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Abstract

Purpose. Development of regional satellite algorithms requires the information on bio-optical
properties of a particular water area. The present study is aimed at comparative analysis of bio-optical
properties of optically complex waters differing in their trophic status.

Methods and Results. The study combined the results of measuring the spectral bio-optical properties
in the waters of the Black, Azov, Barents and Norwegian seas, the Arctic and Southern oceans (Atlantic
sector) and Baikal and Teletskoye lakes. Spectral coefficients of light absorption by phytoplankton,
non-algal particles and colored dissolved organic matter were measured in accordance with
the International Ocean Colour Coordinating Group Protocols. The study areas included the waters
with trophic levels from the oligotrophic to the eutrophic ones (the chlorophyll a concentrations in
the surface layers varied from 0.066 to 24 mg-m~3) and with high heterogeneity in their bio-optical
properties: the total non-water light absorption at the wavelength of 438 nm varied from 0.021 to
0.97 m™.

Conclusions. In all the regions, a high (within an order of magnitude or higher) spatial variability in
the values of light absorption coefficients by all the optically active components and their ratios was
noted. This fact indicates the optical complexity of waters in each of the regions under study.
The regional specificity of parameterization coefficients for light absorption by phytoplankton, non-
algal particles and colored dissolved organic matter was shown. The revealed parameterization
coefficients for light absorption by the optically active environment components can be used to develop
regional satellite algorithms for assessing water quality and productivity indicators. Based on
the empirically revealed dependencies, the following additional indicators of water quality were
proposed: the euphotic zone depth and the spectral characteristics of downwelling irradiance which can
be retrieved based on remote sensing data.
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Introduction

In the context of a changing climate [1] and an increasing negative impact of
human activity on nature, the issues of operational monitoring of the aquatic
ecosystem state and forecasting its changes under the influence of natural and
anthropogenic factors are becoming increasingly relevant [2, 3]. Remote sensing
approach provides an unique opportunity for multiscale recording of aquatic
environment parameters and monitoring of the marine areas [4, 5]. However, to date,
the complete realization of the unique potential of remote sensing approach has been
limited by the capabilities of bio-optical algorithms. Their standard solutions do not
provide correct assessments of water quality and productivity indicators on a global
scale [6], which is associated with high heterogeneity of the World Ocean in terms
of bio-optical water properties [7-9].

Case 2 waters [7], which are typically characterized by a high content of non-
algal particles (NAP) and colored dissolved organic matter (CDOM), as well as
the lack of correlation between the content of chlorophyll a(a marker of
phytoplankton biomass — the third optically active component), are the most difficult
to solve the problem of transforming a satellite signal into inherent optical
properties of waters (IOPs) [8, 9]. A three-band ChI-CDM algorithm [10] has been
developed for the Black Sea (Case 2 waters [11]). It ensures accurate retrieval of
the IOPs of the Black Sea waters [12]. This algorithm can be adapted for other
water bodies of the Russian Federation as well as for the polar regions of the
World Ocean, which are of political and economic interest to our country.
Empirically revealed dependences of variability of bio-optical properties of waters
are required to adapt the Chl-CDM algorithm to other water areas, in particular,
parameterization of light absorption by all optically active components
(phytoplankton, NAP and CDOM), assessment of each component contribution to
the total non-water light absorption at different wavelengths.

The bio-optical studies carried out at the modern methodological and
technological level in different areas of the World Ocean (the Azov-Black Sea basin,
the Arctic, Antarctica, Baikal and Teletskoye lakes) [13—19] make it possible to
combine the results obtained in waters with different trophic levels (trophic status)
and with different optical complexity. The trophic status of waters is determined
based on productivity indicators: chlorophyll a concentration and primary
production. The Sea of Azov is a highly trophic region with a high phytoplankton
content, high chlorophyll a concentrations and high primary production [20].
The open Black Sea waters are classified as mesotrophic waters [21]. The coastal
Black Sea waters are affected by coastal and river runoff and are therefore
characterized by high heterogeneity in productivity indicators [22], which is
accompanied by a change in the trophic level from mesotrophic to eutrophic. In
the Atlantic sector of the Southern Ocean a unique situation was revealed — a high
content of nutrients, but a low concentration of chlorophyll a [23], which allows to
conclude that the waters in this area are oligotrophic. The waters of the European
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sector of the Arctic (the Norwegian and Barents seas, the Arctic Ocean) are mostly
(namely the Arctic Ocean waters) oligotrophic [24, 25]. The waters of Lake Baikal
have aunique transparency — they are oligotrophic. The highly trophic waters of
Lake Teletskoye are subject to intense coastal and river runoff, which determines
the ecological state of the waters and their optical properties [26].

The present research is aimed at generalizing the results obtained and at
comparative analyzing of bio-optical properties of waters with different trophic
status.

Methods

The data obtained in different areas of the World Ocean (Fig. 1) were
summarized:

1) the Norwegian Sea, Barents Sea and Arctic Ocean — cruise No. 80 of
R/V Akademik Mstislav Keldysh (August 2020);

2) the Atlantic sector of the Southern Ocean — cruise No. 79 of R/V Akademik
Mstislav Keldysh (January — February 2020);

3) the Black Sea, coastal waters of Crimea — cruises No. 106 (April —May 2019)
and No. 113 (June 2020) of R/V Professor Vodyanitsky, regular weekly bio-optical
monitoring on the small R/V Victoria (2009 — 2022);

4) the Black Sea, deep-water region — cruise No. 122 of R/V Professor
Vodyanitsky (June 2022);

5) the Sea of Azov — scientific expeditions on R/V Professor Vodyanitsky
carried out in different seasons (2016 — 2020);

6) Lake Baikal — expeditions on R/V G. Yu. Vereshchagin (July 2018) and on
R/V G. Titov (September 2019);

7) Lake Teletskoye — expedition on IVEP SB RAS R/V No. 209 (Yaroslavets
type) (August 2022).

The water samples were collected using a cassette of GO-Flo bottles or single
bottle. The chlorophyll a concentration in total with phaeopigments (TChl-a) was
determined spectrophotometrically [27, 28]. The water samples were filtered
through glass fiber filters (Whatman GF/F) under a vacuum (< 0.2 atm). The filters
with the particles were folded, wrapped in foil and stored in dewar with liquid
nitrogen until measurement in the laboratory. The pigments were extracted with
a90% acetone solution (5 ml) using atwo-stage approach and a vibratory
homogenizer for completeness of extraction. The tubes with acetone extracts of
the pigments were stored in a refrigerator (+8 °C) for 18 h. The pigment extracts
were clarified by sedimentation of the particles by centrifugation for 5 minutes (at
a centrifugal acceleration of 5000 g). The optical density (OD) of the acetone
extracts of pigments was measured with a Lambda 35 dual-beam spectrophotometer
(PerkinElmer).
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The spectral light absorption coefficients by in-water optically active
components (OAC): phytoplankton (app (1)), non-algal particles (ayap(A)) and
colored dissolved organic matter (acpom(A)) were measured in accordance with
modern protocols [29, 30] using a Lambda 35 dual-beam spectrophotometer
(PerkinElmer) equipped with an integrating sphere. The methodology for
ap,(A), apn(A), anap(A) and acpom(t) determination is described in detail in
the article [17].

The parameterization of light absorption by in-water optically active
components was carried out in accordance with modern approaches [31, 32].
The parameterization of phytoplankton light absorption is aimed at obtaining
the relationship between apn(A) and TChl-a. Chlorophyll ais the main
photosynthetically active pigment, which determines its ecological significance and
explains its use in the analysis of the a,, (1) variability, despite the fact that light
absorption by phytoplankton is associated not only with chlorophyll a, but with
the complex of pigments that differ in their function [33, 34]. To describe
the relationship between apy (1) and TChl-a, a power function was used [31]:

aph(A) = AQQ) - TChl-aBEM), (1)

The coefficients A(A) and B(L) were determined by the method of least squares
using the logarithmic form of equation (1).

The spectra of the NAP and CDOM light absorption coefficients have an
exponential form [35]. The NAP and CDOM light absorption parameterization are
aimed at determining the parameters of the equation that describes the shapes of
the ayap(A) and acpom (M) spectra [32]:

a;) = a;(A,) - e(SeO-A), )

where i denotes NAP and CDOM; wavelength A. is the reference wavelength (in our
studies we used 438 nm); S; denotes the spectral slope Sxap and Scpom.

The Sxap was determined in the 400-700 nm wavelength range. The Scpom
value varies depending on the selected wavelength range [36]. The Scpom was
determined in the 350-500 nm wavelength range, which is used in most studies
[32, 37] and allows for a comparative assessment of the obtained values using
literature data.

The contribution of phytoplankton, NAP and CDOM to the total non-water light
absorption by suspended and dissolved organic matter (aiorw), Was estimated at
particular wavelengths selected based on their significance: 1) at 438 nm, which is
physiologically significant for phytoplankton due to the fact that at this wavelength
the phytoplankton light absorption is maximum within the visible light spectrum
(400-700 nm); 2) at 490 nm, which corresponds to the spectral band of optical
scanners (Sea-WiF'S, MERIS, MODIS, VIIRS, OLCI) and is used in the developed
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three-band Chl-CDM algorithm for assessing chlorophyll a concentration based on
remote sensing data [10].

The downwelling irradiance spectra Eq(A) were measured with the 1 m step
within the euphotic zone using a RAMSES submersible spectroradiometer (7rioOS,
Germany) or were modeled [38] using the measured spectral bio-optical properties
as input parameters [38]. The values of photosynthetically available radiation (PAR)
were obtained by integrating Eq(A) within the visible light spectrum (400—700 nm).
The euphotic zone (Z.,) was estimated by the penetration depth of 1% of the PAR
value incident on the sea surface. The first optical depth (1) was determined in
accordance with the formula [35]:

Lopt = Zeu/4.6.

The wavelength of maximum of the Eq4(A) spectrum (Amax) Was used as a feature
of spectral properties of the downwelling irradiance.

Results and discussion

The apy(A), anap(X) and acpom(X) measured in the 1oy layer are shown in
Figs. 2—4. High (within an order of magnitude) variability of all the parameters
studied was noted in the Sea of Azov. The chlorophyll a concentration (7Chl-a) in
the surface layer varied during the year in the range from 1.7 to 22 mgm™.
A relationship between the ap,n(A) and TChl-a was revealed at particular
wavelengths (Table 1), described by a power function (equation (1)). Seasonal
differences between the 4(A) coefficient values (equation (1)) have been revealed,
most pronounced in the blue range of the spectrum (almost two-fold differences)
[19]. It is explained by a change in the degree of pigment packing [39] due to
phytoplankton adaptation to the intra-annual variability in environmental conditions,
which leads to achange in the intracellular composition and concentration of
pigments [40].

The analysis of variability of the light absorption coefficient NAP (ayap(A))
and CDOM (acpom(A)) showed high (within an order of magnitude) variability
anap(438) (0.036-0.58 m!) and acpom(438) (0.083-0.54 m™). It was found that
the light absorption of CDOM did not correlate with TChl-a. The Sxap and Scpoom
varied in the 0.0080 — 0.014 nm™! (0.010 £ 0.0015 nm™') and 0.014 — 0.024 nm!
(0.018 = 0.0024 nm™!) ranges (Table 2), respectively. The relation between Scpom
and acpom(A), described by the equation (Table 3), was revealed. A similar
dependence was obtained for the total light absorption coefficient of NAP and
CDOM (acpm (1)) (Table 3). The value of aipt.y (438) varied from 0.31 to 0.68 and
averaged 0.61 + 0.45 m™! (Table 2). The relative contribution of phytoplankton to
Qor-w(438) varied from 7% in spring and autumn to 51% in winter (January) and
reached 70% in summer (July). The contribution of CDOM and NAP to a;q.(438)
varied from 13 to 76% and from 10 to 52%, respectively.
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The coastal waters in Sevastopol Bay differed in trophic status. A high range of
TChl-a variability (from 0.19 to 5.6 mg m ) was noted in the surface layer (1op0).
The app (1) and ayap(A) values also varied by an order of magnitude. Unlike
suspended matter, CDOM showed lower variability of light absorption coefficients

(Table 2). No relationship was observed between acpom(A) and TChl-a. It was
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found that the relationship between TChl-a and a,p(A) reflects the common
dependence in a wide range of water trophicity, namely the A(A) and B(RL)
coefficients in equation (1) are the same [ 13]. At the same time, seasonal differences
were revealed between the values of coefficient A in equation (1) for apn(A) at
particular wavelengths (Table 1), which emphasizes the prevailing influence of
environmental conditions (primarily radiance) on the values of the TChl-a specific
light absorption coefficients of phytoplankton.
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Fig. 3. Spectra of light absorption coefficients of non-algal particles (anar(A)) in the surface layers of
the Arctic Ocean (a), the Barents (b) and Norwegian (c) seas, Atlantic sector of the Southern Ocean
(d), the Black Sea in winter (¢) and summer (f), the Sea of Azov (g), and the Baikal (/) and Teletskoye
(i) lakes
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The Snap value averaged 0.011 £ 0.002 nm™! (Table 2), which is consistent with
the results obtained in other areas of the World Ocean [32, 37]. The Scpom decreased
from 0.019 to 0.015 nm™! when water trophicity increased, which reflected a change
in the chemical composition of CDOM, namely an increase in the proportion of
high-molecular weight compounds [36] that was probably due to the influence of
river runoff (the Chernaya River runoff) as well as alower degree of CDOM
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photodegradation in turbid trophic waters [35]. A relationship between Scoom (Scom)
and acpom (M) (acpom (1)) was revealed (Table 3). The ayor.(438) value varied in
winter from 0.11 to 0.82 m ™! (on average 0.27 £0.12 m™") and in summer from 0.069
t0 0.90 m™! (on average 0.30 + 0.16 m™') (Table 2). Due to the lack of co-variability
of the CDOM absorption and TChl-a, the assessment of the light absorption budget
at the 438 nm wavelength showed significant variability in the CDOM contribution
and the dominance of phytoplankton in the most trophic waters.

Table 1

Coefficients of the power-law dependence a,,(490) = A(490) - TChl-a2“*%%)
of the light absorption coefficient by phytoplankton at 490 nm (apn(490), m™)
upon the chlorophyll a concentration in total with phaeopigments (TChl-a, mg-m=)

Region A(490), m*mg? | B@90) | 2 | =
Southern Ocean 0.021 0.93 0.83 126
Norwegian Sea
Barents Sea 0.033 0.99 0.97 4l
Arctic Ocean
Black Sea * 0.031 0.79 0.78 79
Black Sea ** 0.048 0.78 0.66 39
Sea of Azov ** 0.050 0.59 0.74 39
Sea of Azov * 0.016 0.95 0.53 7
Lake Baikal 0.039 0.62 0.83 58
Lake Teletskoye 0.018 0.74 0.54 39

* Measurements were taken during a winter season.
** Measurements were taken during a summer season.

N o t e: 72 is the determination coefficient; # is a number of measurements.

Studies in the surface layer of the Norwegian and Barents seas as well as
the Arctic Ocean [14] showed high variability of TChl-a (from 0.058 to 1.5 mg-m3)
and light absorption coefficients by all in-water optically active components:
apn(438) (0.0014 —0.12 m™), ayap(438) (0.00031 - 0.068 m™') and acpom(438)
(0.0074 — 0.20 m") (Table 2). Light absorption by NAP correlated with light
absorption by phytoplankton and with 7Chl-a. The NAP contribution to
the particulate light absorption at the 438 nm wavelength in the Norwegian and
Barents seas and the Arctic Ocean averaged 27, 34 and 39%, respectively (Table 2).
No correlation between the light absorption by CDOM and TChl-a was observed.
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Table 3

Coefficients of power-law dependence S = A - a(490)5

Region Acpom | Bcpom r? n Acpm Bceom r? n

Southern Ocean 0.0045 —-027 0.60 126  0.0034 -0.380 0.52 126

Norwegian Sea *

Barents Sea * 0.0056 -028 0.81 80 00052 -0320 073 80

Arctic Ocean *

. 0.0065 -029 077 138 0009 -0.200 063 138

Sea of Azov ** 0012 -0.19 041 118 0013 -0.060 032 118

Lake Baikal 0011 -0.15 039 8 0012 -0091 031 82

*Common dependencies for the Norwegian and Barents seas, and the Arctic Ocean.
** Common dependencies for all the seasons.

Note: 1. For Lake Teletskoye no dependence was found.

2. Acpom and Bcpowm are the coefficients of power-law dependence of the spectral slope of light
absorption by colored dissolved organic matter (Scpom, nm™') upon the light absorption coefficient by
colored dissolved organic matter (ecpom(490), m™); Acom and Bepwm are the coefficients of power-law
dependence of the spectral slope of light absorption by colored detrital matter (Scom, nm!) upon
the light absorption coefficient (acom(490), m™); r? is the determination coefficient; n is a number of
measurements.

For the Norwegian and Barents seas, as well as for the Arctic Ocean,
a relationship between ap, (A) and TChl-a was revealed, which was described by
unified equations for particular wavelengths (Table 1) without statistically
significant differences between water areas [14]. As a result of parameterization
(equation (2)) the Sxap and Scpom values were obtained. The values of these
parameters were on average 0.011 £ 0.003 and 0.017 + 0.004 nm!, respectively
(Table 2). The Scpom values (0.010-0.025 nm™!) increased with decreasing
acpom (M), which was described by a power equation with the same coefficients for
the Norwegian and Barents seas and the Arctic Ocean (Table 3). A similar
relationship was established for Scom 1 acpm(A) (Table 3). The ayor.w(438) value
in the surface layer of the Norwegian and Barents seas and the Arctic Ocean varied
from 0.067 t0 0.25 m ™' (0.12+£0.079 m ™), from 0.025 t0 0.24 m™' (0.12+0.10 m ')
and from 0.021 to 0.15 m™ (0.063 = 0.039 m™!) (Table 2), respectively.
An absorption budget assessment at the 438 and 490 nm wavelengths showed that
CDOM dominated in the light absorption over most of the studied water area.
The share of CDOM in the total non-water light absorption at the 438 nm
wavelength varied from 80 to 20%. Such a wide range of relative light absorption by
CDOM is associated with increase in CDOM share in absorption due to the river
runoff [41-43]. Phytoplankton biomass increase, if TChl-a is considered as a marker
of phytoplankton biomass, led to the dominance (65%) of phytoplankton in light
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absorption, and, consequently, to a decrease in the CDOM share in the total non-
water light absorption.

The research in the Southern Ocean showed that bio-optical properties of
the surface waters (lop layer) changed by an order of magnitude or more:
TChl-a—0.20-4.4 mgm, a,, (438) —0.0051-029 m™, ayap (438) —0.0038-0.022 m ™,
acpom(438) — 0.0054-0.19 m'. There was arelationship between
aph(A) and TChl-a (Table 1). A correlation between ay,p(438) and TChl-a and

no connection between acpom(438) and TChl-a was noted. As aresult of
parameterization of light absorption by non-algal optical components, spectral
slopes were obtained for ayap(A) and acpom(A). Their mean values were
Snap=0.010 £ 0.0021 nm™" and Scpom= 0.013 +0.0059 nm™' (Table 2). A negative
(inverse) correlation between acpom (M) (acpm()) and Scoom (Scom), which is
described by a power law (Table 3), was revealed. The ayr.(438) value in
the surface layer of the Southern Ocean varied from 0.039 to 0.37 m!
(0.11 £0.076 m™") (Table 2). An assessment of the light absorption budget at
the 438 nm wavelength showed that under conditions of high variability of CDOM
light absorption uncorrelated with TChl-a, a shift in the dominating component
occurs: CDOM dominates (about 60%) in light absorption in waters with low
TChl-a values, phytoplankton dominates (about 80%) in waters with high TChl-a
values. The waters of the Atlantic sector of the Southern Ocean are optically
contrasting in the content of both phytoplankton and CDOM [17].

Research on Lake Baikal has shown high (within an order of magnitude or more)
variability of all bio-optical properties studied [16, 18]. TChl-a in the surface layer
(Lopt layer) varied within 0.58-5.3 mg:m>. A connection between apn(A) and
TChl-a at separate wavelengths, which is described by a power law (Table 1), was
revealed. The aypp(A) and acpom(M) values at the 438 nm wavelength varied
within 0.0024-0.099 m™! and 0.035-0.31 m™!. A correlation between ayap(438)
and 7Chl-a was found. No connection between CDOM light absorption and 7Chl-a
was observed. The Snap parameter was 0.010 +0.0017 nm™! in average (Table 2).
The Scoom  values varied from 0.011 to 0.026 nm™'. A negative correlation
between acpom(A) (acpm(A)) and Scoom (Scom), which was described by a power
equation (Table 3), was revealed. The @t (438) values in the surface layer varied
within 0.12-0.57 m™' and were 0.28 + 0.19 m ™! in average (Table 2). Due to the high
variability of all bio-optical parameters and the absence of correlation between
CDOM light absorption coefficient and TChl-a, achange in the component
dominating in light absorption was noted. In some areas of the lake, CDOM
dominated in the light field formation, its contribution to the total non-water light
absorption reached ~ 85%. In the lake areas where a high TChl-a content (over
1.5 mg-m®) was noted, phytoplankton dominated and its contribution to the total
non-water light absorption reached ~ 80%.

The bio-optical studies on Lake Teletskoye revealed high contents of
phytoplankton, NAP and CDOM. TChl-a values during the study period varied from
1.1 to 2.3 mg-m>. Relationship between the apn(A) and TChl-a were revealed at
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particular wavelengths (Table 1). The ayap(438) and acpom(438) coefficients
varied from 0.029 to 0.14 m™! and from 0.46 to 0.76 m™'. The mean values of light
absorption coefficients of NAP and CDOM at the 490 nm wavelength are given in
Table 2. The awww(438) varied from 0.56 to 0.97 m™!, averaging 0.72 + 0.02 m!
(Table 2). For light absorption CDOM and CDM, relationships between the spectral
slope (Scpom and Scpm) and the light absorption coefficients at the 490 nm
wavelength (Table 3) were revealed. On average, in the Lake Teletskoye waters,
the anap(438)/a,(438) ratio was 0.54+0.10, which significantly exceeded
the values of this ratio obtained in other water areas under consideration (Table 2).

Based on the combined dataset, a comparative analysis and systematization of
the areas under consideration was carried out for 7Chl-a and Gy (438) in the 1oy
layer (Table 2). It was found that the TChl-a values varied by several orders of
magnitude (0.066-24 mg-m?), while the @ty (438) values varied by more than an
order of magnitude (0.021-0.97 m™'). The average TChi-a values varied by an order
of magnitude from 0.41 £0.26 mg:m~ to 6.0 £ 2.3 mg-m in the Barents Sea —
the Arctic Ocean — the Crimean coastal waters — the Southern Ocean —
the Norwegian Sea — Lake Teletskoye — Lake Baikal — the Sea of Azov series.
The aiorw(438) coefficient on average also changed by an order of magnitude from
0.063 +0.039 m™! to 0.90 £0.21 m™! in the Arctic Ocean — the Southern Ocean —
the Barents Sea — the Norwegian Sea — the Crimean coastal waters — Lake Baikal —
the Sea of Azov — Lake Teletskoye series (Table 2). Based on the average TChl-a
values (Table 2), it can be concluded that the most trophic region among those
studied is the Sea of Azov. In all regions, the CDM (= NAP + CDOM) prevailed in
light absorption. At the same time, in Lake Teletskoye, CDM dominated in the total
light absorption to a greater extent than was observed in the most trophic waters — in
the Sea of Azov. As a result, the maximum aq.(438) values were noted in Lake
Teletskoye. In fact, this is due to the distinctive feature of this water body, which
consists in the predominance of NAP in the particulate light absorption
(anap(438) > app(438)), which is due to the influence of abundant coastal runoff
on the bio-optical properties of the lake. This feature of Lake Teletskoye
distinguishes it from other studied water areas, where phytoplankton dominates in
the particulate light absorption.

For all the studied water areas, the absence of co-variability of the ap, (1) and
acpom (M) was revealed, and, consequently, the absence of co-variability of TChl-a
and arot.w(A).

The generalized results obtained in waters (deep-water and coastal areas of
the Black Sea, the Sea of Azov and Lake Teletskoye) with values of aor.w(A)
varying by more than an order of magnitude were used to obtain relationships:

1) between Zew and aipr.w(A) in the surface layer of the sea. Since Ze, is
associated with the diffuse attenuation coefficient of photosynthetically available
radiation Kq (Kq = 4.6/Z¢y) [35], Kacan be estimated by aior-w(A);

2) between Amax near the bottom of the euphotic zone and aiorw(A) in
the surface layer of the sea [44]:
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7\max =579 atot-w(438)0'057; r2 = 0.99;
Loy =796 atot-w(438)_o'727r r? = 0.96.

Taking into account that a;yq,,(A) represents the sum of the coefficients
aph(A) + acpm(A), which are retrieved using the regional Ch/-CDM algorithm,
the revealed relationships allow increasing the number of parameters (by adding Z,,
Ka and Amax), retrieved based on satellite data using the regional Ch/-CDM algorithm.

The revealed regionally specific coefficients of light absorption
parameterization by all in water optically active components (Tables 1-3) enable to
modify the regional three-band Chl-CDM algorithm [10] and expand this algorithm
application geography. The obtained regional coefficients of the relationship
between TChl-a and a,, (1) at the 490 nm wavelength (Table 1) will allow to correct
TChl-a determination based on the modelled ap,(490). The regionally revealed
coefficients of the relationship between TChl-a and a,},,(490) are different due to
the packing effect, i.e. the influence of the packing of pigments in cells on the ability
of these cells to absorb light. Consequently, the relationship between TChl-a and
apn (1) takes into account (indirectly) the adaptive changes in phytoplankton at
the cell and community levels in response to changes in environmental factors of
a particular water area. The revealed regional relationships between acpy (490) and
the Scom (Table 3) will allow correct retrieval of acpy (490). The regionally specific
coefficients of this relationship will enable (indirectly) to take into account
the relationship between NAP and CDOM, as well as the chemical structure of
CDOM [36], which determines the spectral slope of acpom () in a particular water
area. The regionally specific coefficients of light absorption parameterization by in-
water optically active components (Tables 1-3) will permit to adapt Chl-CDM
algorithm [11] to the water areas under consideration.

Conclusions

Regional relationships between app(A) and 7Chi-a will make it possible to
determine 7Chl-a correctly based on the value of apy, (1), retrieved using regional
algorithms  (including the three-channel =~ Ch/-CDM  algorithm),  since
the parameterization of the relationship between a,n(A) and TChl-a takes into
account (indirectly) the influence of environmental conditions on the intracellular
pigment composition and concentration, as well as on the size-species structure of
phytoplankton.  The revealed regionally specific relationships between
acpm(490) (acpm(490) = anap(490)+ acpom(490)) and  Scpys are used to
retrieve  the acpym(490) parameter. The regionally specific parameterization
coefficients of NAP and CDOM light absorption make it possible (indirectly) to take
into account the relationship between NAP and CDOM, as well as the chemical
structure of CDOM, which determines the spectral slope of CDOM light absorption
in a particular region.
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Based on empirically revealed dependencies, additional indicators of the water
quality (the euphotic zone and the spectral properties of light in the sea), which can
be assessed using satellite data, were proposed.

The development of regional algorithms based on empirically revealed
dependencies opens up the perspective of operational monitoring of the pelagic
ecosystem state based on a set of water quality and productivity indicators. This will
allow to track the spread of organic dissolved matter and suspended matter in coastal
waters affected by industrial wastewater and sewage and also to assess
the wastewater impact on water transparency which is crucial for the functioning of
the primary producers and, therefore, for pelagic ecosystem.
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