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Abstract 
 

The work is devoted to GIS-monitoring of the transport network of the Moscow metropolitan area 
(MMA). This direction is an actual trend in the modern regional economy, as it can be seen from a brief 
overview of the scientific publications presented in work. Special software has been developed for the 
automatic collection, accumulation, and processing of data on MMA commuters (a sample of 20 thousand 
virtual people living at a distance of up to 80 km from Moscow) from the region to the center. Data is 
collected hourly through the Yandex platforms (Maps and Traffic), which allows us to monitor the 
regional transport network's load status in time and space. Indicators of commuter's losses are discussed, 
and an analysis of time and financial losses of MMA commuters is carried out. The methods of collecting, 
storing, and analyzing the data are described, as well as the first results obtained are presented. Prospects 
for further work are discussed.  
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1. Introduction 

The use of GIS technologies for the scientific analysis of transport systems in general, and 

commuting in particular, continues to be a popular trend. In particular, for an extensive overview of 

studies using GIS data (Blind et al., 2018). Dauth and Haller (2016) investigated changes in wages 

depending on home-work distance (due to job change). The source is data from the German federal 

agency, which included the exact coordinates of housing and work coordinates, and the distance was 

considered in the GIS platform OpenStreetMap Routing Machine as the shortest distance to travel 

between points. Based on the same data, Heuermann et al. (2017) investigated employer compensation for 

center-periphery commuting travel. 

Frimmel et al. (2017); Paetzold and Winner (2016) combined tax data from the Austrian Ministry 

of Finance and employee-employer data from the Austrian Social Security Database. The GIS system was 

used to calculate the travel distance to work based on the employee's zip codes and the employer (the 

geographic center of the region was taken for each index). The honesty of employees' declaration of tax 

benefits for MTM was investigated. As a result, the travel length was overstated in 30% of declarations! 

A standard GIS system offers commuting routing with a single vehicle. Djurhuus et al. (2016) 

propose the implementation of multimodal commuting trips (more than one mode of transport) by 

integrating information from the planner (timetables) into GIS using SQL. This approach has been 

successfully applied in Denmark's metropolitan area with very complex multimodal commuting trips: 

bus, train, light metro, metro, ferry, bicycle, and walking for 30 thousand people. 

In (Obaco et al., 2016), GIS systems (QGIS and Stata) were used to define cluster functional urban 

areas in Ecuador. GIS was used to determine the length and time of travel between given geo-coordinates. 

In (Rehak & Kacer, 2018), the GIS system is used to assess the proximity of Bratislava districts 

(according to simulated routes (time and length) from the district to the center using the Google Map API) 

to the center for the subsequent comparison of this indicator with housing prices determined by sales 

proposals on the Internet. 

The variety of applications demonstrates the fact that GIS technology has evolved into a powerful 

data analysis tool in economic research. Its use for analyzing the transport network will be discussed 

below. 

Monitoring the region's transport network using modern digital technologies is a strategical 

direction of the development for a modern metropolis within the framework of the concept of a "smart 

city". Increasing the mobility of the population, the quality of urban infrastructure, and the quality of 

management of the urban environment are among the hot topics and important applied problems of the 

modern regional economy.   

2. Problem Statement 

Monitoring the region's transport network using modern digital technologies is a strategical 

direction of the development for a modern metropolis within the framework of the concept of a "smart 

city". Increasing the mobility of the population, the quality of urban infrastructure, and the quality of 
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management of the urban environment are among the hot topics and important applied problems of the 

modern regional economy. 

Attempts to build smart city subsystems are being carried out in the world's leading cities 

(Barcelona, New York, London, Beijing, Moscow, etc.). Permanent monitoring and analysis of the 

quality of the transport system in the region is in current scientific research. An increasing number of 

objects of the system (public and private transport, roads, bridges, tunnels, etc.) are equipped with 

inexpensive GPS devices for recording information (photo and video recorders), which, being used 

massively (using Big Data technology), will allow conducting a global analysis of the traffic situation. If 

earlier such studies were quite expensive (Scharenbroich et al., 2009; Zhu & Levinson, 2015), then in the 

future, their cost will decrease as the cost of the final recording devices becomes significantly cheaper. 

GIS technologies have been used to construct commuters' traffic flows in New York and Amsterdam 

(Arribas-Bel & Michiel, 2012). GIS analysis was used to assess the correlation of business geography 

with the levels of development of territories and infrastructure in India (Vaz, 2013). An interesting and 

well-developed GIS study was the analysis of the impact on the external environment depending on 

commuting trips, transport alternatives of models and traffic scenarios based on data from a special 

transport study by Vodafone, which covered 1829 respondents (Wood, 2003). An interesting analysis of 

daytime pictures of workers' trips in Flanders (a polycentric agglomeration in the north of Belgium, 

(Dalton et al., 2015), where the difference in travel times of people during and outside rush hour was 

investigated, while the routes were simulated in a GIS program. 

Overall, it is clear that the collection of big data on the transport network will only grow. Finally, 

the smartphone became the main generator of data (GPS-sensor, which is always with you!). Mobile 

telecom operators have complete information about users' mobility, and this data is already used for 

scientific data analysis (Makhrova et al., 2016). 

Thus, the proposed methodology is in the modern mainstream of using big data obtained online. It 

will be discussed in detail below.   

3. Research Questions 

Data from the monitoring of the transport network by residents will allow us to study several 

topical scientific issues. 

 Investigation of the cyclicality of the transport network load at different time scales - day, 

week, month, year. In this case, the qualitative nature will be determined, but quantitative 

estimates of the process parameters will be made. 

 Estimation of time and financial losses incurred by the region as a whole, and people in 

particular, from traffic jams. 

 Analyse the spatial structure and temporal dynamics of the process. 

 Learn to predict the transport network state based on the available data using innovative 

machine learning technologies (a task in the long term). 
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4. Purpose of the Study 

The Yandex.Maps and Yandex.Traffic web platforms (Yandex Map Platform, 2020; Yandex 

Traffic Platform, 2020) calculate user-specified traffic routes with and without traffic jams via API 

(application program interface) in real time. Starting the Yandex.Traffic service, the user sees the state of 

the transport system only for his route (Figure 1, a).  

 

 
(a)        (b) 

 (a) Interactive interface of Yandex.Traffic web application. (b) An example of a commuter Figure 1. 
sample for monitoring the Moscow Ring Road transport network. Commuters live just outside 

the Moscow Ring Road and work in the centre of Moscow (the beginning and end of the 
arrow, respectively, for each commuter) 

The purpose of our project is to capture information simultaneously for thousands of virtual users 

dispersed throughout the region in order to assess the situation with the transport network as a whole. 

And, accordingly, assess the macroeconomic effect of traffic jams for each resident in particular and the 

region's economy as a whole. 

Next, we move on to a detailed presentation of the research methodology. 

5. Research Methods 

The methodology is based on generating a basic fixed set of commuters whose home-job paths 

cover the region of interest (the MMA in this work). And further, regular in time (in this work, hourly) 

collection of information about the home-work-home paths for all commuters from the basic set. The last 

step is to analyse the time series accumulated from the base set of commuters. 

5.1. Base set and controlled region 

The base set includes a set of N virtual commuters with places of residence and work defined by 

geographic coordinates (latitude and longitude) on the map (GIS coordinates). It makes no sense to set the 

coordinates of real people (hence virtualization), since the Yandex.Maps router builds a route along real 

http://dx.doi.org/
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roads between any two points specified on the map, which is what we need. The main thing is that the 

places of residence and work of virtual people in the base sample should be chosen in such a way that 

their home-work routes would evenly cover the transport network of the study area, for example, the 

Moscow Ring Road (Figure 1, b). The reconstructed commuter routes of the basic sample will cover the 

entire transport network within the Moscow Ring Road and, thus, take into account the situation on the 

roads in a comprehensive manner. 

5.2. Size of base sample 

Base sample size is a trade-off between precision and the complexity of large data. The main 

problem is that the Yandex platform bans the user's IP due to a large number of requests treating it as a 

DDOS hacker (Hulme, 2020). As a result, the sample size should not exceed 20 thousand people, while it 

is necessary to take measures to parallelize the data collection process. 

5.3. Basic set fixation 

The basic sample is specially fixed for a set of correct time series by analogy with a fixed sample 

of panel research respondents. The collection of a fixed set allows you to analyse the temporal dynamics 

of data obtained by statistical methods at any time scale, from minutes to years. 

5.4. Generated base sample 

The basic sample for the Moscow agglomeration was generated from 20 thousand virtual MMA 

commuters living at a distance of 20, 50 and 80 km from the centre of Moscow city, specified by the GIS 

coordinate C0 = (55.7520,37.6166), and their places of work were selected within a radius of 5 km from 

the centre Moscow (Figure 2).  

 
         (a)                (b) 

 (a) The Moscow centre, the coordinate C0(longitude, latitude) = (55.7520, 37.6166), taken in Figure 2. 
the calculations. (b) The location of houses (blue concentric circles) and places of work (red 

spot in the centre) of commuters of basic set used in this study 
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Thus, the routes of the basic sample evenly cover the region-centre radial roads within a radius of 

80 km from Moscow. In doing so, we cover three main types of citizen who make short, medium and 

long commuting trips, in order to compare the performance of these three groups of commuters. 

5.5. Data collection 

Specially developed software is used to collect information (the method was developed by us, 

RFBR grants No. 11-06-00323 and No. 14-06-00249). For each person from the basic sample the home-

work-home paths are reconstructed through Yandex.Maps API (Figure 3).  

 
               (a)      (b) 

 (a) Build of one route between home and work addresses of commuter. (b) A home-work route Figure 3. 
map for a small sample of MMA commuters 

The database stores routing date and time, route length and travel times with and without traffic 

jams. The program is called hourly in automatic mode using standard operating system tools. More 

frequent calls can again be the reason for blocking. Collecting data on an hourly basis is a reasonable 

compromise, as it allows you to investigate the state of the roads with an accuracy of about an hour (24 

points per day for assessing dynamics). 

5.6. Indicators 

The collected data allows the calculation of a variety of indicators. Here we use the simplest two - 

the specific IU and relative 𝑊𝑊𝐼𝐼  time losses by the I-th commuter of the base sample of N people, due to 

traffic jams per route unit: 
0

, 1, , ,
R

I I
I

I

T TU I N
L
−

= =        1a) 

𝑊𝑊𝐼𝐼 = 𝑇𝑇𝐼𝐼
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where R
IT  and 0

IT  are times with and without traffic jams, respectively, and IL is the total 

length of the route. Dimensional indicator IU  (typical unit is min/km) is used for quantitative estimates, 

while dimensionless indicator 𝑊𝑊𝐼𝐼  is convenient for visualization of time series. 

Further, in a natural way, you can use aggregation, in particular, the average time loss over the 

sample at the j-th moment of time: 

 
1

( ) ( )
N

J I J
I

U t U t
=

=∑       2) 

Since the base sample is fixed, the time series of indicator (2): 

0 1{ ( ), ( ), , ( ), }JU t U t U t       3) 

shows the temporal dynamics of the status of the transport network in the region covered by the 

routes of the base sample. 

Finally, the basic sample of people can be studied not only as a whole, but also in the context of a 

number of variables: 

( , , , )U f L DIR REG=       4) 

where L, and DIR are the length and angular (azimuthal) direction of the route (to the cardinal 

points in relation to the centre of the region), and REG is the region of residence, etc. The study of 

subgroups of the base sample gives a more detailed monitoring of the transport network behaviour. 

The first results obtained during the development and implementation of the method described 

above are discussed below. 

6. Findings 

The accumulation of data according to the procedure described above was launched in September 

2015, this work presents the results of processing the data accumulated up to February 2020 - more than 

500 million records. 

6.1. Commuting times and losses 

Commuting times and losses for the three study groups of the base sample are presented in Figure 

4. 
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(a)        (b) 

 (a) Travel time of commuters from the basic sample (in logarithm scale). (b) Average losses on Figure 4. 
their commuting trips due to traffic jams according to formula (1a) 

As can be seen from Figure 4, the specific losses of commuters driving long, medium and short 

distances, respectively, are increasing, which is consistent with expectations. Residents living closest to 

Moscow suffer the most from traffic jams in terms of wasted time. 

Traffic network loading patterns have a pronounced cyclical nature, and in two different time 

frames at once - within a day and a week. Further we show the results of the first group of commuters 

living 20 km from the centre. We have the longest time series for this group, and the analysis of the 

remaining groups is planned in the future. 

6.2. Intraday cycle 

The intraday transport network load cycle is shown in Figure 5a. The graph clearly shows peak 

loads at 6-10 hours in the direction from the region to Moscow. And return rush hours in the evening 

from 16-19 hours are in the opposite direction. 

  
(a)       (b) 

 Time losses by commuters depending on the hour of travel in January 2020 (а) and the day of Figure 5. 
the week in September 4-10, 2017 (b). Black and red dots - centre-area and centre-area roots 

respectively. Along the vertical axis, the ratio of losses compared to a trip without traffic jams, 
calculated using formula (1b) 
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6.3. Intraweek cycle 

Intraweek cycle is shown in Figure 5b, which demonstrates the classic picture of less traffic on the 

weekend. The increased load at the exit from Moscow on Friday and at the entrance to Moscow on 

Tuesday is associated with "dacha traffic". 

6.4. Dynamics of commuting time losses 

Average relative intraday commuting time losses due to traffic jams from December 2019 to 

August 2020 are shown in Figure 6. The chart clearly shows the cyclical weekly loss structure with 

noticeable fluctuations on weekends (discussed above). Another noticeable effect is that there are more 

difficulties with leaving Moscow than with entering (black dots are systematically higher than red ones) 

till March 2020.  

At the end of March, strict restrictions were announced in Moscow and the region due to 

coronavirus infection. And we see that during the month from the end of March to the end of April 2020, 

the loss of traffic was minimal - the loss of time was kept to a minimum.  

 

 Average daily travel time losses due to traffic jams (black dots - center-area, red dots - center-Figure 6. 
area). On the vertical axis, the ratio of losses in comparison with a trip without traffic jams, 

calculated by formula (1b) 

The recovery of traffic on the roads of the Moscow region took place throughout the May-June 

2020, while during this period the difficulties in entering Moscow exceeded the load on leaving the 

centre. After the recovery of usual activity in Jule 2020, the situation has been returned to its previous 

picture: traffic jams at the exit from the centre overcome the difficulties in entering Moscow. Finally, 

there is a growing dynamic in the gap between travel on weekdays and weekends. 
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7. Conclusion 

This paper presents the results of the original methodology of continuous GIS monitoring of the 

transport network of the Moscow agglomeration. The methodology for collecting, accumulating, storing 

and processing GIS information received from the online platforms Yandex.Maps and Yandex.Traffic is 

described, as well as the quantitative results of the analysis. A software package has been developed, with 

the help of which the transport network is automatically monitored in real time. 

The technique is scalable, the value of the data grows as it accumulates. In the future, it is planned 

to use Big Data techniques for forecasting purposes. Besides, visualization and online monitoring and 

automatic publication of the results are planned. 

In conclusion, we emphasize that GIS analysis of transport data is an actual modern trend in 

scientific research and commercial projects. With its unique data and methodology, this work is in trend, 

at the forefront of research in this scientific direction. 
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