
Chapter 18
Processing Initial Data
for the Agent-Based Model of the Russian
Federation Spatial Development

Aleksandra L. Mashkova

Abstract In our research, the preparation of initial data for the simulation model
of the spatial development of the Russian Federation is being conducted. Within the
model database, information about population, economy, and social institutions from
the official open sources: Web sites of the ministries, federal, and regional statistical
yearbooks, is integrated. While information about population and education is quite
detailed, referring to the production system it is disaggregated and needs processing
to be converted into required structure. In this paper, structure of initial data for simu-
lating production in the model and methods of matching it with available open data
are presented. Iterative proportional fitting technique is implemented for aggregating
information about employment and equipment of organizations in different regions.
Within the procedure of generation, the model database is filled with objects created
on the basis of initial data.

18.1 Introduction

Our research is aimed at developing a tool for evaluating alternative managerial
decisions by simulating different scenarios of the spatial development of the Russian
Federation. Creation of such a model requires integration of population, economic
structures, and social institutions to reflect a wide range of control actions, including
tax, monetary, and investment policies. Significance of practical application of the
model directly depends on completeness and detailing of its input data, which ensure
that the model environment corresponds to the real world and the forecast estimates
obtained on its basis are adequate.

Initial modeling data on the population, production, infrastructure, financial state
of organizations, and households can be found in federal and regional statistical
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collections [1, 2], open data of ministries [3–5], and results of sociological surveys
[6, 7]. Since this information was collected by different sources and for different
reasons, it needs processing to be converted into required structure of initial modeling
data tables.

Of particular difficulty is the search for information in a spatial context. To analyze
demographic processes, one can rely on census data [1], which provides a full range
of necessary information about population in regional, urban, and rural context.
Detailed information on higher and secondary vocational education is presented in
the reports of the Ministry of Education and Science [5]. For economic structures,
obtaining information in a spatial context is fraught with considerable difficulties.
Themain source of information is the Federal State Statistics ServiceWeb site [2] and
its annual collections, but information provided in them is significantly generalized.
More detailed information is available in regional collections, but there are a few
difficulties that determine the need for initial data preprocessing:

1. Detailing of sector structure of gross regional product is presented in collections
for only 14 regions out of 82.

2. In these 14 collections, some economic activities are not detailed; for example,
economic activity ‘personal services’ is detailed only in collections of Karelia
and Arkhangelsk.

3. Often, 2–3 related sectors are combined into a complementary set (e.g., food and
tobacco industry); moreover, composition of complementary sets differs from
one regional collection to another.

The purpose of the presented work is integration of data from different sources,
which retains high detail for the regions that presented themost complete information
and uses proportional fitting techniques for others. The solution of the indicated
problems is only the first step in the study, since in the future it is planned to integrate
data on individual organizations and corporations within the model database. The
task of statistical data preprocessing, however, is urgent for the development of the
demo version of the model and debugging of its algorithms.

18.2 Research Methodology

For modeling spatial development of the Russian Federation agent-based approach
was chosen [8], which includes heterogeneity, bounded rationality, and global
dynamics as a result of micro-level agents’ interactions. Based on these assumptions,
agent-based models become computer laboratories to test the effects of policies on
macroeconomic and spatial dynamics [9]. Agent-based models have already been
implemented in different policy areas such as fiscal [10], monetary [11], financial
[12], and labor market policy [13].

Loading real data into agent-based models remains an urgent task. There are
examples of solving this task for different regions, for example, for Leeds, the UK
[14], andSaint Petersburg,Russia [15].Due to the regional scale of thesemodels, only
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regionalmanagementmeasures are simulated in thesemodels, whilemacroeconomic
effects are treated as the external environment.

Within creation of the model of spatial development of the Russian Federation
sex-age structure of the population, infrastructure, production, administration, and
educational institutions in each region are reconstructed. Dynamics of the system is
simulated through behavior of agents and decisions of organizations.

In this paper, methods of processing initial modeling data used for reconstructing
production system of the Russian Federation in the spatial context are considered.
For data processing, iterative proportional fitting (IPF) is used, which is a proce-
dure for assigning values to internal cells based on known marginal totals in a
multidimensional matrix [16]. In different branches of academic research, IPF is
called bi-proportional fitting or RAS algorithm [17]. IPF is widely used in spatial
microsimulation studies for integrating geographically aggregated data sources [18].

18.3 Structure of the Agent-Based Model

In our research, the agent-based model is being developed, which simulates demog-
raphy, production, employment: financial, education, and budgetary system (see
Fig. 18.1). Population and organizations are related to regions of the Russian
Federation [19].

In the module, ‘population’ demographic processes are reflected, including birth
and death, as well as creation of new households connected with marriages and
divorces. Within other modules, agents act as students, employees and employers,
taxpayers and consumers.

Organizations in themodel are aggregated: one organization in themodel responds
to a set of organizations of one economic sector in the region [20]. There are commer-
cial, budgetary, and financial organizations in the model. Commercial organizations
interact within ‘production and service’ module. Financial institutions in the model

Fig. 18.1 Main processes in the agent-based model of spatial development of the Russian
Federation
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are the Central Bank (that sets the interest rate and issues bonds) and regional banks,
which deal with deposits and credits of households and organizations. The state
administration is responsible for tax collection, social transfers, and federal invest-
ment programs. The regional administration implements their functions through
budgetary organizations in social security, education, and medicine [19].

18.4 Data Processing Algorithms

In the further paragraphs, methods of processing data from the portal of the Federal
State Statistics Service [2], federal and regional statistical yearbooks are consid-
ered. Information on regional production, employment, property, and equipment is
presented in the economic activities scale, which is much less detailed than the sector
scale used in the federal input–output table [19].Organizations in themodel, however,
represent sector structure of regional economies. Table 18.1 shows that available data
requires preprocessing to match initial modeling data structure.

18.4.1 Production and Service

Firstly, production volume of each sector in the complemented set P

k∑

i=1
si

r , presented
in the regional statistical yearbook, is calculated.

ds
r

∧

= Ps

∑k
i=1 P

i
(18.1)

ds
r

∧

—share of sector s in the complemented set in region r; Ps , Pi—gross product
of sectors in Russia, k—number of sectors in the complemented set.

Ps
r = P

k∑

i=1
si

r ∗ ds
r

∧

(18.2)

Ps
r —product of sector s in region r ; P

k∑

i=1
si

r —product of the complemented set of
sectors.

Results of processing data about production in economic activity ‘transport and
communication’ in region 1 (Belgorod) are presented in Table 18.2. Supplementary
sets are: ‘land transport service’ and ‘water transport service’; ‘additional transport
service’ and ‘communication’.
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Table 18.1 Initial modeling data for simulating spatial distribution of production

Initial modeling data
tables

Table content Available open data
tables

Table content

Production Ps
r —product of sector s

in region r
Input–output table Ps—product of

sector s, billion RUR

Aggregated gross
regional product
structure

Pe
r —product of

economic activity e in
region r

Detailed gross
regional product
structure

Ps
r —product of

sector s in region r

Export and import es ; i s—share of export
and import in the output
of sector s

Input–output table Es ; I s—volume of
export and import in
sector s

Supply ai j—volume of sector i
product used in
production of a unit of
sector j

Input–output table xi j—cost of sector i
product used in total
production of sector j

Product of sectors in
physical terms

Prs—product of
sector s in physical
terms (standard units)

Property, plants and
equipment

PEs
r—volume of

property, plant, and
equipment in sector s in
region r

Property, plant, and
equipment in
different regions

PEr—volume of
property, plant, and
equipment in region r

Property, plant, and
equipment of
organizations of
different economic
activities

PEe—volume of
property, plant, and
equipment in
economic activity e

Employment Ls
r—number of

employees in sector s in
region r

Number of employees
in different regions

Lr—number of
employees in region r

Number of employees
of organizations of
different economic
activities

Le—number of
employees in
economic activity e

Total product of sector s in regions from 1 to u with detailed statistical data is:

V det
s =

u∑

r=1

Ps
r (18.3)

V det
s —total product of sector s in regions from 1 to u; u—number of regions with

detailed statistical data about sector s; Ps
r —product of sector s in region r.

For different economic activities u accepts values from 2 (‘personal services’) to
14 (manufacturing). In economic activity ‘transport and communication’ u = 11.
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Table 18.2 Results of data processing (transport and communication in Belgorod region)

Sectors in economic
activity ‘transport and
communication’

P

2∑

i=1
si

1 , billion RUR Ps , billion RUR d̂sr Ps
1 , billion RUR

Land transport service 25.6 5596.5 0.97 24.8

Water transport service 191.3 0.03 0.8

Air and space transport
service

0 928.9 0 0

Additional transport
service and
communication

13.8 2669.5 0.58 8.0

Communication 1971.0 0.42 5.8

For each sector its total product in other regions is:

V ost
s = Vs − V det

s (18.4)

V ost
s —total product of sector s in regions from u to 82.

For regions from u to 82, approximate share of sector s in the corresponding
economic activity type is calculated:

ds−e
∧

= V ost
s /

82∑

r=u+1

Pe
r (18.5)

ds−e
∧

—approximate share of sector s belonging to economic activity e; Pe
r —

product of economic activity e in region r .
For further operations, share of sectors in economic activities in different regions

is calculated:

ds−e
r = Ps

r

Pe
r

(18.6)

ds−e
r —share of sector s in economic activity e in region r, Ps

r —product of sector
s in region r, Pe

r —product of economic activity e in region r.
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18.4.2 Export and Import

Share of export in the output of sector s is:

es = Es

Ps
(18.7)

es—share of export in the output of sector s; Es—volume of export in sector s;
Ps—product of sector s.

Share of import in consumption of product sector s is:

i s = I s

Ps
(18.8)

i s—share of import in sector s; I s—volume of import in sector s; Ps—total
consumption of product of sector s.

Since more detailed information is not available, it is assumed that share of export
in output and import in supply of each organization is equal to the average share for
the sector, which the organization belongs to.

18.4.3 Supply

In the federal input–output tables, deliveries between sectors are presented in mone-
tary terms. In order to preserve quantitative relationships in the real economy in the
period of changes in currency exchange rates and inflation, accounting of production
in standard units for each sector is used. For this task, the price of a standard unit of
each sector is calculated:

Prices = Ps

Prs
(18.9)

Prices—price of a standard unit of sector s; Ps—product of sector s in monetary
terms; Prs—product of sector s in physical terms (standard units)

Supply matrix in the model should be presented in physical terms as well:

ai j = xi j
Pr j ∗ Pricei

(18.10)

ai j—element of supply matrix (volume of sector i product used in production of
a unit of sector j); xi j—cost of sector i product used in total production of sector j
(presented in the federal input–output table); Pr j—product of sector j in physical
terms; Prices—price of a standard unit of sector s.
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18.4.4 Property, Plants, and Equipment

For aggregating information about property, plant, and equipment of organizations,
iterative proportional fitting algorithm (IPF) is used. Initial data includes PEr—
total volume of property, plant, and equipment in region r (table ‘property, plant, and
equipment of organizations in different regions’ presented on Federal State Statis-
tics Service Web site) and PEe—total volume of property, plant, and equipment
in economic activity e (table ‘property, plant, and equipment of organizations of
different economic activities’ presented on Federal State Statistics ServiceWeb site).

The aim of calculations is defining PEe
r—total volume of property, plant, and

equipment in economic activity e in region r, so that:

PEe =
82∑

r=1

PEe
r (18.11)

PEr =
15∑

e=1

PEe
r (18.12)

PE =
82∑

r=1

PEr =
15∑

e=1

PEe (18.13)

where PE = 74,662.4 billion RUR—total volume of property, plant, and equip-
ment in Russia [7], PEe and PEr are presented in appropriate line and column in
Table 18.3.

At first, preliminary volume of property, plant, and equipment in economic
activities in each region is calculated:

PEe
r (preliminary) = PEe ∗ Pe

r (18.14)

PEe
r (preliminary)—preliminary volume of property, plant, and equipment in

economic activity e in region r, PEe—total volume of property, plant, and equip-
ment in economic activity e, Pe

r —share of region r in production volume of economic
activity e.

Iteration 1 is calculating variation of preliminary volume of property, plant, and
equipment in regional scale:

vr (i1) = PEr
∑15

e=1 PEe
r (preliminary)

(18.15)

PEr—baseline volume of property, plant, and equipment in region r;
PEe

r (preliminary)—preliminary volume of property, plant, and equipment in
economic activity e in region r.
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Maximal variation vr (i1) is 127% in Chechen Republic. Since variation is very
high, the volume of property, plant, and equipment in economic activity e in region
r using vr (i1) is calculated and used as correcting coefficient:

PEe
r (i1) = PEe

r (preliminary) ∗ vr (i1) (18.16)

PEe
r (i1)—volume of property, plant, and equipment in economic activity e in

region r at the first iteration.
Iteration 2 Calculation of variation of volume of property, plant, and equipment

in the scale of economic activities:

ve(i2) = PEe

∑82
r=1 PEe

r (i1)
(18.17)

PEe—baseline volume of property, plant, and equipment in economic activity e;
PEe

r (i1)—volume of property, plant, and equipment in economic activity e in region
r at the first iteration.

Maximal variation ve(i2) is 19.1% in economic activity ‘fishery,’ so the data needs
further processing:

PEe
r (i2) = PEe

r (i1) ∗ ve(i2) (18.18)

PEe
r (i2)—volume of property, plant, and equipment in economic activity e in

region r at the first iteration.
Repeating iterations, on the fourth the deviation in regional scale goes down to

zero and maximum 3.1% in economic activity scale (Table 18.3).
Further information about property, plant, and equipment of organizations is

detailed to the sector scale:

PEs
r = PEe

r (i4) ∗ ds−e
r (18.19)

PEs
r—property, plant, and equipment of an organization, representing sector s in

region r; PEe
r (i4)—volume of property, plant, and equipment in economic activity

e in region r at the fourth iteration.

18.4.5 Employment

IPF is also applied for aggregating information about employment,which is presented
separately in regional scale and in scale of economic activities. Starting from
maximum variation 232% in regional scale and 22% in economic activity scale,
on the fourth iteration a zero and 2.5% variation accordingly is reached.
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Number of employees of organizations in different sectors is also calculated:

Ls
r = Le

r (i4) ∗ ds−e
r (18.20)

Ls
r—number employees of an organization, representing sector s in region r;

Le
r (i4)—number employees in economic activity e in region r at the fourth iteration.

18.5 Further Data Processing

The aim of the first stage of our research methodology is to prepare and process
initial data into detailed and interconnected objects of the database. The population
and organizations at the base year of modeling are reconstructed by filling the model
database step by step. Structure of the model database is presented in [19].

Algorithm of artificial society reconstruction is considered in [20]; it includes the
following steps:

1. Set geographical structure of the Russian Federation (82 regions).
2. Create the original generation of agents in accordance with the sex-age structure

of population and structure of households in each region (on the basis of All
Russian Population Census data).

3. Generation of aggregated organizations in the regions. After that the property,
plant, and equipment, financial state (credits and deposits) and accounting of
each organization are initialized, as well as its supplies. Each organization
has employees, which are assigned to it through workplaces with different
qualification and salaries

4. Generation of educational places and assigning agents of the appropriate age to
them.Number of educational places in higher and secondaryvocational education
is presented in the reports of the Ministry of Education and Science [5].

Procedure of synthetic population, organizations, and institutions generation was
programmed on C# in Microsoft Visual Studio 2015. Generated objects are stored in
the model database for later access via SQL-queries. Modeling results are presented
in [20].

18.6 Results and Discussion

In this paper, methods of data preprocessing for the agent-based model of spatial
development of the Russian Federation have been presented. At the first stage of the
research, the population, production, and social institutions in the regions of Russia
were reconstructed. This stage required collection of large amounts of information
from various sources: All Russian Population Census, federal and regional statistical
yearbooks, official information on the portals of the ministries and survey results.
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While information on demographic situation and educational system in the
regional context is quite fully represented in open official sources [1, 5], information
on regional production and service requires processing. In official collections, infor-
mation on employment and equipment is presented separately in the regional scale
and in the scale of economic activities, while for simulating spatial development both
of these aspects are crucial. The iterative proportional fitting algorithm was used to
integrate such data arrays. Another problem was incompleteness of information in
regional collections; for its solution, amethod of sequential detailingwas used,which
maintained high accuracy for the regions that provided complete information.

The resulting arrays of initial data were converted using the generation algorithm
[20] to the synthetic society that represents population of the Russian Federation
in 2014, production, property, and equipment of organizations, employment, and
educational system.

The task of loading real data is a crucial part of creating the model of the Russian
Federation spatial development, since it gives the opportunity to evaluate impact of
federal and regional policy on different categories of population, taking into account
age, education, income and status inmarriage, aswell as their preferences and beliefs.
The concept of integration large data arrays can be implemented in different coun-
tries which would seriously improve prognostic capabilities of the social simulation
models.
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