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Abstract

This paper applies semiparametric regression models usingpenalized 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-beingdecreases in the third age stage.
Several reasons for the three-phase pattern are discussed.We point to the fact that neither poly-
nomial functions of the third nor the fourth degree describethe relationship adequately: polyno-
mials 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 mod-
els 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 question ofhow a rational person should

choose between present consumption and saving for future consumption to maximize his/her

lifetime utility. Knowledge of the resulting path of utility over the life cycle is useful for eco-

nomic and political decision makers aiming at increasing people’s happiness. For example,

if young people in the family-formation stage report a significant decline in their (financial)

satisfaction, then state incentives could promote saving for retirement that would not be done

otherwise. Such support could be stopped after well-being has reached a minimum and begins

to rise again. In this way, the state incentives may induce a balancing effect on the utility profile

and promote the continuity of saving. Another example is theoptimal timing of pay increases:

the utility profile provides valuable information about theage at which pay increases are most

helpful to compensate for decreases in job satisfaction.

However, the life cycle utility derived from theoretical intertemporal models depends largely

on the assumptions of these models. Even worse, different but equally plausible assumptions

may result in opposing predictions so that increasing, decreasing or constant utility profiles can

be hypothesized (cf. Shmanske 1997, Blanchflower and Oswald2008). Therefore, it is unclear

which theoretical assumptions describe the true well-being appropriately.

Because theoretical models do not lead to unambiguous conclusions, the profile of utility

over the life cycle must be identified by empirical investigations. However, previous empirical

findings do not provide clear results. Moreover, we suspect that the U-shaped relationship

between well-being and age frequently found in empirical analyses is predetermined by the

quadratic functional forms used in the econometric models often applied in the literature.

This paper attempts to reveal the path of well-being over a the life span. We apply semipara-

metric regression models using penalized splines that do not rely on an a priori specification of

the functional form of the estimation equation. The paper isorganized as follows: Section 2

briefly summarizes the existing research. Some theoreticalconsiderations on the determinants

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

tively. Section 6 presents the empirical evidence, and Section 7 provides concluding comments.

2 Review of the literature

Empirical studies of the relationship between well-being and age can be divided into two major

groups: those that support the U-shape and those that are inconsistent with it. The former are

mostly economic studies, whereas the latter often come fromthe field of psychology. This

section introduces some selected works from these respective positions.

In the psychology literature, three components of subjective well-being are identified: pleas-

ant (positive) and unpleasant (negative) affects represent emotional responses, whereas life sat-

isfaction is regarded as the cognitive aspect of well-being(e.g., Lucas et al. 1996, Diener et al.

1999). Empirical investigations of these components of well-being present the following re-

sults: the analysis of Mroczek and Kolarz (1998) indicates acurvilinear effect of age on the

positive affect. Correspondingly, Charles et al. (2001) find that the negative affect decreases

with age, which is attributed to the fact that people more successfully construct environments

that promote well-being as they grow older. Hence, one can conclude that the overall improve-

ment of the affective state contributes to an increase in subjective well-being over the life cycle.

With respect to life satisfaction, Mroczek and Spiro (2005)find an inverted U-shape with a peak

at age 65 in a sample of approximately 2000 male respondents aged 40 to 85 years from the

Veterans Affairs Normative Aging Study.

Easterlin (2006) analyzes pseudo panel data (i.e., repeated cross sections) from the General

Social Survey (GSS) of the US by applying a refined variant of demographer’s birth cohort

analysis. An ordered logit regression of happiness on age (and its square) indicates an inverted

U-shaped relationship between well-being and age while controlling for year of birth, sex, race,

and education. The path of certain domain satisfactions over time is regarded as the underlying

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

decreasing satisfaction with family life leads to an overall reduction in life satisfaction.

Using the West Germany subsample of the Socio-Economic Panel Study (SOEP) and apply-

ing structural equation modeling, Schilling (2006) finds a high monotonic stability of life sat-

isfaction within one year. Adaptation is considered to be responsible for the rather unchanged

satisfaction levels across the life span. However, a limitation of this study is that it does not

control for socioeconomic characteristics such as sex, education, or health. Kassenboehmer

and Haisken-DeNew (2008), who also use data from the SOEP, donot find an age effect when

controlling for socioeconomic characteristics, individual specific fixed effects, years of partici-

pation in the panel, and interviewer characteristics.

Early empirical evidence in favor of the U-shaped well-being profile over the life span is

provided in Latten (1989). Using approximately 3000 Dutch respondents aged 18 years and

older from four waves of the Quality of Life Survey carried out between 1974 and 1983, the es-

timation of third-order polynomial regressions indicatesthat life satisfaction declines from the

age of 30 onwards and reaches a minimum in midlife between theages of 50 and 60. Higher oc-

currence of tensions at home and illnesses are discussed as reasons for the decline in well-being.

From the age of 55 onwards, an increase in satisfaction is detected. A persuasive explanation

of the higher levels of well-being in old-age is, however, not given.

The U-shaped well-being profile is also found in some more recent studies. For example,

Blanchflower and Oswald (2004) find the minimum of well-beingto be around the age of 40

using data from both the GSS and the Eurobarometer Survey. The authors hypothesize that a

process of adaptation to circumstances is at work: “perhaps, by the middle of their lives, people

relinquish some of their aspirations and thereby come to enjoy life more” (p. 1375). On the basis

of large international data sets, Blanchflower and Oswald (2008) describe a general life cycle

pattern that has a minimum between 40 and 50 years of age for most countries. The authors

use multivariate regression analysis controlling for socioeconomic characteristics, fixed year

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

turning point later in life, and from that point onwards the well-being curve turns downwards.

Clark (2007) approaches the research question in a similar fashion: using respondents aged

from 16 to 64 years of the British Household Panel Survey (BHPS), the analysis investigates to

what extent the U-shaped well-being profile is caused by cohort effects. The central research

question is to disentangle age and cohort effects using fixedeffects regressions that control

for the cohort effect as part of the individual specific fixed effect. Including age dummies

representing five-year age-blocks allows the estimation ofthe relationship between well-being

and age in a nonparametric way. In addition, the regressionscontrol for fixed year effects

including wave dummies. The results indicate that, even after controlling for cohort and period

effects, the U-shape can still be found in the data. This approach suggested by Clark has been

adopted by two recent studies using German data (cf. van Landeghem 2008, Gwozdz and Sousa-

Poza 2009). We comment on the identifiability of age, period,and cohort effects in the next

section.

Additional references to economic studies supporting the U-shaped well-being profile can

be found in Blanchflower and Oswald (2004), Clark and Oswald (2006), and Clark (2007).

Diener and Suh (1997) provide a comprehensive review of the psychology literature.

3 Indistinguishability of age, period, and cohort effects

The studies by Clark (2007) and Blanchflower and Oswald (2008) cited in the previous section

are examples of research projects aimed at simultaneously identifying age, period, and cohort

effects on well-being. However, they do not address explicitly the identification problem. The

identification problem arises because of the fact thatage= period−cohort makes the effects

indistinguishable (cf. Clayton and Schifflers 1987a, b). The researchers overcome the problem

of perfect colinearity of age and period while controlling for cohort using a reparameterization

of the age-period-cohort model: respondents belonging to different age groups are arranged in

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

in addition, cohort categories comprising respondents born in an age range of 10 years.)

However, estimating age, period, and cohort effects in a multiple classification framework

is only possible assuming that several age groups, time periods, or cohorts have identical effects

on well-being (cf. Mason et al. 1973). That is, the age effects for respondents of different age

groups lumped in one category are assumed to be of equal size.Markus (1983) offers objections

to assumptions of this kind: first, the identification restrictions usually lack plausible arguments

for imposing them, and second, in the case where plausible identification restrictions can be

made, the estimation results are often highly sensitive to variations in the data. Therefore,

a mathematical-statistical reformulation of the model is regarded to be less important for a

solution to the identification problem than explicitly controlling for the influences underlying

the processes that are represented by age, period, and cohort. In the following discussion, we

consider these underlying processes.

A stylized equation that describes subjective well-being over the life cycle can be written

as:

uit = βaageit +βpperiodt +βccohorti. (1)

The question of functional form will be discussed in detail in the subsequent sections and is of

no further interest at this point. Equation 1 says that the utility u of an individuali at timet

depends on age, time period, and birth cohort. Following Heckman and Hobb (1985), we argue

that the justification for including age, period, and cohortas determinants in an economic model

is that these variables represent proxy variables for otherunderlying factors or unobserved char-

acteristics of the individual.

There are arguments supporting the view that age, period, and cohort determine utility over

the life cycle. First, age has an impact on subjective well-being through various modes of action.

In an economic context, in addition to utility from current consumption experiences, memory

and anticipation are also supposed to have an impact on well-being (cf. Elster and Loewenstein

1992). Age can be interpreted as a proxy variable that captures these effects: for example, the
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number of pleasurable and memorable events experienced is supposed to vary as people grow

older. Moreover, age may also be a proxy variable for unobserved effects such as needs that

occur in different life stages or latent health characteristics.

Second, the period or year effect,βp, measures the aggregate impact of the time period on

well-being that equally affects all age groups simultaneously. The common experiences that

are regarded as defining our era (e.g., the 9/11 attacks, or economic development such as the

bursting of the dot-com bubble) are very likely to also have an impact on life satisfaction. The

time period can be interpreted as a proxy for information about the aggregate development of

such issues at the macro level. In this context, Di Tella et al. (2001) provide evidence that

self-reported well-being depends on the unemployment rateand inflation. Wunder et al. (2008)

show that the introduction of the euro cash in Germany was followed by a sharp decline in

financial satisfaction.

Third, the cohort effect,βc, captures the influences that affect subjective well-beingin a

specific birth cohort equally throughout life. For example,some birth cohorts have to suffer

from more economic disadvantages than others: Welch (1979)points to the effect of the arrival

of a large birth cohort, the World War II baby boomers, on the labor market, which has neg-

ative consequences for the earnings of this cohort. In addition, both physiological as well as

psychological effects may arise from economic and political changes. In this context, Kasen

et al. (2003) provide evidence that the increased labor force participation of married women

with children, which was a result of social change in the 1960s and 1970s, has led to increases

in depression in recent birth cohorts.

In the following example, we illustrate the indistinguishability of age, period, and cohort ef-

fects in equation 1. We apply an individual fixed-effects model that is widely used by econome-

tricians because it allows an unbiased estimation when the explanatory variables are correlated

with the unobserved heterogeneity. In the context of the research question under consideration,

the fixed-effects model controls implicitly for the cohort effect as part of the time-invariant,

individual specific effect. However, in this framework, it is not possible to identify age and

period effects without imposing further restrictions. Thereason for this is that including a full
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set ofT −1 year dummies (or, alternatively, a linear time trend) in addition to the individual’s

age, one is not able to estimate the effect of age because it isindistinguishable from the period

effects. To make the parameters identifiable, one further year dummy is dropped from the list

of the right-hand side variables so that onlyT −2 year dummies are included. In this case, the

identification restriction assumes that the additional year omitted has no effect on the response

variable.

The ambiguity of the results is illustrated in Figure 1. The graphs show second-order poly-

nomial well-being equations. The results plotted in Figure1 are obtained from identical re-

gression equations with 1986 as the reference year. The regressions differ only with respect

to the additionally omitted year dummy. It is obvious that this approach (i.e., a fixed-effects

age-period-cohort model) to investigating the relationship between well-being and age does not

lead to unambiguous results. The indistinguishability is also evident from the estimation results

in Tables 4 and 5 in the Appendix: the estimator of the linear age effect clearly depends on the

additionally omitted year dummy.

A solution to the colinearity problem is to decide between anage-period model (assum-

ing no unobserved cohort effects) and an age-cohort model (assuming no unobserved period

effects) when investigating the relationship between well-being and age. We propose an age-

period model that captures the cohort effect through several causal variables. In an economic

context, the cohort effect may represent, as mentioned above, the consequences of the entrance

of a large birth cohort on the labor market. In addition, the cohort effect may also reflect the

exposure to certain environmental circumstances, e.g., poor nutrition in the period after World

War II. However, these effects can be directly controlled for in the regression equation. For ex-

ample, we are able to model the increased risk of being unemployed faced by members of large

birth cohorts directly, including the current labor force status in the regression. Long-term con-

sequences of poor nutrition are captured by the health-related variables. As a consequence, we

believe that an age-period model controlling for cohort-specific 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 fixed-effects estimator
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Note: The fixed effects regression equations are identical except for the additionally omitted year dummy. The
estimation results can be found in the Appendix, in Tables 4 and 5.
Source: SOEP 1986-2007 (without 1990, 1993)

4 Semiparametric regression using penalized splines (P-splines)

The difficulty in modeling the nonlinear effect of age on well-being with a parametric ad hoc

specification arises, inter alia, from the fact that theoretical models lack unambiguous predic-

tions regarding the utility profile over the life span. Therefore, the present paper applies a

semiparametric regression approach that allows flexible estimation of nonlinear effects. In par-

ticular, the approach does not require a priori assumptionsabout the functional form. Instead, it

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

yit = c′itα+η(ait )+ εit , i = 1, ...,n, t ∈ Ti ⊂ {1, ...,T}. (2)
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Equation 2 says that the responsey of the i-th individual at timet depends linearly on the co-

variates in the vectorc. This parametric component controls for the effects of socioeconomic

characteristics other than age, such as education, income,labor force status, etc. The nonpara-

metric componentη(ait ) models the relationship between the response variable and agea (given

the covariates inc), which is allowed to be nonlinear, but the particular form is not specified.ε

is the error that can be explained neither by the parametric nor by the nonparametric component.

Following Ruppert et al. (2003) and Wu and Zhang (2006), we use penalized splines (P-

splines) to estimate the smoothing functionη(ait ). Compared with other existing smoothing

techniques, P-splines have the advantage that their performance does not depend so much on

the location and number of knots (compared with regression spline methods) and that they are

less computationally intensive (compared with smoothing spline methods). Moreover, as P-

splines can be formulated within a linear mixed-model framework, standard software packages

for mixed-model analysis can be used for smoothing (cf. Ngo and Wand 2004). We use the

command -xtmixed- available in Stata 10 MP.

A P-spline uses ak-th degree truncated power basisΦp(a) with K knotsτ1,τ2, ...,τK:

Φp(a) = (1,a, ...,ak,(a− τ1)
k
+, ...,(a− τK)k

+)′, (3)

where(a− τr)+ = max(0,(a− τr)) and r = 1, ...,K. The number of knots can be selected

roughly and their location may be obtained, for example, using the equally spaced method or the

equally spaced sample quantiles method (for details, cf. Wuand Zhang 2006). The first(k+1)

basis functions of the truncated power basis represent a polynomial function ofk-th degree, and

the remaining arguments denote truncated power functions of degreek. The number of basis

functions involved isp = K +k+1.

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

η̂(a) = Φ
′
p(a)β̂. (4)
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It is clear from equation 4 that the smoothing function is nonparametric in the sense that the

function contains a large number of parameters that cannot be interpreted individually. Instead,

the shape of the function is the main point of interest. The estimatorsβ̂ andα̂ are chosen so

that they minimize the penalized least squares (PLS) criterion (cf. Wu and Zhang 2006):

‖ y−Cα−Xβ ‖2 +λβ′Gβ, (5)

where y,C,X are defined in correspondence to equation 2 asy = (y11, ...,ynTn)
′, C =

(c′11, ...,c
′
nTn

)′, andX = (x′11, ...,x
′
nTn

)′ with xit = Φp(ait ). The so-called roughness matrix:

G =





0(k+1)×(k+1) 0(k+1)×K

0K×(k+1) IK,





p×p

(6)

allows us to penalize thek-times derivative jump of the regression spline.λ is the smoothing

parameter.

We apply a linear mixed-model framework to minimize the PLS criterion in equation 5,

i.e., the estimatorŝα andη̂ are obtained from the best linear unbiased predictors (BLUPs) of

a mixed model. For that purpose, the vectorβ has to be split into two subvectors,δ andu,

containing the first(k+1) and lastK elements ofβ. The corresponding matrices are denoted

X̃ andZ̃. Then the PLS criterion in equation 5 can be reparameterizedas follows:

‖ y−Cα− X̃δ− Z̃u ‖2 +λ ‖ u ‖2 . (7)

Hence, the estimatorŝα, δ̂, andû that minimize the PLS criterion in equation 7 are the BLUPs

of the following linear mixed model:

y = Cα+ X̃δ+ Z̃u +ǫ, Cov





u

ǫ



 =





σ2
uIK 0

0 σ2
ε IL,



 (8)
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whereL =
n
∑
i

Ti . The vectors(α′,δ′)′ andu represent the fixed effects and random effects of the

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

i.e.,λ = σ2
u/σ2

ε.

With β̂ = (δ̂
′
, û′)′ the estimated smooth function can be obtained asη̂(a) = Φ

′
p(a)β̂. When

also taking into account the effects of the covariates inC, the fitted response can be calcu-

lated from equation 8, substituting the BLUPs for the unknown parametric and nonparametric

components.

Ruppert et al. (2003) show that a pointwise confidence band with bias allowance can be

constructed as:

η̂(a)±z1−α/2σ̂ε

√

(0′1×M,Φ′
p(a))(D′D+ λ̂H)−1(0′1×M,Φ′

p(a))′, (9)

whereM is the number of covariates in the matrixC, andp is the number of basis functions.λ̂

is calculated using the estimated variance componentsσ̂2
u andσ̂2

ε . The matrixD is defined as

D = (C,X) and:

H =





0M×M 0M×p

0p×M Gp×p



 . (10)

z1−α/2 denotes the(1−α/2)-quantile of the standard normal distribution. Therefore,a (1−

α)100% confidence band for the fitted response values can be calculated as:

ŷ±z1−α/2σ̂ε

√

d′
a(D′D+ λ̂H)−1da. (11)

The(p+M)×1 vectorda contains average values for the remaining covariates and the truncated

power basis for age valuesa used in the calculation of the interval, i.e.,da = (c′,Φ′
p(a))′.

In order to take the within subject correlation into account, we apply a generalized P-spline

method, i.e., the error sum of squares in the PLS criterion isweighted by the covariance matrix

of y, Ω = Cov(y). For the implementation, this means that generalized leastsquares (GLS)

transformations ofy, y∗ = Ω
−1/2y, and likewise forC and X are used in the computation.
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Because the covariance matrixΩ is unknown, it is estimated using the Swamy-Arora method

implemented in Stata 10 MP (command -xtreg-) in a first step parametric GLS regression (cf.

Swamy and Arora 1972). The model specification includes a third-order polynomial of age (cf.

Appendix D). Alternatively, one could incorporate an individual-specific random effect in an

additive mixed-model framework because the GLS estimator under the normality assumption

is equivalent to the maximum likelihood estimator. However, the GLS transformation has the

advantage in practical use that the estimation of the linearmixed model in equation 8 is faster

because of the omitted individual specific error term component.

5 Data

The data used in this paper are based on the British HouseholdPanel Survey (BHPS) and the

German Socio-Economic Panel Study (SOEP). Both the BHPS andthe SOEP are representative

longitudinal studies of households that survey the same respondents annually. The data are

highly suitable for the present analysis because questionsabout well-being are central to these

studies (cf. Taylor et al. 2006, Wagner et al. 2007).1

In the SOEP, life satisfaction is ascertained by the following question: “How satisfied are

you with your life, all things considered?” The response is measured on an 11-point scale

ranging from 0 (completely dissatisfied) to 10 (completely satisfied). The distribution of life

satisfaction in Germany is shown in Figure 2. The respondents report an average level of 6.9.

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

The BHPS collects detailed information about how people assess their satisfaction with

their lives asking the following question: “How dissatisfied or satisfied are you with your life

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

1 The data used in this paper are extracted using the add-on package PanelWhiz v2.0 (Nov 2007) for Stata.
PanelWhiz was written by Dr. John P. Haisken-DeNew (john@panelwhiz.eu). The PanelWhiz-generated DO
file to retrieve the SOEP and BHPS data used here and any PanelWhiz plug-ins are available upon request. Any
data or computational errors in this paper are our own. Haisken-DeNew and Hahn (2006) describe PanelWhiz
in detail.
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Figure 2
Distribution of life satisfaction in Germany and Britain
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Source: SOEP 1986-2007 (without 1990, 1993). BHPS 1996-2006 (without 2001).

7 (completely satisfied). The distribution of life satisfaction in Britain is also shown in Figure 2.

In Britain, the average level of life satisfaction is 5.2. The median is five and the most frequent

score (mode) in the sample is six. Unfortunately, the question regarding people’s life satisfaction

was not asked in the BHPS before 1996 or in 2001.

Ferrer-i-Carbonell and Frijters (2004) show that assumingordinality or cardinality of satis-

faction scores makes little difference to the results of regression analyses. Hence, we are able

to apply econometric models designed for continuous response variables.

In order to disentangle the relationship between subjective well-being and age, it is impor-

tant to control for further socioeconomic characteristicsthat are associated with the level of

utility. In particular, health status is a well-known determinant of well-being (e.g., Easterlin

2005). Both the SOEP and the BHPS provide information about the respondents’ health sta-

tus. We use the respondents’ disability status and the number of nights stayed in hospital in

the SOEP data set. These objective health measures are less prone to measurement errors and

the issue of endogeneity—problems that may occur using the self-reported health status (cf.

Jäckle 2007). Unfortunately, the information about the numbers of nights stayed in hospital

is not available for 1990 or 1993 so that we are not able to use the respective waves. In the

BHPS, we generate a dummy variable indicating whether a respondent experienced bad health
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issues resulting from problems with arms, legs, hands, sight, hearing, skin conditions/allergy,

chest/breathing, heart/blood pressure, stomach or digestion, diabetes, anxiety, depression, alco-

hol or drugs, epilepsy, migraine, cancer, stroke and other problems.

Furthermore, we exclude the data collected at the first and second interviews of each person

from the SOEP sample because of panel and learning effects (cf. Landua 1993, Ehrhardt et al.

2000). After all, the SOEP sample consists of 20 waves from 1986 to 2007 excluding 1990 and

1993. In contrast, we refrain from excluding observations from the BHPS because the period

for which data are available is considerably shorter than inthe SOEP, so that our BHPS sample

contains observations of 10 waves from 1996 to 2006 excluding 2001 (because of the missing

life satisfaction question). The descriptive statistics of the variables used in the analyses can be

found in Table 3 in the Appendix.

6 Empirical evidence

In this section, the relationship between life satisfaction and age is analyzed using the semi-

parametric regression approach introduced in Section 4. Subsection 6.1 provides an overview

of the different assumptions underlying the four model specifications estimated in this paper.

The smooth functions describing the three age stages of lifesatisfaction over the life span are

discussed in Subsection 6.2. The differences between the parametric and semiparametric re-

gressions are examined in Subsection 6.3.

6.1 Semiparametric regressions: four models

We estimate four semiparametric regression models using P-splines under different assump-

tions. Figures 3 and 4 show the resulting age profiles for Germany and Britain, respectively. All

regressions have in common that the P-spline smoother of thenonparametric component uses a

third-degree truncated power basis, i.e.,k = 3. K = 15 knots are used in the spline regression,

which is roughly one-fifth of the distinct age groups. The knots are located at the corresponding
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sample quantiles. All models include standard socioeconomic control variables in the para-

metric component: sex, marital status, labor force status,health status, household income, and

household size. In the Germany sample, the regressions alsocontrol for whether the respondent

lives in East or West Germany. The estimation results of the parametric components can be

found in the Appendix D.

The first model is an age-period model applying a generalizedP-spline smoother. In ad-

dition to the standard controls,T −1 dummy variables capturing the period fixed effects are

included. The age-period model uses GLS-transformed data assuming that the unobserved in-

dividual heterogeneity in the longitudinal data is uncorrelated with the explanatory variables.

We estimate the covariance structure in a first step parametric regression using the Swamy-

Arora method. The regression equation includes a third-order polynomial function of age. The

variance estimates obtained from the first step regression are used to GLS-transform the data

(for details, cf. Appendix C). This procedure is equivalentto estimating an individual-specific

random error term component in the linear mixed model. However, the GLS transformation is

beneficial because it allows a faster computation of the linear mixed-model representation of

the penalized spline.

The second model is the same as the first one, with the exception that the respondents’ sex-

specific life expectancy at birth is added as an explanatory variable.2 The life expectancy is

based on the number of deceased and living persons in the entire population. This measure re-

ports the average number of years a newborn child is expectedto live, and is a highly condensed

source of information about the living conditions of the birth cohort. Hence, it may be regarded

as a snapshot of the living conditions of the time period in which one is born. We regard this

variable as reflecting further substantive information about cohort-specific influences. Because

the life expectancy is identical for all respondents belonging to the same birth cohort and sex,

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

2 The life expectancy at birth for the British and the German respondents is from the Human Mortality Database,
University of California, Berkeley (USA), and the Max Planck Institute for Demographic Research (Germany),
available atwww.mortality.org or www.humanmortality.de (data downloaded on 7 March 2009). The data
for German birth cohorts born before 1956 are taken from Statistisches Bundesamt (2008).
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Figure 3
Life satisfaction over the life span in Germany
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Note: The ticks above the x-axes mark the locations of theK = 15 knots used in the semiparametric regressions. The shadedareas show 95% confidence bands for
the expected value of life satisfaction. Because the calculation of confidence bands is not implemented in the software package we use (Stata 10 MP), we only
present confidence bands for the age-period model and the age-cohort model that are based on the GLS-transformed data. The fitted values of the age-cohort
individual fixed-effects model cannot be interpreted directly (cf. text).
Source: SOEP 1986-2007 (without 1990, 1993)
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Figure 4
Life satisfaction over the life span in Britain

model 1 model 2 model 3 model 4
age-period model (GLS) age-period model age-cohort model age-cohort model (GLS)

with life expectancy (individual fixed effects)
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Note: The ticks above the x-axes mark the locations of theK = 15 knots used in the semiparametric regressions. The shadedareas show 95% confidence bands for
the expected value of life satisfaction. Because the calculation of confidence bands is not implemented in the software package we use (Stata 10 MP), we only
present confidence bands for the age-period model and the age-cohort model that are based on the GLS-transformed data. The fitted values of the age-cohort
individual fixed-effects model cannot be interpreted directly (cf. text).
Source: BHPS 1996-2006 (without 2001)
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the higher aggregated variable to the micro data (cf. Moulton 1990). Hence, this second esti-

mation does not use GLS-transformed data, but instead the covariance structure is considered

by modeling a hierarchical random-error term component: inaddition to an individual-specific

random effect, a further random term representing the unobserved heterogeneity at the level of

the birth cohorts is included in the estimation equations. For convenience, we do not calculate

a variability band in this case.

Life expectancy has a highly significant negative impact on life satisfaction, i.e., respon-

dents report lower satisfaction scores when they belong to acohort characterized by greater life

expectancy at birth (cf. Appendix D). In comparison with earlier cohorts, more-recent cohorts

of respondents have a higher life expectancy. Hence, this result indicates that the later a person

is born, the more dissatisfied he or she is. This finding is likely to reflect that persons belonging

to different cohorts have different cohort-specific valuesand expectations that are more or less

met by the circumstances.

The third model is based on an individual-specific fixed-effects model that takes into ac-

count the correlation between the individual effect and thecovariates. Smoothing is done using

demeaned data in the linear mixed-model framework. This procedure implies that the error

term variance is underestimated because the individual-specific constants are omitted from the

model. Because our interest lies primarily in the shape of the function, we refrain from correct-

ing the bias, and therefore we do not calculate confidence bands in this case either. In addition,

because the inference based on the fixed-effects estimator is a conditional inference (in particu-

lar, conditional on the individuals in the sample), the fitted values obtained from the fixed-effects

model cannot be compared directly with the results obtainedfrom the other models. In partic-

ular, the value of the fitted responses on the y-axis cannot beinterpreted because of the omitted

individual-specific constants. However, an interpretation of theshapeof the function is possi-

ble and provides informative insights. The resulting functional form differs somewhat from the

random-effects age-period model.

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

for a cohort effect that is included in the individual-specific constant term. On the other hand,
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the year effects are omitted from this model because it is notpossible to estimate a fixed-effects

age-period model. The reason for this is that age, period, and cohort effects are indistinguishable

and cannot be identified without further assumptions (cf. Section 3). Consequently, we assume

that the difference in the shape of the smooth functions arises because we are comparing models

with two different model specifications, i.e., an age-period model versus an age-cohort model.

To further confirm our suspicion, we also estimate a random-effects age-cohort model

(model 4). The specification includes the year of birth and its square in the regression equation

and omits the period dummies. The resulting functional formis close to the fixed-effects

age-cohort model. Hence, we conclude that the difference between the random-effects age-

period model (model 1) and the fixed-effects age-cohort model (model 3) mirrors the different

model specifications: the fixed-effects estimator controlsfor a cohort effect, whereas the

random-effects estimator models period effects.

As already pointed out in Section 3, we believe that the age-period models (model 1 and

model 2) are an appropriate choice because the age-cohort regressions do not take into account

the impact of macroeconomic variables such as unemployment, inflation, and growth. Their

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

6.2 Three age stages of life satisfaction

The following discussion is primarily based on the evidenceprovided by model 2 (cf. Ap-

pendix D). The regression controls for cohort effects including, in particular, the cohort-specific

life expectancy as an explanatory variable. Fixed year effects are also included in the estimation

equation. In contrast, the age-cohort models (model 3 and model 4) omit period effects. Instead,

they depend on the rather unrealistic assumption that, say,living in 1995 or 2005 makes ceteris

paribus no difference to well-being.

In order to control for the effects of panel attrition, we additionally include a set of dummy

variables in the regressions indicating whether the respondent leaves the study in one of the

subsequent waves. From the estimation results, it is evident that those who leave the sample are
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clearly less satisfied with their lives compared with those who continue participating. Because

one of the major reasons for attrition in our sample is the death of a person, the negative impact

may mirror a worsening of the health status, which is not captured by the health indicators.

Despite the differences between the smooth functions obtained from the four model specifi-

cations, the graphs in Figures 3 and 4 show a common three-phase pattern describing the course

of well-being over the life span.

In the first age stage, the smooth functions indicate a negative, approximately linear trend

up to the beginning of the fifth life decade in Germany. Over a period of 35 years, individuals

suffer from a decrease in life satisfaction of about 0.7 points on the 11-point scale. The total

loss is equivalent to an average annual decline of 0.7/35= 0.02 points. In order to compensate

for the annual loss in well-being, an increase in income of roughly 4% per year is required,

other things being constant (cf. Table 1).3 For Britain, Figure 4 shows a slightly curved line

(i.e., not straight downward) until the respondents almostreach 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 people in this life stage have

relatively higher aspirations and expectations that are not met by the circumstances (e.g., Frey

and Stutzer 2002). Building on results from research on the psychology of time and aging, we

introduce a new possible explanation of the decline in life satisfaction. It is well established

in the psychology literature that the perception of time changes as people grow older. An

early account comes from the pioneer psychologist William James: “The same space of time

seems shorter as we grow older” (James 1981, p. 588). In recent decades, the psychology

literature has provided extensive support for the hypothesis that people have the impression that

time passes more quickly with advancing age (e.g., Lemlich 1975, Baum et al. 1984, Schroots

and Birren 1990, Craik and Hay 1999). The age-induced decrease in metabolism, the general

3 The calculation of the income variations are based on the age-period model with life expectancy (model 2). In
Germany, the effect of the logarithm of household income is estimated to be 0.5. This means that an increase in
income of 1% brings an increase in well-being of 0.005 pointson the 11-point scale. Hence, a reduction in life
satisfaction of 0.02 points requires a compensating incomevariation (CIV) of 4%. The calculation is identical
for Britain.
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decline in biological activity, and the slowing of the internal biological clock are possible causes

resulting in a change in the perception of time (for an overview, cf. Block et al. 1998). In this

context, neuroscientific research provides evidence that aging disrupts memory performance

(cf. Anderson et al. 2000).

What are the implications of the fact that subjective time accelerates with aging for the sat-

isfaction scores collectedannually in the SOEP and the BHPS? Although the wording of the

questionnaires does not refer to a particular time period (cf. Section 5), it is plausible to as-

sume that the respondents base their evaluation of their lives over a certain time interval. For

example, people may assess their overall well-being in the previous year. The literature cited

above suggests that equal-sized real-time intervals are connected to decreasing subjective time

intervals because of the perceived acceleration of time. The underlying reasons may also pro-

duce an effect on subjective well-being: reduced biological activity and lower episodic memory

performance are supposed to lead to a diminution in the number of pleasurable experiences

and memories processed. This implies that, from the perspective of an aging individual, fewer

events occur within the annual time intervals that are subjectively perceived as becoming shorter

over the life span. As a conclusion, we infer that the smallernumber of (pleasurable) events

and experiences, which are processed in shorter (subjective) time intervals, also produce less

satisfaction.

In the second age stage, a restoration effect on satisfaction occurs. The literature labels

this phase as the “gerontological paradox” (Herzog and Markus 1999, p. 244). Because this

life stage is characterized by multiple losses (e.g., people experience a deterioration of health

and functioning, and spouses and friends die), one would actually expect happiness to decline

because of the deterioration of objective conditions. However, individuals exhibit increasing life

satisfaction in this age stage. Several reasons could account for this phenomenon. First, rising

levels of financial satisfaction, satisfaction with material needs, and satisfaction with human

relationships may contribute to an increase in overall lifesatisfaction (cf. Diener and Suh 1997,

Easterlin 2006). A second reason for the increase in satisfaction is supposed to result from

adaptation: people lower their expectations and adjust their life goals to their circumstances

(cf. Campbell et al. 1976). Third, people may derive pleasure from anticipating retirement: it
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seems reasonable to assume that approximately 10 years before retirement people develop more

concrete expectations about how they wish to spend their time and that this planning process

may induce eager anticipation.

Although an upward trend is clearly seen in both data sets, differences exist between Ger-

many and Britain (cf. Table 1): in Germany, life satisfaction increases over a period of about

13 years by approximately 0.3 points on the 11-point scale. In contrast, the increase in Britain

is more sustainable. The British respondents improve theirlife satisfaction by about 0.7 on the

seven-point scale over a period of approximately 22 years. The compensating income varia-

tions indicate that the annual positive effect in the secondage stage is equal to an increase in

income of roughly 5% per year for the German respondents. A considerably higher value is

obtained for the British respondents: the increase in life satisfaction is worth an increase in

income of 35% per year. Not only does model 2, on which this calculation is based, indicate a

stronger increase in well-being in Britain, but also all three remaining models point to a more

sustainable restoration effect in the British data. However, because the satisfaction scales in the

SOEP and the BHPS are not comparable directly, and considerably different effects of income

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

In the third phase, persons over the age of 65 again experience a substantial decline in life

satisfaction. We suspect that this life stage is characterized by various events and processes that

are not captured by the control variables and that may cause the deterioration in well-being.

In particular, the decline in satisfaction in the old age stage may be attributed to health issues

that are not fully expressed by the rudimentary health indicators used in the regressions. In

the context of the state of health, age may capture the effects of terminal decline, i.e., the de-

cline in cognitive abilities while people stay physically healthy. Therefore, Mroczek and Spiro

(2005) assume that “certain psychological constructs, such as cognitive function or subjective

life satisfaction, may be more sensitive indicators of serious underlying medical problems than

are traditional physiological variables such as blood pressure” (p. 198). Until the age of 80, the

SOEP respondents suffer from a loss in well-being that amounts to 0.5 points on the 11-point

scale. Because the decline starts about five years later in Britain, the BHPS respondents experi-

ence a reduction in life satisfaction of only approximately0.1 points (on the seven-point scale)



6.3 Parametric versus semiparametric regression results 24

Table 1
Three age stages of life satisfaction

stage age ∆ age ∆ LS ∆ LS p.a. CIV
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 for model 2 (age-period model with life expectancy).
The coefficient of the logarithm of household income is estimated to be 0.5 for Germany and 0.09 for Britain.
Estimation results can be found in Tables 7 and 8 in the Appendix. ∆ LS denotes the change in life satisfaction
over the whole duration of the life stage. CIV is the compensating income variation required in each year to
compensate for the decrease/increase in life satisfactionper annum.

over a period of about 10 years. The numbers are equivalent toan annual 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 econometrics literature obviously pro-

vides only an incomplete picture of the course of subjectivewell-being over the life span—

although the smoothing curves presented in this paper show that satisfaction declines with ad-

vancing age, and then rises after well-being has reached a minimum. However, the quadratic

model does not depict the age profile correctly because it ignores the second turning point and

the downward trend in satisfaction in the third age stage. Particularly for Germany, the U-

shaped profile is misleading: the minimum of life satisfaction is located where it is actually

maximal (cf. Figure 5). Therefore, we propose to include at least one additional polynomial

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

Figure 5 shows the course of life satisfaction over the life span obtained from polynomial

functions of the third and fourth degree that are able to capture the second turning point. The
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Figure 5
Polynomial vs. semiparametric regressions
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Note: Age-period models.
Source: SOEP 1986-2007 (without 1990, 1993), BHPS 1996-2006 (without 2001).

functions are obtained from age-period models including the standard socioeconomic control

variables (cf. Section 6.1) and omitting life expectancy. However, the polynomial functions

also describe the relationship between subjective well-being and age imprecisely. This can

be followed by a comparison with the results obtained from the semiparametric regressions in

Section 6.1.

A comparison of the semiparametric and the parametric regressions reveals two noteworthy

findings that hold for both Britain and Germany. First, the polynomial specifications estimate

the minimum in midlife earlier than it is observed in the semiparametric regression. Second,

the maximum derived from the higher-order polynomial parametric regressions is located at a

higher age. (The third-order polynomial for the Germany data is the only exception because its

maximum corresponds to the maximum indicated by the smooth function.) To sum up, Figure 5

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

reproduce the sharp increase in life satisfaction in the second age stage.

7 Conclusion

The present paper analyzed the relationship between life satisfaction and age using semipara-

metric regression models using P-splines. Splines have, compared with parametric polynomial

curves, the advantage that they do not require a priori assumptions about the underlying func-

tional form. This approach allowed us to critically reassess the U-shaped profile frequently

reported in the economics literature on subjective well-being. Our conclusion is that the U-

shaped profile is only half the truth. The other half is that satisfaction has a second turning

point later in life, after which well-being declines. Furthermore, the analysis clearly shows that

polynomial functions of third or fourth order provide only an incomplete picture of the path of

satisfaction over the life span: although they showed the second turning point, the minimum

and maximum points are located inaccurately.

Using data from the BHPS and the SOEP, we inferred that there is a universal three-phase

pattern of life satisfaction. In the first age stage, well-being gradually declines over a period of

30 to 35 years. Particularly in Germany, the downward trend has a quite regular shape. This

leads us to a new possible explanation of the process: evidence from the psychology literature

suggests that a reduction in biological and episodic memoryperformance alters the perception

of time. People perceive the pace of time to speed up with advancing age. The reduction in

the number of pleasurable events processed in subjectivelyshortening time intervals could be

held responsible, among other things, for the steady decline in well-being. To the best of our

knowledge, this argument has not been put forward in the economic well-being literature yet.

In the second age stage, well-being takes a turn for the better and increases considerably.

This restoration effect is more distinctive for Britain than for Germany. Although we refrained

from directly comparing the British and the German numbers (which is particularly difficult

because of the different response scales), we neverthelessfind a significant difference: the em-
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pirical evidence suggests that, assuming a life expectancyof 80 years, the British experience

an improvement in their well-being over their life span. In contrast, the German respondents

end up less satisfied in the third age stage compared with the first age stage. The upward trend

is supposed to result from changing domain satisfactions aswell as adaptive processes. The

third age-phase is characterized by declining satisfaction again, which may be attributable to

otherwise unobserved health problems and the effects of impending death.

The discussion of the indistinguishability of age, period,and cohort effects led to the conclu-

sion that one has to question the substantive information that is represented by these variables,

rather than to search for a solution using reparameterizations of the linear age-period-cohort

model that are based on more or less plausible identificationrestrictions. Therefore, researchers

are better advised to solve the indistinguishability problem by explicating the underlying mech-

anisms. In the context of the research question of the present paper, we attempted to solve the

task of identification by including substantive variables in the regression. In particular, the im-

pact of life expectancy turned out to have a negative impact on life satisfaction. This finding

gives rise to the supposition that individuals born in the early 20th century (when life expectancy

was lower) are more satisfied with their lives than those bornlater. Hence, the members of ear-

lier birth cohorts (e.g., individuals who socialized during the period of World Wars I and II)

may have lower expectations that are more likely to be met by their circumstances. However,

with respect to the underlying mechanisms of the cohort effect, our study raises more questions

than it answers so that further research is required on this topic.
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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, 1993).nT = 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 2001).nT = 123656,n = 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*** -0.009* -0.026***
(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*** -0.011***
(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*** 0.390***
(0.011) (0.011) (0.011) (0.011)

log of household size -0.196*** -0.196*** -0.196*** -0.196***
(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, 1993).nT = 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*** -0.034*** -0.099*** -0.022***
(0.012) (0.006) (0.004) (0.003)

age squared/1000 0.371*** 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*** -0.001***
(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*** 1.419***
(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, 1993).nT = 250366,n = 33320.
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C GLS transformation

The covariance structure of the longitudinal data is estimated using the Swamy-Arora method
implemented in the Stata 10 as the command -xtreg-. The GLS transformation of each element
z in y,C,X is:

z∗it = zit −θizi· (12)

wherezi· = (1/T)∑Ti
i zit and

θi = 1−

√

σ2
ε

σ2
ε +Tiσ2

α
. (13)
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Table 6
Estimation results: first step regression (random effects model)

Variable coefficient s.e.

age -0.143*** (0.006)
age squared/102 0.275*** (0.012)
age cubed/103 -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)
attrition in 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)

σα 1.131
σε 1.295

Note: Significance levels: *<0.1, *<0.05, ***<0.01. Reference year: 1986.
Source: SOEP 1986-2007 (without 1990, 1993).nT = 253044,n = 33451.
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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*** (0.015)

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*** (0.000) -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*** (0.010) 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) 0.131*** (0.011) 0.109*** (0.011)

part time employed 0.019 (0.012) 0.018 (0.012) 0.022* (0.012) 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*** (0.019) -0.205*** (0.017)

divorced -0.137*** (0.018) -0.132*** (0.018) -0.010 (0.020) -0.143*** (0.018)

widowed -0.195*** (0.023) -0.193*** (0.023) -0.274*** (0.027) -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) -0.107*** (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 (0.019) -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*** (3.360)

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)

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.

log of household income 0.077*** (0.007) 0.077*** (0.007) 0.045*** (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*** (0.013)

health status: bad -0.245*** (0.008) -0.245*** (0.008) -0.148*** (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 (0.036) 0.038** (0.017)

in training 0.325*** (0.024) 0.324*** (0.024) 0.218*** (0.025) 0.320*** (0.024)

employed 0.241*** (0.012) 0.242*** (0.012) 0.149*** (0.013) 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*** (0.028) -0.337*** (0.023)

divorced -0.438*** (0.021) -0.436*** (0.021) -0.230*** (0.025) -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) -0.130*** (0.022) -0.276*** (0.017)

attrition in 1 -0.090*** (0.012) -0.090*** (0.012) 0.007 (0.008) -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*** (1.475)

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


