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© Abstract. Manual monitoring of the eutrophication status of water bodies such as estuaries is a rather difficult
task. Drone technology can be used to assist in monitoring any water body. This study was conducted with the aim of
applying remote sensing methods based on unmanned aerial vehicles (UAVs) to obtain eutrophication indicators in the
waters of the Tiligul Estuary. The information was based on data collected by drones on the level of eutrophication and
the state of marine areas. A DJI Phantom 4 Pro drone was used to collect data from the air. Four sampling points were
selected for testing, where the normalised vegetation difference index and normalised turbidity difference index were
evaluated. Exsitu data, such as nitrate concentration and phosphate concentration, were also obtained. A trophic status
index was calculated to describe the algae content in the estuary. The UAV hyperspectral images were orthorectified
and georeferenced in Agisoft PhotoScan software and the normalised difference vegetation index values were evaluated
in ArcGIS. The results showed a correlation between the vegetation difference index values and the concentration of
nitrogen and phosphorus with coefficients 0of 0.7079 for phosphorus concentration and 0.7004 for nitrogen concentration,
respectively. This study confirmed the applicability of remote sensing for water resource management using UAVs, which
is characterised as a fast and simple methodology. A qualitative assessment and control of environmental parameters
during the solution of environmental monitoring tasks for marine areas and coastlines was proposed. It was noted that
mathematical and simulation modelling methods contribute to the formation of functional and information models,
and system analysis methods are also used to identify structural relationships between components of complex systems.
The results of the study will enable the further use of UAVs and other remote sensing methods for monitoring and
forecasting the state of estuaries and marine areas

© Keywords: marine environment monitoring; unmanned aerial vehicles; estuary; coastal zone management;
eutrophication

@ Introduction

Preserving the ecological safety of marine areas and coastal it is extremely important to continuously monitor the state
zones is important for countries with access to the sea. Inthe ~ of water resources and coastal ecosystems. Timely detec-
context of increasing anthropogenic pressure on marine eco-  tion of environmental threats and man-made accidents (oil
systems, global climate change and growing transport traffic,  spills, chemical pollution, changes in water temperature and
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salinity, erosion processes) makes it possible to minimise
damage and mitigate the consequences. In this context,
modern mobile monitoring information systems are of par-
ticular importance. Mobile monitoring platforms - such as
unmanned aerial vehicles (drones), automated marine buoys
and specialised boats with sensors - enable field research,
which is particularly important for regions with hard-to-
reach coastal areas. The use of mobile information systems
facilitates more accurate tracking of environmental parame-
ters, monitoring of biodiversity, prevention of natural disas-
ters (such as storm surges and floods) and control over com-
pliance with international environmental standards.

The development of information systems for mon-
itoring marine and coastal areas is being actively studied
in scientific circles. Scientists analyse technical solutions,
improve data collection methods and develop algorithms
for the rapid detection of environmental threats. Various
methodologies, mechanisms, principles and approaches
have been developed to assess the state of the environ-
ment during environmental monitoring using aerospace
technologies. An analysis of the experience of scientists
H. Zhang et al. (2022), who studied aquatic ecosystems, has
shown that their protection and rehabilitation is only possi-
ble with the active use of relevant information technologies
in the management of water bodies.

As noted in the work of I. Afan et al. (2022), being
fundamental to global biodiversity and critical to human
well-being, aquatic ecosystems are characterised by their
profound diversity, which is due to a multitude of envi-
ronmental conditions and complex population structures.
This inherent complexity requires nuanced monitoring to
ensure conservation, protection and restoration. However,
existing monitoring methods face significant challenges in
capturing the full extent of this complexity, which hinders
effective ecosystem management. Traditional methods, in-
cluding remote sensing using satellites and on-site meas-
urements, have provided valuable information, but advanc-
es in computer IT technologies in the information age are
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prompting change. According to researchers O. Trofym-
chuk et al. (2014), global threats such as biological inva-
sions, climate change, intensified land use and water deple-
tion further emphasise the urgency.

These challenges highlight the need for more modern
monitoring approaches that can provide high-resolution
data in real time at different spatial scales. Given these chal-
lenges and achievements, an integrated approach incorpo-
rating state-of-the-art technologies, including UAVs and
advanced algorithms, is rapidly becoming the new frontier
in capturing the multifaceted dimensions of aquatic eco-
systems. Although UAVs are increasingly being used in
common scenarios in aquatic ecosystems, such as habitat
surveys, algal bloom monitoring, vegetation monitoring,
and animal behaviour observation, K. Wu et al. (2019) em-
phasised that the potential of these technologies to revo-
lutionise ecosystem monitoring remains understudied,
especially in the integration of different types of UAV's for
comprehensive multi-scale monitoring.

The work of scientist C. Yang (2022) indicates that
combining aerial photographs with specific limnological
support provides a comprehensive approach to assessing
the state of the estuary. Thus, some studies address a num-
ber of limnological aspects related to the ecological status
using UAV imagery; for example, the dynamics of helo-
phytes (Phragmites) in estuaries, submerged macrophytes
in shallow estuaries, or algal blooms in reservoirs and es-
tuaries. The aim of this work was to present the results of
using drones in the context of monitoring estuary waters
using the example of the Tiligul Estuary.

© Materials and Methods

The object of this study was the Tiligul Estuary, located in
the Mykolaiv region. Like most estuaries in the Northern
Black Sea region, the Tiligul Estuary has traditionally been
subject to significant anthropogenic influence. Figures 1-2
show the geographical location and bathymetric map of
the Tiligul Estuary.
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Figure 1. Geographical location of the Tiligul Estuary and its catchment basin
Source: created by the authors based on D. Kushnir & Y. Tuchkovenko (2021)
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Figure 2. Bathymetric map of the Tiligul Estuary (isobaths in metres)
at a water level of minus 0.4 mBS. WGS-84 horizontal coordinate system
Note: 1 - Lyubopil Spit; 2 - Chervonoukrainska Spit; 3 — Chilova Spit; 4 — Ranzeva Spit; 5 — Anatolivska Spit; 6 — Kordonska Spit; 7 -

Shyrokyna Spit; 8 — Kalynivska Spit; 9 - Strilka Spit

Source: created by the authors based on D. Kushnir & Y. Tuchkovenko (2021), L. Hurets et al. (2021)

In this study, a DJI Phantom 4 Pro drone was used to take
aerial photographs of the relevant sampling area. The drone
was equipped with a 20-megapixel camera. The attached
camera is capable of eliminating shutter distortion when
shooting fast-moving objects or flying at high speeds, result-
ing in sharp and vivid photos and videos (Zhang et al., 2023).
This equipment can withstand wind gusts of 6 m/s. A Sony
Alpha ILCE-5100 camera with a resolution of 20.0 Mpx was
used. Possible eutrophication at each sampling point was an-
alysed by processing and interpreting visually and digitally.
The orthorectified mosaic served as a platform for creating
the NDVI image. To improve the concept of spatial distribu-
tion of NDVT in the estuary, only parts of the sampling point

area were covered. A colour composite image was created,
which highlighted changes in index values (Mokin, 2005).

Figure 3 shows a map of the Tiligul estuary in the area
of protected sand spits with examples of trajectories that
the quadcopter must follow for monitoring studies. In par-
ticular, the green outline marks the area of artificial reef re-
search; the yellow outline marks the research of vegetation
cover, including areas of red-listed species, monitoring of
violations of the protection regime; the blue outline marks
bird counting. Figure 4 shows a block diagram including
the main stages of image acquisition and analysis that are
followed to obtain a useful geomatics product for assessing
the level of eutrophication.

-

o

Figure 3. Map showing possible quadcopter trajectories for environmental monitoring and sampling points for analysis

Source: created by the authors
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1. Flight Planning
Required resolution and camera

Selection of the flight area:

o Take-off and landing zone

o Flight direction

o Overlap (60% forward and 40% sideways)
Calculation of flight altitude and duration

Image analysis

Strategy for designing the placement of control M

4. Image Object Detection

I Detection of biological
¥ and hydromorphological elements
q Cartographic visualisation

2. Flight and Data Collection

Weather conditions (wind, cloudiness, etc.)

Distribution of GCP (Ground Control Points)

Flight and technical specifications and image acquisition
Measurement of control points

Sample distribution points

3.1 Photogrammetry

Automatic selection of sharp images
Photogrammetric process:

o Image alignment

o Dense cloud generation

3.2 Laboratory Work
Physico-chemical analysis
Biological analysis

5. Comprehensive
Environmental Assessment
Environmental status assessment
8 by the degree of “blooming”
Ecological processes

| Recommendations for improving

the state of the water body

Figure 4. Block diagram showing the main steps in acquiring and analysing images to obtain a geomatics product.
GCP, ground control point; RTK GPS, real-time kinematic global positioning system

Source: created by the authors

The ground sampling distance (GSD) was calculated
to obtain a target image resolution of 2.5 cm based on the
cameras focal length, taking into account the maximum
flight altitude of 120 m in accordance with Spanish air-
space regulations. Ten targets (radius 0.20 m) were evenly
distributed and measured in the flight area to obtain final
georeferenced images (orthoimages) (Zou et al., 2014). The
location of the target centroids was measured using a Lei-
ca Global Positioning System (GPS) 1200 (Leica Geosys-
tems AG, Heerbrugg, Switzerland) linked to a permanent
Global Navigation Satellite System (GNSS) reference sta-
tion (ERGNSS, 2008). The calculated accuracy of the GNSS
real-time kinematic (GNSS-RTK) system was 0.02 m for
planimetry and 0.03 m for altimetry (Ownby et al., 2021).

Flights and image processing were performed ac-
cording to the methodology proposed by J.I. Cércoles et
al. (2013) and D. Hernandez-Lopez et al. (2013). Eight
UAV flights were conducted during the annual cycle from
July 2023 to July 2024. Flights began around noon to mini-
mise solar glare and shading, as well as to optimise visibil-
ity conditions for groundwater and submerged vegetation,
and to maximise visibility of the deep water column. Image
processing included automatic selection of non-blurred
images and the following photogrammetric process: pho-
to alignment, dense cloud construction, grid construction,
and texture construction. For each flight, an orthomosa-
ic of georeferenced RGB images was created for the main
purpose of quantifying the total macrophyte coverage in
the estuary and the degree of eutrophication (Sidabutar et

al, 2020). The normalised difference turbidity index
(NDTTI) was used to determine different degrees of turbid-
ity and was calculated according to S.H. Patel et al. (2018):

(Red Band 1- Green Band 2)
(Red Band 1 + Green Band 2)

NDTI =

(1)

From the orthophoto with georeferencing, the normal-
ised difference vegetation index (NDVI) image was used
for the entire sampling point from the index adaptation, as
shown in the equation (2):

Band 4—Band 1
NDVI= GandarBand 1 @)
where Band 4 - the near-infrared band; Band 1 - the red
band.

The NDVI values for the sampling points were obtained
by linear regression of the Landsat 8 OLI 0.655 pum/0.56 pm
(Band 3/Band 2) ratio with the natural logarithm of the
measured NDVI values. A polynomial equation was used
to calculate the NDVI values for each sampling point based
on the results of the Landsat C3/C2 band ratio (Foste &
Vaneeckhaute, 2021):

(NDVI)=7.1354(C3/C2)2-11.761(C3/C2) + 5.2004. (3)
Several studies that used NDVI to determine the eu-
trophic status of water bodies were used to calculate NDVI

values. The NDVI values were also used to correlate with
chlorophyll-a (Chl-a) concentrations. The study also
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demonstrated the use of Landsat 8 OLI band ratio data to
predict Chl-a concentrations. A correlation model between
NDVI values and N and P concentrations was identified to
compare field measurement data with remote sensing data.
The Trophic Status Index (TSI) describes the algae content
in estuary water. The Carlson equation is used to calculate
the trophic status of sampling points in the Tiligul Estuary
with Chl-a concentration values. As mentioned, the NDVI
has a strong linear dependence on Chl-a values. Therefore,
the TSI can be calculated (4):
TSI NDVI=10[6-(2.04-0.681n )/ (In*)]. ~ (4)
To calculate the TSI, input values obtained using linear
regression between the obtained NDVI data and the B3/B2
ratio of Landsat 8 OLI images are used, since the blue-green
band ratio is commonly used in oceanic and moderately
turbid coastal waters. The authors of this study also consid-
ered nitrogen and phosphorus as some of the most impor-
tant elements for the life of microorganisms. When deter-
mining the total phosphorus content, the samples were not
filtered or preserved. The duration of the period between
sampling and analysis is not regulated. Immediately before
the study, the sample was vigorously shaken and then min-
eralised. In the case of determining the total content of dis-
solved phosphorus compounds, the water was pre-filtered
through a membrane filter with a pore size of 0.45 pm.
The samples were mineralised using potassium per-
sulphate, which oxidises organophosphorus compounds

to oxidation state +5 in an acidic environment, forming
orthophosphate ions PO The latter were determined
photometrically. The method is suitable for the analysis of
colourless and slightly coloured estuarine waters. The in-
dophenol method was used to determine the nitrogen con-
centration in estuary water. This spectrophotometric meth-
od is based on the interaction of ammonia with phenol and
hypochlorite, resulting in the formation of indophenol,
which exhibits a distinct blue colour in an alkaline environ-
ment. The highest colour intensity occurs in a solution con-
taining 0.3 M NaOH and 0.8% phenol. The colour intensity
is measured at a wavelength of 625 nm. When analysing
solutions containing ammonia at a concentration of 1 ppm,
the standard deviation of the results is 0.03 ppm.

© Results

Analysis of orthophotos ensures that the images cover the
entire sampling area. High NDVI values indicate a greater
difference between red and near-infrared radiation, while
low NDVT values indicate a small difference between red
and near-infrared signals (MaZeikiené & Sarko, 2022). This
situation occurs when there is little photosynthesis or when
there is very little reflection of light in the near-infrared
range. It can be seen that all NDVI values for water from all
sampling points are in the middle range. This indicates that
the estuary water has experienced a state of low photosyn-
thetic activity, and the chlorophyll level in the estuary water
is average (Da Costa et al., 2020). The average NDVI value
obtained as shown in Table 1.

Table 1. Average NDVI values

Date of observations Sampling point NDVI
1 0.40
2 0.50
27 July 2023
3 0.38
4 0.47
1 0.38
2 0.41
8 November 2023
3 0.34
4 0.40
1 0.37
2 0.44
5 March 2024
3 0.36
4 0.40
1 0.37
2 0.41
18 June 2024
3 0.36
4 0.42

Source: created by the authors
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It can be seen that sampling points 2 and 4 have high-
er NDVI values for the four sampling dates, which means
that these two sampling points have slightly higher chloro-
phyll levels compared to the other sampling points. NDVI
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values can be observed by the colour shade in the images
to show different NDVI levels from the side, as shown in
Figures 2-5. A darker colour means a high NDVI value and
contains a large amount of chlorophyll (Fig. 5).

-
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Figure 5. Images of NDVT in different areas of the sample
Note: a - 27 July 2023; b — 8 November 2023; ¢ - 5 March 2024; d - 18 June 2024

Source: created by the authors

Although some sampling points have low NDVT val-
ues, the colour becomes darker compared to sampling
points with higher index values. This is due to the reflection
coefficient of red light in the near-infrared range, which
makes the colour darker (Zhang et al., 2023). However, this
will not have a significant impact or a large difference in
the NDVI value, which will not affect the results (Costa et

Ecological Safety and Balanced Use of Resources, 2025, Vol. 16, No. 1

al., 2019). The pixels that appear in the NDVI were identi-
fied as vegetation, and this was associated with water tur-
bidity. The colour tone in the images reflects different levels
of turbidity from the side, as shown in Figure 6. While the
NDVT values are in the middle range, the NDTT values are
also in the middle range, which does not indicate a high
level of turbidity.
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Figure 6. Images of different areas of the estuary
Note: a - 27 July 2023; b — 8 November 2023; ¢ - 5 March 2024; d - 18 June 2024

Source: created by the authors

When comparing the samples, sampling point 4 is more
turbid. Higher NDTT values were recorded in the area near
the estuary coast due to the interference of aquatic vege-
tation. Higher turbidity values can be explained by backs-
cattering in the estuary water column, which causes an in-
crease in suspended particles (Denisova et al., 2020). From
this point of view, the proposed method is more effective
for studying the turbidity of water bodies than conducting
measurements on site, which would be very expensive and
difficult. As shown in Figure 7, the correlation model pro-
duces the best result, which was a second-order polynomial
function curve returning a correlation a R? equal to 0.7115.
This revealed an acceptable linear dependence with a corre-
lation R? equal to 0.51 (Aguilar-Ascon, 2020).
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Figure 7. Correlation model between
NDVI values and Band 3/Band 2

Source: created by the authors
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Sincethe dataonthe Landsat8 OLIand NDVIband ratios
have a linear dependence on Chl-a, this study demonstrat-
ed a correlation between NDVI and the 0.655 um/0.56 pm
band ratio (Band 3/Band 2). This indicates that NDVI may
be equivalent to Chl-a concentration in this particular case.
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As a result, the regression line showed a strong relationship
between NDVI and the 0.655 pm/0.56 um band ratio, re-
turning a correlation R* of 0.7115 (Ajala et al., 2023). The
trophic status of water bodies can be evaluated based on the
TSI value calculated as shown in Table 2.

Table 2. Trophic status index (TSI) for all sampling points

Date of observations

Sampling point

TSI

1

21.54

21.09

27 July 2023

21.29

22.70

21.15

8 November 2023

21.29

20.41

21.80

20.82

5 March 2024

20.74

20.75

21.63

20.90

18 June 2024

21.65

20.70

QR [ W N[ W= W N

22.49

Source: created by the authors

Based on the calculated TSI values (20-40 TSI), all
sampling points can be considered mesotrophic estuaries.
This indicates that the sampling area has some algae tur-
bidity, which reduces its aesthetic appeal. However, this
condition will not lead to oxygen depletion in deep water
horizons and is safe for hydrobionts under these condi-
tions. The results showed that vegetation indices based on
UAV images are similar to those obtained from ground
sensors and cameras. This study also demonstrates the
applicability and reliability of NDVT as an important tool
for monitoring water quality in aquatic environments.
Nitrogen and phosphorus are the main nutrients in the

eutrophication process; therefore, it is important to de-
termine the concentration of nitrates and phosphates in
water bodies. Eutrophication begins when the concentra-
tion of nitrogen in water reaches 0.3 mg/L and the con-
centration of phosphorus reaches 0.02 mg/L (Ownby et
al., 2021). From the results presented, it can be seen that
the concentration of nitrates and phosphates at all sam-
pling points exceeds 0.3 mg/L and 0.02 mg/L, respective-
ly. These values are presented in Table 3. They show that
the sampling area is in a mesotrophic state with slight
eutrophication. The excess of nutrients promotes algae
growth in this location (Ajala et al., 2023).

Table 3. Concentrations of N and P at all sampling points

Date of observations Sampling point Nitrates, NO* (mg/L) Phosphates, PO, (mg/L)
1 0.15 1
2 0.43 0.9
27 July 2023 3 0.06 0.6
4 0.44 1.9
1 0.13 0.8
2 0.45 1.1
8 November 2023 3 0.04 05
4 0.41 1.7
1 0.11 0.7
2 0.43 1.3
5 March 2024 3 0.05 03
4 0.42 1.6
1 0.09 0.6
2 0.43 0.9
18 June 2024 3 0.06 04
4 0.44 1.7
Source: created by the authors
Ecological Safety and Balanced Use of Resources, 2025, Vol. 16, No. 1 71 |
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For the correlation between NDVI values and N concen-
tration, it has an inverse correlation R* equal to 0.7004, while
the correlation R* between NDVI values and P concentration
is 0.7079. From the correlation model created, it can be seen
that P concentration and N concentration have almost the
same relationship to NDVI, but in this study, the correlation
of P concentration is slightly higher, i.e., high P concentration
can lead to high Chl-a concentration and cause eutrophication.
This statement was confirmed by research in the work of S. Ste-
fanni ef al. (2022) conducted on mitigating estuary eutrophi-
cation. They argued that to mitigate eutrophication, phospho-
rus content should be reduced instead of nitrogen. Although
controlling nitrogen content also failed to eliminate the reduc-
tion in estuary eutrophication, reducing phosphorus content
is more important than reducing nitrogen content. The main
limitation of the method used in this study was wind speed.
Wind tolerance depends on the equipment, in particular its
size and weight. With the equipment used here (Microdrones
md4-1000, 1.2 kg), flights were performed at wind speeds be-
low 2 m/s. Higher wind speeds can result in blurred images.
During the study period, flights were not possible on 12.3%
of days due to unfavourable weather conditions, such as high
wind speeds. Cloud cover and lighting also affect the results.

In the work of M.W. Letshwenyo & T.V. Sima (2020),
it was recommended to perform flights at noon, around
12:00 solar time. Water transparency or turbidity is the
main limitation associated with the condition of the wa-
ter body, which affects the maximum depth visible in UAV
images. As a rule, RGB cameras are used under normal
lighting conditions and clear water. As noted in the work
of C.A Knight (2021), submerged lake vegetation can be
classified to a depth of 2.5 m, but changes in turbidity can
affect the maximum resolution in terms of depth. In the
studied water body, features at a depth of 4 m were detect-
ed under clear water conditions, making this methodology
very useful for detecting lake stratification processes and
for mapping deep-water macrophytic communities.

In the work of S.O. Akinnawo et al. (2023) confirmed
that eutrophication caused by nitrate and phosphate run-
off from agricultural land, wastewater from aquaculture
ponds, and municipal and industrial discharges is a serious
problem due to its significant contribution to socio-eco-
nomic and environmental health problems. In the work
of P.C. Sonarghare et al. (2020), it was reported that the
emergence of a dead zone due to the effects of eutrophi-
cation (consisting of algal blooms and hypoxia) leads to
the loss of aquatic biodiversity. Algal blooms are some-
times referred to as “red or brown tides” depending on the
colour of the algae, and the organism responsible for red
tides is called cyanobacteria. In addition, it has been not-
ed that cyanobacteria produce harmful substances, such
as off-flavours and toxins, which are potentially dangerous
to the health of both humans and wildlife. Furthermore,
C.A. Knight (2021) confirmed that cyanobacterial blooms
are one of the serious consequences of eutrophication, caus-
ing coastlines and as well as boat hulls with a foul-smelling
film, leading to odour and taste problems in water bodies,

thereby rendering them unsuitable for desired use due to
their potential danger to wildlife and the population.

In addition, environmental studies conducted in Eu-
ropean countries between 2015 and 2021 showed that,
according to estimates, only 40-60% of the nitrates and
phosphates applied in fertilisers were used by plants. The
remaining percentage is reportedly washed into runoff that
reaches water bodies, with a phosphate load into Europe-
an seas of 0.26-0.30 TgP/year (Matei & Racoviteanu, 2021;
Pytka-Woszczylo et al., 2022). Further research by L.P. As-
tuti et al. (2022) on the level of eutrophication in the Jatilu-
hur reservoir, conducted in 2022, showed that the trophic
status index (TSI) and trophic index (Trix) exceed 4 and 50,
respectively. This indicates an eutrophic-hypertrophic lev-
el, characterised by high chlorophyll-a and total phospho-
rus content in the Jatiluhur reservoir. Based on the study,
the following can also be said. A fairly effective method
against water “blooming” in Europe is the use of modern
LG Sonic ultrasonic technology. This method was studied
in the work of S.H. Melnyshenko et al. (2023). By 2025, this
technology will be used in 55 countries around the world. It
is recognised as environmentally friendly and highly effec-
tive, eliminating algae and blocking their further growth to
the “blooming” stage. At the same time, LG Sonic is com-
pletely safe for fish and humans.

A biological method of combating water eutrophica-
tion, often used in artificial reservoirs, has also demonstrat-
ed high efficiency in European countries. The essence of this
method is to introduce herbivorous fish into water bodies,
which consume blue-green algae, thereby reducing the in-
tensity of “blooming”. This method not only improves the
ecological condition of the water body, but also provides an
opportunity to breed fish economically without spending
money on feed. Competition for space and resources in the
context of sustainable aquaculture development involves
the development of closed recirculation systems, the use
of offshore farms, including cages, platforms and ropes for
shellfish farming, and the integration of future aquaculture
projects into a comprehensive zoning and management
strategy. Strategic management is key to the recovery and
progress of Ukraine’s fisheries. Its effectiveness depends on
the correct choice of strategic development vector, taking
into account specific political, organisational and economic
conditions and opportunities, as well as the development of
effective regulatory mechanisms.

© Conclusions

The use of remote sensing by UAVs in monitoring the eu-
trophication process offers many advantages over conserv-
ative monitoring methods. The results of this study allow
establishing — a correlation between the data for the NDVI
image obtained during the UAV flight and the estimated
values of the Landsat 8 satellite. This study also corre-
lates NDVT values with N and P concentrations obtained
from field data. A mathematical model was created and
acceptable coefficients of determination (R?) were obtained,
namely 0.7115, using the correlation between NDVI and
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the Landsat 8 OLI band ratio using a second-order polyno-
mial function. This second-order polynomial function also
provides a mathematical model based on the correlation
between NDVI values and N and P concentrations, which
has coefficients of 0.7079 for P concentration and 0.7004
for N concentration.

The results can serve as a starting point for further
research and expand the study of the impact of other in-
dicators, such as water turbidity, suspended solids, estuary
depth, and background influence. Since the TSI value ob-

Grubyi & Trokhymenko

sometimes dominated by light attenuation from inorgan-
ic turbidity. Thus, this discrepancy illustrates the need to
develop a specific method that depends on the specific
conditions of the estuary during the study. It was empha-
sised that the use of alternative tools in monitoring aquatic
environments is particularly important for the application
of preventive and corrective measures that can be taken to
minimise socio-economic impacts.
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e AHoTauiqa. Pyunuit MOHiTOpUHT CTaHy eBTpO(biKauﬁ BOJHMX OO0 €KTiB, TAKMUX fAK JVMAaHU, € HOCUTh CKIaSHUM
3aBaHHAM. TeXHO/IOrist [POHIB MOXe OyTH BUKOPMCTAaHA A/ JOIIOMOTYM B MOHITOpPMHIY Oyab-sikux Bogoim. lle
TOCTiIKEeHHA OY/I0 IPOBELIEHO 3 METOI0 3aCTOCYBAHHA METOJiB AVMCTAHLITHOIO 30HIYBAaHHA Ha OCHOBI 6e3MiIoTHIX
mitanpuyx amapatis (BIIJIA) mns oTpuMaHHA IOKa3HUKIB eBTpodikanil y Bomax Twriryabscpkoro numany. OcHOBY
indopmanii craHOBIATH HaHi, 3i0paHi ;poOHaML, CTOCOBHO piBHA eBTpOdiKallii Ta CTaHy MOPChKMX IpocTopiB. s 360py
JaHVX 3 MOBIiTPsi BUKOpucToByBaBcs ApoH DJI Phantom 4 Pro. [is tecTyBaHHs 6y/10 06paHO YOTUPU TOUKY Bigbopy
Hp06, Jie OL[iHIOBA/IM HOPMa/Ii30BaHMII iIHEKC PI3HMUII POCIMHHOCTI Ta HOPMali3OBaHMII iH[EKC Ka/laMyTHOCTI PiSHMLII.
Takox 6y orpumaHi gaHi Exsitu, Taxi sik KoHI[eHTpauis HiTpaTiB i KOHIEHTpais Ppocdaris. Byno pospaxosaHo iHgeKc
TPOQIYHOrO CTaHy, AKMII OINCYE BMICT BOJOpOCTeNt B jmMaHi. [imepcrexrpamphi so6paxenns BIIJIA 6ymu opro-
BUIIPSIMJIEH] T TeOIPYB si3aHi B IporpaMHoMy 3abesmedenHi Agisoft PhotoScan ta owiHii sHa4eHHsT HOPMaTi30BaHOTO
PI3HMIIEBOTO BEreTALIHOTO iH/IEKCY B ArcGIS. PesynpraTy mokasany KOpenALi0 MiXK 3HaY€HHAMM iHJEKCY PisHMIN
POCIIMHHOCTI Ta KOHLIEHTpaLi€l0 a30Ty Ta pocdopy 3i 3HavenHAMY KoedinienTis 0,7079 s koHLeHTpanii pocdopy Ta
0,7004 pnsA KOHIIEHTpalil a30Ty BignosigHo. e nocmimKenHsa miiTBepAUIO 3aCTOCOBHICTD JUCTAHIIIHOTO 30HAYBaHHA
TUIA YOPaBIiHHA BOGHUMU pecypcamu 3a fornomororo BITJTA, mo xapakTepusyeTbcs AK IIBUIKA Ta IPOCTa METOJOMOTIA.
3anpoI0HOBAHO AKICHY OLIIHKY /I KOHTPOJIb lTapaMeTpiB JOBKI/ULA IIij] 4ac po3B’A3aHHA 3a/ja4 eKO/IOTIYHOTO MOHITOPUHTY
MOPCBKIX aKBATOPIil i Iprbepesxixst. 3a3Ha4eHO, [0 METOAY MAaTEMATIIHOTO Ta IMITAI[iTHOTO MOJE/TIOBAHHSI CIIPYSIIOTH
¢dbopmyBaHHIO QYHKIiOHaIbHMX I iHPOpMALiiHUX MOZesell, a TAKOX 3aCTOCOBYIOTbCSA METOAY CUCTEMHOIO aHaJi3y
IS BUSABJICHHA CTPYKTYPHUX 3B A3KiB MDK KOMIIOHEHTaMU CKIafHuX cucteM. OTpUMaHHI pe3yabraTyl IPOBEJEHOrO
TOCTiKeHH TalyTh 3MOT'y B IIOfja/IbIIOMY BUKopucToByBaTy BITIA Ta iHmIi cioco6u ycTaHLiltHOTO 30HyBaHHA JIA
MOHITOPMHIY Ta IPOTHO3YBaHHA CTaHY TMMaHHMX Ta MOPChKMX aKBaTOPil
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