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            Abstract
There is a contradiction at the heart of our current understanding of individual and collective mobility patterns. On the one hand, a highly influential body of literature on human mobility driven by analyses of massive empirical datasets finds that human movements show no evidence of characteristic spatial scales. There, human mobility is described as scale free1,2,3. On the other hand, geographically, the concept of scaleâ€”referring to meaningful levels of description from individual buildings to neighbourhoods, cities, regions and countriesâ€”is central for the description of various aspects of human behaviour, such as socioeconomic interactions, or political and cultural dynamics4,5. Here we resolve this apparent paradox by showing that day-to-day human mobility does indeed contain meaningful scales, corresponding to spatial â€˜containersâ€™ that restrict mobility behaviour. The scale-free results arise from aggregating displacements across containers. We present a simple modelâ€”which given a personâ€™s trajectoryâ€”infers their neighbourhood, city and so on, as well as the sizes of these geographical containers. We find that the containersâ€”characterizing the trajectories of more than 700,000 individualsâ€”do indeed have typical sizes. We show that our model is also able toÂ generate highly realistic trajectories and provides a way to understand the differences in mobility behaviour across countries, gender groups and urbanâ€“rural areas.
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                    Fig. 1: The scales of human mobility.[image: ]


Fig. 2: The container model generates realistic mobility traces.[image: ]


Fig. 3: Socio-demographic differences and heterogeneity in scales.[image: ]
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Extended data figures and tables

Extended Data Fig. 1 The D1 dataset.
a, Number of individuals for each gender. b, Number of individuals per age group. c, Number of individuals per country (see colour scale). We considered the 600,817 individuals in our dataset with at least one year of data, and whose time coverage (the fraction of time an individual position is known) was higher than 50% at any given day. For these individuals, we considered one year of data with highest median time coverage. Map data from the GADM Database of Global Administrative Areas, version 3.6, available at http://www.gadm.org.


Extended Data Fig. 2 Distribution of container sizes at different levels.
aâ€“h, Distribution of individual container sizes at hierarchical levels 2 (a, e), 3 (b, f), 4 (c, g) and 5 (d, h) (black line) and the corresponding lognormal (blue line) and truncated power-law (orange line) fits. Results are shown for the D1 (aâ€“d) and D2 (eâ€“h) datasets.


Extended Data Fig. 3 Schematic description and validation of the likelihood optimization algorithm.
We find the hierarchical partitioning corresponding to a sequence of locations as follows. a, Individual locations are iteratively merged to form clusters via the complete linkage algorithm. Here the output of the algorithm is visualized as a dendogram. b, We add levels to the hierarchical partition by maximizing the likelihood of the container model one level at a time: at the first iteration (top), we find the container size (x axis) corresponding to the dendogram cut (dashed line) that minimizes the negative likelihood (y axis), if any. We proceed by adding more dendogram cuts (middle and bottom), and thus hierarchical levels, until the likelihood can not be further improved. c, The dendogram cuts correspond to a hierarchical partitioning of individual locations. We evaluate the ability of the algorithm to recover the original parameters using 5,000 synthetic traces of 3,000 locations. d, Distribution of the difference between the number of recovered and original levels. The difference is 0 in 70% of the cases. e, Probability density associated with the cophenetic similarity between the original and recovered hierarchical structure. The dashed line corresponds to the median value. f, Probability density associated to the relative difference |popr|/pr between original (po) and recovered (pr) entries of the matrix p.


Extended Data Fig. 4 The container model generates realistic synthetic traces.
a, e, The distribution of displacements for the entire population. b, f, The median individual radius of gyration versus the number of displacements. c, g, The average visitation frequency versus the rank of individualsâ€™ locations. d, h, The distribution of the difference between the real entropy Stemp and the uncorrelated entropy Sunc across individuals. Results are shown for real traces (black line, dots), and traces generated by various models (see legend), for dataset D1 (aâ€“d) and D2 (eâ€“h). In a, c, d, e, g and h, the filled areas for the synthetic traces include two standard deviations around the mean computed across 1,000 simulations for each user. In b and f, the filled areas include the interquartile range. For each individual, we fitted the models considering a training period of one year. The data used here for validation corresponds to the 50 individual displacements following the training period.


Extended Data Fig. 5 Number of hierarchical levels recovered from traces.
Distribution of the number of hierarchical levels found by the container model for trajectories in the D1 dataset (plain black line), the D2 dataset (dashed black line), and 1,000 synthetic traces generated by the EPR model9 (blue line) and the memory EPR (m-EPR) model (green line).


Extended Data Table 1 The distribution of container sizes is not scale freeFull size table


Extended Data Table 2 The distribution of time spent within container is not scale freeFull size table


Extended Data Table 3 Characteristics of the lognormal distributions of container sizesFull size table


Extended Data Table 4 The container model describes unseen data better than other individual mobility modelsFull size table





Supplementary information
Supplementary Information
This file contains Supplementary Notes 1â€“4 and Supplementary Tables S1â€“S3.


Peer Review File




Source data
Source Data Fig. 1

Source Data Fig. 2

Source Data Fig. 3




Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Alessandretti, L., Aslak, U. & Lehmann, S. The scales of human mobility.
                    Nature 587, 402â€“407 (2020). https://doi.org/10.1038/s41586-020-2909-1
Download citation
	Received: 03 February 2020

	Accepted: 25 September 2020

	Published: 18 November 2020

	Issue Date: 19 November 2020

	DOI: https://doi.org/10.1038/s41586-020-2909-1


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        








            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Urban segregation on multilayered transport networks: a random walk approach
                                    
                                

                            
                                
                                    	Mateo Neira
	Carlos Molinero
	Elsa Arcaute


                                
                                Scientific Reports (2024)

                            
	
                            
                                
                                    
                                        Defining a city â€” delineating urban areas using cell-phone data
                                    
                                

                            
                                
                                    	Lei Dong
	Fabio Duarte
	Carlo Ratti


                                
                                Nature Cities (2024)

                            
	
                            
                                
                                    
                                        Predictive infrequent activities
                                    
                                

                            
                                
                                    	Yi Fan


                                
                                Nature Cities (2024)

                            
	
                            
                                
                                    
                                        Infrequent activities predict economic outcomes in major American cities
                                    
                                

                            
                                
                                    	Shenhao Wang
	Yunhan Zheng
	Alex â€˜Sandyâ€™ Pentland


                                
                                Nature Cities (2024)

                            
	
                            
                                
                                    
                                        Synergic effects of meteorological factors on urban form-outdoor exercise relationship: A study with crowdsourced data
                                    
                                

                            
                                
                                    	Ye Tian
	Xiaobai Angela Yao
	Andrew Grundstein


                                
                                Journal of Geographical Systems (2024)

                            


                

            

        
    

            
                Comments
By submitting a comment you agree to abide by our Terms and Community Guidelines. If you find something abusive or that does not comply with our terms or guidelines please flag it as inappropriate.



                
                    
                    

                

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    
        
            
                Associated content

                
                    
                        
                            
                                Special

                                
                                    Computational social science
                                

                            
                        

                    
                    
                
            
        

        
    

    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    News
                                
                            
	
                                
                                    Opinion
                                
                            
	
                                
                                    Research Analysis
                                
                            
	
                                
                                    Careers
                                
                            
	
                                
                                    Books & Culture
                                
                            
	
                                
                                    Podcasts
                                
                            
	
                                
                                    Videos
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Browse issues
                                
                            
	
                                
                                    Collections
                                
                            
	
                                
                                    Subjects
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Journal Staff
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Awards
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Editorial policies
                                
                            
	
                                
                                    History of Nature
                                
                            
	
                                
                                    Send a news tip
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors
                                
                            
	
                                
                                    For Referees
                                
                            
	
                                
                                    Language editing services
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Nature (Nature)
                
                
    
    
        ISSN 1476-4687 (online)
    
    


                
    
    
        ISSN 0028-0836 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	Protocol Exchange
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Korea
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    [image: Nature Briefing]
                    Sign up for the Nature Briefing newsletter â€” what matters in science, free to your inbox daily.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


                        
                            
                            I agree my information will be processed in accordance with the Nature and Springer Nature Limited Privacy Policy.
                        

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get the most important science stories of the day, free in your inbox.
            Sign up for Nature Briefing
            
        


    









    [image: ]







[image: ]
