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Abstract

In this paper, we examine the general properties of the Neighbourhood Sorting

Index (NSI) introduced by Jargowsky (1996) and their intuitive interpretation, illus-

trating the inverse relation between neighbourhood’s homogeneity and segregation.

The use of the NSI is illustrated measuring and comparing the segregation in the

30 largest French urban areas from 2000 to 2008.

Keywords: Measure of Segregation, Residential segregation, Income, City,

Neighbourhood Sorting Index
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I Introduction

Sociologists as well as economists have focused more attention in recent years on

important effects of segregation, arguing that this residential space crystallizes in-

teractions that influence individual preferences, skills, children’s attitude or the

∗CREM, University of Rennes, pascaline.vincent@univ-rennes1.fr
†CREM, University of Caen, frederic.chantreuil@unicaen.fr
‡CREM, IDEP, University of Rennes, benoit.tarroux@univ-rennes1.fr
§The authors thank Stephan Bazen, Patrick Moyes, Fabien Moizeau and participants of the Journées
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choice of school (see, for instance, Cutler and Glaeser (1997), Cutler et al. (2008),

Echenique et al. (2006) or Goux and Maurin (2007)).

The literature dealing with measures of segregation developed many indicators in

order to undertake analyses of categorical segregation, that is to say, the distribution

of people across categories (see for instance Duncan and Duncan (1955), Massey

and Denton (1998), Reardon and O’Sullivan (2004), Hutchens (1991, 2001, 2004) or

Chakravarty and Silber (2007)). The occupational segregation of men and women

and the residential segregation of white and black population in cities are the most

popular examples of categorial segregation.

Surprisingly, residential segregation by income have not been extensively studied

by the literature (notable exceptions are Harsman and Quigley (1995), Jargowsky

(1996), Watson (2009), Ioannides and Seslen (2002), Hardman and Ioannides (2004)

or Davidoff (2005)). By residential segregation by income, we mean the way by

which individuals who can be described by their income are broken down among

local areas of a city. Jargowsky (1996) proposed a measure of economic segregation,

defined as pure. This measure, which Jargowsky (1996) referred to, is the Neigh-

bourhood Sorting Index (NSI), simply defined as the square root of the ratio of the

variance of neighbourhoods’ mean incomes over the overall variance.

The aim of this paper is to examine theoretically and empirically the Neighbour-

hood Sorting Index, introduced by Jargowsky (1996), which allows us to compare

cities on the basis of the breakdown of individuals who differ in terms of income

among a given set of spatial areas.

We propose an approach of measuring segregation by income based on transfor-

mations of the breakdown of a population among local areas. These transformations

capture two dimensions of the segregative phenomenon: (1) the mean distance (or

inequality) among the spatial areas and (2) the mean homogeneity (or inequality)

within the local areas. The intuitions captured by the transformations introduced

in this paper are the following: segregation is (1) increasing with the mean distance

and (2) increasing with the mean homogeneity.

We first study the sensitiveness of the NSI with respect to movements of indi-

vidual(s). In particular, we argue that a segregation measure should decrease if a

rich individual moves from an area - where she is richer than the average individual

- to a poorer one or if a poor individual moves from an area - where she is poorer

than the average individual - to a richer one. Moreover, we consider the impact of

a switch of two individuals, which requires that a segregation measure decreases if

a rich individual living in a rich area and a poor individual living in a poor area

exchange their location.
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The second type of transformations considered leaves the breakdown of indi-

viduals unchanged but affects the income distribution among individuals. In other

words, we study the sensitiveness of a segregation measure relatively to an income

transfer between two individuals located in the same local area. Any income trans-

fer which is progressive in the usual sense of Pigou-Dalton contributes to increase

segregation. The rationale of this requirement lies to the fact that such a transfer

increases the homogeneity of the area and hence lowers its social mixing. On the

contrary, an income transfer from a poor to a rich individual decreases segregation

because it reduces the homogeneity of the local area.

The use of the NSI is then illustrated measuring and comparing the segregation in

the 30 largest French urban areas from 2000 to 2008. We perform this analysis using

households’ income and their distribution within the residential space from several

scales: IRIS and Grand Quartier. The main result is that residential segregation

by income has decreased over the period considered. Furthermore, we show that

the economic segregation in French cities is scale dependent and is not related with

income inequality as measured by Gini coefficient.

The remainder of the paper is structured as follows. The next section is devoted

to the introduction of some notations and basic definitions. The following section

explores the properties satisfied by the NSI with reference to requirements an ap-

propriate measure of economic segregation should suit. The use of the NSI as part

of the measurement of the segregation of large French cities is undertaken in section

4. The final part concludes.

II Notation and Preliminary Definitions

Our aim is to compare two or more cities on the basis of the breakdown of unequal

individuals among various areas. We consider therefore cities where each individual

is endowed with a certain amount of income and is located in a certain area.

We consider a city C comprising n individuals, indexed by i, taken from some

finite set N = {1, ..., i, ..., n}. Let’s assume also that this city is made up of m geo-

graphical areas (or, more generally, of m subgroups), indexed by j and populated by

nj individuals, and define M the finite set of areas of the city C, M = {1, ...j, ...,m}.
This city can be defined by two elements: (1) a distribution of income among

the population and (2) a partition of the population between the m geographical

areas of C. Assuming that incomes are drawn from an interval D of R, the overall
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income distribution of the population can be described by a n× 1 matrix

Y = (y1, ..., yi, ..., yn)

where yi is the income of the individual i. The breakdown of individuals into a set

of areas is described by a partition P of the population within a set of m mutually

exclusive and exhaustive subsets (areas). We use P to represent the set of all possible

partitions.

P =
{
N1, ..., Nm

}
such that N =

m⋃
j=1

N j , N j 6= ∅ and N j ∩N j′ = ∅ ∀j, j′ ∈M

where N j is the set of individuals living in area j. The income distribution within

area j ∈M is given by the vector Y j =
(
yj1, ..., y

j
i , ..., y

j
nj

)
where yji is the income of

individual i living in area j. A city C can be thus depicted by a pair (P, Y ) ∈ P×Dn

Let denote µ the mean income of the city and µj the mean income of the area j.

An economic segregation index is a continuous function S : P ×Dn → R. Our

aim is to rank two cities thanks of a segregation index that provides a complete and

transitive binary relation noted �S . Given two cities C and C̃, we will say that C is

less segregated than C̃, which we write C �S C̃, if S(C) < S(C̃).

Jargowsky (1996), performing a methodological critique of the measure of segre-

gation used by Massey and Eggers (1990), develop a measure of segregation based

on the correlation ratio. Applying the correlation ratio to income, Jargowsky define

the Neighborhood Sorting Index as:

S(C) =

√
Vb√
V (Y )

=
σb/µ

σ/µ
=
CV (µ1, ..., µm)

CV (Y )

where V (Y ) and σ are, respectively, the variance and the standard-deviation of the

income distribution Y ; Vb = V (µ1, ..., µm) and σb =
√
Vb.

III Desirable properties and the NSI

This section proposes to explore the desirable properties which are respected by

the NSI. In other words, we consider basic properties, that should be satisfied by a

good measure of segregation and by properties related to the potential demographic

trends of a city. We then further investigate the properties satisfied by the NSI.

The proof of all propositions are in the appendix.
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III.1 Basic properties

We consider first the range of values for NSI and how these values can be interpreted.

A first property satisfied by the NSI is that the range of its value is bounded between

0 and 1. The following examples illustrate the case of complete integration (NSI

being equal to 0) and complete segregation (NSI being equal to 1).

Consider the case of a city with 6 individuals allocated in two areas and the

following configurations:

C1 : Y = (10, 15, 20; 10, 15, 20)

C2 : Y = (15, 15, 15; 10, 15, 20)

C3 : Y = (10, 10, 10; 18, 18, 18)

C4 : Y = (8, 10, 12; 16, 18, 20)

In C1, the two areas’ income distributions are similar and, thus, the mean income

is the same in the two areas. One might expect segregation to be inexistent and in

that case, the segregation measure is equal to 0. Consider now C2. The two areas’

income distributions are now different but areas’ mean incomes are equal. The NSI

states that there is no segregation since there is no variability in area per capita

income relative to the city mean. Hence the similarity of areas’ income distributions

is not necessary for complete integration.

The city C3 is characterized by homogeneous areas and inequality among areas.

In such a case, one might expect the segregation to be maximal. The city C4 is

completely stratified in the sense that the richest individual of the poorest area is

poorer than the poorest individual of the richest area. Segregation is thus complete

if total variability in individual income is only explained by variability between

areas.

This example illustrates the complete segregation and complete integration prop-

erties satisfied by the NSI.

Proposition 1 Scale interpretability.

Complete segregation.

Consider a city C such that yji = µj for all j ∈ M and i ∈ N j and µp 6= µq for

all p, q ∈M and p 6= q. Then NSI(C) = 1.

Complete integration.

Consider a city C such that µp = µq for all p, q ∈M and p 6= q. Then NSI(C) =

0.
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The next proposition reveals the symmetry properties satisfied by the NSI. Sym-

metry within area demands that segregation is not affected if people within a given

area trade income. For instance, (a, b, c, d; e, f, g, h) and (d, c, a, b; e, f, g, h) exhibit

the same level of income segregation. The symmetry between areas states that seg-

regation has to be invariant with respect to the permutation of areas. Segregation

is for instance equivalent between the two following cities: (a, b; c, d; e, f, g, h;w, z)

and (e, f, g, h; a, b; c, d;w, z).

Proposition 2 Symmetry.

Symmetry within area.

Let C = (P, Y ) and C̃ =
(
P, Ỹ

)
two cities such that Ỹ p = DpY p (p ∈ M)

with Dp an individual permutation matrix and Ỹ q = Y q for all q 6= p. Then,

NSI(C) = NSI(C̃).

Symmetry between areas.

Let C = (P, Y ) and C̃ =
(
P̃ , Ỹ

)
two cities such that Ỹ = DY with D an areas’

permutation matrix. Then, NSI(C) = NSI(C̃).

The next properties, which are related to the principle of population, allow

to make comparisons between cities with different sizes. These properties simply

state that the measure of the segregation should be invariant to the replication of

individuals within each area and to the replication of every areas.

Proposition 3 Principles of population.

Within-area replication invariance.

Let C = (P, Y ) and C̃ =
(
P̃ , Ỹ

)
two cities such that, for all p ∈M and for any

α ∈ N+,

Ỹ p = (Y p, Y p, ..., Y p︸ ︷︷ ︸
α+1 times

) = (yp1 , y
p
1 , ..., y

p
1︸ ︷︷ ︸

α+1 times

, ..., ypnp
, ypnp

, ..., ypnp︸ ︷︷ ︸
α+1 times

)

Then, NSI(C) = NSI(C̃).
Area replication invariance.

Let C = (P, Y ) and C̃ =
(
P̃ , Ỹ

)
two cities such that, each neighbourhood is

replicated ` times as

Ỹ = (Y 1; ...;Y 1︸ ︷︷ ︸
`+1 times

; ...;Y m; ...;Y m︸ ︷︷ ︸
`+1 times

)

Then, NSI(C) = NSI(C̃).
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The literature devoted to the measurement of income inequality distinguishes

relative and absolute views of inequality (Kolm (1976a) and Kolm (1976b)). An

interesting characteristic of the NSI is that it respects both views.

Proposition 4 Absolute and relative invariance.

Relative invariance.

Let C = (P, Y ) and C̃ =
(
P̃ , Ỹ

)
two cities such that ỹji = λyji with λ ∈ N+, for

all j ∈M and i ∈ N j. Then, NSI(C) = NSI(C̃).

Absolute invariance.

Let C = (P, Y ) and C̃ =
(
P̃ , Ỹ

)
two cities such that ỹji = yji + δ with δ ∈ N, for

all j ∈M and i ∈ N j. Then, NSI(C) = NSI(C̃).

Eventually, the NSI allows us to compare cities with different number of in-

dividuals and/or different number of areas and/or different overall mean income.

Furthermore, the NSI does not depend on whether areas are labelled or whether

individuals within areas are named

III.2 Key properties

We further investigate the properties satisfied by the NSI, with respect to potential

impacts of movements of individuals from any geographical area comprised in an

urban area to another one, or a transformation of its income distribution. The sen-

sitivity of the NSI to the spatial partition of a given urban area is first investigated.

III.2.1 Sensitivity to the spatial partition

With the next property, we investigate the variability of the NSI with respect to

the definition of area unit. This property considers aggregation of areas, which

consists in merging two areas into a unique area. If merged areas have the same

mean income, there is no change in segregation according to the NSI. However, if

one merges two areas with different mean incomes, the aggregation increases income

heterogeneity within areas and decreases the variability in mean incomes.

Definition 1 Areas aggregation.

Consider C = (P, Y ) and C̃ =
(
P̃ , Y

)
two cities. C̃ is obtained from C by

means of an aggregation of areas p and q if for P =
{
N1, ..., Np, ..., Nq, ..., Nm

}
and P̃ =

{
Ñ1, ..., Ñm−1

}
:

(a) N j = Ñ j ∀j < q, j 6= p and N j = Ñ j−1 ∀j > q
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(b) Np ∪Nq = Ñp

Proposition 5 Sensitivity to areas aggregation.

Consider a city C and a city C̃ obtained from C by means of areas aggregation,

then:

(a) NSI(C) = NSI(C̃) if µp = µq

(b) NSI(C) > NSI(C̃) if µp 6= µq

In other words, this property states that the NSI does not decrease when the

number of areas increases; because the inequality between mean incomes does not

decrease. As Shorrocks and Wan (2005) have showed, the expected value of between-

component of any inequality measure increases with the number of areas.

One might be interested in considering the case of area division rather than

areas aggregation. Obviously, if the division is such that the two new areas have

the same mean income, segregation remains the same; because variability in mean

incomes is the same before and after the division. But segregation becomes worse

if the division of the area allows a sorting of individuals with respect to income.

Even though the NSI fails to account for spatial patterning of areas1, these two

properties might help to give a picture of spatial segregation. Indeed, it is sensitive

to the definition of the boundaries of areas and assumes that each individual lives

near all individuals of his area and far from individuals located in another area (even

across the street from one another). Consider two sets of areas’ boundaries, P and P̃ ,

such that P̃ is obtained from P by a finite set of adjacent areas aggregation. In other

words, we consider two partitions of individuals among areas, P =
{
N1, ..., Nm

}
and P̃ =

{
Ñ1, ..., Ñ `

}
, such that Ñ j is the union of two or more adjacent (sub)areas

Nk (with k ∈ {1, ...,m}) for all j ∈ {1, ..., `}. If the segregation index takes the same

value whatever the partition P and P̃ , it means that areas are adjacent to similar

areas (in term of mean income).

On the contrary, the larger difference between the two values taken by the segre-

gation index is, the more areas are heterogeneous. This reasoning holds comparing

two cities. Consider two cities with the same value of NSI for the finest areas divi-

sion. If the value of NSI differs according to a different partition, then a city has

more homogeneous grouping of sub-areas and is thus more spatially segregated.

1In particular, the checkerboard problem and the modifiable areal unit problem are ignored by such
indices. See for example White (1983), Reardon and O’Sullivan (2004) and Kim and Jargowsky (2005).
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III.2.2 Economic segregation under movements

The simplest transformation that can be introduced is an unilateral movement of one

individual from one area to another one. Two alternative definitions of a progressive

unilateral movement are considered. The first one is to require a movement of a

rich individual from a rich area to a poor one, given that he is richer than the mean

individual of his initial area. The second one is to consider that a poor individual

located in a poor area where he is poorer than the mean area’s income moves to a

rich area. For both definitions, we require that any segregation measure after such

transformations should decrease. Let’s now introduce the formal definition of such

an elementary transformation.

Definition 2 Movement of one individual.

Let C = (P, Y ) and C̃ =
(
P̃ , Ỹ

)
two cities and k an individual located in area p.

The city C̃ is obtained from the city C by means of movement of one individual if

there exists an area q such that:

(a) Ñp = Np/ {k}

(b) Ñq = Nq ∪ {k}

(c) Y ` = Y ` for all ` 6= p, q

Then,

1. A movement of one individual is said to be a progressive movement of a rich

individual if: ypk > µp, µp > µq and µ̃p > µ̃q.

2. A movement of one individual is said to be a progressive movement of a poor

individual if: ypk < µp, µp < µq and µ̃p < µ̃q.

We might rewrite conditions (a) and (b) of the previous definition in terms of

areas’ income distributions. Indeed, these conditions are equivalent, respectively,

to:

(a’) Ỹ p =
(
yp1 , ..., y

p
k−1, y

p
k+1, ..., y

p
np

)
(b’) Ỹ q = (yq1, ..., y

q
nq , y

p
k)

Another transformation is the switch of two individuals, which consists in two

opposite movements of a rich individual and a poor one. Consider two areas, p and

q, such that µp < µq and two individuals k and h, initially located, respectively, in

p and q, who move to, respectively, area q and p.

9



Such an elementary transformation is likely to decrease segregation if k’s income

is lower than h’s income. Intuitively, this switch may change the income mixing

within each area. The replacement of a poor individual by a rich one in the poor

area and the replacement of a rich individual by a poor one in the rich area improve

income diversity in each of the two areas. In the same time, the gap of mean

incomes between the two areas decreases. On the contrary, segregation is expected

to increase if k is richer than h as social diversity within each area and the gap

between mean incomes deepens. Indeed, as a rich individual joins a rich area and

a poor individual moves to a poor one, diversity within each area decreases and

distance between the two areas in terms of mean income deepens.

Definition 3 Switch of two individuals.

Let C = (P, Y ) and C̃ =
(
P̃ , Ỹ

)
two cities, within which two individuals k and

h are located in area p and q respectively. The city C̃ is obtained from the city C by

means of a switch of two individuals if:

(a) Ñp = Np
/{k} ∪ {h}

(b) Ñq = Nq
/{h} ∪ {k}

• A switch of two individuals is said to be progressive if: ypk < yqh, µp < µq

and µ̃p < µ̃q.

• A switch of two individuals is said to be regressive if: ypk < yqh, µp > µq and

µ̃p > µ̃q.

This transformation can also be interpreted as an exchange of income between

two individuals who are located in two different areas and can thus be expressed in

terms of areas’ income distributions. The two conditions of the definition 3 might

be substituted by the following conditions:

(a’) ỹpk = yqh

(b’) ỹqh = ypk

(c’) ỹji = yji for j = p, q and i 6= k, h

(d’) ỹji = yji for all j 6= p, q and i =
{

1, ..., nj
}

The following proposition resume the sensitivity of the NSI relatively to such

movements.

Proposition 6 Segregation under movements.

Consider two cities, C and C̃.
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• If C̃ is obtained from C by a finite set of a progressive movements of a rich

and/or poor individual. Then, NSI(C) > NSI(C̃).

• If C̃ is obtained from C by a finite set of progressive (resp. regressive) switches

of two individuals. Then, NSI(C) > NSI(C̃) (resp. NSI(C) < NSI(C̃)).

The intuition behind this proposition is quite obvious. Any emigration of an

individual who is richer than the mean incomes of his initial area and of his new

one reduces the gap between mean incomes. Inequality between areas is then lower.

We can see by the same token that any emigration of a poor individual from a

poor to a rich area reduces also between-areas inequality. Finally, any switch of two

individuals is analyzed in the same way. Such transformations imply a progressive

mean income transfer.

III.2.3 Economic segregation under income transfers

We consider in this section the impacts of a transformation of the income distri-

bution on the NSI. In the measurement of income inequality, an elementary trans-

formation is the Pigou-Dalton principle of transfer which states that a transfer of

income from a rich individual to a poorer one reduces inequality. Such a principle

is not so relevant in the normative assessment of the breakdown of individuals with

different income levels among areas of a city.

Let us consider the simple example of a city with 6 individuals located in 2 local

areas, with the following configuration:

(10, 15, 21 ; 17, 25, 30)

Assuming that a policy maker transfers income between two individuals in the

richest area modifies the income distribution as follows:

(10, 15, 21 ; 22, 25, 25)

While inequality decreases, the richest area becomes more homogeneous in terms of

income and the overlapping of areas’ income distributions disappears. Indeed, the

richest individual of the poorest area is now poorer than the poorest individual of

the richest area.

Weigh up now the case of a regressive transfer in the richest area that leads to
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the following modified income distribution:

(10, 15, 21 ; 12, 30, 30)

The final situation could be evaluated as better in terms of segregation since the

social mixing has been increased and the overlapping of the distribution is higher.

We thus first study the case of an income transfer between two individuals lo-

cated in the same area ; namely a within-area income transfer. One says that such

a transfer is progressive - in terms of income - if money is transferred from a rich

individual to a poorer one and regressive if it is transferred from a poor individual

to a richer one.

The question is to ascertain conditions for which a progressive (resp. regressive)

transfer reduces or worsens segregation. A progressive transfer reduces discrepancy

of income within a given area and in the overall city. But the homogenization of

the population of this area (that is, the area’s income distribution is more squeezed)

tends to reduce the overlapping of the areas’ income distributions.

Definition 4 Within-area income transfer.

Let C = (P, Y ) and C̃ =
(
P, Ỹ

)
two cities and two individuals k and h located

in area p. The city C̃ is obtained from the city C by means of within-area income

transfer if, for any δ ∈ R+:

(a) ỹph = yph + δ and ỹpk = ypk − δ

(b) ỹji = yji for j = p and i 6= k, h and ỹji = yji for all j 6= p and i ∈ N j

• A within-area income transfer of two individuals is said to be income-progressive

if yph < ypk and ỹph ≤ ỹ
p
k .

• A within-area income transfer of two individuals is said to be income-regressive

if: yph > ypk.

The following proposition establishes the link between a within-area income

transfer and the behavior of the NSI.

Proposition 7 Internal transfer.

Consider two cities, C and C̃.

(i) If C̃ is obtained from C by a finite set of within-area income-progressive trans-

fers, then NSI(C) < NSI(C̃).

(ii) If C̃ is obtained from C by a finite set of within-area income-regressive transfers,

then NSI(C) > NSI(C̃).
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We turn now to the between-area income transfer, which consists in transferring

income between two individuals located in two distinct areas.2 We argue that such a

transfer can be interpreted as a combination of a finite set of switch(es) of individuals

and a finite set of within-area income transfer(s). However, the task of determining

this combination is not straightforward.

Let us take the simple case of a city with 6 individuals allocated in 2 spatial

areas characterized by the following income distribution:

Y = ( a, b, c︸ ︷︷ ︸
1st area

; b, c, d︸ ︷︷ ︸
2d area

).

Assuming that a ethical observer transfer an amount of ε units of income from the

richest individual of the first area to the poorest individual of the second area, the

distribution becomes:

Y = (a, b, c− ε; b+ ε, c, d) with ε <
c− b

2

Such transfer might be decomposed into two transformations:

1. a within-area income transfer in the first area:

Y = (a, b+ ε, c− ε; b, c, d)

2. a switch of individuals:

Y = (a, b, c− ε; b+ ε, c, d)

If we suppose that a < b < c < d, this between-area transfer fits with a transfer

of income from a rich individual in a poor area to a poor one in a rich area. Such

a transfer can be decomposed into a progressive transfer of income within the first

area and a regressive switch of individuals. Hence any segregation measure should

increase after such a transfer. At the contrary, if we assume that a > b > c > d,

the opposite conclusion emerges. Furthermore, in the case where b > c and a < d

(then, a + b + c < b + c + d) such an income transfer has an ambiguous effect on

segregation.

Actually, this decomposition of the between-area income transfer is dependent

to the initial distribution of income. Indeed, we need to find two individuals with

the same income but located in two different areas and to switch them. In other

2see also Mussard (2006).
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words, this requires that areas’ income distributions are continuous and overlapped.

However, if it is not the case (for instance, when the city is income-stratified), it

is possible to introduce a phantom or fictitious individual as introduced by Gravel

and Moyes (2012) . Assume that the initial situation is the following one:

Y = ( a, b, c︸ ︷︷ ︸
1st area

; d, e, f︸ ︷︷ ︸
2d area

).

A between-type income transfer occurs and the new situation is:

Ỹ = (a, b, c+ ε; d, e, f − ε).

Such a transformation in such a configuration could be decomposed into two basic

transformations:

1. A fictitious individual located in the first area and endowed with the same

income than the donor is created:

Y1 = (a, b, c+ ε, f ; d, e, f)

2. An income transfer within the first area between the fictitious individual and

the receiver:

Y1 = (a, b, c+ ε, f − ε; d, e, f)

3. A switch of two individuals:

Y2 = (a, d, c+ ε, f ; d, e, f − ε)

Of course, we do not appraise segregation in Y and Y1 in the same way. How-

ever, the point is not to compare segregation level but rather to assess the change

in segregation after a between-area transfer of income. We argue that compar-

ing Y1 and Y2 might be similar to comparing Y and Ỹ under a specific require-

ment. The presence of this fictitious individual is purely instrumental only if the

ranking of the mean incomes are not changed, i.e. sgn (a+ b+ c− (d+ e+ f)) =

sgn
(
a+b+c+f

4 − d+e+f
3

)
.

In the case where the donor is richer and lives in a poorer area than the receiver,

i.e. f > c and a+ b+ c > d+ e+ f , the income transfer within the first area leads

to increase the segregation measure and the switch of two individuals participates

also to increase the segregation measure. For the opposite case (the donor is poorer

and lives in a richer area than the receiver), the conclusion is the opposite (the
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segregation decreases). For the two other cases, inconclusiveness emerges naturally.

IV Economic segregation in French urban areas

The residential segregation has discussed among the social scientists and in the

public debate for a twenty years. By studying changes in social class and income

composition of the close neighbourhoods, Maurin (2004) shows that income segre-

gation has been stable over the period from 1991 to 2002. Préteceille (2006) studies

the geographical breakdown of social classes in Paris urban area by using the dis-

similarity index. The author shows that the most privileged social classes are more

segregated than the popular categories. White-collar workers3 and executive em-

ployees4 tend to be less segregated in 1999 than in 1990. To contrary, segregation

has increased between 1990 and 1999 for the blue-collar workers. Recently, some

papers investigate the segregation of immigrants or ethnic segregation (see for in-

stance Verdugo (2011), Safi (2009) or Pan Ké Shon (2010)). Our study complement

these empirical investigations by studying how income segregation has changed in

French urban areas during the 2000s.

Some segregation measures have been used in several papers in order to un-

derstand the segregation in the US cities (for instance, Jargowsky (1996), Kim and

Jargowsky (2005), Yang and Jargowsky (2006) or Wheeler and La Jeunesse (2007)).

Recently, using the census tract level family income data, Watson (2009) shows that

income segregation has increased between 1970 and 2000 in 216 US urban areas.5

Moreover, inequality is found to be positively correlated with the NSI.

IV.1 Database description

We present first the Revenus Fiscaux Localisés database, provided by INSEE6, and

used in this sub-section. This database provides, over a 8 year period (2001-2008)

and for each area unit, the mean and the median income, the Gini coefficient, the

quartiles and the deciles. The area unit considered by INSEE is the IRIS 7, defined

as an area comprising between 1800 and 5000 inhabitants. IRIS are uniform in their

habitat type and their borders are based on the large cuts in the urban area, such

3Employés and professions intermédiaires.
4Cadres and professions libérales.
5The author uses the census tract as the definition of a local area. As such an area is composed by

roughly 4,000 people, her results could be compared with ours.
6Institut National de la Satistique et des Etudes Economiques
7IRIS : Ilots Regroupés pour l’Information Statistique.
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as main roads, railways, rivers ... This spatial unit is close to the principle of Tract

in the USA. Note that an important characteristic of this database is that INSEE is

using exhaustive files providing by the Direction Générale des Impôts rather than

a sample of inhabitants.

The definition of income adopted for our study is the taxable income, which

is established from two different files of the income statement and property tax.

INSEE estimates the taxable income for several geographical levels. The taxable

household is an ordinary household formed by the combination of taxable families

listed in the same dwelling. The taxable income is the amount of resources reported

by taxpayers on the income statement, before any reduction (which is not equivalent

to the concept of disposable income). Therefore this income variable accounts for

wages, unemployment benefices, pensions, capital income and non salaries revenue.

The income is expressed in Consumption Unit, which accounts for the size and

the structure of household into consideration. Indeed, differences in household struc-

ture between areas are sometimes such that the fact of using income per consumption

unit offers a different picture of levels and differences in relation to reasoning per

household or per person. This equivalence scale is commonly used by INSEE and

Eurostat to study income and expressed as equivalent adult. For a given household,

the first adult counts for one consumption unit, while the remaining persons count

for 0.5 consumption unit if they are more than 14 years old, and children (less than

14 years old) count for 0.3 consumption unit.

We calculated the NSI for 7 years (2001, 2002, 2004, 2005, 2006, 2007 and 2008)

for the 30 biggest urban areas and computed it for different geographical levels,

testing different scales of spatial areas. Indeed we first computed the NSI for the

IRIS level, then for the Grand Quartier level, which are less fine partitions of the

urban areas. More precisely, a Grand Quartier is defined as a grouping of several

adjoining IRIS inside a city. The size is variable but respects some population

norms. A city with 20 000 inhabitants is generally divided into less than 3 Grand

Quartier and few cities with less than 10 000 inhabitants are identified as a unique

Grand Quartier.

Table I presents some general information related to our database, including, for

each city, the population expressed in consumption unit, the number of IRIS and

Grand Quartier, the absolute variation of the number of IRIS and Grand Quartier,

and the variation of the population over the period considered (2001-2008). The

last column presents the share of population accounted for, dropping the population

belonging to IRIS for which at least one piece of information of the Revenus Fiscaux

Localisés database is not available.
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Table I near here.

IV.2 Results

In this section we present our empirical results, which exhibit, for the two scales

considered (Grand Quartier scale and IRIS scale), a decrease in segregation over

the considered period. Furthermore, we perform the inter-city comparison based on

their ranking and their NSI values and we investigate the nature of the relationship

between income segregation and income inequality.

A slightly decrease in segregation. Table II presents the evolution of the mean

values of the NSI and some inequality index. Each city is weighted by the size

of its population in 2007 in order to estimate the average segregation experienced

by people. Whatever the geographical scale, income-based segregation increases

between 2001 and 2004 and then decreases. In 2001, 32% of income inequality (as

measured by coefficient of variation) can be explained by the inequality between

IRIS, while this rate is 30% in 2008. At the same time, inequality as measured by

Gini index and the coefficient of variation increases over the considered period.

Table II near here.

Inter-city comparisons. Table III gives the ranking of the 30 biggest urban areas

when the IRIS and Grand Quartier scale are considered. Table IV gives the values

taken by the NSI.8 According to the IRIS scale, the cities of Bayonne, Nice and

Bordeaux are the less segregated city of the largest French cities throughout the

considered period, while the most segregated urban areas are Le Havre and Lille.

Analyzing the breakdown of people among Grand Quartier rather than IRIS does

not change significantly the picture. Figures 1 to 4 show the correlation of ranks

as well as values of NSI between 2001 and 2008. We notice a certain stability over

time of the ranking based on the breakdown of people among Grands Quartier. The

picture is less clear when distribution of the population between IRIS is studied.

The rank can significantly differs between the two years (see for instance Paris or

Nantes). However, as we can deduce from the figure 3, these changes might be

explained rather close NSI’s values, for which a small change in the NSI’s value can

cause important changes in the ranking. Finally, it should be noted that most of

NSI values in 2008 are lower than 2001 ones as illustrated in figures 3 and 4.

Table III near here.

8As an ordinal measure, the NSI is particularly useful to classify and rank urban areas. But it cannot
quantify the segregation and indicate whether segregation represents an amount x or y.
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Table IV near here.

Figure 1 near here.

Figure 2 near here.

Figure 3 near here.

Figure 4 near here.

Figure 5 allows us to compare the ranking generated by IRIS scale and Grand

Quartier scale for each year of the period. The two rankings seem to be strongly

correlated even if this is less clear among the less segregated cities. This pattern is

confirmed by a simple estimation of the coefficient of correlation : the unweighted

coefficient is equal to 0.9097 (for all cities and for all years) and the null hypothesis

that the ranks according to IRIS and the ranks according to Grand Quartier are

independent is rejected (p-value < 0.001). Figure 6 depicts the relation between

both scales in terms of NSI values which illustrates the proposition 5. With respect

to this proposition, migrating from IRIS scale to Grand Quartier scale should not

increase the segregation. Indeed, all the points are located under the first bisector.

This figure highlights also the strong correlation between NSI calculated on the

basis of IRIS and on the basis of Grand Quartier. The unweighted coefficient is

equal to 0.9168 (for all cities and for all years) and is significantly different to zero

(p-value < 0.001).

Figure 5 near here.

Figure 6 near here.

Segregation by income and income inequality. Figures 7 and 8 represent the cities

according to both scales. Whatever the scale considered, there is no clear relation

between inequality (measured with Gini index) and segregation. The coefficient of

correlation between the Gini ranking and the segregation ranking generated by the

IRIS -based NSI is low (0.2805) but statistically different to zero (p-value < 0.001).

The same conclusion emerges when we study how the Gini ranking and the ranking

of the NSI based on the Grand Quartier (0.2866, p-value < 0.001). However, given

that there are several observations per each city, it is likely that this estimate of the

correlation does not make any sense. Consequently, we use a simple tobit model

with random effects in order to estimate the link between the NSI’s rank and the

Gini’s rank.9 It appears that the rank with respect to the Gini index does not

9The purpose of these simple econometric estimates is not to give a complete overall explanation of
the segregation rankings and measures but to give an idea of the correlation between inequality and
segregation.
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influence the rank with respect to the NSI. More precisely, we find:10

NSI RankIRIS = 14.36∗∗∗ + 0.04 . Gini Rank

N=203 W=0.16 (p=0.6895) ; ρ=0.86

L=−560.99

NSI RankGQ = 14.68∗∗∗ + 0.03 . Gini Rank

N=203 W=0.10 (p=0.7577) ; ρ=0.95

L=−477.87

Interestingly, thanks to a similar tobit model with random effects, we find that the

value of NSI is negatively correlated with the value of Gini index.11 That is to

say, more a city is equal, more segregated the city is. The econometric results are

summarized as follows.

NSIIRIS = 0.98∗∗∗ − 1.84∗∗∗ . Gini

N=203 W=71.73 (p=0.000) ; ρ=0.94

L=476.14

NSIGQ = 0.86∗∗∗ − 1.64∗∗∗ . Gini

N=203 W=81.81 (p=0.000) ; ρ=0.96

L=500.04

Figure 7 near here.

Figure 8 near here.

IV.3 Beyond the results

One may argue that the NSI suffers from its lack of spatially. Nevertheless, we

argue that the use of at least two levels of subdivision of the city in local areas can

10Three-stars means that the coefficient is significantly different to zero at 99% ; two-stars means that
the coefficient is significantly different to zero at 95% ; W is the Chi-2 Wald statistic of test ; ρ is the
percent contribution to the total variance of the panel-level variance component.

11The computation of the coefficient of correlation tells us that the correlation between the Gini
values and the NSI values is low but significant : Corr(Gini,NSIIRIS) = 0.1706 (p-value = 0.015) and
Corr(Gini,NSIGQ) = 0.1907 (p-value < 0.001).
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reveal spatial pieces of information, even though the segregation is measured with

the NSI.

Consider the three following cities populated by two groups of individuals (rich

(R) and poor (P)). The three cities have the same spatial pattern, that is, each city

is made up of two Grand Quartier (North and South) and each Grand Quartier is

divided in two IRIS (East and West). The three cities differ in their breakdown of

these two groups into the local areas.
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Let compare cities A and B. It is obvious that the two cities have the same value

of NSI calculated on the IRIS scale. However, the breakdown of the two groups

among the two Grand Quartier differs significantly from a city to another. Indeed,

North and South are socially heterogeneous in A and homogeneous in B, while each

IRIS is socially uniform. This simple example could illustrate the comparison of

Paris with Toulon in 2001 or of Nantes with Valenciennes in 2008.

Another interesting case is the comparison of the city A with the city C. Ac-

cording to the NSI calculated for Grand Quartier scale, the two cities are equivalent

in terms of income segregation, namely 50% of rich and 50% of poor people both

(North and South) areas. Indeed, the composition of the two areas is the same in

both cities. But the IRIS are more homogenous in A than C, actually areas are

socially mixed in C while they are homogeneous in A. In other words, city A and

C have the same macro-breakdown of people, while they have a different micro-

breakdown of people. This illustrates the comparison between Nice and Nantes in
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2001 or Lyon and Montpelier in 2008.

These two examples illustrate the capacity of the NSI to exhibit pieces of infor-

mation that are link to the spatial dimension of the segregation by income.

V Conclusion

The goal of this article is to lay out a set of properties satisfied by a measure of

residential segregation by income: the Neighborhood Sorting Index. We considered

basic properties, that should be satisfied by a good measure of segregation, as well

as properties related to the potential demographic trends. Furthermore, properties

satisfied by the NSI, with respect to impacts of potential public policy, are stud-

ied. This article concludes with an illustration as part of the measurement of the

residential segregation by income in the 30 largest French cities.

As pointed out in the previous sections, the NSI is an appropriate measure

of segregation for continuous variable and consequently very appealing for applied

analysis. The necessary dataset for the implementation of the NSI is not prohibitive,

as shown previously. Furthermore, we show that the NSI can compare cities with

different number of individuals and/or different number of areas and/or different

overall mean income, and does not depend on whether areas are labelled or whether

individuals within areas are named. Eventually, even though the segregation is

measured with the NSI., we show that the use of the NSI can reveal spatial pieces

of information, despite its non-spatial dimension.
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A Proofs of propositions

A.1 Proof of proposition 1 (Scale interpretability)

The proof of this proposition is straightforward.

If yji = µj for all j ∈M , then V (Y j) = 0 for all j ∈M and Vw =
∑
j∈M

nj

n V (Y j) =

0. Obviously, V (Y ) = Vb(Y ) and NSI = 1 if µj 6= µj
′

for two at least areas j and

j′ such that j 6= j′ ∈M .

If µj = µj
′

for all j and j′ such that j 6= j′ ∈M , Vb(Y ) = 0. Then NSI = 0.

A.2 Proof of proposition 2 (Symmetry)

Symmetry within areas :

Consider two cities C = (P, Y ) and C̃ =
(
P̃ , Ỹ

)
such that Ỹ j = Y j ∀j ∈M/{p} and

Ỹ p = DpY p for one p ∈M with Dp a permutation matrix. It is straightforward to

show that V (Ỹ p) = V (Y p). Then, Vb(Ỹ ) = Vb(Y ) and NSI(Y ) = NSI(Ỹ ).

Symmetry between areas :

Consider two cities C = (P, Y ) and C̃ =
(
P̃ , Ỹ

)
such that Ỹ = Y with D a per-

mutation matrix of areas. It is straightforward to see that V (Ỹ ) = V (Y ) and

Vb(Ỹ ) = Vb(Y ). Hence, NSI(Y ) = NSI(Ỹ ).

A.3 Proof of proposition 3 (Principles of Population)

Within-area replication invariance :

Consider two cities C = (P, Y ) and C̃ =
(
P̃ , Ỹ

)
. The latter is obtained from the

former by a transformation which states that the population within each area is

replicated α times.

By definition, ñj = αnj and ñ = αn. Areas’ mean incomes stay unchanged:

µj = µ̃j ; then, variance of areas’ mean incomes does not changed: Vb(Y ) = Vb(Ỹ ).

It is also obvious that overall variance of incomes is stable:

V (Ỹ ) =
1

ñ

∑
j∈M

ñj∑
i=1

(ỹji )
2 − µ̃2 =

1

αn

∑
j∈M

nj∑
i=1

α(yji )
2 − µ2 = V (Y )

Hence, NSI(Y ) = NSI(Ỹ ).

Area replication invariance .

Consider two cities C = (P, Y ) and C̃ =
(
P̃ , Ỹ

)
two cities. The latter is obtained
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from the former by a transformation, which states that all areas are replicated `

times. Obviously: |M̃ | = `|M |; ñ =
∑
j∈M̃ ñj =

∑
j∈M `nj = `n; µ = µ̃. The

overall variance and the variance of mean incomes are unchanged:

V (Ỹ ) =
1

ñ

∑
j∈M̃

ñj∑
i=1

(ỹji )
2 − µ̃2 =

1

`n

∑
j∈M

`

nj∑
i=1

(yji )
2 − µ2 = V (Y )

Vb(Ỹ ) =
1

ñ

∑
j∈M̃

ñj(µ̃j)2 − µ̃2 =
1

`n

∑
j∈M

`nj(µj)2 − µ2 = Vb(Y )

Hence, NSI(Y ) = NSI(Ỹ ).

A.4 Proof of proposition 4 (Absolute and relative invariance)

Relative invariance :

Consider two cities C = (P, Y ) and C̃ =
(
P, Ỹ

)
such that there exists λ ∈ R+:

ỹji = λyji . It is straightforward to show that:

V (Ỹ ) =
1

n

∑
j∈M

∑
i∈Nj

(λyji )
2 − (λµ)2 = λ2V (Y )

Vb(Ỹ ) =
1

n

∑
j∈M

nj(λµj)2 − (λµ)2 = λ2Vb(Y )

Hence, NSI(Y ) = NSI(Ỹ ).

Absolute invariance :

Consider two cities C = (P, Y ) and C̃ =
(
P, Ỹ

)
such that there exists γ ∈ R+:

ỹji = yji + γ. It is straightforward to show that:

V (Ỹ ) =
1

n

∑
j∈M

∑
i∈Nj

(yji + γ − µ− γ)2 = V (Y )

Vb(Ỹ ) =
1

n

∑
j∈M

nj(µj + γ − µ− γ)2 = Vb(Y )

Hence, NSI(Y ) = NSI(Ỹ ).
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A.5 Proof of proposition 5 (Sensitivity to areas aggregation)

Consider C = (P, Y ) and C̃ =
(
P̃ , Y

)
two cities. By definition, if C̃ is obtained from

C by means of an aggregation of areas p and q if for P =
{
N1, ..., Np, ..., Nq, ..., Nm

}
and P̃ =

{
Ñ1, ..., Ñm−1

}
, then :

N j = Ñ j , ∀j < q, j 6= p and N j = Ñ j−1 , ∀j > q

Np ∪Nq = Ñp

np + nq = ñp

µ = µ̃

npµp + nqµq = ñpµ̃p ⇔ (µ̃p)2 = [δµp + (1− δ)µq]2 (6.1)

with δ = np

ñp and (1− δ) = nq

ñp

Hence,

S(C) ≥ S(C̃)⇔
∑m
j=1 n

j(µj − µ)2 ≥
∑m
j=1 ñ

j(µ̃j − µ̃)2

⇔ np(µp)2 + nq(µq)2 = ñp(µ̃p)2 (6.2)

From (6.1) and (6.2), it follows that

S(C) ≥ S(C̃)⇔ δ(µp)2 + (1− δ)(µq)2 ≥ [δµp + (1− δ)µq]2

⇔ (µq − µp)2 ≥ 0

A.6 Proof of proposition 6 (Segregation under movements)

A.6.1 Unilateral movements

Let C = (P, Y ) and C̃ =
(
P̃ , Ỹ

)
two cities. By definition if city C̃ is obtained from

the city C by means of a movement of an individual from p to h. By simplicity, we

consider that individual np moves from p to q. Then:

ỹqnq+1 = ypnp

ỹji = yji for j = p and i 6= np

ỹji = yji for all j 6= p, q and i =
{

1, ..., nj
}

µp < µq and µ̃p < µ̃q.

µ = µ̃ and µj = µ̃j , for all j 6= p, q

Hence,

S(C) > S(C̃)⇔ np(µp−µ)2+nq(µq−µ)2 > (np−1)(µ̃p−µ)2+(nq+1)(µ̃q−µ)2

⇔ np(µp−µ)2 +nq(µq−µ)2 > np(µ̃p−µ)2 +nq(µ̃q−µ)2− (µ̃p−µ)2 + (µ̃q−µ)2

⇔ np[(µp − µ)2 − (µ̃p − µ)2] + nq[(µq − µ)2 − (µ̃q − µ)2] > (µ̃q − µ)2 − (µ̃p − µ)2
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Progressive movements of a rich individual

By definition, such a transformation increases mean income of area q and de-

creases the one area p. Thus between-variance component decreases whereas overall

variance is unchanged.

Progressive movements of a poor individual

By definition, such a transformation increases mean income of area p and de-

creases the one of area q. Thus between-variance component decreases whereas

overall variance is unchanged.

A.6.2 Switch

Let C = (P, Y ) and C̃ =
(
P̃ , Ỹ

)
two cities, within which two individuals k and h

are located in area p and q respectively. By definition if city C̃ is obtained from the

city C by means of a progressive switch of individuals k and h, then:

ỹpk = yqh

ỹqh = ypk

ỹji = yji for j = p, q and i 6= k, h

ỹji = yji for all j 6= p, q and i =
{

1, ..., nj
}

ypk < yqh, µp < µq and µ̃p < µ̃q.

µ = µ̃ and µj = µ̃j , for all j 6= p, q

Hence,

S(C) > S(C̃)⇔ np(µp)2 + nq(µq)2 > np(µ̃p)2 + nq(µ̃q)2

⇔ np
[
(µp)2 − (µp)2 − 2µp(yqh−y

p
k)

np − (yqh−y
p
k)

2

(np)2)

]
> nq

[
(µq)2 − (µq)2 +

2µq(ypk−y
q
h)

nq − (ypk−y
q
h)

2

(nq)2)

]
⇔ −2µp(yqh − y

p
k)− (yqh−y

p
k)

2

np > 2µq(ypk − y
q
h) +

(ypk−y
q
h)

2

nq

⇔ µq − µp > µ̃p − µ̃q

For a regressive switch of individuals k and h, the proof is similar.

A.7 Proof of proposition 7 (Internal transfer)

Let C = (P, Y ) and C̃ =
(
P, Ỹ

)
two cities and two individuals k and h located in

area p. If the city C̃ is obtained from the city C by means of a within-area income

regressive transfer then, for any δ ∈ R+:

ỹph = yph + δ and ỹpk = ypk − δ

ỹji = yji for j = p and i 6= k, h and ỹji = yji for all j 6= p and i ∈ N j
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µj = µ̃j for all j

yph > ypk
Hence,

S(C) > S(C̃)⇔ (yph − µ)2 + (ypk − µ)2 < (ỹph − µ̃)2 + (ỹpk − µ̃)2

⇔ (yph − µ)2 + (ypk − µ)2 < (yph + δ − µ)2 + (ypk − δ − µ)2

⇔ ypk − δ − y
p
h < 0

Let C = (P, Y ) and C̃ =
(
P, Ỹ

)
two cities and two individuals k and h located

in area p. If the city C̃ is obtained from the city C by means of a within-area income

progressive transfer then, for any δ ∈ R+:

ỹph = yph + δ and ỹpk = ypk − δ

ỹji = yji for j = p and i 6= k, h and ỹji = yji for all j 6= p and i ∈ N j

µj = µ̃j for all j

yph < ypk
Hence,

S(C) < S(C̃)⇔ (yph − µ)2 + (ypk − µ)2 > (ỹph − µ̃)2 + (ỹpk − µ̃)2

⇔ (yph − µ)2 + (ypk − µ)2 > (yph + δ − µ)2 + (ypk − δ − µ)2

⇔ ypk − δ − y
p
h > 0

⇔ ypk − ỹ
p
h > 0

B Database description and results
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NSI based on: Income inequality
IRIS Grand Quartier Gini index Coeff. of variation

2001 0.3230 0.2796 0.3819 1.0704
2002 0.3243 0.2819 0.3827 1.0612
2004 0.3250 0.2830 0.3888 1.0820
2005 0.3168 0.2761 0.3904 1.1267
2006 0.3069 0.2675 9.3948 1.2018
2007 0.3024 0.2637 0.3972 1.2441
2008 0.2972 0.2596 0.3993 1.2518

Table II: Income segregation and income inequality (weighted mean)
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éa
n

s
0.

32
8

0.
29

9
0.

32
0

0.
29

0
0.

30
6

0.
27

6
0.

30
3

0.
27

3
0.

30
0

0.
27

1
0.

29
8

0.
2
6
8

0
.2

9
0

0
.2

6
1

R
en

n
es

0.
29

1
0.

23
0

0.
30

4
0.

24
0

0.
30

3
0.

23
9

0.
28

4
0.

22
2

0.
28

1
0.

21
9

0.
25

5
0.

2
0
1

0
.2

6
3

0
.2

0
7

L
e

H
av

re
0.

40
7

0.
37

1
0.

43
4

0.
39

9
0.

40
0

0.
36

8
0.

40
5

0.
37

1
0.

40
1

0.
36

7
0.

39
5

0.
3
6
1

0
.3

6
5

0
.3

3
2

M
u

lh
ou

se
0.

37
4

0.
33

1
0.

37
2

0.
33

0
0.

36
9

0.
32

8
0.

37
0

0.
32

8
0.

36
2

0.
32

3
0.

36
3

0.
3
2
4

0
.3

4
9

0
.3

1
3

D
ij

on
0.

27
3

0.
21

9
0.

33
4

0.
27

0
0.

31
0

0.
25

1
0.

32
1

0.
26

2
0.

31
2

0.
25

1
0.

30
1

0.
2
4
3

0
.2

8
9

0
.2

3
5

A
n

ge
rs

0.
32

5
0.

24
6

0.
31

7
0.

23
9

0.
31

1
0.

23
4

0.
30

1
0.

22
7

0.
29

5
0.

21
4

0.
28

7
0.

2
0
9

0
.3

0
0

0
.2

1
8

R
ei

m
s

0.
36

2
0.

35
0

0.
35

6
0.

34
5

0.
34

7
0.

33
5

0.
33

6
0.

32
5

0.
33

7
0.

32
5

0.
28

4
0.

2
7
3

0
.2

9
3

0
.2

8
6

L
e

M
an

s
0.

33
7

0.
30

9
0.

33
6

0.
30

6
0.

33
1

0.
30

1
0.

32
0

0.
29

2
0.

29
8

0.
27

2
0.

31
5

0.
2
8
6

0
.2

9
7

0
.2

7
4

B
ay

on
n

e
0.

18
1

0.
13

9
0.

19
2

0.
14

8
0.

20
8

0.
15

8
0.

18
9

0.
14

6
0.

20
3

0.
15

9
0.

20
0

0.
1
5
4

0
.1

5
3

0
.1

2
1

C
ae

n
0.

33
7

0.
29

1
0.

34
0

0.
29

3
0.

33
7

0.
29

1
0.

32
6

0.
28

1
0.

33
1

0.
28

5
0.

32
8

0.
2
8
1

0
.2

9
2

0
.2

4
9

T
ab

le
IV

:
V

al
u

es
of

N
S

I
p

er
ye

ar

33



C Figures

34



Bay

Avi

Sai

Met

Toul

Lyo

Mar

Par

Nic

Cae

Dij

Tou

Bor

Mon

Ren

Tour

Gre

Nan

Orl

Ang

Rei

Nanc

Val

Lil

Str

Mul

LeM

LeH

Rou

0
5

1
0

1
5

2
0

2
5

3
0

N
S

I 
R

a
n
k
 i
n
 2

0
0
8
 (

ir
is

)

0 5 10 15 20 25 30
NSI Rank in 2001 (iris)

Figure 1: Rankings according to the NSI based on IRIS in 2001 and 2008

Bay

Avi

Sai

Met

Toul

Lyo

Mar

Par

Nic

Cae

Dij

Tou

Bor

Mon

Ren

Tour

Gre

Nan

Orl

Ang

Rei

Nanc

Val

Lil

Str

Mul

LeM

LeH

Rou

0
5

1
0

1
5

2
0

2
5

3
0

N
S

I 
R

a
n
k
 i
n
 2

0
0
8
 (

G
ra

n
d
 q

u
a
rt

ie
r)

0 5 10 15 20 25 30
NSI Rank in 2001 (Grand quartier)

Figure 2: Rankings according to the NSI based on Grand Quartier in 2001 and 2008
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Figure 3: The values of the NSI based on IRIS in 2001 and 2008
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Figure 4: The values of the NSI based on Grand Quartier in 2001 and 2008
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Figure 5: Annual ranking according to the scale of area unit
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Figure 6: The value of the NSI according to the scale of area unit
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Figure 7: Correlation between Gini index and NSI based on IRIS
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Figure 8: Correlation between Gini index and NSI based on Grand Quartier
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