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INVESTIGATION OF THE PROCESSES OF ECOLOGICAL
AND ECOSYSTEM CHANGES IN WATER BODIES USING UAV DATA

¥¥A MONIMETTEPIH NANOANAHYMEH CY HbICAHAAPbIHbIH 3KONOIMUANbIK XXOHE
3KOXYWUENIK ©3rEPIC MPOLIECTEPIH 3EPTTEY

WCCINEOOBAHUE NMPOLIECCOB 3KOJTOM'MYECKUX U SKOCUCTEMHbIX UBMEHEHUA
BOOHbIX OB BEKTOB C UCMNOJIb3OBAHMEM OAHHbIX BINIA

Abstract. In recent years, the water landscapes of inland rivers have been subjected to significant an-
thropogenic impacts exceeding the limits of their self-healing ability. Traditional methods of monitoring ge-
oecological parameters - sampling of water in the field with subsequent laboratory analysis - require signif-
icant financial and time costs. Traditional methods allow assessing the ecological state of the entire water-
course not spatially, but pointwise. In this research, sensors on board the UAV measured solar radiation
reflected from the surface of the water and used image data from different camera ranges. The combina-
tion of images used was based on a common methodology for identifying key features, and a geographic
information system (GIS) modelling approach was used for spatially analyze the distribution and interaction
of environmental features. In addition, research the ecological condition of the Yertis River and the quality
of water discharged after the municipal wastewater treatment facilities of Ust-Kamenogorsk city into the
Yertis River, the data from the DJI Phantom 4 RTK/multispectral drone was processed and the normalized
vegetation index NDVI, normalised water level difference index NDWI, water chromaticness index CI, tur-
bidity index NDTI and chlorophyll concentration index "a" were calculated. The results obtained can serve
as a basis for scientific analysis of the environmental conditions of the researching area, including for
learning the processes of eutrophication and other changes in the environment.

Keywords: eutrophication, unmanned aerial vehicle, remote sensing of the Earth, water indices, chlo-
rophyll concentration index "a", water blurring, GIS.

AHOamna. CoHrbl Xblndapda, iwki cy arbiHOapbiHbIH akeanaHa KeweHOepi e3iH-e3i KanrnbiHa Kenmipy
KabinemiHiH weeiHeH acambiH yrikeH aHmporio2eHdik acepee ue. [Jacmypni 6akbinay adicmepiH KondaHa
omblpbin, 2eoxylienepdiH napamemprepid bakbinay, sifFHU 3epmxaHarbik mandaydaH KeliH xepainikmi
Xeple cy cbiHamanapbiH any — onaplbl Xypeidy ywiH almaprbikmal KapXbifiblK XoHe yaKbim
pecypcmapdbi Kaxem emedi. Jocmypni adicmep xannbl arbliHObl Cy 9KO/I02USIbIK XardalbiHbiH
KeHicmikmik KepiHiciH emec, Hykmernik 6aranaydbl 6epedi. Kymbicma ¥¥A opHanackaH ceHcopnap
KemeeziMeH cy bemiHeH warbifibiCKaH KyH paduayusiCbiH enwey apKbiibl anbiHFaH apmyprii duana3oHoarbl
KkamepanapdaH mycipineeH keckiHOepOiH Jdepekmepi natdanaHbindbl. KondaHbinameiH cypem
KoMbuHayusicbl Heeidai cunammamanap0bl aHbIKmayObiH xarnnbl KabblndaHraH adicmemeciHe, coHOal-aK
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KopwaraH opma KacuemmepiHiH maparnybl MeH e3apa opeKkemmecyiH KeHicmikmik manday YwiH
eeoaknapammelK xytienepde (IFAX) modenbdey odiciH KondaHyra HezizdernzeH. COHbIMEH Kamap,
makanada DJI Phantom 4 RTK/Multispectral ¥¥A menimimemmepiH eHOeymeH, Epmic e3eHiHiH
aKonoeussnblK xardalibl oHe OCKeMeH KarnacbiHblH masarnay fumapamsiHaH KeliH Epmic e3eHiHe
meeinemiH cydbiH canacbiH 3epmmey ywiH NDVI HopmanaHraH eezemauusiniblk uHOekci, NDWI
HOopMarnaHfFaH cy alblipMmawbinbifbiHbiH uHoekci, Cl cy myci uHOekci xoaHe NDTI 6ynbiHFbIpbIK UHOEKCI,
xnopocpunnn «a» KOHUEHMpayuschiHbiH UHOEKCi aHblKmarnodbl. AnbiHFaH Hemuxesnep 3epmmernemiH
alMaKmbIH 3KOM0o2usi/bIK xarFdalnapblH fblibiMU masndayFra, COHbIH iwiHOe 3s8mpodhbukayusi npoyecmepiH
JKoHe KopwaraH opmadarbl 6acka e3zepicmepdi 3epmmeyeae Heziz 6ona anadebil.

TyliH ce3dep: ssmpochusinay, YWKbIWCHLI3 ywy annapamsi, XXepdi KawbikmblKmaH 30HOMay, cy
UHOeKkcmepi, Xropoghuri «a» KOHUeHmMpayusiCbiHbIH UHOEKCI, cyObiH ByribiHFbIpbifbl, [AXK.

AHHOmMayus. B riocnedHue 200bI 800Hble naHOWagmbl 8HyMpPEHHUX peK rnodsepearomcesi 3Haqu-
mesibHOMYy aHmporno2eHHoOMY 6030elicmeuro, npesbiarouemy npedenb! Ux crnocobHocmu K camoeoc-
cmaHoesneHuto. TpaluyuoHHbIe MemoObl MOHUMOPUHaa 2e03K0I02UYECKUX napamempos — ombop npob
800bI 8 [10/1€8bIX YC/I08USIX C MOCAEdyoWUM nabopamopHbIM aHamu3oM — mpebyiom 3HaYumesibHbIX
puHaHco8bIX U 8peMeHHbIX 3ampam. TpaduyuoHHble MemoObl MO38OISAM OUEHUMb 3KOI02U4ecKoe
cocmosiHue gce20 8000mMoKa He MPoCMpaHCmME8EHHO, a moyeyHo. B daHHoM uccriedogaHuu 0amyuku Ha
6opmy BIJIA usmepsinu comnHeqHyto paduayuro, OmMpaxxeHHy0 0m noeepxHocmu 800kbl, U UCMO/b308arnu
OaHHble u30bpaxeHuli ¢ pasHbix Ouana3oHos kamep. KombuHauusi UCronb3yeMbix u3obpaxeHul
OCHoBblganiacb Ha o06uweli MemoOuUKe 6bISIBNIeHUsT KIIHYEBbIX Xapakmepucmuk, a O npocmpaHc-
MeeHHO20 aHanu3a pacrnpedeneHusi U 83aumMoOelicmausi 3KOI02UYECKUX XapakmepucmuK MpUMEHSIICS
nodxod, OCHOBaHHbIU Ha MOOernuposaHuUU C MOMOWbLI0 2eoepaghuyeckol UHGOopMayUoHHOU cucmemsb!
(TUC). Kpome moeo, Ona uccrnedogaHusi 3KO/I02U4eCcKo2o cocmosiHusi p. Epmuc u kadyecmea 800k,
cbpacbigaemoli rocsie 20p0OCKUX OHYUCMHBIX COoopyxeHull e. Ycmb-KameHoeopcka e p. Epmuc, 6bina
nposedeHa obpabomka daHHbIX ¢ OpoHa DJI Phantom 4 RTK/multispectral u pacc4yumaHbl HOpManu3o-
8aHHbIlU uHOekc pacmumensHocmu NDVI, Hopmanu3oeaHHbil uHOeKc pasHocmu yposHel 800bi NDWI,
uHOekc uysemHocmu 800kl Cl, uHdekc mymHocmu NDTI u uHdekc KOHUeHmpauyuu xnopocpunna «ar.
lMonyyeHHble pesynbmamel Criy)am 0CHO80U 01151 Hay4YHO20 aHanu3a 3Konoauyeckol cumyayuu e palioHe
uccnedosaHusi, 8 MmMOM yucre Ofs U3Y4YEHUs Mpoueccos 3ssmpogukayuu U Opyaux u3MeHeHul
oKpyxatoweli cpeobl.

Knroyeenble cnoea: ssmpogpuposaHue, becrniusiomHbili nemamernbHbIl annapam, AucmaHyUOHHOe
30HOuposaHue 3emru, UHOeKChbl 800bl, UHOEKC KOHUeHmpayuu xmnopoghurina «a», MymHocms 800kl, [UC.

Introduction. One of the main causes of today's environmental problems is the increasing
pollution of the natural environment. Pollution of the natural environment should be understood
as 'changes in the properties of the environment (chemical, mechanical, physical, biological and
related information) as a result of natural or anthropogenic processes associated with any
biological or technological object, leading to a deterioration of environmental functioning' [1].
Humans change the quality of the environment by using various elements in their activities.
Such changes often take the form of unwanted pollution. Water resources [2], with their
dynamic diffusion and dispersion characteristics, are carriers of pollutants and further increase
the pollution level of water bodies. Pollution sources are considered to be the spillage and
ingress of toxic substances into waterways that degrade the quality of surface water in a water
body and limit its use, as well as negatively affect the condition of rivers and coastal waters [3].

One source of pollution of water bodies is domestic and industrial wastewater that flows into
reservoirs and has a significant impact on the reservoir ecosystem. Even small wastewater
inflows into reservoirs can cause negative impacts leading to significant environmental changes
[4]. The physical properties and chemical composition of water bodies and the organisms living
in them are changing. The influx of organic and biogenic substances gradually changes the
chemical composition of water, the species composition of aquatic organisms and restructures
the structure and functioning of the entire ecosystem. In the initial stages of pollution,
ecosystem changes are small and can be gradually restored. However, after prolonged exposure,
the ecosystem is degraded and completely destroyed [5].
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The purpose of this work is to determine the qualitative indicators and the level of pollution
of water bodies, conduct an analysis of environmental novelty, and monitor by selecting
information spectral indices from UAV survey data.

Materials and methods of research. An important consequence of domestic pollution is that,
in addition to large amounts of organic matter, urban wastewater contains many biogenic
elements. This leads to anthropogenic eutrophication of reservoirs and waterways [6]. Many
authors distinguish between eutrophication (the natural aging process of aquatic ecosystems)
and anthropogenic or experimental eutrophication. Nitrogen and phosphorus compounds, the
main causes of eutrophication, are mainly present in the form of nitrate and phosphate. In the
process of eutrophication, aquatic ecosystems go through several stages [7]. First, nitrogen and
phosphorus mineral salts accumulate in water. This period is usually short, the added limiting
elements are immediately incorporated into the circulation and intense algal blooms begin in
surface waters. Phytoplankton biomass, water turbidity and oxygen levels in the upper layers
increase. The algae then die and aerobic decomposition of detritus and the formation of
chemoclines begins. Chemoclines are characterized by the formation of hydrogen sulfide,
organosulfur compounds and ammonia. The organic cycle is closely linked to the cycles of
various biogenic elements, especially carbon and nitrogen and sulfur, iron, phosphorus and
manganese, and consists of two processes: synthesis or production and mineralization or
decomposition of this material and the conversion of simple mineral compounds into biogenic
elements. Bacteria are actively involved in these processes. Decomposing organic matter passes
through the reservoir and falls to the bottom, where it is significantly mineralized and formed
throughout the reservoir [8].

Although various anthropogenic substances have a significant impact on the complex
ecology of water composition, each reservoir is an ecosystem that tries to clean itself under
natural conditions. Reservoir self-cleaning is a set of interrelated hydrodynamic, physico-
chemical, microbiological and aquatic biological processes leading to the restoration of the
initial state of the reservoir [5].

Small water bodies in urbanized areas are particularly vulnerable to the impacts and
accumulation of pollutants. Water bodies located in or passing through urban areas require
special attention. This is because water bodies have a significant impact on environmental
quality and can be both recreational areas and ecological disaster zones [9]. Under these
conditions, it is not possible to accurately assess changes in aquatic ecosystems, accurately
determine the extent of destruction, identify the mechanisms of destruction and predict further
changes. Currently, environmental monitoring systems for surface water quality in the US and
EU countries are undergoing a major shift from chemical methods to biological indicators to
manage the status of water bodies, biological methods based on bioassays and biomonitoring,
and predictive methods using satellite imagery to assess the water quality of mass runoff [10].
The use of satellite imagery and UAV data for these surveys has not only enabled rapid and
accurate data acquisition with less effort, but also the use of chemical and biological indicators
of pollution symptoms to identify the causes of water quality degradation in aquatic
environments [11].

In Kazakhstan, many rivers and lakes, with the rapid development of the economy and the
intensification of human activity in the country, are becoming the main problem in industrial
cities for water pollution and quality [12, 13], therefore, conducting research on pollution of
water bodies to preserve clean water necessary for normal production and daily life of people,
and planning activities In order for the results of the study to provide accurate data, it becomes
necessary to use high-tech research tools.

Modern satellite images and the use of aerial photography of UAVs allow remote monitoring
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of water bodies at a high-quality and high level of reliability, complementing and partially
replacing direct field remote sensing studies [14]. The use of remote sensing data allows real
and operational monitoring of the condition of large reservoirs and the spread of phytoplankton
throughout the reservoir [15]. Since the late 1990s, work on the "algae" of water and the use of
remote sensing data for topographic and morphometric assessment of water bodies has been
applied abroad. Most often, studies are conducted for marine areas and large bodies of water
[14-16]. During these works, it was necessary to confirm the correctness of the interpretation of
remote sensing data, the results of ground-based observations and studies (hydrochemical,
algological, etc.).

Traditional monitoring of water quality in rivers and lakes consists mainly of field sampling
and laboratory analysis. This method has been used for many years, with observations at
specific sampling points followed by laboratory analysis. Although it has a certain degree of
accuracy, it cannot reflect the overall spatial and temporal status of water quality, it requires too
much time and the observation coverage is localized. It also requires too much time and the
observation coverage is localized, so it cannot meet the requirements of operational and large-
scale monitoring and real-time assessment [17].

Modern technologies, including those based on the use of unmanned aerial vehicles (UAVS),
make it possible to expand the prospects for their use [18].

Drones equipped with spectrometers can now be used to manage indicators that allow
reference analysis of suspended sediment concentration, turbidity, transparency, total
phosphorus concentration, total nitrogen concentration, water depth, chemical oxygen demand
and known ecological water conditions in rivers and lakes [19]. Shooting images are created on
public platforms by various software packages [20].

The site of the field test flights is the watershed on which the municipal sewage treatment
filter of the Yertis river tributary from Ust-Kamenogorsk is located. The geographical location
of the research area on the Google Hybrid map is shown in figure 1.

Emissions of pollutants from stationary sources in Kazakhstan regions over the past few
years by the level of pollution of the studied territory https://stat.gov.kz according to the data
(table 1). As a result of the comparison, it was noted that emissions in the areas where the Yertis
river flows are slightly higher and maintain a stable level of growth compared to other regional
cities (fig. 2).

The results of the statistical comparison show that over the past three years, emissions of
pollutants from stationary sources into the atmosphere have been consistently maintained at an
average level in three regions crossing the Yertis river.
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Figure 1. Geographical location of the research area on the Google Hybrid map
Table 1. Emissions of pollutants to the atmosphere from stationary sources

Name of the regions

Emissions of pollutants, thousand tons

2019 2020 2021
The Republic of Kazakhstan 24831 24410 24075

Akmola region 76,7 77,2 77,3
Aktobe region 136,6 135,1 137,4
Almaty region 48,1 46,3 47,9
Atyrau region 164,5 153,9 160,3
West Kazakhstan region 41,2 30,8 26,0
Zhambyl region 55,8 55,0 55,8
Karaganda region 641,3 627,7 569,7
Kostanay region 130,5 123,4 137,9
Kyzylorda region 24,4 28,3 29,2
Mangystau region 64,5 72,5 75,2
South Kazakhstan region - - -
Pavlodar region 721,5 723,0 736,1
North Kazakhstan region 74,7 76,0 61,2
Turkestan region 33,5 28,1 29,0
East Kazakhstan region 128,8 127,2 128,1
Astana city 65,1 62,4 62,2
Almaty city 46,1 44,5 40,8
Shymkent city 29,8 29,6 33,2
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Figure 2. Indicator of 3-year statistics on the areas of emissions of pollutants
into the atmosphere from stationary sources

The most common methods for assessing the ecosystem state of rivers include mainly
predictive modelling methods and multidimensional assessment methods [20], multidimensional
assessment methods [16], as well as assessment of the state of rivers, as a rule, as a basis for
assessment by calculating indices, determining appropriate environmental parameters and
biological indicators.

An unmanned aerial vehicle (drone) was used in this study DJI Phantom 4
RTK/Multispectral [19]. The system is capable of storing aerial survey data for subsequent
kinematics processing [20]. The device is able to carry out complex data collection and capture
without additional parameters, being in the built-in image stabilization system. The capture
camera consists of six 1/2. 9-inch CMOS matrices, including 1 RGB visible radiation matrix
and 5 monochrome (blue, B) 450 nm + 16 nm, (green, G) 560 nm £ 16 nm, (red, R) 650 nm =+
16 nm, (red edge, RE) 730 nm + 16 nm, (near-infrared, NIR) 840 nm + 26 nm. The number of
effective pixels of each matrix is 2.08 million (the total number of pixels is 2.12 million). The
reflection of the course of preparation of the unmanned aerial vehicle for operation is shown in
figure 3. The flight altitude is 50 m. As a result of the shooting, 546 images were obtained with
a resolution of 1600 x 1300 (4:3.25).
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Figure 3. The working platform of the Phantom 4 RTK/Multispectral drone

With this approach, the calculation process and results are objective. The results of the
assessment can directly reflect the ecological state of the river, and when evaluating one index,
the calculation of many indices is taken into account in order to avoid bias [11].

The normalized water difference index (NDWI) and the color index were calculated, which
are widely used in aerospace surveys using multispectral images to identify water bodies [14]
and the indices of water turbidity and chlorophyll concentration "a" were determined, which are
important for determining the degree of eutrophication of water bodies. NDVI was calculated
using the following well-known formula:

NDVI=(NIR-Red)/(NIR+Red), 1)

where NIR is a camera of the near-infrared reflection spectrum with a range of 840 nm £ 26 nm,
in images obtained using the Phantom 4 RTK/Multispectral camera, this information,
highlighting the shoreline of the reservoir and showing the level of development of plant
biomass, a red camera with a range of visible reflection of solar radiation with a value of 650
nm + 16 nm, shows the condition and quality of the plants, is used for evaluation.

The NDVI index is commonly used in agriculture to determine the condition of terrestrial
plants. Usually, the water index for this index ranges from -1 to 0. However, the zero value of
the index can only be accepted conditionally, because index values can be less than zero in
wet areas. But the main disadvantage of this index is that the reflection coefficient of the red
channel is too sensitive to atmospheric changes. To solve this problem, the NDWI
(Normalized Difference Water Index) is used. It is calculated using a combination of NDWI
(visible green and near-infrared green NIR), which allows detecting small changes in water in
reservoirs [15]:

NDWI = (Green — NIR)/(Green + NIR), (2

where Green is a green camera of the visible radiation spectrum with a spectral range of 560 hm
+ 16 nm, which makes it possible to identify plants. When analyzing the index, the presence of
vegetation is significantly lower than the indicators of reservoirs (0.5 and higher), which makes
it easy to distinguish plants from reservoirs. The values of construction objects can range from 0
to 0.2 [16].

The NDWI Index values correspond to the following ranges: 1) 0.2-1 - water surface;
2) 0.0-0.2 - flooding, humidity; 3) -0,3-0,0 - average drought, waterless surfaces; 4) -1 — (-0.3) -
drought, waterless surfaces.
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To obtain the most informative color for determining the shoreline of a reservoir and
diagnosing the eutrophication process, the color index is determined by the following formula
[11]:

Cl= Green/Blue, 3)

where Blue is the blue range of the visible electromagnetic radiation spectrum of 450 nm+16
nm. This is very important for studying the condition of reservoirs, especially such indicators as
turbidity, concentration of chlorophyll "a" in water, density and spatial distribution of
planktonic algae [16]. Turbidity of water is an indicator characterizing a decrease in water
transparency due to the presence of inorganic and organic suspensions. The turbidity index was
calculated using the following ratios [11]:

NDTI = Blue/(Blue+Green+Red). 4)

The turbidity Index NDTI (The Normalized Difference Thermal Index) or the amount of
suspension in water is modeled by studying reference samples on a spectrophotometer.

The next water quality indicator, chlorophyll "a", is the main pigment of green plants,
including unicellular algae (phytoplankton). Information on the concentration of
chlorophyll "a" in water and its variation in reservoirs serves as a benchmark for assessing
phytoplankton biomass accumulation and products and as an indicator of water pollution
[20]. The following channel combinations were used to calculate the chlorophyll
concentration index "a" [16]:

Chl —a = (Blue-Red)/Green. 5)

The range of the reflection spectrum of chlorophyll "a" is determined experimentally by
examining water samples of algae on a spectrophotometer. Later, along with images of the
Landsat and Sentinel satellites with a similar electromagnetic radiation spectrum, it is
recommended to use hyperspectral, multispectral camera images of UAVs [19].

The minimum and maximum values of the index in water bodies are taken outside the scale.
The Agisoft Metashape Professional program was used to create index maps [20].

Results and discussion. An orthophotoplane, a digital model of the Earth and a horizontal
elevation map created using Agisoft Metashape Professional software [20] high-precision
multispectral GNSS image using a DJI Phantom 4 multispectral drone with the D-RTK 2
mobile station of the Yertis river were obtained from the camera data for visual assessment
(figure 4).
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Figure 4. Visual assessment maps of the Yertis river from the UAV multispectral camera:
a) RGB orthophotoplane (Google Hybrid), b) elevation map

As a result of processing the aerial survey data, an assessment of ecosystems and water
quality was carried out according to the values of the NDVI, NDWI, CI, NDTI and Chl — "a"
indices in the Yertis river valley from Ust-Kamenogorsk, at the junction after the urban sewage
filter. The NDVI index in the study area made it possible to determine the water boundary (fig.
5, a). Analysis of the constructed index maps showed that NDWI (fig. 5, b) in the study area
allows you to most reliably determine the boundaries of the reservoir compared with the CI
index (fig. 5, c¢) the color of the water. The CI values of the water color index showed the
presence of eutrophication in the section of the captured river [11, 16].

To estimate the turbidity index from multispectral data using NDTI (fig. 5, d), color methods
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constructed with a combination of channels were used. There are examples of the use of
combinations of different spectral regions in satellite and UAV imagery that show a high
statistical correlation with water turbidity. Suspension promotes light scattering in water in all
visible regions, but especially in the green and red regions. It is therefore recommended to use
spectral modeling in these regions. The most consistent results are obtained when using models
that combine several spectral regions. The choice of model and the intensity of the statistical
relationship between UAV data and natural variations depends on the composition of impurities
in the water.

In remote sensing of inland reservoirs, chlorophyll has a great influence on their spectral
characteristics, and its spectral data are an important indicator showing the degree of
eutrophication of reservoirs. As the concentration of chlorophyll "a" increases (fig. 5, e), the
spectral reflectance of blue light decreases and that of red and green light increases, and when
the concentration of chlorophyll "a" reaches a certain value, the sensitivity band of chlorophyll
"a" moves in the long-wave direction. Therefore, remote sensing of chlorophyll "a" usually
involves empirical and semi-empirical models of the optimum bandwidth and the establishment
of different channel combinations according to the sensitivity band of chlorophyll "a" [16].

In the studied part of the Yertis river, as shown in figure 5 Chl-"a", multispectral images
obtained from UAVs were used to invert the distribution of chlorophyll "a" concentration in
river water.

NDVI
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Figure 5. Spectral indices for assessing the intracity ecosystem of the Yertis river:
a) NDVI, b) NDWI, ¢) CI, d) NDTI, ) Chi —"a"

In this article, indexes have been identified as the object of research, which can provide basic
indicators of damage control of the river ecosystems, with the processing of a multispectral
image of the Yertis river exit from the city territory, the data are processed in special programs.
The revealed NDVI index (-0.8)-0.48 in the shallow waters of the riverbed, icing and solid



Ne 1, 2024 47 «IKTY XABAPIIBICBI»

waste formation are observed, the NDWI index varies between -0.35-0.89 and reflects the entire
development of underwater eutrophication from a decrease in turbulence of the riverbed,
according to the water color index ClI, the heterogeneity of natural sewage water precipitation,
i.e. the water is slightly higher in the middle flowing part of the riverbed, and in peripheral and
island environments it turned out to be blurred, the water turbidity index, calculated to increase
the accuracy of this criterion, is at the NDTI level of 0.3-0.46, high turbidity values are found in
eutrophic coastal hills and on islands with blocked waterways. Possible causes of high turbidity
in water include fine inorganic suspended solids and compounds, organic impurities and
organisms, and the influence of residual urban water., impurities added to the water after
filtration, as shown on the digital map of the Earth. The analysis of Chl-"a" showed that at the
level of (-0.26)-0.76 there is an intense change in the flow. The index maps for the Yartis
section of the study area show that the largest changes in index values are found in areas with
high levels of aguatic vegetation in the water body (island slopes) and in shallow areas with
slow water exchange (near shore). Therefore, the turbidity index can be used as one of the
indicators for identifying areas of phytoplankton and high plant abundance.

Conclusions. Currently, many spectral indices are used to analyze the state of reservoirs.
However, due to the different physicochemical conditions in water bodies and differences in the
degree of their eutrophy, it is necessary to empirically select the most reliable information
indices for each specific water body, adjust the formulas used to calculate them, and select a
measuring scale.

In this article, an inversion study was conducted to assess water pollution with the processing
of images taken by the DJI Phantom 4 RTK/Multispectral drone, tracking the ecosystem of the
Yertis river, determining some indices NDVI, NDWI, CI, NDTI and chlorophyll "a"
(eutrophication). In accordance with the study of the relief and the inversion effect of the
multispectral image, the UAV suggests that the use of a multispectral camera may to some
extent reflect eutrophication and the degree of pollution of the river, while in accordance with
eutrophication and the spread of river pollution, the image shows ways to determine the source
of pollution of the river and sources of pollution, the causes of eutrophication of the
watercourse.

It was found that the use of multispectral technology with UAVs makes it possible to control
eutrophication and water pollution in rivers, lakes and inland waters. In addition, the UAV
multispectral imaging data has some disadvantages, such as obstacles associated with the
heterogeneity of the landscape, atmospheric noise, the position of the sun, etc., which affect the
practical application of multispectral imaging technology. Therefore, when studying
eutrophication and water pollution in rivers, lakes and internal water sources, not only for
gualitative but also for quantitative studies, the question of how to use UAVs with a
multispectral camera and satellite imagery data is relevant. For this reason, calculations of the
work performed are not considered a typical approach for all water sources. The results of the
study can provide current and forecast data on rivers of the type of the studied object, as well as
on environmental protection.

This study was carried out within the framework of the BR21881921 project "Assessment of
the water ecosystem of the Yertis river basin under the conditions of industrial development and
global processes”, funded by the Ministry of Science and Higher Education of the Republic of
Kazakhstan.
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