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SUMMARY 

Purpose of the work has been studying of chlorophyll a concentration seasonal and spatial 
variations in the Dniester Estuary in 2021 calculated from Sentinel-3 images. A functional 
dependence of the chlorophyll a concentrations in water on the Top Of Atmosphere radiance 
values of Sentinel-3 has been derived. The results analysis showed that changes in the 
chlorophyll a concentration in the Dniester Estuary water in 2021 had a pronounced annual 
variation. The minimal chlorophyll concentrations were observed in the cold period of the 
year near the branches of the Dniester River and near the spit separating the estuary from the 
sea. The maximum concentrations were recorded in summer in the northern part of the 
estuary. According to the trophicity classification the Dniester Estuary waters in 2021 stayed 
within two classes: mesotrophic and eutrophic. The most extensive fields of mesotrophic 
concentrations were observed in January-February near the branches of the Dniester River 
and in the southern part of the estuary. According to calculations, for most of the year 
chlorophyll a concentration in the Dniester estuary exceeded the eutrophication threshold of 
10 mg/m3 (at the maximal concentration of 200 mg/m3), which indicated the critical state of 
the aquatic ecosystem.  
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Introduction 
 
Eutrophication is a leading cause of aquatic ecosystems degradation, in particular of the Dniester 
Estuary ecosystem (Kovalova et al., 2018). Shallowness of the estuary (its depth is ca. 2 m) and the 
influx of large amounts of nutrients into with industrial wastewater, drainage from agricultural fields, 
secondary pollution from bottom sediments during floods, releases from reservoirs, and wind impact 
contribute to eutrophication of this water body. One of the quantitative characteristics to determine the 
degree of a water body eutrophication is the concentration of chlorophyll a in the water - an indicator 

of phytoplankton biomass, as the chlorophyll 
content most fully demonstrated the production 
potential of phytoplankton. Within the 
framework of the PONTOS international project 
(PONTOS, 2021), the scientific group of Odessa 
National I. I. Mechnikov University (ONU) had 
to track the temporal and spatial changes of 
chlorophyll a concentration of in three parts of 
the Dniester Estuary during 2021 (Figure 1) 
using the Sentinel-3 data, as well as to assess the 
seasonal course of its waters eutrophication. To 
assess the eutrophication level we used 
Trifonova’s classification (Trifonova, 1990) 
with a the chlorophyll concentration threshold 
value of 10 mg/m3, starting with which waters 
are classified as eutrophic. 
 
Figure 1 Location of the ONU monitoring 
stations (2017-2020) and the PONTOS pilot 
monitoring stations (2021, red points) in the 
Dniester Estuary 

 
Method and Theory 
 
To solve the task we have used the results of (i) environmental monitoring performed by the ONU 
water area of the estuary in 2017-2020, (ii) pilot monitoring in the framework of the PONTOS project 
(Figure 1), as well as (iii) monitoring from space images. The in-situ measurements are more precise, 
but connected with significant time and expenses; the observations are irregular and local. Remote 
sensing data give a fuller picture of chlorophyll a distribution, it is simultaneous for all the estuary 
and with pre-set discretion of determination, but precision of these data is lower than those measured 
in situ. As the result, the decision was made to combine the both types of monitoring. 
The possibilities provided for aquatic environment state monitoring by remote sensing methods have 
been studied since the 60th of last century (Ogashawara et al., 2017). At present, chlorophyll a 
concentration is quite successfully measured in open ocean using space images (O’Reilly & Werdell, 
2019). However, the internal waters require individual approaches due to optical complexity of rivers’ 
lakes’ and reservoirs’ water environment (Voronova, 2020). Having studied theoretically the 
experience of work in this sphere for the past 30 years (O’Reilly J. E. et al. 1998; Ogashawara et al., 
2017) we took the decision to use in the PONTOS project a methodology based on making the 
empirical equations on Top Of Atmosphere (TOA) radiance values of space images spectral bands as 
these values stably fix different degrees solar radiation absorption by chlorophyll in different optical 
and infrared parts of the spectrum. 
The calculations used Sentinel-3 satellite images with 21 channels in the optical and infrared range of 
the spectrum and a spatial resolution of 300 m per pixel. Wave lengths of the satellite channels were 
optimally selected to reveal the marine water optical properties, including the ones for the 
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photosynthetic pigments determination in water. To calculate the chlorophyll content, the images 
covering the Dniester Estuary water area were selected for the following dates: 01.01.2021, 
09.02.2021, 07.03.2021, 24.04.2021, 15.05.2021, 11.06.2021, 18.07.2021, 20.08.2021, 29.09.2021, 
21.10.2021, 21.11.2021, 02.12.2021. In addition, to develop the methodology and construct functional 
dependencies we used Sentinel-3 images for 2017-2020. The main criterion for selecting images for 
the previous years was the availability of the photosynthetic pigments samples analysed by the ONU 
on a day with minimal nebulosity and within a time interval of two and a half hours before and after 
the satellite passed over the sampling site. All the images used were obtained from the open sources. 
The closest functional dependence was selected using the TOA radiance values of Ocean and Land 
Colour Instrument (OLCI) of Sentinel-3 and the chlorophyll a concentrations from the ONU surveys 
in 2017-2021 by regression analysis method (determination coefficient R2=0.79); its theoretical basis 
was the Gitelson two-channel dependence of (Gitelson & Schalleset, 2007): 
 

[Chl a, mg/m3] = 37.3483*(R708.75/R665)5.6002, 
 

where: R665 and R708.75 – the TOA radiance values in the cells of rasters of the OLCI 8th and 11th 
channels with wave lengths of 665.00 and 708.75 nm. 
This formula was used to calculate chlorophyll a concentrations in all the cells of the Sentinel-3 
rasters that covered of the Dniester Estuary water area in the abovementioned dates of 2021. 
Calculations of the final concentrations of chlorophyll, work with the rasters, determination of the 
areas with chlorophyll a values higher and lower than 10 mg/m3, which corresponded to mesotrophic 
and eutrophic waters according to Trifonova's classification (Trifonova, 1990), were carried out in the 
QGIS and ArcGIS environment. 
 
Results 
 
Analysis of the calculated rasters showed the chlorophyll a concentrations’ changes in the Dniester 
Estuary water in 2021 demonstrated a pronounced annual variation, both for the entire estuary and its 
various parts. The minimal concentrations of chlorophyll were observed in the cold season - from 
October to February and the maximal - from June to September (Figure 2). 
According to the calculations during the period of peak phytoplankton development in summer, the 
minimal average concentrations were in the northern part of the estuary and the maximal in the 
southern. During the year the minimal chlorophyll a concentrations were almost always connected 
with the mouths of the Dniester River branches (Figure 3) and in a significant part of the cases with 
the strip near the sand spit separating the estuary from the sea. This is explained by the presence of 
river and sea water in these areas, as the phytoplankton concentration in the river and sea water is 
lower than in the estuarine. 
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Figure 2 Average concentrations of chlorophyll a in different parts of the Dniester Estuary in 2021 
on the TOA of Sentinel-3 calculations 
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Figure 3 Seasonal evolution of chlorophyll a concentration in the Dniester Estuary in 2021 
calculated on TOA radiance by Sentinel-3 (grey colour – floating vegetation) 
 
In spring the fields of maximum chlorophyll a concentrations were found in the northern coastal areas 
of the estuary, as well as near the western and eastern shores of its central part and near the deep-
water (~ 4.5 m) fairway to the Black Sea (in April). In summer and September, the maxima were also 
observed in the shallow waters in the northern part; in July-September the exceptionally high values 
were established in the Karagol Bay (north-eastern part) and in August-September - in the southern 
and eastern parts of the estuary. With the beginning of the autumn period (in October and later) the 
maximal concentrations were observed only near the eastern coast in the central part of the estuary 
and their values were almost two times less than in summer; in November the chlorophyll maxima 
along the eastern coast did not exceed 30 mg/m3. According to their trophicity, the waters of the 
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Dniester Estuary in 2021 were within two classes: mesotrophic and eutrophic; the area of eutrophic 
water was significantly larger (except for February). In August and September of 2021, the eutrophic 
zone covered the entire Dniester Estuary water area. Noticeable fields of mesotrophic concentrations 
were observed in the cold period of the year from October to March with a maximum in February, and 
were usually localized near the mouths of the Dniester River branches where there is a constant 
inflow of river water, as well as in the southern part of the estuary, where under the appropriate wind 
direction an inflow of the poor in phytoplankton sea water (compared to the estuarine) can happen. 
The largest areas with mesotrophic concentrations of chlorophyll a where revealed for January, 
February, November and December 2021 in the eastern and southern parts of the estuary. 
 
Conclusions 
 
Calculations on the TOA radiance of Sentinel-3 enabled us to track changes in the chlorophyll a 
concentration during 2021 throughout the water area of the Dniester Estuary, a relatively large 
freshwater body. The monthly discreteness of the data on the chlorophyll concentration in the 
estuary’s water area made it possible to assess the patterns of its temporal and spatial distribution in 
2021. The calculations showed that the concentration of chlorophyll a in some of the Dniester Estuary 
areas in 2021 reached 200 mg/m3. Minimal chlorophyll a concentrations in 2021 were observed in the 
areas with the river and sea water inflow. That year, except for January-February, most part of the 
estuary was eutrophic, which is undoubtedly a sign of an unhealthy and even critical state of the 
aquatic ecosystem. 
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