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A wildly discussed shortcoming of panel surveys is a potential bias arising from selec-
tive attrition. Based on data of the German Socio-Economic Panel Study (SOEP), the
authors analyze potential artifacts (level, structure, income inequality) by comparing
results for two independently drawn panel subsamples started in 1984 and 2000. They
apply ANOGI (analysis of Gini) techniques, the equivalent of ANOVA performed with
the Gini coefficient. They rearrange, reinterpret, and use the decomposition in the com-
parison of subpopulations from which the different samples were drawn. Taking into
account indicators for income, significant differences between these two samples with
respect to income inequality are found in the first year, which start to fade away in Wave
2 and disappear in Wave 3. The authors find credible indication for these differences to
be driven by changes in response behavior of short-term panel members rather than by
attrition among members of the longer running sample.
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1. INTRODUCTION

Most population surveys assert the claim that they are representative
of the underlying population universe. While this is, in reality, already
a very ambitious goal on its own, panel surveys that follow house-
holds, families, and individuals over time have to cope with the
problem of adequately covering any changes occurring in the under-
lying population since the time of the original sampling. For example,
immigration may not be represented within an ongoing panel survey
if recent immigrants founded new households, which by definition
did not have a positive sampling probability in the ongoing sample.
Thus, new subsamples that complement a panel might be required.
Furthermore, due to panel attrition and the need to control for eventual
selectivity within this process, long-running panel surveys especially
may require being complemented by additional subsamples that serve
two functions: First, such “refreshment” samples help to stabilize the
number of observations, and second, they provide a benchmark for
the analysis of eventual selectivity due to panel attrition and changes
in response behavior.

When analyzing economic well-being or income distribution
issues on the basis of such micro-data, any undetected selectivity—
for example, given by a “middle-income bias”—creates a bias in the
estimates of income inequality measures.

The question to be answered in this article can be presented in the
following general way: Given the existence of several independent
samples (within one survey), do they represent the same population or
universe? A common practice to answer this question is to look at the
differences in various parameters among the populations with respect
to the variable of interest. For example, one may wish to compare the
moments of the distributions (means, variances, Ginis, medians, etc.).
The problem with a methodology such as this one is that there are only
a few moments that are usually being compared, and therefore, possi-
ble differences in other moments may not be detected. The methodol-
ogy suggested in this article is based on a decomposition of a measure
of total variability to the contributions of subpopulations. Since the
interest is in the inequality in economic well-being (as measured, for
example, by income), the comparison between the subpopulations is
done by decomposing the Gini of income of the overall population

 at DEUTSCHES INSTITUT FUER on July 28, 2016smr.sagepub.comDownloaded from 



Frick et al. / USING ANOGI FOR TWO SUBSAMPLES 429

into the contributions of the subpopulations to the overall inequality.
The advantage of the decomposition is that it reveals a new para-
meter (called the overlapping index), which shows how intertwined
the subpopulations are. Hence, unlike the comparison of moments that
rely on each distribution separately, the overlapping index is based
on the entwined observations of all the distributions involved.

Intuitively, the methodology presented below can be referred to as
ANOGI (analysis of Gini)—the equivalent of analysis of variance
(ANOVA), performed with the Gini coefficient. The decomposition
we follow is the one presented in Yitzhaki (1994). We rearrange and
reinterpret that decomposition in order to use it in the comparison of
the subpopulations from which the different samples were drawn.

In this article, we are mainly interested in the effect (possible bias)
of attrition. For each year within a three-year period (2000 to 2002),
we have two subsamples. Both of them are subsamples from a chain
of panel data, intended to represent the entire population of Germany.
The major difference in the subsamples is that the new one was started
in the year 2000, while the main part of the old one was started as early
as 1984. For the period since the original sampling took place, both
panel subsamples carried on using the same set of straightforward
follow-up rules. We are interested in seeing whether the subsamples
come from the same population (i.e., no effect of long-term attrition)
or if attrition causes a bias.

As a central result, our analyses for the first year reveal a signi-
ficant difference in income stratification and inequality between the
subsamples, while in the second and third years, the two subsamples
overlap almost perfectly (i.e., the relevant substantive results converge
rather quickly). When discussing reasons for the differences in the first
year, we find indications that these are not to be attributed to attrition
in the “old” sample but rather to changes in the response behavior of
the new subsample’s members. In fact, there is some evidence that
the answers of long-term panel respondents are of better quality than
those of first-time respondents. In case of income data, this may reflect
an improved record keeping of such households or a better knowledge
and recall capacity resulting from the repeated interview experience.

We start the article with a detailed description of the underlying
data and with a discussion of problems related to the representation
of a population by means of different subsamples (Section 2). In
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Section 3, we set up the ANOGI methodology, and Section 4 pro-
vides the estimators. In Section 5, we present results of inequality
decomposition, and Section 6 concludes.

2. REPRESENTATION OF A POPULATION
BY MEANS OF DIFFERENT SAMPLES

2.1. THE GERMAN SOCIO ECONOMIC PANEL STUDY (SOEP)

Established in 1984, the German Socio-Economic Panel Study
(SOEP) is one of the main tools for social science and economic
research for Germany, as well as for international comparisons
(see Wagner, Burkhauser, and Behringer 1993; Haisken-DeNew and
Frick 2003).1

In principle, the universe of the SOEP sample includes the entire
resident population of Germany. As the SOEP started before the
reunification of Germany occurred, the first subsamples of the SOEP
in 1984 were only conducted in West Germany. We summarize the
various subsamples in Table 1. A detailed description can be found
in Appendix A.

In 2000, the starting year of the supplementary innovation
Subsample F, all in all, 24,586 adult individuals participated in the
SOEP survey, which covered 13,258 households and included 6,659
children younger than 16 years of age.

2.2. POTENTIAL ARTIFACTS CAUSED BY DIFFERENT SUBSAMPLES

The realization of different independent samples, which have the
aim of representing the same population universe, can cause problems
due to different, mostly fieldwork-related, reasons. First, it is possible
that they belong to different universes because the sample frames
were not by intention but in fact different with respect to specific
sampling procedures. Second, initial response rates may differ across
the various subsamples. Third, methodological problems occurring
during the fieldwork can result in a couple of survey artifacts. All
such specific problems could have occurred with the SOEP, especially
because in the year 2000, the “old” Subsamples A through E were
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432 SOCIOLOGICAL METHODS & RESEARCH

true panel subsamples with more than one wave and in fact different
with respect to the numbers of waves.

Different Sampling Procedures

There are two structural problems of sampling households in
Germany, as in many other countries: first, the representation of
foreigners/immigrants and, second, households living in institutions.
In the SOEP, the procedures of handling those subpopulations were
changed over time: The sampling procedures of Subsamples A and
B as well as F were slightly different for the first waves. Whereas in
A and B, Germans and foreigners are surveyed by different methods,
allowing for a theoretically proper representation of the five major
immigrant groups (represented by Subsample B), this superior pro-
cedure was not possible for Subsample F. Subsamples C and D are
samples with a special focus on East Germans and recent immigrants,
respectively, while E is a small sample that was drawn by basically the
same procedure as Subsample F. A more detailed description of these
procedures is provided in Appendix B.

Response Rates

Given the massive confrontation with telephone surveys, ad hoc
interviews by marketing companies, and so on, it is becoming increas-
ingly problematic to motivate individuals to participate in popula-
tion surveys. As such, the older subsamples in SOEP clearly show
higher initial response rates (e.g., Subsamples A and B with 61 and
68 percent, respectively) than newly introduced subsamples such as
Subsample F with only 52 percent (see Table 2).2 This phenomenon
also applies to longitudinal response rates over (two or) three waves;
it does not matter whether one looks at the subsample-specific first
two or three waves or at the exact same time period (i.e., calendar
years; e.g., 2000 through 2002).

Surveying Artifacts

While in the year 2000, Subsample F is a “fresh” cross section, Sub-
samples A to E consist of panel samples of varying durations. There-
fore, Subsamples A to E and F could represent different populations,
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TABLE 2: Cross-Sectional and Longitudinal Response Rates in the Socio-
Economic Panel Study (SOEP) by Subsample (in Percentages)

Initial (cross-sectional) Response Rate in Wave 1

Sample A (1984) 61
Sample B (1984) 68
Sample C (1990) 70
Sample D (1994/95) > 55
Sample E (1998) 54
Sample F (2000) 52

Longitudinal Response Rate (balanced panel as a percentage
of starting wave’s population)

Over two years (calendar years 2000–2001 and 2001–2002)

Samples A-E 89–93
Sample F 78–87

Over three years (calendar years 2000–2002)

Samples A-E 80–86
Sample F < 69

Over sample-specific first two waves (Waves 1–2)

Samples A-E 81–92
Sample F 78

Over sample-specific first three waves (Waves 1–3)

Samples A-E 72–88
Sample F 69

SOURCE: Authors’ calculation from SOEP 2000–2002.

first, if it is not possible to correct for panel attrition and, second, if
response behavior changes over time (“panel effects”). SOEP data
providers control for Subsamples A to E in an appropriate manner by
means of weighting (see Rendtel 1995; Rendtel, Wagner, and Frick
1995), but over the course of time, other panel effects certainly can-
not be ruled out. First, conventional wisdom dictates that respondents
can change their true behavior, which in turn produces some sort of
bias in the result.

A second important effect may be provided by an increasing famili-
arization of the respondents with the survey instrument, mostly a
questionnaire, which minimizes errors in the answers and improves
quality of the collected information. As such, due to this “learn-
ing effect,” panel data yield a more realistic measure than data from
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434 SOCIOLOGICAL METHODS & RESEARCH

a single cross-sectional sample of the very same population. The
second effect especially takes place in the field of income surveying.
We know that in the course of time, the share of missing values on
income variables (due to item nonresponse) declines and that there is
a special reason for different “answering styles.”

A third problem can be created by a mix of interview modes,
which is necessary, at least in Germany, to ensure that respondents
remain willing to participate over the long term.3 Since the late 1990s,
computer-assisted personal interviewing (CAPI) has been introduced
gradually by means of a controlled experiment to complement the
conventional paper-and-pencil questioning technique. CAPI was used
for the first time in Subsample E in 1998, and after a successful testing
phase, this survey method was also introduced in the existing SOEP
Subsamples A through D in 2000. In Subsample F, this methodology
was used from the very first wave, yielding an overall share of CAPI
interviews of 28 percent in 2002.

Methodological research focusing on sustainable mode or tech-
nology effects4 caused by the introduction of CAPI shows a mixed
picture. While in the case of the British Household Panel Study
(BHPS), no significant effects were found (see Laurie 2000), for
the SOEP, Schräpler, Schupp, and Wagner (2005) found some indi-
cations that CAPI increases the probability of item nonresponse
on income questions but also that it reduces the probability of unit
nonresponse in the subsequent wave. Thus, the variation in the use
of CAPI across SOEP Subsamples A through D, E, and F yields a
potential for survey artifacts.

3. ANOGI: THE METHODOLOGY

Let yi , Fi(y), fi(y), μi , and pi represent the income, the cumulative
distribution, the density function, the expected value, and the share
of subpopulation i in the overall population, respectively.5 Let
si = piμi/μu denote the share of group i in the overall income, where
subscript u denotes the union of the populations, Yu, from which all
the subsamples are drawn.6 The overall population is composed of
the union of the subpopulations. That is, Yu = Y1 ∪ Y2 ∪ · · · ∪ Yn.
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Note that

Fu(y) = ∑

i

piFi(y). (1)

That is, the cumulative distribution (or ranks) of the overall
population is the weighted average of the cumulative distributions of
the subpopulations, weighted by the relative sizes of the populations.7

The formula of the Gini used in this article is the following (Lerman
and Yitzhaki 1984, 19898):

G = 2 cov(y, F (y))

μ
, (2)

which is twice the covariance between income y and the rank F(y),
standardized by mean income μ.9 The Gini of the entire population,
Gu, can be decomposed as

Gu =
n∑

i=1
siGiOi + Gb, (3)

where Oi is the overlapping index of subpopulation i with the
entire population (explained below), and Gb measures the between-
group inequality. Equation (3) decomposes the Gini of the union
into two related components: intra- and intergroup components, con-
nected in a way that is relatively complicated. Note that while in
ANOVA, the total variability is partitioned into inter- and intravari-
ances, in ANOGI, we have inter- and intra-Ginis, but in addition,
there is an extra parameter, which is the overlapping index. We will
return to this implication following the explanation of the individual
components.

3.1. THE OVERLAPPING INDEX AND ITS PROPERTIES10

The index of overlapping is the one that distinguishes the decom-
position of the Gini (ANOGI) from the decomposition of the variance
(ANOVA) and is the main reason for expressing a preference for the
methodology suggested in this article over ANOVA.

Overlapping should be interpreted as the inverse of stratification.
Stratification is a concept used by sociologists. We follow Lasswell’s
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(1965) definition: “In its general meaning, a stratum is a horizontal
layer, usually thought of as between, above or below other such layers
or strata. Stratification is the process of forming observable layers, or
the state of being comprised of layers. Social stratification suggests a
model in which the mass of society is constructed of layer upon layer
of congealed population qualities” (p. 10).

According to Lasswell (1965), perfect stratification occurs when
the observations of each population (in our case, subsample of the
SOEP) are confined to a specific range of income and the ranges of
incomes do not overlap. An example of a perfect stratification is the
division of the society into deciles. Stratification plays an important
role in the theory of relative deprivation (Runciman 1966), which
argues that stratified societies can tolerate greater inequalities than
nonstratified ones (Yitzhaki 1982). In our case, this property plays
an important role because it tells us whether the different subsamples
represent different strata.

One can rarely find a perfect stratification, and an index describ-
ing the degree of stratification is called for. The index of overlap-
ping is actually an index describing the extent to which the different
subpopulations are stratified. In this article, the goal is to evaluate
the overlapping (i.e., nonstratification) and check whether the several
income distributions, based on several independent panel subsamples,
represent the same universe.11

Formally, overlapping of the overall population by subpopulation i

is defined as

Oi = Oui = covi(y, Fu(y))

covi(y, Fi(y))
, (4)

where, for convenience, the index u is omitted and covi means that
the covariance is according to distribution i, that is,

covi(y, Fu(y)) = ∫
(y − μi)(Fu(y) − F ui)fi(y)dy, (5)

where F ui is the expected rank of population i in the union (all obser-
vations of population i are assigned their union’s ranks Fu(y), and
F ui represents their expected value).12,13 The overlapping (4) can
be further decomposed to identify the overlapping of subpopulation
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i with all subpopulations that comprise the union. In other words,
total overlapping of subpopulation i, Oi , is composed of overlapping
of i with all subpopulations, including group i itself. This further
decomposition of Oi is

Oi = ∑

j

pjOji = piOii + ∑

j �=i

pjOji = pi + ∑

j �=i

pjOji, (6)

where Oji = covi (y,Fj (y))

covi (y,Fi (y))
is the overlapping of group j by group i.

The properties of the overlapping index Oji are the following:

(a) Oji ≥ 0. The index is equal to zero if no member of the j dis-
tribution lies in the range of distribution i (i.e., group i is a perfect
stratum).
(b) Oji is an increasing function of the fraction of population j that is
located in the range of population i.
(c) For a given fraction of distribution j that is in the range of distri-
bution i, the closer the observations belonging to j to the expected
value of distribution i, the higher Oji.
(d) If the distribution of group j is identical to the distribution of group
i, then Oji = 1. Note that by definition, Oii = 1. This result explains
the second equality in (6). Using (6), it is easy to see that Oi ≥ pi

is a result to be borne in mind when comparing different overlapping
indices of groups with different sizes.
(e) Oji ≤ 2. That is, Oji is bounded from above by 2. This maximum
value will be reached if all observations belonging to distribution
j that are located in the range of i are concentrated at the mean of
distribution i. Note, however, that if distribution i is given, then it may
be that the upper limit is lower than 2 (see Schechtman 2005). That
is, if we confine distribution i to be of a specific type, such as normal,
then it may be that the upper bound will be lower than 2, depending
on the assumption on the distribution.
(f) In general, the higher the overlapping index Oji, the lower Oij will
be. That is, the more group j is included in the range of distribution
i, the less distribution i is expected to be included in the range of j .

Properties (a) to (f) show that Oji is an index that measures the extent
to which population j is included in the range of population i. Note
that the indicesOji andOij are not interrelated by a simple relationship.
It is clear that the indices of overlapping are not independent.
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3.2. BETWEEN-GROUP COMPONENT Gb AND ITS PROPERTIES

As will be seen later, we are interested in two alternative parameters
representing between-groups Gini. We start with the one appearing in
equation (3). The between-groups inequality Gb is defined in Yitzhaki
and Lerman (1991) as

Gb = 2 cov(Y , F u)

μu

. (7)

Gb is twice the covariance between the mean incomes of subpopula-
tions and the subpopulations’ mean ranks in the overall population,
divided by overall expected income. That is, each subpopulation is
represented by its mean income and by the mean rank of its mem-
bers in the overall distribution. The term Gb equals zero if either the
mean incomes or the mean ranks are equal for all subpopulations.
In extreme cases, Gb can be negative, which occurs when the mean
income is negatively correlated with mean rank.

One may argue that Gb is not really a Gini coefficient because it can
be negative. An alternative between-groups Gini (Gbp) was defined by
Pyatt (1976); Mookherjee and Shorrocks (1982), Shorrocks (1984),
and Silber (1989) also follow Pyatt. In this definition, the between-
groups Gini is based on the covariance between mean income in each
subpopulation and its rank among the mean incomes of subpopula-
tions. The difference between the two definitions is in the rank that is
used to represent the group: Under Pyatt’s approach, it is the rank of
the mean income of the subpopulation, while according to Yitzhaki
and Lerman (1991), it is the mean rank of all members. Generally, it
can be shown that

Gb ≤ Gbp. (8)

The upper limit is reached and (8) holds as an equality if the
ranges of incomes that groups occupy do not overlap (i.e., perfect
stratification).

Having explained the different components, we now present a vari-
ation of decomposition (3) that will be used in this article as

Gu =
n∑

i=1
siGi +

n∑

i=1
siGi(Oi − 1) + Gbp + (Gb − Gbp). (9)
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TABLE 3: A Summary of Analysis of Gini (ANOGI) Components in Comparison to
Analysis of Variance (ANOVA)

Components Parallel

to ANOVA Formula Range

Intragroup IG = ∑
siGi 0 ≤ IG ≤ G

Between-groups-Pyatt BGp = Gbp 0 ≤ BGp ≤ Gu

Additional information

Overlapping effect
on intragroup IGO = ∑

siGi(Oi − 1)

Overlapping effect
on between-groups BGO = Gb − Gbp −BGp − IGO − IG ≤ BGO ≤ 0

For the benefit of readers who are interested in a quick compari-
son with ANOVA, a summary table of ANOGI is shown in Table 3.
The four components can be divided into two types: those that
carry equivalent information to ANOVA (when using Gini instead of
the variance as a measure of variability) and those with additional
information.

3.3. SUMMARY OF THE DECOMPOSITION COMPONENTS

3.3.1. Components That Are Parallel to ANOVA

For a given overall inequality, Gu:
Intragroup component (IG). A weighted average of groups’ Ginis.

It reaches the lower limit if all intragroup Ginis are equal to zero. It
reaches the upper limit if all groups are identical (identical to mean
square error [MSE] in ANOVA).

Between-groups component, based on Pyatt (BGP ). It measures
between-groups inequality, assuming a complete stratification. It
reaches the lower limit, zero, if the means of all groups are equal
(identical to mean square between [MSB] in ANOVA). It reaches the
upper limit if all groups are concentrated at their means.

3.3.2. Additional Components

The effect of overlapping on intragroup component (IGO). This
term “revises” the contribution of each subpopulation to intragroup
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variability, provided that inequality in the group is greater than zero. If
the subpopulation and the overall population are equally distributed,
then there is no revision to its contribution (Oi = 1). However, if
a subpopulation forms a stratum in the population (Oi < 1), then
its contribution to the intragroup component is reduced, while its
contribution to between-groups is increased. On the other hand, if
the scatter of the ranks of group members is larger than that of the
population (Oi > 1), the contribution of the group to the intragroup
is increased, while its contribution to between-groups is decreased.

The effect of overlapping on the between-groups component
(BGO). The effect of overlapping on the between-groups compo-
nent occurs only if the expected values of the subpopulations are not
all equal. It is always nonpositive because overlapping reduces the
ability to distinguish between the groups. It reaches the upper limit
(zero) if the ranges occupied by the different groups do not over-
lap. Note, however, that the combined effect of the between-group
inequality and the impact of overlapping on it can be negative if the
means of the groups are negatively correlated with the means of the
ranks. This possibility occurs if, for example, the population is com-
posed of two groups, with one group composed of a majority of poor
people and a few very rich people, while the second group is com-
posed of the middle class. In this case, the expected income of the
first group is high (because of the few rich), while its expected rank is
low (because of the majority of poor people), making the correlation
negative.

In the empirical application, we seek to find out whether all the
intragroup Ginis are equal and whether the second, third, and fourth
terms all converge to zero. We can interpret the convergence to zero
as follows.

Gbp = 0 implies that all expected values are equal, (Gb −Gbp) = 0
implies that the expected ranks of the subpopulations in the overall

population are equal, and
n∑

i=1
siGi(Oi − 1) = 0 implies that each

subpopulation overlaps with the entire population. Comparison of the
Ginis ensures that intragroup variabilities are the same.

Clearly, we are using terms that are connected. However, each
parameter adds insight, and there is no redundancy or double counting
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because the sum of all of them adds up to the overall Gini, and one can
produce examples where one term is equal to zero and the others are
not. The advantage of ANOGI over ANOVA is that the decomposition
of Gini adds a new parameter to the existing inter- and intraterms—
namely, the overlapping index. Hence, not only are the equivalents of
the first and second moments examined, but the extent of population
intertwining is also considered.

4. ESTIMATION AND TESTING

The decomposition (9) involves four parameters, that need to be esti-
mated from the data: Gi , Oi , Gb, and Gbp.

The estimation technique used here is based on U-statistics. For
each parameter, a kernel of the proper degree is found, and then a
U-statistic is constructed. The advantage of dealing with U-statistics
is that they are unbiased estimators, and their limiting distributions
are normal under regularity conditions (see, e.g., Randles and Wolfe
1979; Hoeffding 1948). Also, the jackknife method for variance esti-
mation works well for U-statistics (see Shao and Tu 1995; Arvesen
1969; Schechtman and Wang 2004). Since the estimation procedures
were already detailed elsewhere, we chose to provide the estimators
here and refer the reader to the relevant literature for details.

(a) Estimation of Gi

Let Y1, . . . , Yni be a random sample from subpopulation i, with
a distribution function Fi(y). Then a U-statistic for estimating Gi ,
which is an unbiased estimator, is given by

Ĝi = 2

ni(ni − 1)

∑

i<j

|yi − yj |, (10)

where ni is the sample size coming from subpopulation i.14

(b) Estimation of Oi

Recall that the numerator of Oi is a covariance, which can be
expressed as a function of three means, as shown below. The denomi-
nator is simply the Gini of subpopulation i. Therefore, we represent

 at DEUTSCHES INSTITUT FUER on July 28, 2016smr.sagepub.comDownloaded from 



442 SOCIOLOGICAL METHODS & RESEARCH

Oi as

Oi = Oui = covi(y, Fu(y))

covi(y, Fi(y))
= Ei(yFu(y)) − Ei(y)Ei(Fu(y))

Gi

= θ1 − θ2 · θ3

Gi

. (11)

Each mean is estimated by a U-statistic, and hence, the estimator of
Oi is a function of four (dependent) U-statistics. Let

θ̂1 = 1

ninu

ni∑

j=1
yj (#y ′s ≤ yj ),

θ̂2 = ȳ,

and

θ̂3 = 1

ninu

ni∑

j=1
(#y ′s ≤ yj ),

where nu is the size of the entire population; then, combining the
pieces together, the estimator of Oi is (see Schechtman 2005)

Ôi = θ̂1 − θ̂2 · θ̂3

Ĝi

. (12)

(c) Estimation of Gb

The parameter Gb is defined in equation (7), where F u is the vector
of average ranks of the members of the n subpopulations, ranked
within the entire population. The denominator of Gb can easily be
estimated by the sample mean. The numerator can be written as a
function of three expectations:

cov(Y , F u) = E(YF u) − E(Y )E(F u).

The estimators of E(YF u) and E(F u) involve the sample version

of F u. Let F ut
be the tth component of F u, then F̂ ut

=
∑

(#y≤yi )

nunt
,

where the summation is over yi ∈ subpopulation t, t = 1, . . . , n, and

E(Y F u) is estimated by 1
n

n∑

t=1
Y t F̂ ut

.

 at DEUTSCHES INSTITUT FUER on July 28, 2016smr.sagepub.comDownloaded from 



Frick et al. / USING ANOGI FOR TWO SUBSAMPLES 443

(d) Estimation of Gbp

The parameter Gbp is actually a Gini of the vector of means. There-
fore, its estimator is basically the same as Ĝi , after replacing Y i by Y i .

As mentioned above, the estimators are U-statistics or functions of
several U-statistics. Therefore, inference can be made, using the fact
that their limiting distributions are approximately normal under reg-
ularity conditions. The only missing link here is a way to estimate
the variances, which are difficult to obtain analytically. We there-
fore estimated the variances using the jackknife method. The method,
which can be best described as “delete one at a time,” can be gener-
ally explained as follows: Given a sample X1, . . . , Xn of size n and a
sample statistic g(X), whose variance needs to be estimated, follow
the two steps:

1. Calculate n values gi(X), i = 1, . . . , n, where gi(X) is g(X), com-
puted for the original sample after deleting Xi (i.e., based on (n – 1)
observations).

2. Use the n values gi(X) to estimate the variance of g(X) by
n−1
n

∑
(gi(X) − g.(X))2, where g.(X) is the average of

g1(X), . . . , gn(X). For details, see, for example, Shao and Tu (1995).

The case of jackknifing a two-sample statistic is a bit more com-
plicated, and we will not go into details here. The interested reader
can find the details in Arvesen (1969) and Schechtman and Wang
(2004).

5. RESULTS OF ANOGI COMPARING DIFFERENT SUBSAMPLES

This section provides empirical results of the decomposition of the
Gini by different SOEP subsamples (“old” Subsamples A through
E vs. “new” Subsample F) for two different income variables. Related
to the theoretical considerations in Sections 3 and 4, we would
expect the following results from the empirical application if both
subsamples represent the same population or universe (“=” means
no significant difference):

• Mean income: μAE = μF

• Mean rank: FAE = FF = 0.5
• Gini coefficient: GAE = GF
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• Overlapping index: OAE = OF = 1
• Between-groups inequality: Gb = Gbp = 0

Any significant deviation from these results would have to be inter-
preted as an indication that the two subsamples do not represent the
same population.

To analyze whether our results on the income distribution are driven
by selective attrition or by changing the answering behavior of respon-
dents (see Section 2.2), we complement this analysis by using another
objective variable (namely, years of education15) and by a subjective
variable (namely, life satisfaction). Education is a noncomplex con-
cept that is not very difficult for respondents to report. However, there
is some evidence that answers to questions on satisfaction vary in
quality during the time span of a panel, as over the course of the first
(three) waves respondents learn to deal with this complex subjective
concept better (see Landua 1991).

We analyze two income concepts: (1) annual postgovernment
household income (i.e., posttax posttransfer16), which is a generated
variable based on an explicit aggregation of various income compo-
nents (labor income, capital income, private and public transfers such
as pensions, child allowances, social assistance, etc.) across house-
hold members, and (2) the monthly disposable household income
(“screener”) asked in the household questionnaire.17 Missing data due
to item nonresponse in the components of annual income are imputed
by means of longitudinal and various cross-sectional techniques.
Recent studies provide evidence that using only cross-sectional data
for imputation of missing data in panel surveys is inferior to using
longitudinal data (see Spiess and Goebel 2004; Frick and Grabka
2005).18

In stark contrast to the annual income figures, the monthly screener
variable is not imputed in case of missing data; the share of item
nonresponse here ranges between 5 and 10 percent. The question
of the “income screener” itself appears to be a rather simple one.19

However, it is not easy to give a proper answer because the respondent,
in most cases the household head, must calculate the net income from
different income sources and, in case of larger households, across
several household members.

The variable “years of education” is analyzed only for the prime
age population (ages 25–55). As is the case for income, this variable
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is also an objective variable, describing an important social and
demographic dimension. However, responding to questions about
educational attainment appears to be not as complex and sensitive as
is the case for income.

Finally, we also make use of the subjective measure “satisfaction
with life in general,” which becomes an increasingly important indi-
cator in socioeconomic analyses (as a proxy for utility) as well as
in psychological research. An important advantage of this concept is
that in the answers of the respondents, there are almost no item nonre-
sponses. However, there are “panel effects,” in the sense that respon-
dents learn to handle the question more sensitively over the course
of time.

In Tables 4 through 6, we present the results of income distribution
analyses and the Gini decomposition (ANOGI) for annual income
in the two SOEP Subsamples A through E and the new Subsample
F. In general, a statistically significant difference between the Gini
coefficients is found in 2000. However, the difference disappears
thereafter (values in parentheses give standard errors according to
jackknife estimators). This difference is in need of an explanation,
given that the two subsamples are intended to represent the (same)
population of individuals living in households in Germany.20 The
long-running Subsamples A through E are in fact a conglomerate of
five different population subgroups (see Section 2), which partly have
been added to cope with changes in the German population caused by
reunification in 1990 and by ongoing immigration, while Subsample
F represents just one big enlargement subsample drawn in 2000.21

Average income in Subsample F is lower in 2000, adapts to the
level of Subsamples A through E in 2001, and is almost identical
in 2002. The mean rank for Subsamples A through E in the overall
distribution (normalized between 0 and 1) decreases from each period
to the next (0.514 to 0.5). Accordingly, the mean rank for Subsample
F increases from 0.483 to 0.5. The group-specific Gini coefficients
are only significantly different for the first wave of Subsample F.
Inequality between groups is extremely low in all three years: In 2000,
it starts at 0.22 percent of overall inequality and disappears completely
in 2002.

The overlapping information shows that the identification of these
two subsamples as distinct “groups” in terms of their position in the
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income distribution is only given in 2000. If the overlap component
is larger than 1, the distribution has the highest relative densities at
the tails of the other group-specific distribution, which is the case for
Subsample F in 2000.

The other components of equation (9), like the two definitions of
between-groups Gini, show the same pattern of convergence, which
enables us to safely conclude that the difference in the samples dis-
appear in the third year.

Possible reasons for the significant differences in the first year could
be panel attrition, the imputation models used to adjust for item non-
response, or respondent behavior effects.

• If attrition causes the distinctiveness of the two subsamples, then those
who dropped out from the survey were systematically different from
those persons who were willing to further participate, something already
notable in the second wave.

• The explanation via the imputation of missing values could be a relevant
issue if the assumption of missing at random (MAR22) does not hold
or the imputation model (or parts of it) was not correctly specified.

• Last, but not least, response behavior may cause the significant dif-
ferences in the results for 2000, if there were changes in the behavior
due to learning effects in using and answering a complex questionnaire
and/or by an improved personal relationship between respondent and
interviewer23 that enhanced confidence.

To differentiate between the different causes, we introduce two
amendments into the analysis: (1) an income concept that is not influ-
enced by any imputation strategy in case of missing information (i.e.,
the monthly income “screener”) and (2) a balanced panel design that
considers only those observations that were part of the survey for three
consecutive years (i.e., 2000 to 2002). If panel attrition caused the dif-
ferences in 2000, then these differences should disappear when using
a three-year balanced panel, in contrast to the cross-sectional popu-
lation, especially in Wave 1. If the imputation procedure was causing
the differences for 2000, then vanishing significant results if using a
nonimputed income concept could be an indication in this direction.

Table 7 shows the comparison of the results for the annual income
and the monthly screener income. By definition, the share of missing
values for the annual income is zero, whereas the share of imputed
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values for the screener is zero. Note that the trend for Subsamples
A through E is more or less stable for the share of missing values
as well as for the share of imputed values. The trend for Subsample
F for the two income concepts is also rectified but different from
Subsamples A through E. Item nonresponse in the monthly income,
as well as the share of imputed values in the annual income, is higher
in the first year and draws near to the level of Subsamples A through
E. The small increase from Wave 2 to Wave 3 (i.e., from 2001 to
2002) may be linked to the introduction of the Euro on January 1,
2002, which complicated answering due to lack of familiarization to
the “new” currency.

Unsurprisingly, the Gini coefficients for the two income concepts
are different in terms of magnitude,24 but they are identical in terms
of trends and changing patterns. The increase in the Gini for 2002
appears to be very distinct. However, this fits the development of
increasing income inequality in Germany since the second half of the
1990s.

Performing the same analysis for the balanced panel should control
for panel attrition and provide an estimate for the degree of selectivity
(see Table 8). The effect observed in the cross-sectional analysis is
also present in the longitudinal population. We see differences for
the first year, with overlapping indices clearly different from 1 and a
rather quick convergence in the results over time. This holds not only
for Gini, mean, and overlapping index but also, slightly less distinct,
for the share of item nonresponse and the mass of imputed income.

In conclusion, the comparison of Tables 7 and 8 indicates strong
evidence that neither panel attrition nor imputation of item nonre-
sponse cause the differences between the results for the first wave
of Subsample F and the longer running Subsamples A through E. If
learning and confidence building are important within empirical sur-
veys, this phenomenon should be found in other variables as well.
However, if learning effects are not relevant, results should remain
stable over time.

• According to the literature, it is well known that the “response styles”
for satisfaction questions change over time (see, e.g., Schräpler 2004).
Based on SOEP data, Landua (1991) has shown that respondents
of questions about satisfaction change their answering behavior
over the first four years. Within the first years, the respondents tend to
overstate their satisfaction more often than in later waves by ticking the
highest two categories on an 11-point scale running from 0 (completely
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dissatisfied) to 10 (completely satisfied). On the basis of this finding,
we may expect, with respect to life satisfaction, differences for all three
years, but with a declining trend.

• On the other hand, the results for educational attainment, being
objective and not intimate information to respond to, should not be dif-
ferent between the two subsamples, not even in the very first wave of
subsample.

To differentiate attrition from learning effects, all analyses are carried
out for the cross-sectional population, as well as for the balanced
panel design. In fact, the analysis of educational attainment shows no
significant differences for means and Gini coefficients between the
two subsamples for all three years in cross-sectional and longitudinal
design (see left and right panels of Table 9). Especially in the starting
year, as hypothesized, the overlapping indices are also similar. As
can be expected (at least for the balanced panel population), we find
that means increase in both subsamples, and inequality does follow
the same trend in both samples as well (though it is not a priori
clear whether to expect an increase or a decrease in inequality of
educational attainment).

As expected, the results for life satisfaction draw a very different
picture (see Table 10). The Gini indices25 differ more between the two
subsamples, and the overlapping indices remain significantly different
from 1 for both groups throughout the entire period—however, there
is an indication of convergence. These processes are similar for both
cross-sectional and longitudinal populations.

With respect to the mean as well as to the marginal distribu-
tion of the variable “life satisfaction” (see Appendix C), our results
clearly confirm the finding by Landua (1991), which states that first-
time users of such a scale tend to tick the highest categories more
often. In 2000, more than twice as many respondents in Subsample
F than in Subsamples A through E indicated that they are “completely
satisfied”: 9.7 percent and 4.2 percent, respectively. Until 2002, this
gap decreases most remarkably to only 2.5 percentage points. Again,
this picture does not change when moving from a purely cross-
sectional to a longitudinal design, which we interpret as an indication
for learning effects among the short panel members.
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Tables 7 to 10 also give information about between-groups inequal-
ity (Gb) and its contribution to total inequality. In line with the group-
specific results, between-groups inequality for annual and monthly
income measures (in cross-sectional as well as in longitudinal per-
spective) converges over the three-year period. In the case of educa-
tion, we hardly find any between-groups inequality even in the first
year, whereas in the case of satisfaction—even after three years—Gb

is significantly different from zero. In other words, for all consid-
ered indicators, the contribution of between-groups inequality to total
inequality is irrelevant after three years, except for satisfaction, where
it still amounts to almost 1 percent in 2002.

6. CONCLUDING SUMMARY

The main aim of this article is to study the “representativeness” of
different subsamples of the German SOEP in the field of income
distribution. This issue was chosen for analysis because an unbiased
measurement of household incomes is (a) a real challenge for survey
research (see Canberra Group 2001), and (b) the analysis of income
distribution and mobility is one of the main tasks of household panel
surveys such as the SOEP.

However, it appears that the inclusion of a new (independently
drawn) representative subsample into an existing, longer running
panel survey may yield slightly deviating results, which may be
caused by panel attrition or by differences in the answering behavior
of respondents.

The methodology used in this article is based on ANOGI, which
differs from the analysis of variance because it includes an additional
term that reflects the overlapping between the distributions of the
different subsamples. This is the first time that this methodology has
been empirically applied, and we believe that this article demonstrates
its usefulness.

Concluding from our empirical results and a discussion of
survey methodology issues employed in the setup of the considered
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subsamples, we cannot reject the hypothesis that both represent the
same universe. Recapitulating from our analyses on objective and
subjective indicators for income, education and satisfaction within a
cross-sectional and a longitudinal framework, we conclude that there
is convincing evidence within the SOEP for changing respondent
behavior due to learning effects with respect to the applied instruments
and questioning. However, we find the convergence process, in which
empirical results based on a new subsample approach those of a longer
running subsample, to be of different lengths for the various indicators
under investigation. This may be driven by the different degree of
complexity of the underlying constructs, especially in the case of
subjective indicators such as “satisfaction.”

With respect to the originally motivating question on income
inequality, we would especially reject the hypothesis that due to panel
attrition, a new subsample after two waves is as selective as a longer
running panel. Instead of arguing that results from a cross-sectional
survey (as is the first wave of any panel study) yield more reliable
estimates than those stemming from a panel that may be affected by
attrition, we would like to reverse this argument and state that a reli-
able measurement of complex issues, such as the construction of an
annual income measure or a satisfaction measure, clearly profits from
repeated surveying, as is the case in panel studies.

APPENDIX A

The German SOEP—Details

The main random Subsample A of SOEP included around 4,500
households. To allow separate analyses of the five groups of labor
migrants most strongly represented in the Federal Republic of
Germany in 1984, they were oversampled in the study with a total of
1,400 households in a disproportional random sample approach. This
random Subsample B was itself subdivided into five subgroups.

To observe the massive social and economic changes in East
Germany, along with their respective impacts, the first wave of the
East German subsample was collected in June 1990, before the cur-
rency, economic, and social union in Germany occurred on July 1.
This sample, Subsample C, consists of about 2,200 households.
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Since the start of SOEP in 1984, Western Europe (and especially
Germany) has experienced immigration on a large scale, which cannot
be covered by any ongoing longitudinal survey. To correct for this bias,
an explicit supplement for immigrants was necessary. For this reason,
Subsample D was collected in 1994-1995 for about 500 households
with immigrants who had arrived since 1984.

In 1998, a “supplementary random sample” had been started as
a test. This subsample fulfilled a number of aims: (1) stabilization
of the number of observations in the SOEP for cross-sectional and
longitudinal data, (2) allowing for analysis of “panel effects,” and
(3) allowing for analysis of representativeness.

It was proven that a supplementary sample such as this could be
integrated in a user-friendly manner into the ongoing “old subsam-
ples” (see Spiess and Rendtel 2000 for solving the problem of setting
up an integrated weighting scheme). Thus, the methodological basis
was established for significantly increasing the sample size, which
would boost the value of the study for policy analysis by allowing the
changes for relatively small groups of the population to be analyzed
on the basis of sufficiently large numbers of cases. An enlargement
such as this took place in the year 2000. The first wave of Subsample
F consists of 10,890 adult respondents and 2,993 children who live
in 6,052 households.

APPENDIX B

SOEP Sampling Procedures—Details

In Germany, as in many other countries, sampling of foreigners
is a practical problem. Although a major improvement of random-
route samples, which are conducted in Germany, was implemented
with Subsample F, a difference from Subsamples A and B remains.
In Subsample B, foreigners were sampled on the basis of local
address registers. This expensive method was not possible for Sub-
sample F, where the local polling registers (Wählerverzeichnisse)
are the basis for drawing sample points, sample points with dif-
ferent shares of non-German citizens are not drawn by probabili-
ties that mirror their correct weight for the population living within
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the German territory (Wohnbevölkerung). Thus, all standard random-
route samples (according to the rules of the German Association of
Fieldwork Companies [Arbeits Kreis Deutscher Marktforschungs-
institute (ADM)]) underestimate the share of foreigners in Germany.
To reduce the impact of this shortcoming, the fieldwork organiza-
tion Infratest introduced an overrepresentation of foreigners in the
random walk of SOEP Subsample F. The number of addresses to be
collected during a random walk was doubled, but within the so-called
“excess addresses,” only households with foreigners were selected for
interviews. Through this procedure, the share of foreigners in the
sample mirrors the true share in the underlying population quite
well. However, the structure of the foreigners is eventually biased
because sample points with a high share of foreigners still have a
downward biased probability of being included in the sample. In prin-
ciple, this bias can be corrected for by weighting procedures (to be
applied).

It is a common problem for population surveys around the world
to adequately cover households living in institutions. Unfortunately,
it was not possible to include institutionalized households in the first
waves of the SOEP in a representative manner. However, by following
respondents after a residential move, a panel takes into consideration
those who left private households for institutionalized households,
whereby over the course of time, the institutionalized population is
included in the SOEP. However, on the other hand, any new sub-
sample starts with this problem, which may produce an artificial
difference between old and new subsamples. Nevertheless, the popu-
lation in the starting wave of Subsample F (year 2000) in fact includes
47 institutionalized households (approximately 0.8 percent of all
household interviews in this sample) as compared to 85 institution-
alized households in Subsamples A through E (approximately 1.2
percent).

One may conclude from the discussion of these various sampling
procedures applied to SOEP that the respective universe or population
to be represented by the different subsamples (A through E vs. F)
differs only marginally.
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APPENDIX C

Distribution of Life Satisfaction—Details

TABLE C1: Comparison of Life Satisfaction Distributions (in Percentages)

Cross-Sectional Design Three-Year Balanced Panel Design

Year A–E F Total A–E F Total

2000
0 = low 0.5 0.5 0.5 0.5 0.5 0.5
1 0.4 0.3 0.4 0.4 0.3 0.4
2 1.6 1.0 1.3 1.2 0.9 1.0
3 2.3 2.1 2.2 2.4 1.8 2.1
4 3.9 2.7 3.4 3.7 2.6 3.2
5 13.6 11.6 12.7 13.5 11.4 12.5
6 11.3 9.3 10.4 11.4 9.0 10.3
7 22.3 18.7 20.7 23.1 18.4 21.0
8 29.8 30.7 30.2 29.9 31.6 30.7
9 10.1 13.4 11.6 9.8 13.9 11.6

10 = high 4.2 9.7 6.7 4.1 9.7 6.6

2001
0 = low 0.5 0.4 0.5 0.4 0.3 0.4
1 0.6 0.2 0.4 0.4 0.3 0.3
2 1.4 0.9 1.2 1.3 1.1 1.2
3 2.5 2.0 2.3 2.4 1.8 2.1
4 4.0 2.4 3.3 4.1 2.2 3.3
5 12.4 11.2 11.8 12.6 10.9 11.8
6 11.1 9.4 10.4 11.0 9.2 10.2
7 22.4 19.9 21.3 22.5 20.5 21.6
8 29.6 32.6 31.0 30.0 32.4 31.1
9 10.8 13.6 12.0 10.6 14.0 12.1

10 = high 4.7 7.4 5.9 4.7 7.4 5.9

2002
0 = low 0.5 0.4 0.5 0.5 0.4 0.5
1 0.5 0.5 0.5 0.4 0.5 0.4
2 1.6 1.0 1.3 1.8 1.0 1.4
3 2.9 2.4 2.7 3.0 2.4 2.7
4 4.6 3.1 4.0 4.7 3.1 4.0
5 13.8 11.7 12.9 14.1 11.5 12.9
6 11.8 11.2 11.5 12.1 11.1 11.7
7 23.3 21.9 22.7 23.5 22.4 23.0
8 28.1 30.6 29.2 27.2 30.9 28.9
9 9.5 11.5 10.4 9.3 11.4 10.2

10 = high 3.2 5.7 4.3 3.2 5.3 4.2

SOURCE: Authors’ calculation from SOEP 2000–2002.
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NOTES

1. The German Socio-Economic Panel Study (SOEP) data are made available in
user-friendly form (“scientific use file”) worldwide to all independent research institutions.
Analysis of the data is supported by an extensive online service (www.diw.de/gsoep). Today, the
SOEP is also widely used by international organizations such as the Organization for Economic
Cooperation and Development (OECD), especially for the analysis of income distributions.

2. For more detailed information, see http://panel.gsoep.de/soepinfo2002/info/persons.html.
3. See Schräpler and Wagner (2001) for details.
4. For an overview on this line of discussion, see Couper and Nicholls (1998), de Leeuw

(2002), and Fuchs, Couper, and Hansen (2000).
5. In the sample, the cumulative distribution is estimated by the rank of the observation,

normalized to be between 0 and 1.
6. Note that Yu represents the entire population only if there is no attrition. Otherwise, it

represents a biased population of the “entire population,” with the bias being a function of the
patterns of the attritions.

7. Actually, pi is not a true population parameter. It is added here for generality and for
handling samples of different sizes.

8. Lerman and Yitzhaki (1984) derive the covariance formula; Lerman and Yitzhaki (1989)
adjust it to handle weighted samples.

9. Note that the relative version of Gini is used, which is as if one uses the coefficient of
variation to perform analysis of variance (ANOVA). Relative measure is chosen since it is the
common parameter used in the income distribution literature.

10. The proofs of all statements in this section are given in Yitzhaki (1994).
11. An alternative use is to search for stratification. For example, Heller and Yitzhaki (2003)

argue that a perfect classification into groups is achieved if members of each group are simi-
lar among themselves (low intragroup variability) and different from others (stratified). This
property of the decomposition of the Gini enables them to use overlapping as an indicator of
the quality of classification of snails into groups, according to different observed variables.

12. Ranking observations of one variable according to the distribution of another variable is
a rare concept in statistics. However, it is common in sports, where each athlete is frequently
ranked in his or her country and according to other scales (world, continent, gender, age group,
etc.).

13. It is worth noting that the Oi is a kind of a Gini correlation. See Schechtman and Yitzhaki
(1987, 1999) for the properties of Gini correlations.

14. See Schechtman and Yitzhaki (1987) for details.
15. This information is derived from various variables on formal qualification levels for

schooling and vocational training.
16. The process of deriving annual income figures in the SOEP and the tax simulation

procedures are described in Grabka and Frick (2003) and Schwarze (1995).
17. Both income measures are adjusted—without having an impact on the methodological

research question—for different household needs by the modified OECD equivalence scale.
This scale is used to assign the appropriate weight to each household member in the sample.
This scale gives the first adult a weight of 1.0, additional adults (older than 14 years of age)
a weight of 0.5, and children (up to age 14) a weight of 0.3.

18. The imputation of item non-response-related missing income data in the SOEP follows
a two-step procedure: The general principle is to employ the “row and column imputation
technique,” as developed by Little and Su (1989), which takes advantage of information on the
very same individual over time by combining row (unit) and column (period/trend) information.
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However, given that the empirical implementation of this method fails in all those cases where
a given income component is not observed in any other panel wave, purely cross-sectional
imputation techniques have to be used, which are based on data observed from other units in
the very same wave. See Grabka and Frick (2003) for a complete overview of the techniques
applied for the various SOEP income variables.

19. The question reads as follows: “If you take a look at the total income from all members of
the household: how high is the monthly household income today? Please state the net monthly
income, which means after deductions for taxes and social security. Please include regular
income such as pensions, housing allowance, child allowance, grants for higher education
support payments, etc. If you do not know the exact amount, please estimate the amount per
month.”

20. Institutionalized households are included in all empirical analyses presented here.
Sensitivity analyses focusing on the impact of this subpopulation on income distribution mea-
sures show the expected result: Income of such nonprivate households is below average, and
inequality decreases when excluding these households from the analysis. Nevertheless, the sub-
stantive finding in Table 4 concerning the significant deviation of the Gini coefficients for the
two SOEP subsamples persists: 0.264 for Subsamples A through E versus 0.279 for Subsample
F instead of 0.265 versus 0.281, respectively. Further details about coverage of institutionalized
households in the SOEP are given in Appendix B.

21. It should be noted that households consisting solely of adult respondents who recently
immigrated to Germany (i.e., after 1998) had a positive sampling probability in the new Sub-
sample F. However, this was not the case in the ones that already existed (A-E), where the most
recent subsample was drawn in 1998. However, in our data, this phenomenon appears to be of
minor relevance, given that there are only six such households in Subsample F.

22. For a detailed description of missing data within surveys, see, for example, Little and
Rubin (2002) or Schafer (1997).

23. In principle, each year the same interviewer consults the very same interviewees in the
SOEP.

24. Note that the annual income concept used here clearly differs from the one of monthly
income, which is observed from regular (normally monthly) income flows. Following the rec-
ommendations of the Canberra Group (2001), our measure of annual income explicitly con-
siders capital income, irregular cash income components such as Christmas bonuses or gratifi-
cations, and a major noncash income component (namely, imputed rent from owner-occupied
housing). Due to the rather unequal distribution of these income components, inequality for
annual income is higher than for monthly income.

25. To restrict the upper bound of the Gini to be 1, we transformed the original 11-point
scale in the following way: Values 1 through 10 have been multiplied by 10, and the value 0
was coded into 0.1.
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