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Abstract

Theory suggests that subjective well-being is affected by income comparisons and adaptation
to income. Empirical tests of the effects often rely on self-constructed measures from survey
data. This paper shows that results can be highly sensitive to simple parameter changes. Using
large-scale panel data from Germany and the UK, I report cases where plausible variations in
the underlying income type substantially affect tests of the relationship between life satisfac-
tion, income rank, reference income, and income adaptation. Models simultaneously control-
ling for income and income rank as well as models with a number of income lags are prone to
imperfect multicollinearity with consequences for the precision and robustness of estimates.
When testing relative-income effects, researchers should be aware that reference income con-
structed as average of a rather arbitrarily defined reference group and reference income pre-
dicted from Mincer-type earnings equations are two approaches that can produce inconsistent
results, and that are probably not as reliable and valid as previously assumed. The analysis
underlines the importance of robustness checks and regression diagnostics, two routines that
are often not carried out diligently in empirical research.
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Zusammenfassung

Der Theorie nach wird subjektives Wohlbefinden von Einkommensvergleichen und Einkom-
mensanpassungseffekten beeinflusst. Empirische Tests dieser Effekte verwenden oft selbst-
konstruierte MessgrofRen aus Umfragedaten. Dieser Artikel zeigt, dass Ergebnisse sehr sensi-
tiv gegeniber einfachen Parameterverdnderungen sein konnen. Unter Verwendung grofer
Paneldatensatze aus Deutschland und GroRbritannien zeige ich Félle, in denen plausible Ver-
anderungen der zugrundeliegenden Einkommensart substantiellen Einfluss auf Tests des Zu-
sammenhangs zwischen Lebenszufriedenheit, Einkommensrang, Referenzeinkommen und
Einkommensanpassung haben. Modelle die simultan fir Einkommen und Einkommensrang
kontrollieren sowie Modelle mit einigen Lags der Einkommensvariable sind anféllig fir im-
perfekte Multikollinearitat mit entsprechenden Konsequenzen fir Prézision und Robustheit
der Schatzer. Forscher sollten bei Tests von relativen Einkommenseffekten darauf achten,
dass Referenzeinkommen konstruiert als Durchschnitt einer recht willkirlich definierten Re-
ferenzgruppe sowie Referenzeinkommen, das mit einer Lohngleichung des Mincer-Typs
prognostiziert wird, zwei Anséatze sind, die inkonsistente Ergebnisse liefern kénnen und daher
maoglicherweise nicht so verlasslich und valide sind, wie bislang angenommen. Die Analyse
unterstreicht die Bedeutung von Robustheitschecks und Regressionsdiagnostik — zwei Routi-

neprozesse, die in empirischen Studien oft nicht griindlich durchgefihrt werden.

Schlagworter: Subjektives Wohlbefinden, Lebenszufriedenheit, relatives Einkommen, Ein-

kommensrang, Adaptation
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1 Introduction

Relative-income and adaptation effects play an important role in economic theory (Clark et al., 2008b).
The relative-income hypothesis predicts that people‘s utility reacts to a change in the income of one or
more others, all other things being equal. The income of others can be called reference income or
comparison income. If a ceteris paribus increase in reference income leads to a decrease in utility, the
phenomenon can be called comparison effect and is, from a psychological perspective, associated with
negative feelings of jealousy or envy." If a ceteris paribus increase in reference income leads to an
increase in utility, the phenomenon can be called information effect and is associated with positive
feelings of ambition (Senik, 2008).? Senik (2008) proposes that both the comparison and the infor-
mation effect always coexist but that “the degree of mobility and uncertainty in the economic envi-
ronment” (p. 496) determines which of the two is dominant. The hypothesis of adaptation to income
postulates that an income shock changes the utility level of an individual temporarily, but that the effect

wears off over time until the utility level reverts to its original position.®

For empirical tests of the two hypotheses utility is often approximated by measures of subjective
well-being (Clark et al., 2008b; Kahneman and Krueger, 2006). One of the most famous studies of
income and subjective well-being is Easterlin (1974). He observes in certain time-series data that na-
tional income grows while average subjective well-being remains largely flat. From a theoretical per-
spective, both the relative-income effect and the adaptation effect can be used to explain this finding.
Consequently, a number of empirical studies have endeavored to test for the existence of the effects or
even measure the effect sizes. Clark et al. (2008b) give a comprehensive overview and most studies
suggest that the two effects indeed affect the utility evaluation of individuals. In recent years, a con-
siderable number of studies specifically focused on testing the relative-income hypothesis, employing a
number of different methodologies. Table 1 gives an overview of methodologies with an incomplete list

of studies for each branch.*
[ Table 1 about here ]

A small number of recent studies have studied the relative-income hypothesis with experimental data,

which is probably the gold standard in empirical research. All of the experimental studies detect some

! Similar concepts to the comparison effect are relative deprivation, relative status, or social frame of reference.

2 Hirshman and Rothschild (1973) call this phenomenon “tunnel effect” referring to a traffic-jam situation in a
tunnel where the spirit of individuals is lifted by a signal that indicates that things will get moving soon.

% Van Praag (1971) refers to a “preference drift” over time. The psychologists Brickman and Campbell (1971)
coined the term “hedonic treadmill” for the phenomenon of adaptation. Adaptation (or habituation) has also been
discussed in relation to other life events. See Frederick and Loewenstein (1999) and Clark et al. (2008a) for
reviews.

* The task of a complete list of studies could be realized in an update of Clark et al. (2008b), which is beyond the
scope of this article. It would also be interesting to distinguish studies by origin country of the data and for some
studies by type of subjective well-being used as dependent variable (financial satisfaction, job satisfaction, life
satisfaction, etc.).



form of cognitive or behavioral reaction to changes in the relative-income position. Another branch of
studies relies on direct evidence from survey data. This research for example identified colleagues
(Clark and Senik, 2010, with European data), people in your occupation (Goerke and Pannenberg, 2013,
with German data) and friends (Yamada and Sato, 2013, with Japanese data) as the most relevant ref-
erence groups for income comparisons.®> While experimental data and direct evidence are still scarce,
the bulk of studies construct measures of reference income or income rank from within-sample or
out-of-sample income data. Most of these studies suggest a negative relative-income effect (e.g.,
Ferrer-i-Carbonell, 2005, for Germany), while others suggest a positive relative-income effect (e.g.,

Senik, 2004, for a transition country).

In this study, | show that results based on measures constructed by the researcher from within the sample
can depend heavily on rather simple parameter changes. I also confirm the finding of de la Garza et al.
(2012) that results based on group-average reference income can be inconsistent with results based on
predicted reference income using Mincer-type earnings equations (the approaches are explained in more
detail in Section 2). Beyond questioning the reliability of results, my findings even cast some doubt on
the validity of using self-constructed measures for reference income when the definition of the reference
group is based on strong assumptions. Furthermore, | point to multicollinearity issues in regression
equations with income and income rank, which have not been properly addressed by previous studies.
Lastly, I show that tests of income adaptation with an arbitrary number of income lags are also highly
sensitive to the type of income variable used, and that these tests can also be affected by imperfect
multicollinearity. | speculate that robustness checks with different income types and with alternative
approaches for constructing reference income could possibly undermine the results of some previous

studies.

After discussing popular identification strategies for relative-income effects and adaptation to income in
Section 2, | explain my empirical framework and I show some basic descriptive statistics of my samples
in Section 3. The results of extensive sensitivity analyses regarding income rank, reference income, and

income adaptation are discussed in Section 4. Section 5 concludes.

2 ldentification strategies for relative-income effects and income adaptation using
measures constructed by the researcher

Probably the most widely used strategy for identifying relative-income effects is to approximate “true”
reference income of an individual by the average income of a reference group. The reference group of an
individual is typically defined as the group of people in a data set that share some important character-

istics, such as age, sex, and education.® However, the available information in the data set often urges

> Knight et al. (2009) use rural data from China and report “people in the same village” as main comparator group.
Friends and colleagues did not appear as options in their questionnaire.
® See de la Garza et al. (2012) for an overview of different reference-group definitions.
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the researcher to make strong assumptions and to rather arbitrarily determine the reference group.
Reference groups usually do not come close to what direct evidence suggests as relevant categories such
as colleagues or friends. Nonetheless, results obtained with rather arbitrary reference groups often seem
plausible (e.g., significantly negative coefficients), which leads to an implicit justification of the strong
assumptions. Subsection 4.2 shows that it is important to scrutinize such seemingly plausible results
based on strong assumptions.” Other studies, using mostly out-of-sample data for determining the
reference group, have to impose somewhat weaker assumptions regarding the reference group. An
example is Clark et al. (2009b), who use linked employer-employee panel data from Denmark. The data
structure allows them to calculate the average income of colleagues within the actual firm of the indi-

vidual.

Apart from the group-average approach, a second approach for constructing reference income is to
predict reference income with a Mincer-type earnings equation. The approach is also called two-stage
estimation strategy, because the predicted reference income of the first-stage estimation is plugged into
a well-being model with further controls in the second stage. The two-stage estimation approach appears
less often in the literature compared to the group-average approach, possibly because the researcher is
faced with more demanding identification problems.® Like instrumental-variables regressions with
2SLS, the two-stage estimation strategy needs valid exclusion restrictions for robust identification, i.e.,
the “claim that an instrument operates through a single known causal channel” (Angrist and Pischke,
2009, p. 153).° In this context, instruments are exogenous variables that influence subjective well-being
only through the channel of reference income. Finding instruments is generally a challenge, and more so
in the context of subjective well-being, which is naturally related to a plethora of phenomena. None-
theless, Senik (2004, 2008) employs the two-stage estimation approach and argues that the professional
variables she includes in the first-stage equation and excludes in the well-being model (e.g., occupation
or industry) only influence well-being through actual and predicted reference income. Some of the
variables are used in both equations (age, gender, education) with the remark that they influence both
(reference) income and well-being, “but for different reasons” (Senik, 2008, p. 500). In contrast, de la
Garza et al. (2012) do not trust their own, highly unstable two-stage estimation results. They attribute

such inconsistent results to exclusion restrictions that are “frequently unjustified and easily refutable”

’ Note also that regression models with one regressor being the average of another regressor can cause further
identification problems (Angrist and Pischke, 2009, chapter 4.6.2).

® Another data-driven reason could be that estimating the earnings equation requires individual income data,
which are typically less available than household income data.

% In the instrumental variables context, the exclusion restriction formally says that y;(d, 0) = y;(d, 1) ford=0,1,
where y;(d, z) is the potential outcome of individual i for instrument value z; = z and treatment status d; = d
(Angrist and Pischke, 2009, pp. 151-153).



(de la Garza et al., 2012, p. 1).*° This study confirms that the two-stage estimation strategy can produce

results that are inconsistent with results from the group-average approach.

More recently, a number of studies have focused on income rank (see Table 1 for references). Derived
from psychology, and specifically from Parducci’s (1965) Range Frequency Theory, the rationale is that
utility is influenced by the ordinal rank position within an income distribution that is relevant to the
individual. Brown et al. (2008) underline that comparison income and income rank are different con-
cepts. While a certain income value can have the same distance from mean, midpoint and end points in
two different income distributions, the ordinal rank position can differ notably. The empirical results of
Boyce et al. (2010) even suggest that the influence of the rank position on life satisfaction is stronger
than both the influence of changes in absolute income and the influence of comparing one’s income to
the average income of a reference group. The rank variable is usually calculated as the ranked ordinal
position (or frequency value in the language of Parducci) normalized between 0 and 1:*

Fij= :j—:ll , (1)
with F as the frequency value of individual i in reference group j, the rank r of the individual’s income
within the reference group, and n as the number of observations of the reference group. What is usually
not mentioned in studies advocating for income rank is that the above mentioned problem of defining
the appropriate reference group remains. Unless out-of-sample data with possibly more precise infor-
mation are used, the definition of the reference group mostly depends on the available information
within the data set. For example, Boyce et al. (2010) calculate income rank in relation to the whole
sample for each year, and Clark et al. (2010) use income rank in rather broad reference groups based on
country, gender, education, and age. While the effect of income rank on well-being appears to be fairly
robust in previous studies, | show in Subsection 4.1 that results can strongly depend on the income type
chosen by the researcher. Given the fact that income and income rank are often highly correlated vari-
ables, multicollinearity issues should also be taken into account when interpreting results with both

variables in the equation.

The usual strategy for identifying adaptation to income is comparatively more straightforward. Paul and
Guilbert (2013) extend the notation of Layard (2005, p. 252) and describe a generalized adaptation

function A as follows:

Ay, K) = B(Iny;e — k-1 AeIny; ), 2)

19 Clark et al. (2008b) note that the exclusion restriction for the group-average approach is more subtle because
individuals relate only to the mean income within each group.
1 For other rank-related specifications such as range, see Brown et al. (2008).
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where y; is income of individual i at time t, A is a vector of adaptation parameters, and K is the number of
periods the adaptation process takes place. Adaptation to income is then typically modeled in a regres-
sion equation by including a rather arbitrary number of income lags.’> Now, a model of subjective

well-being, income adaptation, and reference income can be written as
SWBy = a+ BIny; + Yk—1 P Iny; . +vIny; + 86Xy + &, (3)

where SWB; is subjective well-being of individual i at time t, = -fA (k=1, 2 ,..., K), y*i is reference
income, the vector X;, refers to a set of further control variables, and & is an error term. Following Di
Tella et al. (2010) and Paul and Guilbert (2013), the hypothesis of no adaptation can be tested with

Ho: YX_, B = 0 versus Hy: YX_, B # 0, @

and the long-run effect (full adaptation) can be tested with

Ho: B+ XK _ B =0 versus Hy: B+ YK_ B # 0. )

Subsection 4.3 shows that the choice of the income variable can have a substantial impact on results of
the hypothesis tests in (4) and (5). More specifically, my results suggest that the hypothesis tests are
more likely rejected when the researcher uses raw household income instead of equivalized household

income.

3 Empirical framework and descriptive statistics

3.1 Data sets

Like other prominent studies in the field, | use data from the German Socio-Economic Panel (SOEP,
2011), and from the British Household Panel Survey (BHPS, 2012). The SOEP is the world‘s long-
est-running socio-economic panel study with the first wave in 1984 (Wagner et al., 2007). | choose life
satisfaction as dependent well-being variable. Life satisfaction in the SOEP is derived from the question
“How satisfied are you with your life, all things considered?”, with answers ranging from 0 (*‘com-
pletely dissatisfied’”) to 10 (“‘completely satisfied™). From a theoretical perspective, Senik (2008) pro-
poses that the degree of mobility and stability in the economic environment determines if either the
positive information effect or the negative comparison effect is dominant. Given that re-unified Ger-
many now has a developed economy with a comparatively high income level, | expect the comparison
effect to dominate the information effect, resulting in a negative relative-income effect. However,
Eastern Germany went through a turbulent transition period after the German re-unification, which
gives rise to expect a somewhat stronger influence of the information effect on Eastern Germans than on

Western Germans. It can thus be conjectured with some reason that the size of the relative-income effect

12 Di Tella et al. (2010) use four lags, Layard et al. (2010) use three lags. Ferrer-i-Carbonell and van Praag (2008)
suggest an alternative way to measure adaptation, but I concentrate on the mainstream approach in this paper.
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in Eastern Germany is less negative (or more positive) compared to Western Germany. In order to test
this hypothesis in passing, | distinguish between two samples: Western Germany (1992-2010), and
Eastern Germany (1992-2010)."

The BHPS was started in 1991 and asks for life satisfaction on a 7-point scale: “How dissatisfied or
satisfied are you with your life as a whole?”’. The question was introduced in wave 6, but not asked in
wave 11. This allows me to use waves 6-10 and 12-18, covering 12 waves or the years 1996-2008
(without 2001).

3.2 Type of income

Often, (panel) survey data sets offer more than one income variable. The researcher can then choose
among categories such as gross/net, nominal/real, household/individual, etc. While the choice within
some categories is closely linked to the research question, the choice within other categories is more
open. For example, both the SOEP and the BHPS offer a variable with household income from the
current year, and another variable with household income from the previous year. When SOEP data are
used, household income of the previous year is often preferred, most likely because the variable has
fewer missing values than current household income.'* However, one rarely sees research articles that
run robustness checks with different income variables when the choice was not theory driven, but rather
data driven. This paper shows that the choice of the income variable can significantly affect tests of

relative income and income adaptation.

I also make a case for using equivalized household income, while many (if not most) studies in the field
have used raw household income. Mainstream economic theory assumes that utility is generated by
fulfilling preferences. Consumption possibilities enable individuals to fulfill these preferences, and
income, in turn, can be seen as a measure for consumption possibilities. Thus, when individual utility is
approximated by a measure of well-being, such as life satisfaction, the model naturally assumes that
income is linked with life satisfaction through consumption possibilities. However, consumption pos-
sibilities represented by household income strongly depend on the size and composition of the house-
hold. Not taking the size and composition of the household into account potentially leads to biased
estimates of the relationship between household income as a proxy for consumption possibilities and
individual well-being. The literature shows two general approaches for avoiding the bias. The first
approach is to add control variables for household size and household composition to the equation (e.g.,

3 The SOEP sample was extended to Eastern Germany by 1990. Income variables are available for Eastern
Germany only from 1992. Therefore, the analysis with models including four income lags in Subsections 4.2 and
4.3 can start only in 1996. For comparison reasons, | choose the same period for the Western German sample. The
conclusions drawn in this paper would have been the same if | had used a combined sample of re-unified Germany
(estimation results are available from the author).

1 Note that it is generally more plausible to assume that individual well-being is affected by comparisons to
other’s current income instead of being affected by comparisons to other‘s income of the previous year. | thank Jan
Goebel for hinting at this point.



the number of adults and children). Another, more fine-tuned approach is to use equivalized household
income, i.e., household income divided by an equivalence scale.”™ The estimations in Section 4 show
that the two approaches can produce significantly different results, especially regarding tests of income
adaptation.™ I conclude that the plausibly more accurate approach of using equivalized income should
be standard in studies of well-being when household income is used as a proxy for individual income,
unless there is a good theoretical justification for the approach with raw household income and respec-

tive control variables.

The income variables available in the SOEP and the BHPS that are adequate for my models are net
household income of the previous year, current net household income, and individual gross labor in-

come. All income variables are described in detail in Appendix A.

3.3 Self-constructed measures from income variables

The focus of this study are robustness checks for estimations with self-constructed measures for
group-average reference income, predicted reference income, income rank, and lastly income lags for

testing income adaptation.

From studies using the group-average approach for constructing reference income, | choose three dif-
ferent methods. The first method, proposed by McBride (2001), is a simple calculation of average
income for age cohorts, i.e., the average income of everyone from five years younger to five years older
than the individual. While McBride (2001) uses cross-section data, | calculate cohort averages sepa-
rately for every year in my panel data. The second group-average method | choose is used in Fer-
rer-i-Carbonell (2005). She defines a reference group according to five education groups, five age
brackets, and region. The third method was proposed by Layard et al. (2010), who calculate average
income for every year based on the age cohort (+ 5 years), four education groups, and gender.'” Before
calculating group averages, | treat outliers of the income variable by dropping the first percentile with
implausibly low values.”® For the SOEP samples, | use weights to calculate average income of a ref-
erence group in order to avoid bias due to sampling artifacts. In the BHPS sample, two-thirds of the
respondent weights are zero. In order to avoid too many missing values, | do not use weights, but | drop

all individuals from the rather small ECHP sample, where individuals with low income are overrepre-

15 The equivalence scale can be defined differently, for example the International Experts‘ Scale (Buhmann et al.,
1988) or the now widely used modified-OECD scale (De Vos and Zaidi, 1997).

16 My motivation to investigate the difference between the approaches came from attempts to replicate the results
of Ferrer-i-Carbonell (2005) and Di Tella et al. (2010). Using very similar samples and models, my replication
suggested that using equivalized income leads to different results than the original approaches with raw income
and control variables for household size and household composition. Results of the replications attempts are not
shown here, but are available on request.

17 For further details on the construction of the education groups and age brackets, | refer the reader to the original
papers.

18 Clark et al. (2005) exclude the first and the last percentile of household income. However, values in the last
percentile still seem plausible in my samples (see Table 2 and Tables B.1a—d of Appendix B).
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sented. Some reference groups are very small so that extremely high or low incomes can exert a con-
siderable influence on average income. In order to mitigate the influence of extreme income values, |
exclude all observations from the estimations where average income of the reference group is based on

less than 10 individuals.

From studies using Mincer-type earnings equations for predicting reference income, | use equations
similar to Senik (2008), and | follow her remark to only use individual income for the two-stage esti-
mation approach. In order to avoid biased estimates, | change the first percentile of the individual labor
income variable with implausibly low values to missing. For the SOEP samples, | use OLS to predict log
individual labor income for each year based on age, age squared, gender, years of education, industry,
occupation, employment status (full-time, part-time, etc.), tenure, and region.*® For the BHPS sample, |
replace years of education with education level, and | have to leave industry and tenure out of the
earnings equation.”® The estimations of the earnings equations and the predictions are restricted to
working individuals. From the variables used in the first-stage estimation, the well-being model of the
second stage includes age squared and region, as well as implicitly gender through individual fixed
effects. Due to the requirement of valid exclusion restrictions, | need to assume for the other variables
that they influence life satisfaction only through actual and predicted income (see Section 2 for a critical

view on this assumption).

Income rank is calculated using formula (1), with reference groups defined as in Ferrer-i-Carbonell
(2005). This resembles the approaches for testing income rank in Clark et al. (2010) and in Budria and
Ferrer-i-Carbonell (2012).

For measuring adaptation to income, | use four income lags so that results are comparable to Di Tella et
al. (2010). For estimations with models including income lags, I exclude all individuals with gaps in the
interview sequence so that a lag of t-1 always refers to the previous year, a lag of t-2 refers to the second

to last year, etc.

3.4 Control variables and estimation method

The estimated models are similar to equation (3): | always control for the logarithm of the respective
income variable, and | always use a set of further personal control variables that are described in Ap-

pendix A.*

19| use the natural logarithm throughout this study.

0 The BHPS data do not provide enough information for constructing years of education consistently (Dickson,
2012). Tenure and a consistent variable for industry are also not available for my period of analysis.

21 In contrast to many other studies in the field, I do not control for education. As Dolan et al. (2008) convincingly
argue, “most adult survey respondents are unlikely to change their education level during their time in a panel
survey, and consequently fixed effects models are unlikely to find any significant effect for education” (p. 100). |
tested dummies for the education level in all of my models with reference income. The education dummies were in
the vast majority of cases insignificant and did not have a sizeable effect on the coefficients of the key regressors.
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| choose fixed-effects OLS for the estimations.” Results from OLS can be easily interpreted, while
individual fixed-effects have the advantage that all unobservable time-constant characteristics are con-
trolled for. Another advantage is that the possibility of endogeneity bias is somewhat reduced.” The
OLS approach requires the assumption that the life-satisfaction variable is cardinal, which should be
unproblematic since ordinal approaches usually lead to qualitatively wvery similar results
(Ferrer-i-Carbonell and Frijters, 2004).

In order to better assess if standard errors behave normally, I report heteroskedasticity-robust standard
errors as well as standard errors that are robust to clustering at the individual level in some of my tables.
Clustering at the level of the panel identifier relaxes the assumption that observations are independent
within the cluster, i.e., estimates are also robust to serial correlation, which is an advantage for analyses
with panel data where serial correlation is a likely phenomenon. As in Senik (2004, 2008), bootstrapped
standard errors are systematically reported when the reference-income variable was estimated in a
first-stage regression. Note that multicollinearity could be a problem for models with predicted refer-
ence income because age squared and region are included in both the first-stage and in the second-stage
regression. However, variance inflation factors calculated for the second-stage model do not point to

alarming multicollinearity problems. Regression diagnostics are discussed in detail in Appendix C.

3.5 Descriptive statistics

| generate a separate data file for each combination of the three samples (Western Germany, Eastern
Germany, United Kingdom) and five different income types used for constructing group-average ref-
erence income (previous year’s equivalized household income, current equivalized household income,
previous year’s raw household income, current raw household income, and individual labor income).
This results in fifteen different data sets. Table 2 shows descriptive statistics for the primary variables of

interest for group averages calculated with previous year’s equivalized household income.?
[ Table 2 about here ]

The descriptive statistics do not suggest that any of the approaches to construct reference income
dominates the other methods. | only observe that reference income predicted with the earnings equation
has a higher variation than reference income from the group-averages approach, while higher variation

implies higher statistical power of the tests.

22 | use the Stata command -xtivreg2- (Schaffer, 2010) because the command excludes singletons from the esti-
mation, while the standard command -xtreg- includes singletons, which is odd considering the within transfor-
mation of fixed effects. | do not show the coefficient for the constant in the tables because it is not reported by
-xtivreg2-.

2 Advantages of fixed-effects regressions for models of life satisfaction are explained in Pfaff and Hirata (2013)
and in Vendrik and Woltjer (2007).

2 Descriptive statistics for the data sets with group averages based on other income types are shown in Tables
B.1a-d of Appendix B. I do not use weights here, because the focus is not on representative statistics.
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4 Sensitivity analyses

4.1 Income rank

In order to test the sensitivity of estimations with income rank, | estimate three models for each com-
bination of sample and income type. The key regressors are log income and income rank. The first and
the second model include the key regressors separately. The third model includes both regressors. All
models include a set of further personal control variables, as well as year fixed effects and region fixed
effects. Note that the size of the coefficients cannot be readily compared between the SOEP samples and
the BHPS sample because the life satisfaction scale is 0-10 in the former, and 1-7 in the latter. | do not
standardize the life-satisfaction variables because my focus is not on comparing the magnitude of the
coefficients between samples. Here, the possibility to compare the sign and significance is sufficient.

Table 3 shows the results.
[ Table 3 about here ]

When the variables are entered separately, the coefficients are all positive and highly significant (log
individual labor income in the UK is only significant at the 5 percent level). As demonstrated for ex-
ample in Boyce et al. (2010), the picture changes when both variables are entered simultaneously.?
Boyce et al. (2010) observe a dominant income-rank coefficient, while the coefficient for household
income shrinks dramatically. The results presented in Table 3 suggest that this phenomenon is not
consistent when the underlying income type is exchanged. Various constellations appear in columns 3,
6, and 9 of Table 3: both variables significant, both variables insignificant, income dominant, income

rank dominant. A specific pattern of results dependent on the income type does not become apparent.

What should be discussed in light of the inconsistent results are potential effects of imperfect multicol-
linearity. To the best of my knowledge, this issue has not been thoroughly discussed in previous stud-
ies.?® Recall that imperfect multicollinearity among regressors does not lead to biased coefficients,
provided that other OLS assumptions hold.?” Nonetheless, likely consequences of high multicollinear-
ity are imprecise estimation (large standard errors) and unreliable tests of at least one regressor, as well
as sensitivity of coefficients and standard errors to minor changes in the data. While there is no proper
test for multicollinearity, | can only speculate about the degree of multicollinearity in my data and I use
correlation coefficients and variance inflation factors (VIF) as rules of thumb. On the one hand, the

correlation coefficients between log income and income rank are all above 0.80 (except for individual

% Note that Boyce et al. (2010) use a different reference group for calculating income rank (all individuals in a
given year).

% For example, Brown et al. (2008, p. 372) simply argue: “These different measures of pay are, of course,
somewhat correlated. Nevertheless, the large number of observations makes it possible, in practice, to estimate the
separate variables’ effects.”

2" For this and the rest of my discussion on multicollinearity, | refer to the elaborate chapter on multicollinearity in
Guijarati and Porter (2009).
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income in Eastern Germany and the UK), which points to high correlation between the variables. On the
other hand, a VIF of 10 and higher is usually interpreted as an alarming sign for multicollinearity
problems. None of the VIFs shown in Table 3 are as high as 10. Note, however, that a large VIF is

neither a necessary nor a sufficient condition for biased standard errors.

The fact that the dominant variable switches in some of my estimations when the underlying income
type is exchanged could be interpreted as sensitivity to small changes in the data. Together with the high
correlation coefficients, my interpretation of the evidence presented in Table 3 is that income and in-
come rank are in some of my data sets too highly correlated for isolating the individual influence on life
satisfaction. In light of my results, | find it hard to generally believe that income rank is a better predictor
of life satisfaction than income, which is claimed by Boyce et al. (2010). Comparing the amount of
variation in life satisfaction explained by the models with either income or income rank individually, the
differences in R2 shown in Table 3 are minor, if not close to zero. Also, a larger coefficient of income
rank does not necessarily mean that the variable is more important.? Still, the researcher can decide if
one of the variables is more apt for the specific research context. The researcher can also test if one of
the variables better fits the data or if one variable is dominant when both are included in the model. In

the latter case, the caveats discussed here should be kept in mind.

4.2 Reference income

In this subsection, | conduct extensive sensitivity analyses for different self-constructed refer-
ence-income variables: three versions of group-average reference income and reference income pre-
dicted with an earnings equation (two-stage estimation). De la Garza et al. (2012) is the only other study
I am aware of that compares results of group-average reference income and predicted reference income
in the same sample. My robustness checks go much further: I run estimations for the three samples of
Western Germany, Eastern Germany, and the UK, and | change the underlying income type for each
combination of sample and type of reference income. Using individual labor income practically restricts
the sample to working individuals. In order to determine if any difference between results using indi-
vidual labor income and results using household income is due to the restriction to the working popu-
lation, | repeat estimations for the household income variables with likewise restricted samples. In all
estimations, | control for the log of the respective income variable, for a set of personal characteristics,
and for year and region. The models needed for testing income adaptation in Subsection 4.3 are very
similar. | use the opportunity and repeat the whole analysis with models that additionally include four

income lags.

%8 The income-rank coefficient can be interpreted as an increase in life satisfaction if the individual climbs up from
the lowest to the highest position in the income ranking of the reference group. On the other hand, the coefficient of
(natural) log income should be interpreted as the change in life satisfaction if income increases by a factor of
approximately 2.7 (Euler’s number), rather than by the factor 2 as is often incorrectly stated.
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This procedure allows me to analyze the sensitivity of results when changing the following parameters:
reference group, approach for constructing reference income (group average or prediction), income
type, sample, restriction of the sample to working individuals, models with or without income lags.
Table 4 only reports coefficients for reference income. The respective results for the models with in-
come lags are shown in Table B.2 of Appendix B. Results for all control variables for rows 2-5 of Table
4 (Table B.2) are shown in Tables B.3-7 (Tables B.8-12) of Appendix B. Full results for rows 6-9 of
Table 4 and Table B.2 are not shown, but are available on request from the author. Note again that the
size of the coefficients cannot be compared between the German samples and the UK sample. Tables
B.8-12 show heteroskedasticity-robust standard errors as well as standard errors clustered at the indi-
vidual level. Cluster-robust standard errors of the reference-income coefficients are in most cases only
slightly larger than heteroskedasticity-robust standard errors. This suggests that serial correlation is not
much of an issue in my data. At the same time, not much efficiency is lost when accounting for serial

correlation, and | will use cluster-robust standard errors for inference in the remainder of the analysis.
[ Table 4 about here ]
In the following, | describe my observations when the respective parameter is changed.

Reference group

It might not be surprising that results using group-average reference income can depend on the reference
group chosen. However, two issues are noteworthy. The first is that the method of McBride (2001)
produces highly significant negative coefficients with unusually large magnitudes when the samples are
not restricted to the working population. The results imply that on average a 2.7-fold increase in the
average income of one’s age cohort has a much more negative impact on life satisfaction than for ex-
ample becoming unemployed, which seems implausible (see results for all control variables in Tables
B.3-7 of Appendix B). Further, we know from direct evidence that the most important reference groups
are usually colleagues and friends. Reference groups as defined by Ferrer-i-Carbonell (2005) and Lay-
ard et al. (2010) come arguably closer to colleagues and friends than just taking the age cohort as ref-
erence group as in McBride (2001). Thus, one would expect the magnitude and size of coefficients for
reference income obtained with the method of McBride (2001) to be smaller than the magnitude and size
of coefficients obtained with the other two methods. However, the opposite is the case in my estima-
tions. | interpret this as a warning that coefficients with the expected sign and significance cannot be
readily taken as a justification for strong assumptions regarding the reference group. This issue even
undermines the validity of the group-average approach with rather arbitrarily defined reference groups
to a certain extent. The second issue is that the methods of Ferrer-i-Carbonell (2005) and Layard et al.
(2010) produce coefficients with the same sign in almost all estimations, but | observe cases where even
such similarly defined reference groups lead to different inference (e.g., row 3 of columns 10 and 11 in
Table 4).
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Approach for constructing reference income

Results between the group-average approach and the two-stage estimation strategy can only be directly
compared when the sample is restricted to working individuals (bottom panel of Table 4). Coefficients
obtained with group-average reference income have both positive and negative signs, while significant
coefficients are only produced with the method of McBride (2001), and these are always negative. In
contrast, the two-stage estimation strategy produces positive coefficients throughout. The coefficients
are highly significant in the German samples (except for the estimation based on individual income in
Western Germany), and mostly significant in the UK sample. This observation of predominantly in-
consistent results between the two approaches is similar to the findings of de la Garza et al. (2012) with
Japanese data. They compare the performance of self-constructed measures with a benchmark of
self-reported reference wages and conclude that the group-average approach performs better than the
two-stage estimation strategy, possibly due to invalid exclusion restrictions. In Appendix D, | show for a
number of European countries that the two-stage estimation strategy produces results that are incon-
sistent with direct evidence, provided that one accepts to use data on comparison intensity for predicting

the sign of the relative-income effect.

Income type

As Table 4 shows, the underlying income type has a dramatic impact on the magnitude of coefficients in
some cases. For example, the coefficient based on equivalized household income of the previous year in
column 7, row 1 is reduced by more than half when current equivalized household income is used
(column 7, row 2). Although important, such robustness checks are often neglected in studies using
survey data that offer several reasonable income variables. | further observe that the choice between the
approach of using equivalized household income and the approach of using raw household income with
control variables for household size and household composition can also influence inference. The dif-
ferences are especially pronounced in some of my estimations with models that include income lags
(see, e.g., rows 1 and 3 of column 11 in Table B.2 of Appendix B). As argued above, equivalized
household income should be preferred, unless there are good reasons for using raw household income.
Concerning results based on individual labor income, | do not see that differences compared to results
based on household income variables follow a specific pattern. The bottom line is that the choice of the

income variable can strongly influence tests of relative-income effects with self-constructed measures.

Sample

Some patterns can be identified when comparing results across samples. In the upper panel of Table 4
with coefficients from unrestricted samples, all coefficients from the Eastern German data are more
negative than the respective coefficients from the Western German data. This is contrary to my expec-

tations based on the hypothesis of a stronger information effect in Eastern Germany compared to
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Western Germany due to the Eastern German transition period (see Subsection 3.1).* However, this
uniform pattern disappears once the samples are restricted to working individuals. For example, the
coefficients of group-average reference income based on reference groups defined as in Layard et al.
(2010) and the coefficients from predicted reference income are all more positive in the Eastern German
data compared to the Western German data. While the evidence from unrestricted samples points to a
rejection of the hypothesis of a stronger information effect in Eastern Germany compared to Western
Germany, the evidence is inconclusive once the samples are restricted to the working population. I infer

that the hypothesis should be better tested with other data, such as direct evidence.

Regarding differences between the German samples and the UK sample, the UK results seem to re-
semble more the Eastern German results than the Western German results. In light of the sensitivity of

results to parameter changes, | am reluctant to further interpret differences between the countries.

Restriction of the sample to working individuals

It is striking that most of the negatively significant coefficients for group-average reference income are
insignificant (or much less significant) once the samples are restricted to working individuals. A pos-
sible interpretation of this phenomenon is that the income level in the samples restricted to working
individuals is higher and the relative-income effect seems to affect richer individuals less negatively, as
shown with direct evidence in Clark and Senik (2010).%° If the self-constructed group-average measures
were indeed reliable and valid instruments for testing relative-income effects, then my results would
suggest that working individuals in Germany and the UK are not affected by comparisons to the average
income of a reference group. Otherwise, if the two-stage estimation approach would be a reliable and
valid instrument, then my results would suggest that the life satisfaction of working individuals in-
creases with rising reference income in both countries. Both propositions are somewhat daring given
that experimental data suggest a negative relative-income effect for German subjects (Dohmen et al.,
2011), and direct evidence suggests a negative relative-income effect for Germany and the UK (Clark
and Senik, 2010, see also Table D.1 in Appendix D). From this, together with the fact that some of the
above discussed results are inconsistent or implausible, | conclude that results obtained with
self-constructed reference income should be interpreted with care. Unless reference income can be
exactly determined for a plausible reference group, such as colleagues within the firm of the individual

as in Clark et al. (2009b), I would generally prefer results from experiments or direct evidence.

% In a personal communication, Ada Ferrer-i-Carbonell suggested the counter-hypothesis that, after the fall of the
Berlin wall, Eastern Germans compared themselves with the richer West Germans, which could have made them
more vulnerable for negative comparison effects. This hypothesis would fit to the pattern of the coefficients in the
unrestricted samples.

% The restriction to working individuals should lead on average to a smaller fraction of transfer income within
household income so that the fraction of labor income increases. Together with the insight that labor income is
much more likely related to the positive information effect than transfer income, this would be another explanation
for the more positive coefficients. | thank Heinz Welsch for pointing this out to me.
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Models with or without income lags

Results based on models with four income lags are shown in Table B.2 of Appendix B. Note that the
period of analysis changes from 1992-2010 to 1996-2010 for the German samples, so that any differ-
ence in results compared to Table 4 could also be due to this parameter change rather than only the
difference in the underlying equations. For example, it is obvious that the significance level of some
coefficients in Table 4 differs strongly from the significance level of the respective coefficients in Table
B.2. While the focus here is not on disentangling the effects of changing the model or the period of
analysis, the comparison of the two tables illustrates once more the sensitivity of results using

self-constructed reference income.

4.3 Income adaptation

Finally, | evaluate the sensitivity of tests for adaptation to income. | use models that include four lags of
the (log) income variable, as well as a term for reference income so that the estimations can be used for
testing sensitivity of both relative-income effects and adaptation to income (for sensitivity tests on the
former, see Subsection 4.2). | have made sure that the conclusions drawn in this subsection are robust to
using models without controlling for reference income (results not shown, but available from the au-
thor). Full results on the lag coefficients and on hypothesis tests of no adaptation and no full adaptation
are reported in Tables B.8-12. Table 5 shows the influence of changing the underlying income type on

hypothesis tests of adaptation to income (consolidating Tables B.8-12).
[ Table 5 about here ]

It is obvious that results regarding adaptation to income after four years strongly depend on the under-
lying income type. The pattern in Table 5 clearly suggests that the hypothesis of no adaptation to income
is more likely rejected if raw household income and control variables for household size and household
composition are used, whereas the hypothesis is in most cases not rejected when either equivalized
household income or individual income are used. This pattern does not appear across all three samples
when the hypothesis of no full adaptation is tested. But it is nonetheless hard to fully deny an influence
of the income type chosen on tests of no full adaptation.** Following my above argument, | would prefer
results based on equivalized household income or individual income over results from raw household
income. Thus, I do not find any evidence for adaptation to income after four years in Western Germany,
which is in contrast to the results presented in Di Tella et al. (2010), who use a similar data set, but raw

household income and a control variable for the number of children.

Note that imperfect multicollinearity could compromise the results of the hypothesis tests for adaptation

to income, too. VIFs of the income lags do not exceed the conventional limit of 10, but some of the VIFs

31 A closer look at Tables B.8-12 reveals that the type of reference income used in the model does not affect tests
for income adaptation.
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are as high as 9.25. Correlation coefficients between the log of the respective income variable and its
four lags reach a maximum of 0.91 with an average of 0.74 in my fifteen data sets. Correlation coeffi-
cients between the income lags have a similar magnitude. These rules of thumb point to some degree of
imperfect multicollinearity, which potentially affects the standard errors of the income coefficients and
the lagged income coefficients. In consequence, the hypothesis tests of the sums of the coefficients
could also be biased. In this case, other approaches to measure adaptation to income could be more

promising, for example experimental data.

5 Conclusion

A number of recent studies have tested the relative-income hypothesis with self-constructed measures
for income rank and reference income. Related studies have tested the hypothesis of adaptation to
income with an arbitrary number of income lags. The analysis in this paper has shown that these test
results—if based on survey data and strong assumptions—can be highly vulnerable to rather simple

parameter changes, such as varying the underlying income variable.

Most of the relevant studies on the relative-income effect mention the difficulty of appropriately de-
fining the reference group. Some studies proceed to define the reference group under strong assump-
tions, such as simple age cohorts or reference groups based on a few personal characteristics. My finding
of sensitive or even implausible results can be interpreted as evidence for assumptions that are too far
away from the true cognitive mechanisms of income comparisons. So far, direct evidence from a few
countries suggests that colleagues and friends are the most relevant reference groups. Therefore, ref-
erence income that comes closest to these groups ought to be the most promising instruments for
measuring the size of relative-income effects. This would of course not supersede the other strong
assumption that individuals actually know the income of their peers. If it turns out that this assumption is

also unrealistic, the researcher should rather rely on experimental data or direct evidence.

I confirm the finding of de la Garza et al. (2012) that reference income predicted with a Mincer-type
earnings equation can produce inconsistent results. The researcher should be aware that such a two-stage
estimation strategy is comparatively demanding from an econometrics perspective and requires due
diligence. This paper also raises the issue that models simultaneously controlling for income and income
rank are prone to imperfect multicollinearity with consequences for the precision and robustness of
estimates. Regarding adaptation to income, | show that hypothesis tests based on models with lags of
equivalized household income can lead to different results than the same hypothesis tests based on
models with lags of raw household income and controlling for household size and household composi-
tion. Due to my preference for equivalized household income, my results suggest that the hypothesis of
no adaptation to income cannot be rejected for Western Germany, which is in contrast to the findings of
Di Tella et al. (2010). Given the sensitivity of results together with potential issues of imperfect mul-
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ticollinearity, future research should discuss if a rather arbitrary number of income lags is a valid ap-

proach for measuring adaptation to income or if other, better performing approaches should be used.

This paper is relevant beyond the field of income comparisons and income adaptation. Survey data often
offer more than one income variable and researchers should be aware of how the choice influences
results. The analysis underlines the importance of robustness checks and regression diagnostics, two

routines that are still not applied diligently in all empirical studies.
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Appendix A

Description of control variables

Household income: Net household income calculated at price levels of 2005 in Euros for Ger-

many, and calculated at price levels of 2010 in GBP for the UK. | use the modified-OECD scale for
equivalization (De Vos and Zaidi, 1997). The SOEP variable i11102 (Cross-National Equivalent File) is
used for household income of the previous year, and the variable hghinc is used for current household
income. The variable 111102 refers to yearly income, while hghinc refers to monthly income. In order to
make results comparable on a monthly level, the variable 111102 is divided by 12. The BHPS variable
hhnyrde?2 is equivalized household income of the 12 months interval up to September 1 of the year of the
respective wave. The BHPS variable hhnetde?2 is current weekly equivalized household income. In order
to make results comparable on a monthly level, the variable hhnyrde2 is divided by 12, and the variable
hhnetde2 is multiplied by 52 and divided by 12. In order to obtain raw household income, the BHPS
variables with equivalized household income are multiplied with the respective value of the equivalence

scale.

Individual income: Current monthly gross labor income calculated at price levels of 2005 in

Euros for Germany (pglabgro), and calculated at price levels of 2010 in GBP for the UK (fimnl).

Health satisfaction: Subjective health satisfaction, ranging from 0 “totally unsatisfied”” to 10

“totally satisfied”” in the SOEP (p0080), and from 1 ““not satisfied at all”’ to 7 ““completely satisfied” in
the BHPS (Ifsatl).
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Age squared: The square of the respondent’s age in years.

Marital status: The variables pgfamstd (SOEP) and mlstat (BHPS) are recoded into the categories

“married”, “separated/divorced™, “single”, “widowed”. In the SOEP samples, married couples living

separately appear in the category ““separated/divorced”.

Number of children in household: Number of household members below the age of 18 at the time
of the interview in the SOEP (d11107). Number of own children in household in the BHPS (nchild).

Number of adults in household: The variable is generated by subtracting the number of children
from household size (d11106 in the SOEP; hhsize in the BHPS).

Labor force status: The variables pglfs (SOEP) and jbstat (BHPS) are recoded into the categories

“working”, “non-working”, and “‘unemployed™.

House owner: Dummy variable indicating whether a person owns a home, generated from the

variables hgowner (SOEP) and tenure (BHPS). The variable serves as a proxy for personal wealth.

Self-administered interview: The dummy variable indicates whether the interview was executed

self-administered in contrast to a face-to-face or telephone interview. The dummy is generated from the
SOEP variable hghmode. Chadi (2012) and Conti and Pudney (2011) show that the interview mode can
have a significant influence on the answering behavior for satisfaction questions, which is confirmed by
this study. In the BHPS, all respondents answer the life-satisfaction question in a self-completion

guestionnaire.

Variables used for the earnings equation: The following variables are used for the earnings

equation in order to predict reference income. If ambiguous, the first variable in brackets refers to the
SOEP and the second variable refers to the BHPS: Female, age, age squared, years of education (pgbilzt;
not available in the BHPS), industry (pgnace; no variable in the BHPS that is consistent over my period
of analysis), occupation (pgstib; jbiscon) employment status (p0195; jbft), tenure (pgerwzt; not available
in the BHPS).

Appendix B

Please see Tables B.1-B.12.

Appendix C

Regression diagnostics

| performed a series of diagnostic tests in order to determine compliance with assumptions of OLS

regression and hypothesis testing. Concerning unusual observations, I identified “multivariate outliers”
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with added-variable plots. In order to exclude that unusual observations influence the results, |
re-estimated every model without the 50 most unusually low, and the 50 most unusually high values of
the respective reference-income variable given all other independent variables. | found that dropping
these unusual observations did not have a sizeable impact on the coefficients for reference income so
that none of the conclusions was affected. The normality assumption should not be a problem in such
large samples. Residual-versus-fitted plots do not show signs of strong heteroskedasticity, and the
cluster-robust standard errors used for inference are also robust to heteroskedasticity. The issue of
imperfect multicollinearity is discussed in Subsection 4.1 regarding models with income rank, and in
Subsection 4.3 regarding models with lags of the income variables. For reference income and coeffi-
cients of other control variables, | again look at variance inflation factors (VIF). VIFs above 10.0 are
conventionally considered to be problematic. The largest VIF of the main control variables (except
income lags and year and region dummies) is smaller than 7.5. The correlation coefficients between the
log of the respective income variable and reference income do not exceed 0.61, and the average in my
fifteen data sets is 0.39. My interpretation of the VIFs and the correlation coefficients is that imperfect
multicollinearity and the consequence of imprecise estimation should not be major issues regarding the
reference-income coefficients (and the other main control variables). Augmented compo-
nent-plus-residual plots confirm the approximate linear relationship between life satisfaction and each
of the independent variables. These plots and theoretical considerations corroborate the model speci-

fications | have chosen.

Appendix D

Comparing results from the two-stage estimation strategy with direct evidence

My aim is to compare results of the sign of the relative-income effect obtained with the two-stage es-
timation strategy with results from direct evidence. According to Clark and Senik (2010), direct evi-
dence on the intensity of income comparisons provide empirical indications on the sign of the rela-
tive-income effect. They use data from Wave 3 of the European Social Survey (ESS, 2006). The relevant
question in the ESS is “How important is it for you to compare your income with other people’s in-
comes?”, and individuals answered on a scale from 0 (“‘not at all important™) to 6 (“‘very important™).
Clark and Senik (2010) show results from a regression of subjective well-being on comparison intensity
for the complete data set (their Table 7, columns 1 and 2). | replicate their empirical strategy, but I run
separate regressions for each country. The list of countries overlaps with the countries analyzed in Senik
(2008). She interprets a positive (negative) coefficient obtained with two-stage estimation as evidence
that the information effect dominates (is dominated by) the comparison effect. In the same manner,
Clark and Senik (2010) interpret a positive (negative) coefficient from direct evidence on comparison
intensity in the ESS as evidence that the comparison effect dominates (is dominated by) the information

effect. Table D.1 compares the results.

19



[ Table D.1 about here ]

For the overlapping countries, sign and indication of significance match only in 6 out of 15 cases. Note
that the pattern in column 1 is robust to using happiness as dependent variable, to using ordered probit,
and to variations with control variables, such as replacing occupation with activity status, which re-
moves the restriction to working individuals (results are not shown, but are available from the author).
While the direct evidence in the ESS points to a significantly negative relative-income effect in the
majority of European countries (column 1), the evidence in Senik (2008) suggests a positive effect for
most of the countries (column 2). This inconsistency can be interpreted in two ways. The first inter-
pretation, assuming that direct evidence is the more reliable data source, is that the evidence adds to the
conjecture that the two-stage estimation strategy produces unreliable results (see Subsection 4.2). The
alternative interpretation is—if one trusts that the estimates in Senik (2008) are valid and representative
for the countries—that the coefficients from column 1 and column 2 cannot be compared, which would
imply that it is invalid to use questions of comparison intensity for drawing conclusions on the sign of

the relative-income effect.
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Table 3: Fixed-effects OLS regressions of life satisfaction on income and income rank

Western Germany, 1992-2010

Eastern Germany, 1992-2010

United Kingdom, 19962008

Income type (6] @ (©) 4 ®) (6) @] ®) (9
Equivalized household income, previous year
In(Income) 0.225%** 0.203*** 0.300%** 0.195%** 0.038*** 0.012
(0.013) (0.027) (0.026) (0.055) (0.010) (0.021)
Income rank 0.297***  0.037 0.375***  0.159** 0.071**  0.054
(0.020) (0.040) (0.034) (0.071) (0.017) (0.035)
Correlation coefficient 0.842 0.861 0.856
VIF In(Income) 1.312 4.059 1.291 4.524 1.372 4.642
VIF Income rank 1.201 3.709 1.170 4.077 1.204 4.074
R2 0.126 0.127 0.127 0.101 0.102 0.102 0.110 0.110 0.110
Observations 246,394 237,004 237,004 83,664 81,140 81,140 122611 120,783 120,783
Equivalized household income, current year
In(Income) 0.289%** 0.259%** 0.501%** 0.455%** 0.057*** 0.012
(0.014) (0.032) (0.026) (0.062) (0.010) (0.021)
Income rank 0.381***  0.054 0.591***  0.083 0.104***  0.087**
(0.020) (0.045) (0.033) (0.078) (0.016) (0.035)
Correlation coefficient 0.850 0.879 0.853
VIF In(Income) 1.278 4.255 1.266 5.032 1.413 4.903
VIF Income rank 1.179 3.917 1.173 4.633 1.209 4.194
R2 0.127 0.127 0.128 0.106 0.106 0.107 0.109 0.109 0.109
Observations 232,221 223482 223482 80,456 78,067 78,067 122,044 120218 120,218
Raw household income, previous year
In(Income) 0.232%** 0.193*** 0.300%** 0.219%** 0.040*** 0.041**
(0.013) (0.023) (0.026) (0.046) (0.010) (0.019)
Income rank 0.338***  0.080** 0.430***  0.165** 0.068***  0.002
(0.022) (0.038) (0.039) (0.068) (0.018) (0.035)
Correlation coefficient 0.855 0.853 0.838
VIF In(Income) 1.732 4.973 2.047 5.664 1.812 5.811
VIF Income rank 1.525 4.382 1.620 4.458 1.443 4.626
R2 0.127 0.127 0.127 0.101 0.102 0.102 0.110 0.110 0.110
Observations 246,376 236953 236,953 83,586 81,057 81,057 122582 120,752 120,752
Raw household income, current year
In(Income) 0.299%** 0.276%** 0.489%** 0.386*** 0.058*** 0.026
(0.014) (0.028) (0.026) (0.054) (0.009) (0.019)
Income rank 0.412***  0.049 0.668***  0.192** 0.113***  0.070*
(0.021) (0.042) (0.037) (0.076) (0.018) (0.036)
Correlation coefficient 0.866 0.875 0.830
VIF In(Income) 1.579 5.094 1.739 5.926 1.914 6.323
VIF Income rank 1411 4.551 1.473 4.974 1.460 4.823
R2 0.127 0.127 0.128 0.106 0.106 0.107 0.109 0.109 0.109
Observations 232,138 223383 223,383 80,364 77,958 77,958 122,019 120,195 120,195
Individual labor income
In(Income) 0.136*** 0.081*** 0.255%** 0.226*** 0.008** 0.001
(0.011) (0.018) (0.021) (0.034) (0.004) (0.004)
Income rank 0.326***  0.172*** 0.443*** 0.079 0.093***  0.104***
(0.028) (0.042) (0.045) (0.072) (0.025) (0.029)
Correlation coefficient 0.825 0.768 0.517
VIF In(Income) 1.054 3.480 1.125 3.013 1.029 1.446
VIF Income rank 1.018 3.382 1.021 2.763 1.043 1.472
R2 0.106 0.106 0.106 0.082 0.081 0.082 0.097 0.097 0.097
Observations 144170 140493 140,493 45,961 45,176 45,176 71,919 71,589 70,793

Notes: Asterisks denote statistical significance lower than or equal to the * 10 percent, ** 5 percent, and *** 1 percent level. The standard errors in
parentheses are adjusted for clustering on the individual level. The life-satisfaction scale is 0-10 in the German data, and the scale is 1-7 in the UK
data. When equivalized household income or individual income are used, further control variables are health satisfaction, age squared, marital status,
number of children, labor force status, house owner, self-administered interview (only for German data), year dummies, and region dummies. When raw
household income is used, the model also includes the number of adults in the household. VIF is variance inflaction factor. Income rank refers to
reference groups defined as in Ferrer-i-Carbonell (2005). The samples are restricted to working individuals when individual income is used. Data are
from SOEP (2011) and BHPS (2012).
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Table 5: Sensitivity of income-adaptation tests with respect to the underlying income type

Western Germany, Eastern Germany, United Kingdom,

Underlying income type 1996-2010 1996-2010 1996-2008
Hypothesis of no adaptation (X Income lags not significant) rejected

Equivalized household income, previous year No Yes No

Equivalized household income, current year No No No

Raw household income, previous year Yes Yes Yes

Raw household income, current year Yes Yes Yes

Individual labor income No No No

Hypothesis of no full adaptation (£ Current and lagged income positive and significant) rejected

Equivalized household income, previous year No No No
Equivalized household income, current year No No No
Raw household income, previous year No Yes Yes
Raw household income, current year No No Yes
Individual labor income No No Yes

Notes: Detailed results are shown in Tables B.8-12. The threshold for rejection is the 10 percent level.
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Table B.3: Fixed-effects OLS regressions of life satisfaction on previous year's monthly equivalized household income and reference income

Western Germany, 1992-2010

Eastern Germany, 1992-2010

United Kingdom, 1996-2008

Group averages Group averages Group averages
Reference income constructed similar to ... McBride  Ferrer-i- Layard et McBride  Ferrer-i- Layard et McBride  Ferrer-i- Layard et
(2001)  Carbonell al. (2010) (2001)  Carbonell al. (2010) (2001)  Carbonell al. (2010)
(2005) (2005) (2005)
Dependent variable: life satisfaction ) 2 (©)] 4) (5) (6) @ ©)] ©)
In(Household income) 0.230***  0.225***  (.225*** 0.332%**  0.312*** (.313*** 0.045%**  0.040***  0.041***
(0.013) (0.014) (0.013) (0.026) (0.027) (0.026) (0.010) (0.010) (0.010)
In(Reference income) -0.747%*  -0.046 -0.007 -1.535%** -0.371*** -0.490*** -1.005***  -0.089* -0.173***
(0.128) (0.054) (0.048) (0.160) (0.129) (0.089) (0.118) (0.048) (0.045)
Age squared/1000 -0.224*** -0.123*** -0.074** -0.229%**  -0.194***  -0.149** -0.176*%**  -0.042 -0.022
(0.044) (0.038) (0.036) (0.061) (0.066) (0.062) (0.038) (0.035) (0.034)
Marital status (Base category: Married)
Separated/divorced -0.197*** -0.213*** -0.199*** -0.047 -0.073 -0.058 -0.096*** -0.092*** -0.097***
(0.029) (0.029) (0.028) (0.052) (0.053) (0.053) (0.025) (0.025) (0.025)
Single -0.125***  -0.126*** -0.129*** -0.037 -0.006 -0.020 -0.068***  -0.051** -0.054***
(0.024) (0.024) (0.024) (0.046) (0.047) (0.046) (0.020) (0.020) (0.020)
Widowed -0.380%** -0.373*** -0.386*** -0.071 -0.085 -0.112 -0.278*** -0.292*** -0.295***
(0.050) (0.050) (0.050) (0.073) (0.074) (0.075) (0.044) (0.044) (0.045)
Number of children in household 0.014**  0.015**  0.018** 0.064***  0.074***  0.072*** -0.007 -0.009 -0.006
(0.007) (0.007) (0.007) (0.014) (0.014) (0.014) (0.008) (0.008) (0.008)
Health satisfaction 0.254%*%  0.254%**  0,254** 0.230%**  0.232%**  0.231*** 0.261%%*  0.262%**  0.262***
(0.003) (0.003) (0.003) (0.004) (0.004) (0.004) (0.004) (0.004) (0.004)
Labor force status (Base category: Working
Non-working -0.066*** -0.062*** -0.059*** -0.146*** -0.105*** -0.118*** -0.016 -0.000 -0.008
(0.012) (0.013) (0.012) (0.023) (0.024) (0.023) (0.013) (0.013) (0.013)
Unemployed -0.591***  -0.594*** -0.591*** -0.635*** -0.627*** -0.632*** -0.273%**  -0.271%**  -0.274***
(0.023) (0.024) (0.023) (0.026) (0.026) (0.026) (0.024) (0.025) (0.025)
House owner 0.049***  0.045***  0.044*** 0.047* 0.040 0.034 0.006 0.009 0.008
(0.015) (0.015) (0.015) (0.027) (0.027) (0.027) (0.017) (0.017) (0.017)
Self-administered interview -0.168*** -0.165*** -0.168*** -0.057*** -0.056*** -0.057***
(0.012) (0.012) (0.012) (0.018) (0.018) (0.018)
Region and year dummies Yes Yes Yes Yes Yes Yes Yes Yes Yes
R? 0.127 0.127 0.126 0.103 0.102 0.101 0.110 0.110 0.109
Individuals 29,101 27,878 29,048 9,049 8,712 8,959 17,833 17,521 17,467
Observations 246380 237,004 245939 83,649 81,140 82,564 122604 120,709 119,777

Notes: Asterisks denote statistical significance lower than or equal to the * 10 percent, ** 5 percent, and *** 1 percent level. The standard errors in parentheses
are adjusted for clustering on the individual level. The life-satisfaction scale is 0-10 in the German data, and the scale is 1-7 in the UK data. Reference income is
calculated with previous year's monthly net household income equivalized according to the modified-OECD scale. See the notes of Tables 4 for details on data

sources.
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Table B.4: Fixed-effects OLS regressions of life satisfaction on current monthly equivalized household income and reference income

Western Germany, 1992-2010

Eastern Germany, 1992-2010

United Kingdom, 1996-2008

Group averages

Group averages

Group averages

Reference income constructed similar to ... McBride  Ferrer-i- Layard et McBride  Ferrer-i- Layard et McBride  Ferrer-i- Layard et
(2001)  Carbonell al. (2010) (2001)  Carbonell al. (2010) (2001)  Carbonell al. (2010)
(2005) (2005) (2005)
Dependent variable: life satisfaction (0] 2 ©)] 4 (5 (6) ©] 8 )
In(Household income) 0.292%**  0.293***  (.289*** 0.518***  0.518***  (.503*** 0.061***  0.057***  0.059***
(0.014) (0.015) (0.014) (0.026) (0.027) (0.027) (0.010) (0.010) (0.010)
In(Reference income) -1.142***  -0.035 0.012 -1.494%** -0.423*** -0.218** -1.097***  -0.105** -0.178***
(0.164) (0.066) (0.052) (0.197) (0.159) (0.091) (0.123) (0.048) (0.043)
Age squared/1000 -0.257*** -0.128***  -0.087** -0.168*** -0.161**  -0.101 -0.198***  -0.046 -0.023
(0.044) (0.038) (0.036) (0.061) (0.064) (0.062) (0.039) (0.035) (0.035)
Marital status (Base category: Married)
Separated/divorced -0.198*** -0.215*** -0.198*** -0.037 -0.056 -0.043 -0.096*** -0.092*** -0.097***
(0.029) (0.030) (0.029) (0.053) (0.053) (0.053) (0.025) (0.025) (0.025)
Single -0.134***  -0.126*** -0.126*** -0.031 -0.001 -0.010 -0.068***  -0.051** -0.054***
(0.024) (0.025) (0.024) (0.046) (0.047) (0.047) (0.020) (0.020) (0.020)
Widowed -0.414%** -0.416*** -0.425*** -0.126*  -0.139*  -0.166** -0.273%** -0.289*** -0.292***
(0.050) (0.051) (0.051) (0.074) (0.076) (0.076) (0.044) (0.044) (0.045)
Number of children in household 0.017**  0.015**  0.018** 0.083***  0.081***  0.083*** -0.008 -0.007 -0.005
(0.007) (0.008) (0.007) (0.014) (0.015) (0.014) (0.008) (0.008) (0.008)
Health satisfaction 0.253***  0.254***  (.253*** 0.231***  0.232***  (.230*** 0.260***  0.261***  0.261***
(0.003) (0.003) (0.003) (0.004) (0.004) (0.004) (0.004) (0.004) (0.004)
Labor force status (Base category: Working
Non-working -0.047*** -0.040*** -0.037*** -0.099%** -0.069*** -0.077*** -0.007 0.010 0.002
(0.012) (0.013) (0.012) (0.023) (0.024) (0.023) (0.013) (0.014) (0.014)
Unemployed -0.542%** -0.544*** -0.542*** -0.568*** -0.560*** -0.563*** -0.251***  -0.249*** -0.252***
(0.024) (0.024) (0.024) (0.026) (0.026) (0.026) (0.025) (0.025) (0.025)
House owner 0.046***  0.047***  0.046*** 0.039 0.041 0.036 0.008 0.011 0.010
(0.015) (0.015) (0.015) (0.027) (0.028) (0.027) (0.017) (0.017) (0.017)
Self-administered interview -0.161*** -0.159*** -0.161*** -0.048*** -0.049*** -0.052***
(0.012) (0.012) (0.012) (0.018) (0.018) (0.018)
Region and year dummies Yes Yes Yes Yes Yes Yes Yes Yes Yes
R? 0.127 0.128 0.127 0.107 0.107 0.105 0.110 0.109 0.109
Individuals 27,887 26,724 27,832 8,834 8511 8,746 17,849 17,537 17,476
Observations 232207 223482 231,754 80,439 78,067 79,296 122,037 120,146 119,199

Notes: Asterisks denote statistical significance lower than or equal to the * 10 percent, ** 5 percent, and *** 1 percent level. The standard errors in parentheses
are adjusted for clustering on the individual level. The life-satisfaction scale is 0-10 in the German data, and the scale is 1-7 in the UK data. Reference income is
calculated with current monthly net household income equivalized according to the modified-OECD scale. See the notes of Tables 4 for details on data sources.
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Table B.5: Fixed-effects OLS regressions of life satisfaction on previous year's monthly raw household income and reference income

Western Germany, 1992—-2010

Eastern Germany, 1992-2010

United Kingdom, 1996-2008

Group averages

Group averages

Group averages

Reference income constructed similar to ... McBride  Ferrer-i- Layard et McBride  Ferrer-i- Layard et McBride  Ferrer-i-  Layard et
(2001)  Carbonell al. (2010) (2001)  Carbonell al. (2010) (2001)  Carbonell al. (2010)
(2005) (2005) (2005)
Dependent variable: life satisfaction 1) 2 ®3) (@) 5) (6) (@) (8) 9)
In(Household income) 0.236***  (0.233*** (.233*** 0.320***  (0.312*** (.311*** 0.043***  0.042***  (0.043***
(0.013)  (0.013)  (0.013) (0.026)  (0.027)  (0.026) 0.010)  (0.010)  (0.010)
In(Reference income) -0.303***  -0.028 -0.060 -1.085%**  -0.158** -0.471*** -0.892*%**  -0.064  -0.225***
(0.074)  (0.036)  (0.043) (0.121)  (0.076)  (0.074) (0.092)  (0.040)  (0.045)
Age squared/1000 -0.151*%** -0.113*** -0.081** -0.219%**  -0.160** -0.147** -0.234***  -0.035 -0.049
(0.040)  (0.037)  (0.036) (0.061)  (0.065)  (0.062) (0.040)  (0.035)  (0.036)
Marital status (Base category: Married)
Separated/divorced -0.181*** -0.203*** -0.188*** -0.024 -0.072 -0.047 -0.095*** -0.102*** -0.104***
(0.029) (0.029) (0.029) (0.052) (0.053) (0.053) (0.025) (0.025) (0.025)
Single -0.119%**  -0.124*** -0,127*** -0.033 -0.008 -0.024 -0.056*** -0.050** -0.052***
(0.024) (0.025) (0.024) (0.046) (0.046) (0.046) (0.020) (0.020) (0.020)
Widowed -0.337%**  -0.338*** -(.349*** -0.054 -0.094 -0.109 -0.272%** -0.298*** -0.298***
(0.050) (0.051) (0.051) (0.074) (0.075) (0.076) (0.044) (0.044) (0.045)
Number of children in household -0.023***  -0.027*** -0.024*** 0.011 0.007 0.010 -0.017**  -0.021*** -0.018**
(0.008) (0.008) (0.008) (0.015) (0.016) (0.015) (0.008) (0.008) (0.008)
Number of adults in household -0.059*** -0.066*** -0.064*** -0.095*** -0.116*** -0.106*** -0.015**  -0.026*** -0.024***
(0.008) (0.008) (0.008) (0.015) (0.015) (0.015) (0.007) (0.007) (0.007)
Health satisfaction 0.254***  0.254***  (,254*** 0.230%**  (0.232***  (.230*** 0.261***  0.262***  0.262***
(0.003) (0.003) (0.003) (0.004) (0.004) (0.004) (0.004) (0.004) (0.004)
Labor force status (Base category: Working
Non-working -0.063*** -0.061*** -0.059*** -0.136*** -0.100*** -0.116*** -0.017 0.001 -0.007
(0.012) (0.013) (0.012) (0.023) (0.024) (0.023) (0.013) (0.013) (0.013)
Unemployed -0.589***  -0.592*** -0,589*** -0.636*** -0.626*** -0.634*** -0.270%** -0.269*** -0.273***
(0.023) (0.024) (0.023) (0.026) (0.026) (0.026) (0.024) (0.025) (0.025)
House owner 0.048***  0.045***  0.044*** 0.064**  0.055** 0.053* 0.010 0.014 0.013
(0.015) (0.015) (0.015) (0.027) (0.028) (0.027) (0.017) (0.017) (0.017)
Self-administered interview -0.168*** -0.167*** -0.168*** -0.057*** -0.056*** -0.057***
(0.012) (0.012) (0.012) (0.018) (0.018) (0.018)
Region and year dummies Yes Yes Yes Yes Yes Yes Yes Yes Yes
R2 0.127 0.127 0.126 0.103 0.102 0.102 0.111 0.110 0.110
Individuals 29,091 27,865 29,038 9,047 8,705 8,958 17,836 17,524 17,470
Observations 246,362 236,953 245918 83,571 81,057 82,478 122,575 120,679 119,751

Notes: Asterisks denote statistical significance lower than or equal to the * 10 percent, ** 5 percent, and *** 1 percent level. The standard errors in parentheses
are adjusted for clustering on the individual level. The life-satisfaction scale is 0-10 in the German data, and the scale is 1-7 in the UK data. Reference income is
calculated with previous year's monthly net household income that is not equivalized (‘'raw"). See the notes of Tables 4 for details on data sources.
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Table B.6: Fixed-effects OLS regressions of life satisfaction on current monthly raw household income and reference income

Western Germany, 1992-2010

Eastern Germany, 1992-2010

United Kingdom, 1996-2008

Group averages

Group averages

Group averages

Reference income constructed similar to ... McBride  Ferrer-i- Layard et McBride  Ferrer-i- Layard et McBride  Ferrer-i- Layard et
(2001)  Carbonell al. (2010) (2001)  Carbonell al. (2010) (2001)  Carbonell al. (2010)
(2005) (2005) (2005)
Dependent variable: life satisfaction 1) 2 ®3) 4 5) (6) W) (8) 9)
In(Household income) 0.303***  0.304***  0.301*** 0.505***  0.505***  (.494*** 0.059***  0.058***  0.059***
(0.014) (0.014) (0.014) (0.026) (0.026) (0.026) (0.009) (0.009) (0.009)
In(Reference income) -0.422***  -0.035 -0.068 -1.239%**  -0.264*** -0.343*** -0.789***  -0.064* -0.217***
(0.088) (0.044) (0.048) (0.146) (0.101) (0.080) (0.085) (0.037) (0.043)
Age squared/1000 -0.176*** -0.126*** -0.099*** -0.175***  -0.153**  -0.104* -0.211***  -0.036 -0.047
(0.040) (0.038) (0.037) (0.061) (0.065) (0.062) (0.039) (0.034) (0.036)
Marital status (Base category: Married)
Separated/divorced -0.166*** -0.192*** -0.175*** 0.005 -0.038 -0.025 -0.092*** -0.099*** -0.101***
(0.029) (0.030) (0.029) (0.053) (0.053) (0.053) (0.025) (0.025) (0.025)
Single -0.115%** -0.120*** -0.122*** -0.031 0.001 -0.014 -0.055***  -0.050** -0.052***
(0.024) (0.025) (0.024) (0.046) (0.047) (0.047) (0.020) (0.020) (0.020)
Widowed -0.368*** -0.374*** -0,384*** -0.058 -0.096 -0.117 -0.271%**  -0.296*** -0.295***
(0.051) (0.052) (0.051) (0.075) (0.077) (0.077) (0.044) (0.044) (0.046)
Number of children in household -0.026*** -0.034*** -0.030*** -0.002 -0.015 -0.011 -0.021*** -0.023*** -0.020***
(0.008) (0.008) (0.008) (0.015) (0.016) (0.015) (0.008) (0.008) (0.008)
Number of adults in household -0.062*** -0.071*** -0.069*** -0.120%**  -0.140*** -0.134*** -0.020%** -0.031*** -0.029***
(0.008) (0.008) (0.007) (0.014) (0.014) (0.014) (0.007) (0.007) (0.007)
Health satisfaction 0.253***  (0.253***  (.252%** 0.230***  0.231*** 0.230*** 0.259***  0.261***  0.260***
(0.003) (0.003) (0.003) (0.004) (0.004) (0.004) (0.004) (0.004) (0.004)
Labor force status (Base category: Working
Non-working -0.045*** -0.041*** -0.039*** -0.106*** -0.074*** -0.085*** -0.003 0.014 0.005
(0.012) (0.013) (0.012) (0.023) (0.024) (0.023) (0.013) (0.014) (0.014)
Unemployed -0.543***  -0.543*** -(.542*** -0.576*** -0.563*** -0.570*** -0.243%** -0.242%** -0.247***
(0.024) (0.024) (0.024) (0.026) (0.026) (0.026) (0.025) (0.025) (0.025)
House owner 0.044***  0.040***  0.040*** 0.051* 0.049* 0.042 0.012 0.017 0.016
(0.015) (0.016) (0.015) (0.027) (0.028) (0.028) (0.017) (0.017) (0.017)
Self-administered interview -0.161*** -0.159*** -0.161*** -0.052*** -0.052*** -0.054***
(0.012) (0.012) (0.012) (0.018) (0.018) (0.018)
Region and year dummies Yes Yes Yes Yes Yes Yes Yes Yes Yes
R2 0.127 0.128 0.127 0.108 0.107 0.105 0.110 0.109 0.109
Individuals 27,896 26,728 27,841 8,823 8491 8,734 17,844 17,531 17,472
Observations 232,124 223383 231673 80,347 77,958 79,207 122012 120121 119,161

Notes: Asterisks denote statistical significance lower than or equal to the * 10 percent, ** 5 percent, and *** 1 percent level. The standard errors in parentheses
are adjusted for clustering on the individual level. The life-satisfaction scale is 0-10 in the German data, and the scale is 1-7 in the UK data. Reference income is
calculated with current monthly net household income that is not equivalized (‘'raw'). See the notes of Tables 4 for details on data sources.
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Table B.8: Fixed-effects OLS regressions of life satisfaction on previous year's monthly equivalized household income, reference income, and income lags

Western Germany, 1996-2010

Eastern Germany, 1996-2010

United Kingdom, 19962008

Group averages

Group averages

Group averages

Reference income constructed similar to ... McBride  Ferrer-i- Layard et McBride  Ferrer-i- Layard et McBride  Ferrer-i- Layard et
(2001)  Carbonell al. (2010) (2001)  Carbonell al. (2010) (2001)  Carbonell al. (2010)
(2005) (2005) (2005)
Dependent variable: life satisfaction (1) 2 ) 4) (5) (6) (@) (8) 9
In(Household income) 0.226 0.225 0.224 0.315 0.295 0.306 0.037 0.035 0.034
(0.019) (0.019) (0.019) (0.035) (0.035) (0.035) (0.013) (0.013) (0.013)
[0.021] [0.021] [0.021] [0.038] [0.038] [0.038] [0.013] [0.014] [0.014]
In(Reference income) -1.146 -0.172 -0.104 -1.624 -0.521 -0.471 -0.876 -0.101 -0.085
(0.159) (0.062) (0.057) (0.189) (0.138) (0.103) (0.137) (0.060) (0.053)
[0.190] [0.073] [0.067] [0.232] [0.165] [0.123] [0.157] [0.067] [0.060]
In(Household income, t-1) 0.009 0.003 0.007 0.001 -0.010 -0.013 0.004 -0.000 0.001
(0.019) (0.019) (0.019) (0.035) (0.036) (0.035) (0.013) (0.013) (0.013)
[0.019] [0.019] [0.019] [0.035] [0.036] [0.035] [0.013] [0.013] [0.013]
In(Household income, t-2) -0.005 -0.011 -0.008 -0.018 -0.025 -0.025 0.006 0.005 0.003
(0.017) (0.017) (0.017) (0.031) (0.032) (0.032) (0.010) (0.010) (0.010)
[0.017] [0.017] [0.017] [0.031] [0.031] [0.031] [0.011] [0.011] [0.011]
In(Household income, t-3) -0.007 -0.012 -0.010 -0.041 -0.049 -0.047 0.001 -0.000 0.002
(0.016) (0.016) (0.016) (0.030) (0.031) (0.030) (0.010) (0.010) (0.010)
[0.016] [0.016] [0.016] [0.030] [0.031] [0.030] [0.010] [0.010] [0.010]
In(Household income, t-4) 0.021 0.019 0.017 -0.034 -0.047 -0.039 0.004 0.001 0.001
(0.015) (0.015) (0.015) (0.028) (0.028) (0.028) (0.010) (0.010) (0.010)
[0.016] [0.016] [0.016] [0.029] [0.029] [0.029] [0.010] [0.010] [0.010]
Results of F-tests (using cluster-robust standard errors)
¥ Income lags 0.017 -0.000 0.007 -0.092 -0.131 -0.124 0.015 0.006 0.008
Prob(Z Income lags > F) 0.570 0.988 0.828 0.097 0.019 0.026 0.440 0.758 0.695
¥ Current and lagged income 0.243 0.224 0.230 0.223 0.164 0.182 0.053 0.041 0.042
Prob(X Current and lagged income > F) 0.000 0.000 0.000 0.000 0.008 0.003 0.025 0.078 0.071
Region and year dummies Yes Yes Yes Yes Yes Yes Yes Yes Yes
Further personal control variables Yes Yes Yes Yes Yes Yes Yes Yes Yes
R? 0.113 0.113 0.112 0.107 0.106 0.105 0.109 0.108 0.108
Individuals 15,230 14,991 15,205 5144 5,070 5,106 11,236 11,080 10,995
Observations 118694 116,833 118,508 43,505 42,994 43,038 74377 73531 72,694

Notes: Robust standard errors are shown in parentheses. The standard errors in brackets are adjusted for clustering on the individual level. The life-satisfaction
scale is 0-10 in the German data, and the scale is 1-7 in the UK data. Reference income is calculated with previous year's monthly net household income
equivalized according to the modified-OECD scale. See the notes of Tables 4 for details on further control variables and data sources.
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Table B.9: Fixed-effects OLS regressions of life satisfaction on current monthly equivalized household income, reference income, and income lags

Western Germany, 1996-2010 Eastern Germany, 19962010 United Kingdom, 1996-2008
Group averages Group averages Group averages
Reference income constructed similar to ... McBride  Ferrer-i- Layard et McBride  Ferrer-i- Layard et McBride  Ferrer-i- Layard et
(2001)  Carbonell al. (2010) (2001)  Carbonell al. (2010) (2001)  Carbonell al. (2010)
(2005) (2005) (2005)
Dependent variable: life satisfaction (1) 2 ) 4) 5) (6) ) (8) 9)
In(Household income) 0.310 0.313 0.308 0.517 0.508 0.508 0.062 0.060 0.063
(0.021) (0.021) (0.021) (0.036) (0.036) (0.036) (0.012) (0.012) (0.012)
[0.023] [0.023] [0.023] [0.038] [0.038] [0.038] [0.013] [0.013] [0.013]
In(Reference income) -1.453 -0.201 -0.088 -1.427 -0.537 -0.229 -0.946 -0.083 -0.122
(0.210) (0.078) (0.067) (0.232) (0.184) (0.108) (0.136) (0.058) (0.052)
[0.243] [0.091] [0.077] [0.280] [0.219] [0.128] [0.154] [0.065] [0.058]
In(Household income, t-1) 0.058 0.056 0.056 -0.003 -0.008 -0.005 0.002 -0.001 -0.000
(0.020) (0.020) (0.020) (0.035) (0.036) (0.036) (0.012) (0.012) (0.012)
[0.020] [0.020] [0.020] [0.036] [0.036] [0.036] [0.012] [0.012] [0.012]
In(Household income, t-2) -0.013 -0.017 -0.015 0.073 0.069 0.065 0.007 0.005 0.002
(0.019) (0.019) (0.019) (0.034) (0.034) (0.034) (0.010) (0.010) (0.010)
[0.019] [0.019] [0.019] [0.033] [0.033] [0.033] [0.010] [0.010] [0.010]
In(Household income, t-3) 0.033 0.032 0.032 -0.035 -0.039 -0.041 -0.005 -0.007 -0.004
(0.019) (0.019) (0.019) (0.031) (0.031) (0.031) (0.010) (0.010) (0.010)
[0.019] [0.019] [0.019] [0.030] [0.031] [0.031] [0.010] [0.010] [0.010]
In(Household income, t-4) -0.018 -0.021 -0.020 -0.006 -0.019 -0.009 0.003 -0.001 -0.001
(0.018) (0.018) (0.018) (0.030) (0.030) (0.030) (0.009) (0.009) (0.009)
[0.019] [0.019] [0.019] [0.031] [0.032] [0.032] [0.010] [0.010] [0.010]
Results of F-tests (using cluster-robust standard errors)
% Income lags 0.061 0.049 0.053 0.029 0.004 0.009 0.007 -0.004 -0.003
Prob(Z Income lags > F) 0.085 0.163 0.130 0.619 0.949 0.875 0.735 0.840 0.892
% Current and lagged income 0.371 0.362 0.362 0.546 0.512 0.517 0.069 0.056 0.060
Prob(Z Current and lagged income > F) 0.000 0.000 0.000 0.000 0.000 0.000 0.003 0.016 0.010
Region and year dummies Yes Yes Yes Yes Yes Yes Yes Yes Yes
Further personal control variables Yes Yes Yes Yes Yes Yes Yes Yes Yes
R? 0.115 0.115 0.114 0.110 0.109 0.108 0.109 0.108 0.108
Individuals 14,044 13,819 14,019 4,903 4,834 4,866 11,165 11,011 10,924
Observations 105150 103,631 104,969 39,943 39,497 39,462 73,334 72,498 71,664

Notes: Robust standard errors are shown in parentheses. The standard errors in brackets are adjusted for clustering on the individual level. The life-satisfaction
scale is 0-10 in the German data, and the scale is 1-7 in the UK data. Reference income is calculated with current monthly net household income equivalized
according to the modified-OECD scale. See the notes of Tables 4 for details on further control variables and data sources.
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Table B.10: Fixed-effects OLS regressions of life satisfaction on previous year's monthly raw household income, reference income, and income lags

Western Germany, 1996-2010

Eastern Germany, 1996-2010

United Kingdom, 1996-2008

Group averages

Group averages

Group averages

Reference income constructed similar to ... McBride  Ferrer-i- Layard et McBride  Ferrer-i- Layard et McBride  Ferrer-i- Layard et
(2001)  Carbonell al. (2010) (2001)  Carbonell al. (2010) (2001)  Carbonell al. (2010)
(2005) (2005) (2005)
Dependent variable: life satisfaction (@] )] 3) 4 (5) (6) @ ©)] ©)]
In(Household income) 0.254 0.255 0.254 0.331 0.317 0.329 0.053 0.051 0.052
(0.018) (0.018) (0.018) (0.034) (0.035) (0.034) (0.013) (0.013) (0.013)
[0.020] [0.020] [0.020] [0.038] [0.038] [0.038] [0.013] [0.013] [0.013]
In(Reference income) -0.482 -0.056 -0.120 -1.219 -0.220 -0.524 -0.919 -0.048 -0.180
(0.105) (0.042) (0.056) (0.140) (0.081) (0.089) (0.102) (0.044) (0.053)
[0.129] [0.050] [0.066] [0.177] [0.096] [0.1086] [0.118] [0.050] [0.059]
In(Household income, t-1) -0.055 -0.060 -0.056 -0.068 -0.080 -0.079 -0.023 -0.029 -0.028
(0.017)  (0.017)  (0.017) (0.032)  (0.032)  (0.032) (0.012)  (0.012)  (0.012)
[0.017] [0.017] [0.017] [0.031] [0.032] [0.031] [0.012] [0.012] [0.012]
In(Household income, t-2) -0.048 -0.053 -0.051 -0.058 -0.065 -0.060 -0.012 -0.014 -0.015
(0.015) (0.015) (0.015) (0.028) (0.028) (0.028) (0.010) (0.010) (0.010)
[0.015] [0.015] [0.015] [0.027] [0.027] [0.027] [0.010] [0.010] [0.010]
In(Household income, t-3) -0.035 -0.038 -0.037 -0.047 -0.055 -0.052 -0.015 -0.017 -0.014
(0.014) (0.014) (0.014) (0.027) (0.027) (0.027) (0.009) (0.010) (0.010)
[0.014] [0.015] [0.014] [0.027] [0.027] [0.027] [0.010] [0.010] [0.010]
In(Household income, t-4) -0.013 -0.016 -0.016 -0.077 -0.093 -0.082 -0.007 -0.012 -0.011
(0.013) (0.013) (0.013) (0.025) (0.025) (0.025) (0.009) (0.009) (0.009)
[0.014] [0.014] [0.014] [0.026] [0.026] [0.026] [0.009] [0.009] [0.009]
Results of F-tests (using cluster-robust standard errors)
¥ Income lags -0.151 -0.168 -0.160 -0.250 -0.293 -0.273 -0.056 -0.073 -0.068
Prob(Z Income lags > F) 0.000 0.000 0.000 0.000 0.000 0.000 0.003 0.000 0.000
% Current and lagged income 0.103 0.088 0.095 0.080 0.024 0.056 -0.003 -0.021 -0.015
Prob(2 Current and lagged income > F) 0.001 0.006 0.003 0.141 0.660 0.310 0.906 0.329 0.485
Region and year dummies Yes Yes Yes Yes Yes Yes Yes Yes Yes
Further personal control variables Yes Yes Yes Yes Yes Yes Yes Yes Yes
R2 0.113 0.113 0.113 0.108 0.106 0.106 0.110 0.109 0.109
Individuals 15,203 14,963 15,178 5,140 5,066 5,101 11,234 11,078 10,992
Observations 118,646 116,774 118,459 43472 42,963 42,997 74,368 73,523 72,686

Notes: Robust standard errors are shown in parentheses. The standard errors in brackets are adjusted for clustering on the individual level. The life-satisfaction
scale is 0-10 in the German data, and the scale is 1-7 in the UK data. Reference income is calculated with previous year's monthly net household income that is
not equivalized (‘'raw’). See the notes of Tables 4 for details on further control variables and data sources.
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Table B.11: Fixed-effects OLS regressions of life satisfaction on current monthly raw household income, reference income, and income lags

Western Germany, 1996-2010 Eastern Germany, 1996-2010 United Kingdom, 1996-2008
Group averages Group averages Group averages
Reference income constructed similar to ... McBride  Ferrer-i- Layard et McBride  Ferrer-i- Layard et McBride  Ferrer-i- Layard et
(2001)  Carbonell al. (2010) (2001)  Carbonell al. (2010) (2001)  Carbonell al. (2010)
(2005) (2005) (2005)
Dependent variable: life satisfaction (€] )] 3) 4 (5) 6) @ (©)] ©)]
In(Household income) 0.352 0.357 0.352 0.562 0.555 0.556 0.068 0.066 0.069
(0.021) (0.021) (0.021) (0.035) (0.036) (0.035) (0.012) (0.012) (0.012)
[0.022] [0.023] [0.023] [0.038] [0.038] [0.038] [0.012] [0.012] [0.013]
In(Reference income) -0.559 -0.069 -0.145 -1.296 -0.355 -0.328 -0.805 -0.027 -0.184
(0.129) (0.054) (0.066) (0.176) (0.112) (0.098) (0.093) (0.041) (0.050)
[0.155] [0.064] [0.076] [0.223] [0.132] [0.116] [0.108] [0.046] [0.056]
In(Household income, t-1) -0.033 -0.038 -0.035 -0.083 -0.087 -0.083 -0.020 -0.025 -0.024
(0.019) (0.019) (0.019) (0.033) (0.034) (0.033) (0.011) (0.011) (0.011)
[0.019] [0.019] [0.019] [0.033] [0.033] [0.033] [0.011] [0.011] [0.011]
In(Household income, t-2) -0.069 -0.071 -0.071 0.008 -0.000 0.003 -0.007 -0.011 -0.012
(0.018) (0.018) (0.018) (0.031) (0.031) (0.031) (0.010) (0.010) (0.010)
[0.017] [0.018] [0.017] [0.030] [0.030] [0.030] [0.010] [0.010] [0.010]
In(Household income, t-3) -0.004 -0.006 -0.006 -0.062 -0.070 -0.070 -0.017 -0.021 -0.016
(0.017) (0.018) (0.017) (0.030) (0.030) (0.030) (0.009) (0.009) (0.009)
[0.018] [0.018] [0.018] [0.029] [0.029] [0.029] [0.009] [0.009] [0.009]
In(Household income, t-4) -0.047 -0.051 -0.050 -0.069 -0.085 -0.076 -0.007 -0.013 -0.012
(0.016) (0.016) (0.016) (0.028) (0.028) (0.028) (0.009) (0.009) (0.009)
[0.017] [0.018] [0.018] [0.029] [0.029] [0.029] [0.009] [0.009] [0.009]
Results of F-tests (using cluster-robust standard errors)
¥ Income lags -0.153 -0.167 -0.162 -0.205 -0.243 -0.226 -0.051 -0.069 -0.064
Prob(Z Income lags > F) 0.000 0.000 0.000 0.000 0.000 0.000 0.006 0.000 0.001
¥ Current and lagged income 0.199 0.189 0.190 0.356 0.312 0.330 0.017 -0.003 0.005
Prob(X Current and lagged income > F) 0.000 0.000 0.000 0.000 0.000 0.000 0.441 0.884 0.826
Region and year dummies Yes Yes Yes Yes Yes Yes Yes Yes Yes
Further personal control variables Yes Yes Yes Yes Yes Yes Yes Yes Yes
R? 0.114 0.115 0.114 0.111 0.110 0.109 0.109 0.108 0.108
Individuals 14,035 13,812 14,011 4,898 4,827 4,861 11,159 11,005 10,920
Observations 105032 103521 104,853 39,935 39,499 39,452 73,354 72521 71,678

Notes: Robust standard errors are shown in parentheses. The standard errors in brackets are adjusted for clustering on the individual level. The life-satisfaction
scale is 0-10 in the German data, and the scale is 1-7 in the UK data. Reference income is calculated with current monthly net household income that is not
equivalized ('raw"). See the notes of Tables 4 for details on further control variables and data sources.
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Table D.1: Evidence of the sign of the reference-income effect in European countries

Direct evidence from the ESS Two-stage estimation results reported
Country in Senik (2008)
) 2

Austria -0.234***  (0.038) -0.013** [0.006]
Belgium -0.062* (0.034) -0.006*** [0.002]
Bulgaria -0.083 (0.060)

Switzerland -0.154***  (0.033)

Germany -0.189***  (0.035) 0.027***  [0.009]
Denmark -0.081**  (0.034) -0.004* [0.002]
Estonia -0.164***  (0.052) 0.364*** [0.065]
Spain -0.089***  (0.030) 0.025*** [0.005]
Finland -0.094***  (0.032) -0.041*** [0.002]
France -0.235***  (0.038) 0.008 [0.005]
United Kingdom -0.158***  (0.031) -0.011*** [0.002]
Hungary -0.081 (0.052) 0.118*** [0.007]
Ireland -0.122***  (0.041) 0.026*** [0.007]
Netherlands -0.045*  (0.027) 0.010*** [0.002]
Norway -0.040 (0.027)

Poland -0.115**  (0.049) 0.532*** [0.182]
Portugal 0.017 (0.054) 0.005 [0.005]
Russia -0.115***  (0.042) 0.186*** [0.035]
Sweden -0.114***  (0.028)

Slovenia -0.143***  (0.044)

Slovakia -0.108**  (0.054)

Ukraine -0.001 (0.059)

Notes: Asterisks next to the reported OLS coefficients denote statistical significance lower than or equal to
the * 10 percent, ** 5 percent, and *** 1 percent level. Coefficients with the same sign in columns 1 and 2
are in bold. Robust standard errors are reported in parentheses. Bootstrapped standard errors are reported
in brackets. The dependent variable in column 1 is life satisfaction. Column 1 shows coefficients from own
estimations with ESS (2006) data based on a model proposed by Clark and Senik (2010), i.e., regressions of
life satisfaction on the question "How important is it for you to compare your income with other
people’s incomes?" (scale 0-6; Denmark: scale 1-6). The samples are restricted to individuals in paid
work, aged between 16 and 65. Further controls are household income, gender, 10 occupation dummies, self:
employed, 3 age categories, 3 education categories, 5 marital status categories, and a dummy for those who
ever had a child. Column 2 shows coefficients reported in Senik (2008), i.e., regressions of a satisfaction
variable (life satisfaction, income satisfaction, financial satisfaction, etc.) on reference income that has been
previously estimated with an earnings equation.
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