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ABSTRACT

Problems Statement and Objective. Intensive economic activity in the Dniester River
basin and overregulation of its flow via excessive reservoirs provoke eutrophication
and deterioration of the water quality affecting ecosystem biodiversity and threatening
public health. To achieve sustainable water quality management, it is proposed to use
remote sensing (RS) to estimate chlorophyll «a» concentration as a tool for water bodies
monitoring. To consider optical properties of these objects and to determine functional
dependences, the concentrations calculated with different algorithms based on RS data
are compared with field measurements. The main objective of this study is to select and
validate the algorithms for remote estimation of chlorophyll «a» concentration in water
bodies of the Dniester River Delta using measurements from the Sentinel-2 Multispectral
Instrument (MSI).

Data and Methods. Chlorophyll «a» concentrations obtained from the Dniester Delta
water bodies from April to September of 2017-2021 have been used. Also, two types
of MSI reflectance were used: top-of-atmosphere (TOA) and surface reflectance (SR).
During the selection of optimal algorithms, a literature review was conducted. It was
decided to select two types of MSI Sentinel-2 spectral band functional combinations.
Also, calculations of chlorophyll «a» concentration by the C2RCC (Case 2 Regional
Coast Color) processor in SNAP Sentinel Toolbox platform were used.

Results and Discussion. Exponential-type functional dependences were established
during development of the selected two-channel and three-channel models. The
proposed functional dependences were verified by comparing the calculated values,
as well as obtained by the C2RCC processor, with the chlorophyll «a» concentration
in the field samples. Comparison showed an advantage of using the TOA coefficients
(compared to SR) for both the two-channel and three-channel models: Rp_, ,,,=0.92,
MAPE=28.5, RMSE=14.4 mg/m® and Rp<_.=0.93, MAPE=27.9, RMSE=14.3 mg/m?,
respectively. An underestimation of the chlorophyll «a» concentration calculated by the
C2RCC processor was found.

Conclusions. The functional dependences based on two- and three-channel TOA
combinations of the Sentinel-2 satellite’s MSI spectral bands have been proposed for
calculation of chlorophyll «a» concentration in complex inland waters of the Dniester
River Delta and the Dniester Estuary. Manual and semiautomatic filtering of cloudy,
mist, cloud shadowed, and aquatic vegetation-covered areas from imagery has been
proposed as a mandatory calculation step. Chlorophyll «a» concentration calculation
by the C2RCC processor in the C2X-COMPLEX version for turbid inland waters should
be assessed critically due to the ongoing development of atmospheric correction
algorithms. Nevertheless, analysis of the selected functional dependences for various
types of complex waters, combined with improvements to the atmospheric correction
module, offers significant potential of the C2RCC processor, which uses trainable neural
networks, to be used in remote monitoring of inland and coastal waters.
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Introduction

The Dniester River Delta and the Dniester
Estuary are transitional water system between
the river and the Black Sea. The biotic and abiotic
characteristics of these water bodies are constantly
influenced by climate change, land use pattern
in the catchment area, and the extent of water
resource exploitation. Intensive economic activity
in the region provokes eutrophication of river
water due to enrichment with nutrients caused
by constant discharge of agricultural waste and
municipal wastewater. Permanent eutrophication
and overregulation of the river flow via excessive
reservoirs lead to long-term deterioration of water
quality, which reduces biodiversity of aquatic
ecosystems and the potential for multi-purpose
use of water resources, and creates a threat to
public health.

Regular spatial and temporal monitoring of
the water bodies environmental state is essential
for sustainable water quality management under
these conditions. Remote sensing (RS) data play
a very important role here, offering significant
advantages over field monitoring data due to its
high spatial resolution, simultaneous coverage
of large areas, and data availability. Field
monitoring data remain necessary, but in smaller
quantities, for verifying RS-based calculations
and constructing of empirical models.

A significant number of studies of water bodies
using remote sensing have focused on determining
the concentration of chlorophyll in water [1, 2, 3],
which is used to evaluate an aquatic environment
trophic status [4], as well as a quantitative
indicator of phytoplankton biomass [5]. However,
as shown in [1], when using remote sensing for
inland water bodies, an individual approach is
required due to the unique optical properties of
different aquatic environments. A solution to
choose the best functional calculation model could
be comparison of RS evaluation of water pigment
concentration using different algorithms with the
results of field measurements in order to establish
a significant relationship.

The main objective of this study is to select
and validate an algorithm for remote evaluation
of chlorophyll «a» concentrations in water bodies
of the Dniester River Delta and the Dniester
Estuary using RS data. The following was done
for this purpose:

(1) correlation and regression analysis of
chlorophyll «a» concentrations determined in
water samples in laboratory and calculated using
various functional models based on Sentinel-2
satellite ~ Multispectral  Instrument  (MSI)
measurements;

(2) validation and revealing of the specific
features of the MSI data-based algorithms using
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for construction of chlorophyll «a» concentrations
spatial distribution in the studied water bodies.

Material and methods

To achieve the objective, field data on chlorophyll
«a» concentration in the water surface layer of the
Dniester Estuary, the Dniester River and Lake
Tudorovo, obtained by the Regional Centre for
Integrated Environmental Monitoring (RCIEM)
team of Odesa National I.I. Mechnikov University
(ONU) in April-September 2017-2021 under the
national research projects and the PONTOS
International Project [6] were used (Figure 1).
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Fig. 1. A complete set of water sampling points from 2017 to
2021 in the Dniester River Delta and the Dniester Estuary, used
in this study

Surface water samples for chlorophyll
determination were collected at fixed (10 m)
coordinates directly into sampling containers
above optically deep water, 1.e. where the
water depth was lower than its transparency.
During sampling additional parameters, such
as temperature, electrical conductivity, water
transparency, depth, and others, were measured
(Table 1). Within three to four hours the samples
were delivered to the RCIEM laboratory, where
phytoplankton cells were concentrated through
membrane filters and photosynthetic pigment
concentrations were determined using the
YENWAY-6300 spectrophotometer.

The time period during which the data were
collected covered significant part of the natural
seasonal and interannual variability of chlorophyll
«a» in the inland waters of the Dniester River Delta
enabling us to state temporal representativeness
of the field data used.

To remotely determine photosynthetic pigments’
concentrationsinthe Dniester Estuary, the Dniester
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Table 1

Statistical characteristics of chlorophyll «a» concentrations and other parameters
measured during the RCIEM surveys in the Dniester Estuary, the Dniester River and the
Lake Tudorovo in 2017-2021

Parameter Mean Standard deviation Median Min Max Dataset Length
Chl «a», mg/m? 4.7 343 34.3 5.0 151.5 50
Depth, m 2.2 0.9 1.9 1.2 5.8 50
Transparency, m 0.5 0.2 0.5 0.2 0.8 50
Temperature, °C 21.8 5.3 23.3 11.9 29.3 50
Conductivity, mSm 1.81 2.15 0.68 0.45 8.85 50

River, and the Lake Tudorovo, high-resolution
multispectral sensor (MSI) measurements of the
Sentinel-2 satellite for 2017-2021 (hereinafter
referred to as images) were used. The MSI produces
measurements in 13 spectral bands with spatial
resolution of 10 to 60 m per pixel, which allows
to obtain an information even for relatively small
water bodies. Two types of the MSI products were
taken from open sources [7]:

— first level of processing (Level-1C): solar
radiation reflectance coefficients at the top of the
atmosphere (TOA - Top-of-atmosphere reflectance);

— second level of processing (Level-2A):
atmosphericallycorrected solarradiationreflectance
coefficients at the bottom of the atmosphere (BOA -
Bottom-of-atmosphere reflectance), now referred to
as Surface Reflectance (SR).

In this work, the MSI sensor products from
the Copernicus database [7], version 2023, were
used. A similar work was conducted [6] in the
framework of the PONTOS International Project
in 2021, but at that time the Sentinel-2 satellites
images of previous versions were used. With the
new, latest version of the images used in this
work the results of the chlorophyll concentration
calculation were significantly different from those
presented in [6].

The MSI data and the field samples selection
criteria were as follows (Table 2):

— the availability of a field sample of
photosynthetic pigments, collected in the spatial

coverage of the image, on the day and the closest
possible time of the satellite overflight (less than
4 hours difference);

— the complete absence of clouds, cloud
shadows, and mist on the images above the field
sampling points to prevent from potential errors
in indirect methods of pigment concentration
calculation.

According to the literature data [3, 8, 9],
remote (satellite) determination of chlorophyll
«a» concentration was initially used for the
open ocean waters: the blue and green spectral
bands were used in indirect empirical and semi-
analytical algorithms [10]. The algorithms are
based on dependences between reflectance in
different parts of the spectrum and the Inherent
Optical Properties (IOP) of water, the coefficients
of total absorption and backscattering of solar
radiation.

Empirical dependences estimate pigments
using equation of regression between sample
concentration and satellite-derived reflectance [3,
11]. These methods account for regional variability
of water properties and have been used by the
NASA to obtain chlorophyll «a» concentration
with Coastal Zone Color Scanner (CZCS) [10].

Semi-analytical algorithms allow pigment
concentrations to be obtained by solving
equations from radiative transfer theory [10,
12], separating various components influencing
color in natural water and accounting separately

Table 2
List of the Sentinel-2 images for 2017-2021 used for this study

Ne Image 1D Date

1 S2B_MSIL1C_20170717T090019_N0205_R007_T35TQM 17.07.17
2 S2A_MSIL1C_20180717T085601_N0206_R007_T35TQM 17.07.18
3 S2A_MSIL1C_20190712T085601_N0208_R007_T35TQM 12.07.19
4 S2B_MSIL1C_20190717T085609_N0208_R007_T35TQM 17.07.19
5 S2B_MSIL1C_20200718T084559 N0209_R107_T35TQM 18.07.20
6 S2B_MSIL1C_20210424T084559_N0300_R107_T35TQM 24.04.21
7 S2A_MSIL1C_20210611T085601_N0300_R007_T35TQM 11.06.21
8 S2A_MSIL1C_20210718T084601_N0301_R107_T35TQM 18.07.21
9 S2A_MSIL1C_20210820T085601_N0301_R007_T35TQM 20.08.21
10 S2A_MSIL1C_20210929T085751_N0301_R007_T35TQM 29.09.21
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for the absorption of solar radiation by water,
phytoplankton, dissolved organic matter, and
non-algal particles.

In shallow, productive, optically complex
coastal and inland waters the absorption of
phytoplankton pigments in the blue spectral
region overlaps and prevents the unambiguous
use of this area in calculations. Significant
uncertainty in these waters is caused by the
dominance of suspended organic detritus and
colored dissolved organic matter (CDOM) in the
optics of the water column [13].

There are algorithms based on the reflectance
peak around 700 nm (red spectral region) and the
assumption that the specific absorption coefficient
and the fluorescence quantum yield of chlorophyll
“a” remain constant [13] for quantitative
estimation of chlorophyll concentration in optically
complex waters, which also adds uncertainty. In
[14] an empirical three-band reflectance model to
estimate chlorophyll «a» concentration in turbid
productive waters was presented, and in [15] it
was developed, which was originally intended
for estimation of pigment content in terrestrial
vegetation. According to [15], in turbid inland and
coastal waters, the models combining spectral
reflectance bands should be used, taking into
account the absorption band of chlorophyll «a»
in the red spectral region and the fluorescence
emission of chlorophyll «a» at 685 nm. Sources
of uncertainty in this model are the taxonomic
composition of phytoplankton, light conditions,
nutritional status, and water temperature.

To select the optimal algorithm for evaluating of
chlorophyll «a» concentration in turbid productive
waters using the Sentinel-2 images we have
analyzed, using literature sources, combinations
of reflectance coefficients in the 660—-753 nm range
for the following sensor types: MODIS — Moderate
Imaging Spectrometer, MERIS - Medium
Resolution Imaging Spectrometer, SeaWiFS —
Sea-viewing Wide Field-of-view Sensor, Ocean
Optics USB2000 radiometer, and AISA airborne

imaging spectrometer. Then, based on existing
studies for various sensors listed in Table 3,
two types of spectral band combinations from
the MSI Sentinel-2 sensor set were selected for
development:

e Two-channel model - [Chl«a»] ~R, . /R,

e Three-channel model - [Chl «a»] ~ R

(R665i31+R704115)’

where [Chl «a»] — concentration of chlorophyll
«a» in the surface layer of water; R(A) — reflectance
coefficients for waves of different lengths (A).

Another indirect method used in this work is
the calculation of chlorophyll «a» in the C2RCC
(Case 2 Regional Coast Colour) processor [18],
which uses trainable neural networks. The
algorithmic foundations of the processor were
established by Schiller and Dorffer [19]. The
latest modification, the C2X-COMPLEX (C2XC)
processor, which showed good results in complex
waters [20], was used in this work.

The processor core is a 5-component IOP model
of water that takes into account absorption by
pigment, detritus, yellow matter, and scattering
by “white particles” (lime deposits) and “typical
sediment” [18]. The average absorption and
scattering spectra of particles in water in the
processor are calculated using dataset from the
NOMAD database [21], based on a numerous
marine field measurements set.

The C2RCC was designed to calculate chlorophyll
concentration, Total Suspended Matter (TSM) and
other surface water characteristics using data
from sensors on the MERIS, Sentinel-3 (OLCI),
Sentinel-2 (MSI), and other satellites. The processor
1s available on the European Space Agency’s SNAP
Sentinel Toolbox [22] platform as open-source
software. To obtain more accurate results, the
processor uses real-world parameters of the aquatic
environment, such as salinity and temperature, as
well as certain atmospheric characteristics, such as
pressure and ozone concentration.

The C2RCC processor 1s equipped with a built-
in atmospheric correction neural network: the

Table 3

665+31
740+14

Examples of models and fundamental dependences for remote determination of
chlorophyll «a» concentration in water for different sensors

Source

Functional dependences forms

Kallio et al., 2003 [16]

Two-channel model (for AISA airborne imaging spectrometer):
[Chl «a»] =a * (R(A,) / R(A,)) + b, where A, = 700-710 nm, A, = 660-665 nm

Dall'Olmo & Gitelson, 2005 [15]

Three-channel model (for Ocean Optics USB2000 radiometer):
[Chl «a»] ~ [RT'(A,) - R™(A)] * R(A,), where: A, = 673 (or 665) nm, A, = 710 nm, A, = 740 nm

Gitelson et al., 2007 [17]

Two-channel model (for SeaWiFS, MODIS, MERIS):
[Chl «a»] ~R™'(A,) * R(A,), where: A, = 668-672, A, = 713—-722 nm

Gilerson et al., 2010 [13]

Two-channel model (for MERIS):
[Chl «a»] = [35.75 * R(A,) / R(A,) —19.30]""%, where: A, = 708 nm, A, = 665 nm

Gilerson et al., 2010 [13]

Three-channel model (for MERIS): [Chl «a»] =[113.36 * R(A3) / (R(A1) + R(A2)) + 16.45]"124,
where: A, =708 nm, A, = 665 nm, A, = 753 nm
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“water” part of the processor receives reflectivity
signals from the “atmospheric” part as an input.
However, no standard atmospheric correction
model exists for inland waters: all existing
approaches have limitations. At the same time,
atmospheric correction of optical satellite data
is a critical step, as the reflectance measured as
the top-of-the-atmosphere (TOA) signals must
be correctly converted to water reflectance in the
bottom of the atmosphere (SR) before practical use.
Otherwise, poor atmospheric correction becomes
the largest source of error and uncertainty in
satellite products based on reflectivity.

For calculations with the proposed functional
models and the C2RCC processor the reflectance
coefficients R(Qd) for different spectral regions
obtained from Sentinel-2 MSI images with
processing levels Level-1C and Level-2A were
used. The original images were modified in the
SNAP environment: (1) cropping the image
coverage area by the study area in order to
minimize the calculation time; (2) changing the
spatial resolution of the images to 20 m per pixel
for all spectral bands.

TOA and SR reflectance coefficients from
the Sentinel-2 MSI images and chlorophyll «a»
concentration calculated by the C2XC were extracted
in SNAP in 3x3-pixel windows, localized at field
sampling points in the center. From these nine-
pixel windows cells, the cells in which the calculated
values of chlorophyll «a» concentration exceeded the
50% of those determined in the field samples were
manually discarded. Cells with detected vegetation,
mist, and shadow were also rejected. This cell
rejection process is based on the fact that the C2XC
automatically checks cloud cover using Sentinel-2
MSI spectral band 8 using preset thresholds.

For the remaining cells of the nine-pixel
windows the median values of both chlorophyll
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Fig. 2. Functional dependence of chlorophyll «a»
concentration on two-channel TOA combination
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«a» concentration calculated using the C2XC
algorithm and the TOA and SR reflectance
coefficients from the Sentinel-2 MSI products
(Level-1C and Level-2A, respectively) modified to
20-meter resolution were used. The median values
of the nine-pixel windows were used to minimize
the influence of cells with wrong outliers.

Results and discussion

In the process of the two-channel and three-
channel models development, the exponential-
type functional dependences were established,
as shown in Figs. 2-5. Calculations of chlorophyll
«a» concentration based on the derived functional
dependences are shown next to the model graphs
in Figs. 2a-5a.

Graphical and numerical results of calculations
of chlorophyll «a» concentration in the surface
water layer by the C2XC processor in the SNAP
are shown in Fig. 6.

A comparison of the results calculated using
different algorithms was analyzed for their
correspondence to field data. For each functional
model the statistical estimates were calculated:
the correlation coefficient R, the mean absolute
percentage error (MAPE) (1), and the root mean
square error (RMSE) (2) (Table 4):

(yi=x;)
X;

MAPE = 100x —— (1);
Tz .
RMSE = |~ ¥ (xi-w)
VL @),
where x, — measured, and y, — calculated

chlorophyll «a» concentration for i-point; IV — the
quantity of comparing pairs.

MAPE was chosen because it allows for
comparison of algorithms regardless of the
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Table 4

Statistical assessments of accuracy of the chlorophyll «a» concentration calculating
based on Sentinel-2 MSI data using different algorithms

Algorithm of Calculation R (p< 0.001) MAPE RMSE, mg/m3
Two-channel model by TOA reflectance 0.92 28.5 14.4
Two-channel model by SR reflectance 0.78 27.8 16.8
Three-channel model by TOA reflectance 0.93 27.9 14.3
Three-channel model by SR reflectance 0.88 35.0 25.2
The C2XC algorithm 0.83 33.6 231

selected concentration ranges. Of all the
calculation methods considered, those yielding the
lowest MAPE and RMSE, as well as the highest
correlation coefficients, were selected. This
allowed to take into account the strength of linear
relationship and the dispersion in the scatterplots
of calculated and measured chlorophyll «a»
concentrations across the entire range of values,
i.e. from 5.0 to 151.5 mg Chl «a»/m?.

As noted above, the reflectance coefficients
RQ@) by the Sentinel-2 MSI the processing
levels Level-1C and Level-2A (i.e. TOA and SR)
were used during development of the functional
dependence. Pairwise comparison of data series
has demonstrated the advantage of the TOA
coefficients (in contrast to the SR) using for both
two-channel and three-channel models (Table 4).
This is especially clearly seen from the correlation
coefficients and RMSE’s.

A possible explanation for this is the quality of
atmospheric correction by the Sen2Cor processor,
developed by Telespazio VEGA Deutschland
GmbH [23, 24]. This processor performs correction
of Sentinel-2 Level-1C (TOA) products to account
for the influence of the atmosphere and produces
Level-2A (SR) products. Two main Sen2Cor
modules are designed to process Level-1C input
data: the scene classification module (SCL) and
the atmospheric correction module (AC), which
deals with the absorption and scattering of light
by gas molecules and aerosol particles in the
atmosphere. The SCL module, using threshold
tests based on TOA coefficients, classifies cirrus
and other clouds, their shadows, snow, vegetation,
and water. This classification and masking are
then applied in the AC module with atmospheric
conditions stored in look-up tables (LUTSs), which
are in turn calculated using libRadtran [25], a
library of functions and programs for calculating
solar and thermal radiation transport in the
Earth’s atmosphere. The LUTs were calculated
from the spectral responses of Sentinel-2A and
Sentinel-2B [24] for a range of sensor and solar
geometries, surface elevations, and a variety
of atmospheric parameters. AC reads the LUT
corresponding to the geographic and spatial
location and performs parameter interpolation.
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To account for the influence of aerosols in the
atmosphere libRadtran suggests to use a basic list
of aerosol types with additional specific parameters:
rural, urban, marine, desert, fog, winter/summer
atmosphere, ozone concentration, visibility, and
climate characteristics. However, interpolation is
not supported for the aerosol type also included in
the LUT, which may lead to errors in atmospheric
correction, as our study area is located less than
50 km from the Black Sea coast.

Furthermore, the Sen2Cor processor [24]:

— 1s not intended for overwater or coastal
applications;

—does not contain modules for correcting water
surface effects (e.g., sun glares in rough seas);

— does not estimate the optical thickness of
aerosols and water vapor above the water surface.

The use of the Sen2Cor processor over water
is possible, but requires the use of aerosol optical
thickness and water vapor concentration over the
nearest land surface, which also affects the result
of atmospheric correction over the studied water
bodies of the size of the Dniester Estuary and the
floodplains of the Dniester River Delta.

The concentrations of chlorophyll «a» calculated
by C2XC are clearly underestimated compared
to other algorithms (Table 4). This may be due
to several factors. Firstly, the C2RCC processor
uses only the built-in atmospheric correction
of the Sen2Cor processor [24], which operates
according to a simplified libRadtran scheme [25].
Secondly, the aerosol optical thickness (AOT) is
derived according to a simplified scheme of the
method [26] with the aerosol type fixed for land.
Evaluating the obtained results, one should agree
with [20] that for coastal and inland waters,
the problem of eliminating the contribution of
atmospheric components (gases, aerosols) in the
reflected signal, along with such interference
as sun glares, proximity to land, and aquatic
vegetation, requires further development of the
C2RCC processor in the C2X-COMPLEX version
in the form of a more detailed adjustment of
the atmospheric correction algorithms and the
development of a standardized approach.

It should also be noted that the C2RCC was
developed based on the 16 spectral channels of the
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MERIS spectrometer [19], whose characteristics
were precisely tailored to capture the dynamics
of the concentration and composition of
phytoplankton pigments and yellow matter.
The latest versions of C2RCC, including C2X-
COMPLEX, are an adaptation of the original Case
2 Regional Coast Color design to sensors with
different sets, characteristics, and bandwidths,
such as the Sentinel-2 and Landsat-8 sensors.

Conclusions

To obtain a satisfactory (correlation coefficient
of up to 0.93) estimate of chlorophyll «a»
concentration in complex inland waters of the
Dniester River Delta and the Dniester Estuary
based on Sentinel-2 satellite MSI data, we propose
using exponential-type empirical functional
dependencies for two- and three-channel TOA
spectral band combinations, i.e. based on solar
radiation reflectivity at the top of the atmosphere
(without atmospheric correction). The difference
in calculation accuracy between the two- and

Mopsika: ABTOPM BMUCINOBMIOOTL BOSAYHICTE  CMiBPOBITHUKAM
PerioHanbHOro LeHTPy KOMMIIEKCHOTO eKOMOriYHOrO MOHITOPUHTY
Opecbkoro HauioHanbHOro yHiBepcutety iMmeHi l.I. MeyHukoBa,
ski Gpanu yyacTb y 360pi nonboBMx AaHux y 2017—2021 pokax.

BHecok aBTOpiB: BCi aBTOpM 3po6UNM PIBHWI BHECOK Yy L0
poboty

KoHdonikT iHTepeciB: aBTopy MOBIAOMAAIOTL MPO BiACYTHICTb
KOHOMIKTY iHTepeciB.

[eknapauisi Npo BUKOPUCTaAHHA FeHEPaTUBHOrO LUTYYHOro
iHTenekTy: aBTOpPM NIATBEPOXKYHOTb, LLO Nif Yac NigroToBKM pyKo-
n1cy He BUKOPUCTOBYBANMCS iHCTPYMEHTU LUTYHYHOTO iHTENEKTY.
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three-channel combinations was found to be
insignificant, with a slight advantage for the
three-channel model.

A mandatory step 1in preparing TOA
reflectance coefficients for use in the proposed
functional relationships is the removal of water
areas covered by clouds, mist, cloud shadows,
and aquatic vegetation from Sentinel-2 images.
Thus, manual and semiautomatic preparation
of Sentinel-2 MSI data remains a significant
element for use in the proposed algorithms.

The calculations of  chlorophyll
concentration by the C2RCC processor in the
C2X-COMPLEX version for turbid inland waters
should be assessed critically due to the ongoing
development of atmospheric correction algorithms.
However, the analysis of the selected functional
dependencies for various types of complex
waters, combined with the improvement of the
atmospheric correction module offers significant
potential for the C2RCC processor, which uses
trainable neural networks, to automate remote
monitoring of inland and coastal waters.
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AHOTALUIA

[ocnopapcbka AisnbHICTb y 6aceliHi pivkn [JHiCTep Ta 3aperynboBaHiCTb BOAHOIO CTOKY
NPOBOKYIOTb €BTPOMiKaLLit0 Ta NOripLUEHHSI AKOCTi BOAM, LLIO BMMBaE Ha BiopisHOMaHITTSA
€KOCUCTEM Ta € 3arpo3olo A 3[0POB’S HAacemneHHs. 3 MeTO CTIMKOro ynpasriHHS
AKICTIO BOOW NPOMOHYETLCA AUCTaHLiNHE 30HAYBaHHA 3eMi AN OLUiHKM KOHLEeHTpauii
xnopodpiny «a». [OAns ypaxyBaHHS OMTUYHUX BrACTMBOCTEN BOA Ta BW3HAYEHHS
yHKLIIOHaNbHOI 3aneXHOCTi 3aCTOCOBAHO MOPIBHSAHHA PO3paxyHKOBMX KOHLIEHTpaLin
3 pesynbTatamy nonboBux BuMIpiB. MeToto pobotn € migbip Ta 0O6rpyHTYyBaHHS
anropuTMiB 4N ANCTaHLUINHOT OLiHKM KOHLeHTpaLii xropodiny «ay» y BogoMax AenbTu
piuku [HicTep 3a aaHnMu Multispectral Instrument (MSI) cynyTHuka Sentinel-2.
BukopucTaHi KoHueHTpauii xnopodiny «a» y BogoviMax AenbTu pidku [HicTep, Lo
oTpumaHi y 2017-2021 pp. BukopuctaHi koediuieHTn BinbuTtTst pagiauii 3 MSI aBox
Tunie: TOA (Top-of-atmosphere reflectance) Ta atmocdepHo BigkopurosaHi SR (Surface
Reflectance). MNpwu ninbopi anropuTmiB npoaHanizoBaHo nitepaTypy, Ha OCHOBi YOro
BigibpaHi ABa Tunu kombiHauin cnekTpanbHux cmyr MSI. 3acTocoByBaBCs po3paxyHOK
KOHUeHTpaLii xnopodginy «a» npouecopom C2RCC Ha 6a3i SNAP Sentinel Toolbox.
Ona BigibpaHnx [BOXKaHanbHOI Ta TpuKaHanbHOI Mofenen  BCTaHOBIEHO
YHKLiOHaNbHI  3aneXHOCTi  eKCMOoHeHLiHoro Tuny. Bepudikauis 3anexHocten
npoBoamMnacs NOpPiBHAHHAM Po3paxyHKoBux i otpuMaHmx C2RCC BennuunH 3 NoNLo0BNMM
KOHLeHTpauisgMn xnopodiny «a». [MOopiBHAHHA nokas3ano nepesary BUMKOPUCTaHHS
paHnx TOA (nopiBHsHO 3 SR) sk 3a [BOKaHanbHOW0, TaK i 3a TpUKaHaNbHOK
MoaenamMu: Rp<0’001=0.92, MAPE=28.5, RMSE=14.4 mr/m3 i Rp<0'001=0.93, MAPE=27.9,
RMSE=14.3 wmr/m® BignosigHo. BcTaHOBNeHO 3aHWXkeHHsI po3paxoBaHux C2RCC
BENNYVH.

[ns po3paxyHKiB KOHLEHTpaLii Xrnopoginy «a» y BoAouMMax AenbTu pivku [OHicTep
3anpornoHoBaHoO ABOKaHarbHi Ta TpukaHaneHi TOA-moaeni 3a cnekTpanbHUMK CMyramm
MSI Sentinel-2. PospaxyHkn koHueHTpauii xnopodiny «a» npouecopom C2RCC
ONs BKasaHUX BOA MNPOMOHYETLCA OLIHIOBATU KPUTUMYHO Yepes3 HasiBHi anropuTmu
aTmocepHOi Kopekuii. TuM He MeHL, aHani3 nigibpaHux 3anexHocTen y noegHaHHi
3 noninweHHaAM atmocdepHoi kopekuii aae npouecopy C2RCC nepcnektvBu Ans
aBTOMaTM3aLii AUCTaHLIAHOIO MOHITOPUHTY.
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