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SUMMARY

New satellite observation technologies might be useful for expanding environmental
monitoring of certain areas of the Sea. Permanent observation of Chlorophyll-A provides
information about the current situation and long-term changes in the trophic state of the
aquatic environment. Spatio-temporal distribution of chlorophyll combined with other
satellite-derived data (for ex. sea-surface temperature, winds, radiation, etc.) and measured
hydrological data (river discharge) can explain and predict changes in aquatic estuarine
ecosystems.
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Introduction

Fast growth of new satellite technologies (introduction of new sensors and providing new bands with
higher resolution) create the opportunities to develop the environmental observations. The regularity
of satellite observation, as well as simultanecous coverage of large arecas make this type of
investigation very useful for environmental monitoring.

Development of routine observations of ocean chlorophyll, very important environmental parameter,
has been started with Sea-Viewing Wide Field-of-View Sensor (SeaWiFS). This mission provided by
NASA was active from September 1997 to December 2010. Available spatial resolution of this
mission varies from 4 km to 9 km.

Moderate Resolution Imaging Spectroradiometer (MODIS) is the next generation of satellite-based
sensors from NASA. This sensor is placed on boards of two satellites Terra and Aqua launched in
1999 and 2002 accordingly. Their missions will be ended in 2025-27. The freely available spatial
resolution for chlorophyll is 1 km. The MODIS as well as other sensors attached to Aqua and Terra
collect data on wide range of physical parameters of land/water surface and atmosphere (e.g. sea
surface temperature, near-surface wind speed, radiative energy flux, ice and snow coverage)

The Sentinel mission currently developed by the European Space Agency is the series of satellites
(the first launches started in 2014-2020, subsequent launches are scheduled for 2023-2028), which can
replace previous missions that have come to an end/are coming to end and continue the series of
observations that began 25 years ago. The algorithms for calculating some parameters derived from
new satellite sensors are currently being calibrated, including chlorophyll. The resolution will be one
order of magnitude higher than in previous missions and might be used for small water objects or for
microscaling.

The north-western part is the most polluted and the most eutrophic area of the Black Sea. First of all,
because the largest rivers of the Black Sea flow into this shallow area. These rivers (Danube, Dniester.
Dnieper) form large estuaries with specific hydrochemical and hydrobiological regimes. Naturally, the
water areas adjacent to the estuaries, as well as the entire north-western part of the Black Sea, are
affected by river runoff (Bolshakov, 1970; Goncharov at al., 2018; Goncharov, 2017).

Material and methods

The Dnieper-Bug Estuary (DBE) and the adjacent Black Sea area, including Odessa Bay, is region
heavily affected by the amount of river discharge and by quality riverine water (Zhukinskiy at al.,
1989; Garkavaya at al., 2000). We define this region within 46.649807°N — 46.436088 °N and
30.783552°E — 32.283768°E.

For detection of rivers discharge variation we analyzed annual and monthly values for lower Dnieper
river over 1818-2020. Based on long-term series, we divide the amount of annual discharge into three
ranges: Low-, Mid- and High-runoff according to methodology described in (Goncharov, 2017).
Middle part of the data between 25th and 75th percentiles we separate as medium-runoff range. The
values above and below this diapason refer to high-runoff and low-runoff accordingly.

This study used a time series of 2003-2020 and 2021 of MODIS Aqua Chl-a images with a spatial and
temporal resolution of 1 km and 8 days, respectively. The products were then cropped to the DBE.
Data were imported into MATLAB® software and processed by biharmonic spline interpolation to
produce the distribution maps.
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The seasonal dividing has been conducted as follows according to typical water temperatures: winter
— January-March; spring — April-May; summer — June-September; autumn — October-December.

Results and Discussion

In the semi-closed estuarine area (so-called “lyman”), concentrations of chlorophyll are always 3-4
times higher than in the adjacent sea. This is true for all ranges of river-runoff (Table 1). The average
annual value in the System is stable regardless of runoff range and its value is in narrow range 43-44
mg/m®. Average value in the Sea is smallest at low-runoff, probably due to reducing of nutrients
enrichment (Garkavaya at al., 2008). Dynamics of Chl-A is characterized by a certain seasonal
variability which has common features but different values at different runoff ranges both for the
System and for the Sea (Table 1). In the Sea the maximum concentrations of chlorophyll occurs in the
spring. From the summer to winter, chlorophyll concentrations decrease. In the Dnieper-Bug estuary
(System) the maximum of chlorophyll is observed in the summer. In winter, Chl-A concentrations are
similar regardless of the runoff value, most likely because of lower variation of river outflow. In
spring, chlorophyll positively correlates with the runoff value but in the summer-autumn this
relationship has negative dependence (Table 1).

Table 1 River runoff-related seasonal concentrations of Chlorophyll A in a surface layer of the
Dnieper-Bug estuary (System) and the adjacent sea area (Sea) over 2003-2020 and in 2021

Winter  Spring Summer  Autumn Annual average
System
Low-runoff ~ 31.58 40.51 60.30 42.50 43.72
Mid-runoff ~ 34.42 48.24 54.81 35.09 43.14
High-runoff  34.67 52.72 53.81 37.94 44.79
2021 54.71 39.96 64.73 55.16 53.64
Sea
Low-runoff  7.51 13.91 13.39 9.33 11.04
Mid-runoff 7.34 23.44 19.46 16.03 16.57
High-runoff  8.84 27.71 13.29 10.51 15.09
2021 7.26 12.39 11.17 12.45 10.82
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Figure 1 Variation of Dnieper runoff (km’ per year) during 1998-2020 and cut-off levels (dashed
lines) defined Low, Mid and High annual runoff values (by Goncharov, 2017)
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In 2021, the level of Chl-A in the Sea was quite low. This indicates that this year belongs to the low-
runoff. The dynamics and concentrations of chlorophyll in the System also indicate a low-runoff. It
corresponds to trends of reducing Dnieper outflow in the last decades (Fig. 1). In 2020 the historical
minimum of Dnieper runoff was observed — 17.83 km?®/year, while the median value is about 50
km?/year. Anyway, 2021 deserves special consideration due to the abnormally high levels of blooms
in the estuary. Thus, annual average deviates by 25% from the stable level of all runoff-ranges, mainly
because of extremely high winter and autumn values (Table 1). The spatial distribution of
Chlorophyll-A in a surface layer of the DBE is presented in Fig. 2.
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Figure 2 Spatial distribution of Chlorophyll-A in the Dnieper-Southern Bug Estuary and in the
adjacent Black Sea area in different seasons of 2021
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Conclusion

New satellite observation technologies can be useful for environmental monitoring and allow focusing
on certain areas of the Sea, including estuaries and lagoons. Regular observation of Chlorophyll-A
provides information about the current situation and about long-term changes in the trophic state of
the aquatic environment. Spatio-temporal distribution of chlorophyll combined with other satellite-
derived data (for ex. sea-surface temperature, winds, radiation, etc.) and measured hydrological data
(river discharge) can explain and predict changes in aquatic estuarine ecosystems. The new
information may also be useful for extending the ecological data series on coastal aquatic ecosystems
(estuaries, lagoons) summarized over the previous decades prior to the introduction of remote sensing
technologies (Goncharov, 2006).
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