Applying Artifical Neural Networks to Assessing the Investment
Attractiveness of Regions

Evgenii Aleksandrov®~2 and Irina Oleinikova'®
Departments of Economics and Finance, Taganrog Institute of Management and Economics, Taganrog, Russia
ee_alexandrov@mail.ru, i.oleynikova@tmei.ru

Keywords:

Regional economy, Investment attractiveness of the region, Artificial intelligence, Artificial neural networks,

Methodology for assessing the investment attractiveness of the region.

Abstract:

The uneven economic development of Russian regions, on the one hand, exacerbates the need, and on the

other hand, complicates the search for objective ways to assess their investment attractiveness. An analysis
of the shortcomings of the methods for studying the investment climate of the regions that are currently used
leads the authors of the article to develop assessment tools based on neural network technology and factor
analysis. The use of artificial intelligence and machine learning will allow regional governments to effectively
and quickly solve the problems of assessing the investment attractiveness of regions and, on this basis, develop

programs to improve it.

1 INTRODUCTION

External and domestic political conjunctures increase
the impact on the economy and development of
countries and regions, this trend has been noted in
scientific publications in recent years (Aleksandrov et
al., 2014; Bessonova & Battalov, 2019; Shevchenko
et al., 2017; Freeman & Soete, 1997; Nikonova,
2009). For example, economic sanctions are actively
used by the governments of countries and political
unions as economic means of influence to achieve
certain political interests in the modern world order.
International rating agencies in their assessments of
the economic state of countries and regions are not
always objective, but their assessments have a
decisive influence on the decision of economic
entities to invest or, conversely, to withdraw capital
from a country or region. Under these conditions, in
order to avoid critical mistakes in the development of
strategies and tactics of economic management, it is
necessary to ensure the objective nature of economic
assessments, including assessments of investment
attractiveness. External and internal potential
investors should get access to the information they
need in order to be convinced of the economic
feasibility of investment activity, which is determined
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by the totality of volumes and rates of investment
attraction (Aleksandrov et al., 2014).

2 METHODS

The focus of our attention is the economic life of the
regions. One of the most important steps in
encouraging investors to investment activities is the
creation of a favorable investment climate (conditions
conducive to attracting investment in the region's
economy). Most authors reasonably, in our opinion,
believe that the components of the investment climate
are: a) investment attractiveness, which includes
investment potentials in the form of conditions that
stimulate or hinder the investment of economic
resources in the region and thereby increase or hinder
the interest of investors as well as investment risks —
factors, ignoring or underestimating that which
creates a threat of complete or partial loss of invested
funds or a decrease in their profitability; and b)
investment activity — a dynamic characteristic of
investment activity (Aleksandrov et al., 2014).

At the moment, the Russian Federation includes
more than 80 subjects, each of which has regional
specifics and differs significantly in the level of



investment attractiveness due to the peculiarities of
natural conditions, historical development, socio-
cultural processes and the economic policy pursued
by management systems. Scientists call this
phenomenon “regional heterogeneity of the
investment space” (Aleksandrov et al., 2014; Valiulin
et al., 2004; Kuznetsov et al., 2019; Vasilyeva et al.,
2021), which causes the flow of domestic and foreign
investments into regions with a higher investment
potential and a low level of investment risks.
Obviously, the optimization of the investment climate
in the region is associated with the effective
management of investment attractiveness factors
based on an objective assessment of their current state
and development prospects in a certain period of time.

One of the generally accepted indicators of
investment concentration is the Herfindahl-
Hirschman index (HHI), which is determined in
relation to the economy of Russian regions according
to the following formula:
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where:

k — the number of subjects (regions) involve in the
assessment;

ij — the volume of investments in the j-th region;

| — the total volume of investments in all subjects
(regions).

The information from the Federal State Statistics
Service on the dynamics of the distribution of
investments in the fixed capital of the Russian
Federation indicates that after the collapse of the
USSR, which took certain steps to smooth out the
uneven economic development of the regions through
the centralized redistribution of finances and other
measures of economic management (but failed to
realize these goals in practice), the concentration of
investments has increased significantly (The Federal
State Statistics Service, n.d.). Between the leading
regions (for example, the Moscow and Leningrad
regions) and the outsider regions (in particular, the
Novgorod region and the Stavropol territory), a kind
of economic “failure” has arisen, which negatively
affects the stability of the most important social
institutions and the state in general (Aleksandrov et
al., 2014; Nikonova et al., 2009; Kuznetsov et al.,
2019; Vasilyeva et al., 2021). The need for the
development of a state program aimed at achieving a
certain balance in the economic development of the
regions is obvious. The implementation of this task is
associated with the formation of an investment-

attractive climate through the actualization of
investment potentials and minimizing of investment
risks. This will require the development of factors,
indicators and tools for an objective assessment of the
investment attractiveness of the region and the
determination of the most effective regional policy
actions that take into account regional specifics.

The currently used approaches to assessing the
investment attractiveness of regions can be
conditionally divided into several groups: simplified,
factorial and risk (Aleksandrov et al., 2014). Let's
give them a brief description.

The methods of the simplified approach are united
by the nomination of a dominant indicator, which
accumulates several economic parameters, which,
according to the authors of this assessment method,
make it possible to determine the investment
attractiveness of the regions. The use of this approach
in the assessment does not require high labor costs
and allows the investor to get a comprehensive idea
of the feasibility of investments (potential income and
the expected timing of its receipt). Usually, the
indicator of the effectiveness of the use of assets is the
dominant one. However, the advantages of the
approach gradually develop into disadvantages: the
investor does not receive information about other
important economic parameters of the region,
characterizing, for example, the condition of its
production assets, labor resources, ecology and the
investment risks arising in connection with this.

The factorial approach is much more complicated,
since it relies on the analysis of a set of factors
proposed by competent experts or found using
statistical calculations. The factors are combined into
enlarged groups, each of which allows one to evaluate
individual criteria for the investment attractiveness of
the region (Grishina et al., 2001).

The risky approach to assessing the investment
attractiveness of a region explores the relationship
between investment potential and investment risks.
At the same time, the developers of these methods
proceed from the postulate that possible relationships
between these variables form a kind of “swing”: an
increase in risks inevitably leads to a decrease in
investment potentials and, conversely, a decrease in
risks leads to an increase in investment potentials
(Batischeva, 2009).

In the last twenty years, Russian economists have
developed methods for assessing investment
attractiveness that combine the advantages of factor
and risk approaches. In particular, we will refer to the
methods of G.A. Batishcheva (Batishcheva, 2009)
and “ABC-matrix” by G.A. Aleksandrova, I.V.
Vyakina and G.G. Skvortsova (Aleksandrov et al.,



2014). They improve the objectivity and scientific
reliability of assessments.

The fact of the presence of a large number of
developments that differ in approaches eloquently
suggests that: a) the methods for assessing the
investment attractiveness of a region are a popular
tool both from potential investors and from social
management structures interested in attracting
additional financial resources in the economy of the
region; b) the creation of a methodology that meets
the needs of all interested economic entities is an
intractable task; and c) there are serious shortcomings
in the existing methods that negatively affect the final
assessment.  Among the most  significant
shortcomings, in our opinion, are the following:

- most authors using the method of expert
assessments in the process of determining the factors
and indicators for assessing investment attractiveness
and the coefficients of significance (or, in other
words, weight coefficients) of various factors in
accordance with the degree of their influence on the
final result. Obviously, that in this case it is difficult
to achieve at least a relative homogeneity of the group
of experts, since they usually represent scientific
economic schools that differ in methodological
principles, have different theoretical and practical
experience, and also located in different professional
and status positions. But there are positives here too:
a particular expert, through the prism of his
professional experience, can offer to consider into
account in the final assessment significant factors
that, for one reason or another, are not used by other
subjects of economic assessment. But in general, the
formidable heterogeneity of the expert group
significantly affects the level of objectivity of
assessments (Aleksandrov et al., 2014; Grishina et al.,
2001);

- the concentration of economic information,
competent specialists and research tools "in the
hands" of large rating agencies striving for a
monopoly opens the floodgates for various data
manipulations in order to promote the interests of
individual economic entities against the background
of creating the illusion of objectivity of the
assessments made (Forbes.com, n.d.; Sinclair, 2005;
Financial Times, n.d.; JUSTIA, n.d.; Yasuyuki, 2006;
Tulsa World, n.d.; McClatchy, n.d.);

- in some cases, the so-called "all-in-one™ method
of compiling lists of factors taken into account is
used, when all or most of the known statistical data
are entered into them without their weight ranking in
the final assessment. A.N. Kolyshkin, to overcome
the shortcomings of the "all-in-one" approach,
proposed using the content analysis method, when the

weight ranking of evaluation factors uses data on the
frequency of their mention in scientific publications
and methodological literature (Kolyshkin, 2003).
From our point of view, the proposal of A.N.
Kolyshkin is of some interest, but it is hardly capable
of guaranteeing the objectivity of the assessments.

3 RESULTS AND DISCUSSION

Based on the foregoing, we can conclude that the
currently existing methods and tools for assessing the
investment climate of the regions are not free from
shortcomings and cannot act as a universal
assessment tool when developing programs for the
economic development of regions. We believe that
today the technological prerequisites for creating
fundamentally new assessment tools have already
been formed that can not only effectively process
economic information, but also reveal correlational
and factorial relationships between variables,
determine the “weight” significance of a factor in the
system, and even automatically present the result of
an investment assessment. The attractiveness of the
region in a visual form, understandable not only for
specialized specialists, but also for potential
investors.

So, in our opinion, one of the most effective ways
to solve the problem under consideration is the
development of a methodology for assessing the
investment attractiveness of regions based on an
artificial neural network (ANN). The use of artificial
intelligence in the analysis of the investment climate
of the region makes it possible to overcome the above
disadvantages and opens up opportunities that were
previously unavailable:

1) ANN uses a pre-assembled and prepared
database with a matrix of synaptic weights (that is,
significance coefficients) automatically generated at
the training stage, which ensures the highest
adaptability of the model to the situation of a
particular region;

2) at the stages of training and assessment itself,
ANN restores hidden dependencies between
variables and can introduce new “intermediate”
factors that were not taken into account at first, and,
conversely, eliminate insignificant factors. It also
establishes an accurate calibration (ranking) of
weight coefficients for each participant in the
assessment factor or, in other words, reveals a high
level of adaptive ability to the conditions of
uncertainty;

3) ANN shows a high degree of resistance to
changes in factors and parameters that have a side



effect or no effect on the final result of the
assessment;

4) ANN has established itself as a reliable and
objective tool for solving problems in related areas of
economic analysis, for example, diagnostics and
forecasting of corporate bankruptcies (Gorbatkov et
al., 2018, 2020), credit scoring (Bogdanov & Dulya,
2018), etc.

An analysis of scientific papers devoted to the
development of methods for assessing the investment
climate of regions shows that only a small number of
authors pay due attention to the scientific
substantiation of the factors and indicators used
(Gorbatkov et al., 2018). Some of the developments
implement the so-called heuristic approach in the
choice of factors, that is, they rely mainly on the
authors' experience and intuition. The other part,
setting the task of increasing the level of objectivity
of estimates, uses correlation and factor analysis,
which, of course, have a positive effect on the
reliability of estimates. But at the same time, add little
to understanding the weight distributions between
factors. That is why we propose to use artificial neural
networks at the stage of initial data processing and
development of the final structure of the artificial
neural network model, designed to assess the
investment attractiveness of the region.

Data preprocessing algorithms will look like this:

1) a database is formed and normalized based on
statistical information and expert assessments. After
the normalization procedure, the values of the factors
take a dimensionless form:
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where:

X, — the normalized value of the j-th factor in the
i-th experiment;

Xij — the initial value of the factor;

x,— the average value of the j-th factor;

Sxj — the standard deviation of the value of the j-th
factor;

N — the number of cases in the database.

2) a Bayesian ensemble of artificial neural
networks is built for data preprocessing, each of
which has structural features that differ from others
(for example, activation functions, number of layers,
etc.), but at the same time have a single architectural
type (the most preferred for this type of model is a

multilayer  perceptron  with  backpropagation
training), i.e.:
Vhy€H,q=1,Q 4)
where:

hq — the artificial neural network model included
in the ensemble;

H — the set of neural networks of the same
architectural type.

3) the criterion for selecting factors for the neural
network is the parameter ®, expressed in terms of the
ratio of errors of the first and second kind in relation
to the total number of cases participating in the
database. The selection process is implemented in
two stages — external and internal. The internal stage
is performed within the preprocessing neural
networks, and the external stage is performed at the
inter-model level. The algorithm is executed until
each of the analyzed elements (in random order)
passes two stages. The factor selection criterion can
be described as follows:
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where:
N — the number of cases in the database;
N®, N@ — the number of errors of the first and
second kind;
Q* — the number of neural networks in the
Bayesian ensemble for data preprocessing.
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4) the factor continues to be in the database and
participate in the selection procedure if it meets the
condition:

xi*:@]57h|@jq5772 (7
where:

* — denotes the return of the factor to the database
when the condition is satisfied;

m u 1, — accepted values of the selection
criterion, at the intersection of which the factor does
not satisfy the condition and is excluded from the
database.

5) summarizing the previous provisions, we
formulate a generalized mathematical notation for a
set of factors that have passed the selection process:

Xopt = arg[minyﬂ,_n(ﬁv)'hq € H] (8)
where:



Xopt — the set of factors with ordinal number v.

Xopt 1S the result of preprocessing and can be used
as a substantiation of the optimal number of factors
for creating a database and determining the structure
of an artificial neural network model for assessing the
investment climate of a region (Gorbatkov et al.,
2018, 2020).

4 CONCLUSION

Many economists assess the high degree of uneven
economic development of the regions of the Russian
Federation as one of the most difficult problems
provoking social tension and destabilization of
society and state institutions. Evidence-based
management of the region's investment climate can
mitigate the uneven economic development of
regions through the development of state and regional
programs to increase their investment attractiveness.
However, this requires tools for assessing investment
attractiveness that fully meet the requirements for
them in terms of objectivity and completeness of
estimates and forecasts. In our opinion, the most
promising here is the use of artificial intelligence, in
particular, neural network technologies. Modern
scientific data in the field of programming artificial
neural networks are sufficient for their professional
use as tools for economic analysis. The assessments
of the investment attractiveness of the region obtained
in this way can be useful both for specialists of the
regional administration who are developing a strategy
for attracting investment flows, and for investors who
are in the process of searching for the object of the
most effective investment of their financial and
material resources.
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