity analysis: instrument validity
Instruments need to significantly affect retirement deci-

sions to be considered valid. We  depict retirement behavior
of women in the estimation sample, by distance to their
cohort-specific ERA in bins of quarters of age to show,
whether this condition holds. A graph that also includes
linear trends displays a marked jump in retirement prob-
abilities at women’s cohort-specific ERA (Fig. 2). The
discontinuity is substantive and roughly amounts to a 20
pp effect.20 Less than 30% of women are retired before
reaching the respective ERA. After crossing the threshold,
retirement probability jumps to about 50%. Women  retir-
ing from employment at their cohort-specific ERA cutoffs

exhibit a jump in the retirement probability of 17.2 pp
(Table A3 in the online Appendix, column (1)).21

20 A similar discontinuity emerges in the graph that is based only on
women  born before 1952 with the ERA at age 60 used as an instrument
(Figure A1 in the online Appendix).

21 A more comprehensive discussion of instrument validity including
additional first stage results is provided in the online Appendix C.2.
rence to cohort-specific ERA); Linear trend and 95% confidence interval

5.1.2. ERA discontinuity analysis: graphical evidence on
informal care provision

The identification strategy in our ERA discontinuity
analysis is essentially a fuzzy RDD estimation. A simple
graphical analysis can be informative about discontinuous
changes in outcome variables at the thresholds used as
instruments. The share of caregivers along with a quadratic
trend and a 95%-confidence interval is plotted for our main
sample by distance to the ERA for women  around the age
cutoffs of interest (Figure A2 in the online Appendix). The
share of caregivers among all women peaks around 60 and
declines with higher ages.22

We  show, how the main outcome variables behave
around the ERA threshold, introducing a trend line, as well
as a 95% confidence interval around that trend line (Fig. 3).
We  find that, while the means of respective outcomes per
bin are quite dispersed, a small increase in the mean hours
of daily care provision occurs at the ERA. Note that few
women  per bin perform informal care, and that this graph
discards the dimension of retirement. We  therefore turn
to the results from our 2SLS (ERA discontinuity analysis)
estimation to get a clearer picture of these effects.

5.1.3. ERA discontinuity analysis: main specification
2SLS estimates form the ERA discontinuity analysis for

women  retiring from employment at the cohort-specific
ERA reveal positive and significant effects of retirement on
overall informal care hours. Daily care hours increase on
average by 0.8 hours (almost 5 times the pre-treatment
mean) upon retirement (Table 1, upper panel). The coeffi-
cient is significant at the 1% level. Employed women aged
between 55 and 60, i.e. before crossing an ERA threshold,
provide on average about 0.2 h of informal care per week.

Thus, the effect is substantial and driven by women who
take up informal care or increase hours of care. We  find
comparable positive effects on the hours of daily care provi-

22 Figure A3 in the online Appendix provides mean informal care hours
by  quarters of age.
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Fig. 3. Care provision around the ERA.
Note: Each dot represents the mean of the outcome per bin (quarters of age difference to cohort-specific ERA); Linear trend and 95% confidence interval
included.
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Table 1
ERA discontinuity analysis: effects of retirement on informal care provision.

(1) (2) (3) (4)
Instrument ERA ERA ERA Age 60

Hours of care provision

0.772*** 0.898* 0.813*** 0.695***
(0.252) (0.460) (0.264) (0.248)

Observations 10095 6189 10095 8379
Bandwidth|years 5 3.282 5 5
Pre-Treatment mean 0.159 0.159 0.159 0.151

Probability to provide care

0.131* 0.163 0.146* 0.118
(0.075) (0.165) (0.078) (0.076)

Observations 10095 5484 10095 8379
Bandwidth|years 5 2.935 5 5
Pre-Treatment mean 0.091 0.087 0.091 0.085

Intensive care

0.096* 0.092 0.102* 0.075
(0.050) (0.083) (0.053) (0.052)

Observations 10095 6705 10095 8379
Bandwidth|years 5 3.562 5 5
Pre-Treatment mean 0.038 0.038 0.038 0.035
Controls - - YES -
KL.Paap 58.75 - 46.73 63.22

Notes: Main effects and robustness checks, women retiring from employment, women  observed in 2001-2015; ERA: cohort-specific early retirement age
2); (2): 

YES: con

(all  women), Age 60: only age 60 as instrument (women born before 195
age  level) standard errors in parentheses; *p < 0.1, **p  < 0.05, ***p < 0.01; 

marital  status; Kl.Paap: Kleibergen-Paap statistic.

sion in several robustness checks, with only some variation
in effect size.23 The effect size increases slightly, with an
optimal bandwidth, but is less precisely estimated (column
(2)). Using only a single ERA threshold yields a virtually
identical estimate (column (4)).

The hours effect is substantially higher for the group
of women, who already provide some care, before they
reach their ERA: the provision of informal care increases
on average by 5.4 hours per day (Table A4 in the online
Appendix). Before crossing their ERA thresholds, caregiv-
ing women in our main sample provide about 1.7 hours of
informal care. This number almost triples indicating a res-
olution of a time conflict through retirement. Effects in this
small group of women are, however, threatened by weak
instrument problems.

According to our estimates, the probability to be a care-
giver increases through retirement by 13 pp (equaling
a 140% increase) (Table 1, middle panel).24 The baseline
probability to be a caregiver for employed women in the
age-range 55–60 is around 9%. The group of caregivers
more than doubles through early retirement. Note that this

increase is estimated for a specific group of women retiring
at their ERA. Robustness checks yield similar patterns as for
hours of informal care. The effect increases slightly with an

23 The other columns refer to similar estimates based on models with (2)
an  optimally chosen bandwidth (Calonico et al., 2014), (3) additional con-
trol variables (year of observation, number of children in the household,
years of education, marital status), and (4) using only age 60 as instru-
ment for retirement behavior in a group of women  born before 1952,
respectively.

24 Parameter estimates hold at the mean of the distribution in linear
probability models (LPM). Predicted probabilities based on LPM estimates
are not bound between 0 and 1.
optimally selected bandwidth; Cluster robust (clustered on the month of
trols for year of observation, number of children in the household, and

optimal bandwidth, but is no longer statistically significant
(Table 1, column (2)). Including control variables and using
a single ERA cutoff does not alter effect sizes (columns (3)
and (4)).

The probability to be an intensive caregiver increases
by 9.6 pp (equaling a 255% increase, Table 1, lower panel).
With a baseline probability of 3.7%, the effect size for inten-
sive care is comparable to overall care in relative terms.
Parameters are only slightly altered in the robustness
checks (columns (2)-(4)). Selecting the optimal bandwidth,
again yields a coefficient of comparable magnitude that is
not statistically significant (column (2)). Extensive margin
parameters are in general less precisely estimated with our
data than the hours coefficients.

To gauge the quantitative relevance of these estimates,
we compare the effect size to other activities. Women  retir-
ing from their ERA decrease their time in employment by
about 6.3 h per normal weekday. This change in their time
budget constraint leads to increased time investments in
several activities besides caregiving (Table A5 in the online
Appendix).25 The comparison of parameters shows that
the increase in informal care provision is large, relative to
other activities given that only a relatively small portion of
women  face demand for informal care.

Finally, we compare IV coefficients from the ERA dis-

continuity analysis with plain OLS estimates measuring
the correlation between retirement and informal care pro-
vision. We  find that retired women  have on average a 6

25 Time spend on hobbies increases by 1.9 h, housework by 1.2 h, run-
ning errands by 0.4 h, repairs by 0.5 h and informal care provision by
about 0.8 hours per weekday. Time spend on childcare does not increase
significantly.
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Table  2
ERA discontinuity analysis: heterogeneous effects of retirement on informal care provision.

(1) (2) (3) (4) (5) (6)

Hours of care provision
0.772*** 0.636*** 0.984*** 1.657*** 0.832*** 0.998**
(0.252) (0.233) (0.319) (0.484) (0.289) (0.471)

Pre-treatment mean 0.159 0.042 0.137 0.180 0.038 0.056
Probability of care provision

0.131* 0.101** 0.141 0.403*** 0.132** 0.155*
(0.075) (0.047) (0.087) (0.140) (0.060) (0.082)

Pre-treatment mean 0.091 0.019 0.084 0.105 0.018 0.026
Probability of intensive care provision

0.096* 0.118*** 0.144** 0.279*** 0.153*** 0.165***
(0.050) (0.037) (0.065) (0.088) (0.049) (0.062)

Pre-treatment mean 0.038 0.012 0.031 0.042 0.009 0.014
Observations 10095 9303 6057 6127 5593 5555
KL.Paap 58.75 63.11 52.19 23.54 55.09 22.48

Notes: Women  retiring from employment, cohort-specific ERA, women  observed 2001-2015, 5-year bandwidth; (1): main effect – cohort-specific ERA, (2):
care  within the own household, (3): retiring from full-time employment, (4): highly educated women, (5): care within the own household & retiring from
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theoretical concept of a time conflict: we use the mea-
sure of informal care provided on weekends. We find that
ull-time employment, (6): care within the own household & highly educa
n  parentheses; *p < 0.1, **p  < 0.05, ***p < 0.01; Kl.Paap: Kleibergen-Pa

p higher probability to be caregivers and to provide 0.25
dditional hours of informal care per weekday (Table A6 in
he online Appendix). The OLS coefficients cannot be inter-
reted causally, since they do not represent the average
reatment effect (ATE). Simultaneity and selection on unob-
ervables lead to an upward bias (Section 4). In addition, the
TE and the LATE estimated in the ERA discontinuity anal-
sis do not coincide. The LATE represents the causal effect
n informal care provision for those women who utilize the
RA for retirement (compliers). Women  who face demand
or informal care and a time conflict with labor supply will
eize the opportunity of an ERA. Thus, the LATE of retire-
ent on informal care provision is larger than the ATE,

ecause women who retire past their ERA are on average
ess frequently confronted with demand for informal care
Section 4.1). This difference is obviously more important
han the bias in OLS estimates.

.1.4. ERA discontinuity analysis: heterogeneity
When a caregiver lives in the same household as the

ecipient, care decisions could potentially be different. Peo-
le might also have a more precise conception of their
wn care activities, when these take place within their
ousehold.26 Point estimates are slightly smaller for aver-
ge care hours and for the extensive margin, compared to
he main effects. They are also slightly smaller for the prob-
bility to be an intensive caregiver. Yet, estimates turn out
o be more precisely estimated at the intensive and exten-
ive margins (Table 2, column (2)).

When estimating effects for women who were full-time
mployed before retirement, we check, whether the time

onflict between employment and care is more binding.
his should yield larger point estimates. Women  retir-
ng from full-time employment on average increase their

26 We discard observations, when care provision is reported in some
eriod, but this person lives in a household which at no point in the
bserved time span is inhabited by a person in need of care.
en; Cluster robust (clustered on the month of age level) standard errors
tic.

care-provision by about one hour. Their probability to be a
caregiver increases by 14.1 pp and their probability to pro-
vide intensive care by 14.4 pp upon retirement through the
ERA (Table 2, column (3)). Compared to the main effect, the
estimated increases are larger for all margins.27

We  also break down the main effect by level of edu-
cation. Descriptive studies have shown that informal care
varies substantially by education (Wetzstein et al., 2015).
In addition, highly educated women  exhibit significantly
greater employment rates and thus a higher probability to
be eligible for retirement at their ERA. Higher educated
women show markedly larger and also more significant
effects for all margins of care (Table 2, column (4)).28

The final heterogeneity exercise looks separately at
married and unmarried women. Effects are more precisely
estimated for married women  (Table A7 in the online
Appendix). Validity of the instrument does no longer hold
in the smaller sub-sample of unmarried women (Table A8
in the online Appendix).

5.1.5. ERA discontinuity analysis: robustness
First, we  conduct a placebo test. We analyze a sample of

women who are unemployed in the relevant age window.
This group also uses ERA thresholds for retiring but does
not face a time conflict between care provision and labor
supply. The instrument still works fine in this sample, with-
out yielding significant effects on informal care provision
(Table A9 in the online Appendix).

A related robustness check also revolves around the
hours of care are impacted positively when women retire

27 The same pattern holds when we look specifically at women  providing
informal care for people living in their household and retiring from full-
time work (Table 2, column (5)).

28 Highly educated women  are those with at least 11 years of schooling.
This heterogeneity pattern can be replicated for women that care only
within their own  household (Table 2, column (6)).
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The key parameter of interest in the ERA reform analysis
that is shown in subsequent tables measures the effect of
being born from Jan 1, 1952 onward.31 All estimations are
performed employing robust standard errors that are clus-

30 We include linear trends for the respective outcome separated by birth
dates before and after Jan 1, 1952 on a 24-month BW and with a 90%
confidence interval in these figures.

31 We use Stata’s rdrobust package to estimate the non-parametric local
polynomial procedure (Calonico et al., 2017). We  include the age of
the individual and year of reporting as covariates in all specifications
and control for marital status, cohabitation with a child and educational
10 B. Fischer and K.-U. Müller / Journ

at their ERA. However, the point estimate is less than half
the size compared to weekday estimates and not statisti-
cally significant (Table A10 in the online Appendix). Neither
the probability of care provision, nor intensive care provi-
sion are impacted significantly. These results support the
interpretation that the main effects are indeed driven by a
time conflict between labor supply and informal care pro-
vision.

All the aforementioned results are based on a bandwidth
choice of five years. We  check whether narrowing the band-
width to 4, 3, 2 and 1 years produces different results.
This is also interesting for substantive reasons: the 5-year
bandwidth for the specification using cohort-specific age
thresholds includes besides the ERA at 60 also the ERA at
63 for women born before 1952 as well as the NRA at 65
years which applies to all women in the main sample. Esti-
mating similar models with narrower bandwidths rules out
that the paths into early retirement are influenced by other
thresholds at higher ages. The trade-off is that identifica-
tion is based on less observations, which produces noisier
estimates.

Narrowing the bandwidth from 5 to 2 years does hardly
alter point estimates on the extensive and intensive margin
(Figures A4 and A5 in the online Appendix). However, con-
fidence intervals increase, and coefficients become partly
insignificant, when the sample size is reduced. Point esti-
mates for small bandwidths of 1 and 2 years are an
exception, as they become substantially larger. The sample
is too small to identify meaningful effects there.

The exclusion restriction in our IV setting holds, if only
those women who utilize institutionalized early retirement
opportunities and who retire at their ERA exhibit a discon-
tinuous jump in the respective outcome variables. Women
who choose not to retire at, but at some time before (never-
takers) or after (always-takers) an ERA threshold, must not
show any discontinuity in the respective outcome variable
when crossing their ERA. We  do not find any discontinu-
ities in the caregiving behavior of never-takers (Figure A6
in the online Appendix). Never-takers are women retiring
from their next available retirement thresholds onwards.
When a woman is eligible for early retirement at age 60,
she needs to retire after the next available cut-off at age 63.
A woman who would be eligible at an ERA of 63, retires at
the earliest at age 65 which is her NRA. Likewise, no visible
jumps emerge in either of the three outcomes for always-
takers (Figure A7 in the online Appendix). All these women
retire before reaching their respective ERA. In contrast,
we find discontinuities at the ERA cutoff, when plotting
informal care outcomes by distance to the ERA for those
women who use their ERA threshold for retirement (Figure
A8 in the online Appendix). These patterns are confirmed
by reduced-form effects of crossing the age threshold (ERA
threshold) on caregiving behavior in the respective groups
(Table A11 for never-takers, Table A12 for always-takers,

Table A13 for the whole group of women retiring from
employment).29

29 We provide a number of additional robustness checks and a compre-
hensive discussion of the bandwidth tests in online Appendix C.3.
lth Economics 73 (2020) 102350

5.2. ERA reform analysis

This sub-section comprises findings from the ERA
reform analysis. We identify the effect of the removal of one
ERA cutoff on informal caregiving. After providing graphi-
cal evidence, we  discuss regression results from our main
specification. This is complemented by a heterogeneity
analysis and a set of robustness checks. Finally, we  esti-
mate the ERA reform effect on different types of care at the
household level and address substitution between informal
and formal care.

5.2.1. ERA reform analysis: graphical evidence on
informal care provision

The 1999 pension reform reduced the probability of
women, aged between 60 and 62, to be retired, for those
women  born from 1952 onward. Following Geyer et al.
(2020) and Geyer and Welteke (2019) we expect the prob-
ability to be employed to increase in this group. Plotting
linear trends for the probability to be retired by month of
birth around the cutoff date, we find a substantial drop
for women aged between 60 and 62, born after the cut-
off (Fig. 4, upper left graph). Moreover, women show an
increase in their employment probability as well as their
probability to be unemployed (Figure A9 in the online
Appendix).

We draw similar graphs for informal caregiving behav-
ior of women in this group along their birth date, in bins of
birth-months (Fig. 4, upper right, and both lower graphs).30

There is a small drop in the probability to be a caregiver that
seems borderline significant. No significant changes appear
for the two  other outcomes. This does not come as a sur-
prise, given the visible noise in the outcome variables. Only
a relatively small share of women performs informal care.
These women  are dispersed in bins which are based on a
limited sample size. Each point represents a small num-
ber of individuals, which leads to statistical uncertainty.
To reach a more precise understanding of these effects, we
turn to a multivariate ERA reform analysis procedure.

5.2.2. ERA reform analysis: main specification
attainment. In the baseline specification, we use a 24-month BW,  which
accumulates to a 48-month window of birth-months around the cutoff
date (women born from Jan 1, 1950 to Dec 31, 1953). In the main tables, we
present parameter estimates obtained from OLS (upper panel) and a local
polynomial estimator (lower panel). In columns (1) and (3) we  include
additional covariates and in columns (3) and (4) we include quadratic
global (OLS) or local (local polynomial) trends. In the baseline local poly-
nomial estimation, we  employ a triangular kernel. In addition, further
robustness checks employ an Epanechnikov kernel and different BW’s.
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ered on a quarter of year of birth level to take into account
he panel dimension of the data.32

Using a 24-month BW,  we find a significant (5% level)
.8 pp decrease in the probability to be a caregiver in the
roup of women born from Jan 1, 1952 onward in compar-
son to women born before the cutoff (Table 3, column (1),
pper panel). This parameter is not altered significantly,
hen the non-parametric procedure is employed, or fur-

her covariates and a quadratic trend are included (Table 3,
olumns (2)–(4)). Effect sizes are slightly bigger in these
obustness tests. Hours of informal care are reduced due
o the reform by about 0.07 hours per normal weekday
Table 3, columns (5)–(8)). The probability to be an inten-
ive caregiver decreases in this group by 2.3 pp (Table 3,
olumns (9)–(12)). Those two parameters, however, are not
ignificantly different from zero. The magnitude of effects,
owever, is largely insensitive to these checks. The esti-

ated effect sizes make up less than one third, or one

ourth of a standard deviation at the extensive margin.
hey amount to a 34% decrease in the probability to pro-

32 We follow Lee and Card (2008). Cluster robust standard errors are
alculated according to Calonico et al. (2014) in the non-parametric esti-
ations.
al birth-month to Jan 1, 1952); women aged 60–62; Linear trend and 90%

vide informal care compared to the expected probability of
informal care provision in the absence of the reform.33

Based on a 12-month BW,  the probability to be a care-
giver is also reduced significantly (10%-level), while effect
sizes and significance are more sensitive with the smaller
sample size (Table A14 in the online Appendix). Using a
36-month BW,  effects on the main outcome are very sim-
ilar to the 24-month bandwidth (Table A15 in the online
Appendix). We  cannot identify significant effects on the
hours of daily care provision or the provision of intensive
care. Sign and magnitude of the estimates are, however, not
altered much.

The next specification is designed to decompose the
extensive margin effect without relying on the implicit lin-
earity assumption in the estimates for hours of informal
care. We  construct a categorical variable, stating whether
no care, non-intensive care (1 hour per normal weekday),

or intensive care (at least 2 hours per normal weekday, at
least 10 hours per week) is provided. A multinomial logit
model is estimated, employing the reform strategy as out-

33 We estimate the model on a sample of women not affected by the
reform (women born until December 1951) and predict the probability to
be  a caregiver for women  born at the cutoff.
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Table 3
ERA reform analysis: effects on informal care provision.

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

Probability to provide care Daily hours of care Probability to provide intensive care
OLS  −0.058** −0.055** −0.069** −0.067** −0.073 −0.068 −0.107 −0.105 −0.023 −0.021 −0.035 −0.032

(0.022) (0.023) (0.028) (0.031) (0.101) (0.103) (0.151) (0.147) (0.017) (0.020) (0.023) (0.026)

Local  polynomial −0.062** −0.061** −0.083*** −0.083** −0.086 −0.091 −0.175 −0.175 −0.027 −0.025 −0.049** −0.047*
(0.026) (0.027) (0.031) (0.032) (0.101) (0.107) (0.150) (0.157) (0.018) (0.020) (0.023) (0.026)

Observations 2412 2397 2412 2397 2412 2397 2412 2397 2412 2397 2412 2397
Polynomial 1 1 2 2 1 1 2 2 1 1 2 2
Controls YES YES+ YES YES+ YES YES+ YES YES+ YES YES+ YES YES+
Pre  treat. pred. 0.170 0.170 0.184 0.184 0.310 0.310 0.385 0.385 0.082 0.082 0.112 0.112

Notes: Main effects and robustness checks, 24-month BW,  OLS and local polynomial estimator using a triangular kernel.
rors in p

bles: YE
 educati
Cluster robust (clustered on the quarter of year of birth level) standard er
BW:  bandwidth; Pre treat. pred.: pre treatment prediction; Control varia
and  year of questionnaire, marital status, children in the household, high

lined above on a 24-month BW.  We  find that women  born
from 1952 onward show a 5.6 pp higher probability to pro-
vide no care and a 3.2 pp lower probability to provide 1
hour of informal care per weekday.34 The probability to
provide intensive care is hardly reduced and the parameter
estimate is not statistically significant.

In the last step we compute Wald-estimators that pro-
vide retirement effects on informal care provision using
the ERA reform.35 This allows for a more direct comparison
between results from the ERA reform analysis to the ERA
discontinuity analysis (Section 4.1 above). Wald estimates
provide the effect for women aged 60-62 who exercised an
early retirement option, compared to women in the same
age-range who did no longer have the right to retire before
the age of 63 because of the pension reform. We  find that
retirement increases the probability to provide care by 47
pp (hours are increased by 0.6, intensive care provision by
19.3 pp; see Table A17 in the online Appendix). One reason
why effects are larger compared to the ERA discontinu-
ity analysis is the smaller sample size. The interpretation
of IV estimates in the ERA reform analysis is impaired by
weak instrument problems. In addition, treatment and con-
trol groups are different for both identification approaches.
We  compare women along the age distribution in the ERA
discontinuity analysis, whereas treated and non-treated
women are in the same age-range in the ERA reform anal-
ysis.

5.2.3. ERA reform analysis: heterogeneity
First, we split the sample along the following charac-
teristics: high versus low education and women with high
vs. women with low labor market attachment (Table 4,
columns (2)–(6)).36 We  find that highly educated women

34 Table A16 in the online Appendix provides estimation results from
the multinomial logit regression in rows 3 and 4. Parameters can only be
interpreted qualitatively. The base category is ‘no care provision’. Table
A16 in the online Appendix also includes the marginal effects of switching
from being born before 1952 to being born from 1952 onward for the 3
categories.

35 We calculate the quotient of the effect of the ERA reform on care
provision and the effect of the ERA reform on retirement.

36 Women  aged from 55 to 60 with high labor market attachment do
not report unemployment spells. The residual category consists of women
with low labor market attachment.
arentheses; *p < 0.1, **p < 0.05, ***p < 0.01.
S (Age of individuals and year of questionnaire), YES+ (Age of individuals
on dummy).

react stronger (11 pp decrease) to the reform at the
extensive margin. The parameter is vaguely statistically
significant (10%-level), as the sample size is strongly
reduced (Table 4, column (2)). Lower educated women do
not react to the reform. Geyer et al. (2020) find that highly
educated women have a higher probability to stay in the
labor market due to the reform. This is consistent with our
results, where highly educated women experience larger
effects on their informal care provision.

Women  that are more attached to the labor market
(those who  are employed before age 60) exhibit slightly
larger effects with comparable standard errors (column
(4)). The reference group with low labor market attach-
ment does not react (column (5)). We  also estimate the ERA
reform effect on a group of women that are proxied to be
eligible for women’s pension at age 60, regardless of their
birth cohort. We  find a 7 pp reduction for this group, which
is slightly bigger than our main result. This estimate is clos-
est to an average treatment effect on the treated (ATT).

Results for hours of informal care and intensive care pro-
vision are mixed (Table 4). We  find highly educated women
to react significantly and stronger to the reform in their
probability to provide intensive care. Labor market attach-
ment seems to be an important driver in the ERA reform
effect on the care taking decision.37

5.2.4. ERA reform analysis: robustness
The ERA reform analysis is prone to uncertainty due to

the small sample applied. We  also find some differences in
covariates (e.g. marital status and educational attainment)
between the cohorts. None of the important covariates,
however, react as robustly as the main outcome variables
(caring behavior and retirement). We  discuss this in the
online Appendix38 and provide several robustness checks.

In the first set of robustness checks that can only be
carried out for the ERA reform analysis, we conduct three

different ‘placebo tests’ (Table A18 in the online Appendix).
We  apply the reform approach to the following groups:
women  aged from 57 to 59, i.e. women  not impacted by

37 A more comprehensive discussion and additional heterogeneity anal-
yses are provided in online Appendix C.5.

38 A comprehensive discussion of the validity of RDD assumptions is
provided in online Appendix C.4.
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Table  4
ERA reform analysis: heterogeneous effects on informal care provision.

(1) (2) (3) (4) (5) (6)

Probability to provide care

OLS −0.058** −0.110 −0.033 −0.069** −0.012 −0.070**
(0.022) (0.054) (0.028) (0.027) (0.096) (0.028)

Local  polynomial −0.062** −0.133** −0.024 −0.086*** 0.045 −0.080***
(0.026) (0.058) (0.032) (0.023) (0.119) (0.029)

Pre  treat. pred. 0.170 0.183 0.166 0.179 0.146 0.201

Daily hours of care

OLS −0.073 0.083 −0.115 −0.166 0.304 −0.084
(0.101) (0.276) (0.130) (0.095) (0.332) (0.128)

Local  polynomial −0.086 −0.112 −0.032 −0.204** 0.440 −0.136
(0.101) (0.205) (0.120) (0.102) (0.375) (0.141)

Pre  treat. pred. 0.310 0.065 0.401 0.374 0.088 0.371

Probability to provide intensive care

OLS −0.023 −0.082** 0.006 −0.034 0.023 −0.031
(0.017) (0.039) (0.028) (0.024) (0.067) (0.024)

Local  polynomial −0.027 −0.118*** 0.021 −0.048** 0.066 −0.044*
(0.018) (0.034) (0.024) (0.023) (0.078) (0.026)

Pre  treat. pred. 0.082 0.099 0.076 0.090 0.049 0.097

Observations 2412 735 1677 1873 539 1878

Notes: 24-month BW,  OLS and local polynomial estimator using a triangular kernel and linear trend.
Column (1): All women  aged 60-62 in the BW;  Column (2): Highly educated women; Column (3): Lower educated women; Column (4): Women retiring
f mn (6):
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rom  employment; Column (5): Women  with unemployment spells; Colu
W:  bandwidth; Pre treat. pred.: pre treatment prediction; Control variab
luster robust (clustered on the quarter of year of birth level) standard er

he reform (column (1)), an alternative cutoff date set at
an 1, 1951 (column (2)), and another cutoff date set at Jan
, 1953 (column (3)). No other reforms apply to these two
irtual birth date cutoffs. We  find neither for the placebo
ge group, nor for the two placebo cutoffs that the prob-
bility to provide informal care changes significantly. The
ame holds for the probability to provide intensive care.

In another robustness check, we analyze the reduced
orm-effect of crossing the age threshold 60 on informal
are behavior, differentially for women born before and
fter Jan 1, 1952. The expectation would be that, while
omen born before 1952 increase caregiving when cross-

ng the age threshold (due to retirement behavior at the
hreshold, see ERA discontinuity analysis), women born
ater do not show this behavior. Tables A19 and A20 in the
nline Appendix depict that exactly this pattern emerges
n the data. This is further confirmation that we  pick up
ubstantive effects, arising due to the reform.39

.3. Substitutability and demand for formal care

Several studies have looked into the question whether
nformal and formal care can be viewed as substitutes, find-
ng mixed results. Van Houtven and Norton (2004) find that
nformal care reduces the utilization of formal home health

are and potentially delays the entry into nursing homes
or frail elderly individuals. Bonsang (2009) shows that
nformal care may  substitute formal paid domestic help.

39 Additional robustness checks are reported and discussed in online
ppendix C.6.
 Women  eligible for women’s pension (in absence of the reform; proxy);
 of individuals and year of questionnaire.
arentheses; *p < 0.1, **p < 0.05, ***p < 0.01.

However, the relationship gets weaker as the health status
of the frail person deteriorates. Informal care is a substitute
for formal care only when tasks require low skills. Accord-
ing to Bell et al. (2007) and Karlsberg Schaffer (2015) who
exploit a reform in Scotland that introduced free formal
care, informal and formal care are no substitutes.

Our empirical analysis of substitutability is limited by
data restrictions on the demand for formal care. How-
ever, based on the ERA reform analysis, we can assess the
ERA reform effect on different types of care received from
within and outside the household. The SOEP provides infor-
mation at the household level, whether a given household
is inhabited by a care-dependent person. It is also asked,
how this care is provided, namely from within or from out-
side the household. This information on care activities is
asked in the household questionnaire. It is different from
the individual information, we utilized for our analysis of
informal care supply. We  use this additional household-
level information to tease out, whether care from outside
the household substitutes care provided from within the
household, studying the care mix  in households with a
care-dependent person that are also inhabited by a woman
that is affected by the reform. Since we  need to match
households with affected women  and a care-dependent
person, this exercise is based on an even smaller sample

than our main ERA reform analysis.40

First, we  confirm our main result based on the alter-
native household information: due to the reform, the

40 More details on the composition of the estimation sample and on the
estimation procedure can be found in online Appendix C.7.
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Table 5
ERA reform analysis: effects on caregiving in care households by household size.

(1) (2) (3) (4) (5) (6)

Outcome Inside care Outside care

Houshold size All >2 Persons 2 Persons All >2 Persons 2 Persons

Treated −0.093** −0.132** −0.022 −0.018 −0.144 0.097
(0.046) (0.057) (0.081) (0.076) (0.099) (0.135)

Observations 404 215 189 404 215 189
Mean  of outcome 0.903 0.898 0.910 0.250 0.247 0.254

Notes: Cluster robust (clustered on the household level) standard errors in parentheses; *p < 0.1. **p < 0.05, ***p < 0.01.
2 Perso
e care: 

ata; Fur
60 month Bandwidth; All: individuals from all households as described; >
Only  households as described with less or equal than 2 members; Outsid
care:  inside (informal) care provided within the household; Data: SOEP d
household).

probability that care from within the household is provided
sinks by nearly 10 pp starting from a mean level of 90% in
these households (Table 5, column (1)). The effect is driven
by households inhabited by more than 2 persons (column
(2)). No significant effect is found in households inhabited
by only 2 persons (column (3)). This result is consistent
with the average reduction by 6 pp we found for informal
care supply. Second, we do not find a significant effect of the
reform on the probability that care is provided from outside
the household (Table 5, column (4)). Moreover, there are
no significant differences by household composition. Esti-
mates are not different for households inhabited by more
than 2 people (column (5)) and households inhabited by 2
people (column (6)).

These results are consistent with our findings in the two
estimation procedures that form our hypothesis: Accord-
ing to our main ERA reform analysis finding, the removal of
the ERA at age 60 significantly reduces the supply of infor-
mal  care for women affected by the reform (Table 3). ERA
discontinuity analysis results also show that women  retir-
ing at their ERA provide significantly more informal care
within their household (Table 2). As women affected by
the reform should prolong their working life and reduce
care provision, we expect a reduction of care from within
the household. Provided that informal and formal care are
substitutes, an increase in care from outside the house-
hold can be presumed. Not all, but a sizable share of care
received from within the household should come from
affected women. Likewise, not all but a significant amount
of informal care by affected women should be provided
within their household. A significant negative effect on care
received within the household validates our previous find-
ings based on individual-level information on informal care
supply. Moreover, we do not find evidence that outside care
is substituted, when informal care is reduced from within
the household. One potential interpretation which would
be in line with Bell et al. (2007), Karlsberg Schaffer (2015) is
that less overall care is provided which might have conse-
quences for care recipients (see Section 5.4). An alternative
explanation could be that the necessary amount of care is
provided more efficiently (Bonsang, 2009).

Why do we find a differential reaction by household

size? In two-person households, care-dependent individ-
uals are rather in an age range between 60 and 80 years.
These care recipients are mostly spouses of the main care
provider. In bigger households, care receivers are more
ns: only households as described with more than 2 members; 2 Persons:
outside (formal or informal) care provided within the household; Inside
ther covariates: distance in birth months to cutoff (treated person in the

often parents of caregivers and sometimes children. They
are either younger (in case they are children; 30–50 years
of age), or older (80+ years of age) persons. The health
status of care-dependent individuals in two-person house-
holds is also slightly worse than in bigger households. Care
provided in smaller households might, therefore, be less
flexible. Additional explanations might contribute to this
finding but cannot be substantiated with our data.

5.4. Implications for caregivers and care receivers

Our main empirical results have further implications
for caregivers and care receivers. First, we established that
employed women  indeed face a time conflict, when they
are (suddenly) confronted with demand for informal care.
ERA reform analysis results revealed that when women
are forced to work longer, they provide mostly less low-
intensive care. Women  providing high-intensity care do
either not want to, or cannot reduce care hours (Tables 3
and A16). Consequently, more, high-intensity caregivers
face a double burden of labor supply and informal care
provision. Demographic trends, structural change on the
labor market, and pension reforms, aggravate this problem.
Previous literature has shown that this enlarged double
burden has negative health consequences for caregivers.
Schmitz and Stroka (2013) investigate the consequences
that the provision of informal care in combination with
labor supply has on caregivers’ health. They find that the
double burden of informal care provision and full-time
work increases the intake of drugs. They conclude that
informal care may  have deteriorating health effects for
caregivers, if they need to work and generate labor earnings
at the same time. Bremer et al. (2015) and Hiel et al. (2015)
come to similar conclusions. Unfortunately, the identifica-
tion of health effects that result from a double burden is
beyond the scope of this paper. Our research design does
not allow to also identify health effects. We  cannot dis-
entangle the impact of the double burden from the direct
effect of retirement on health (Eibich, 2015).

Findings from the ERA discontinuity analysis imply and
the ERA reform analysis results confirm that women  who
are not allowed to retire early and must work until later

ages provide less informal care. We  also find that low-
intensive informal care is not compensated by care from
outside the household. This means that care-dependent
persons receive less overall informal care. Increased labor
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arket participation and prolonged working lives of
omen in combination with less early retirement options

einforce this effect. Several studies point out the impor-
ance of (low-intensity) informal care for health outcomes
f care recipients. Hu and Li (2020) document that the
upply of informal care may  reduce the progression of
unctional limitations among elder people. Especially low
ntensity care is found to have these effects. Wu  and
u (2017) show furthermore that informal care can also
mprove the health behavior of the elderly, especially
mong those with chronic diseases. This in turn has impor-
ant positive health effects, especially for chronically ill
ersons. Chon et al. (2018) find that social interaction

s beneficial for the health outcomes and the progress
f frailty among elders. Similarly, the well-being of care
eceivers may  suffer, when low intensity informal care is
ot available. Social interactions with known persons seem
o play a particularly important role.

. Conclusion

Consistent findings based on two identification
pproaches suggest that the time conflict between labor
nd informal care provision is an economically relevant
onstraint for women before they reach eligibility for
ension benefits. When women retire at ERA thresholds,
hey increase their supply of informal care significantly
nd substantially. Individuals with a more binding time
onflict (full-time employed, highly educated) react
tronger. The pension reform that increased women’s
RA significantly reduced the supply of informal care by
he affected group. Women  are forced to prolong their
orking lives or become unemployed. Those, who  would
ave provided low intensity care in early retirement, react
trongest to the reform. Women, who decide to provide
igh-intensity care themselves, do this irrespective of
heir labor market situation. Formal care from outside the
ousehold does not substitute low intensity informal care.
hus, care-dependent persons receive less care overall and
igh-intensive caregivers face a double burden of market
nd care work.

What are the broader implications of our findings for
TC, healthcare, and pension policy? Induced by societal
hange and promoted through equal opportunities policies,
emale labor market participation is on the rise. Problems
or informal care provision, especially for women as main
aregivers, are foreseeable. When early retirement is not
n option, our findings could also be valid for other age
roups retiring at the designated normal retirement age.
revalent increases of the pensionable age would then have
imilar implications for care supply. Future reforms of pen-
ion systems need to consider that this reduces women’s
nformal care provision. Care-dependent persons receive
ess low-intensity care, e.g. in form of social interactions

ith relatives. Given distinct preferences for informal (vs.
ormal) care, it is likely that this impairs their well-being,

r worsen their frailty and health. Future research needs to
ssess who would be primarily affected and to what extent.
hese trends also increase the double burden for caregivers
hich has detrimental effects on their health.
lth Economics 73 (2020) 102350 15

On the other hand, by introducing care-times
for employees, policy-makers have reacted to rising
employment-related barriers to informal care provision.
Parts of these reforms were not yet enacted, or hardly
taken-up by care receivers during the period analyzed
in this paper. Further research is required to investigate
whether such new LTC policies can effectively diminish
the negative relationship between labor supply and care
provision around retirement by dissolving the underlying
time conflict. Additional research is also warranted that
goes deeper into the question whether different types
of formal and informal care are substitutable. Collecting
more and better data on these topics would be a good
starting point.

Supplementary Material. Supplementary Data

Supplementary material associated with this article can
be found, in the online version, at https://doi.org/10.1016/
j.jhealeco.2020.102350.
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