LIS
Technical Working Paper Series

No. g

Top and Bottom Coding at LIS

Jorg Neugschwender

September 2020

L

CROSS-NATIONAL
DATA CENTER

in Luxembourg

Luxembourg Income Study (LIS), asbl




Top and Bottom Coding at LIS

Jorg Neugschwender?, LIS

Abstract

This technical paper reassesses the need for top and bottom coding techniques in the LIS databases. Using the Gini
Index, we compare the previous top coding procedure (10 times the median of household income) with alternative
measures, such as 20 times the median and the detection of extreme values via the interquartile range. Likewise,
using the Atkinson Index, we perform a sensitivity analysis for bottom coding techniques. The previous method
(bottom coding at 1 % of the mean of equivalised household income) is contrasted against bottom coding at value
0 and the detection of extreme values via the interquartile range. After carefully analysing the results, LIS has
adopted the practice of setting extreme income values for a bottom and top code for its Key Figures and Data
Access Research Tool (DART). The new procedure first defines the interquartile range (IQR) of the logarithm of the

income and detects values which could possibly be assessed as outliers (3 times below or above the IQR).

Keywords: top and bottom coding, methodology, interquartile range, Atkinson Index, Gini Index
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Checchi in completing this exercise of reassessing top and bottom coding practices at LIS.



Introduction

Since its foundation in the 1980s, LIS has acknowledged that even after harmonisation comparability concerns
between household surveys from different countries could remain. Such differences arise mainly from national
methodological procedures, when implementing representative surveys. In the beginning, this concerned mostly
varying sample sizes and income units (Smeeding et al., 1985; O’Higgins et al., 1985, Atkinson et al., 1994). Later,
differences in top coding practices by data providers and representativeness of the upper end of the income
distribution (Gottschalk and Smeeding, 2000; Cowell and Flachaire, 2007) were discussed.

In order to keep true country rankings unbiased by nationally applied top coding procedures, the use of bottom
and top coding techniques was proposed and disseminated. Besides others, Gottschalk and Smeeding (1997) and
Smeeding (1997) implemented a top code of 10 times the median of disposable income, which equally served as a
benchmark applied to the LIS Key Figures. Similarly, Fritzell (1992) applied a top coding value of 15 times the median
in order to reduce the influence of extreme values at the top. At that time, Gottschalk and Smeeding (2000)
reassured that LIS top coding had no influence on rank order and in general had a very limited influence on the Gini
Index of advanced countries. Whereas this statement seemed a proper one for the advanced countries, Székely
and Hilgert’s (1999) cross-national study of 18 national surveys from the LAC countries showcases well how
underestimation of top incomes varies across countries in the region. Moreover, top coding practices are hardly

found in LAC countries.

As the LIS Database has gradually grown to include more and more emerging economies, additional sensitivity
analyses have become necessary. A main motivation of this paper is to reassess the influence of the previously
applied top and bottom coding practices on the emerging economies. We acknowledge that the general idea of
top and bottom coding is not unproblematic, as cutting the data at the extreme of maximum values could reduce
inequality (when there is no measurement error in the data). On the other hand, when there is measurement error,
it could turn out to be a plausible strategy to reduce variability in the tail distributions and to enforce a common
practice to preserve ‘smoothened’ trends and country rankings between data sets with varying degrees of
measurement error. We therefore aim to clarify whether the necessity to use top and bottom coding practices with

the data at hand remains.

The following empirical section will show a sensitivity analysis for top coded and bottom coded incomes separately.
Using the Gini Index we compare the previous top coding procedure (10 times the median of equivalized disposable
income) with alternative measures, such as 20 times the median of equivalized disposable income and the
detection of extreme values via the interquartile range (IQR). Likewise, we perform a sensitivity analysis for bottom
coding techniques. The previous method (bottom coding at 1 % of the mean of equivalized disposable household
income) is compared against bottom coding at value 0 and detection of extreme values via the interquartile range
(IQR). In the final section, we will discuss why we adopted the practice of top and bottom coding at the lower and
upper boundary for extreme values for the LIS Key-Figures and other indicators in LIS’ Data Access Research Tool
(DART). Last, we briefly present more advanced statistical measures which are specifically intended for modelling
the tails of the distribution.



Sensitivity Analysis of Bottom and Top Coding

First, we investigated the impact of different top coding procedures on the Gini Index for disposable household
income (and likewise for wages). We computed three alternative measures in comparison to non-top-coded
income.? The first one is the threshold that for many years has been put in place by LIS and which has been adopted
by many LIS users, the top code at 10 times the median of disposable income. A second one simply raises the
threshold to 20 times the median, to accommodate more unequal income distributions in the recently added
emerging countries. And a third one, the interquartile range (IQR), is a common procedure that is applied to detect
extreme values in distributions. The IQR is, for example, applied by the European Commission — Eurostat (2018) for
the detection of outliers in the wage distribution; by reporting back to national agencies, data providers are asked
to possibly confirm or correct for these values. A log transformation before defining the interquartile range takes
into account that income is skewed to the right. Thus the upper boundary is defined as Q3*(Q3/Q1)"3.2 which is

then used as a top code (Figure 1). We therefore basically tested the impact of this technique as a strict top code.

Figure 1: Interquartile Range at the upper boundary
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Figure 2 shows findings for the Gini Index on disposable household income (equivalised by the square root of
household members) for selected countries. Equally, Figure 3 shows findings for wages. Many countries show that
the IQR is much closer to the reference scenario of non-top-coded values. Particularly striking are the considerably
lower Gini values in emerging economies when applying the 10 times the median threshold. Even top coding by 20
times the median keeps inequality in various countries far below the IQR (e.g. Chile, Guatemala, India, Ivory Coast,

Paraguay, and South Africa).

2 Another technique, trimming the upper end, was disregarded, as this technique would impact datasets where a top code has been applied. Thus
by trimming the top end of the distribution we would further reduce inequality.

3 This formula is equal to, first, defining a new log transformed variable disposable household income, second, calculating the log values for the
interquartile range, and finally using the exponential of the log values in the original income distribution before log transformation, EXP [log Q1 -
3*(logQ3 —logQ1)] for the lower boundary and EXP [log Q3 + 3*(logQ3 —logQ1)] for the upper boundary.



Figure 2: Alternative top coding procedures — Gini Index disposable household income (selected countries)
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Note: See Figure 2 in the Appendix for all LIS datasets.

Source: Luxembourg Income Study (LIS) Database, accessed August 2020.
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Figure 3: Alternative top coding procedures — Gini Index wage income (selected countries)
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A second set of analyses concerns the bottom coding of values. The bottom coding of negative values has been a
pragmatic decision in the past. As various data providers do not specifically collect losses in self-employment
income or capital income, the LIS data was considered more comparable when negative values were set to non-
negative values throughout the database. It is worth mentioning that this procedure is directly applied to
disposable income and not at the level of the source income (more specifically, this means that when a loss in a
household is offset by other income then no bottom coding is applied for this household). In order to keep the low
values in the distributions for various income measures (and hence to distinguish them clearly from values 0), these

values have previously been set to 1 % of the mean of equivalised disposable household income.

The previous method of setting negative values to 1 % of the mean is here contrasted with two measures: bottom
coding at value 0 and bottom coding at the lower boundary for extreme values by the interquartile range, where
the lower boundary is defined as Q1/(Q3/Q1)"3.

In a first step, we calculated the Gini Index for bottom coded distributions at value 0 and bottom coded values at
the lower boundary of extreme values. These results are not shown here, as the Gini Index proved to be very
insensitive to bottom coding procedures and in only a few cases changed by 0.1 % (e.g. 33.2 % instead of 33.3 %),

and very rarely by 0.2 %.

Thus, in a second step, we tested the influence on a more critical measure towards low values, the Atkinson Index
(Atkinson 1970), combined with a risk aversion parameter epsilon () equal to 1.5. Note, however, that these three
measures are not directly comparable as the computation of the Atkinson Index bottom coded at value 0 excludes
negative and 0 values from the distribution. We perform this comparison at this stage to show that with a strict
bottom code at value 0, very low reported values remain unmodified in the income distribution (after looking at
the raw data these refer typically to very low capital incomes as the only income source collected). We therefore
report the sensitivity of the Atkinson Index with epsilon (€) equal to 1.5 with respect to these very low values and
then contrast it to a more general approach, where we keep all observations in the sample but where we apply a

positive lower bound on both negative and 0 values.

Figure 4 illustrates the sensitivity in the various bottom coding techniques for selected countries. First of all, due
to the actual existence of very low values in the raw data, the calculations of the Atkinson Index became quite
sensitive in some datasets, as can be seen, for example, in the extreme jumps in Italy and Norway. The alternative
bottom coding techniques, applying 1 % of the mean or the lower boundary for extreme values, yield more stable
patterns. Bottom coding at the boundary for extreme values strongly reduces the jumpy pattern of the Atkinson
Index, as compared to the 1 % of the mean. An additional line for the Gini Index allows for a direct comparison of

the country-specific trends.
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Particularly in emerging economies (see Ivory Coast, Peru, and South Africa) that have very unequal income
distributions, the threshold for extreme values at the bottom is even lower than the threshold of 1 % of mean
equivalised income. Hence fewer cases are treated in the extreme values approach and more inequality is kept in
the data. The lower boundary for extreme values refers in 50 % of the datasets to a range between 2.8 to 5.8 % of

mean equivalised dhi; 90 % are in a range between 1.3 to 8.5 % of mean equivalised dhi.

Table 1 in the Appendix summarizes the treated cases when applying different top and bottom coding procedures.
Relatively large percentage shares at the bottom are in many cases due to 0 values in the raw data, which are also
raised to the bottom coded value. This affects the 1 % of the median and the extreme values approach equally.
After disregarding O values, only 15 datasets out of the 407 datasets in the LIS Database show percentage shares
larger than 1 % when treated with the extreme values approach; 10 of these datasets show more than 1 % sample
cases when treated with the 1 % of the mean bottom coding. At the top, treatment to top coding at the extreme
values exceeds 0.1 % of sample cases in only 7 datasets, whereas the 10 times the median approach exceeds 1 %

of the sample in 20 datasets.

Conclusion

After looking in depth at these figures we reinstated the necessity for applying top and bottom coding procedures
for the LIS Key Figures and DART.* This decision is motivated mostly in the context of cross-national comparisons,
where we aim to preserve a ranked order of inequality between countries. Among the tested approaches we
concluded that it is best to adopt the interquartile range as the new technique to first detect extreme values and
then to apply the lower and upper boundary as a bottom and top code. The new measure affects income inequality
measures much less, as compared to the previous approach, but still smoothens inequality trends within and
between countries by consistently reducing the influence of extreme values in the income distributions for

inequality measures.

In line with LIS’ tradition of keeping the micro data as ‘original’ as possible we decided against implementing a
technique to correct for these values in the micro data at this stage. At the same time, LIS cannot ask its data
providers to systematically check these values. We therefore take a consistent approach to set these values to the
lower and upper limit of the boundary. We emphasise at the same time that LIS keeps the reported values in the

microdata and, as has always been its custom, leaves it up to the users to treat extreme values in the data.

LIS encourages its users to apply alternative procedures to better treat measurement error in the tails of the
distributions with survey data. Such measures are, for example, re-weighting observations (e.g. Hlasny and Verme,
2018), semi-parametric approaches (e.g. Pareto distribution modelling for parametric tail (Cowell and Flachaire,

2007; Van Kerm, 2007)), or linking tax data to survey data as proposed by Blanchet et al. (2018).

4 At this stage the method is limited to income measures. A similar practice cannot be applied for net worth as this latter contains a large

share of negative values which affects the calculation of a robust interquartile range.
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Appendix: Figure 2: Alternative top coding procedures — Gini Index disposable household income
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Appendix: Figure 2: Alternative top coding procedures — Gini Index disposable household income
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Appendix: Figure 3: Alternative top coding procedures — Gini Index wage income
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Appendix: Figure 3: Alternative top coding procedures — Gini Index wage income
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Appendix: Figure 3: Alternative top coding procedures — Gini Index wage income
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1.5) disposable household income

Figure 4: Alternative bottom coding procedures — Atkinson Index (¢
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1.5) disposable household income

Figure 4: Alternative bottom coding procedures — Atkinson Index (¢
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1.5) disposable household income

Figure 4: Alternative bottom coding procedures — Atkinson Index (¢
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Figure 4: Alternative bottom coding procedures — Atkinson Index (g=1.5) disposable household income

Tarwan United Kingdom United States
4 A 6-
3
24
1- 1A 2
f T T T T T T T T T 1 T T T T T TT T T T T T 1 T T T TTTTTTTTT
z 3 5 8% 8 85 2 2 3 g ¢ g 2 & 8 £59 38 g e 3 ooossE
vear ear vear
Uruguay Vietnam South Africa
57 e -
A
3
27 2- 6
T T T T 1 T 1 T T T T 1
2 5 2 2 H M 2 ] E o = 5
vear vear vear

—®— bottom code at 0 = QL1/(Q3/Q)"3 dbi —+— 1 % of the mean db/ gini dhi



Appendix: Table 1: Treated cases for alternative top and bottom coding scenarios

(7] 7] (7] (7] .'E

S 3 2 2 =

S @ S @ . S @ ._ S o_| 83| E3%

$z| Bz| $S| E3| S| 8sS| 33| 8S| F&| =8

Eg| Bs| 2| 8| £9| 89| £=| B=| 25| &3

Ss| §¥g| °9| FS| °g| TE| °3| §&Z| 2| &2

§g| £g| 53| £g| &eg| £2| 53| £3| &EE| =%

Es 2o 5 S& E= Q= ES °= £ S ®
Country year c - X = cQg X O S - X Qg X O e xXE&E
Australia 1981 0 0 0 0 76 0.18 204 0.48 64 0.15
Australia 1985 6 0.03 0 0 46 0.22 83 0.41 37 0.18
Australia 1989 20 0.05 0 0 101 0.26 149 0.38 76 0.19
Australia 1995 11 0.06 0 0 189 1.05 212 1.18 71 0.4
Australia 2001 6 0.04 0 0 183 1.08 203 1.2 75 0.44
Australia 2003 25 0.1 0 0 247 1 288 1.17 114 0.46
Australia 2004 28 0.1 0 0 154 0.54 194 0.68 55 0.19
Australia 2008 a7 0.2 0 0 104 0.45 134 0.58 58 0.25
Australia 2010 57 0.14 5 0.01 207 0.49 284 0.67 64 0.15
Australia 2014 53 0.16 4 0.01 181 0.54 225 0.67 55 0.16
Austria 1987 0 0 0 0 0 0 3 0.01 0 0
Austria 1994 0 0 0 0 29 0.36 36 0.45 12 0.15
Austria 1995 0 0 0 0 339 0.7 368 0.76 339 0.7
Austria 1997 0 0 0 0 13 0.18 23 0.31 10 0.14
Austria 2000 3 0.05 0 0 15 0.24 19 0.31 9 0.15
Austria 2004 4 0.03 0 0 12 0.09 17 0.13 0 0
Austria 2007 7 0.05 0 0 25 0.18 48 0.35 3 0.02
Austria 2010 2 0.01 0 0 32 0.23 61 0.44 5 0.04
Austria 2013 10 0.08 2 0.01 20 0.15 39 0.3 3 0.02
Austria 2016 13 0.1 0 0 29 0.23 46 0.36 12 0.09
Belgium 1985 0 0 0 0 34 0.19 63 0.34 30 0.16
Belgium 1988 7 0.06 0 0 50 0.45 64 0.57 43 0.39
Belgium 1992 0 0 0 0 69 0.64 72 0.67 67 0.62
Belgium 1995 0 0 0 0 16 0.24 23 0.35 16 0.24
Belgium 1997 0 0 0 0 28 0.23 48 0.39 17 0.14
Belgium 2000 10 0.2 2 0.04 13 0.25 13 0.25 11 0.22
Belgium 2004 13 0.11 1 0.01 8 0.07 11 0.09 1 0.01
Belgium 2007 38 0.25 6 0.04 33 0.22 40 0.26 4 0.03
Belgium 2010 1 0.01 1 0.01 29 0.2 36 0.25 11 0.08
Belgium 2013 6 0.04 0 0 20 0.14 22 0.15 6 0.04
Belgium 2016 6 0.04 4 0.03 49 0.35 55 0.39 9 0.06
Brazil 2006 4601 1.15 11 0 2123 0.53 2240 0.56 2106 0.53
Brazil 2009 3554 0.92 31 0.01 0 0 3 0 0 0
Brazil 2011 2887 0.85 17 0 1 0 1 0 0 0
Brazil 2013 2624 0.77 28 0.01 2 0 3 0 0 0
Brazil 2016 2541 0.57 2 0 11902 2.66 12166 2.72 10019 2.24
Canada 1971 10 0.01 0 0 852 1.09 919 1.17 645 0.82
Canada 1975 0 0 0 0 538 0.68 638 0.81 374 0.47
Canada 1981 0 0 0 0 185 0.44 244 0.58 91 0.22
Canada 1987 0 0 0 0 57 0.19 95 0.31 17 0.05
Canada 1991 9 0.02 0 0 148 0.28 191 0.36 58 0.11
Canada 1994 10 0.01 0 0 224 0.23 273 0.28 115 0.12
Canada 1997 18 0.02 3 0 170 0.2 308 0.36 14 0.02
Canada 1998 64 0.08 0 0 222 0.28 335 0.42 1 0
Canada 2000 56 0.08 0 0 201 0.28 320 0.44 0 0
Canada 2004 31 0.05 4 0.01 145 0.21 216 0.31 1 0
Canada 2007 64 0.1 16 0.03 83 0.13 137 0.21 0 0
Canada 2010 66 0.11 0 0 76 0.13 170 0.28 0 0
Canada 2012 44 0.08 0 0 68 0.12 160 0.28 1 0
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Appendix: Table 1: Treated cases for alternative top and bottom coding scenarios
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Appendix: Table 1: Treated cases for alternative top and bottom coding scenarios

Iceland
India

India

Ireland
Ireland
Ireland
Ireland
Ireland
Ireland
Ireland
Ireland
Israel

Israel

Israel

Israel

Israel

Israel

Israel

Israel

Israel

Israel

Israel

Italy

Italy

Italy

Italy

Italy

Italy

Italy

Italy

Italy

Italy

Italy

Italy

Italy

Ivory Coast
Ivory Coast
Ivory Coast
Japan
Japan
Japan
Lithuania
Lithuania
Lithuania
Lithuania
Lithuania
Lithuania
Lithuania
Lithuania
Lithuania
Luxembourg
Luxembourg
Luxembourg
Luxembourg
Luxembourg
Luxembourg
Luxembourg
Luxembourg

2010
2004
2011
1987
1994
1995
1996
2000
2004
2007
2010
1979
1986
1992
1997
2001
2005
2007
2010
2012
2014
2016
1986
1987
1989
1991
1993
1995
1998
2000
2004
2008
2010
2014
2016
2002
2008
2015
2008
2010
2013
2009
2010
2011
2012
2013
2014
2015
2016
2017
1985
1991
1994
1997
2000
2004
2007
2010

8
3465
4071

18
27
26
20

41
24
15

w

16
34
37

36
35
20

31
32
10
10
24
35
33
19
38
27
14
18
16
1568
897
1033
17
14
14
29
12

14

47
32
22
19

A O O O WO

13
17

0.09
1.61
1.99
0.14
0.25
0.27
0.23
0.07
0.26
0.19
0.14
0.05
0.02
0.04
0.09
0.17
0.18
0.03
0.18
0.12
0.07
0
0.12
0.13
0.04
0.04
0.1
0.15
0.16
0.09
0.19
0.14
0.07
0.09
0.1
2.74
1.53
2.28
0.14
0.17
0.23
0.22
0.1
0.06
0.12
0.07
0.43
0.29
0.2
0.17
0
0.05
0

0

0
0.04
0.13
0.12

0
13

w
g

O OO NOOPM~MOOWOOOOOoO MO U O

1

O U1 ON O 0 UITNO O O O o O

N
=

A OO O O O OO OO OO0 OO0 0O OoOOoOOoO oo

0
0.01
0.01

0.05
0.05

0.02
0.04
0.03
0.01

0.03

0.04

O O O O 0O O 0O 0O 0O O0OO0OO0OOoOOoOOoOOoOOooo

=
o
>

0.03

3
1937
1742
129
13
7
6
28

4
16
28

11
46
54
50
30
80
96
58

111
31
56

156

125

263

251
48

145

188

393

392

1637

924

1728

52
42
36
31
22
37
45
41
38

O N O ON

10
10
29

0.03
0.9
0.85
0.98
0.12
0.07
0.07
0.37
0.03
0.13
0.25
0
0.03
0
0.06
0.24
0.26
0.25
0.15
0.28
0.34
0.19
0.03
0.44
0.12
0.22
0.65
0.52
1.26
1.13
0.23
0.73
0.95
2.03
2.38
2.87
1.58
3.81
0.02
0
0.03
0.4
0.34
0.29
0.26
0.19
0.34
0.41
0.37
0.34
0.03
0

0
0.03

0.1
0.1
0.19

9
2108
1832

130
17

28
10
23
65

12

24
50
74
54
36
88
121
67
16
220
31
61
194
166
328
294
96
177
269
463
433
1572
935
1638
19

11
59
55
39
31
23
37
45
41
37

O N O P b

28
19
44

0.1
0.98

0.9
0.99
0.16
0.07
0.07
0.37
0.06
0.18
0.59

0.06
0.01
0.13
0.26
0.35
0.27
0.18
0.31
0.44
0.22
0.06
0.88
0.12
0.25
0.81
0.69
1.57
1.32
0.47
0.89
1.36
2.39
2.63
2.75

1.6
3.61
0.16
0.01
0.18
0.45
0.44
0.31
0.26
0.19
0.34
0.41
0.37
0.33
0.07
0.02

0.03

0.29

0.19
0.3

435
240

W W o o 0w

N =
A b

A O OO OO OOOO O O

g o b» [e2)
N N D oG

202
213
25
105
125
310
280
1518
885
1566

W W s WNDNWPMD
W N WOO”EF ONNMOO OO

O O O O N O ONDN

0.2
0.12
0.02
0.07
0.06
0.07
0.04
0.02
0.11
0.22

0.03

O O O O O O o O o

=
o
V]

0.26
0.02
0.18
0.36
0.22
0.97
0.96
0.12
0.53
0.63

1.6

1.7
2.66
151
3.45

0.35
0.34
0.25
0.22
0.18
0.33

0.4
0.29

0.3
0.03

0.03

o O O O



Appendix: Table 1: Treated cases for alternative top and bottom coding scenarios
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Appendix: Table 1: Treated cases for alternative top and bottom coding scenarios

United States
United States
United States
Uruguay
Uruguay
Uruguay
Uruguay
Uruguay
Vietnam
Vietnam

2016
2017
2018
2004
2007
2010
2013
2016
2011
2013

738
583
724
401
802
501
208
204

82

62

0.4
0.32

0.4
0.72
0.58
0.39
0.17
0.18
0.22
0.17

0
0
0
31
24
21
2
16
11
9

0
0
0
0.06
0.02
0.02
0
0.01
0.03
0.03

1344
1443
1213
16
65
52
52
48

0

0

0.73
0.8
0.68
0.03
0.05
0.04
0.04
0.04
0

0

1670
1697
1450
21
73
64
64
58

0.9
0.94
0.81
0.04
0.05
0.05
0.05
0.05

0.01

873
905
804

62
47
46
46

0.47
0.5
0.45

0.05
0.04
0.04
0.04



