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IN WESTERN POLISSYA REGION LIMNOLOGICAL ECOSYSTEMS

Abstract. Results of expeditionary researches of limnological systems in Western
Polissya region of hydroacoustic methods complex using and information-
analytical technologies are presented. Remote sensing monitoring method for lakes
eutrophication processes research is considered. The concept of lake passport
information model is proposed.
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Theme importance

The problem of environmental conditions, water resources restoration and delivering
high quality drinking water to consumers is one of the key problems not only in
environmental sphere but one of the most important problems for humankind. This
supposition confirms by assessment of qualified expert groups from different
countries all over the world and international organizations. For example, among the
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latter, the analytical report of World Economic Forum experts “The Global Risk
Report 2018”can be cited. In this assessment, the risk of “water crisis” is in the
5" place in the global risks impact rating. Also, the water resources condition
indirectly affects the other specific influential risk: “mankind unpreparedness to
climate change” (4" place), “natural disasters” (3™ place), “extreme weather
conditions” (2" place by influence and 1% — by probability of occurrence risk).
Surely, for Ukrainian territory the named risks are also relevant.

When speaking about solving the issues around water supply, water quality and
water resources protection, the Ukrainian society and government regulates the
above in a number of bylaws and international agreements, particularly, the Law
“About main principles (strategy) of the state environmental policy in Ukraine for
the period to 2020”. There are agreements that are also dedicated to environmental
policy transformation in accordance with sustainable development foundation.
Problems of water resources monitoring, water quality control in natural reservoirs
and hydro ecosystems sustainable functioning ensuring are in this list. Researching
the limnological systems, i.e. lakes, water reservoirs, ponds are the part of these
tasks. Its importance is linked to the increased requirements for the efficiency and
information completeness during monitoring. The latter is carried out both by contact
and remote sensing methods [1, 2]. However, current development level of
infrastructure and information technologies enables to increase effectivity of these
both methods combination. Contact methods allow to research physical, chemical,
biological parameters simultaneously [3]. The remote sensing not only obtains
geographic binding, but also water level dynamics monitoring, water area
3D-model creating, anthropogenic influence on coastal areas to water conditions
assessment.

Fulfillment of the listed tasks with modern information technologies will allow
to estimate anthropogenic impact peculiarities with more precision. In turn, it can
lead to a refinement of the environmental assessment. Results can be used in water
resources and environmental safety operation procedures.

The purpose of the research is to create and to improve information
technologies for its usage in environmental safety management of limnological
objects (lake ecosystems) of Ukraine as strategic sources of fresh water.

Main content of research

In the paper, authors considered the problem of monitoring efficiency increasing and
assessment of limnological ecosystems ecological conditions on the example of
Ukrainian lakes through creating and implementation of modern information
technologies for further usage of the results in the system of territorial environmental
management. Domestic and foreign research analysis show that the problem of hydro
ecosystems conservation and restoration can be solved using geographic information
system (GIS-based) technologies, remote sensing, integrated monitoring of
ecosystems based on ecological indicators, databases with complex and local
monitoring results, analytical technologies for remote sensing results processing and
landfill and gauge measurements [4]. Authors made conclusion about expeditions of
contact and remote limnological objects monitoring methods integration in order to
solve named task.

After the analysis of Ukrainian limnological ecosystems, authors concentrated
researches on a number of lakes located mainly in Western Polissya region. Lakes

ISSN: 2411-4049. Exonoriyna 6e3reka ta npupoaokopucrysatss, Ne 2 (26), 2018



as Svityaz, Nobel, Lyubyaz, Bile and a number of smaller water objects [5, 6]. In the
period since 2010 to 2017, numbers of expeditions were carried out for every water
object from the list. Expeditions consisted of the field research stage, when contact
methods of lakes environmental monitoring and remote sensing data processing and
analysis were used.

In the course of expeditions, a number of hydrochemical and hydrobiological
measurements were performed, notably for Nobel and Lyubyaz lakes. In particular,
transparency, salt content, pH parameters have got, samples of bottom sediments
were taken using specialized developed equipment (geological tube). The results of
field research made it possible to draw conclusions about the peculiarities of
anthropogenic influence to these limnological ecosystems. In particular, intensive
eutrophication of lakes’ surface was observed due to changes in water chemical
composition. It is being caused by mineral fertilizers flushing from agricultural lands
and the active increasing of uncontrolled tourism and recreation scale [7]. Also, the
water regime of the lakes gradually changes, in particular under the influence of
climate factors. The anthropogenic disturbance level on these ecosystems is currently
low, but there is continuous intensification of economic and recreational impact, that
begins to influence on limnological objects negatively as a whole.

The authors propose the following algorithm to research anthropogenic influence
in limnological systems using remote sensing methods:

e Selection of remote sensing data, cartographic materials and descriptive
information;

o Creation of lake water area and coasts detailed digital map using ultra-high
resolution remote sensing data;

e Determination of seasonal variability of the lake using time-varying images;

e Conducting the classification of the coastal territory to determinate coastal
vegetation and anthropogenic impact on water object;

e Sources of anthropogenic influence determination;

e Classification of aquatic vegetation;

e Lake temperature regime determination using time-sensitive images in
thermal channel;

o Measurements on the ground and water surface, test areas selection;

e Comparison and calibration of the results using remote sensing data
processing and above-ground measurements;

¢ Limnological system geodatabase creating.

In order to increase the monitoring efficiency using remote sensing data, base of
space images was created. It made it possible to research the dynamics of the
environmental parameters. Limnological systems of Nobel lake (Rivne region),
Lyubyaz (Volyn region, Pripyat — Stohid Natural Park) were considered as an
example of the integrated application of remote sensing possibilities [6]. High-
resolution images such as Spot, GeoEye, DigitalGlobe, Sich-2 with various ranges
were used to analyze man-caused impact on the water areas of listed lakes and their
coastal zones. Selection of remote sensing data, cartographic materials and
descriptive information has been performed.

The analysis of eutrophication effect using space images processing methods is
based on diffuse reflection coefficient of light by surface and subsurface water layers
variation analysis. Coefficient changes when concentration of phytoplankton
increases which in turn causes a diffuse reflection of light due to increased light
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scattering back to microalgae [8]. On the other hand, this process is accompanied by
phytoplankton pigments content increasing that absorb light in specific intervals
intensively. This process leads to a decrease in diffuse reflection of light in certain
areas of the spectrum. It should be taken into account during remote monitoring for
different periods of year.

For absorption processes, skin-effect impact is considered. It leads to decrease in
the electromagnetic waves depth penetration into the thickness of conductive
environment. Based on the Maxwell equations and the expression for electric power
density vector, according to the Ohm law in differential form ( j = oE , E — vector

of electric field strength; p — magnetic permeability; o — specific electrical
conductivity; j — electric current density vector; @ — frequency of electromagnetic
wave), the basic model and A — thickness of the skin layer (absorption layer)

A =.2/cum. 1t determines the effectiveness of light depth penetration in the

conducted environment (in the case of water) for a given wavelength (frequency),
which was chosen as 430 — 450 nm. If the absorption of light effect and processes of
its scattering and reflection is considered simultaneously, we can establish the total
effect accuracy and determine the optimal wavelength, which was confirmed
experimentally. As a result, we can confirm that there are three independent effects
(reflection, scattering and absorption) which affect on the lake bottom image quality
(depending on its depth).

transparency, m

T - T
> Aa = [

depth m

- T - T
o 1 2

Fig. 1 — Dependence of transparency from depth (research of Nobel Lake)

The obtained data at one point for different depths (fig. 1) allowed constructing a
functional dependence on the received light flux. Deducting of this dependence
offers an opportunity to determine the influence of each of the three effects for a
particular limnological object for each period of the year. That is why we can
determine the content of suspended particles, presence and thickness of the water
film the accuracy of depth remote measurement. It has been established that fixing
continuous data for depth from 0 to 10 m provides the opportunity to obtain the most
accurate result of measurement.

Equipment with available blue coastal canal (0,40 — 0,45 microns) was used for
limnological objects monitoring. Today there are only three satellites have such
equipment on board — Landsat-8, WorldView-2, WorldView-3. Canal choice was due
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to penetration of sunlight in this spectral range at a greater depth. It allowed analyzing
the spectral brightness of the main classes of natural objects in Nobel Lake basin.

LAI — Leaf area Index NDVI Normalized difference vegetation index

September, 29

September. 29

05 06 o7 08 03 10

Fig. 2 — Classification of aquatic vegetation on Nobel Lake using LAl and NDVI indexes

The main periods of limnological objects seasonal variability were identified as
a result of time-dependent remote sensing data analysis (fig. 2). In particular, it was
discovered that in the warm period of the year there is an active reproduction of
phytoplankton and algae in most lakes. During the cold season, water has maximum
transparency and algae are falling to the bottom. Therefore, for aquatic vegetation
monitoring, remote sensing data should be used for the summer period (July —
August). The depth definition measurement needs images for October and
November. As a result, detailed digital map of water basin and coastal area was made
using ultra-high spatial resolution space images.

Also, during the expeditions, hydroacoustic bathymetry of the water areas was
conducted. On the measurement results, interactive maps of the bottom relief were
constructed, as well as 3D-modeling of underwater relief. Fig. 3 shows one of the
created lake bathymetry maps, for Lyubyaz Lake (Pripyat — Stohid Natural Park).
The lake refers to flood-plain-channel way type, has irregular shape, the surface area
is 519 hectares, the average depth is 5 meters. The coastline of the lake is low, sandy,
mostly waterlogged, with an island.

In addition to direct depth measurements during expedition the echolocation
method based on remote sensing was used on Nobel Lake [8, 9]. Results proved that
using “WorldView-2” satellite images deliver more detailed bathymetry results (fig. 4).

Relative depths transformation into absolute values was carried out using
reference points, which were selected using echolocation equipment. It allowed us
to obtain data for constructing a depth map and a three-dimensional model of Nobel
Lake.
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Fig. 4 — Nobel Lake satellite image (WorldView-2 remote sensing data) and bathymetric
map based on result of its decoding

The results of experiments, measurements and remote sensing data allow to
systematize individual parameters and to offer information technology for
classifying the limnological object conditions in the form of passport [8, 10]. For
passport creating, methods for determine lake and coastal territories hydrochemical
characteristics, satellite image processing, sub-satellite experiments, statistical
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analysis and processing physical, chemical, electrolytic, physicochemical, biological
researches, spatial data GIS-processing were used. Basis for the passport creating is
the ground binding of processed satellite images optical-spectral characteristics to
the water area hydroecological conditions and landscape conditions of the
limnological ecosystem territory.

Based on the ontology method, data package, collected during expeditions, the
MS Excel toolbox (primary data spreadsheets) the lake passport information model
was created. Also the query constructing rules were defined for forming user
interface. These rules are essential for working with passport of limnological object
through web-interface. Passport databases are implemented in Oracle environment.
Passport technology proposes a sequential algorithm using to find information based
on ontology method [11]. This method allows to obtain the exact information
quickly, that is necessary for different groups of users. Ontology concept used to
create limnological object passport has allowed reflecting the semantic properties of
the research environment information resources logically.

The logical structure of lake e-passport shows object features and taking into
account using requirements. Semantically, limnological object passport structure
is represented in the scheme shown on Fig. 5.

- general features of the object
- detailed description ofthe
environment

- detailed features of biogeocenosis

Ensuring the purpose of - geological features ofthelake

monitoring - transport and infrastructure
information
Preventing the development of -Information about emergency alert
critical situations in the SY stem
ecological safety of the lakes -Information about environmental
safety threats
| -Information about agricultural and
Information about system mining industry
conditions and compliance with
environmental standards -Regulations and maximum
I permissible concentrations
-Environment
G.e'.mng Eiata.for p:revmtu-}n of ‘Resource balance
critical sitnationsin a particular .
moment - I?E%p&ns?blepersons
-Notifications

-Available means to response
environmental disaster

If the criterion of ecological - Available hazardous materials
balance ensuring is not reached .

I 5| -Model rejection
- Additional meansto overcome
dangerous consequences

Fig. 5 — The structure of limnological object passport
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This scheme is based on mathematical models and satellite images processing
results. It gives an idea of what questions this information model can answer of
a particular limnological object in general. Also passport data should provide data
for forecasting, that is, mathematical model creation. It allows the specialists in
different areas to coordinate their efforts quickly and to take steps for
environmental conditions stabilization.

After the passport was developed, the effectiveness parameter of user speed in
the search of words in passport was determined. User interface of limnological object
passport is preferable even for users with limited training. The average time of the
operation of entering a search word to the search query in the system is 16,1 s.
Recommendations for implementation of limnological object passports indicate that
the focus should be on natural reserves and natural parks.

Conclusions and practical significance of the research result

Authors proposed, grounded and applied the integration of ground-based monitoring
for limnological ecosystems with space monitoring of water areas. Water regime of
lakes in Western Polissya region was analyzed using presented methods. An
increasing tendency of eutrophication effect has been established in Nobel Lake
ecosystem. New technique to research absorption and dispersion effects was
proposed and grounded mathematically. The methods, modern devices and software
for bathymetric mapping of lakes were used. Method of hydroacoustic analysis of
bottom lake relief for morpholithogenetic analysis of lake basins with different
origins has been worked out, bathymetric mapping has been carried out. E-passport
of the Nobel lake has been developed, a list of biotesting methods was presented
with defined logical structure. Based on the collected data package, lake passport
information model was created with the use of ontology method. The query
constructing rules were defined for forming user interface. The passport implements
the use of sequential algorithm to find information.

The practical significance of the results consists of satellite information base
creation for the ecological monitoring in Western Polissya region. It allows to control
the situation in water ecosystems, to analyze anthropogenic load on limnological
objects. Technologies of environmental condition assessing for limnological
ecosystems based on satellite information decoding methods (for freshwater
reservoirs) was developed. Lake e-passport information technology was created. It
allows to carry out situational environmental management depending on the intensity
of anthropogenic influence.
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ORCID ID: 0000-0001-6270-6293 e-mail: okhariev.vo@gmail.com

IHonosa Mapuna AHapiiBHa

KaHAWIAT TEXHIYHUX HayK, CTapIIHNA HAYKOBHH CHIBPOOITHUK BiJTilTy OHTOJIOTIYHUX CHCTEM
Ta MPUKIATHOI anreOpaidHOi KOMOIHATOPHKH

[HCTHTYT TenekoMyHiKaliii i raobansHOTO iH(pOpMariiiHoro npocropy HAH Ykpainu
Anpeca po6oya: 03186 Ykpaina, m. Kuis, YokoniBchkuii OynbBap, 13

ORCID ID: 0000-0002-0258-1713 e-mail: pmal701@gmail.com
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Panguyk Irop BasienTnnoBnY

KaHIW/JaT TEXHIYHUX HayK, CTapUIMid HayKOBHH CHIBPOOITHHK BNy JOCHIIKEHb
HaBKOJIMIIHBOTO CEPEAOBHIIIA

[HCTHTYT TenekoMyHiKaliii i robaneHOrO 1H(pOpMariiiHoro npocropy HAH Ykpainu
Anpeca po6oua: 03186 Ykpaina, m. Kuis, YokomniBcbkuii OynbBap, 13

ORCID ID: 0000-0003-4999-1258 e-mail: igor.radchuk.v@gmail.com

Tpucuiok Tapac BacuiboBuu

KaHIUAAT TEXHIYHUX HAyK, MOJOIINKA HAYKOBHH CIIBPOOITHUK BIIUTY MPHKIATHOT
MaTeMaTHKH

[HCTHTYT TenekoMyHiKamil i rmobampHOTO iH(GOpMAatiiiHOTO TpocTopy HAH Ykpainu
Anpeca po6oua: 03186 Ykpaina, M. Kuis, YokomiBcbkuii OynbBap, 13

ORCID ID: 0000-0002-3672-8242 e-mail: trysnyuk@ukr.net

Ilymeiiko BikTop OnexcanapoBuy

KaH/Iu/aT TEXHIYHUX HAYK, BUKJIaga4d

[acTHTYT iHbOpMaNiiiHUX TexHonorii HarioHanbHOro yHiBEpCHTETY 000pOHH YKpaiHH
Anpeca po6oua: 03049 Ykpaina, m. Kuis, [ToBiTpodnorcekuii npocnekr, 28

ORCID ID: 0000-0002-0285-4566 e-mail: shym1983@ukr.net

Atpacesnd Osekcanap BajeHTHHOBUY

acIipasT

[HCTHTYT TenekoMyHiKamii i rmobampHOTO iH(GOpMatiitHoro poctopy HAH Vkpainu
Anpeca po6oua: 03186 Ykpaina, M. KuiB, HokomiBcbkuii 6ymnbBap, 13

ORCID ID: 0000-0001-7703-8494 e-mail: atras@ukr.net
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