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Abstract

The purpose of this paper is twofold. First, it introduces a novel inequality
concept, named income composition inequality. Second, it constructs an indicator
for its measurement. This paper argues that the study of income composition
inequality across the income distribution allows for (i) novel political economy
analysis of the evolution of economic systems and (ii) the technical assessment
of the relationship between the functional and personal distribution of income.
Following an empirical application on six European countries, this paper discusses
possible avenues for future research on the matter, ranging from development
issues to public finance.

JEL-Classification: C430, E250

Keywords: Income Inequality, Income Composition Inequality, Functional Income Dis-

tribution

∗I would like to thank B. Amable, A. B. Atkinson, Y. Berman, A. Brandolini, A. Clark, J. Clement,
M. Corsi, C. D’Ippoliti, T. Darcillon, O. de Groot, M. De Rosa, M. Fana, E. Franceschi, G. Gabbuti, E.
Guillaud, R. Iacono, I. Iodice, S. Jenkins, R. Jump, C. Lakner, M. Lavoie, A. Lochmann, B. Milanovic,
G. Moore. M. C. Morandini, S. Morelli, M. Morgan, B. Nolan, M. Olckers, T. Ooms, E. Palagi, M.
Pangallo, S. Pietrosanti, T. Piketty, A. Reshef, M. Roger, F. Saraceno, P. Skott, E. Stockhammer, D.
Waldenström, M. Zemmour, G. Zezza as well as all participants at the EAEPE Summer School 2016
(Rome), at the Applied Economics Lunch Seminar (PSE), at the YSI Plenary 2016 at the Central
European University (Budapest), at the EAEPE Conference 2016 (Manchester), at the INET Oxford
Martin School Research Seminar, at the International Conference on Inequality in Bologna (November,
2017), at the OPHI Research Meeting (2017), at the PSIPSE (Paris School of Economics) and at the
ECINEQ Conference 2019 for helpful comments and suggestions. The usual disclaimer applies.
†Stone Center on Socio-Economic Inequality, The Graduate Center, City University of New York.

E-mail: mranaldi@gc.cuny.edu

1



1 Introduction

The study of income distribution has been brought in from the cold. In his 1997

Presidential Address for the Royal Economic Society, Anthony Atkinson emphasised the

need for the “re-incorporation of income distribution into the main body of economic

analysis” (Atkinson, 1997, p. 297). Twenty years later, this Presidential Address can

see its mark in the growing number of inequality studies produced throughout this pe-

riod. Among this new surge of inequality research, Thomas Piketty’s book Capital in

the XXI Century features as one of the most important contributions (Piketty, 2014).

By collecting a large historical database on the structure on income and wealth, Piketty

studies the evolution of income and wealth distributions for three centuries and over

more than twenty countries.1 Among the several key facts about inequality dynamics

that emerge from Piketty’s work, I wish to emphasize one in particular. The rise in the

top income shares in the US over the 1980-2010 period has been mainly driven by rising

inequality in labor earnings. According to Piketty, this can be explained by two major

factors: (i) rising inequality in access to skills and higher education and (ii) rising top

managerial compensations (see also Piketty, 2015). The structure of inequality in the

US nowadays is, therefore, considerably different from its structure before World War I,

when high levels of inequality were mainly determined by an extreme concentration of

capital incomes. This key fact teaches us an important lesson: similar levels of income

inequality (like those in the US in 1930 and 2000)2 can be characterized by completely

different compositions of income sources, such as capital and labor incomes, across the

income distribution. This fact draws attention to the analysis of another important, and

until now missing dimension for distributional analysis: inequality in income composi-

tion. This paper aims at filling this gap by doing two things. First, it introduces in a

formal setting the concept of income composition inequality across the income distri-

bution. Second, it constructs a summary statistic, named income-factor concentration

index, to measure the novel inequality concept proposed.

This paper argues that the study of income composition inequality is useful for two

reasons. First, it allows for novel political economy analysis of the evolution of economic

systems. In this respect, this article is closely related to the recent work by Milanovic

1The data collection work behind Piketty’s book has been a cumulative effort of many scholars from
the World Inequality Lab (Paris School of Economics).

2The top 10% income share in the US in 1930 and 2000 was approximately the 45% of national
income in the economy.
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(2017), in which a novel classification of economic systems is put forward. Second, it

links the functional and personal distribution of income. For the latter reason, this work

fits into the literature on the relationship between the functional and personal distribu-

tion of income.

The structure of this paper is the following. Section 2 reviews the literature on the

relationship between the functional and personal distribution of income. Section 3 in-

troduces in a formal setting the concept of income composition inequality. Section 4

constructs an indicator to measure income composition inequality. Section 5 derives the

same indicator in a two-person economy and describes its usefulness and mathematical

properties. Section 6 applies the proposed methodology to six European countries and

discusses possible avenues for future research on the matter. Section 7 concludes.

2 Literature

The study of the relationship between the functional and personal distribution of

income has seen a revival of interest over the past two decades (Atkinson, 2009, Piketty,

2014). Already in 1997, Atkinson argued that to understand the drivers of inequality,

the economic theory of the distribution of income is in need of further development

(Atkinson, 1997, p. 317). He argues that the current priority should be to bring the

several existing contributions on this theory together into a single framework (p. 317).

He also argues that, among the different aspects which affect the dynamics of the dis-

tribution of income, the relationship between the functional and personal distribution

should feature prominently (p. 298).

Such relationship binds a macroeconomic phenomenon with a microeconomic one.3

Brandolini (1992) claims that this link connects economic systems and people, and it is

provided by what he calls “entitlement rules”.4 As Glyn (2011) points out, unfair enti-

tlement rules may lead the employer’s profit rate to grow faster than the employee’s wage

rate. Moreover, unfair entitlement rules are likely to trigger political tensions between

different interest groups. Income inequality needs therefore to be analyzed with an eye

for the multidimensional nature of the typologies of income. Unsurprisingly, the laws

3In a later article, Atkinson wrote that one reason for studying this link is that “there is at present and
evident disjuncture between the macroeconomic measures of economic performance and the perceptions
by citizens as to what is happening to their incomes?” (Atkinson, 2009, p. 5).

4According to Brandolini, the entitlement rules are “rules stating who has the right to receive a
given type of income and which proportion of it” (Brandolini, 1992, p. 3).
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which regulate the distribution were considered to be the principal problem in political

economy by the classical author Ricardo (Ricardo, 1911).5

Several contributions have recently explored the empirical nature of the link between the

functional and personal distribution. Piketty (2014) analyzes the long-run evolution of

the functional distribution and of the top income shares at the international level. In his

framework, Piketty considers top income shares as measures of income inequality.6 His

landmark book Capital in the Twenty-First Century (2014) is an attempt to combine the

different data sources available, such as fiscal data, survey data and national accounts

in a systematic way.7 One of the most important findings from his research is that the

capital share of income has increased in many developed countries over the last decades

(see also Piketty, 2015). Furthermore, Piketty shows that the capital income share tends

to move together with the capital-income ratio in the long run. Given that inequality

in capital income is generally greater than inequality in labor income, the rising share

of capital income in net product leads to a greater inter-personal inequality. This result

highlights the positive relationship between the functional and personal distribution of

income from a historical perspective.

Another empirical contribution on the matter is the article by Bengtsson and Walden-

strm (2018), who find evidence of a “strong, positive link [between the functional and

personal distribution of income] that has grown stronger over the past century” by means

of a novel historical cross-country database they personally assembled. However, they

do not believe this relationship to remain stable over time, insofar as it can be contin-

gent on production technology, the structure of personal income, and the institutional

context. Francese and Mulas-Granados (2015), based on an analysis that covers up to 93

countries between 1970 and 2013, find instead that the distribution of income between

labor and capital has not been a major factor in explaining income inequality. The two

previous works provide evidence that, as Milanovic (2017) puts it, “the link is not as

simple and unambiguous as it seems”.

5We report the famous statement by Ricardo, which says: “the produce of the earth - all that is
derived from its surface by the united application of labour, machinery and capital, is divided among
three classes of the community, namely, the proprietor of the land, the owner of the stock or capital
necessary for its cultivation, and the labourers by whose industry it is cultivated . . . To determine the
laws which regulate this distribution is the principal problem in Political Economy” (Ricardo, 1911
[1817], p. 1 in 1911 edition).

6The advantage of considering top income share as a measure of income inequality is that they can
be easily compared both across countries and cross time.

7Piketty himself states that his book is primarily about the history of the distribution of income and
wealth (Piketty, 2015).
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On a technical level, few works have attempted to precisely measure the strength of

this link. In his recent work, Milanovic (2017) argues that in a context of rising share

of capital income the level of income inequality grows only under two conditions: (i)

a high level of inequality in capital income and (ii) a high and positive association be-

tween capital-rich and overall income-rich people. These two conditions, operationalized

by the Gini of capital income and the correlation coefficient between capital and total

income respectively,8 suggest an important theoretical connection between factor shares

and income inequality. Particularly, the correlation coefficient between capital and total

income, which is an elasticity of inter-personal income Gini to changes in capital income

share, may act as an intuitive and simple measure of such link. However, this correlation

coefficient does not formally determine the condition of transmission of changes in the

functional distribution into income inequality, as it will be discussed later in the paper.

Atkinson and Bourguignon (2000) and Atkinson (2009) approach the measurement of

this link by decomposing the squared coefficient of variation of income, where there are

two types of income: wage income and capital income.9 In such way, they manage to

show the condition under which an increase in the capital income share is transmitted

into an increase in overall income inequality, as measured by the standard deviation of

income. Another way of measuring the association between capital and labor have also

recently been proposed by Atkinson and Lakner, 2017. The authors study the association

between capital and labor by constructing a rank-based measure of association which is

a discrete approximation of the copula density. All these methods, however, do not aim

at precisely measuring the strength of this link, nor to create a single summary statistic

for such purpose. Atkinson and Lakner, (2017), for instance, do not precisely discuss

under which specific joint distributions of capital and labor the strength of the link is

maximal and minimal. Furthermore, as it will be clear later in the paper, rank-based

measures of associations are not suited to measure the strength of the link between the

functional and personal distribution of income. On the other end, Atkinson and Bour-

guignon (2000) do not provide any summary statistic that can be used to measure the

8These two variables emerge from the Yitzhaki-Lerman decomposition of the Gini coefficient
(Yitzhaki and Lerman, 1984).

9Specifically, the coefficient of variation of income V 2 can be written as a function of the capital
share of income π, of the inequality of wage income Vw and capital income Vk, and of the correlation
ρ between wage income and capital income: V 2 = (1 − π)2V 2

w + π2V 2
k + 2π(1 − π)ρVwVk. Now, if we

define λ as the relationship between wage income dispersion and capital income dispersion, then a rise
in the capital share of income is transmitted into personal income inequality only when the following
condition is satisfied: π > 1−λρ

1+λ2−2λρ .
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strength of this relationship. As stated in the introduction, this paper argues that, in

order to determine a formal link between these two distributions, we need to introduce

a novel inequality concept, that we call income composition inequality. Then, by con-

structing an indicator of income composition inequality, it will be possible to measure

the strength of such link.

3 Definition and Interpretation

We define income composition inequality in the following way:

Definition 3.1. If we decompose total income into two factors, such as capital and

labour income, then income composition inequality is the extent to which the income

composition is distributed unevenly across the income distribution.

From Definition 3.1 follows in a straightforward manner that inequality in income

composition is maximal when individuals at the top and at the bottom of the income

distribution separately earn the two different types of income, and minimal when each

individual earns the same composition of the two factors.

While we use capital and labor as income sources in this paper, it is important to em-

phasize that the study of income composition inequality can be useful to analyze the

joint distribution of any pair of income (or wealth) components, such as net income and

taxes, saving and consumption, and financial and non-financial assets, among others.

A high level of income composition inequality is associated with a strong relationship

between the functional and personal distribution of income. The underlying intuition is

straightforward: if the rich earn all the capital income in the economy, then an increase

in the capital income share rises the income of the rich. Analogous reasoning can be

proposed to show that under a high level of income composition inequality the functional

distribution of income can be seen as a measure of income inequality.

From a political economy perspective, the level of income composition inequality can pro-

vide us with insights on the “type of capitalism” of a given social system. Specifically,

following the classification proposed by Milanovic (2017), under maximal inequality in

income composition a society can be considered a case of classical capitalism, in which a

group of rich individuals draws its income from capital, while a group of poor individuals

draws its income from labor. On the contrary, under minimal inequality in income com-

6



position a society can be regarded as a case of new capitalism, or of a multiple sources

of income society.10 For instance, a reduction in income composition inequality suggests

that the corresponding economic system is moving towards becoming a new form of cap-

italism, in which individuals have multiple sources of income at their disposal and where

there is a weaker relationship between functional and personal distribution of income.

In the next section, we introduce a statistical indicator to measure income composi-

tion inequality. This indicator is constructed by means of specific concentration curves

(Kakwani, 1977a, 1977b), the concentration curves for income source.

4 Methodology

4.1 The Concentration Curve for Income Source

Suppose we have a fixed population of n individuals, each endowed with income

Yi with i = 1, . . . , n. We can define each individual’s income share as yi = Yi
Y

, where

Y =
∑n

i=1 Yi is the total income of the population. Total income is divided into two

sources, capital (Π) and labor (W ), so that Y = Π+W and hence y = 1 = π+w, where

π = Π
Y

and w = W
Y

are the capital and labor shares in income, respectively. Consider

the following decomposition of individual i’s income:

yi = αiπ + βiw, (1)

where αi = Πi

Π
and βi = Wi

W
are the relative shares of capital and labor of individual i,

such that
∑n

i=1 αi =
∑n

i=1 βi = 1 and Πi and Wi represent i’s total amount of capital and

labor. Assume that yi ≤ yi+1 ∀i = 1, . . . , n−1 and y0 = 0, so that individuals are indexed

by their income ranking. We can define p = i
n

as the proportion of the population with

income less than or equal to yp, so that p ∈ Q := [0, 1]. Let L (y, p) =
∑i

j=1 yj, with

i = 1, . . . , n, be the Lorenz curve for income corresponding to the distribution y.11 We

can define the concentration curve for capital, L (π, p), corresponding to the distribution

π, as follows:

L (π, p) = π
i∑

j=1

αj ∀i = 1, . . . , n. (2)

10To be perfectly in line with Milanovic’s own framework, under minimal inequality in income com-
position we should refer to a new capitalism 2.

11We are defining the Lorenz curve here as in Shorrocks (1983).
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Similarly, the concentration curve for labor, L (w, p), corresponding to the distribution

w, is:

L (w, p) = w

i∑
j=1

βj ∀i = 1, . . . , n. (3)

The two curves describe the cumulative distribution of capital and labor across the

population with individuals being indexed by their income ranking. It is hence possible

that an individual with a higher capital share be ranked below someone with a lower

capital share, if the income of the latter is above that of the former (formally, we can

find a pair (i, j) s.t. αi > αj and yi < yj). Additionally, note that when i −→ n (or

p −→ 1) then L (π, p) −→ π and L (w, p) −→ w, where π,w ≤ y. The concentration

curves for income source can also be regarded as pseudo-Lorenz curves (Fei et al., 1978)

scaled down to the level of the related income share.

According to the previous decomposition of individual income, we can write as follows:

L (y, p) = L (π, p) + L (w, p) ∀i = 1, . . . , n. (4)

The Lorenz curve for income L (y, p), for every p, can therefore be decomposed into

the sum of the two previously-defined concentration curves. Now, we can write the Gini

coefficient, G , as follows:

G = 1− 1

n

(
n∑
i=1

[
L

(
π,

i

n

)
+ L

(
π,
i− 1

n

)
+ L

(
w,

i

n

)
+ L

(
w,
i− 1

n

)])
. (5)

Figure 1 plots an example of L (y, p) (the blue curve) and L (π, p) (the red curve) for

a population of size n = 10. Total income is equally split between capital and labor,

hence π = w = 1
2
.

The concentration curves allow us to understand whether a given income source is

concentrated primarily at the bottom or at the top of the income distribution. Given the

interdependence of the two concentration curves (i.e., when one source is concentrated at

the top the other is concentrated at the bottom), a single curve is sufficient to analyze the

joint distribution of capital and labor. However, to precisely assess the extent to which

capital and labor are polarized across the income distribution, two benchmark conditions

must be defined: the zero- and maximum-concentration conditions. On the basis of these

two conditions, the corresponding zero- and maximum-concentration curves are hence

introduced.
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Concentration Curves for Income Source

y

(0) (1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

w

π

L (π, p)

L e(π, p)

L (w, p)

L (y, p)

1
2

Figure 1: A graphical representation of the concentration curve for capital L (π, p), the
concentration curve for labor L (w, p), the Lorenz curve for income L (y, p) and the
zero-concentration curve L e(π, p) with 10 individuals (or groups) and equal sources of
income in the economy (π = w = 1

2
). As it can be noticed, for each population decile

p the Lorenz curve for income L (y, p) equals the sum of the concentration curve for
capital L (π, p) and the concentration curve for labor L (w, p). In addition, given that
π = w, the two zero-concentration curves coincide: L e(π, p) = L e(w, p) ∀p.

4.2 The Zero-Concentration Curve

In this Section, we introduce in a formal setting the concept of the zero concentration

of two income sources. As anticipated in the introduction, we define the benchmark of

zero concentration in the following way.

Definition 4.1. We say that two income sources are zero-concentrated across a popula-

tion when each individual has the same population shares of capital and labor. Formally,

we have zero concentration of income sources when Wi

Πi
= w

π
∀i, or, equivalently, when

9



αi = βi ∀i.12

Note that the previous definition is not related to the concept of income inequality:

The population can exhibit zero concentration of income sources even with positive

income inequality. Furthermore, note that only two elements are needed to determine

the zero-concentration condition, notably the functional and personal distribution of

income. Two populations characterized by different Lorenz curves, or by different shares

of capital income, have two different conditions of zero-concentration. At this stage of

the analysis we can define the zero-concentration curve, L e(z, p), corresponding to the

distribution z, which is the concentration curve for the income source z when the income

sources are not concentrated as:

L e(z, p) = z
i∑

j=1

yj ∀i = 1, . . . , n, (6)

with z = π,w. The choice of z depends on the particular source we analyze. If we were

interested in the distribution of capital in the population, we would compare the actual

concentration curve for capital with the concentration curve for capital in the case of zero

concentration, L e(π, p). It should be noted that the zero-concentration curve is a scaled

version of the Lorenz curve for income, indeed we can write L e(z, p) = zL (y, p) ∀p.
Let us now consider the following relationship:

L (z, p) = L e(z, p) + R(z, p) ∀i = 1, . . . , n, (7)

where R(z, p) is the residual-concentration curve corresponding to the distribution z.

When L (z, p) is above L e(z, p) over all of the domain (i.e., L (z, p) > L e(z, p) ∀p)
then

∑n
i=1 R(z, p) > 0 and source z is concentrated primarily at the bottom of the

distribution; on the contrary, when L (z, p) is below L e(z, p) over all of the domain then∑n
i=1 R(z, p) < 0 and the opposite situation holds. In the case of zero concentration of

income sources, equation 5 becomes:

G = 1− 1

n

(
n∑
i=1

(
i∑

j=1

βj +
i−1∑
j=1

βj

))
, (8)

which is also equivalent to:

G = 1− 1

n

(
n∑
i=1

(
i∑

j=1

αj +
i−1∑
j=1

αj

))
. (9)

12As Wi

Πi
= w

π ⇐⇒
Wi

w = Πi
π ⇐⇒ Y × Wi

W = Y × Πi
Π ⇐⇒ αi = βi.
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The Gini coefficient in this particular case can thus be written as a function of individ-

uals’ relative shares of any one income source. Note that none of the two expressions

above are functions of π or w, meaning that an increase in either the capital share

or the labor share of income does not affect personal income inequality when income

sources are not concentrated. Similarly, we can say that the “elasticity of inter-personal

income Gini to changes in capital income share” is zero.13 This distribution of income

sources represents the long-run distribution of factors across individuals in a neoclassi-

cal framework in which heterogeneity of both non-accumulated and accumulated factors

are considered (Bertola et al. (2005)). It also represents the underlying distribution of

factors in the new capitalism 2 society defined by Milanovic (2017).

We conclude this Section with the following definition.

Definition 4.2. We say that under zero-concentration of income sources, inequality in

income composition is minimal.

4.3 The Maximum-Concentration Curve

Let us focus our attention on the benchmark of maximum-concentration of two in-

come sources, which we can define as follows.

Definition 4.3. We say that two income sources are maximum concentrated when the

bottom p% of the income distribution has an income consisting only of the source z and

the top (1− p)% of the income distribution has an income consisting only of the source

z−, where p s.t. yp = L (y, p) = z, 1− p s.t. y1−p = 1−L (y, p) = z−, z− = 1− z and

z = π,w.

As for the condition of zero-concentration, also the condition of maximum-concentration

is already present in the literature. In his recent article, Milanovic defines the classical

capitalism as a society in which “ownerships of capital and labor are totally separated,

in the sense that workers draw their entire income from labor and have no income from

the ownership of assets, while the situation for the capitalists is the reverse. Moreover,

we shall assume that all workers are poorer than all capitalists. This gives us [. . . ] two

social groups, non-overlapping by income level” (Milanovic, 2017). We can therefore say

13See Milanovic (2017) for further details.
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that under the condition of maximum-concentration and specifically when the capital is

owned by the top of the income distribution and the labor by the bottom, a society is a

classical capitalism á la Milanovic.14

From a technical perspective, we can define the maximum-concentration curve, L max(z, p),

corresponding to the distribution z, as follows:

L max(z, p) =


LM(z, p) =

L (y, p) for p ≤ p
′

z for p > p
′

L m(z, p) =

0 for p ≤ p
′′

L (y, p)− z− for p > p
′′
,

(10)

with p
′

s.t. L (y, p
′
) = z, p

′′
s.t. L (y, p̀ı′′) = 1− z and z = π,w. In addition, we have:

(i) L max(z, p) = LM(z, p) if L (z, p) ≥ L e(z, p) ∀p and ∃ p∗ s.t. L (z, p∗) >

L e(z, p∗),

(ii) L max(z, p) = L m(z, p) if L e(z, p) ≤ L (z, p) ∀p and ∃ p∗∗ s.t. L e(z, p∗∗) <

L (z, p∗∗).

To put it simply, L max(z, p) = LM(z, p) when the actual concentration curve lies

above the zero-concentration curve and that L max(z, p) = L m(z, p) when the actual

concentration curve lies below the zero-concentration curve.

However, the two conditions above-mentioned ((i) and (ii)) are rather strong, since they

need the two curves not to intersect along the distribution of income. By contrast, a

weaker condition is the one which takes into consideration the area covered by each

curve, as follows:15

(i) L max(z, p) = LM(z, p) if
∑n

i=1

∑i
j=1 η

k
j >

∑n
i=1

∑i
j=1 yj,

(ii) L max(z, p) = L m(z, p) if
∑n

i=1

∑i
j=1 η

k
j <

∑n
i=1

∑i
j=1 yj,

where ηkj = αj if z = π and ηkj = βj when z = w.

As is the case for the previous Section, we conclude this Section with the following

definition.
14This type of society can also be found in the works by Kaldor (1955), Pasinetti (1962) or more

recently by Stiglitz (2015), in which a class of capitalists is counterposed to a class of workers. However,
these authors do not necessarily assume that the former class is poorer than the latter in terms of total
income.

15Similarly, the first and second group of conditions can be regarded as first and second-order stochas-
tic dominance conditions.
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Definition 4.4. We say that under maximum-concentration of income sources, income

composition inequality is maximized.

4.4 Measuring Income Composition Inequality

In the previous Sections, we defined the two benchmarks of zero and maximum in-

equality in income composition, together with their corresponding concentration curves.

When the actual concentration curve is relatively close the the zero-concentration curve,

then income composition inequality is low. On the contrary, when the actual concen-

tration curve is sufficiently close to the maximum-concentration curve, then income

composition inequality is high.

To precisely measure income composition inequality, we introduce an indicator that

serves this purpose, that we call income-factor concentration index. We label this indi-

cator as I , which is constructed in the following way.

Let us denote by A (z) the area between the zero-concentration curve and the concen-

tration curve for income source z and by B(z) the area between the zero-concentration

curve and the maximum-concentration curve.16 We define the income-factor concentra-

tion index, I (z), corresponding to the distribution z, as follows:

I (z) =
A (z)

Bmax(z)
, (11)

with z = π,w.

This measure has considerable intuitive appeal: It is the area between the zero-concentration

curve L e(z, p) and the concentration curve for income source L (z, p), divided by the

area between the zero-concentration curve L e(z, p) and the maximum-concentration

curve L max(z, p).17 This measure lies therefore between −1 (when individuals at the

bottom own source z and individuals at the top own source z−) and 1 (when individuals

at the bottom own source z− and individuals at the top own source z). It is equal to zero

when the area of the concentration curve is the same as that of the zero-concentration

curve.18 Furthermore, note that I (z) = −I (z−) (see the Appendix for further details).

16Formally, A (z) = 1
2n

∑n
i=1

[(
L e

(
z, in

)
+ L e

(
z, i−1

n

))
−
(
L
(
z, in

)
+ L

(
z, i−1

n

))]
and Bmax(z) =∣∣ 1

2n

∑n
i=1

[(
L e

(
z, in

)
+ L e

(
z, i−1

n

))
−
(
Lmax

(
z, in

)
+ Lmax

(
z, i−1

n

))]∣∣ , with max = m,M .
17Note that the areas between the curves LM (z, p) and L e(z, p) and the curves L e(z, p) and

Lm(z, p) are the same for specific functional form of L (y, p) and for certain values of z (see the
appendix for further details).

18The latter may happen without that the two curves coincide.
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In light of the relationship previously discussed between the concentration curves and

the ideal-typical social systems proposed by Milanovic, we can also interpret such indi-

cator as a measure of the degree of capitalism of a given social system. Furthermore, the

new type of capitalism can also be considered as a multiple sources of income society.

The metric proposed is not a rank-based measure of association between labor and cap-

ital (Atkinson and Lakner, 2017). Indeed, a monotone transformation in the marginal

distributions would affect the index by changing the ranking in the distribution of total

income.19

Although it may seem of little interest to consider negative values of the index, they

have a powerful meaning in terms of income composition dynamics, as stated by the

following Definition.

Definition 4.5. Let signt,t+1 be the sign of I t(z) ·I t+1(z), where I t(z) is the metric

at time t, while I t+1(z) the one at time t+ 1. We say that a change in the structure of

income composition across the distribution of income occurs at time t if signt,t+1 < 0.

When a change in sign occurs at time t + 1 (i.e., signt,t+1 < 0), those individuals

who mainly own source z at time t, earn mainly source z− at time t+ 1 and vice versa.

The normalization coefficient Bm(z) is a function of L (y, p), z and p
′′
, while the coeffi-

cient BM(z) is a function of L (y, p), z and p
′
. To simplify the notation, let us generally

denote by B(z) the denominator of the metric. A more compact expression for the index

is, for z = π, as follows:

I (π) =
wπ(µ̃w − µ̃π)

B(π)
, (12)

where µ̃π = 1
2n

∑n
i=0

(∑i
j=0 αj +

∑i+1
j=0 αj

)
and µ̃w = 1

2n

∑n
i=0

(∑i
j=0 βj +

∑i+1
j=0 βj

)
are

the areas of the concentration curves for labor and capital multiplied by 1
w

and 1
π

re-

spectively.20 Similarly, for z = w, we have:

I (w) =
wπ(µ̃π − µ̃w)

B(w)
. (13)

Equations 12 and 13 simply mean to illustrate the functional forms of this indicator once

we mainly focus on the concentration of capital and of labor at the top, respectively.

Specifically, when equation 12 is positive, then the capital is concentrated primarily at

19For a full discussion on rank-based measures of association, see Dardanoni and Lambert (2001),
Atkinson and Lakner (2017), Aaberge, Atkinson and Königs (2018).

20Note that one minus twice µ̃z gives the pseudo-Gini of income source z (see Shorrocks, 1982).
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the top of the income distribution and the labor at the bottom. Conversely, when equa-

tion 13 is positive, then the labor is concentrated primarily at the top of the income

distribution and the capital at the bottom. As we have previously discussed, the follow-

ing relationship holds true: I (π) = −I (w).

The two functions µ̃π and µ̃w have a precise dynamics: They increase (decrease) when

the source in question moves towards the bottom (top) of the distribution. These areas

can thus be considered as approximate metrics of the indicator previously introduced.21

In a similar manner, the function µ̃y is a measure of income inequality: When it rises so

does the surface of the Lorenz curve, by therefore reducing its distance from the egali-

tarian line.

At a first glance, this indicator may bear resemblance to the pseudo-Gini coefficient,

firstly proposed by Fei et al. (1978). However, these two metrics are very different

from each other. Let us consider, for instance, the pseudo-Gini for capital income Ḡπ,

which can be written in the following way: Ḡπ = 1 − 2µ̃π. This indicator is equal to

zero when all individuals have the same absolute level of capital income, regardless of

whether their total incomes may differ. Let me better illustrate this point with a sim-

ple example. Suppose we have a population of three individuals, whose relative income

shares are described by the following vector (y1, y2.y3) =
(

1
10
, 3

10
, 6

10

)
. The pseudo-Gini

coefficient is equal to zero when the vector of the relative shares of capital income is of

the following form (α1, α2.α3) =
(

1
3
, 1

3
, 1

3

)
. Now, given that individual 1 has the same

share of capital income of individual 3, this makes the former individual more capital

abundant than the latter individual. Therefore, in a society as such, an increase in the

capital share of income would rise the income of individual 1 relatively more than the

income of individual 3. For this reason, the pseudo-Gini coefficient cannot be regarded

as a measure of the relationship between the functional and personal income distribu-

tion.

To conclude this section, it is of utmost importance to highlight that, just as there

are many indices that measures income inequality, there can be many different ways to

measure income composition inequality. This aspect lays the grounds for future method-

ological research on the matter.

21We can also observe that the term µ̃π (and similarly µ̃w and µ̃y) can be expressed as fol-

lows: µ̃π =
∑n
i=1 αi

(
2n−2i+1

2n

)
. It suffices to note that µ̃π = 1

2n

∑n
i=0

(∑i
j=0 αj +

∑i+1
j=0 αj

)
=

1
2n

∑n
i=1

(
2
∑i
j=1 αj + αi

)
= 1

n

∑n
i=0

∑i
j=0 αj + 1

2n

∑n
i=0 αi, from which we obtain the result.
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4.5 From Functional to Personal Distribution of Income

In this Section, we further investigate the relationship between functional income

distribution and income inequality, in light of the novel metric previously illustrated. To

this end, let us consider the well-known relationship between µ̃y (the area of the Lorenz

curve) and the Gini coefficient:

G = 1− 2µ̃y. (14)

The latter can be further developed, so to obtain:

G = 1− 2(z(µ̃z − µ̃z−) + µ̃z−). (15)

The Gini coefficient can therefore be expressed as a function of the two approximate

metrics of income-factor concentration µ̃z and µ̃z− and of the factor share z. If we take

the derivative of G with respect to z, we obtain:

∂G

∂z
= 2(µ̃z− − µ̃z). (16)

The elasticity of personal income Gini to changes in the factor shares is (two times)

the difference between the areas of the two concentration curves. Note that when

µ̃z− − µ̃z < 0, then an increase in the capital share reduces income inequality.

If we consider the standard decomposition of total income Gini into inequality con-

tributed by each income source:22

G = zRzGz + z−Rz−Gz− , (17)

where Rz = cov(r(y),z)
cov(r(z),z)

is the correlation ratio between the source z and total income, r(y)

and r(z) are the individual’s ranks according to total income and source z respectively

and Gz is the Gini coefficient of income source z, we can write:

∂G

∂z
= RzGz −Rz−Gz− , (18)

and by combining both equations 16 and 18 we get:

2
(
µ̃z− − µ̃z

)
= RzGz −Rz−Gz− . (19)

According to Milanovic, “for the rising share of capital income to increase overall income

Gini, we need therefore to have two ’transmission’ tools, Gini coefficient of capital income

22See Lerman and Yitzhaki (1985) for further details.
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and Rπ, positive and high” (Milanovic, 2017), or, from a more technical perspective, the

following condition must hold: RπGπ > RwGw. It appears that such condition is well

captured by the sign of the indicator previously introduced, which exclusively depends

on µ̃z− − µ̃z. Therefore, equation 16 shows that, for the analysis of the relationship

between the functional and personal distribution of income, the indicator we propose

can be considered as a tool capable of linking these two distributions. For example, if

the capital share of income was rising, then income inequality would grow only if the

income composition inequality was greater than zero.

5 The Case of a Two-Person Economy

Let us now consider the scenario in which the population is divided into two groups

(i.e., n = 2) of equal size. This exercise is of interest for two main reasons. The first

reason is that, due to the lack of data, it may be difficult sometimes to compute the

index previously illustrated, which requires information concerning the composition of

individuals’ income for the entire population.23 The second reason is that the n = 2

version of the index has some interesting mathematical properties that deserve to be

exposed.

Let us denote by yp the income of the bottom p% of the income distribution and by y1−p

the income of the top (1 − p)%, with yp ∈]0, 1
2
[. Figure 2 provides us with a graphical

representation of the concentration curves for n = 2. The income-factor concentration

index, I , with n = 2 takes the following mathematical form:

I2(z, p) = bz,pwπ(ηz−p − ηzp) = tz,p ρ I(z, p), (20)

where ρ = wπ, I(z, p) = ηz−p − ηzp and the normalization coefficient bz,p is defined as

follows:

bz,p =

 1
ypz

if yp > ηzp
1

[min(yp,z)−ypz] if yp < ηzp

.

23This information is generally provided by the surveys, which, however, tend to underestimate the
income of individuals at the top of the distribution.
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Concentration Curves for Income Source with n = 2

αpπ

α1−pπ

βpw

β1−pw

y

L e(π, p)

L m(π, p)

L (π, p)

1
2

(0) (p) (1)

w

π

Figure 2: A graphical representation of the methodology in which two people (or groups)
with different income (yp < y1−p, with p = 1

2
) and two sources of the same amount

(π = w) are compared. The carnelian line L (π, p) is the concentration curve for capital,
the violet line L e(p) is the zero-concentration curve, while the black line L m(π, p) is the
maximum-concentration curve. The following values have been here assigned: yp = 0.25,
π = w = 1

2
, αp = 0.12 and βp = 0.38.

This version can thus be regarded as the product of three elements, notably tz,p, ρ and

I(z, p). An interesting way to grasp their meaning is to rewrite the index as follows:

I2(z, p) = bz,p

∣∣∣∣∣w 0

0 π

∣∣∣∣∣
∣∣∣∣∣ ηz−p ηzp

η
z−
1−p ηz1−p

∣∣∣∣∣ ,
where the product of the two determinants ρ and I(z, p) is simply the determinant of

the following matrix A:

A =

(
ηz−p w ηzpπ

η
z−
1−pw ηz1−pπ

)
.
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The I2(z, p) index can hence be rewritten as the product between the determinants of

two matrices and a normalizing coefficient. The first determinant, ρ, adjusts the degree

of concentration for the level of income sources. The second determinant, I(z, p), is,

instead, the channel through which the issue of income-source concentration is addressed.

Interestingly, we can note that the following matrix A∗:

A∗ =

(
βp αp

β1−p α1−p

)
,

whose determinant equals the component I(z, p), comes from the following relationship:

ȳ = A∗x̄,

where ȳ =

(
yp

y1−p

)
and x̄ =

(
w

π

)
, which in turns is equivalent to the following system

of equations: yp = βpw + αpπ

y1−p = β1−pw + α1−pπ
.

When the matrix A∗ is nonsingular (i.e., detA∗ 6= 0, thus I(z, p) 6= 0), then we can

write: x̄ = (A∗)−1ȳ. It is of interest to observe that when detA∗ = 1, then ownerships

of labor and capital are separated between individual 1 and 2. This explains why the

coefficient I(z, p) can be considered as a proxy of I (z).

Another way of writing the n = 2 version of this indicator is the following. Assume that

y1 < w and z = π, then we have:24

I2(π, p) = 1− α1

y1

. (21)

Equation 21 illustrates that the level of income composition inequality is in this very

case determined by the ratio α1

y1
. This ratio combines individual 1’s endowment of capital

and overall income. When the ratio is greater than one, then individual 1 is more capital

poor than income poor. When it is equal to one, then she is as capital poor as income

poor and when it is lower than one, then she is more income poor than capital poor.

24This is a plausible assumption: In the contrary case, the labor share of income would have been
lower than the capital share. In fact, if y1 was greater than w, given that y1 <

1
2 by assumption, than

we would have w < π. The latter is not supported by the empirical evidences concerning the developed
countries (Stockhammer, 2013), with the exception of Mexico (Negrete, 2015).
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Therefore, income composition inequality is positive when the poorest part of the society

is more capital poor than income poor and negative in the opposite case.

Let us now illustrate several properties of the I(z, p). First, the capital to labor ratio

can be expressed as follows:

π

w
=

1
1+ϕ
− β1−p

ϕ
1+ϕ
− αp

, (22)

where ϕ = yp
y1−p

, from which we simply derive the following result.

Proposition 5.1. A variation in ϕ has no effect on π
w

iff I(z, p) = 0. Formally:

∂ π
w

∂ϕ
= 0 ⇐⇒ I(z, p) = 0. (23)

Proposition 23 sheds light on the relationship between income inequality, as measured

by the ratio ϕ and factor shares of income ( π
w

).25 A variation in ϕ does not affect the

ratio π
w

when the determinant of the matrix A∗ is equal to zero.

Let us now consider the relationship between the determinant I(z, p) and the between-

group Gini coefficient G.26 Precisely:

∂G

∂z
= I(z−, p) p. (24)

An increase in the factor share z reduces the between-group inequality G according to

the degree of income-source concentration and the share of poor people, p. If we let p

be equal to 1
2

(thus we divide the population into two groups of equal size) and if we set

z = π, then we get:
∂G

∂π
=
α 1

2
− β 1

2

2
. (25)

Equation 25 bears resemblance with equation 16. Specifically, in a two-person economy

the condition for the rising share of capital income to increase income Gini is I(z, p) > 0,

or detA∗ > 0.

6 Empirical Application

In this Section, we apply the method previously illustrated to the case of six Euro-

pean economies, namely Finland, France, Germany, Italy, Norway and The Netherlands.

25It is easy to note that
∂ πw
∂ϕ > 0 when I(z, p) > 0. In particular, when I(z, p) = 1, an increase in

ϕ raises the ratio π
w of the same amount. Indeed, when I(z, p) = 1 then yp = π and y1−p = w, thus

π
w =

yp
y1−p

.
26See the appendix for further details.
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The data used come from the European Union Statistics of Income and Living Condi-

tions (EU-SILC), which provide a representative sample of the European population.

This data are firstly produced by the national statistical offices and later harmonized

and released by Eurostat. In our analysis, we consider the period between 2007 and

2016. The country samples vary between 7000 and 19000 units and the unit of analysis

is the household.

Our analysis relies on specific definitions of capital and labor incomes.27 Precisely, we

define capital income as the sum of household income from rental of a property or

land, interests, dividends, capital from capital investments in unincorporated business,

the capital component of gross cash benefits or losses from self-employment (including

royalties) and pensions from individual private plans. The capital component of self-

employment income, which is not directly provided by EU-SILC, is imputed by means of

the procedure proposed by Glyn (2011). We attribute the average payroll income of the

entire sample to represent the labor income component of the self-employed and “the

margin of value added per head [. . . ] is then regarded as accruing to the [self-employer]

as property income” (Glyn, 2011, p. 8).28 As stated by Glyn, none of the methods

adopted by the literature to decompose the self-employment income into its labor and

capital components is wholly unproblematic. In this respect, also our method presents

some issues. Namely, by considering the economy average payroll income as a threshold

to determine the capital and labor components of self-employment income, we risk to

underestimate the capital component for those sectors in which the sectorial average pay-

roll income is lower than the economy average payroll income, and viceversa. However,

we believe this decomposition to be more sophisticated than that which automatically

attributes two thirds of the self-employment income in its labor component, and one

third in its capital component. Furthermore, note that to the best of our knowledge,

this is the first time such method is applied to decompose self-employment income at

27The definitions of capital and labor income can be, to a certain extent, arbitrary. For instance,
Cirillo, Corsi and D’Ippoliti (2017), who investigate the dynamics of the functional and personal dis-
tributions of income at the European level before and after the crisis, and who also rely on EU-SILC
data, provide a slightly different definition of capital and labor income from that we propose. Indeed,
their definition of income does not include self-employment remuneration.

28Precisely, we firstly compute the country average payroll income per household, µpayroll. Then, we
decompose self-employment income into its capital and labor components in the following way. Let us
denote by yse the income from self-employment provided by EU-SILC. We can write that yse = yπse+ywse,

where ywse =

{
yse if yse ≤ µpayroll
µpayroll if yse > µpayroll

, while yπse =

{
0 if yse ≤ µpayroll
yse − µpayroll if yse > µpayroll

.
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the micro level (as this method is generally adopted to decompose macroeconomic vari-

ables). Labor income is defined as the difference between total household gross income

minus capital income.29

To overcame the issue of negative values, we replace the bottom part of the concentra-

tion curves for which such problem occurs with the horizontal line (i.e., the x-axis).30

Let us begin the analysis with some descriptive statistics. Table 1 presents the income

shares of four different income groups, defined as follows: 0-50%, 50-90%, 90-95% and

95-100%. These shares are computed for the six countries in 2007 and 2016, with the

exception of Italy (2007 and 2015) due to missing information.

Table 1: Income Shares

Income Group Norway Germany Netherlands Italy France Finland

2007 2016 2007 2016 2007 2016 2007 2015 2007 2016 2007 2016

0-50% 24% 24% 23% 23% 26% 22% 18% 19% 24% 24% 22% 23%
50-90% 50% 49% 48% 48% 47% 47% 48% 48% 48% 46% 49% 48%
90-95% 9% 9% 10% 10% 9% 10% 11% 11% 10% 9% 10% 10%
95-100% 15% 17% 17% 17% 16% 19% 19% 19% 16% 18% 17% 17%

Gini 0.36 0.37 0.38 0.39 0.34 0.39 0.45 0.45 0.37 0.38 0.39 0.39
IFC 0.51 0.59 0.48 0.50 0.54 0.63 0.53 0.49 0.38 0.46 0.46 0.45

The distribution of total income is almost the same in 2007 and 2016 for all countries,

with the sole exception of The Netherlands, where the 3% of total income has moved

from the bottom 50% to the top 5%, by hampering the Gini coefficient of 0.5 percentage

points. Italy displays the higher level of total income inequality, with a Gini coefficient

above 0.4, and a
top 5%

bottom 50%
ratio lower than 1 in 2007, and equal to 1 in 2015.

Tables 2 and 3, instead, show the distributions of the capital and labor shares respec-

tively, with individuals being indexed by their income ranking. Following Shorrocks

(1982) and Atkinson and Lakner (2018), we may call these shares as “pseudo-shares”.

Let us take a closer look at Table 2. A simple way to read this Table is the following:

29The sources of labor income that we consider are: gross employee cash or near cash income, gross
non-cash employee income, employers’ social insurance contributions, value of goods produced for own
consumption, unemployment benefits, old-age benefits, survivor’ benefits, sickness benefits, disability
benefits, education-related allowances, family/children related allowances, social exclusion not elsewhere
classified, housing allowances, regular inter-household cash transfers received and income received by
people aged under 16.

30When a given variable at stake displays negative values, the bottom part of the corresponding
concentration curve lies below the horizontal axe.
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in 2007 in Norway the individuals at the bottom 50% of the total income distribution

earn the 13% of total capital income in the economy. The share of the capital income

earned by the same income group in 2016 is 4% points lower than the share in 2007.

Table 2: Capital Shares (Income Ranking)

Income Group Norway Germany Netherlands Italy France Finland

2007 2016 2007 2016 2007 2016 2007 2015 2007 2016 2007 2016

0-50% 13% 9% 11% 9% 11% 6% 5% 7% 14% 15% 10% 9%
50-90% 22% 20% 25% 30% 22% 23% 30% 33% 29% 29% 31% 36%
90-95% 7% 9% 9% 8% 8% 9% 13% 15% 12% 12% 12% 13%
95-100% 57% 61% 53% 52% 57% 60% 49% 44% 43% 46% 45% 39%

Capital Share 6% 8% 9% 6% 7% 7% 17% 16% 8% 12% 13% 10%
Gini 0.36 0.37 0.38 0.39 0.34 0.39 0.45 0.45 0.37 0.38 0.39 0.39
IFC 0.51 0.59 0.48 0.50 0.54 0.63 0.53 0.49 0.38 0.46 0.46 0.45

The first thing to notice is that in Norway, Germany and The Netherlands the in-

dividuals at the top 5% of the income distribution earn more than 50% of all capital

income in the economy. On the contrary, in Italy, France and Finland the share of cap-

ital income earned by the same income group is lower than 50%. Moreover, differently

from the total income distribution, the capital income distribution has changed over the

period considered in almost all countries. However, it is hard to identify clear patterns

between the six countries.

In Norway and The Netherlands the capital income has moved from the bottom 50%

to the top 5% between 2007 and 2016. A similar scenario can be described for France,

although less markedly than in the previous two countries. In Italy and Finland, instead,

the top 5% has seen a reduction of its capital income share. However, while in Italy the

capital income has shifted towards the bottom 50% and the middle class (50 − 90%),

in Finland it has moved towards the middle class only. Finally, in Germany the middle

class has gained capital income from both the top 10% and the bottom 50%.
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Table 3: Labor Shares (Income Ranking)

Income Group Norway Germany Netherlands Italy France Finland

2007 2016 2007 2016 2007 2016 2007 2015 2007 2016 2007 2016

0-50% 25% 25% 25% 24% 27% 24% 21% 21% 25% 26% 24% 24%
50-90% 51% 51% 51% 50% 49% 49% 53% 52% 50% 49% 51% 50%
90-95% 9% 9% 10% 10% 9% 10% 10% 10% 9% 9% 9% 10%
95-100% 12% 12% 13% 14% 13% 15% 14% 15% 14% 14% 13% 14%

Labor Share 94% 92% 91% 94% 93% 93% 83% 84% 92% 88% 87% 90%
Gini 0.36 0.37 0.38 0.39 0.34 0.39 0.45 0.45 0.37 0.38 0.39 0.39
IFC 0.51 0.59 0.48 0.50 0.54 0.63 0.53 0.49 0.38 0.46 0.46 0.45

Table 3, instead, shows that very little changes have been registered in the labor income

distribution for almost all countries between 2007 and 2016. It is only worth mentioning

that in The Netherlands the labor income has mainly moved from the bottom 50% to

the top 10%. Furthermore, in each country the middle class earns, on average, the 50%

of all the labor income in the economy.

As shown in Table 1, the dynamics of the four total income shares is relatively well

captured by that of the Gini coefficient. However, what can we say about the joint

dynamics of the capital and labor shares? Are the capital and labor incomes better

distributed across the populations or, rather, more concentrated at the top and at the

bottom of the income distributions? Do these countries bear more resemblance to a

classical capitalism, characterised by a rich “capitalist class” and a poor “working class”,

or rather to a new capitalism, where all individuals earn multiple sources of income? To

answer these questions, we apply the method previously developed.

Figures 3 shows the overall dynamics of income composition inequality for the two groups

of European countries, respectively. The first group is composed by Germany, Norway

and The Netherlands, whilst the second by Italy, France and Finland. To begin with,

note that the IFC index ranges between 0.4 and 0.6 in all countries. However, the two

groups seem to follow different trends in terms of income composition over the time

considered. Indeed, income composition inequality in the first group follows a U-shaped

pattern, with its major peaks in 2007 and 2016, and its lowest peak in 2013-2014 (a).

On the contrary, income composition inequality follows an inverted U-shaped curve in

the second group, with its peaks in 2011/2012 and its lowest levels at the beginning and

at the end of the period considered (b).

The patterns of Germany and The Netherlands almost coincide in both levels and trends,
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