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Abstract: The paper validates the practicability of studying the problem of the quality of water at a regional level taking
into account the mutual interaction between socio-economic and hydroeconomic systems of the territories. The research
revealed the limitations of the existing methods of estimation of the quality of water in the light of creation of informational
and analytical basis of making managerial decisions. Accordingly, the authors suggest using the analytical tools of fuzzy
logic, cluster analysis and neural networks to build an integral estimation of degree of water pollution and to classify
water bodies according to the degree of their pollution and similarity of conditions and parameters of pollution. On the
basis of the data concerning the quality of water resources in the river basin neural network was built, allowing to
determine clusters of regions according to the quality of water resources. As input variables we used the information on
the volume of drawing and dropping of water for each region, the amount of wastewater, which is polluted. The
suggested methods allow greatly increase the opportunities to make managerial decisions with the help of interrelated
estimation of the quality of water resources and the indicators of social and economic development of regional economic

systems.
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INTRODUCTION

In modern world social and economic processes in
a significant degree depend on the quality of water
resources. Water is the most relevant natural resource
used in economy. The annual use of water resources
greatly outmatches the use of all other extracted
resources together. Taking into consideration the
diversity of climatic, geographic, technologic, social and
economic peculiarities of different territories, it is
rational to deal with the question of providing water
resources for economic systems at a regional level. If
regional economy gets amount of water which is
rational in its quality and quantity and is sufficient to
achieve the social and economic aims of a region, it will
facilitate normal implementation of economic
processes, regional plans, programs, projects and
support the stable operation of the economic system of
a region and its subsystems both in current and
strategic perspective [1]. Rational in its quality and
quantity water delivery for the economy of a region is
clearly targeted and due to this is among the factors of
preserving of integrality and stability of a regional
system. Alongside this, the relevance of studying the
problem of the quality of water resources is provided by
the fact that possibilities, directions and conditions of
water usage in a regional economy directly depend on
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the qualitative parameters of water. At the same time,
the parameters of the regional economy regulating
measures and activities, connected to restoring and
supporting the quality of water resources, directly
influence the quality of water and possibilities of its
cyclic usage. Most strategies, policies and regulatory
actions dedicated to protection and preservation of
water resources depend on efficient monitoring and
estimation of the quality of water. So, there is an
obvious interrelation and interdependence between the
quality of water resources and social and economic
development of a region. In defines the practicability of
interrelated development of hydroeconomic and
economic systems of regions taking into account their
interdependence. Thus, the question of interrelated
estimation of the quality of water resources and the
indicators of social and economic development of
regions and creating and applying necessary analytic
tools becomes more essential.

Many researchers devoted their works to the
questions of estimating the quality of water resources.
A great number of academic papers are dedicated to
the development of indicators and tools of estimating
the quality of water resources and their classification
according to a certain group of indicators. For example,
Cadence Hsien, Jonathan Sze Choong Low, Si Ying
Chung, Daren Zong Loong Tan suggest classifying the
types of water according to the level of quality on the
basis of a group of indicators, narrowing the set of
indicators to those which are often gathered and fixed
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in regulatory norms [2]. Different indexes, applied to
estimate the quality of water (taking into consideration
its source, function etc.), are used by governmental
organizations or regulatory agencies of different levels
[3-6]. Because the quality of water is estimated from
the point of view of physical, chemical and biological
parameters [7], the index approach is valid for solving
the problem of estimation the quality of water. But the
inequivalence of different strands which characterize
the quality of water leads to the creation of new
indexes. For example, Mansi Tripathi u Sunil Kumar
Singal suggest using factor analysis to determine the
weight the parameters of Water Quality Index (WQI)
[8].

In recent years scholars have started to actively use
intellectual technologies, especially, machine learning
and artificial intelligence to prognosticate the quality of
water within different contexts [9, 10].

There are attempts to create models of planning of
regional development and control of water resources
within the context of uncertainty with the usage of
inexact fuzzy programming combined with water quality
model [11], but at the same time they deal with a
limited set of indicators.

The development of modern analytic tools allows
broaden the existing models, for determining the
optimal extent of regional water and wastewater
treatment and wastewater diversion schemes in a river
basin) [12], facilitating the growth of validity of the
decisions concerning managing the hydroeconomic
systems of river basins. There are solutions for the
problem of creating an efficient (from the point of view
of time and expenses) approach towards the
prognosticating the class of the indicators of the quality
of water on the basis of applying the model of decision
tree to increase the quality of managing the water
resources of rivers [13]. Statistical methods such as
factor analysis, the analysis of main constituents and
discriminant analysis are widely used as objective
methods of analyzing the data concerning the quality of
water [14-17]. Modern equipment used to measure the
quality of water allows us to conduct a deeper analysis
of the quality of water resources with the help of
multivariate statistical HJ-Biplot approach [18]. The
pilot projects may be, in which the monitoring of the
quality of water is performed with the help of the
method based on feedback self-correcting dense
connected convolution network [19].

A great number of methods of estimation of the
quality of water were suggested for particular branch

and regional systems taking into account their
specificity. But, we need to bear in mind not only the
obvious effect on water ecosystems, but also little-
known sidewise human impact on water resources via
the soil, relief, biota — unirrigated farming, forestry,
urbanization and other human activity on reception
basis and the movement of water within products. Due
to this, although the existing tools allow estimating the
quality of water, there is an obvious lack of research to
solve managing tasks of coordinated development of
regional social and economic systems and
hydroeconomic systems. It emphasizes the importance
of solving the problem of interrelated estimation of the
quality of water resources and the indicators of social
and economic development of regions on the basis of
using adaptive economic, mathematic, informational
and technologic tools.

MATERIALS AND METHODS

Approaches and Methods to Water

Assessment

Quality

Nowadays the state of water bodies is estimated not
from the point of view of the needs of particular water
users, but from the position of preserving parameters
and functional capability of the whole ecosystem. Due
to this fact, there are many different approaches to the
estimation of the quality of water resources within water
bodies, which require the calculation of indicators,
characterizing the physical and chemical peculiarities,
the content of different substances. Analyzing these
approaches, we can make conclusions concerning the
difficulty of calculating the value of the complex
estimation of the degree of water pollution. That is why
apart from traditional integral estimation, which is
usually based on maximum allowable concentration,
environmental criteria or hydrochemical index of water
pollution, the authors suggest using other methods of
building the integral estimation of the quality of water in
the areas of water bodies and the classification of
water bodies according to the level of pollution and
similarity of conditions and parameters of pollution. The
suggested model is based on the modelling of
qualitatively defined indicators with the usage of
analytical tools of fuzzy logic, cluster analysis and
neural networks. The advantage of such models is in
their flexibility in terms of correction both the inference
rules and the estimation based on individual indicators.
The models allow us to change easily the inference
rules and to improve them when the situation changes
in what concerns the estimation of the quality of
sources of water. The built models allow giving valid
information about the level of pollution of a water
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source based on a complete set of hydrochemical
indicators, whose values are determined with the help
of the results of observations. The models can be
adapted to the changes of the set of hydrochemical
characteristics.

The estimation of the quality of the source of water
can be given only on the basis of a subcollection of
hydrochemical indicators, whose composition is also
determined by experts. The model allows choosing the
ingredient, which, according to an expert, is necessary
to calculate the integrated index of the degree of
pollution. Moreover, the suggested methods let us
greatly broaden the possibilities of making managerial
decisions thanks to the interrelated estimation of the
quality of water resources and the indicators of social
and economic development of regional economic
systems.

In the Russian Federation the problem of estimation
of the quality of water within the regions of water basin
is especially relevant taking into account the size of the
country and great difference of its territories both in the
presence of resources and the level of their economic
development against the context of the increasing
scope of demographic, ecological and social problems
on certain territories [20]. Due to this condition they
compose and regularly update the Schemes of
complex usage and protection of water objects
(SCUPWB) which regulate the distribution of water
resources within water basins and increase their
quality, including the process of industrial and other
usage.

The development of the hydroeconomic complex
(HEC) of a region and realization of SCUPWB and the
norms of allowed water consumption (NAW) is an
important trait of not only the development of HEC itself
but also the regions of the water basin and economy as
a whole.

In the boundaries of the monetary means, provided
according to the Federal programs to implement
SCUPWB for the year 2018, the central regions of the
Russian Federation completed the planned activities
dedicated to the rational use and protection of water
bodies only to the level of 20-50% (Figures 1, 2).

Conducting the cluster analysis for the members of
the Russian Federation, taking into account such
factors as “percentage of completed actions” and
“percentage of actions completed according to value”
led to the following results.

According to the analyzed parameters the best one
was the clusterization with five clusters which include: 1
cluster of 2 observations; 2 cluster 13 observations; 3
cluster 20 observations; 4 cluster 28 observations; 5
cluster 20 observations.

Using the results of this segmentation it is possible
to establish the regularity of dividing regions into
clusters: the first class — regions with the highest
indicators of all the input variables; the fourth class
includes the regions with the lowest indicators both for
the completion of actions and money allocated to
complete the actions.

1-10%

than 1% 10-20%

not developed, less

B 20-50%
50-75%

75-100%

Figure 1: Grouping the regions of the RF according to the degree of realization of SCUPWB in numerical terms (2018).
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Figure 2: Groups of the regions of the RF according to the degree of realization of actions of SCUPWB in monetary terms

(2018).

For example, Rostov region is in the fourth cluster,
which is characterized by pretty low level of completion
of the activities on allocation and usage of water
resource of the basin both in terms of quantitative
indicators and the monetary equivalent.

Neural Networks in the Estimation of Social and
Economic Development of the Region and Quality
of Water Resources

The complex analysis of the realization of SCUPWB
in the Russian Federation in 2018 was carried out, and
an analysis of strategic aims of the development of
hydroeconomic systems (HES) and the level of the
economic development of the regions was performed.

With the help of neuronal modeling, classes were
built, which determine the degree of the concurrence of
the development of hydroeconomic and economic
systems of the analyzed regions.

The development of computers allows simplifying
approaches towards modelling, thereby making
technologies closer to the possibility of the educability
of a system through the example of brain activity. But
this approach does not exclude manual/human
interference. Information technologies assimilate
mental activity of a human brain, but in spite of all the
abilities of information processing, they cannot excel
humans.

The research in the field of building an artificial
neural network (ANN) is conducted by programmers
within the context of so-called neuro-computing. Such

modeling uses the simplest models of a brain. But in
fact it is a more complicated type of regressive or
statistic model. An example of ANN is shown in
Figure 3.

In the left part of the neural network there are
several crosspoints of the entrance level, in the right
part — crosspoints of the exit layer. The middle part is
the hidden layer. There can be many parts of this type.
The number of hidden layers and crosspoints in every
layer are the two parameters of creating a neural
network.

The majority of projects, using neural network
modelling, have at least three types of layers:

1. Entrance layer — crosspoints, which get
information from outdoor environment. This information
is not modified; its weighted values are studied and
sent to the next hidden level.

2. A hidden level consists of crosspoints, which
usually get transported weighted values from the
entrance level or the previous hidden level. Here this
information if modified in a certain way, and the results
are sent to the next adjacent level, which can be
another hidden level or the exit level.

3. Exit level consists of crosspoints which get the
results from a hidden level and send them to the user
of an artificial neural network.

The neural network in Figure 3 is a multilayer
perceptron network or a feedforward network. There
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Figure 3: A multilayer artificial neural network.

are other architectures of ANN, which include recurring
neural networks, maps of self-organizing functions,
Hopfield networks, radical basis function networks,
support vector machines etc.

The weight of a formation of data, received at the
entrance, is the calculated parameter of a neural
network. Values of the outcoming data, which leave
crosspoint j at every possible exit, we will indicate as
Qj . The net in Figure 3 is a typical neural network with
ten entrances and a hidden layer and shows the
entrance layer for ten different entrances, a hidden
layer with the exits in the exit layer, which has three
exits. Input value Jk for every crosspoint k in every
middle and exit layer is a sum of each of its weighted
entrances wjQj from all crosspoints j, which provide
entrances with crosspoint k. The input value for
crosspoint k:

Ik = wjQj (1)

It needs to be noticed that jx is the argument of
function fk(Zk+6k) which changes the input value [k
(in every crosspoint k and the exit layer) into output
value Ok Variable 0k is a threshold member which

influences the horizontal separation of the function. At
the same time function fk can be linear or nonlinear.

So, the function can be represented as a logistic
function (2), its graphical representation can be seen in
Figure 4.

Qk=11+e—(I k+6k) )

The process of transformation of entrances into
exits in every hidden crosspoint of a layer is shown in
Figure 5. The same process takes place in every
crosspoint of the exit layer.
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Figure 4: Sigmoid or logistic threshold function with threshold
ok .
node j nodek

entrance I, = Z WI‘QJ'

Figure 5: Transformations in a multilayer neural network.

The number of crosspionts in entrance and exit
layers is determined, depending on the problem, faced
by the developers. The number of hidden layers is
determined, depending on the calibration of
parameters. Developer's task is to find the solution,
which best corresponds to the observed and forecasted
output data on the basis of initial input parameters.
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The training of an artificial neural network is the
main step for determining the weights and thresholds of
every formation in the light of previously formed input
and output data arrays.

Modern software packages (ASP STATISTICA
13.0) provide modules for building neural networks. It
should be noted that depending on the construction of
ANN changes the approach towards processing of
data. As for today, there two topologies:

Edit View Insert

Format

- Feedforward networks. In such a topology data
moves straight from the entrance to the exit through
hidden layers. So, all the output values are based on
the current data array, received at the entrance.

- Recurring networks or feedback networks.
Networks of this type send data from the entrance to
the exit, but there is the reverse direction. In recurring
networks the information about previous entrances is
sent back and mixes with the entrances through
recurring (backward) connections.
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Figure 6: A fragment of a database for building neural network models.
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As a result of ANN training the best value for all the
weights can be found. To achieve this, the training
usually goes in a controlled mode, and the initial
weights, determined in random manner, are correlated
until at the exit the optimal value, close to the
factual/desired output results, is obtained.

Any methods of adjusting the weights are aimed at
the minimization of differences between observation
and the data, calculated de facto. The training consists
of providing input and output data in the network. For
each entrance the desired array of exits is determined.
Also it is necessary to understand that network training
is a long process and its completion depends on
whether the desired level of productivity is achieved or
not. Thereunder we mean the statistical accuracy,
because it produces the necessary output data for a
certain succession of input data. When further training
isn't considered necessary, the resulting weights are
usually recorded.

As soon as the controlled network starts working
well with training data, it is important to see, what it can
do with the data it has never seen before. If the system
does not provide reasonable output data for this set of
tests, then the period of training must be prolonged.
Testing has the defining meaning to make sure, that
the net knows the common patterns, used in the
application instead of just remembering an array of
data.

Based on the information about the quality of water
resources in the basin, it is possible to build neural
network models that allow determining clusters of
regions by the quality of water resources. As input
variables we used the information about the volume of
withdrawing and discharging of waste water, which
require purification, and the volume of polluted waste
water (Figure 6).

The used software program is ASP STATISTICA
13.0 (Figure 7).
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Figure 7: Dialog boxes in ASP STATISTICA with the results of clusterization.
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Solving the problem of clusterization is premised on
the usage of Kohonen’s networks as an algorithm for
searching the best structure of clusters. Unlike other
types of neural network models, Kohenen’s networks
realize the principle of uncontrolled training, when the
input data does not contain the values for output
variables, i.e. the network “tries” to understand the
structure of the initial data. Such networks have only
two layers — the entrance one and the exit ones, which
are also called a topology map. The ftraining is
implemented through sequential optimization of the
structure of the data. We can make parallels between
how such algorithms work and the method of k-
averages in cluster analysis.

The neural network cluster algorithm is iterative in
its character and takes place during several stages, in
every of which first the best (winning) neural
processing element which is the closest one to the
original example, then it is corrected, basing on the
weighted sum of the previous center of the cluster and
the training example, to become closer to the input
example.
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RESULTS

The best one is the clusterization with four clusters
(Figure 8), which include:

1 cluster - 55 observations;
2 cluster - 7 observations;
3 cluster - 14 observations;
4 cluster - 6 observations.

According to the results of segmentation we can
create a consistent pattern of division: the first class —
regions with the lowest indicators of nearly all the input
variables; the fourth class, on the other hand, includes
regions with the highest indicators of water withdrawal
and the pollution of wastewaters.

Rostov region is in the third cluster, which is
characterized by pretty high volumes of withdrawal of
water resources. But, at the same time, low indicators
of the pollution of waste waters.
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Figure 8: Cluster created as a result of building a neural network.
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Thereby, in this paper the possibility and efficiency
of applying the neural network tools as a means of
support of decision making in the sphere of water
economy were clearly demonstrated.

DISCUSSION

The usage of the methods of clusterization and
neural simulation allows us to build classes of regions
according to the quality of water resources. From the
managerial point of view it gives an opportunity to
develop and implement regulatory actions (groups of
actions), which take into account the specificity of the
quality of water of given regional systems. In addition,
the suggested methods also allow uniting within one
estimation the resource and resulting aspects upon
condition that the parameters of social and economic
development of regions are included into the group of
analyzed indicators. As an example of such indicators
we can use gross regional product, infection rate
among the population, different indicators of industrial
development, directly or indirectly connected with the
quality of water. In this case the results can be used in
a broader way due to revealing common features of the
regional systems and development of not scattered
actions and measures, but complex programs of
ecosystematic development of the regions, taking into
account social and economic and hydroeconomic
aspects. But to solve this problem it is necessary to
establish an adequate information array and expand
the indicators, included into statistical observations.
The structure of such indicators, allowing to reveal the
interrelation between the development of social and
economic and hydroeconomic systems, methods and
sources of getting adequate data characterize the
direction of future research by the authors.

CONCLUSIONS

Thus, the assessment of the quality of water
resources is now a very urgent problem. It is
reasonable to carry out such an assessment at the
regional level using intellectual analytical tools. At the
same time it is important to estimate together the
indicators of socio-economic development of the
regions and the quality of water resources. In the
presented research the expediency of using clustering
and neural network modeling for solving this problem is
proved. It is shown that neural networking and
clustering allow to unite within one estimation the
resource and resulting aspects of regional development
and combine consideration of indicators of water
quality and indicators of social and economic

development of regions. From the managerial side it
gives an opportunity to develop and implement
effective regulatory actions.
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