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ABSTRACT

Well-Being over the Life Span: Semiparametric Evidence
from British and German Longitudinal Data

This paper applies semiparametric regression models using penalized splines to investigate
the profile of well-being over the life span. Splines have the advantage that they do not
require a priori assumptions about the form of the curve. Using data from the British
Household Panel Survey (BHPS) and the German Socio-Economic Panel Study (SOEP), the
analysis shows a common, quite similar, age-specific pattern of life satisfaction for both
Britain and Germany that can be characterized by three age stages. In the first stage, life
satisfaction declines until approximately the fifth life decade. In the second age stage, well-
being clearly increases and has a second turning point (maximum) after which well-being
decreases in the third age stage. Several reasons for the three-phase pattern are discussed.
We point to the fact that neither polynomial functions of the third nor the fourth degree
describe the relationship adequately: polynomials locate the minimum and the maximum
imprecisely. In addition, our analysis discusses the indistinguishability of age, period, and
cohort effects: we propose estimating age-period models that control for cohort effects
including substantive variables, such as the life expectancy of the birth cohort, and further
observed socioeconomic characteristics in the regression.
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1 Introduction

One of the core issues of economic analysis is the questidrowfa rational person should
choose between present consumption and saving for futurguogption to maximize his/her
lifetime utility. Knowledge of the resulting path of ut§jitover the life cycle is useful for eco-
nomic and political decision makers aiming at increasingpbes happiness. For example,
if young people in the family-formation stage report a siigant decline in their (financial)
satisfaction, then state incentives could promote sawngetirement that would not be done
otherwise. Such support could be stopped after well-beasgreached a minimum and begins
to rise again. In this way, the state incentives may inducaaniing effect on the utility profile
and promote the continuity of saving. Another example isapimal timing of pay increases:
the utility profile provides valuable information about thge at which pay increases are most

helpful to compensate for decreases in job satisfaction.

However, the life cycle utility derived from theoreticatémtemporal models depends largely
on the assumptions of these models. Even worse, differd¢redqually plausible assumptions
may result in opposing predictions so that increasing,efesng or constant utility profiles can
be hypothesized (cf. Shmanske 1997, Blanchflower and Osx@4l8l). Therefore, it is unclear

which theoretical assumptions describe the true wellgpappropriately.

Because theoretical models do not lead to unambiguoususionk, the profile of utility
over the life cycle must be identified by empirical investigas. However, previous empirical
findings do not provide clear results. Moreover, we suspeat the U-shaped relationship
between well-being and age frequently found in empiricallygses is predetermined by the

quadratic functional forms used in the econometric modiéésapplied in the literature.

This paper attempts to reveal the path of well-being oveeditthspan. We apply semipara-
metric regression models using penalized splines that toehoon an a priori specification of
the functional form of the estimation equation. The papearganized as follows: Section 2
briefly summarizes the existing research. Some theoretwaiderations on the determinants

of life cycle utility and the indistinguishability of agegpod, and cohort effects are given in
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Section 3. The estimation strategy and data are introduc8ection 4 and Section 5, respec-

tively. Section 6 presents the empirical evidence, and@&e¢tprovides concluding comments.

2 Review of the literature

Empirical studies of the relationship between well-beind age can be divided into two major
groups: those that support the U-shape and those that amesistent with it. The former are
mostly economic studies, whereas the latter often come fiwriield of psychology. This

section introduces some selected works from these regpguisitions.

In the psychology literature, three components of subjeatiell-being are identified: pleas-
ant (positive) and unpleasant (negative) affects reptesantional responses, whereas life sat-
isfaction is regarded as the cognitive aspect of well-béing., Lucas et al. 1996, Diener et al.
1999). Empirical investigations of these components of-veing present the following re-
sults: the analysis of Mroczek and Kolarz (1998) indicatesivilinear effect of age on the
positive affect. Correspondingly, Charles et al. (20014l finat the negative affect decreases
with age, which is attributed to the fact that people morecessfully construct environments
that promote well-being as they grow older. Hence, one caclade that the overall improve-
ment of the affective state contributes to an increase ijestibe well-being over the life cycle.
With respect to life satisfaction, Mroczek and Spiro (20 an inverted U-shape with a peak
at age 65 in a sample of approximately 2000 male respondgets 40 to 85 years from the

Veterans Affairs Normative Aging Study.

Easterlin (2006) analyzes pseudo panel data (i.e., reppeaiss sections) from the General
Social Survey (GSS) of the US by applying a refined varianteshdgrapher’s birth cohort
analysis. An ordered logit regression of happiness on agei{a square) indicates an inverted
U-shaped relationship between well-being and age whil&ralhimg for year of birth, sex, race,
and education. The path of certain domain satisfactionstowe is regarded as the underlying

reason for this pattern: the inclining part of the curve upnidlife is supposed to result from
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the growth in satisfaction with family life and work. Later life, a deterioration of health and

decreasing satisfaction with family life leads to an ovaeduction in life satisfaction.

Using the West Germany subsample of the Socio-Economid Baundy (SOEP) and apply-
ing structural equation modeling, Schilling (2006) findsighhmonotonic stability of life sat-
isfaction within one year. Adaptation is considered to spomsible for the rather unchanged
satisfaction levels across the life span. However, a litioitaof this study is that it does not
control for socioeconomic characteristics such as sexcathn, or health. Kassenboehmer
and Haisken-DeNew (2008), who also use data from the SOERytdind an age effect when
controlling for socioeconomic characteristics, indivadlapecific fixed effects, years of partici-

pation in the panel, and interviewer characteristics.

Early empirical evidence in favor of the U-shaped well-lgeprofile over the life span is
provided in Latten (1989). Using approximately 3000 Dutebpondents aged 18 years and
older from four waves of the Quality of Life Survey carried between 1974 and 1983, the es-
timation of third-order polynomial regressions indicatiest life satisfaction declines from the
age of 30 onwards and reaches a minimum in midlife betweeaghs of 50 and 60. Higher oc-
currence of tensions at home and illnesses are discusseasass for the decline in well-being.
From the age of 55 onwards, an increase in satisfaction ecthgt. A persuasive explanation

of the higher levels of well-being in old-age is, however given.

The U-shaped well-being profile is also found in some moremestudies. For example,
Blanchflower and Oswald (2004) find the minimum of well-betoge around the age of 40
using data from both the GSS and the Eurobarometer Survey.aiitihors hypothesize that a
process of adaptation to circumstances is at work: “perHapthe middle of their lives, people
relinquish some of their aspirations and thereby come wydiig more” (p. 1375). On the basis
of large international data sets, Blanchflower and Oswal@$2 describe a general life cycle
pattern that has a minimum between 40 and 50 years of age ferr ecoantries. The authors
use multivariate regression analysis controlling for secbnomic characteristics, fixed year

effects, and for cohort effects. In addition to a quadragtiecsfication of the model, the authors
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also use dummy variables comprising age groups of five yédrs.results suggest a second

turning point later in life, and from that point onwards thellabeing curve turns downwards.

Clark (2007) approaches the research question in a simsaidn: using respondents aged
from 16 to 64 years of the British Household Panel Survey (B}jEhe analysis investigates to
what extent the U-shaped well-being profile is caused by adftects. The central research
question is to disentangle age and cohort effects using ffietts regressions that control
for the cohort effect as part of the individual specific fixdteet. Including age dummies
representing five-year age-blocks allows the estimatighefelationship between well-being
and age in a nonparametric way. In addition, the regressiongol for fixed year effects
including wave dummies. The results indicate that, evesr afintrolling for cohort and period
effects, the U-shape can still be found in the data. This@pr suggested by Clark has been
adopted by two recent studies using German data (cf. vandgdras 2008, Gwozdz and Sousa-
Poza 2009). We comment on the identifiability of age, peradj cohort effects in the next

section.

Additional references to economic studies supporting thehbed well-being profile can
be found in Blanchflower and Oswald (2004), Clark and OswaD6), and Clark (2007).

Diener and Suh (1997) provide a comprehensive review of $lgefmlogy literature.

3 Indistinguishability of age, period, and cohort effects

The studies by Clark (2007) and Blanchflower and Oswald (R6i@&d in the previous section
are examples of research projects aimed at simultanealestyifying age, period, and cohort
effects on well-being. However, they do not address explithe identification problem. The
identification problem arises because of the fact #ugt= period — cohort makes the effects
indistinguishable (cf. Clayton and Schifflers 1987a, b)e Tésearchers overcome the problem
of perfect colinearity of age and period while controllirg £ohort using a reparameterization
of the age-period-cohort model: respondents belongingffierent age groups are arranged in

five-year age-blocks. The dummy variables generated intthisare then substituted for the
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linear (and quadratic) age terms. (In a similar manner, 8ilawer and Oswald (2008) create,

in addition, cohort categories comprising respondenta boan age range of 10 years.)

However, estimating age, period, and cohort effects in aiplelclassification framework
Is only possible assuming that several age groups, timegeror cohorts have identical effects
on well-being (cf. Mason et al. 1973). That is, the age efféot respondents of different age
groups lumped in one category are assumed to be of equaMsazkus (1983) offers objections
to assumptions of this kind: first, the identification resttdns usually lack plausible arguments
for imposing them, and second, in the case where plausiblgifctation restrictions can be
made, the estimation results are often highly sensitiveattations in the data. Therefore,
a mathematical-statistical reformulation of the modelegarded to be less important for a
solution to the identification problem than explicitly casiting for the influences underlying
the processes that are represented by age, period, and.clhtire following discussion, we

consider these underlying processes.

A stylized equation that describes subjective well-beiagrdhe life cycle can be written

as:

Uit = Baage: + Bpperiod + Bccohort. (1)

The question of functional form will be discussed in detaithe subsequent sections and is of
no further interest at this point. Equation 1 says that thigyutu of an individuali at timet
depends on age, time period, and birth cohort. Followingkidemn and Hobb (1985), we argue
that the justification for including age, period, and colasrtieterminants in an economic model
is that these variables represent proxy variables for athéerlying factors or unobserved char-

acteristics of the individual.

There are arguments supporting the view that age, periadgamort determine utility over
the life cycle. First, age has an impact on subjective weiltf through various modes of action.
In an economic context, in addition to utility from curremnsumption experiences, memory
and anticipation are also supposed to have an impact orbegll (cf. Elster and Loewenstein

1992). Age can be interpreted as a proxy variable that captinese effects: for example, the
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number of pleasurable and memorable events experiencegp®sed to vary as people grow
older. Moreover, age may also be a proxy variable for unaleskeffects such as needs that

occur in different life stages or latent health charactiess

Second, the period or year effefi,, measures the aggregate impact of the time period on
well-being that equally affects all age groups simultarsfpuThe common experiences that
are regarded as defining our era (e.g., the 9/11 attacksoaostc development such as the
bursting of the dot-com bubble) are very likely to also hanenapact on life satisfaction. The
time period can be interpreted as a proxy for informationuabloe aggregate development of
such issues at the macro level. In this context, Di Tella e{2001) provide evidence that
self-reported well-being depends on the unemploymentradenflation. Wunder et al. (2008)
show that the introduction of the euro cash in Germany wdsvield by a sharp decline in

financial satisfaction.

Third, the cohort effectf¢, captures the influences that affect subjective well-b&ing
specific birth cohort equally throughout life. For exammeme birth cohorts have to suffer
from more economic disadvantages than others: Welch (1838js to the effect of the arrival
of a large birth cohort, the World War 1l baby boomers, on thieol market, which has neg-
ative consequences for the earnings of this cohort. In mdiboth physiological as well as
psychological effects may arise from economic and politttenges. In this context, Kasen
et al. (2003) provide evidence that the increased laboefparticipation of married women
with children, which was a result of social change in the X&0d 1970s, has led to increases

in depression in recent birth cohorts.

In the following example, we illustrate the indistinguisiiay of age, period, and cohort ef-
fects in equation 1. We apply an individual fixed-effects mldtat is widely used by econome-
tricians because it allows an unbiased estimation whenxplaatory variables are correlated
with the unobserved heterogeneity. In the context of theaieh question under consideration,
the fixed-effects model controls implicitly for the cohoffeet as part of the time-invariant,
individual specific effect. However, in this framework, & mot possible to identify age and

period effects without imposing further restrictions. Teason for this is that including a full
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set of T — 1 year dummies (or, alternatively, a linear time trend) ididn to the individual’s
age, one is not able to estimate the effect of age becausadistinguishable from the period
effects. To make the parameters identifiable, one furthar geammy is dropped from the list
of the right-hand side variables so that ofily- 2 year dummies are included. In this case, the
identification restriction assumes that the additional yeaitted has no effect on the response

variable.

The ambiguity of the results is illustrated in Figure 1. Thaghs show second-order poly-
nomial well-being equations. The results plotted in Figlirare obtained from identical re-
gression equations with 1986 as the reference year. Thessgns differ only with respect
to the additionally omitted year dummy. It is obvious thastapproach (i.e., a fixed-effects
age-period-cohort model) to investigating the relatiop&ietween well-being and age does not
lead to unambiguous results. The indistinguishabilityse &vident from the estimation results
in Tables 4 and 5 in the Appendix: the estimator of the linggr effect clearly depends on the

additionally omitted year dummy.

A solution to the colinearity problem is to decide betweenage-period model (assum-
ing no unobserved cohort effects) and an age-cohort modsuang no unobserved period
effects) when investigating the relationship betweenwelhg and age. We propose an age-
period model that captures the cohort effect through seécarssal variables. In an economic
context, the cohort effect may represent, as mentionedeallos consequences of the entrance
of a large birth cohort on the labor market. In addition, tbaart effect may also reflect the
exposure to certain environmental circumstances, e.gr, matrition in the period after World
War II. However, these effects can be directly controlledifiche regression equation. For ex-
ample, we are able to model the increased risk of being ur@ragifaced by members of large
birth cohorts directly, including the current labor for¢atss in the regression. Long-term con-
sequences of poor nutrition are captured by the healthecklariables. As a consequence, we
believe that an age-period model controlling for cohoresfic characteristics is most suitable

for the question investigated in our study.
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Figure 1
Indistinguishability of age and period effects using a fixeeeffects estimator

Life satisfaction Financial satisfaction

10

life satisfaction

satisfaction with household income

T T T T

T T T T T T
20 40 60 80 100 20 40 60 80 100

age age
Additionally omitted year dummy: Additionally omitted year dummy:
— 1988 — — 1989 ----- 1991 — - 2004 — 1988 — — 1991 ----- 1995 — - 2002

Note The fixed effects regression equations are identical éxXoethe additionally omitted year dummy. The
estimation results can be found in the Appendix, in Tablesdisa
Source SOEP 1986-2007 (without 1990, 1993)

4 Semiparametric regression using penalized splines (P{gpes)

The difficulty in modeling the nonlinear effect of age on wedling with a parametric ad hoc
specification arises, inter alia, from the fact that theoaéimodels lack unambiguous predic-
tions regarding the utility profile over the life span. THere, the present paper applies a
semiparametric regression approach that allows flexiltiimason of nonlinear effects. In par-
ticular, the approach does not require a priori assumptbosit the functional form. Instead, it

is assumed that the profile of well-being over the life cyddeys a semiparametric model:

Vit = Croc+n(ae)+€&t, i=1,....n teTc{l,..T} 2
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Equation 2 says that the respornysef thei-th individual at timet depends linearly on the co-
variates in the vector. This parametric component controls for the effects of @@@dnomic
characteristics other than age, such as education, indabw,force status, etc. The nonpara-
metric componem(ai; ) models the relationship between the response variablegealgiven
the covariates i), which is allowed to be nonlinear, but the particular fosmot specifiede

is the error that can be explained neither by the paramedgribyithe nonparametric component.

Following Ruppert et al. (2003) and Wu and Zhang (2006), we penalized splines (P-
splines) to estimate the smoothing functig(e;). Compared with other existing smoothing
techniques, P-splines have the advantage that their pgafaze does not depend so much on
the location and number of knots (compared with regresginesmethods) and that they are
less computationally intensive (compared with smoothipiine methods). Moreover, as P-
splines can be formulated within a linear mixed-model frenmid, standard software packages
for mixed-model analysis can be used for smoothing (cf. Ngw &and 2004). We use the

command -xtmixed- available in Stata 10 MP.

A P-spline uses &-th degree truncated power badig(a) with K knotsty, 1o, ..., Tk:
®p(a) = (1,a,..,a (@a—11)X,...,(a— 1)), (3)

where (a—1;)+ = max0,(a—1,)) andr = 1,...,K. The number of knots can be selected
roughly and their location may be obtained, for exampleygighe equally spaced method or the
equally spaced sample quantiles method (for details, cfawdizhang 2006). The firgk+ 1)
basis functions of the truncated power basis representyagaiial function otk-th degree, and
the remaining arguments denote truncated power functibdegreek. The number of basis

functions involved igp =K +k+ 1.

The estimated P-spline function can be written as follows:

f(a) = ®),(a)B. (4)
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It is clear from equation 4 that the smoothing function is panmametric in the sense that the
function contains a large number of parameters that carenmtterpreted individually. Instead,
the shape of the function is the main point of interest. ThiEnegors and & are chosen so

that they minimize the penalized least squares (PLS) witgcf. Wu and Zhang 2006):
ly—Coa—XB || +AB'GB, (5)

where y,C,X are defined in correspondence to equation 2yas (yi1,...,YnT,), C =

(Chy, - Chr)’s @andX = (X)q, ..., Xpg ) With xip = ®p(at). The so-called roughness matrix:

Oksnyx(k+1)  Ogkr1yxk

G= (6)

Ok x (k+1) Ik, oxp

allows us to penalize thietimes derivative jump of the regression splineis the smoothing

parameter.

We apply a linear mixed-model framework to minimize the PlkBedon in equation 5,
i.e., the estimatoré andr] are obtained from the best linear unbiased predictors (Bl)P
a mixed model. For that purpose, the vedgohas to be split into two subvector§,andu,
containing the firstk+ 1) and lastK elements of3. The corresponding matrices are denoted

X andZ. Then the PLS criterion in equation 5 can be reparametesgddilows:
|y—Co—X6&6—Zu ||>+A | ul?. 7)

Hence, the estimatois, 5, and(l that minimize the PLS criterion in equation 7 are the BLUPs
of the following linear mixed model:
u ollk O

y=Ca+X6&+Zu+e, Cov — (8)
€ 0 oy,
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n

whereL = 3 T;. The vectorg«’, 8')" andu represent the fixed effects and random effects of the
|

mixed model, respectively. The smoothing paramgterthe ratio of the variance components,

i.e., A =02/02.

With § = (8', 0")’ the estimated smooth function can be obtaineg(@s = (I)’p(a)ﬁ. When
also taking into account the effects of the covariate€jrthe fitted response can be calcu-
lated from equation 8, substituting the BLUPs for the unkng&rametric and nonparametric

components.

Ruppert et al. (2003) show that a pointwise confidence batid bvas allowance can be

constructed as:

() +21_q)28¢ 1/ (0, . (@) (D'D+AH) (0, (@), (©)

whereM is the number of covariates in the mat@x andp is the number of basis function.
is calculated using the estimated variance compon&nendaé2. The matrixD is defined as
D = (C,X) and:

0 0
o MM Ovcp ) (10)

Opxm  Gpxp

21_q /2 denotes th¢l—a/2)-quantile of the standard normal distribution. Therefael —

0)100% confidence band for the fitted response values can hdateid as:

y:i: Zl,a/zﬁg\/dg(D’D—l—;\H)*lda. (11)

The(p+M) x 1 vectord, contains average values for the remaining covariates &ntdthcated

power basis for age valuesused in the calculation of the interval, i.da = (T, ®},(a))".

In order to take the within subject correlation into accoue apply a generalized P-spline
method, i.e., the error sum of squares in the PLS criterioveighted by the covariance matrix
of y, 2 = Cov(y). For the implementation, this means that generalized Egsares (GLS)

transformations ofy, y* = Qfl/zy, and likewise forC and X are used in the computation.
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Because the covariance matfikis unknown, it is estimated using the Swamy-Arora method
implemented in Stata 10 MP (command -xtreg-) in a first stepmpatric GLS regression (cf.
Swamy and Arora 1972). The model specification includesrd-inider polynomial of age (cf.
Appendix D). Alternatively, one could incorporate an indival-specific random effect in an
additive mixed-model framework because the GLS estimatdeuthe normality assumption
is equivalent to the maximum likelihood estimator. Howevke GLS transformation has the
advantage in practical use that the estimation of the liregaed model in equation 8 is faster

because of the omitted individual specific error term congmbn

5 Data

The data used in this paper are based on the British Hous&awmldl Survey (BHPS) and the
German Socio-Economic Panel Study (SOEP). Both the BHP$harfslOEP are representative
longitudinal studies of households that survey the samgorefents annually. The data are
highly suitable for the present analysis because questibost well-being are central to these
studies (cf. Taylor et al. 2006, Wagner et al. 2087).

In the SOEP, life satisfaction is ascertained by the follmywuestion: “How satisfied are
you with your life, all things considered?” The response sasured on an 11-point scale
ranging from O (completely dissatisfied) to 10 (completedtisgied). The distribution of life
satisfaction in Germany is shown in Figure 2. The resporsdesgiort an average level of 6.9.

The median is seven and the most frequent score (mode) iathgls is eight.

The BHPS collects detailed information about how peoplesssheir satisfaction with
their lives asking the following question: “How dissatisfier satisfied are you with your life

overall?” Responses are measured on a seven-point scglagdrom 1 (not satisfied at all) to

1 The data used in this paper are extracted using the add-dagad®anelWhiz v2.0 (Nov 2007) for Stata.
PanelWhiz was written by Dr. John P. Haisken-DeNew (john@pwhiz.eu). The PanelWhiz-generated DO
file to retrieve the SOEP and BHPS data used here and any Phizgig-ins are available upon request. Any
data or computational errors in this paper are our own. HaidBeNew and Hahn (2006) describe PanelWhiz
in detail.
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Figure 2
Distribution of life satisfaction in Germany and Britain

Germany Britain

3 4 5 6 7 8 9 10 1 2 3 4 5
life satisfaction life satisfaction

Source SOEP 1986-2007 (without 1990, 1993). BHPS 1996-2006 (wit2001).

0 1 2

7 (completely satisfied). The distribution of life satigfaa in Britain is also shown in Figure 2.
In Britain, the average level of life satisfaction is 5.2.€Tinedian is five and the most frequent
score (mode) in the sample is six. Unfortunately, the quastgarding people’s life satisfaction
was not asked in the BHPS before 1996 or in 2001.

Ferrer-i-Carbonell and Frijters (2004) show that assurombnality or cardinality of satis-
faction scores makes little difference to the results ofgsgion analyses. Hence, we are able

to apply econometric models designed for continuous respuariables.

In order to disentangle the relationship between subjectill-being and age, it is impor-
tant to control for further socioeconomic characteristitat are associated with the level of
utility. In particular, health status is a well-known deténant of well-being (e.g., Easterlin
2005). Both the SOEP and the BHPS provide information admitréspondents’ health sta-
tus. We use the respondents’ disability status and the nuofl@ghts stayed in hospital in
the SOEP data set. These objective health measures aredesstp measurement errors and
the issue of endogeneity—problems that may occur usingdtigeported health status (cf.
Jackle 2007). Unfortunately, the information about the ham of nights stayed in hospital
is not available for 1990 or 1993 so that we are not able to lnsedspective waves. In the

BHPS, we generate a dummy variable indicating whether aoregmt experienced bad health
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issues resulting from problems with arms, legs, handst,siggaring, skin conditions/allergy,
chest/breathing, heart/blood pressure, stomach or digestiabetes, anxiety, depression, alco-

hol or drugs, epilepsy, migraine, cancer, stroke and otralems.

Furthermore, we exclude the data collected at the first atwhskinterviews of each person
from the SOEP sample because of panel and learning effdctsaftdua 1993, Ehrhardt et al.
2000). After all, the SOEP sample consists of 20 waves fro8618 2007 excluding 1990 and
1993. In contrast, we refrain from excluding observatiaosifthe BHPS because the period
for which data are available is considerably shorter thah@SOEP, so that our BHPS sample
contains observations of 10 waves from 1996 to 2006 exciudd01 (because of the missing
life satisfaction question). The descriptive statistitthe variables used in the analyses can be

found in Table 3 in the Appendix.

6 Empirical evidence

In this section, the relationship between life satisfacémd age is analyzed using the semi-
parametric regression approach introduced in Section Bséution 6.1 provides an overview
of the different assumptions underlying the four model #mations estimated in this paper.
The smooth functions describing the three age stages dfdiiefaction over the life span are
discussed in Subsection 6.2. The differences between taeneéric and semiparametric re-

gressions are examined in Subsection 6.3.

6.1 Semiparametric regressions: four models

We estimate four semiparametric regression models usisgliRes under different assump-
tions. Figures 3 and 4 show the resulting age profiles for @aynand Britain, respectively. All
regressions have in common that the P-spline smoother oiciigarametric component uses a
third-degree truncated power basis, ike=s 3. K = 15 knots are used in the spline regression,

which is roughly one-fifth of the distinct age groups. Thetsmre located at the corresponding
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sample quantiles. All models include standard socioecanaontrol variables in the para-

metric component: sex, marital status, labor force stdtealth status, household income, and
household size. In the Germany sample, the regressions@isml for whether the respondent
lives in East or West Germany. The estimation results of #grampetric components can be

found in the Appendix D.

The first model is an age-period model applying a general2sgline smoother. In ad-
dition to the standard control3, — 1 dummy variables capturing the period fixed effects are
included. The age-period model uses GLS-transformed datanang that the unobserved in-
dividual heterogeneity in the longitudinal data is unclated with the explanatory variables.
We estimate the covariance structure in a first step paranregyression using the Swamy-
Arora method. The regression equation includes a thirérgodlynomial function of age. The
variance estimates obtained from the first step regressensed to GLS-transform the data
(for details, cf. Appendix C). This procedure is equivalEnéstimating an individual-specific
random error term component in the linear mixed model. Haneghe GLS transformation is
beneficial because it allows a faster computation of theatimeixed-model representation of

the penalized spline.

The second model is the same as the first one, with the exodptbthe respondents’ sex-
specific life expectancy at birth is added as an explanatarigble? The life expectancy is
based on the number of deceased and living persons in thie population. This measure re-
ports the average number of years a newborn child is expextee, and is a highly condensed
source of information about the living conditions of thetbicohort. Hence, it may be regarded
as a snapshot of the living conditions of the time period incwlone is born. We regard this
variable as reflecting further substantive informationwlmmhort-specific influences. Because
the life expectancy is identical for all respondents beinggo the same birth cohort and sex,

we are confronted with the problem that a bias of the stanelaats could result from merging

2 The life expectancy at birth for the British and the Germapamdents is from the Human Mortality Database,
University of California, Berkeley (USA), and the Max Pl&rastitute for Demographic Research (Germany),
available atwwv. nort al i ty. org orwww. humannortal i ty. de (data downloaded on 7 March 2009). The data
for German birth cohorts born before 1956 are taken fromsSitithes Bundesamt (2008).



Figure 3
Life satisfaction over the life span in Germany
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Figure 4
Life satisfaction over the life span in Britain
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the higher aggregated variable to the micro data (cf. Moul®90). Hence, this second esti-
mation does not use GLS-transformed data, but instead treiaace structure is considered
by modeling a hierarchical random-error term componen&dadition to an individual-specific

random effect, a further random term representing the werebd heterogeneity at the level of
the birth cohorts is included in the estimation equatior®. ddnvenience, we do not calculate

a variability band in this case.

Life expectancy has a highly significant negative impactitendatisfaction, i.e., respon-
dents report lower satisfaction scores when they belongtihart characterized by greater life
expectancy at birth (cf. Appendix D). In comparison withliearcohorts, more-recent cohorts
of respondents have a higher life expectancy. Hence, thigtradicates that the later a person
is born, the more dissatisfied he or she is. This finding id\lit@reflect that persons belonging
to different cohorts have different cohort-specific valagd expectations that are more or less

met by the circumstances.

The third model is based on an individual-specific fixedafemodel that takes into ac-
count the correlation between the individual effect andcinvariates. Smoothing is done using
demeaned data in the linear mixed-model framework. Thisgatore implies that the error
term variance is underestimated because the individwad#sp constants are omitted from the
model. Because our interest lies primarily in the shape eftihction, we refrain from correct-
ing the bias, and therefore we do not calculate confidencddiarthis case either. In addition,
because the inference based on the fixed-effects estinsa@anditional inference (in particu-
lar, conditional on the individuals in the sample), the éitt@lues obtained from the fixed-effects
model cannot be compared directly with the results obtafreed the other models. In partic-
ular, the value of the fitted responses on the y-axis cannimitéreted because of the omitted
individual-specific constants. However, an interpretatd the shapeof the function is possi-
ble and provides informative insights. The resulting fimeal form differs somewhat from the

random-effects age-period model.

It must be pointed out that, on the one hand, the fixed-efestisnator implicitly controls

for a cohort effect that is included in the individual-sgecconstant term. On the other hand,



6.2 Three age stages of life satisfaction 20

the year effects are omitted from this model because it ipossible to estimate a fixed-effects
age-period model. The reason for this is that age, periaticahort effects are indistinguishable
and cannot be identified without further assumptions (cttiSe 3). Consequently, we assume
that the difference in the shape of the smooth functionegabgcause we are comparing models

with two different model specifications, i.e., an age-pe&meoodel versus an age-cohort model.

To further confirm our suspicion, we also estimate a randfiects age-cohort model
(model 4). The specification includes the year of birth asgguare in the regression equation
and omits the period dummies. The resulting functional fasntlose to the fixed-effects
age-cohort model. Hence, we conclude that the differentedsn the random-effects age-
period model (model 1) and the fixed-effects age-cohort i@dedel 3) mirrors the different
model specifications: the fixed-effects estimator contfolsa cohort effect, whereas the

random-effects estimator models period effects.

As already pointed out in Section 3, we believe that the ageg models (model 1 and
model 2) are an appropriate choice because the age-cogmesstons do not take into account
the impact of macroeconomic variables such as unemployndlation, and growth. Their

impact can, however, be captured in aggregate by the peuimardes in the age-period models.

6.2 Three age stages of life satisfaction

The following discussion is primarily based on the evidepoavided by model 2 (cf. Ap-
pendix D). The regression controls for cohort effects idaig, in particular, the cohort-specific
life expectancy as an explanatory variable. Fixed yeactffare also included in the estimation
equation. In contrast, the age-cohort models (model 3 artehd) omit period effects. Instead,
they depend on the rather unrealistic assumption that|igiang in 1995 or 2005 makes ceteris

paribus no difference to well-being.

In order to control for the effects of panel attrition, we #ubohally include a set of dummy
variables in the regressions indicating whether the redpainleaves the study in one of the

subsequent waves. From the estimation results, it is evilahthose who leave the sample are
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clearly less satisfied with their lives compared with tho$®wontinue participating. Because
one of the major reasons for attrition in our sample is thetdeba person, the negative impact

may mirror a worsening of the health status, which is notwagat by the health indicators.

Despite the differences between the smooth functionsmdddrom the four model specifi-
cations, the graphs in Figures 3 and 4 show a common thresepladtern describing the course

of well-being over the life span.

In the first age stage, the smooth functions indicate a negapproximately linear trend
up to the beginning of the fifth life decade in Germany. Oveeaqa of 35 years, individuals
suffer from a decrease in life satisfaction of about 0.7 {goon the 11-point scale. The total
loss is equivalent to an average annual decline Bf¥= 0.02 points. In order to compensate
for the annual loss in well-being, an increase in income afhdy 4% per year is required,
other things being constant (cf. Table®1For Britain, Figure 4 shows a slightly curved line
(i.e., not straight downward) until the respondents almeath the age of 50. This reduction

corresponds to a CIV of 14% each year.

A common explanation of the decline in well-being is that glean this life stage have
relatively higher aspirations and expectations that atemwed by the circumstances (e.g., Frey
and Stutzer 2002). Building on results from research on fyelwlogy of time and aging, we
introduce a new possible explanation of the decline in lggsgaction. It is well established
in the psychology literature that the perception of timenges as people grow older. An
early account comes from the pioneer psychologist Willimamds: “The same space of time
seems shorter as we grow older” (James 1981, p. 588). Intrelemades, the psychology
literature has provided extensive support for the hypastthat people have the impression that
time passes more quickly with advancing age (e.g., Leml&Fb]lBaum et al. 1984, Schroots

and Birren 1990, Craik and Hay 1999). The age-induced dsergametabolism, the general

3 The calculation of the income variations are based on thepaged model with life expectancy (model 2). In
Germany, the effect of the logarithm of household incomaisreated to be 0.5. This means that an increase in
income of 1% brings an increase in well-being of 0.005 paamtshe 11-point scale. Hence, a reduction in life
satisfaction of 0.02 points requires a compensating inceamiation (CIV) of 4%. The calculation is identical
for Britain.
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decline in biological activity, and the slowing of the imtat biological clock are possible causes
resulting in a change in the perception of time (for an owvamyicf. Block et al. 1998). In this
context, neuroscientific research provides evidence thiaigadisrupts memory performance

(cf. Anderson et al. 2000).

What are the implications of the fact that subjective timeederates with aging for the sat-
isfaction scores collecteginnuallyin the SOEP and the BHPS? Although the wording of the
questionnaires does not refer to a particular time peridd $ection 5), it is plausible to as-
sume that the respondents base their evaluation of thes bver a certain time interval. For
example, people may assess their overall well-being in theigus year. The literature cited
above suggests that equal-sized real-time intervals ameetted to decreasing subjective time
intervals because of the perceived acceleration of time. Urtderlying reasons may also pro-
duce an effect on subjective well-being: reduced bioldgicavity and lower episodic memory
performance are supposed to lead to a diminution in the nuwibpleasurable experiences
and memories processed. This implies that, from the petigpeaf an aging individual, fewer
events occur within the annual time intervals that are safivjely perceived as becoming shorter
over the life span. As a conclusion, we infer that the smaillenber of (pleasurable) events
and experiences, which are processed in shorter (sulggtime intervals, also produce less

satisfaction.

In the second age stage, a restoration effect on satigfactiours. The literature labels
this phase as the “gerontological paradox” (Herzog and M&ad999, p. 244). Because this
life stage is characterized by multiple losses (e.g., peegperience a deterioration of health
and functioning, and spouses and friends die), one woulghigtexpect happiness to decline
because of the deterioration of objective conditions. H@xendividuals exhibitincreasing life
satisfaction in this age stage. Several reasons could attmuhis phenomenon. First, rising
levels of financial satisfaction, satisfaction with maaéneeds, and satisfaction with human
relationships may contribute to an increase in overallddgsfaction (cf. Diener and Suh 1997,
Easterlin 2006). A second reason for the increase in setiisfais supposed to result from
adaptation: people lower their expectations and adjust lifee goals to their circumstances

(cf. Campbell et al. 1976). Third, people may derive pleastom anticipating retirement: it
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seems reasonable to assume that approximately 10 yeare betioement people develop more
concrete expectations about how they wish to spend thee &nd that this planning process

may induce eager anticipation.

Although an upward trend is clearly seen in both data sefferences exist between Ger-
many and Britain (cf. Table 1): in Germany, life satisfantiocreases over a period of about
13 years by approximately 0.3 points on the 11-point scale€ohtrast, the increase in Britain
is more sustainable. The British respondents improve tifieisatisfaction by about 0.7 on the
seven-point scale over a period of approximately 22 yealse dompensating income varia-
tions indicate that the annual positive effect in the secagel stage is equal to an increase in
income of roughly 5% per year for the German respondents. risiderably higher value is
obtained for the British respondents: the increase in kfigsgaction is worth an increase in
income of 35% per year. Not only does model 2, on which thisudation is based, indicate a
stronger increase in well-being in Britain, but also allkearemaining models point to a more
sustainable restoration effect in the British data. Howdwecause the satisfaction scales in the
SOEP and the BHPS are not comparable directly, and conbigiati#ferent effects of income

on well-being are estimated for both countries, this comsparshould be read with caution.

In the third phase, persons over the age of 65 again expergesabstantial decline in life
satisfaction. We suspect that this life stage is charasdipy various events and processes that
are not captured by the control variables and that may cdeséddterioration in well-being.
In particular, the decline in satisfaction in the old agegstenay be attributed to health issues
that are not fully expressed by the rudimentary health midics used in the regressions. In
the context of the state of health, age may capture the sftdderminal decline, i.e., the de-
cline in cognitive abilities while people stay physicallgaithy. Therefore, Mroczek and Spiro
(2005) assume that “certain psychological constructdy sisccognitive function or subjective
life satisfaction, may be more sensitive indicators of@ggiunderlying medical problems than
are traditional physiological variables such as bloodsures’ (p. 198). Until the age of 80, the
SOEP respondents suffer from a loss in well-being that asaen0.5 points on the 11-point
scale. Because the decline starts about five years latertairBithe BHPS respondents experi-

ence a reduction in life satisfaction of only approximately points (on the seven-point scale)
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Table 1
Three age stages of life satisfaction

stage age A age ALS ALSp.a. Clv
min max

Germany (11-point scale)

1 18 52 35 -0.7 -0.020 4.0%
2 53 65 13 0.3 0.023 -4.6%
3 66 80 15 -0.5 -0.033 6.7%
Britain (seven-point scale)

1 18 48 31 -0.4 -0.013 14.3%
2 49 70 22 0.7 0.032 -35.4%
3 71 80 10 -0.1 -0.010 11.1%

Note The calculations are based on the estimation results folelib(age-period model with life expectancy).
The coefficient of the logarithm of household income is eatad to be 0.5 for Germany and 0.09 for Britain.
Estimation results can be found in Tables 7 and 8 in the ApigeAd_S denotes the change in life satisfaction
over the whole duration of the life stage. CIV is the compé&ngdncome variation required in each year to
compensate for the decrease/increase in life satisfaggoannum.

over a period of about 10 years. The numbers are equivalemt &mnual CIV of 7% and 11%

in Germany and Britain, respectively.

6.3 Parametric versus semiparametric regression results

The U-shaped well-being profile frequently found in the exoetrics literature obviously pro-
vides only an incomplete picture of the course of subjectred-being over the life span—
although the smoothing curves presented in this paper shawsatisfaction declines with ad-
vancing age, and then rises after well-being has reachechianomin. However, the quadratic
model does not depict the age profile correctly because aregnthe second turning point and
the downward trend in satisfaction in the third age stagertidedarly for Germany, the U-
shaped profile is misleading: the minimum of life satisfatis located where it is actually
maximal (cf. Figure 5). Therefore, we propose to includesast one additional polynomial

(i.e., a cubic term of age) to capture the second turningtpoward the end of life.

Figure 5 shows the course of life satisfaction over the lffarsobtained from polynomial

functions of the third and fourth degree that are able towaphe second turning point. The
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Figure 5
Polynomial vs. semiparametric regressions
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functions are obtained from age-period models includirggstandard socioeconomic control
variables (cf. Section 6.1) and omitting life expectancyowdver, the polynomial functions

also describe the relationship between subjective wetighband age imprecisely. This can
be followed by a comparison with the results obtained frommgémiparametric regressions in

Section 6.1.

A comparison of the semiparametric and the parametric ssgras reveals two noteworthy
findings that hold for both Britain and Germany. First, thédypomial specifications estimate
the minimum in midlife earlier than it is observed in the sparametric regression. Second,
the maximum derived from the higher-order polynomial pagtiia regressions is located at a
higher age. (The third-order polynomial for the Germanydsathe only exception because its
maximum corresponds to the maximum indicated by the smawittion.) To sum up, Figure 5

shows clearly that neither the third- nor the fourth-ordelypomial parametric regressions
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identify the minimum or maximum of life satisfaction in thatd exactly. Polynomials cannot

reproduce the sharp increase in life satisfaction in thersage stage.

7 Conclusion

The present paper analyzed the relationship between liffaztion and age using semipara-
metric regression models using P-splines. Splines haveparced with parametric polynomial
curves, the advantage that they do not require a priori gssons about the underlying func-
tional form. This approach allowed us to critically reassége U-shaped profile frequently
reported in the economics literature on subjective wellhipe Our conclusion is that the U-
shaped profile is only half the truth. The other half is thadisaction has a second turning
point later in life, after which well-being declines. Fuetimore, the analysis clearly shows that
polynomial functions of third or fourth order provide onlg amcomplete picture of the path of
satisfaction over the life span: although they showed tloersd turning point, the minimum

and maximum points are located inaccurately.

Using data from the BHPS and the SOEP, we inferred that tisemeuniversal three-phase
pattern of life satisfaction. In the first age stage, welkhbegradually declines over a period of
30 to 35 years. Particularly in Germany, the downward treasl 4 quite regular shape. This
leads us to a new possible explanation of the process: esadeom the psychology literature
suggests that a reduction in biological and episodic memerformance alters the perception
of time. People perceive the pace of time to speed up withrauivg age. The reduction in
the number of pleasurable events processed in subjecshelgening time intervals could be
held responsible, among other things, for the steady dealinvell-being. To the best of our

knowledge, this argument has not been put forward in theaoanwell-being literature yet.

In the second age stage, well-being takes a turn for therkaattkincreases considerably.
This restoration effect is more distinctive for Britain thior Germany. Although we refrained
from directly comparing the British and the German numbeiisi¢h is particularly difficult

because of the different response scales), we nevertiegldss significant difference: the em-
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pirical evidence suggests that, assuming a life expectah&p years, the British experience
an improvement in their well-being over their life span. bntrast, the German respondents
end up less satisfied in the third age stage compared withrgt@dje stage. The upward trend
is supposed to result from changing domain satisfactionsedisas adaptive processes. The
third age-phase is characterized by declining satisfacgain, which may be attributable to

otherwise unobserved health problems and the effects adnigtipg death.

The discussion of the indistinguishability of age, periaali cohort effects led to the conclu-
sion that one has to question the substantive informatianishrepresented by these variables,
rather than to search for a solution using reparametesizaitdf the linear age-period-cohort
model that are based on more or less plausible identificadtnictions. Therefore, researchers
are better advised to solve the indistinguishability peobby explicating the underlying mech-
anisms. In the context of the research question of the presger, we attempted to solve the
task of identification by including substantive variableshe regression. In particular, the im-
pact of life expectancy turned out to have a negative impadife satisfaction. This finding
gives rise to the supposition that individuals born in thdye20th century (when life expectancy
was lower) are more satisfied with their lives than those teter. Hence, the members of ear-
lier birth cohorts (e.g., individuals who socialized dgyithe period of World Wars | and 1)
may have lower expectations that are more likely to be mehby tircumstances. However,
with respect to the underlying mechanisms of the cohorteftaur study raises more questions

than it answers so that further research is required ondhis.t
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A Descriptive statistics

Table 2
Summary statistics (SOEP)

Variable Mean Std. Dev. Min. Max.
life satisfaction 6.908 1.812 0 10
age 46.692 16.635 18 100
disability status: disabled 0.108 0.31 0 1
nights stayed in hospital 1.851 8.965 0 365
years of education 11.545 2.570 7 18
log of net household income 7.974 0.577 4.605 11.513
log of household size 0.937 0.496 0 2.833
sex: female 0.516 0.5 0 1
German 0.835 0.371 0 1
full time employed 0.443 0.497 0 1
part time employed 0.122 0.327 0 1
non-working 0.435 0.496 0 1
unemployed 0.070 0.255 0 1
married 0.670 0.470 0 1
single 0.196 0.397 0 1
divorced 0.068 0.251 0 1
widowed 0.066 0.248 0 1
West-Germany 0.777 0.416 0 1
life expectancy 65.325 6.580 37.17 78.94
1986 0.036 0.187 0 1
1987 0.036 0.186 0 1
1988 0.035 0.183 0 1
1989 0.034 0.181 0 1
1991 0.033 0.178 0 1
1992 0.047 0.211 0 1
1994 0.045 0.207 0 1
1995 0.044 0.204 0 1
1996 0.045 0.207 0 1
1997 0.046 0.210 0 1
1998 0.044 0.205 0 1
1999 0.043 0.203 0 1
2000 0.047 0.212 0 1
2001 0.045 0.208 0 1
2002 0.072 0.258 0 1
2003 0.070 0.255 0 1
2004 0.074 0.262 0 1
2005 0.072 0.258 0 1
2006 0.068 0.252 0 1
2007 0.065 0.247 0 1

Source SOEP 1986-2007 (without 1990, 1998) = 253044 n = 33451.
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Table 3

Summary statistics (BHPS)

Variable Mean Std. Dev. Min. Max.
satisfaction with life 5.223 1.300 1 7
age 46.617 17.910 18 99
log of net household income 7.573 0.765 3.912 11.197
log of household size 0.912 0.509 0 2.639
sex: female 0.546 0.498 0 1
health problems 0.608 0.488 0 1
education: low 0.232 0.422 0 1
education: mid 0.393 0.488 0 1
education: high 0.375 0.484 0 1
in school 0.036 0.186 0 1
(self-)employed 0.596 0.491 0 1
unemployed 0.032 0.177 0 1
retired 0.004 0.066 0 1
non working 0.128 0.334 0 1
married 0.553 0.497 0 1
coupled 0.117 0.321 0 1
widowed 0.076 0.266 0 1
divorced 0.057 0.233 0 1
separated 0.018 0.133 0 1
single 0.179 0.383 0 1
life expectancy 68.210 6.475 33.38 78.23
1996 0.069 0.254 0 1
1997 0.081 0.274 0 1
1998 0.080 0.271 0 1
1999 0.113 0.317 0 1
2000 0.112 0.315 0 1
2002 0.115 0.320 0 1
2003 0.112 0.316 0 1
2004 0.108 0.310 0 1
2005 0.106 0.308 0 1
2006 0.104 0.305 0 1

Source BHPS 1996-2006 (without 2001I0.T = 123656 = 23785.
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Table 4
Estimation results: life satisfaction
Variable Model 1 Model 2 Model 3 Model 4
age -0.130** -0.085** -0.00¢ -0.02¢**
(0.010) (0.007) (0.005) (0.003)
age squared/1000 -0.169*** -0.169*** -0.169*** -0.169***
(0.024) (0.024) (0.024) (0.024)
disability status: disabled -0.259%** -0.259*** -0.259** -0.259%**
(0.017) (0.017) (0.017) (0.017)
nights stayed in hospital -0.011%** -0.011%** -0.011%** -Q11%**
(0.000) (0.000) (0.000) (0.000)
years of education 0.005 0.005 0.005 0.005
(0.004) (0.004) (0.004) (0.004)
log of net household income 0.390*** 0.390*** 0.390*** 0.89**
(0.011) (0.011) (0.011) (0.011)
log of household size -0.196*** -0.196*** -0.196*** -0.198*
(0.013) (0.013) (0.013) (0.013)
full time employed 0.011 0.011 0.011 0.011
(0.012) (0.012) (0.012) (0.012)
part time employed -0.049*** -0.049*** -0.049*** -0.049**
(0.013) (0.013) (0.013) (0.013)
unemployed -0.593*** -0.593*** -0.593*** -0.593***
(0.014) (0.014) (0.014) (0.014)
single -0.146*** -0.146*** -0.146*** -0.146%**
(0.020) (0.020) (0.020) (0.020)
divorced -0.024 -0.024 -0.024 -0.024
(0.022) (0.022) (0.022) (0.022)
widowed -0.332%** -0.332%* -0.332%** -0.332%**
(0.029) (0.029) (0.029) (0.029)
West-Germany 0.218*** 0.218*** 0.218*** 0.218***
(0.044) (0.044) (0.044) (0.044)
fixed year effects: reference 1986
additionally omitted year dummy 1988 1989 1991 2004

Note Significance levels: £0.1, *<0.05, ***<0.01.
Source SOEP 1986-2007 (without 1990, 1998) = 253044 n = 33451.
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Table 5
Estimation results: financial satisfaction
Variable Model 1 Model 2 Model 3 Model 4
age -0.085*** -0.0324** -0.09¢** -0.022**
(0.012) (0.006) (0.004) (0.003)
age squared/1000 0.371x** 0.371*** 0.371*** 0.371***
(0.027) (0.027) (0.027) (0.027)
disability status: disabled -0.072%** -0.072%** -0.072** -0.072%**
(0.019) (0.019) (0.019) (0.019)
nights stayed in hospital -0.001*** -0.001*** -0.001*** -001***
(0.000) (0.000) (0.000) (0.000)
years of education 0.004 0.004 0.004 0.004
(0.005) (0.005) (0.005) (0.005)
log of net household income 1.419%** 1.419*** 1.419%** 1.9+
(0.013) (0.013) (0.013) (0.013)
log of household size -0.550%** -0.550%** -0.550%** -0.550*
(0.016) (0.016) (0.016) (0.016)
full time employed 0.293*** 0.293*** 0.293*** 0.293***
(0.013) (0.013) (0.013) (0.013)
part time employed 0.031** 0.031** 0.031** 0.031**
(0.015) (0.015) (0.015) (0.015)
unemployed -0.698*** -0.698*** -0.698*** -0.698***
(0.017) (0.017) (0.017) (0.017)
single -0.308*** -0.308*** -0.308*** -0.308***
(0.023) (0.023) (0.023) (0.023)
divorced -0.185*** -0.185*** -0.185*** -0.185***
(0.025) (0.025) (0.025) (0.025)
widowed 0.080** 0.080** 0.080** 0.080**
(0.033) (0.033) (0.033) (0.033)
West-Germany 0.397*** 0.397*** 0.397*** 0.397***
(0.051) (0.051) (0.051) (0.051)
fixed year effects: reference 1986
additionally omitted year dummy 1988 1991 1995 2002

Note Significance levels: 0.1, *<0.05, *** <0.01.
Source SOEP 1986-2007 (without 1990, 1998 = 2503661 = 33320.
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C GLS transformation

The covariance structure of the longitudinal data is edgohasing the Swamy-Arora method
implemented in the Stata 10 as the command -xtreg-. The GrSftirmation of each element
ziny,C, X is:

zy =zt — 9z (12)

wherez. = (1/T) ,T' z and

Y Y (13)
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Table 6
Estimation results: first step regression (random effects radel)

Variable coefficient s.e.
age -0.143*** (0.006)
age squared/£0 0.275*** (0.012)
age cubed/1d -0.017%** (0.001)
sex: female 0.064*** (0.015)
disability status: disabled -0.445%** (0.014)
nights stayed in hospital -0.012*** (0.000)
years of education 0.039*** (0.002)
log of net household income 0.474*** (0.009)
log of household size -0.220*** (0.012)
German 0.043* (0.020)
full time employed 0.028*** (0.011)
part time employed -0.015 (0.012)
unemployed -0.640*** (0.014)
single -0.219%** (0.016)
divorced -0.158*** (0.018)
widowed -0.215%*** (0.023)
West-Germany 0.513*** (0.017)
attrition in 1 -0.388*** (0.019)
attrition in 2 -0.271*** (0.016)
attrition in 3 -0.182*** (0.017)
attrition in 4 -0.136*** (0.018)
attritionin 5 -0.086*** (0.019)
attrition in 6 -0.053*** (0.020)
1987 -0.175%** (0.019)
1988 -0.245%*** (0.020)
1989 -0.246*** (0.020)
1991 -0.046** (0.020)
1992 -0.263*** (0.019)
1994 -0.386%** (0.020)
1995 -0.371*** (0.020)
1996 -0.378*** (0.020)
1997 -0.498*** (0.020)
1998 -0.420%** (0.020)
1999 -0.383*** (0.020)
2000 -0.440%** (0.020)
2001 -0.413*** (0.021)
2002 -0.223*** (0.019)
2003 -0.284*** (0.019)
2004 -0.447%** (0.019)
2005 -0.325%** (0.019)
2006 -0.429%** (0.020)
2007 -0.399%** (0.020)
constant 5.305*** (0.117)
Oa 1.131

O¢ 1.295

Note Significance levels: £0.1, *<0.05, ***<0.01. Reference year: 1986.
Source SOEP 1986-2007 (without 1990, 1998) = 253044 n = 33451.
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D Estimation results: parametric components

Table 7
Results for parametric components (SOEP)

model 1 model 2 model 3 model 4

age-period age-period age-cohort age-cohort
Variable coef. s.e. coef. s.e. coef. s.e. coef. s.e.
sex: female 0.074**  (0.015) 0.396***  (0.033) — 0.071**  (015)
disability status: disabled -0.449**  (0.014) -0.453** 0(014) -0.272**  (0.015) -0.446**  (0.014)
nights stayed in hospital -0.012***  (0.000) -0.012**  (@O) -0.010**  (0.000) -0.012***  (0.000)
years of education 0.033***  (0.002) 0.033***  (0.002) 0.007 (0.004) 0.039***  (0.002)
log of net household income 0.491*+*  (0.010) 0.494*=*  (0@1 0.316***  (0.008) 0.389***  (0.008)
log of household size -0.196***  (0.012) -0.197**  (0.012) 0.114**  (0.012) -0.138**  (0.012)
German 0.046** (0.020) 0.029 (0.020) — 0.036* (0.020)
full time employed 0.079*+*  (0.011) 0.086***  (0.011) 0.13%*  (0.011) 0.109***  (0.011)
part time employed 0.019 (0.012) 0.018 (0.012) 0.022* @01 0.033***  (0.012)
unemployed -0.597**  (0.014) -0.594***  (0.014) -0.534** (0.014) -0.608**  (0.014)
single -0.176**  (0.017) -0.200***  (0.017) -0.175**  (0.09) -0.205**  (0.017)
divorced -0.137**  (0.018) -0.132**  (0.018) -0.010 (0.02 -0.143**  (0.018)
widowed -0.195**  (0.023) -0.193**  (0.023) -0.274*  (@27) -0.225**  (0.023)
West-Germany 0.509***  (0.017) 0.505***  (0.016) 0.251** 0(041) 0.550***  (0.016)
attrition in 1 -0.381***  (0.019) -0.385**  (0.019) -0.349*  (0.021) -0.411**  (0.018)
attrition in 2 -0.267***  (0.016) -0.272**  (0.016) -0.218*  (0.018) -0.295**  (0.016)
attrition in 3 -0.178**  (0.017) -0.182**  (0.017) -0.10™  (0.018) -0.187**  (0.017)
attrition in 4 -0.132***  (0.018) -0.136**  (0.018) -0.064*  (0.018) -0.147**  (0.017)
attrition in 5 -0.082***  (0.019) -0.085**  (0.019) -0.037 (0.019) -0.120**  (0.019)
attrition in 6 -0.050** (0.020) -0.053**  (0.020) -0.019 (019) -0.093**  (0.020)
life expectation — -0.042%** (0.004) — —
cohort — — — -0.061**  (0.003)
cohort squared — — — 0.000*** (0.000)
1987 -0.175***  (0.019) -0.159**  (0.020) — —
1988 -0.245**  (0.020) -0.213**  (0.020) — —
1989 -0.247**  (0.020) -0.200***  (0.021) — —
1991 -0.051** (0.020) 0.026 (0.022) — —
1992 -0.269**  (0.019) -0.176**  (0.021) — —
1994 -0.394***  (0.020) -0.272**  (0.023) — —
1995 -0.381**  (0.020) -0.244**  (0.024) — —
1996 -0.389**  (0.020) -0.237**  (0.025) — —
1997 -0.511**  (0.020) -0.343**  (0.026) — —
1998 -0.433**  (0.020) -0.251**  (0.027) — —
1999 -0.397**  (0.020) -0.201**  (0.028) — —
2000 -0.453**  (0.020) -0.243**  (0.029) — —
2001 -0.427**  (0.021) -0.202**  (0.031) — —
2002 -0.226***  (0.019) 0.017 (0.031) — —
2003 -0.288**  (0.019) -0.030 (0.032) — —
2004 -0.449**  (0.019) -0.176***  (0.033) — —
2005 -0.325**  (0.019) -0.038 (0.035) — —
2006 -0.429**  (0.020) -0.127**  (0.036) — —
2007 -0.398**  (0.020) -0.083** (0.037) — —
constant 9.398**  (3.291) 12.695***  (3.355) — 12.246**  (360)

Note Significance levels: £0.1, *<0.05, ***<0.01.
Source SOEP 1986-2007 (without 1990, 1993).
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Table 8

Results for parametric components (BHPS)

S.e.

model 1 model 2 model 3 model 4

age-period age-period age-cohort age-cohort
Variable coef. s.e. coef. s.e. coef. s.e. coef.
log of household income 0.077*+*  (0.007) 0.077**  (0.007) .0a5**  (0.007) 0.077**  (0.007)
log of household size -0.087**  (0.012) -0.086***  (0.012) 0.096**  (0.013) -0.090**  (0.012)
sex: female 0.072**  (0.013) 0.162***  (0.028) — 0.070**  (013)
health status: bad -0.245**  (0.008) -0.245**  (0.008) 1ag**  (0.008) -0.243**  (0.008)
education: middle 0.016 (0.017) 0.022 (0.017) 0.013 (0.037 0.030* (0.017)
education: high 0.034* (0.017) 0.036** (0.017) 0.048 (®P3  0.038* (0.017)
in training 0.325**  (0.024) 0.324*=*  (0.024) 0.218**  (M25) 0.320***  (0.024)
employed 0.241***  (0.012) 0.242**  (0.012) 0.149**  (0.GR) 0.240**  (0.012)
unemployed -0.132**  (0.020) -0.131**  (0.020) -0.149*** (0.019) -0.132**  (0.020)
retired 0.461***  (0.044) 0.459***  (0.044) 0.372**  (0.040 0.456***  (0.044)
living as couple -0.051**  (0.015) -0.053***  (0.015) 0.030 (0.016) -0.057**  (0.015)
widowed -0.323**  (0.023) -0.326***  (0.023) -0.307**  (@28) -0.337**  (0.023)
divorced -0.438**  (0.021) -0.436**  (0.021) -0.230**  (M25) -0.436**  (0.021)
separated -0.566***  (0.027) -0.565***  (0.027) -0.428**  0(027) -0.567**  (0.027)
never married -0.261***  (0.017) -0.265***  (0.017) -0.13%¢  (0.022) -0.276**  (0.017)
attrition in 1 -0.090***  (0.012) -0.090***  (0.012) 0.007 (008) -0.011 (0.008)
attrition in 2 -0.073* (0.030) -0.074** (0.030) -0.021*  0(010) -0.033**  (0.010)
attrition in 3 0.013 (0.031) 0.014 (0.031) -0.045**  (0.008 -0.048**  (0.008)
life expectation — -0.015*** (0.004) — —
cohort — — — -0.043**  (0.003)
cohort squared — — — 0.000*** (0.000)
1997 0.003 (0.014) 0.007 (0.014) — —
1998 0.073***  (0.014) 0.080***  (0.014) — —
1999 -0.075** (0.033) -0.064* (0.034) — —
2000 -0.094**  (0.013) -0.079**  (0.014) — —
2002 -0.046***  (0.013) -0.023 (0.015) — —
2003 -0.038**  (0.013) -0.011 (0.016) — —
2004 -0.091**  (0.014) -0.061**  (0.017) — —
2005 -0.124**  (0.018) -0.089***  (0.021) — —
2006 -0.000 (0.020) 0.039* (0.024) — —
constant 8.293**  (1.490) 9.326***  (1.461) — 9.679**  (176)

Note Significance levels: 0.1, *<0.05, *** <0.01.
Source BHPS 1996-2006 (without 2001).





