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Iryna Shakhman, Anastasiia Bystriantseva, Maxim Bystriantsev
(Kherson, Ukraine)

VISUALIZATION OF THE ECOLOGICAL STATE OF THE SURFACE WATERS OF THE LOWER SECTION OF
THE DNIEPER RIVER USING GIS TECHNOLOGIES

The use of modern methods of the water objects monitoring contributes to new opportunities for
cooperation in improving the ecological status of hydroecosystems and visual modeling (graphical representation
of the model due to a certain standard set of elements) using GIS technologies in the framework of the
international process “Environment for Europe”. This is vital for the realization of one of the advantages of visual
modeling — communication [1, p. 74]. The development of visual interpretation of multidimensional data and GIS
technologies is connected, in particular, with the fact that it is difficult for a person with his limited three-
dimensional spatial imagination, and in most cases it is impossible, to analyze and give generalized assessments
of multidimensional objects. Under conditions of the influence of economic activities of enterprises (industrial,
agricultural, energy, communal, transport) on aquatic ecosystems particularly important role of communication
between users, analysts, managers, the public, etc.

Ecological indication of the state of hydroecosystems can provide information about the extent and nature
of water pollution, the distribution of pollution zones in water bodies, and the possible state of the aquatic
ecosystem on a seasonal scale. When assessing the scale of anthropogenic pressure on hydroecosystems, it is
necessary to identify adverse processes in the aquatic environment, substantiate chemical criteria for water
quality and informative biological criteria, determine critical levels of multifactor water pollution, and develop
environmental-economic optimization models for local and transboundary pollution of surface waters.

Providing interdepartmental information interaction and analytical decision support based on modern
methods of spatial analysis, modeling the development of emergency situations and predicting their
consequences using GIS tools will allow to calculate and visualize the results of modeling the spread of pollution
zones in the aquatic environment, contribute to the improvement of environmental health of river basins,
improving water quality, sustainable development in Ukraine on the way to human values in a common European
home.

The data of the analytical monitoring of surface waters of the Kherson Water Resources Board for the
2013-2018 was used to assess the ecological state of the Lower Section of the Dnieper River on points of
supervisions of water: 1 — the Dnieper River — town Novovorontsovka-Ushkalka, Kakhovka Reservoir (195 km
from the mouth), 2 — the Dnieper River — low tail-water of Kakhovka HPS (92 km from the mouth), 3 — the Dnieper
River — city Kherson, 1 km upstream the city (40 km from the mouth), 4 — the Dnieper River — village Kizomys,
arm of a river Rvach (0 km from the mouth) [2, p. 133].

As a result of the research, it was found that over the observation period of 2013—2018 for the territory of
the Lower Section of the Dnieper River, there is an excess of COD concentrations according to fishery standards
along the length of the river and in time, which indicates water pollution, but does not provide information on the
components of pollution. The self-purification ability of surface waters, calculated from the observed COD, for
2018 takes negative values (C € [-12,7; =3,9]). This confirms the results of previous research [3, p. 117] and
allows us to conclude that the level of self-regulation and self-purification of the surface waters of the Lower
Section of the Dnieper River is low.

The results of spatial generalization are presented in the form of maps of the ecological state of surface
waters according to the content of water quality indicators.

A software product was developed that made it possible to implement a visual model of the distribution of
pollutants between observation places along the length of the river. The program allows, on the basis of the input
data, to obtain a gradient coloring of the river bed in a color range that corresponds to a certain category of water
quality (table 1).

Table 1. Environmental water quality assessment by ecological classification
Color Water quality Water quality class | Water condition The extent' of water
category purity
1 | excellent very clean
2 I very good clean
3 good sufficient clean
4 acceptable poorly contaminated
5 1l . moderately
mediocre h
contaminated
6 1\ poor contaminated
_ 7 \ very poor very contaminated

Examples of obtained images are shown for the values of COD, Suspended solids, Chlorides, Sulphates
(fig. 1), Petroleum hydrocarbons, Iron, Copper and Manganese (fig. 2).

The basis for the implementation of the graphical image of the ecological state model was formed by such
development tools as HTML, CSS and JavaScript, which allows for close integration with Web 2.0 technology.
This gives the possibility of placing software on the Internet and provides free access to it for scientific and
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educational purposes.

Correspondence of ranges of the category scale and hexadecimal values of the additive RGB color model
for visualization of numerical indicators was carried out. The distribution of colors is performed by dividing the
color spectrum into seven equal segments in the area from dark blue to red, which corresponds to the minimum
and maximum values of the numerical values of the hydrochemical ingredients.

ArcGis cartographic materials were used to form an image of the river bed.
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Fig. 1. Ecological state of the surface waters of the Lower Section of the Dnieper River by hydrochemical
ingredients, mg/dm3: a — Suspended solids, b — Chlorides, ¢ — Sulphates, d — COD

The obtained maps demonstrate the ecological state of the surface waters of the Lower Section of the
Dnieper River, which varies from “excellent” by Suspended solids for the Kakhovka Reservoir (Class |, Category
1, very clean water) (fig. 1, a) to “poor” by Petroleum hydrocarbons for all observation area (Class IV, Category 6,
contaminated water) (fig. 2, a).

Low self-purification ability of the surface waters of the Lower Section of the Dnieper River, located on the
technogenically loaded area [4, p. 103], indicates that
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Fig. 2. Ecological state of the surface waters of the Lower Section of the Dnieper River by hydrochemical
ingredients, mcg/dm3: a — Petroleum hydrocarbons, b — Fe, c — Cu, d = Mn

the anthropogenic load on the water body has reached a critical level. It is necessary to provide
scientifically based calculations of any type of economic activity, carried out in the river basin, to restore the ability
of the hydroecosystem to self-regulation and self-purification.

The research results presented in this article can be the basis for establishing trends changes in the ecological
state of the surface waters of the Lower Section of the Dnieper River in time and space, determining the impact of
anthropogenic load on ecosystems of water bodies, estimating changes of water quality, informing the public, solving
economic and social issues, related to the rational use of natural resources and ensuring environmental protection.
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