
HAL Id: hal-02889638
https://hal.inrae.fr/hal-02889638

Submitted on 4 Jul 2020

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Universality Laws in Commuting Flows
Maxime Lenormand, Sylvie Huet, Floriana Gargiulo, Guillaume Deffuant

To cite this version:
Maxime Lenormand, Sylvie Huet, Floriana Gargiulo, Guillaume Deffuant. Universality Laws in Com-
muting Flows. European Conference on Complex Systems ECCS’13, 2013, Barcelone, Spain. �hal-
02889638�

https://hal.inrae.fr/hal-02889638
https://hal.archives-ouvertes.fr


 The Datasets

Universality laws in commuting flows
 M. Lenormand (IFISC, Palma de Mallorca, Spain) - maxime@ifisc.uib-csic.es

S. Huet, G. Deffuant  (Irstea, Clermont Ferrand, France) - sylvie.huet@irstea.fr, guillaume.deffuant@irstea.fr
F. Gargiulo (NaXys - Unamur, Namur, Belgique) - floriana.gargiulo@unamur.be

 

The modeling approachCommuting networks

NO PARTICULAR 
TOPOLOGICAL PROPERTIES

Particular properties concerning the 
spatial embedding:

TYPICAL DISTANCES AROUND 20-50 km

Problems:
1- Tested only on US at county level
2- Not explicit about the variance of TIJ  

Gravity model:
The traffic of commuters between two
places I and J depends on:
• population of the residence place, 
• population of the working place, 
• distance between the two places

TI→J =
Nα

I N
γ
j

f(dIJ ,β)

Why do we 
need

 models?

FROM AVAILABLE
AGGREGATE DATASETS: 

•  Total number of in-commuters (sin)

•  Total number of out-commuters (sout)

Daily (weekly) flows of people travelling from a  place of 
residence to a different working place.

This phenomenon concerns half of the world  population!!!
TO ORIGIN-DESTINATION TABLES

From
M1 M2 M3 M4 …

M1 0 4 8 15 …

M2 24 0 12 4 …

M3 3 5 0 7 …

M4 1 0 20 0 …

… … … … … 0

to

A new individual based morphogenetic model

All the individuals make a compromise  between the job offer in each location 
and the distance between the residence and the location.

Different 
granularity scales

France
-Regions
-Cantons
-Municipalities

Italie
-Regions
-Provinces
-Municipalities

USA
-Counties

Tchech Republic
-Municipalities

The calibration procedure UNIVERSALITY PROPERTIES OF THE PARAMETER A cross-validation test
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Comparison with the radiation model

Temporal evolution 
1- Random choice of a residence I place with at least one 

available out-commuter  (sout
I > 0) 

3- Random choice of the working place with probability: 
 
 
 
 
 

4- Update of the node quantities:  sin
J-- , : sout

I--  
  

PI→J =

sinJ e−βdIJ

∑
K sinK e−βdIK

To each node are  
associated: 
 
1-sout  individuals 
looking for a job(out-
commuters) 
 
2"#sin jobs available  
(in-commuters)#
#

 sin  

sout 

Problems: 
1- Lack of a rigorous derivation (what is the form of the deterrence function?) 
2- Many parameter to calibrate not associated to any geographical or social  
characteristics of the case study 
3- P(NI,NJ|rIJ) is very broad 
4- TIJ is not limited by NI 

5- It is deterministic  

Calibration:  
Calibration with the � minimizing the  Kolmogorov-

Smirnov distance between the  
real and the generated distance distribution 

Validation: 
Common part of commuters (Sorensen index ) 

DKS(β) = sup
d

|PREAL(d)− PSIM (d,β)|

The parameter follows an universality law that we have extracted from calibrated case studies 

β = β∗ < S >−ν

β∗
= 0.00315 ν = 0.177

β∗
= 0.000315m−1

The parameter can 
be fixed in an 

endogenous way 
as a function

of the average surface 
of the locations

The traffic of commuters between two places 
does not depend directly on the distance but only 
on the cumulative population in a circle centered in 
the residence place (I) and with radius d

IJ

Simini, F., M. C. Gonzalez, et al. (2012). 
"A universal model for mobility and migration 
patterns." Nature 000: 1-5.

〈TI→J〉 = TI

NINJ

(NI + sIJ)(NI +NJ + sIJ)

This study has been developed in the framework of the PRIMA project (EU 7th framework programme):
Prototypical impacts of multifunctional Activities in rural municipalities

We#propose#an#individual#based#model#to#generate#commu4ng#networks#from#data#giving#numbers#of#in#and#out#commuters#of#every#loca4ons#of#a#region.#It#is#
inspired#from#the#gravity#model.#We#exhibit#from#the#calibra4on#of#80#various#case#studies#that#the#only#remaining#parameter#can#be#suppressed#since#it#follows#
a#law#depending#on#the#average#surface#of#the#loca4ons.#We#compare#our#model#to#the#only#one#other#universal#exis4ng#approach#(Simini#et#al,#2012)#at#various#
scales.#We#show#our#model#performs#beEer#for#small#loca4ons#(in#terms#of#surface#and/or#number#of#inhabitants).

Radiation model Our model Real data
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