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Social segregation around the clockn the Paris region (France)

Summary

While social scientists havevested a lot oénergyin exploringthe uneven distribution of
social groups in the city, they have surprisingly limited their effortswestigatingsocial
segregation aheplace of residence. The present paper invessgatgal segregation over the
24 hoursa day in the Paris regignaking into account how social groups move within a city
throughout the day.

From alarge and precise daityavel surveycarried out in the Paris region (EGT 2010) among
25500respondentagedl6 or over we have computed segregation indices and maps hour by
hour from U HV S R @@ueafional/dhd socioprofessional indicat®ke then observed that

social segregation within the Paris region decredseng the daynd thathe most segregated
group(theupper class grouguring the night remains the most segregated during tha/ay

also exploredhow the co-presencédetweervarioussocial groupgvolves throughout the day.

Finally, we highightHG VRPH ODUJH YDULDWLRQV LQ rQLWomsiLFWVY
districts with similar social composition during the night differ deeply in their social
composition duringhe day-time because ofocially selective daily trips

Exploring social segregatioaround the clochelps in consideringmore dynamicallyplace
effectson individual behavioandtargeting areas to implemeinterventionsmore connected
with the real city rhythm

Keywords: social segregation, daily mobility, travel dasativity-based approach

Highlights

- Segregation arounthe clockwas explored from a travel surveRdris regioh

- At city scale, scial segregatiors lower during the dathan during theaight

- The uppeclassis the most segregated group durthgnightandthe day

- Atlocal scale, ODUJH YDULDWLRQV LQ GLVWUL&®YT VRFLDO F
- Dalily trips which are socially and spatially selective alter maps of social groups
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1 Context

1.1 Research justification

The present paper investigatmcial segregatiofdefined as theneven spatial distribution of

social groupsover the 24 houra day within a metropolitan areataking into account how

social groups move within a city throughout the day. At least three reasons support the

importanceof exploringsocial segregation amad the clock. Fir$y, neighborhood attributes

and neighborhood effectsoth have to be considered dynamicalklgking into account

population daily mobility When moving,inhabitantsmay indeedbe exposedo different

neighborhoods and social contextslaonverselytransform the social context mfhabitants

who do not move (Wong and Shaw, 2011). Education, employmramalth issues could then

EH UHODWHG QRW RQO\ WR UWVPRBH QMWIUEHOWW & DB DR B \ 3

segregabin. Seconly, public and municipal actors may find it more efficient to implement

interventions in areas with high concentrasiah specific social groups not only during the

night but also during the day. Crossing information alnagit-time and dajtime segregation

would thenbe useful for every actioaimingto reduce social inequalities in the city. Finally,

social segregation around the clock may also contributeetenhancement afbanmodels of

VRFLDO VWUXFWXUHYVY DQG G\RH@WHG FHEOWMYV BERRXME R UU
R\illes éclattes 0D\ HW DO LQWHJUDWH QRWLRQV VXFK

and exclusionbut few quantitativenalysesonsidethow social groupsix or are isolated in

a city on a daily basis

1.2 A brief combined review of segregation and daily mobility

Social scientists havavested a lot odnergyover a number alecadeto measuringroperly

the uneven distribution of social groups in the city. For a long time, scientific debate about

segregation was focused on the bias and redundancy of segregation indices (Hornseth, 1947,

Jahnet al, 1947;Williams, 1948;Jahn, 1950Cowgill and Cavgill, 1951), on the weaknesses

of theindex of dissimilarity (Corteset al.,1976 Taeuber and Taeuber, 19M\assey, 1978;

Massey and Denton, 1988y on the development of spaljghware measures of segregation
*UDQQLYV 5H D U G R Q0@ Q/&ite, e330Wany, R@5). However, they

have surprisingly limited their efforts tanvestigatingsegregation @heplace of residence and

have not explorel the geography of social groups duritite daytime. Even if the term

SRFFXSDWLR®YDRQV HAWH JHayaf b fhé Méeraiu@e, it was only to designate

either the uneven residential distribution of occupatjmups (Duncan and Duncan, 19%6

the uneven distribution of sociodemographic grogmpsinly male versus femgleamong

occumtional categories without spatial consideration (Abrahamson and Sigelman, 1987).

While census data could have bemsedto measurevorkplacesegregation, empirical studies

on workplace segregation are scarce and relatively new (Hellerstein and Neumark, 2008;

Aslund and Skans, 2010). Investigatiig characteristics of caorkers at an establishment

level in US or Swedish cities from employmetdtabases, these studies producaidable

information on ethnic segregation patterns but did not provide information on thengay

localization of social groups within the city. In that veime study byEllis et al (2004) has to

be mentioned. The #hors compared levels of residential and work tract segregation for native

and immigrant groups in Los Angejd®wever focusing ortheworking-class population, they

do not consider people that are not working nor the effect of othes kindaily activity

(leisure, shopping, etc.).
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For a long time, studies about dtiye population (Chapin and Stewart, 1953; Foley, 1952
1954) have been ignored in segregation literature. Mechanisms of segregation and of daily
mobility could yet benefit from being comigid: daily mobility is socially differentiated
according to soci@emographic characteristicB V KLJK O L JK W ldady Ebdbiity $tetX L O TV
of the art (2002)and can either promote interactions between different social graaps
suggested iimore andless recentiterature (Park, 1925;Urry, 2002) or, on the contrary
reinforce avoidance practices or affinity aggregation of certain social groups (Chamboredon
andLemaire, 1970; Authier, 1993).

Only recently, several authors have explored urban segreghbm an activitybased
approach. For this purpose, tirgeographic analysis methods have been developed to compare
the shapes of activity spaces for memberslistinct social groups. This first type of work
focuses on the sociospatial isolation of agnts, as developed by Lee and Kwan (2011) for
Koreans in Columbus (USA). Another group of papers takes into account the social
FKDUDFWHULVWLFV RI SODFHV FURVVHG LQ SHRSOHYV DF
members of different social groupsdtiher social groups in respedttbe spaces in which they
conduct their everyday life. For example, to study ethnic segregasontheast FlorigdVong

and Shaw (2011) proposed an exposure measure using a travel survey to implement activity
spaces andensus data to socially qualify the visited neighborhoods. With the same kind of
approachand using information on daily mobility from a health suryé§rivo et al. (2013)
showed for socioeconomic and ethnic groups in Los Angeles that residents of lzottagdst

and disadvantaged neighborhoods experience social isolation when they travel through the city
to conduct their dailyctivities Nevertheless, these studies face the &itiwih of considering

the social composition o€rossedneighborhoodsn the ativity spacesaccording toresident
characteristics and ndheir variations during the daylranscendinghis limitation recent
studieshavetaken into account the dynamics of space by using large travel suovayobile

phone dataset Palmer (2013)for example proposedD UD QJH R ispabe-sagregatidh\

L Q G H fietived from well-tested residential segregation indexes but taking into account
individual daily scheduleand the time spen the different census tractin a similar vein,

Silm andAhas (2014) described the spatiotemporal variation of segregation indexes computed
from a mobile phone dataset for Russians living in Tallinn (Estonia). They identified significant
differences in the level of segregation of the group according to theohthe day, weekdays

and weekeng] and seasonal rhythmBinally, Farber et al. (2015) proposed a reproducible
exposuremeasure based on potential opportuniftessocial contact for members of different
social groups by taking into account the intensecdf their spatiotemporal activity patterns.

1.3 Objectives

Following a similar activitybased approachhe present papexplores social segregation
around the clock in the Paris region using a large daily travel survey carried out in the Paris
region amon@5500 respondentgedl6 or over. Fourobjectivescan be distinguisheaere

JLUVW ZH DLP WR FRP S D UightF/OLDR&Hf edatiGriFeSidéXceb Bbed)Ruith? Q
measures of G PW L Béfjfegation (activitpased). Therevious fewpapers dealing with this
guestion underlined that ethnic segregation decreases significantly during the afternoon in the
capital of EstonigSilm and Ahas, 20149r when comparing work tract segregation and
residence tract segregation in Los Angeles (Ellis et al., 20@4)ve observaimilar findings

3
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about sociategregation inhe Paris region? Are there some specific periods during thm day
which segregation is especially low or high?

The second objective of the paper is to identify the most segregated moboply during the

night, but also during the day. While urban segregation and deprivation ardirgfeghin many

public policy statements, some studie$aris (Préteceille, 2006) and in other European cities
(Musterd, 2006)have shown from residentibbsed data thahe upper clasds the most

segregated group. Do daily trips, which are socially diffeagedi in terms of distance and type

of activity, alsogivethe XSSHU FODVYV 3WKH DZDUG  RdumgtieBRVW VHJL

In a third step, we explorgocial segregationver 24 hourgrom the co-presence of various
social groups inthe same urbarareas.Term of %o-presencé - defined as simultaneous
presencefandividuals in the same plaedhas bee'SUHIHUUHG WR WKH (Ut¢hUP R 3L
used in some quantitative segregation studiex)espatial proximity between social groups
does notimply necessarily social contacts or real interactions (Chamboredon and Lemaire,
1970).Qualitative work on the French bourgeoisie showed how the dominant class promotes
living with peers and deliberately keeps other social classes away from its favaciés p
(Pincon and Pin¢coefharlot, 2007). How stromyg doesthe upper class keefs distance from

other social groups when they carry out their activities during theatiaydo these behaviors
extend to other social groupB® probabilitiesof co-presence between upper and lower class
members remain similar over2d4 hour period? At what time guesence probabilities are the
lowest?

Lastly, our analysis of social segregation around the clocls &mpinpoint areas with
substantial changesQ WKHLU SRSXODWLRQYV VRFLDilEsHRASIRVLWLR
distribution of social groups in the Paris regiorganized around a west/east divisisnnow

fairly well known (Préteceille, 20063ome studies focusing on particular neighborhdwde

underlined how far visiting populations mdiffer socially from resident populations and how

strondy the nonresident populations may contribute to the social labelirgpuofe areasfor

example in the case othe ChateauRougeneighborhood in P& (Chabrol, 2011). Howdo
sociospatial divisionstraditionally observed from residentibhsed dataevolve around the

clock?

2 Data

2.1 Household travel survey

The Enquéte Globale TranspofEGT) is a large household travel survey carried out every ten
years in the Paris region ({ee-France) since 1976. In the present paper, we trsethst
edition (EGT201Q STIFFOMNIL-DRIEA) which took place during two periods: from October
2009 to May2010 and from October 2010 to May 2QL&. over 1@6nonthsof survey$. This
survey provides a large amount of informatmmnthe daily mobility of inhabitants aged five
and older, in addition to household and individual characteristics.

About 15,000 households were selected and surveyed about their trips on weekdays (Monday
to Friday) and 3,000 about their trips at weekends (Saturday or Sunday). Data from more than
43,000respondentgand18,000households) were collected, with a total of 108,@rips.
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In the present research, we took into account respondents aged 16 years or over, considering
that younger people were not sufficiently autonomous in their daily mobility (Massot and
Zaffran, 2007). Of the 26,312 respondents during the week &gadadler, 813 were excluded

due to missing data in their daily mobility schedule or in socioprofessional or educational status.
The final sample contains 25,499 respondents aged 16 or over totti of 101814 weekdays

trips and 127,245 locations.

In EGT sample designthe Paris region has been subdivided into 109 distrigecteus " .
They correspond to groups of municipalities or arrondissements in &aticonsist of
approximately 100,000 inhabitantSmaller in inner Paris and larger in the phdral areas,
their sizes vary from 3 to 1,326 km2 (with a median area of 14 Biglyictsare theprimary
sampling unitsn EGT surveyin every distrtt, 400 to500 regdentshave beesurveyedamong
randomly selected households to ensaliableestimatest distict scale. Irthe present paper
district scale was theohosen @ investigatevariation around the clock isodal composiion
within the Paris regian

Weighting coefficients in the 2010 EGT survey were computed at household anduadivi
levels to afford every district the same distribution in household profile (size and housing type)
and population profile (age, sex, occupation, and socioprofessional group) as the distribution
observed in the 2008 French census. Every analysis pedsenthe present paper has been
made taking into account these weighting coefficients.

2.2 From trip dataset to location dataset

Every trip staring andbr endingin the Paris regiomade the day before the surwegsreported
by respondentsFollowing trip variableswere available: preciselocalization of place of
departure and place of arriaising a 100 square meters grid cdltne of departure and time
of arrival (with exact minutes)trip purposeand mode of transportation uséar the present
analysisthe tripdataset was transformed inttbaation dataset in whiofl) every locatiorwas
defined at district scale (i.e., the smallest scale which it is possibiggtegate resultslue to
the EGT sample design) ar{@) 24 houry time steps are defined for taking 24 cresstional
pictures of individuals' location.

To reduce spatiotemporal heterogeneity between trips occurriwngekends and on weekdays
(Buliung et al, 2008)we restrictd our dataset to weekday trips. As inmpdransportations
studies, we considered weekday t@g®ccurring D Qvérage working dayeven if there may

be some intrapersonal variability in travel behavior between days of the week (Monday to
Friday) and period of the year (Pas, 1987). As EGTesutook place from October to May,
variability related to summer time was excluded.

We kept trips occurring between 4:00 am (day before survey) and 3:59 am (day of survey) and
removed trips outside this windowndividuals who reported staying at home all day were
assigned to their district of residence over the entire observation period. Individuals were moved
WR D ILFWLYH SODFH 3:LQ WUDQVSRUWDWLRQ™ ZKHQ WKH\ :
mode dtransportation (Amar, 1993), such as walking andmariorized modes. In such cases,

half of the trip was considered as located in the district of origin and the other half as located in

the district of destination. This choice was motivated by thetfatt people usingpuman
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poweredmodes of transportation actively contribute to social interactions and social labelling
of spaces.

2.3 Social indicators

2.3.1 Description

From EGT dataabout U HV S R Qachidv@dax§l of educatigimitially in ten groupg, we
computecafirst social indicatocorresponding to the lowelstvel of education otheadultsin
the householdCalled pducational statuthis variablewas composed dur groups low
(middle school or less middlelow (high school without Bacalauréat) middle-high
(Baccalauréat totwo years after Baccalauréatgnd high (three years or more after
Baccalauréat

With the same educational datage computeda second variabléontinuou$ from the mean
number of years ofstudy achieved by every adult in the househatd/led gcholarship
durationq

From UHYV S R G&idpofé3siHndEGT data (initialy in 24 groupswhich werecombined
and rankell we computed social indicatorcorresponding to the lowesbcioprofessional
cakgory ofthe adults in the household. Calle&ocioprofessiorastatus), this variable was
composed ofive groups unemployequnemployed long terphousework)jow (workersand

domestic services); middlelow (employees craftsmen) middle-high (intermediary
professionals, merchants, farm operatoes)d high (managers intellectual professiais,

employers of more thaenemployees)

(*7 DOVR SURYLGHG LQIRUPDWLRQ DERXW WKH KRXVH]I
data (more than 20%yas too important to be usbdreto explore social segregation.

2.3.2 Methodologicakhoices

Instead of computing social indicators from an individual point of view, wethedwbusehold

level. Both appoaches can be discussed (Ch&@00) EXW LQGLYLG KDi§ndeE HKDYLF
by the contexin which they are socialized, notably theuseholdas a unit sharingocial and
economicresources. Sociglositionmay then sometimes be more relevant when computed at

the household levelvhen focsing on conditions of life, lifestylesr life chances, members

of the same family or household unit should be assumed to share the same socialgsosition

they influenceHD FK RIWIKM® YL G XD O (SdRehsellOFE RVLWLRQ

We decided to keethe lowest (and nothe highest)educational statuandsocioprofessiona

status inthe household for two reasons. Fieslucational or socioprofessiorgroupsissued

from 3ORZHVW ShaiREed ¥0ouhd to baore correlated witthe KRXVHKROGY{V LQF|
(when available) Secondthe four educationagroupsLVVXHG IURP SORZHVW SURF
found to bemoreevenly distributedW KD Q WKRVH LVVXHG IURRIiteKEGIKHVW S L
databaserespondents whose level of education viiisee years or morafter Baccalauréat

were gathered in a same educational category. Such aggregatiteh leadto get a high
educational category with nearly the half of the population (48%K LJKHVW SURFHGXUH’
beused
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In socioprofessioniastatus the 3 XemployeG category (which consistsf people living ina
household where at least one adult is unemployef@)ys to a large variety of situat®rit
includesfor examplehouseholdin whichevery adult is unemployed as well as houseiold
which one adulthasa higHy qualified job and another adult doing housewdkspite sich
(relatively common)heterogeneity irthe 3 X Q HP S O R\ H G, 'segrBgatibini &tbyding to
socioprofessiorastatus was interesting to investigatecompare witlsegregation acconak
to educational statusnd to discuswith findings from other studies

2.4 Description of the sample

The final sample was composed of 25,499 respondents agedié€rasith 101,814trips. The
number of respondents per district of residence varied from 124 to 406, with a median of 229.
The studied population was predominantly female (52.9%) and of working age (Table 1). Social
indicators related to socioprofessional status and ednehstatus were well distributed across

the population. The median valuesaholarship duratiowas 12 years.

Tablel: Sociodemographic characteristics of the sample

N weighted %
Male 11946 47.1%
Sex Female 13553 52.9%
1629 4820 18.4%
3089 5710 22.0%
Age (in years) 4049 5149 20.1%
5064 6074 23.7%
65 and over 3746 15.8%
Unemployed (unemployed long term, housework) 3105 14.6%
Low (workers and domestic services) 5970 22.5%
Socioprofessional Middle-low (employees, craftsmen) 5576 21.2%
status* Middle-high (intermediary professionals, merchants, farm operal 6686 24.4%
High (managers, intellectual professionals, employers of more t| 4162 17.3%
ten employees)
Low (middle school otess) 5170 21.0%
Educational Middle-low (high school without Baccalauréat) 7293 27.2%
status* Middle-high (Baccalauréat to two years after Baccalauréat) 6954 26.5%
High (three years or more after Baccalauréat) 6082 25.3%

Source: EGT, 201(5TIFOMNIL-DRIEA)
Note:* / RZHVW OHYHO DPRQJ KRXVHKROGYfV DGXOWYV

Figure 1 shows temporal counts of people aggregated according to their location and activity
type. Such graphical displays have been used often in recent demographic studies (Billari,
2001), but there are also somamples in earlier studies (Jones and Clarke, 1988). We observe

a marked morning peak hour between 8:00 and 9:00 and a smoothed afternoon peak hour
between 17:30 and 19:30, along with a light peak of return home trips between 12:00 and 14:00.
This tongueshaped figure is consistent with other studies dealing with time use and activity
based travel demand (Carlstein et al., 1978; Goodchild and Janelle, 1984). Commuting trips
structure the aggregated pattern in the location graph, since two thirds of inidivehyang

home go out of their district of residence, most of them to work or study. The proportion of
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recreational activities is significant from the afternoon onward and even becomes the most
important reason for leaving home after 18:00.

According to hese patterns, thréiene periodscan be distinguisheaighttime (23:00 to 8:00),
when people are at home; di@ye (8:00 to 18:00), when most people are working; and evening
(18:00 to 23:00), aa transient perioduring whichrecreational activitieare the most frequent
out-of-home activities These three periods will be used to compute specific indicators for
district classification (see below).

Location Activity

Millions of people
Millions of people
O = N W & U1 O N 0 O

O = N W & U1 OO N 0O O

04:00
05:00
06:00

M At home W Shopping
H At home M In the sector of residence B Working B In recreation

M In the Paris region In transportation

H Doing other activities In transportation

W Out of the Paris region B Out of the Paris region

Figure 1: Location and activity of the population ag&@ or over according to the hour of the day
(working day)

Source: EGT, 2010 (STIBMNIL-DRIEA)
3 Methods

3.1 Indicesof segregation

Fromthe EGT dataset locationggregation indicesiere computed houy (from 4:00 am to

3:00 am) regardlessf the day of theweek If individuals were in transportation (not

S DGKHUHQW"’ WKH\ ZHUH UHPRYHG IURP WKH FDOFXODWLR
commonly used in such workséasseyandDenton 1988), we selected sonm@ our research

questionin the light of their mathematical propertietheir complenentarity to measure

different dimensions of segregati¢@venness, concentratioexposure, centrality ogpatial

clustering andtheir potentialto consider social groupsimultaneous (mtigroup indices) or
separatelyunigroup indices).

3.1.1 Multigroup indices

To assess thextentof socialsegregationwithin the city by consideringpgether the different
social groups, wéave selected twoultigroup indexegReardonand Firebaugh 2002) the
Gini index and thenformation theoryindex. The first isa measure of disproportionality that
emphasizebow groups ardisproportionatelyepresented in each spatial utiite second is a

8
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measure of diversity thassessethe degree adocialmixity within the spatial units. Both vary
between 0 (no segregation) and 1 (maximum segregation).

The formula of the Gini index is:

s £ A A RR
L— | ey | d| — N 4 F Nyt

where: ILV WKH 6LPSVRQﬂv‘|L§%g/@;|:@BaWLRQ LQGH]
M is the number of social groups
e, Is the proportion of thpopulation of group m
Jisthe number of spatial units
Ris the population in the spatial unit i
T is the total population
N »is the proportion of individuals from gup mwithin the spatial unit i

Theinformation theoryndex is the weightedifferencebetween the entropy of each spatial
unit and the entropy of the whole cifyhe formulais:

A

* L —B ' Fly;
vas 6
where: E is thentropyindex | ;E@B esHX & ;

€, Is the proportion of the population of group m

Jisthe number of spatial units

Rjis the population in the spatial unit i

T is the total population

' yis theentropyindex of the spatial unit |

3.1.2 Unigroup indices

To assess thextentof socialsegregation for each social growpe crosedtwo indexesthe
first 'XQFDQTV G LM dgalkedribochhatdh about thdispersabf every social group
across spatial units and the secofdR U DiQu$§¥ is a measure of spatial autocortia of
social group within the city Reportingvalues of these two unigroupdices on horizontal and
vertical axes we built a chart- sometimes called segrograph (GiraukindBussi, 2001) to
investigatehow segregation of social groups evalwer 24 hours

'XQFDQYTV GLVYVLBEB camoriywsed g@edsure of pairwise segregationg(e
Black versusWhite) but it can also be useahen measuring segregation o$@cial indicator
divided in more than twagroups In this case,' X Q F DdpS§imilarity indexexpresseshe
proportion of individuals o& given socialgroup whowould have to changieir spatial unit
(without replacementp getan even distribution of the group relative to the total population.
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The formula used is:

s. ATy Ty
gL el
t s : O6F:
where: Tjs the population of the group in the spatial unit i

X is the total population of the group
Jis the number of spatial units

Rjs the population in the spatial unit i
T is the total population

O R U DiQdgX isa measure of spatial autocorrelatidts. values vary froml (the group

perfectly repulse itself) to 1 (the group is perfectly clustered in space), and a zero value
LQGLFDWHY DQ DEVHQFH R lintel &ppediicothd/ stdbutonv of ld Bbci@d RUD Q 1
groupequals:

Al Aigs SuvNF BINF B

Al A Suv Al eF B°

L

where: Njs the proportion of the population of the group in the spatial unit i
N8 the mean of the proportion of the population of the group in the spatial
units
Jis the number of spatial units

Sy equals 1 if spatial units i and j are neighbours, otherwise 0

3.1.3 Co-presence

A lastindex was used here &ssess cpresence of social groups ine same spatial units.
% H O O T(19rApexpiids=sthe probability that a randomly chosen member of grospates
the same spatial unit than a member of gro)]. It is equal tahe probability that a member
of group Yshareghe same spatial unit than a member of groypPy only if the two groups

X and Yhave the same population siZe. take into accourgotential differences in group size
population and to gehen symmetric indiceshe probability that a randomly chosen member
of group X is in the same spatial unit than a member of growpsdivided by the proportion

of group Y in the population Y and X. Then, the adjusted irjde%,] equals O if there is no
co-presence of membeof group X and Y in theamespatial units and equals 1 if members of
groups X and Y are in the same proportioneirery spatial uniand totally isolated from
members of the otheocialgroups.

1$GMXVWPHQW PHWKRGY FRPPRQO\ XVHG LQ WKH OLWHUDWXUH H J %
index by the proportion of the groupilY the total populatiorHowever, when this adjustment method was applied

to data categorized in more than tgroups, the resulting index was not found to vary in the range [0; 1]. Actually,

WKLV DGMXVWPHQW PHWKRG SRVWXODWHG WKDW WKH PD[LPXP YDOXH
population, which is true in the case of a population dividesvingroups but false for a segmentation in more

WKDQ WZR JURXSV 7KLV SRLQW VHHPV WR EH LIQRUHG LQ WKH OLWHUI
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Then, heformulausedis:

R ' E D A Tor
20 L= Y
, s v
where: Tjs the population of the group X in the spatial unit i

Ujs the population of the group Y in the spatial unit i
X is the total population of the group X

Y the total population of the group Y

Jisthe number of spatial units

Ris the population in the spatial unit i

3.1.4 Estimates, onfidence intervaland tests of significance

As performed in other studies (Palmer, 2018)ptbtrap methods (by randomly sampling our

data 1000 times with replacement) were used to estimaams an®5% confidence intervals

RI *LQLYV ,QIRUPDWLRQ 7KHRU\TV 'XQ F\b§Nr, BNpGe$G M XV W
Carlo permutation test (R=1000) has been usedssessO R U D gutpvorrelationindex

statistical significance at a level of 5% @(€and Ord, 1981)These methods provide estimates

of the variance of the sampling distribution of each index and thus the potential error in any
given estimate. However, they remain imperfect to provide unbiased estimates of the population
index value fron activity travel surveys (see Cools et al , 2010; Palmer, 2013 for extensive
discussion).

3.2 District classification

To sum up the diversity of social dynamics throughout the day at district pcaleipal
component analysis (PCAJascomputedrom 13district variablesFinal district classification
was obtained with hierarchical clusteriRA was used to extract key information from highly
correlated variables, particularly social level and social mixity indicators.

District indicatorsdescribingsccial profileand changgover 24 hours according boedividuals
present in the distriavereconsidered(1) averagevalue ofscholarship duratign2) average
entropy indexof educational statuq3) rangevalue (maximumminimum) of scholarship
duration (% of averageover 24 hour$; and (4) rangevalue (maximuniminimum) of the
entropy index okducational statu®o of averagever 24 hours Moreover,we alsotookinto
accountdistrict indicatorsdescribingchangesetweenthe threefollowing time slots night-
time, from 23:00 to 8:00 day-time, from 8:00 to 18:0Q0 and eveningfrom 18:00 to 23:00.
These time slots were chosen accordinthaggregated behaviors daily mobility in the
Paris regiongee sectiod.2, Figure 1).For every timeslot, wecomputed (1) rateof changé
(in %) of scholarship duratign(2) rate of changéin %) of the entropy index okducational
status and (3) rate of changdin %) of population numberFor the computation oflistrict
indicatorsdescribing changes between time slotdjvidualswereweightedaccording to their
duration of stay inthe districtduring each time slofor examplean individualwho spenttwice

2 Rate of change(value_time2+value_timel)/value_timel
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as longas another in adistrict during a time slot contributedoubleto the district social
compositionduring this timeslot.

4 Results

4.1 Socialsegregationin the city around the clock

Segregationindices vary throughout the dayFigure 2) their valueswere found to be
significantly higherduring the nigh{from 21:00 to 5:00) than during the ddefween 9:00
and 16:00. The Paris region is then less segregated during the day than during th&jhigit.
comparing maximum and minimuvalues, the Gini indexis found to decrease p%and the
information theory indeky 30%.The decreasm segregation indexes in the evening is slower
than thancrease in the morningghich may be linked withthe daily mobility rhythm observed

in Figure 1(departures from home in the morning are more condenghoh specific hours
than returns in the evening)

From a more methodological point of view, we can obsénag (i) indices computed from
educational statusvere systematicallyhigher thanthose computedfrom socioprofessional
statusbutevolution oftheir values over 24 hours was veiilar, and(ii) the two segregation
indices (Gini andnformation theory gavesimilar shapesven ifvalues fronthe information
theoryindex(which focuses on social diversity in ttestricty decrease relatigmore during

the daytime than those fronthe Gini index (which measures overrepresentation of groups in
the districts). This suggests that the strongest phenomena occurring during the day is the
increasingsocial diversitywithin the districts.

Gini Index Information Theory Index
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Figure 2: Variation of social segregatioimdicesin the Paris regioraround the clock

Source: EGT, 2010 (STIDMNIL-DRIEA).
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4.2 Various patterns of sgregationin the city around the clockaccordingto social
groups

9DOXHV RI WKH XQLJURXS VHJUHJDWLRQ LQGH[ 'XQFDQT

0 R U D&®efauind to be all significantly positive whatever social groups and hours taken into
consideration.
Fromvaluesoff XQFDQTV DQG 0RUD Q fs&gragpahs FRgMre SWerc v Bkplase L Q
how social segregatiorvolves around the clocKor every social groupDuring the nightas
well asduring the daythe upper class remains the most segregated gsegpegationndices
get systematicallytheir highest values for th@ghersccial groupsat any time of the day or
night Significantly less spatially concentratéd the day than the nighhigher educational
classesstill dominatewestern inneParis andthe nearby westerdistricts during tre day
(Figure 4).Note that, thought always very high, Dundax L Q G H[ Yhigt@osHcial group
showthe biggestgap between nightime values and dayme values: for higher educational
status group the decrease from 23:00 to 12:00 is 24%, strtrageall values observed for
other groups.
The secondmost segregated group around the clock is the lower, dasslefined from
socioprofesiond status yorking-class groupand unemployed group) @ducational status
Lower class membemre found to belusteredeven during the day in specific districts of the
northern and eastern peripheries (Figure YQ FD@@ @ 0 R U D Q& pérfistehtly Hiyh
over 24 hours When focusing otthe unemployedpopulationor on the populationwith low
educationaktatuswe noticevery little variationin segregation indices between nigime and
day-time comparel to other groups, maybe becaubkey areless mobile In contrast in the
working-class group(workers and domestic services), we observe a larger ioariaff
segregation indices between nigime and daytime, maybe because of homeork
commuting.

Middle-high classesas defined from socioprofessidiséatus oeducational statyare thdeast
segregatedroup 'XQFDQYV DQG O0Raean§ wbelnedt lmieMéstingly, it is the
only group for which we observe an increasspatial autocorrelation from nigtime to day
time. ORUDQ YV L Q GlddringQhe d&yDakchieveits highest valueat the end ofhe
afternoon 8 pm and5 pm for the middle-high class groumccording tceducational statusr
socioprofessional status respectiyeligven if precedentanalyseshave shown thasocial
segregatiorglobally decreaseduring the day, it would be false to conclude that every class
group followsthe same pattern of evolution around the cloEke middlehigh class, the least
segregated social group, tertd concentrate spatially in sarpart of the regiontfe south

wegd quarter)particularlyin the middleof the afternoon.
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Figure3: ORUD Q 1V nlb Q gnfiivesfor everysocial grouparound the clock

Source: EGT, 2010 (STIDMNIL-DRIEA).
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Figure 4: Proportion of peoplérom the foureducationalgroupsin thedistricts at 5:00amand 11:00am
Source: EGT, 2010 (STIDMNIL-DRIEA)

Note: The two selected hours (5 am and 11 amjechoserbecause theglobally maximize differencesver
the 24 hoursn the segregation valuesf Figure 3)
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4.3 Co-presence okeducationalgroupsin the same districtaround the clock
Adjusted % H Gn@ide¥was plotted in Figure 5 to illustrateow copresence of members of
various social groups in the same district va@aryund the clock

Figure 5: Adjusted % H @h@cksbetweerthefour educationaktatusgroupsaround the clock

Source: EGT, 2010 (STIDMNIL-DRIEA).

Values ofthe D G M X V WiHd8Bx gniplasi2ehive majorthough expectddsocial mechanism:
the probabilities of c@presencarefound to besystematically lower as the grougesocially
distant.Or, to put it another waypepresence iteastfrequent +at any time of the day or night
- betweenhighestsocial group and lowessocial group and most frequertietween socially
close groups.

Globally, cepresence probabilities do not vary strongly across time except with and for the
higher social class. Actually differences between righé and daytime values (especially in

the PRUQLQJ DUH VWDWLVWLFDOO\ VIORY ULHDXBN DR WKIH] IS O
PLGGOH OR DbailyunbliBy favors cepresence more especially with upper class
members because of their own mobility of upper class members, but alsoebetahs
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mobility of other social class members towards districts with large concentration of higher class
residences.

While probabilites of coSUHVHQFH DUH IRXQG WR EH KLJKHU-DW QLJI
High groups thD Q E HW Z H HiQw? énd Glich@ndups’, the contraryis observed during

theday: mePEHUYV |UR RLSW a&r@ Eighgroups” have higher probability to be during

WKH GD\ LQ WKH VibWw &hdoliddeHigh §ovipsv KD Q 3

We can interestingly notida Figure 5that it is duringevening period21:00)thatthere arehe
lowest probabilities for individuals fromlower educational statuand from middle-low
educational statu® share the same district as individuals ftoghest social groups

4.4 Social composition ofdistricts in the Paris regionaround the clock

Fromthe principal component analysfeur componentare found togather79 per cenpf the

variance of theinitial 13 indicators Hierarchical clustering performed one#ia four
componentsedto adivisioninto eightdistrictclustersas mapped in Figure €luster pofiles
aresummarized iMppendixA. For every clusteraveragescholarship duratigrdiversity in

educational statyand evolution of population sizeerecalculatechourlyusingas an example

the district whichwas FORVHVW WR WKH FOXWWdYUTV FHQWHU RI JUDY

During boththe day and the nighthe educational profile othe population presenin the
western inner Paris and adjacent western municipabtiesy high which underlineshewell-
known social composition of the Paris region from resideb@aled data Central
arrondissement@®’, 116me |||€Me [\/eme /||| eme |xemegrrondissemerst cluster 3 arefound to
experience the most drastic population gro#i50% between nighime and daytime,
Appendix A)and social heterogenization duriwgrking hours. These districtarespecifically
very socially selective at eveningghen recreational activities are from far the most frequent
activities carried outwith the lowesteducationamixity (entropy valuesyuringthis period
this may reflect the late departure of Higkkilled workers but also that thesdistricts are
places wherghe higher classsocializes Arrondissement®f southwest Parigveme Vv|eme
XIveme xyeme  xxVIéme arrondissementsand SaintCloud cluster 2) are the most
homogemrousurban areast nightin the whole Paris regioWith anincreasein population
during the day, social homogeneity decrasadightly but remais one of the higest.Districts
located in inner Parisx€™e X|eme X eme X]||¢me XV/II¢Me XVIII ®™arrondissemerst cluster
1) or in municipalitieson the southwest periphery (e.gBoulogneBillancourt orVersailleg
areupper class residentiateasLess socialljhomogemrous during the night than tipeevious
two district clusters theyexperience slight heterogenizatiaof social profileduring the day.

Districts concentrating populatienwith an intermediate level of educatioare the most
heterogeneouareasduring the nighin the Parisregion In the first group of districts €.g,
XIX ®M¢ arrondissemenbr Fontainebleaurcluster 4) the populationis found to be more
homogeneous andlightly less educatediuring the daythan during the night, maybe in
connectionwith a decrease the working class populationin the second group of districts
(e.g, XX ®MearrondissementSaintGermainen-Laye or Rambouilletcluster 5)mainly located
in the westrnmosperiphery, aleardecrease educational profileanbe observed during the
day as a consequence afarge population decreage31.3%; Appendix A) Over 24 hours,
these districtgonstantlyremainvery mixed.The last group fomiddle class districts gathered
peripheraldistrictsclose to inner Parig.g, Montreuil or Nanterrecluster 6). Tlese districts
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arealso verymixed Values of entropyrethe highest in the Paris regigAppendix A) in
particular during the day. Moreovegulationpresent during the dayfound to beabit more
educatedhanpopulation present during the niglotuster 6).

Districts concentratinghe less educated populatitmth during the day and the nigate
locatedon the northern and eastern peripherlaghefirst group of districtge.g, Villiers-le-

Bel or AulnaysousBois; cluster 7) the ppulationis found to be less numerous and less
educated during the day than during the nitykgreover, these districegethe only ones to be
more homogesous by day thanby night, maybe because dfe departure of more educated
residentgo work placesln contrastin thesecond group of distric{e.g, Tremblayen-France

or SaintDenis cluster 8),the populationis found to be more educated during the day than
during the nightand then more mixk This variationoccurswith anincreasen population
more educatethan the resident population and comiaghese areas to workfor instance in
the international activity area next to ChastesGaulle airport for Tremblagn-France or in

the PlaineSaintDenis (tertiary, industriabnd academic activities) for Saibenis

Figure 6: District classification in the Paris region according to their social composition around the
clock
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Figure 7: Average scholarship duratigdiversity in educational status, and population simeund
the cbck foreightdistrictsin the Parisregion

Source: EGT, 2010 (STIDMNIL-DRIEA).
1RWH PDGH ZLWK 3JJ)(%/0kRakh, 209; B Oor&\Tedrh, 2016) SFRRUGBSRODU”™ IXQFWLF
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5 Concluding discussion

5.1 Methodological points

6RPH PHWKRGRORJLFDO DVSHFWYVY QHHG WR EH GLVFXVVHG
With a median size of 14 km?, these spatial units are too large to be consistettiewith
experienced neighborhood. Previous studies carried out in the Paris stgived that

perceived neighborhosdave a median size of2Z2 km? with a large variety according to
population income and municipality population size (Vallée et al., 2014; Vallée et al., 2016).

In addition, we can observe some important variabilityZodtH Q W K H GLVWULFWVT \
to 1,326 km?) even if their resident population sizes are approximatetifar (aroundL00000

inhabitant}. Though consideringirea as small as possiblis not necessarily bettavhen

exploring neighborhood effectt QG SHRSOHTV QHLJK¥Rée KtRIR B01IMESHULH Q|
would have beerseductiveto explore variation in social compositia@ver 24 hoursising
smallerunitsthan districtsHowever,it would have been too risksince EGTsurvey wasot

designed to produce valid estimations in smaller units that distfictee able to use smaller

spatial units when investigating social segregation around the clock, it may be tempting to use

an exhaustive population databasels@asa census oa very large database (such as mobile
phonedatg. However, these databases have other major disadvardaagesus does not give
information aboutU HV S R QI&IHtQp¥\(fdcusing often only on their commuting practices)

and mobile phoe data do not give information aboutH V S R @a&zill Qrafilf§ir reasons of
confidentiality As things stand at preseatarge travel survey providen appropriate balance

to explore changein social composition over 24 hourghe limitation of daa sourcesn

exploring segregation on a continuum of place versus pelogded measures is a constant
problem exposed in thedrature (Farber et al., 2015).

Two other pointsalsoneed to be mentioned. Figstwe only used daily tripsn weekdag
(MondayFriday) to explore social segregation around the cliickould alsobe interesting to
explore what happerad theweekend. Unfortunatelyhesample of daily tripstweekend was
too small inthe EGT survey. Secondlythe EGT database was lited to inhabitants living in
the Paris region. Populatisnesiding ousidethe region but visiting the region during the day
(long-distance workers, tourists, consumets.) have not been taken into consideration, even
though their daily mobility may beery specific (e.gfor foreign touristsOlteandRaimond et
al., 2012) Moreover someplaces such as touristic, business commercial centralitiesnay
attract very specific populations at a national and international scale f(@.goopular
commecial centrality Chabrol, 20115and their social composition around the clock riegn
largely differin resulting mapsdepending on whether notinhabitants living owudidethe Paris
regionareconsidered

5.2 Synthesis of findings
Four main findings emerge froour originalanalysis of segregation around the clock in the
Paris region.

First of all theextent of social segregation in the Paris region was found to be weaker during
the day than during the night. This result is coesistvith the studyy Silm and Ahas (2014)
on spatiotemporal variations @éthnic) segregation in Tallinn (Estoniand with findings
comparingresidential segregation and workplaegregationethnic agaihin Los Angeles
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(Ellis et al., 2004 By analog WR 6LOP DQG $KDVY VWXG\ ZKR ZURWH
distributed much more evenly in the city during daytime, on workdays, and in the summer than
is indicated by the places of residence of the ethnic groups”, we can affirm that social groups
arealso more evenly distributed in the Paris region during daytime than during the night and
that the probability of c@resence of distinct social groups is higher during the day. A study on
ethnic segregation in Tel Aveamong African workers werlined theirextreme isolatiomvhen
focusing on social interactionggardless of their level axposure to no#fricans in thér
frequentecheighborhood$Schnell and Yoav, 2001). Let us then recall that our results do not
signify more social interactions betwesacial groups during the day and could be challenged

by studes focusing onreal interactions between peopla our study, working is the main
activity explaining thismixing of social groupswhereas leisure activities during the day seem

to be more soally compartmerdlized. In that sense, segregatairihe weekend would have

been interesting to study, as weekend trips are less dependaobdity constraing suchas
commuting.

Secondly, vimen exploring segregation around the clock, we observe thaiasgroupswho

werethe most segregated during the night were also thosevetathe most segregated during

the day.The upperclasswasthe most segregated group, followed by the lower class. Upper
classmembersare those who put more spatial distamce WK RWKHU VRFLDO JURXS
duringat night, although it changes durirtay-time. Elites have been qualified residential

based data a8 EHQHILFLDULHYVY DQG GULYHUV RI UHVLGHQWLDO V&t
and this assertion catmen easily be extended when adoptiag activity-based approach.

Findings also underline thitis theupper class whose social environment evolves the most
strongly during daytime, as some of them move to less favored neighborhoods to work and

above all, ashey live in the areas the most dense in jolbsingthe day-time they seea more

diverse populationoming for work Indeed, a# was showrin earlierstudies, spatial mismatch

is much lower for executives than for workers in the Paris region (Wenglenski, 2004).

Thirdly, the present paper underlines the major role played by employmsotial diversity
dynamics duringheday-time. Working (or studyirg) is indeedthe main motivatiorior leaving
theplace of residence during a weekdiloreover area dense in jobs experience large social
heterogenization during ddayne whether they areesidence places dfie upper class othe
lower clasgAppendix A). Areas poorly suppliedy jobsbecomeoorerduring the dayas less
favored individuals stay in their neighborhoods dutimgday-time andthe most educated or
favored people leave the neighborhood to go to work in other parts of thélawever, it
would be tocsimplisticto explainvariationsover 24 hourin G L V WsbidiaFadhfjpdsitioonly

by homework trips. Evening activities (mainly recreational, see Figure [Bad also some
change in districts social compositiddthen comparing evening anight periods (Additional
table), important changein social level, social mixity and population numbean be
underlined notably for central Paris arrondissements (clusterR3gures 6 and)7 Moreover,
the lowest probabilities for more socially deed people to share the same district as less
socially deprived peopleccurrduring the evening period (Figure 5).

Crossing residential and daily dynamics reproduces more faithfully the social characteristics of
populations present in commercial nodeglasters of workplaces, for instance. For the-non
mobile population, living in a poor neighborhood which is impoverished during the day may
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not have the same effect as living in a poor neighborhood that attracts a more affluent population
during the day.

/IDVWO\ WKH SUHVHQW SDSHU KLJKOLJKWYV GHHS VRFLDO Y
24 hours.Districts may have similar social composition during the night, but their social
composition can evolve in a very different way during thetttag. In some peripheral districts,

we observe a strong decreaseS R S X O Bobidl R@Bwing daytime because of departure

of the lesssociallydeprived people in other parts of the city and the retention of most socially
deprived peopleThis pauperizationprocesscan be discussed makirayn analogy withthe
filtering processnotion more commonlyusedin link with residential mobility (Hoyt, 1939).
Residential filtering proces$ias been used to explain the decline in socioeconomic status of
NneLJKERUKRRGTV UH VthGuykthider@rAiétis MoOsihistadR, qarks, streets,
schools, and retail businessaeer time and theK R X V H KeRide @il fmobility from ando

this neighborhooddeparture othe wealthiest households to ma#ractive neighborhoods,
maintenance of the most modest howsét, andinstallation ofmodest households in the
neighborhooyl Actually theseprocesesexplainng overconcentration of deprived population

in some areasfat night W L By be coupledvith processes expldimg concentration of
deprived population in the same aréasday W L Pddparture of the most favored peofie
areas providing more local (work, leisure etc.) resousneséention of disadvantaged people
The most dtical area where publi@actors have tomplementinterventionsactionscould then

be those where residential and dailtefing processs occur.

5.3 Conclusion

The present paper urgégena more general consideratiohdaily mobility as both reflecting
and driving sociahnd spatiatlivisionin cities Suchanapproach may helgcholardo consider
dynamically neighborhood attributes and neighborhood eff€etsssing residential and daily
dynamics reproduces indeed méaghfully the social characteristics of populations present in
commercial nodes or clusters of workplaces, for instance. For theabite population, living

in a poor neighborhood which is impoverished during the day may not have the same effect as
living in a poor neighborhood that attracts a more affluent population during th€adayg
daily mobility into account may also hefjpublic and municipal actor® implementsome
interventions in areas witlhhigh concentration of specific social growgreund the clockand

to reducamore effectivelysocial inequalities within the metropolitan area.
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Appendix A

Summary of district§profilesin the Paris region for every eight clustexsued from
classification

Cluster | Cluster | Cluster | Cluster | Cluster | Cluster | Cluster | Cluster
1 2 3 4 5 6 7 8
Average social
level** 13.4 14.1 14.0 11.7 11.9 12.3 10.8 10.4
Variables Average entropy*** 0.93 0.84 0.87 0.96 0.96 0.97 0.92 0.90
from Rangeof the average
curves of social level (% of
evolution average) 4.8% 6.1% 7.3% 4.1% 7.3% 4.0% 5.6% 6.9%
per hour Rangeof the average
entropy (% of
average) 6.2% 17.6% 15.7% 3.7% 4.3% 2.5% 5.3% 8.6%
Social level rate of
changenight/day
time -3.0% -3.9% -3.5% -0.7% -4.8% 1.4% -2.3% 4.0%
Entropy rate of
changenight/day
time 4.4% 14.0% 8.6% 1.0% 0.1% 0.3% -0.5% 6.1%
Population rate of
changenight/day
time -1.5% 9.2% 150.4% | -16.3% | -31.5% 8.1% -22.7% | -7.6%
Social level rate of
Variables changeday
computed time/evening 2.1% 3.1% 4.7% 0.0% 3.7% -1.5% 1.3% -3.9%
upon time Entropy rate of
slots* changeday
time/evening -2.5% -8.6% | -10.0% | -1.1% -0.2% -0.2% -0.4% -5.3%
Population rate of
changeday
time/evening -1.6% -7.5% | -41.7% | 12.9% | 34.9% -8.9% 24.2% 5.7%
Social level rate of
changeevening/night| 1.0% 1.0% -1.0% 0.7% 1.3% 0.2% 1.1% 0.1%
Entropy rate of
changeevening/night | -1.7% -3.9% 2.3% 0.1% 0.2% -0.1% 0.9% -0.4%
Population rate of
changeevening/night| 5.5% 4.0% -30.5% 6.7% 9.3% 5.3% 5.3% 4.1%
lllustrative | Employment***
contextual | density median (/kf)
variables 13590 | 15344 | 39157 669 433 4,155 663 1,145

Notes: * Time slotsday-time = 8:0048:00; evening = 18:023:00; night = 23:0@:00. Statistics computed by
weighting population in thdistrict by the presence duration within the time slot.

** Social level: mean of thecholarship durationf people in thalistrict

*** Entropy: entropy measure computed on tber groupsof educational status

*** Number of jobs in the district(from the French census) divided by the area of the district.

Source: EGT, 2010(STIFOMNIL-DRIEA). INSEE, 2013.
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