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Abstract: Each transport model is based on a correspondence matrix. To achieve an adequacy of a transport
model to the real conditions, all of its layers should be described n the structure of the transport demand each
of that layers has its own correspondence matrix. When developing a macro model of a regional transport
system the most urgent layers of the transport demand are business and commercial correspondences. The
purpose of the worlk the results of which are presented in this study 1s the development of methods for creating
freight flows correspondence matrices. The source of the original data are publicly available tax records with
a breakdown to sub-federal entities and mumnicipal entities which make it possible to determine the total number
of trucks by the engine power characteristics groups as well as information about economic entities in municipal
entities. The analysis of a raw data composition to build matrices of freight flows correspondence was carried
out and a methodical approach to collection of certamn types of raw statistical data based on the Federal Tax
Service reports was developed. The proposed techrmique makes it possible to build current matrixes of freight
flows correspondence that could be used in the future to create models of transportation districts at the regional
level with the use of different sets of traffic simulation. The described technique is also applicable in the
construction of predictive traffic models. The results can be used by both domestic developers and specialists
working n countries with transitional type of economy (India, Pakistan, Argentina, Mexico, Brazil, some former
Soviet republics and so forth) in the conditions of limited capacity to collect statistical and accounting source
data by standard techniques. The researchers believe that the technique presented in the study on creating
correspondence matrices can also be useful for foreign suppliers of traffic simulation systems to account for
the specifics of the Russian Federation in their products.
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INTRODUCTION

One of the primary conditions for creation of a
modern socio-econormic basis as well as a comprehensive
dynamic development of cities and regions are their
transport systems (Safronov, 2005). Predictive traffic
models of cities and regions are built to obtain information
about the state of a transport system as well as the
possible distribution of traffic streams over the road
network according to the different input parameters
(Safronov, 2005; Shvetsov er al., 2009)

Given the trends of continuous development of
automotive engineering and logistics systems as well as
structural changes in the Russian economy and in order
to ensure compliance of the transport mfrastructure of
cities and regions with the growing demands on transport
movements, activities on monitoring and prediction of
transport systems development become important. Tn this

regard, a need to create predictive models of transport of
cities and regions grows also (Shvetsov et al, 2009).

A transport model includes transport demend and
supply models as well as the distribution model which
describes the way they interact. Using modern methods
of mathematical modeling, transport model allows the
calculation of the transport network loading to carry out.
This study 13 devoted to the creation of a transport
demand model.

When modeling a transport demand we must first
make its structuring which consists in the allocation of the
specific groups, “layers™ of transport demand in possible
transport movement options. The demand structure
detalization (number of demand layers) directly determines
the level of compliance of the final transport model to the
real situation in a simulated territory. In order to build
models transport demand, the possible types of transport
movements can be roughly grouped into several main
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layers of demand: labor correspondence (daily trips from
home to work and back); cargo transportation; business
trips (trips to the workplace on business matters); trips
from home with social (household) purposes.

The transport demand models basically include
Correspondence Matrixes (CM) describing the movement
of road transport between the corresponding pomts in
terms of “Origin-Destination™ and are the result of raw
data processing that characterize the movements
(Batishchev et al., 2016; Schnabel and Lohse, 1997,
Ortuzar and Willamsen, 2001; Vuchic, 2007). An
appropriate correspondence matrix 1s built for each layer
of the transport demand.

At the initial stages of building a transport model,
selection of corresponding points or zomng 15 performed,
1e., division of the territory m transportation districts
(Kotikov, 2012). The bases of determining the boundaries
of Transportation Districts (TD) in the course of zoning
are the following basic principles: compactness of a
district territory, possibility to accurately describe the
functionality of each district in the socio-economic
structure of the simulated territory; availability of data on
transport demand with a breakdown to transportation
districts (Abrahamsson, 1998). The choice of the method
of building transport models significantly depends on a
simulation scale.

The 1ssue of building of the city transport model in
almost all its aspects, including the methodology and
features of correspondence matrix creation was studied in
detail and described in the literature (Shvetsov et al.,
2009). The basic transport correspondences within the
city (agglomeration) borders are movements of people,
mostly in the morning and evening "rush hours” that are
grouped m labor, education, social, household and similar
layers of demand. Impact of transit traffic on the urban
transport system 1s neglgible because those movements
occur mainly on roundabout routes. Thus, concerning
freight traffic and labor correspondences a city is a
self-sufficient object.

Transportation systems of the Russian Federation
regions are characterized by a number of factors which
determine the difference between them and the transport
systems of cities and urban agglomerations. The main
factors include: population density; structure of the
economy, including industry and agriculture; levels of
production development by industries; transport networlk
placement area. All this leads to a difference of
methodological and technological approaches in building
a region transport model and a city transport model
(Safronov, 2005; Kotikov, 2012).

Currently, experts in the field of regional transport
give the attention to problems of

1ssues basic
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synchronization of cargo transportation by different
modes of transport (Shvetsov, 2003; Bekmagambetov,
2012). Thus, the mamn areas of contemporary research
activities m the field of traffic sumulation at the regional
level are utilitarian applied researches. Much less
attention is paid to research of creation of regional
transport system models.

When creating a regional transportation model the
low level of detalization of transport demand should be
taken into account; it 18 due to the fact that the main
transport movements across the region are business
correspondences and carge transportations. Labor
correspondences are virtually confined by the area within
the boundaries of the urban agglomeration, including the
very territory of the city and 25-30 km long zone around
city limits. Given the traffic conditions on wban road
network where the average speed in “rush hours”™ is
practically not>10-15km™ , the time of 2 h spent on daily
labor correspondence (at rated working day 8 h) may be
considered as a top of rationality to a worker.

In practice of models building, insufficient attention
is given to a freight transport as a transport demand layer
1in comparison with other types of correspondence. At the
same time, m the conditions of structural changes in the
economic system of the country, economic diversification,
development of small and medium-sized business
segments, increased mobility of the population, the
demand for transportation contimuously increases. This
applies both to the volume of goods transported,
geography of correspondences and to increase in the
number of types and mnprove the performance of freight
vehicles. In this connection, there are also increased
accuracy requirements posed to freight flows
correspondence matrix as one of the main layers of the
demand for mobility in the region what largely determines
the adequacy of regional transport model as a whole.

As noted earlier, the correspondence matrixes
describe communications between the point pairs
(transportation districts) on the basis of the raw data
characterizing the movements using motor vehicles.
Accordingly, high demands of model developers to the
sufficiency and quality of the raw data are reasonable
since this information i1s the basis of the simulation
regardless of the use of software and hardware tools and
technicues. The lack in the conditions of modern Russia
of an established mechanism for access to the necessary
statistical mformation makes the problem from the
collection of raw data for the traffic sumulation in almost
the entire territory of the country. The solution to this
problem using standard techniques requires involvement
of significant manpower and 1s time consuming (Yakimov,
2013).
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Practical activities of the researchers in the field of
traffic simulation confirms the existence of the above
problem and shows that the use of publicly available
mformation of various authorities in the capacity of a
valuable and reliable source of raw data is unreasonable
because of its msufficiency and quite often wrelevancy.
At the same time we can use in the capacity of the most
appropriate source of mformation the reports of the
Federal Tax Service of the Russian Federation published
i accordance with the requirements of the legislation
(Anonymous, 1995). This assumption has determined the
direction of research the results of which are described in
this study.

These researches focus on the development of a
technique for creating a freight flows correspondence
matrix based on data from tax reporting data. For these
purposes there were designed methodical approaches to
select sources and methods for obtaiming raw statistical
data and for processing the information received.

Description of a raw data collection problem for traffic
simulation: Development of mathematical transport
models deals with a large amount of raw data collection of
which 13 accompanied by serious difficulties both n
respect of the information quality and in terms of its
production (Yakimov, 2013).

Developed Furopean countries, the TTSA and Canada
over the past 100 years systematically conduct numerous
sociological studies involving almost all spheres of life
and activity of people, society and the state mcluding in
the transport sector. Results of those researches are
freely available to specialists that yields a variety of
quality, systematic and chronologically grouped data
(Shvetsov and Ushchev, 2008). In countries with a
transitional type of economy (India, Pakistan, Argentina,
Mexico, Brazil, some former Soviet republics and so forth)
including the Russian Federation, taking into account
absence of such studies there as well as the dynamics of
the economic situation, the collection of raw data for
traffic simulation 1s a sigmficant challenge and solution of
the problem requires a scientific approach.

In view of solving the problem of development of
methodological approaches to the choice of sources and
methods for preparation of statistical raw data, let’s
consider the current situation in this sphere as an example
of a typical region of the Russian Federation.

An analysis of publicly available information leads to
the conclusion that the source of the original data can be
information resources of state statistics authorities as well
as statistical reports in the official websites of local
authorities. The practice of collecting raw data that was
obtained by the researchers allows describing the current
situation as follows:

¢  The necessary information presented is in open
reliable sources mn unstructured form

¢ Generally, regional administrations do not have
necessary data m full and in some cases the data are
completely absent

» Interacting with the authorities on provision of the
necessary information is usually associated with
signmficant delays and various bureaucratic obstacles

+ A significant portion of the resulting raw data does
not satisfy the requirements for them to be used for
creation of transport models and requires additional
preparation

¢ Preparation of raw data obtained from the sources
indicated above for their use in the traffic simulation
can be carried out in two directions

»  Clanification of the mformation received from public
reliable sources and through formal requests to
various specialized agencies

» Creation of special techniques to obtain the
necessary raw data from available accumulated
statistics and other data types

The option of official clarification of raw data has
positive aspects reflected mn Ilugh quality of the
information but contains flaws relating mainly to the
timing of requests execution.

The second direction of data preparation provides for
availability of special techniques which allow receiving
the required raw data from the available accumulated
statistical data as well as other types of information and
have unlimited applicability and usability. The
development of special techmques within the framework
of the research has determined the scientific nature of the
work and innovative approach to solving the problem.
Reports of the Federal Tax Service of the Russian
Federation have been selected mn the capacity of a source
of raw statistics for the foregoing reasons.

MATERIALS AND METHODS

Methods of preparation of the statistics raw data on the
basis of the federal tax service reports: The demand layer
reflecting a cargo transportation is one of the main
components of any regional transport system demand
model. However, it should be noted that cargo
transportation i the said aspect are poorly understood
and described in the Russian literature (Shvetsov, 2003).
This 1s due to: firstly with an exponentially growing
volume of cargo transportation by motor transport on a
national scale as well as the number and nomenclature of
the vehicle fleet; secondly with the development of freight
motor transport both in Russia and abroad and with the
qualitative improvement in the technical performance of
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vehicles. At the same time, the number of trucks in the
region, concerning payload 1s one of the main data
source for building of the regional tramsport model.
This nformation 1s not available in the reports of state
statistics bodies. Accounting and registration of vehicles
15 carried out by relevant units of road-traffic safety
mspection of the Ministry of Internal Affairs (State Road
Traffic Safety Inspectorate). Thus, the data relating to
vehicles registered in the region can be obtained only at
the official request to the Inspectorate division of the
region.

At the the inspections as part of
nter-agency cooperation are required to send the

same time,

following data to the authorities of the Federal Tax
Service:

Information about all vehicles and persons for which
they are registered as of December 31 of the
preceding calendar year

Information about the sale and the change of
the car owner within 10 days after registration or
de-registration of vehicles

Within the framework of the chosen approach, the
researchers propose to use in the capacity of raw data the
open reporting nformation of the tax authorities,
previously prepared with the use of the developed
methodological approaches, the essence of which 1s as
follows.

The Federal of the
Federation reports on its web-site the data formed per the

Tax Service Russian
sub-federation entities with a breakdown to municipal
entities and allowing assessment of the demand for freight
transport in the region.

Tt is a question of the report on the tax base and
structure of charges on Transport Tax (TT) which is
presented with a breakdown to the sub-federal entities
and to mumicipal entities.

This report mcludes data on commercial vehicles
registered for the citizens and orgamzations m the
corresponding territory. Thus, using the records of the tax
authorities in open access, it is possible to get actual raw
data for creating freight flows correspondence matrix.
Reported data on commercial vehicles are formed mto five
groups depending on the engine power:

Up to 100 hp (up to 73.55 kW) inclusively

Over 100 hp up to 150 hp (>73.55 and 110.33 kW)
inclusively

Over 150 hp up to 200 hp (>110.33-147.1 kW)
mclusively
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Table 1: Payload parameters of commercial vehicles depending on their
engine power

Engine power (kW) Vehicle payload (t)
<73.55 <3.06
73.55-110.33 3.06-4.6
110.33-147.1 4.6-6.13
147.1-183.9 6.13-7.66

>183.9 =T7.66

Over 200 hp up to 250 hp (over 147.1-183.9 kW)
inclusively
Over 250 hp (>183.9 kW)

The specified raw data on commercial vehicles are
sufficient for building both a general freight flows
correspondence matrix and individual correspondence
matrices for commercial vehicle systems of trucks formed
by payload parameters shown i Table 1.

The technique of creating a correspondence matrix: The
proposed method allows upon using a minimum number
of raw data to perform CM calculation at a first
approximation. The calculation used data on the number
of commercial vehicles registered in the region, the
number of economic entities within the municipal entity,
as well as an assessment of its administrative status.
Considering that cargo transportation 1s the prerogative
of the economic entities and in the absence of information
about the types of these entities, it is advisable to use the
average figure for the region of the number of commercial
vehicles owned by a single economic entity. Based on
these raw data, let’s suggest that each economic entity
generates a nmumber of freight flows correspondences
equal to the number of existing serviceable vehicles
owned by it that on average provides sufficient accuracy
of the calculation of the relative coefficients of
movements between transportation districts.

To create a matrix of freight flows correspondences
N between the transportation districts which accounts for
n, we propose the following sequence of actions.

At the first stage the vector O, is formed with
dimensicn of n each element of which Oy is equal to the
number of economic entities in the transportation district
and is proportional to the transport stream incoming in the
transportation district that is to transport demand.

Number of economic entities with a breakdown to
transportation districts B; and the total number of
economic entities in the region B, is determined on the
basis of the reports by the Federal Tax Service according
to the techmque developed by the researchers of this
study and described by Vuchic (2007).

The next step is to build a connection matrix K with
dimension of nxn which elements are connectivity

coefficients k, between ith and jth corresponding
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transportation  districts.
coefficients are determined on the basis of the provisions
from “guidelines for predicting traffic volume on the
roads” (Mot, 2003), depending on the administrative
status and mutual subordination of central settlements in
the transportation districts.

Then, a traffic stream matrix D, with dimension of nxn

The walues of connectivity

is formed, the elements of which are equal to the transport
streams coming from the TD and are calculated using the
mumbers of commercial vehicles in the transportation
districts and the matrix K elements according to the
equation:

K.,i=ln

1y

Dt, =A% i=Ln (1

where, A, the number of commercial vehicles in the ith
transportation district that are suitable for malking freight
flows correspondences; the number is determined under
the equation:

B
— Ln

A=A KK, (2)
B

-

]

o

Where:
s The number of commercial vehicles registered in
the region that is determined from the report of the
Federal Tax Service on the tax base and structure
of transport tax charges with a breakdown to the
sub-federal entities

The coefficient of serviceability of wvehlicles

showimng their readiness to enter the route to
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perform a correspondence. In accordance with
(Logmov et al., 2015a) the value of Kispr 1s taken
equal to 0.85 (ie., 15% of the vehicle fleet is
constantly under repair, mamtenance, etc)

The next step is to create a provisional matrix G
of the so-called “a prior probability of correspondence
origination” (Shvetsov, 2003) with dunension of nxn and
calculation of the matrix elements under equation:

3)

Where:

B = The balancing factor being the ratio of the number
of commercial vehicles registered in the region A, to
a number of economic entities in the region B, and
necessary to ensure the balance of mcoming and
outgoing flows of the transportation district
Elements of the matrix L that represent the values of
the distances between the respective TDs along the
roads connecting them with the shortest length
(based on the regional road map)
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Equation 3 actually describes the gravitational
approach to creating a provisional correspondence
matrix. “Gravity model” 1s historically one of the first
models proposed for an estimation of imter district
correspondence (Carrothers, 1956; Voorhees, 1955;
Wilson, 1967, 1971). For the purposes of this study, it is
preferred because of its versatility and simplicity
(Shvetsov, 2003). In addition, the use of this approach in
the technique of building correspondence matrixes for
the transport demand layer “labor correspondence” as
described by Loginov ef al (2015b) has shown its
relevance in building of adequate correspondence matrix
as the first approximation.

When creating the final correspondence matrix N
as a result of which the value of freight flows
correspendence N; would be obtamed, it is necessary to
make the normalization of the matrix elements G

(4

using normalization factor 1; which is calculated by the
Eq. 5

(5)

This normalization ensures that the total mumber of
departing commercial vehicles from this TD complies with
the existing demand.

For the final formation of the freight flows
correspondence matrix it should be borne in mind that the
loaded mileage proportion (the ratio of a loaded mileage of
a vehicle to its general “back and forth” mileage) as a rule
has a value of about 0.5 t, 1.e., each travel with a load falls
to a single unladen travel. Tt is important when planning
a transport network load. Typically, in the simplest case,
the unladen travels are accounted for as a certain
proportion of laden travels but in the opposite direction.
Then the total number of travels between the ith and jth
TDs in one direction can be determined by the following
equation:

SN, =N, +AN, i=Ln, j=Ln ©)

Where X loaded mileage proportion (“unladen™)
determined empirically but mostly this value 15 mn the
range of 0.7-0.9 (Loginov et al., 2015).

Using the technique presented above allows making
calculations of freight flows correspondence matrices
based on open public data ncluding official government
data.
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RESULTS AND DISCUSSION

The techmque for creating correspondence matrixes
described n this study allows effectively to obtain the
matrixes which reflect the average daily movements of
vehicles which provide cargo transportation services in
the territory of a region.

During development of the techmique for creating
freight flows correspondence matrixes based on open and
public tax reporting data, methodological approaches to
the choice of sources and ways for obtaimng statistical
raw data as well as for preparation of statistical raw data
based on reports of tax authorities have been developed.

The technique presented in this study was tested
within the framework of the applied research on the topic
“Development of technology for building information
model of transport systems for a typical Russian region
including the development of the algorithm for calculating
the efficiency of operation of toll and other roads of
federal, regional and local level based on world-class
software system PTV Vision® VISUM/VISSIM
(Germany)” for building the informational transport model
for a typical Russian region. The results obtained have
confirmed the relevance of the developed techniques for
building regional transport models.

CONCLUSION

Tt can be concluded on the basis of these results that
the use of methodological approaches described in the
study for the preparation of statistical raw data based on
the tax authorities’ reports can successfully solve the
above indicated problem of raw data collection in order to
buld freight flows correspondence matrixes.

Thus, the proposed technique allows in very
effective and versatile way to form a freight flows
correspondences matrix based on open data of the tax
authorities. The technique provides a minimal dependence
on a developer on a database for accounting of vehicles
the availability of which in different regions and countries
can differ greatly.
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