
 

Cities without Boundaries 
Evaluating Human Migration in Urban Agglomerations Based on 
Spontaneous Data 
Intro 
As people move to cities, urban areas are seeing huge growth. At the same time, these 
settlements cannot be limited by city borders. Urban managers have to deal with megacities, 
metropolitan areas, and urban agglomerations. It is needless to say that human mobility and 
flexibility affect the quality of management decisions as even the size of cities cannot be easily 
defined. 

For the sake of competent urban management, it is essential to properly assess the size and 
structure of the territorial unit that is being governed, which also implies working with cities and 
related surroundings. Yet still, the official information on urban agglomerations in Russia is either 
not appropriately structured or frequently unavailable, not to mention that it tends to vary 
depending on the source.  

The lack of knowledge of actual population flows might result in a number of negative 
consequences, ranging from under-funding the budget to making serious blunders in 
town-planning. Knowing the real population figures allows better planning for the construction of 
housing, roads, stores, office buildings, and parking lots. On the contrary, distorted information 
leads to enhancing the overall pressure on the infrastructure of the core city, whilst all the factors 
causing this pressure remain unknown to city planners.  

Modern urban executives are to face new challenges, which cannot be responded to when only 
relying on outdated sources of information. There is no way that planning such an elaborate 
structure, which an urban agglomeration is, can be based on a population census that is carried 
out once in a decade, or on static figures concerning transport accessibility.  

Information on human mobility is necessary for defining the scope of migration flows. Spontaneous 
data generated by people through mobile devices and social networks as a side-product of their 
activity serves as source of information of that kind.  

The main advantage of spontaneous data lies in its ability to catch and measure dynamic 
processes, thus displacing all the rigid methods. Due to its complexity and continuity, this data 
could be used for identifying regular commuters, their movements, and their behavioral patterns. 
Subsequently, as for analysing agglomerations, using spontaneous data makes it possible to relate 
human mobility to days of the week or even seasons, as well as to identify circular migrants who 
permanently reside in another region. It goes without saying that none of these assessments can 
be carried out by using any of the other existing tools.  

The project demonstrates the results of the comparative analysis, which was performed for the 
purpose of revealing common patterns in the behaviour of circular migrants in urban 
agglomerations of Russia. 5 different cities were analysed as part of the research.  
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International Context 
The knowledge of dynamic changes of human mobility is essential for evaluating the 
agglomeration processes, and using spontaneous data is meant to be the most progressive way of 
estimating these processes.  

A cell carrier’s databases are of the highest priority for being the most widespread type of 
communication. By the year 2014, the level of cellular service penetration has reached 96% . 1

In their evaluation, a group of scholars from the University of Berkeley has analysed the cellular 
data usage for mobile phone operators for about 1.5 million users from Rwanda over a 4 year-span
. Compared with the results of the national census, a low level of migration was confirmed. At the 2

same time, it was made possible to identify temporary and circular migration, which had not been 
registered in the official statistics.  

In the developed countries, information on mobile phone usage is helpful for complementing 
statistics that have been produced before as well as for showing dynamic changes almost in real 
time. For instance, the research carried out in 2014 has successfully demonstrated population 
changes in France and Portugal, both daily and seasonal. Amongst others, such things as the daily 
increase of workload pressure on the main highways leading to cities, the outflow of people from 
urban areas on weekends and national holidays, and the workload of the busiest areas in the Paris 
agglomeration have been effectively studied . 3

In the cases mentioned above, all of the data-holders are private mobile phone operators that may 
refuse to share the data for a variety of reasons. In such cases, it is possible to evaluate mobility 
based on other spontaneous data sources.  

E-mail could be one of these kinds of sources. Each device from which an e-mail is sent could be 
identified by its IP-address, which thereby makes it possible to identify the country where that 
device is located.  

An analysis of 43 million anonymous Yahoo! accounts for the period of 2009-2011 was carried out 
in the USA in 2012 . During the analysis it was made possible to register the overall increase in 4

mobility and differentiate migration flows for various age and gender groups. Additionally, it was the 
first time in the history of the USA that emigration rates were officially measured. A similar survey 
was conducted by LinkedIn, which user database comprises about 200 million professional stories. 
The mobility patterns of employees with higher education were tracked as part of the research. It 
was discovered that from 2000 to 2012 the share of educated migrants has significantly 
decreased, while on the contrary, the proportion of Asian countries has risen .  5

Finally, one of the latest trends is making use of the information from social networks. For the time 
being, this type of spontaneous data is being studied, rather than being actually applied for active 
management. However, it has great potential for it is way more accessible compared to the data 

1 International Telecommunication Union (2014) World Telecommunication Development Conference (WTDC-2014): 
Final Report https://www.itu.int/pub/D-TDC-WTDC 
2 Blumenstock. J. E. 2012. “Inferring patterns of internal migration from mobile phone call records: evidence from 
Rwanda”  http://www.jblumenstock.com/files/papers/jblumenstock_itd2012.pdf 
3 Deville et al. 2014. Dynamic population mapping using mobile phone data  
http://www.pnas.org/content/111/45/15888.full 
4 Zagheni E, Weber I. 2012. “You are where you E-mail: Using E-mail Data to Estimate International Migration Rates” 
http://www.demogr.mpg.de/publications/files/4598_1340471188_1_Zagheni&Weber_Websci12.pdf 
5 State B., Rodriguez M., Helbing D., and Zagheni E. 2014. “Migration of Professionals to the U.S. Evidence from 
LinkedIn data” http://zagheni.net/uploads/3/1/7/9/3179747/migration_professionals_linkedin.pdf 
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provided by mobile operators, and its level of granularity is much higher than any other sources 
mentioned.  

Obviously though, data extracted from social networks is as representative as the data obtained 
from mobile operators. Nevertheless, groundworks that have been done over the recent years 
prove that this kind of data could serve as a representative variable for either the entire population 
or just a certain social group.  

In this way, 7.8 million geotagged tweets dating from September 2013 to March 2014 have been 
analysed in Australia. After data on mobility patterns was compared to the data of the same kind 
obtained from mobile operators, it was established that both have provided very similar results. 
Thus, in that case Twitter has turned out to be a representative source of information on human 
mobility . 6

Overall, spontaneous data offers new opportunities for researching migration processes within the 
scope of urban agglomerations. As it was demonstrated above, it can serve as a source of 
information on social behaviour towards transportation systems as well as on the usage of 
infrastructural facilities. The semantic nature of this type of data makes it possible to assess public 
response to different social changes in urban areas. Mobile indexes can be used for dividing 
people into two groups based on whether they reside inside or outside of the city area - this makes 
it possible to indicate the pressure each of these groups has on various urban objects. When 
representing the entire population, spontaneous data could serve as a source of information not 
only for transport correspondence, but also for economic and social connections between the core 
and the satellites almost in a real-time mode.  

Methodology 
The following research comprises two basic phases: defining the boundaries of the urban 
agglomeration and calculating the activity structure within these boundaries. The analysis showed 
variations in terms of the development of agglomeration, the activity patterns of its population, and 
the pressure this population places on the center of agglomeration in the regions studied: 
Tatarstan (Kazan), Bashkiria (Ufa), Nizhny Novgorod Oblast (Nizhny Novgorod), Yaroslavl Oblast 
(Yaroslavl), and Khabarovsk Krai (Khabarovsk). 

Urban agglomeration boundaries were defined basing on transport connections between the 
central city and the surrounding towns. The other factor was the presence of circular migrants, who 
regularly commute between 2 or 3 points in the agglomeration, including its center. Migrant 
activities and transport availability of the surrounding localities were measured using available 
online-data on transport, navigation, and mobility in cities and regions of Russia. Boundaries drawn 
with a reliance on population activity were compared to the data given in expert reports and 
strategic projects, on the basis of which the following conclusions were made. 

Urban agglomeration of Khabarovsk has failed to be recognized. City authorities express their 
interest in the city to be developed northwards, but the analysis conducted did not prove the 
appropriateness of that decision - no viable preconditions, such as high levels of activity in social 
networks, were detected. 

6 Jurdak et al. 2015. “Understanding Human Mobility from Twitter” http://arxiv.org/pdf/1412.2154v3.pdf 
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Figure 1. Comparison between the agglomeration area based on spontaneous data and the official one in Khabarovsk 

In the city of Nizhny Novgorod the analysis conducted has proved the existence of the 
agglomeration, but it has also revealed that its real size is different from the “official figures” 
(approved by the experts). For example, a town called Semenov, which is located to the north-west 
of Nizhny Novgorod and a town called Gorohovetz, which is to the west of the city, were not put 
inside the boundaries of the agglomeration, although both are situated within a 1.5 hour 
isochronous and closely linked to Nizhny Novgorod. At the same time, there is a sparsely 
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populated territory on the left bank of the river Volga, outside the town of Bor, which is all covered 
by forests. By no means can it be considered a zone that could be easily accessed by transport, 
but for some reason it is listed as a part of the agglomeration.  

 

Figure 2. Comparison between the agglomeration area based on spontaneous data and the official one in Nizhny 
Novgorod 
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The boundaries of the Yaroslavl agglomeration, drawn based on the results of the research, are 
completely different from the official borders and go far beyond them. The agglomeration is quite 
stretched out towards Moscow. In fact, it almost verges on the boundaries of Moscow Oblast. But 
in general, the real agglomeration is not in control of establishing any borders that could have been 
drawn based on road network conditions. The Yaroslavl agglomeration is not as solid as the one of 
Nizhny Novgorod, although there are a few clusters in the surrounding areas. A step forward for 
the development of such an agglomeration could be constructing a high-speed rail system in order 
to connect these activity centers and intensify the exchanging of labour resources.  

 

Figure 3. Comparison between the agglomeration area based on spontaneous data and the official one in Yaroslavl 
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In Kazan activity concentration levels increase upstream of the river Volga right up to Volzhsk. 
Nonetheless, no promising directions for the development of the agglomeration were found. In that 
respect, investing in Innopolis does not seem feasible from the viewpoint of the current 
agglomeration - connecting it to Kazan seems quite unrealistic in the present situation, so setting 
the growth pole beyond the river Volga would be just unreasonable.  

 

Figure 4. Comparison between the agglomeration area based on spontaneous data and the official one in Kazan 

It is hard to say anything about whether there is an agglomeration in Ufa. Still and all, even if we 
consider various interconnected areas as an agglomeration, its actual boundaries are much 
smaller. 

 

http://arxiv.org/pdf/1412.2154v3.pdf


 

 

Figure 5. Comparison between the agglomeration area based on spontaneous data and the official one in Ufa 

Commuters Analysis 

The analysis of spontaneous data made it possible to divide inhabitants of the agglomeration into 
several subgroups depending on the directions of their movements throughout the week. That way, 
the most common type of a circular migrant is a resident of the surrounding area, who commutes 
to the central city on weekdays. Besides, another group can be identified - it consists of people 
who live within the city area, but move out on weekends. The third type comprises so-called users, 
who reside and work in the outskirts of the city, but go out in the center on weekends. In order to 
identify the above mentioned subgroups, directions of all the movements made by the inhabitants 
on different days of the week were studied with the help of geolocated tags generated by the data 
derived from social networks. 
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Figure 6. Three types of travelers based on their destinations 

Dividing the population into groups and analysing space-time consistent patterns of their activity 
allows us to establish so-called “points of conflict”: locations and time periods of excessive 
overload, which emerge as a result of the activities of several groups taking place at the same time 
and discrepancies between the workload planned and the actual workload. This lack of 
correspondence is mainly caused by the inaccurate accounting in the activity dynamics of the 
population living in the agglomeration. 

Summary 

The application of the analysis based on spontaneous data would help to avoid possible conflicts 
and enhance the efficiency of action planning, when devising strategic plans for the development 
of the agglomeration as well as when setting up new infrastructure inside the agglomeration on the 
whole or within the bounds of separate localities that comprise this agglomeration. What is 
important is keeping track of the behavioral patterns of the population and scrutinizing the various 
groups that it comprises. Of particular importance is the outlook on both space and time activity 
structures in the agglomerations.  

Solutions on space-time and the semantic analysis of spontaneous data offered by Habidatum 
serve these kind of tasks. Examples of the survey undertaken with a goal of developing 
agglomerations are a part of the package of analytical reports carried out by Habidatum for urban 
and regional planners. For more information please ask@habidatum.com 

Agglomeration analysis is part of “Alternative statistics for better city management” prepared by 
Habidatum in cooperation with the Institute for Urban Economics by the request of FCPF. The 
project also includes research focused on public transportation accessibility and cadastral value. 
Our analysis is tailored to help urban decision-makers measure, manage, and adapt to dynamic 
processes in the constantly changing urban environment. 
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