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Abstract

This paper intends to measure the age group income inequality and
the impact of public expenditure and income taxation-related policies on
cohort inequality. Age group Gini indexes are calculated from the Luxem-
bourg Income Study. Di¤erent hypotheses on standard errors are consid-
ered, in order to detect the presence of one-way or two-way �xed e¤ects
at di¤erent levels of clustering. Results are very robust in demonstrating
that �scal policies do in�uence age group inequality. Nevertheless, the co-
e¢ cient signs change according to the underlying hypothesis on the shape
of the standard errors and their interpretation is ambiguous.
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1 Introduction

The analysis of the causes of income inequality is one of the most studied topics
in the economic science. Nowadays, all modern democracies use �scal policies in
order to achieve redistribution goals and to reduce the level of disparity among
social groups. From a normative perspective, a common tenet, taken from
the optimal theory of taxation, a¢ rms that a fair income distribution may be
achieved through a tax system where income tax, paid as a fraction of before-tax
income, increases somewhat with income (Atkinson, 1970).
Nevertheless, despite statutory schedules are revised from time to time by

policy-makers, the stylized facts show that in Britain and America, "from the
1970s to the 1990s inequality rose in both countries" and that "redistribution
toward the poor tends to happen least in those times and polities where it
would seem most justi�ed by the usual goal of welfare policy" (Lindert, 2000).
Other evidence, showing an increasing level of inequality within industrialized
countries, is found by Gottschalk and Smeeding, 2000. Finally, a comprehensive
study made by the United Nations (WIDER, 2000) demonstrates that a recent
increase in inequality has taken place in several countries such as Australia,
United Kingdom, United States, Chile, Peru, Bangladesh, China, Philippines
and Poland. As a result, it seems that redistribution and equity goals are far
from being reached even in more industrialized countries and a natural question
arises: is the design of �scal policies e¤ective in reducing income inequality?
A great amount of literature studies the impact of �scal policies on economic

indicators. For example, Fatás and Mihov, 2001, demonstrate the existence of
a signi�cant impact of �scal policies on consumption and employment, while
Giavazzi et al., 1999, detects the presence of casual e¤ects on savings. On the
contrary, no signi�cant e¤ects are detected between �scal policies and output
(Tsoukalas, 2008).
Oddly enough, the impact of �scal policies on income distribution is less

studied, although there are some authors who have started to �ll this gap. For
instance, an empirical study by Afonso et al. (2008) adopts a non-parametric
approach to assess the e¢ ciency of public spending in promoting more equaliza-
tion of income in OECD countries and �nds that redistributive public spending
has a signi�cant e¤ect on income distribution. Over the last years, the literature
has been focusing on the government redistribution between ages and between
birth cohorts, but only focusing on the analysis of the transfer of resources from
the old to the poor, or vice versa (for a good review of the literature see Eschker,
2007 and Altonji et al., 1995)
This paper analyzes the impact of public expenditure and income taxation on

age group inequality for seventeen countries. Age group Gini index is calculated
by using data taken from the Luxemburg Income Study (LIS). To the best of
my knowledge, this is the �rst study that calculates age group inequality indices
and assesses the impact of �scal policies on the generations�welfare.
The econometric framework is designed in order to allow for di¤erent hy-

potheses on standard errors, in order to detect the presence of idiosyncratic
components among clusters of data. The use of mixed e¤ects, obtained by clus-
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tering data by country and age group, is certainly not standard in the econo-
metric literature of public policies. Results are very robust in demonstrating
that both public expenditure components and income taxation are able to in-
�uence the level of age group inequality, but they also show that it is not easy
to understand whether �scal policies reduce or increase the level of inequality.
The paper is organized as follows: section two introduces some basic concepts

and tools used in the income inequality measurement and focuses on age group
inequality. Section 3 describes the database based on the Luxemburg Income
Study and the econometric technique used. Section 4 describes the main results
and section 5 concludes.

2 Age group income inequality

The goal of this section is threefold: 1) introducing some useful measuring tools
to measure age group income inequality, 2) calculating Gini indices at a cohort
level and 3) assessing if this inequality is caused by the structure of �scal policies,
in particular �scal expenditure components and tax policy.
The main research question addressed in this study is "how much are the age

groups a­ icted by the di¤erent components of public expenditure?" Before an-
swering this question we must remember that inequality measurement is always
an attempt to give meaning to comparisons of income distributions in terms
of criteria that may be derived from ethical principles, appealing mathematical
constructs or simple intuition (Cowell, 2000). Consequently, before measuring
the level of inequality in practise, it is necessary to de�ne the concepts, the
ranking criteria, and the indices necessary to achieve our goal.

2.1 Distributional and Ranking concepts

I will denote by z the space of all univariate probability distributions with
support � � R;x 2 � represents a particular value of income and F 2 z one
of the possible income distribution. So F (x � ex) represents the proportion of
population with income less than ex. Furthermore de�ne x := inf (�) and denote
by F (%) � z a subset with given mean % : z 7! R given by

% (F) :=
Z
xdF(x) (1)

and f : �0 7! R as a density function, supposed that F is continuous over
some intervals �0 � �. Furthermore, in order to compare distributions, I as-
sume the existence of a complete and transitive binary relation <Ion z, called
inequality ordering and represented by I : F 7! R, if the ordering is continuous.1

1 I assume that axioms of Anonymity, Population Principle, Principle of Transfers,
Monotonicity, Scale Invariance, Decomposability, Uniform income growth and Translation
Invariance (Cowell, 2000) are satis�ed.
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In order to compare distributions we also need to de�ne some ranking criteria
over z. I use the notation <T to indicate the ranking induced by a comparison
principle T . Three possible situations arise:

De�nition 1 For all F ;G 2 z :

(a) (strict dominance) G �T F , G <T F ^ F= <T G:
(b) (equivalence) G �T F , G <T F ^ F <T G:
(c) (non-comparability) G ?T F , G= <T F ^ F= <T G:

Suppose now to focus on the concept of Social-Welfare Function (SWF),
expressed in the following additively separable form:

W(F) =
Z
U (x) dF (x) (2)

where U : z 7! R is an evaluation function. Denote by cW1 the subclass
of SWFs where U is increasing and by cW2 the subclass of cW1 where U is also
concave. Furthermore, de�ne the set of age years A where a is a given age in
A. Finally, introduce the following

De�nition 2 For all F 2 z, a 2 A and for all 0 � q � 1, the quantile
functional for a given age year is de�ned by

Q (F ; (q; a)) = inf fxjF (x) � q; ag = xqa (3)

This de�nition enables us to state the theorem of the �rst-order distributional
dominance

Theorem 3 G <Q F , W (G) � W (F) 8
�
W 2 cW1

�
Otherwise, if we consider this other

De�nition 4 For all F 2 z, a 2 A and for all 0 � q � 1, the cumulative
income functional for a given age year is de�ned by

C (F ; (q; a)) :=
Z Q(F ;(q;a))

x

xdF(x) (4)

2

we can write the theorem of the second-order distributional dominance

Theorem 5 8F ;G 2 z (%) : G <C F , W (G) � W (F) 8
�
W 2 cW2

�
2The graph C (F ; q) against q describes the generalised Lorenz curve.
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Suppose now that a distribution depends on the e¤ects of a policy p 2 P,
where P is the space of all the possible policies. Without loss of generality,
I suppose that P =

�
p1; p2

	
. Suppose also that distribution F is generated

under policy p1 and distribution G is generated under policy p2. We denote
by F = F

�
p1; a

�
and G = G

�
p2; a

�
the distributions obtained under the two

policies for a given age group a.
We want to de�ne a comparison criterion for judging policies and their e¤ects

on the distribution of age groups.

Theorem 6 (First-order distributional dominance) For all p1; p2 2 P, a 2 A :
p1 <Q p2 , W

�
F
�
p1; a

��
� W

�
G
�
p2; a

��
8
�
W 2 cW1

�
Theorem 7 (Second-order distributional dominance) For all p1; p2 2 P, a 2 A;
F ;G 2 z (%) : p1 <C p2 , W

�
F
�
p1; a

��
� W

�
G
�
p2; a

��
8
�
W 2 cW2

�
These two theorems simply state that a policy q1 is preferred to policy q2

if and only if the welfare obtained under the distribution it generates is higher
than the welfare obtained under the distribution generated by the other policy
for every age group. Notice that this condition must hold for every age group;
that means that we should see an improvement in welfare of all cohorts.

2.2 Decomposition indices

The Generalized Entropy measure is the more suitable index to analyze inequal-
ity within and between groups because of its decomposability. It may be written
as

GE (�) =

within�group inequalityz }| {Z
h

fh
�xh
x

��
Ih (�) +

between�group inequalityz }| {
Ibet (�) (5)

where

Ibet (�) =
1

� (�� 1)

�Z
h

fh
�xh
x

��
� 1
�

(6)

The � in 5 is a parameter that characterizes di¤erent members of the GE
class: a high positive value of � yields an index that is very sensitive to income
transfers at the top of the distribution. In particular, GE (0) represents the
mean logarithmic deviation, GE (1) the Theil index, and GE (2) the half of
square of the coe¢ cient of variation.

Another useful indicator to measure the inequality between groups is repre-
sented by Gini:

G = 1 +
1

N �
�
2

N 2x

� �Z
h

(N � h+ 1)xh
�

(7)
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where N =
R
wh; wh = fhN . When data are unweighted, wh = 1 and

N = H. Individuals are ranked in ascending order of h.

3 Empirical evidence

3.1 LIS Dataset

The Luxembourg Income Study (LIS) is a panel database including 30 coun-
tries and made by 5 waves of data from 1979 � 20023 . The source of data
is represented by country speci�c household income surveys. For example, in-
dividual data from the United States are taken from the Current Population
Survey. Datasets are identi�ed by a code made by two letters denoting a coun-
try and two numbers which identify the wave of data. For instance, US00
identi�es the wave 2000 for the United States. In the analysis I used a reduced
panel of 15 countries (letters in brackets represent the LIS codes): Austria(AT),
Belgium(BE), Canada(CA), Switzerland(CH), Germany(DE), Denmark(DK),
Spain(ES), Greece(GR), Ireland(IE), Italy(IT), Luxembourg(LU), Mexico(MX),
Norway(NO), Sweden(SE) ,and United States(US).
The dataset includes data at both an individual and household level on

demographics, expenditure, income, labor market outcomes and tax variables.
Inequality indexes were calculated using the de�nition of disposable income,
calculated as follows:
disposable income = compensation of employees
+ gross self
�employment income
+ realised property income
+ occupational pensions4

+ other cash income5

+ social insurance cash transfers6

+ universal cash transfers7

+ social assistance8

� direct taxes
� social security contributions.
3A new Wave VI is being released at the moment this paper is written.
4Occupational pensions include all pensions paid from non-social retirement schemes in-

cluding employer-based pensions for private sector workers and public employees.
5Other cash income includes regular private transfers, alimony and child support bene�ts,

other sources of regular cash income, not classi�ed above.
6Social insurance transfers include: accident or short-term disability pay, long-term dis-

ability pay, social retirement bene�ts (old age and survivors), unemployment pay, maternity
allowances, military or veteran�s bene�s, other social insurance.

7Universal cash transfers include child and/or family allowances if paid directly by govern-
ments. Universal cash transfers paid as refundable income tax credits are counted as negative
amounts in the income tax of some countries.

8Social assistance includes all income-tested and means-tested bene�ts, both cash and
near-cash.
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This choice is natural because the disposable income allows us to assess the
impact of taxation on individuals�welfare and thus to evaluate the degree of
inequality as a result of the candidates�choice.

3.2 Variables of interest

In order to evaluate if and how the cohort-speci�c inequality depends upon the
structure of �scal policies chosen by the government, I build an econometric
model where Gini indexes, calculated for every age group, represent the depen-
dent variable. The regressors are represented by some variables which capture
the two sides of �scal policies, namely the tax structure and the public expen-
diture components (expressed in percentage of GDP), plus two macroeconomic
control variables, the GDP growth rate and the Consumer Price Index (CPI).
Since it is not easy to evaluate how long the e¤ects of a �scal policy take to

a¤ect individuals�wealth (due to the so-called transmission lag e¤ect), I take
the values of public expenditure components measured in two di¤erent years,
1990 and 1995. Otherwise, we may reasonably assume that taxation a¤ects
directly and instantaneously the welfare of households, which means that the
transmission lag is particularly low.
I use di¤erent proxies to capture the two sides of �scal policy. The variables,

with relative components, are reported below:
1. Public Expenditure Components

� Old-age9

Cash bene�ts
Pensions
Early retirement pensions
Other cash bene�ts

Bene�ts in kind
Residential care / Home-help services
Other bene�ts in kind

� Health10
9more in details: comprises all cash expenditures (including lump-sum payments) on old-

age pensions. Old-age cash bene�ts provide an income for persons retired from the labour
market or guarantee incomes when a person has reached a �standard� pensionable age or
ful�lled the necessary contributory requirements. This category also includes early retirement
pensions: pensions paid before the bene�ciary has reached the �standard� pensionable age
relevant to the programme. Excluded are programmes concerning early retirement for labour
market reasons which are classi�ed under unemployment. Old-age includes supplements for
dependants paid to old-age pensioners with dependants under old-age cash bene�ts. Old age
also includes social expenditure on services for the elderly people, services such as day care
and rehabilitation services, home-help services and other bene�ts in kind. It also includes
expenditure on the provision of residential care in an institution (for example, the cost of
operating homes for the elderly).
10Social expenditure data in the health policy area is taken from the OECD Health Data

(OECD, 2006). All public expenditure on health is included (not total health expenditure):
current expenditure on health (personal and collective services and investment). Expenditure
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Spending on in- and out-patient care
Medical goods
Prevention

� Family11

Cash bene�ts
Family allowances
Maternity and parental leave
Other cash bene�ts

Bene�ts in kind
Day-care / Home-care services
Other bene�ts in kind

� Active labour programmes12

Employment service and administration
Labour market training
Youth measures
Subsided employment
Employment measures for disabled

� Housing13

Employment measures for disabled
Housing assistance
Other bene�ts in kind

2. Taxation

in this category encompasses, among other things, expenditure on in-patient care, ambulatory
medical services and pharmaceutical goods. Individual health expenditure, insofar as it is not
reimbursed by a public institution, is not included. Cash bene�ts related to sickness are
recorded under sickness bene�ts. Voluntary private social health expenditure are estimates
on the bene�ts to recipients that derive from private health plans which contain an element
of redistribution (such private health insurance plan are often employment-based and/or tax-
advantaged).
11 Includes expenditure which supports families (i.e. excluding one-person households). This

expenditure is often related to the costs associated with raising children or with the support
of other dependants. Expenditure related to maternity and parental leave is grouped under
the family cash bene�ts sub-category
12Contains all social expenditure (other than education) which is aimed at the improve-

ment of the bene�ciaries� prospect of �nding gainful employment or to otherwise increase
their earnings capacity. This category includes spending on public employment services and
administration, labour market training, special programmes for youth when in transition from
school to work, labour market programmes to provide or promote employment for unemployed
and other persons (excluding young and disabled persons) and special programmes for the dis-
abled.
13Spending items recorded under this heading include rent subsidies and other bene�ts to

the individual to help with housing costs. This includes direct public subsidies to tenants (in
some countries, e.g. Norway, homeowners living in their house) �earmarked�for support with
the cost of housing.
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� attw67 - total tax wedge as a 67% of average wage; average personal
income tax and social security contribution rates on gross labour income;

� attw100 - total tax wedge as a 100% of average wage; average personal
income tax and social security contribution rates on gross labour income;

� attw133 - total tax wedge as a 133% of average wage; average personal
income tax and social security contribution rates on gross labour income;

� attw167 - total tax wedge as a 167% of average wage; average personal
income tax and social security contribution rates on gross labour income;

The average tax rates �all-in�for employees include personal income tax and
employee social security contributions, less cash bene�ts, for a single individual
without children at di¤erent income levels. They measure how much total net
income after tax changes if an individual decides to join (or exit from) the labour
market (OECD, 2004).I also consider two macroeconomic variables:

� GDP Growth Rate;

� Consumer price index (CPI)

calculated for years 1997, 1998 and1999.

3.2.1 Sources of data

For all OECD countries data on public expenditure on health and public ex-
penditure on active labour market policies (ALMPs) are taken from the OECD
Health Data and the OECD database on Labour Market Programmes, respec-
tively (OECD, 2006a, and 2006b, Statistical Annex). Data on unemployment
compensation (cash transfers) are taken from the LMP database for OECD
countries that do not belong to the EU and from ESSPROS for EU countries.
For some Non-European OECD countries, data delivered by through the ser-
vices of the delegates to the Working party on Social Policy of the Employment
Labour and Social A¤airs committee. For some European countries data on
social expenditure is provided by EUROSTAT as based on the information in
their ESSPROS database (EUROSTAT, 2006). Data for tax rates are derived
from the OECD Taxing Wages framework. GDP Growth rate and CPI are
taken from EUROSTAT database.

3.3 Econometric analysis

3.3.1 Non-parametric Analysis

Kernel Density Estimation Kernel Density Estimation (Silverman, 1986
and Simono¤, 1996) intends to give a shape to the distribution of the age group
Gini index for each country. Kernel estimators smooth out the contribution of
each observed data point over a local neighborhood of that data point . Data
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point xi contributes to the estimate at point bx, depending on how apart xi andbx are. The extent of this contribution depends on two factors: the shape of
the Kernel function chosen and its bandwidth. The estimated density may be
written as:

b� = 1

n

nX
i=1

K
�bx� xi

j

�
(8)

where K is a Kernel function, j the bandwidth and bx the point where the
density is evaluated. The parabolic-shaped Epanechnikov Kernel

K [z] =
� 3
4

�
1� 1

5 z
2
�
=5 if jzj <

p
5

0 otherwise
(9)

is the Kernel function I use, since it is the most e¢ cient in minimizing the
asymptotic mean integrated squared error (Wand and Jones, 1995). Notice
that the choice of j will decide how many values are included in estimating the
density at each point and in this model is determined as

m = min

�p
variancex;

interquartile rangex
1:349

�
(10)

so that the bandwidth dimension is equal to

j =
0:9m

n
1
5

(11)

where x is the variable for which the Kernel is estimated and n the number
of observations.

One-sample Kolmogorov-Smirnov test The one-sample Kolmogorov-Smirnov
(K-S) tests the equality of two distributions (Chakravarti et al., 1967). In our
case we test, for each country, if the empirical cumulative density function of
the sample is equal to a (assumed) normal cumulative density function.
To illustrate the test, I denote by Xi the random variable representing the

Gini index of the sample and by XN the values obtainable if the observations
of the sample were distributed as normal. Furthermore, I denote by F(Xi) the
empirical distribution function of the sample, de�ned as

Fn(x) =
1

n

nX
i=1

I (Xi � x) (12)

and by F(XN ) the normal cumulative density function. The K-S statistic
for F(XN ) is

Sn = sup
x
jF(Xn)�F(XN )j (13)
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Under the null hypothesis that the sample comes from the normal distribu-
tion F(XN );

p
nSn converges at the limit to the Kolmogorov distribution, that

is

p
nSn

n�!1�! sup jBF (t)j (14)

where B(t) is a given Brownian bridge.

Kruskall-Wallis Rank Test The Kruskall-Wallis Rank Test (Kruskal and
Wallis, 1952) is a non-parametric econometric technique for testing equality
of population medians among groups. The test assumes the existence of an
identically-shaped and scaled distribution for each group, except for any dif-
ference in medians. Suppose a sample size divided in k groups and to rank
the sample. Then compute Ri as the sum of the ranks for group i. Then the
Kruskal Wallis test statistic is:

KW =
12

n (n+ 1)
�

kX
i=1

R2
i

ni
� 3 (n+ 1) (15)

This statistic approximates a chi-square distribution with k � 1 degrees of
freedom if the null hypothesis of equal populations is true. We reject the null
hypothesis of equal population means if the test statistic KW is greater than
CHIPPF (�;K�1), where CHIPPF is the Chi-square Percent Point Function.

3.3.2 Regression analysis

One-way Error Component Model (OECM) We start to write the basic
econometric regression model as

GINIij = �+Xij� + "ij (16)

where GINIij denotes the Gini index for the i-th age group and for the j-th
country, calculated for year 2000. OLS regressions were performed by using dif-
ferent hypotheses on the shape of error components. Following Baltagi, 2008, I
assume that observations could have unobserved �xed e¤ects. First, we assume
that residuals consist of an age group speci�c component, �i, and an idiosyn-
cratic component, unique to each observation, vij , independent and identically
distributed IID

�
0; �2v

�
. That is, the error components may be written as

"ij = �i + vij i = 1; :::; N ; j = 1; :::;M (17)

Otherwise, following the same reasoning, we assume that residuals consist
of a country speci�c component, �j

"ij = �j + vij i = 1; :::; N ; j = 1; :::;M (18)
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This structure of residuals producesWhite standard errors, which are robust
to within cluster correlation (Clustered or Rogers standard errors). These resid-
uals are correlated across observations of the same cohort, but are independent
across countries:

corr ("ij ; "ts) =

8><>:
1 for i = t and j = s

�" =
�2�
�2"

for i = t and j 6= s
0 for i 6= t

(19)

or, alternatively, correlated across observations of the same country, but
independent across cohorts:

corr ("ij ; "ts) =

8><>:
1 for i = t and j = s

�" =
�2�
�2"

for i 6= t and j = s
0 for j 6= s

(20)

Note that if �" > 0 the OLS standard errors underestimate the true standard
errors. It can be demonstrated (Petersen, 2006) that clustered standard errors
are designed to correct the correlation of the residuals within cluster.

Two-way Error Component Model (TECM) Unlike the OECM, the
TECM assumes the existence of both a cohort and a country speci�c com-
ponent, �i and �j respectively, so that the standard errors can be written as

"ij = �i + �j + vij i = 1; :::; N ; j = 1; :::;M (21)

This approach allows for correlations among di¤erent age groups in the same
country and di¤erent countries in the same age group. Therefore, we have the
following structure:

corr ("ij ; "ts) =

8>>>><>>>>:
1 for i = t and j = s

�" =

8<:
�2�
�2"

for i = t and 8 j 6= s
�2�
�2"

for i 6= t and 8 j = s
0 for 8 j 6= s and 8 j 6= s

(22)

The Linear Multilevel Model (LMM) Multilevel models suppose the ex-
istence of a hierarchy of data in a sample, consisting of observations grouped at
di¤erent levels (Goldstein, 1995 and Hox, 1995). This technique is very used in
Biometrics and Medical science, while it is almost unknown in Economics.
The Linear Multilevel Model analyses the structure of data at di¤erent levels

of variation. In this econometric framework, we can observe a level-1 variation,
that is the variation existing among individuals. Then, we can also observe
level-2 variation, that is the variation existing, for example, among generations
or countries, and the level-3 variation, that is the variation among generations
and countries.
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The 2-Level model The speci�cation of the 2-Level model is the follow-
ing:

giniij = �0j + �1jxij + : : :+ �kjxij + "ij (23)

where subscript i refers to the level-1 unit, the age group, and j to the level-
2 unit, the country; the regression coe¢ cients are supposed to have a random
component

�0j = 
00 + "0j (24)

�1j = 
10 + "1j

...

�kj = 
k0 + "kj

Subscript ij indicates that an item varies from age group to age group within
a country. The subscript j denotes that it varies from country to country but it
does not vary among the taxpayers of the same country. Finally, when an item
has neither an ij subscript nor a j subscript, it means that it is constant across
all age groups and countries. Linear random intercept model allows random
variation in intercept for countries; in other words, slope coe¢ cients can also be
random.

The 3-level model I analyze a model where the age group Gini indexes
are considered at the age groups and countries within age groups. That is,
countries are the second level of the analysis and age groups are the third level.
Therefore, the speci�cation of the 3-Level model is the following:

giniijw = �0 + �1xijw + : : :+ �kjxijw + (vw + ujw + "ijw) (25)

where wdenotes the new level of clustering. The model assumes the variance-
covariance structure of the within-equation random e¤ects as unstructured, that
is, covariances allow all variances and covariances to be distinct14 .
These techniques of analysis have a serious drawback, which is the presence of

multicollinearity among variables from the random-e¤ects equation. The matrix
singularity caused by the collinearity usually causes the estimation to fail. This
is why it is important to use a small number of regressors and it is preferable to
substitute regressions from time to time. For instance, in the analysis I decide
to use one control variable at a time15 . The search of the minimum point of
the function is made through the gradient-based optimization (Snyman, 2005).
Furthermore the Conservative Log restricted-likelihood test (Gutierrez et al.,

14According to this structure, if an equation consists of p random e¤ects, the unstructured
covariance matrix will have p(p+ 1)=2 parameters to be estimated.

15An attempt to perform a regression with all the three control variables taken together
caused a failure in the estimation.
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2001, McLachlan et al., 1988, Self and Yang, 1987 and Stram and Lee, 1994)
is performed. The test is a comparison of the �tted mixed model to standard
regression with no group-level random e¤ects. This LR test assesses whether all
random-e¤ects parameters of the mixed model are simultaneously zero
To explain the test, consider the following Linear Mixed Model (LMM) with

one variance component, written in matrix notation

GINI = X� + Zb+ � (26)

where � is a p-dimensional vector of �xed-e¤ects parameters and

cov (GINI) = �2�V� (27)

V� = In + �Z�Z
>, � = �2b

�2�
and � is a known symmetric positive de�nite

K �K matrix. Test the null hypothesis

H0 : �p+1�q = �
0
p+1�q; : : : ; �p = �

0
p �

2
p = 0 (equivalently; � = 0 q > 0) (28)

against the alternative hypothesis

HA : �p+1�q 6= �0p+1�q or; : : : ; or�p 6= �0p or �2p 6= 0 (equivalently; � > 0) (29)

The restricted pro�le log-likelihood function is

2`K;n (�) = � log jV�j � log
��X|V�1

� X
��� (n� p) �GINI|P|�V�1

� P�GINI
�
(30)

Then, under the null hypothesis

RLRTn
D
=
��0

"
(n� p) log

�
1 +

Nn (�)

Dn (�)

�
�

KX
s=1

log
�
1 + ��s;n

�#
(31)

and the probability of having a local maximum at � = 0 is

Pr

 PK
s=1 �s;nw

2
sPn�p

s=1 w
2
s

� 1

n� p

KX
s=1

�s;n

!
(32)

where w1; : : : ; wK are independent N (0; 1) random variables and �s;n is the
eigenvalue of the matrix �1=2Z|P0Z�1=2, satisfying limn�!1 �s;n = �s.

4 Analysis of results

4.1 Summary statistics

Tables 1-2 show the values of Gini index for each cohort and for each coun-
try, from the cohort of nineteen-year-old to the cohort of eighty�ve-year old.
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Furthermore, the average Gini index and the variance is calculated for each
country.
It can be seen that the inequality trend is very variegate and changeable

from country to country. Tendentiously, Gini index values are below the 0.4
threshold. Nevertheless, in many cases, we can observe how this value is broadly
exceeded. This especially happens in American countries such as Mexico and the
United States, where the average of age group Gini indexes is higher than that
of other countries (0.487 and 0.389, respectively). It is emblematic, for instance,
the Mexican case, where only �ve cohorts have a Gini index value below the
0.4. On the contrary, other countries such as Austria, Germany, Luxembourg,
Norway and Sweden are characterized both by an average level particularly low
and by the absence (or almost) of cohorts having values above the 0.4.
Finally, some countries with intermediate situations, such as Ireland, Greece,

and Italy, are characterized by average level of inequality at a country level and
by many cohorts that exceed the 0.4 threshold.
An interesting aspect of the analysis is noticeable when we observe the values

of the variance. Countries characterized by a higher variability of intergener-
ational inequality are Belgium, Ireland, and Mexico, while Germany, Sweden,
and the United States have an almost nil variance. These latest seem to have
minimized the intergenerational inequality, regardless of other generating causes
of inequality (e.g. social class, ethnicity, etc.).

4.2 Age group non-parametric distribution

[Graphs 1.a - 1.n HERE]
Graphs 1.a - 1.n show the result of the Kernel density estimation for each

country, depicted by the blue solid line. On every graph I added the Normal
density plot (dashed line) and the Student�s t density plot (dash-dotted line),
for sake of comparison. The inspection of the graphs provides an interesting
variability in the distribution. It is perfectly visible how the shape of the dis-
tribution changes from country to country, as for skewness and kurtosis. Fur-
thermore, some countries, such as Belgium, Canada, Denmark, Greece, Sweden,
and Switzerland exhibit a double-peaked function, with the second peak located
on the right tail. Table 3 shows the results of the K-S test, where the distribu-
tion obtained under the Kernel density estimation is tested against the Normal
density. The null hypothesis of equality in the two distributions is accepted
for Austria, Switzerland, Germany, Spain, Greece, Ireland, Italy, Luxembourg,
Mexico, Norway, Sweden, and the United States. Otherwise, it is rejected at
the 10 per cent of the con�dence interval for Belgium and Denmark and at the
5 per cent of the con�dence interval for Canada.
Furthermore, the Kruskal-Wallis equality-of-populations rank test (Tables 4

- 5) strongly rejects the hypothesis that observations of di¤erent age groups or
countries come from the same population.
Summarizing, we may a¢ rm that the non-parametric analysis depicts a high

degree of variability of cohort inequality in di¤erent countries.

16



4.3 Regression results

[Tables 6-15 HERE]
Tables 6-15 show regression results, obtained by clustering standard errors

using di¤erent techniques. Overall, we notice a high degree of variability of
results, both for coe¢ cients values and for the levels of statistical signi�cance.
Table 6 compares the results of regressions obtained by using the One-way

error component model. As we notice, clustering by country makes all the
variables signi�cant at the 1% of the con�dence interval, while clustering by
age group, variables housing00, labourprogramme00 and attw67 loose statisti-
cal signi�cance and labourprogramme95 and attw100 notably reduce it. The
family policy-related variables remain particularly signi�cant, in particular old
age and health, while for tax variables the signi�cance is maintained only for
the highest average tax rates. The interpretation of the coe¢ cient signs is not
immediate because we do not have a de�nite sign capturing the relation between
expenditure variables or tax variables and inequality. For example, expenditure
policies carried out in 1995 have a positive e¤ect on the Gini index, but this
e¤ect is capsized if we take the same policies carried out in 2000 into account.
The same consideration holds also for health and old age policies, as long as
for the average tax rates. Instead, housing and labour-related policies maintain
the sign. Nevertheless, the e¤ect is negative, since an increase in these two
expenditure chapters generates an increase in inequality levels.
The substitution of tax-related variables with control variables determines a

change in signs and signi�cance levels for many expenditure variables. Table 7
shows the results of the regression performed by using the in�ation rate as con-
trol variable, while table 8 shows the results obtained with the use of the GDP
growth rate. For example, consider the family expenditure case. With respect
to the model that uses tax-related variables, the variant of the model using the
in�ation rate produces a lower signi�cance if standard errors are clustered by
country, or, statistical signi�cance being equal, the sign of coe¢ cient is inverted.
The same thing happens also if we analyze the results of regressions per-

former by using the mixed e¤ect technique. Both the coe¢ cient signs and the
statistical signi�cance change according to the clustering level and the variables
speci�ed by the model. Instead, it is con�rmed the signi�cance at the 1% of
the con�dence interval of the �xed components related to clustering variables,
country and age group, con�rming the existence of idiosyncratic elements for
the two dimensions.

5 Conclusions

This paper intended to measure the age group income inequality and analyze the
role played by �scal policies on inequality among cohorts. It also represents one
of the �rst attempts to consider the problem of inequality from a microeconomic
perspective, which aims to detect di¤erences in income distribution between
social groups. Results are not always easy to interpret; while we observe a
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robust statistical signi�cance of expenditure and tax-related variables on age
group Gini index, less clarity does exist as for the interpretation of coe¢ cient
signs. In particular, the adoption of di¤erent clustering techniques, namely one-
way and two-way error component models and mixed e¤ects models, causes the
non-robustness of the results.
This study, of course, could be improved in many ways. For instance, it is

di¢ cult to separate the e¤ects generated by �scal policies from those generated
by monetary policy, since we have to assume that the two instruments produce
e¤ects on households. Secondly, it would be important to measure the age group
inequality by clustering the standard errors according to other variables, such
as location, social status, and ethnicity. I hope that future researches could
welcome these suggestions.
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