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Abstract: Observations show that after stormy events, anthropogenic litter is washed ashore for
short periods of time, providing the opportunity to collect and remove it from the environment.
However, water dynamics in sea coastal zones during and after storms are very complicated, and the
transport properties of litter items are very diverse; thus, predicting litter wash-outs using classical
numerical models is challenging. We analyze meteorological and hydrophysical conditions in the
Baltic Sea coastal zone to further use the obtained data as a training sequence for an artificial neural
network (ANN). Analysis of the physical processes behind large litter wash-outs links open-source
meteorological (wind speed and direction) and hydrodynamic reanalysis (surface wave parameters)
data to the time and location of these wash-outs. A detailed analysis of 25 cases of wash-outs
observed at the shore of the Sambian Peninsula was performed. The importance of the duration
of the storm and its subsiding phase was revealed. An ANN structure is proposed for forecasting
marine debris wash-outs as the first step in the creation of a neural network-based tool for managers
and beach cleaners, helping to plan effective measures to remove plastics and other anthropogenic

contaminants from the marine environment.

Keywords: marine debris; anthropogenic litter; plastic; artificial neural network; Sambian Peninsula;
the Baltic Sea

1. Introduction

The problem of beach contamination by anthropogenic marine debris is observable
around the world [1]. Special attention is currently paid to contamination by synthetic
polymers (plastics). Currently, more than eight million tons of plastics are dumped into
the oceans every year, of which about two million tons of plastic comes from rivers [2,3].
Contamination of this sort takes a long time to decompose in environmental conditions,
and it has an extremely negative effect on living organisms and humans [4]. Under the
influence of solar UV radiation, mechanical abrasion, and other destructive factors, larger
plastic litter items are fragmented into microplastic (<0.5 mm) e.g., [5,6] and become even
more hazardous to living creatures and ecosystems [7].

A large amount of anthropogenic litter accumulates in marine coastal waters [8].
According to the latest (model) data, about 70% of the mass of plastic marine litter is
located in coastal zones, and it is suggested that most of it will inevitably end up on
beaches [9]. Observations show that marine litter is carried by currents and waves [10]
and, under certain conditions, it is massively washed out to the shore in compact spots,
together with seaweed e.g., [11]. Large wash-outs are specifically associated with stormy
events [12].

From the perspective of beach cleaning management, it would be much more efficient
to collect debris at certain time periods and from naturally concentrated spots rather than to
regularly monitor hundreds of kilometers of shoreline. To effectively rid a marine environ-
ment of anthropogenic litter, one should collect larger litter items from coastal underwater
slopes, where litter is expected to accumulate [9]. Both regular beach monitoring and the
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cleaning of underwater slopes are expensive and would benefit a great deal from organized
debris collection and its removal from concentrated spots of stormy wash-outs. However,
environmental conditions in sea coastal zones during storms are extremely complicated
and variable, and neither the location nor the time of massive wash-out events are known
in advance. Moreover, observations show that these litter spots are only found on the
beach during rather short time periods (5-7 days [12]), after which the litter is washed
back out to sea. As such, one needs to predict both the natural phenomena (time and
location of wash-outs, the duration of their persistence on the beach), and the amount of
anthropogenic debris (e.g., plastics) generated by general marine litter.

Currently, models of floating marine litter transport have been developed and de-
scribed, and they are based on Lagrangian methods [13]. However, this method is still too
coarse to reproduce the dynamics of waves and currents in stormy coastal zones, which
does not allow the use of Lagrangian models to predict the release of marine debris to
the shore. Attempts have already been made to predict the release of marine litter in the
aquatory of the Gulf of Finland. However, it was only possible to reproduce the seasonal
distribution [14]. Thus, further efforts are required to develop a system for predicting the
periods and locations of stormy wash-outs.

With recent technological developments, alternative methods for studying various
phenomena have become available, specifically in relation to marine debris wash-outs.
Where classical methods fail, such as numerical modeling or statistical analysis, new ones
succeed. For example, to study marine litter wash-out, an artificial intelligence apparatus
(Al) is currently being used—specifically, an artificial neural network (ANN) model or a
machine learning (ML) method. In most current works, an Al apparatus is used to cluster
the types of marine litter [15,16]. On the other hand, Al is actively used to obtain the
quantitative distribution of contamination both on beaches and in the sea or ocean [16,17].
In predicting the direct wash-outs of plastic marine litter using machine learning methods,
the most advanced results have been attained on the shores of the Galapagos Archipelago,
on the island of San Cristobal [10].

In the southeastern part of the Baltic Sea, massive wash-outs of marine flotsam have
been experienced for centuries. It is known that such events are related to windy weather
(e.g., [18]) and certain site-specific favorable conditions, but the exact location and time are
still almost unpredictable. Recent monitoring by the Rake method [19] shows that under
typical weather conditions, the abundance of anthropogenic macro-litter items (>2.5 cm)
on the beaches of this region is, on average, 3.5 &+ 4.6 items/ m? [5,20], while, in stormy
wash-outs, it may reach 100-120 items/ m? (at the Vistula Spit, the Baltic Sea, I. Chubarenko,
unpublished results) (Figure 1).

Figure 1. Photos of the beach in the Kulikovo village with a massive wash-outs of marine debris:
(a) plastic bottles and (b) other plastic and anthropogenic litter (highlighted by red circles).

As follows from the considerations above, the prediction of anthropogenic litter
wash-outs should be based upon analysis of two different sides of the problem: first,
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the development of a natural (stormy) situation favorable to the occurrence of the wash-
out event; second, the amount of anthropogenic debris in the seaweed and litter patch
seemingly related to human activity in the region, the proximity of rivers, cities, etc.
Here, we concentrate on the first—i.e., the natural—aspect of the problem. The goals of
this work are as follows: (i) to analyze the development of a number of meteorological
and hydrophysical conditions preceding the massive wash-outs of marine debris on the
shore of the Sambian Peninsula (southeastern part of the Baltic Sea); (ii) to determine
recurring features and most influential physical parameters of general wind and wave
patterns; (iii) to determine the required time period for analysis, which will be used as
an input parameter of the ANN. The obtained relationship between meteorological and
hydrophysical parameters is necessary for the development of the ANN structure, the
formation of input data, and the further creation of a predictive model based on an ANN.

2. Materials and Methods
2.1. Study Area

The monitoring of wash-out spots on the beaches of the Sambian Peninsula had been
carried out by scientists from the Shirshov Institute of Oceanology (IO RAS) since 2011.
During this time, more than 250 cases of wash-outs of general marine debris with spots
of anthropogenic litter were recorded; these wash-outs inevitably included plastic and
microplastic particles.

Plastics were found in all marine litter spots surveyed after wash-outs. In samples
taken on the northern coast of the Sambian Peninsula, the average concentration of plastic
particles (>5 mm) was from 8 to 14 pieces/m?, and the maximum concentration was
more than 100 particles items/m? [21]. Under typical weather conditions, no litter spots
are observed on the beach, and the level of contamination (by OSPAR method, >5 mm)
indicates concentrations one order of magnitude smaller—from 0.3 to 1.5 items/ m? 5]. In
the northern part of the Sambian Peninsula, litter is dominated by artificial polymer (50%),
paraffin (38.1%) cigarette butts (4.8%) and glass/ceramics (3.3%) [19].

From the reports on visual observations from open sources, it is not possible to
determine the exact time of the beginning and end of the wash-out. Therefore, in the
following analysis, the unified approximate time was used when the observers usually
came to the shore, i.e., 12:00 local time (GMT + 2). During the visits of observers of the IO
RAS near the Kulikovo village, for each observation, a detailed description of the place,
time, and size of the wash-out spot was compiled. Additionally, the type of sediment (sand,
small/coarse pebbles, boulders), the location of the wash-outs relative to the characteristic
morphodynamic areas, the width of the beach, and the predominant species composition of
macroalgae (for example, Furcellaria lumbricalis, Polysiphonia fucoides, or Cladofora glomerata)
were recorded, with detailed photography.

Based on these data, it was possible to draw some additional conclusions about the
wash-out event, based on the presence of algae on the beach, on the shoreface, in the water,
and by their appearance. For example, if the algae are located in the water and at the water
edge, the algae are shiny, elastic, have an integral structure (i.e., they are “fresh”); then, the
wash-out is currently taking place. If the spot of algae is located on the beach and sprinkled
with sand or pebbles (algae are pressed, dried, have a dull look), then the wash-out is more
than 3 days old.

Microplastic particles have properties (size, density) similar to those of amber particles,
which are known to beach the Sambian Peninsula [22]. It has been shown that when
amber is washed out onto the seashore, a rush of anthropogenic litter is also observed
(Figure 2) [23]. The Sambian peninsula, in general, and the Kulikovo village, in particular,
are known for rich amber deposits. This gem attracts the attention of local residents and
tourists, so massive wash-outs inevitably attract public attention and are often advertised
on social networks and by media outlets. Knowing the natural connection between the
wash-outs of marine debris and amber in this paper, we also used the data from open
sources about these observations of the massive wash-outs of amber onto the beaches of the
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Sambian Peninsula. In the future, for the formation of the input parameters of the ANN,
the data of the amber wash-outs are supposed to be used as an additional parameter.

—— e

Figure 2. Example of marine debris wash-out with amber.

When choosing a specific site for the analysis, two criteria were applied: (i) the
presence of a large enough set of observations of wash-outs; and (ii) the presence of a
regular sandy underwater slope in the zone of deformation and the breaking of waves,
which is required for the formation of a more or less uniform wave field. On the basis of
these criteria, the beach of Kulikovo village of the Kaliningrad region (the length of about
5 km) was chosen as the study area among all the beaches of the Sambian Peninsula. This
part of the shore is located between Cape Gvardeisky and the root of the Curonian Spit. In
order to point out the location of the litter wash-out patch in further analysis, the beach of
the study area was subdivided into sections 100 m in length (from west to east, starting
from the Cape Gvardeisky), i.e., a total of 50 sections; see Figure 3. Since there are accurate
GPS coordinates for each case of a wash-out, they can be related to a certain section, which
will be the output value for the developed ANN.

During the observation period (2011-2019) on the shore of Kulikovo village, more
than 58 cases of wash-out spots of marine debris were recorded. This is the maximum
quantity among the other beaches of the Sambian Peninsula. Next, we selected the 25
most typical cases observed at different times of the year from 2013 to 2019, which were
analyzed in detail in this work (Table 1). All the locations of the wash-outs are shown on
the map (Figure 3). Selecting only one beach at the stage of analysis of natural drivers
allowed us to exclude the possible influence of anthropogenic factors, such as proximity of
settlements, inflowing rivers, fishing activity, etc., on the formation of a massive wash-out.
In this paper, anthropogenic factors were not taken into account; however, in the future,
their influence on the amount of anthropogenic litter in the mass of general marine debris
should be considered.
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Figure 3. Study area in southeastern part of the Baltic Sea.

Table 1. Parameters of meteorological and hydrophysical conditions at 12:00 local time (GMT + 2) for each observation.

No Date of the Wind Speed at Wind Direction, Significant Waves Mean Wave
) Observed Cast Height of 10 m, m/s Degrees Height, m Direction, Degrees

1 13 April 2013 35 230 0.52 270
2 12 June 2013 43 230 0.28 296
3 14 September 2013 6.9 90 0.65 50
4 24 November 2013 6.9 260 0.93 293
5 15 January 2014 7.8 80 0.70 54
6 30 March 2014 2.6 50 0.11 7
7 27 September 2014 6.1 290 0.75 292
8 6 January 2015 2.6 110 0.50 5
9 24 January 2015 6.1 180 0.47 320
10 31 October 2015 52 160 0.27 166
11 21 November 2015 2.6 100 0.50 354
12 5 December 2015 14.7 240 2.13 262
13 10 January 2016 43 130 0.76 132
14 12 January 2016 5.2 20 0.58 2
15 16 January 2016 3.5 360 0.61 350
16 18 June 2016 11.2 250 1.66 276
17 9 October 2016 7.8 100 1.00 64
18 4 June 2017 0 0 0.23 96
19 9 January 2018 52 230 0.57 298
20 16 June 2018 1.7 280 0.24 293
21 27 October 2018 12.1 260 2.32 263
22 4 November 2018 6.1 160 0.45 120
23 4 January 2019 52 280 1.50 297
24 13 April 2019 35 50 0.67 45
25 4 August 2019 52 340 0.59 357
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2.2. Meteorological and Hydrophysical Data

Meteorological and hydrophysical data are used as input parameters of the ANN
because they determine the situation as a whole. After training and testing the ANN, as
well as collecting more detailed data of monitoring of anthropogenic litter as a part of a
wash-out, the proximity of sources (rivers, settlements, fishing sites) should be considered.

The development of the meteorological and hydrophysical situation was analyzed
for each of the 25 selected cases of massive wash-outs within 10 days before the respective
wash-out events.

For the analysis of the meteorological situation, data related to wind speed and di-
rection were considered, and they were obtained on the offshore ice-resistant oil mining
platform D-6 (20.67° E, 55.28° N, Figure 2). This is located in the open sea at a depth of
30-35 m, 42 km off the northern shore, and was selected for our analysis. Wind measure-
ments were performed with steps of 1 h at a height of 32 m; thus, before the analysis,
the procedure for adjusting the speed values to the standard height of 10 m was applied

according to the Formula (1):
- (2) (1>
Wio z10/) ’

where w,—wind speed at the height z; wjp—wind speed at the height of 10 m; exponent
p = 0.125. This method of reduction is common, and it is widely used by climatologists,
forecasters, and engineers [24].

The hydrophysical situation was characterized by the development of surface waves
according to the Copernicus reanalysis data [25]. The sea surface wave field was charac-
terized by a combination of waves of different heights, lengths, and directions, which is
known as a two-dimensional wave spectrum. The spectrum of waves can be decomposed
into wind waves, which are directly driven by local winds, and swell, i.e., the waves that
were created by the wind earlier or in another region. In this paper, the significant height of
combined wind waves and swells was used for the analysis. The values of these significant
waves’ height and direction, with the time step of 1 h, were analyzed within the 0.5° square
(around the point 20° E, 55° N) and 10 days before each of the observed wash-outs of
marine debris to the shore.

3. Results

In total, an analysis of the development of the hydro-meteorological situation in
25 cases of massive marine debris wash-outs on the shore of the Sambian Peninsula was
carried out (Table 1). For the analysis of all cases, we used an observation period of 10 days
before the wash-out event.

3.1. General Environmental Scenario

To develop an ANN model, it is necessary to understand how the meteorological
and hydro-physical situation develops prior to the wash-out. Most of the observed cases
of wash-outs (84%) developed following a similar scenario. As a typical case, No.5 of 15
January 2014 was chosen (Table 1): observers’ records confirm that the wash-out continued
during the observation, i.e., large amounts of algae were found at the shoreface and in the
water (Figure 4). Additionally, on this day, a wash-out of amber was observed. With the
example of observation No.5, we consider the typical development of the hydrophysical
and meteorological situation 10 days before the wash-out.
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(b)

Figure 4. The photo of wash-out for case No.5: (a) Section 1. A narrow strip 1-1.5 m wide, about 100 m long; (b) Section 2.
A narrow strip, turning into spots up to 6-8 m wide, about 400 m long.

As can be seen from Figure 5, the wind speed began increasing from 21:00 (local,
GMT + 2) on 8 January 2014; over 6 h, it increased from 6 to 14 m/s. Over this time, the
wind direction changed from S-SW to the opposite, W-NW, and it remained the same
until 08:00 a.m. on 12 January 2014. Over 4 days, wind subsidence down to 4 m/s and
sharp increases up to 23 m/s were observed. A similar pattern was also observed in the
development of surface waves (Figure 6). From 17:00 on 8 January 2014, the height of the
significant waves, approaching the shore from western directions, began increasing. At the
peak moments on 10 January 2015, the heights of the significant waves reached 4.4 m.

25

20

=
»

i
o

Wind speed (m/s)

Figure 5. Change in wind speed (graph) and wind direction (arrows) from 6 January 2014 to 16
January 2014.

At 23:00 on 12 January 2015, the wind speed and the height of the significant waves
began to decrease. Wind and wave directions smoothly changed from the west to the north;
they became perpendicular to the considered shore toward the time of the wash-out event
(Figures 5 and 6).

3.2. Duration of the Modeling Period

Based on the observations, assumptions were made about the main causes of the
massive wash-out of marine debris, namely the phase of wind subsidence, a change in the
direction of wind, and the wave height [11]. To confirm these parameters, as well as to
determine whether there was a similarity between the developments of different wash-out
situations, correlation matrices were calculated for each of the parameters considered in
this work (Figures S1 and S2). Pairwise correlations were calculated using the Pearson
criterion between the development in time of the parameters (wind, waves) observed
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during the formation of the wash-outs listed in Table 1. Each case of observation was
represented as the set of values for 10 days with a step of 1 h (240 values, Figure 7).
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Figure 7. Variations in the significant wave height for cases No. 8, 17, 18, 21, and 24 10 days before
the wash-out event. The curves are synchronized using the time of the wash-out event (right-hand
side, day 0). Coefficients of correlation with the development of wave situation are shown relatively
occasions case No. 8.

The maximum correlation coefficients in the development of the wash-out situations
were found for the following parameter: “significant wave height”. For example, in cases
No. 8 and No. 18, the correlation coefficient was 0.84, and No.8 and No. 21 were 0.77
(Figure 7). Based on this, it can be concluded that developments of the wave field during
wash-outs in different periods of observation are, to some extent, similar. Moreover, if the
time interval is reduced to 5 days, then the correlation coefficient can reach 0.94 (e.g., for
cases No.17 and 20).

Of course, there are pairs of cases with almost zero correlation (28.6% of the pairs
under consideration have correlation coefficients in the range —0.2 < r < 0.2), i.e., with the
absence, at a first glance, of a similarity in the development of the wave field; there are also
pairs with a negative correlation (34.6% of the pairs under consideration have negative
correlation coefficients r < —0.2), i.e., the opposite development trend. The reason for these
might be the following:
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(i) Inaccuracy of binding observations to time: the wash-out ended before it was recorded.
Observers can only state the fact of the presence of marine debris on the shore, while
the wash-out could have happened earlier.

(ii) Too long a time span was selected for correlation analysis. Indeed, with a decrease in
the sampling period, a slight increase in the correlation coefficient was found.

There are various methods for analyzing wind and wave directions. For example, one
method has been proposed by Walmsley and Bagg to solve the problem of the circular
scale of wind direction and correlation [26]. In this paper, visual analysis of directions was
used, with help from the “wind rose” for the wind direction and the “wave rose” for the
wave direction.

As seen at Figure 8, during the observation period of cases No. 8, 18, and 21, the
N-NW directions prevailed. If we take a closer look at Figure 6, it can be seen that for case
No. 5, the subsiding phase was slightly less than 2 days, or 42 h (the period is highlighted
on the graph). Throughout this period, the direction of the wave and wind was N-NW. For
case No. 18, the subsiding phase was also 42 h and, for case No. 21, the subsiding phase
was 52 h; all the cases had the same wave direction.
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Figure 8. Roses of the distribution of the direction of the significant wave for 5 days before the moment of observation:
(a) for case No. 8; (b) for case No. 18; (c) for case No. 21.

In terms of wind speed, we can also delineate the subsiding phase. The duration
of this phase corresponds approximately to the duration of the wave subsiding phase.
However, the wind direction is not so definite. Therefore, for example, for cases No. 8
and No. 21, the N-NW direction prevails, while for case No. 17, the eastern direction is
pronounced; for case No. 9, the direction is from SE-SE.

Despite the fact that the correlation coefficient increases with a decrease in the time
interval, we decided to use the period of exactly 10 days. During a storm, the western
direction of the wind and waves predominates for a long time before the release. This is
typical for the majority of cases considered in this work (72%). Therefore, a western wind
can be considered one of the determining factors in the release of marine debris in the area
studied in this paper.

3.3. Training Set

From the obtained characteristic picture of the formation of conditions for wash-
out, it can be seen that the hydrodynamics exert an obvious influence; this influence is
related to the height and direction of the significant waves in concomitance with the shore
geomorphology. Based on this, the following conclusions can be drawn:

(i) Wash-out is observed during the phase of the storm that is subsiding (decrease in
significant wave height and wind speed). The duration of the subsiding phase is, on
average, about 2 days (48 h).

(i) The mean direction of the significant wave during the entire subsiding phase is
predominantly perpendicular to the shore (from N-NW for the considered beach).
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(iii) The minimum significant wave height value in the subsided phase at which the
wash-out took place was, on average, about 0.58 £ 0.28 m.

Based on these conclusions, it is possible to form the input data for the ANN. In
addition to the obvious parameters (wind speed and direction, height and direction of
the significant wave), it is necessary to add the duration of the storm’s subsiding phase
to the input data of the ANN, as it is one of the main factors that affects the release of
marine debris.

3.4. ANN Basic Structure

For forecasting models in general, two Al techniques are the most popular: a decision
tree (DT) and an artificial neural network (ANN). For the task of predicting the wash-outs of
marine debris to the shore, the model of a multilayer perceptron network (MLPN) is more
suitable [27,28]. It is a type of network in which each of the modules performs a weighted
biased sum of their inputs and passes this activation level through a transfer function
to receive their output. Modules are arranged in a multi-level feedforward topology.
Thus, the network has a simple interpretation as a form of an input-output model, with
weights and thresholds (biases). Such networks can simulate functions of almost arbitrary
complexity [27].

Principally, it is necessary to perform the following steps for the creation of an ANN:
(i) collecting input data; (ii) preprocessing of input data; (iii) building the network; (iv) train-
ing the network; (v) testing the network. In this paper, in addition to the obvious input
data (wind speed, and the direction and the height and direction of the significant waves),
we showed the importance of the duration of the storm with a predominantly westerly (for
the considered testing region) wind. The length of the subsiding phase is also an important
factor. These parameters were also chosen as input data for the ANN.

The input data must have a direct impact on the result the network produces; other-
wise, errors in operation are inevitable. The use of original data can cause a convergence
problem [27,29]. To avoid this, the original meteorological and hydrophysical data are
converted to values from the interval (0:1). This representation of the data is called normal-
ization. Here, the min—-max normalization was used as a normalization method. Locations
of the wash-out areas in output data (their GPS coordinates) are converted to the inter-
val (1:50), in correspondence with their numbering within the study area (see Section 2.1
for detail). For the network to work correctly, the values of this interval must also be
normalized.

Each input element of the neural network represents a vector of the form:

Xi = (Xl,X2 ey xk); (2)

where x;j—hourly values during the selected interval (10 days), k = 240. As described above,
it is additionally necessary to normalize the data of vector X; to the range (0;1). A binary
representation of the same vector X; will be used to set the duration of the storm and the
phase of subsiding. That is, during the storm phase, x; = 1; otherwise, x; = 0. This is similar
for the subsiding phase of the storm.

The output layer of the network consists of two elements: Y; € (0;1)—forecasted
section of wash-out; uY, € (0;1)—time of wash-out. After the network starts working, the
received data must be denormalized.

To solve the problem of forecasting the wash-out of marine debris, a three-layered
neural network was developed (input layer, hidden layer, and output layer) comprising a
nonlinear sigmoid transfer function for the hidden layer and a linear transfer function for
the output layer (Figure 9). It is this network structure that has shown the best results in
practice, such as in the case of predicting upwelling [28].
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Figure 9. The ANN structure for analysis of natural conditions.

4. Discussion

Massive wash-outs of marine debris on the shore of the Sambian Peninsula are tra-
ditionally associated with wind direction [11]. Therefore, prior to the analysis of specific
cases of wash-outs, including those used in this paper, it was assumed that the key factor
influencing the wash-outs of marine debris from the sea to the shore was the direction
of the wind and the exposition of the particular shoreline. Historical sources describing
wash-outs of amber on the shore of the Sambian Peninsula claimed that this phenomenon
was observed in the presence of a wind that was directed perpendicularly to the shore [30].
However, as is evident from our analysis, this was not always the case. The direction of
significant waves happened to be much more characteristic.

The influence of waves on the wash-outs of marine debris is evident while the storm
is subsiding. However, before this phase, in almost all the cases, there was a long period
in which the direction of the significant wave was westerly. Apparently, this is due to the
exposure of the selected study site, as suggested by similar studies on the western shore
of the Sambian Peninsula. At the same time, storms from W and SW are typical for the
considered area. This might suggest that the role of the storm itself (i.e., before its subsiding
phase) supports energetic mixing that is strong enough to tear seagrasses off their roots;
this process does not generally depend on wind direction.

The structure of the ANN is individual for each task. Only by experimental methods
is it possible to determine network parameters such as the number of hidden layers or
activation functions. Additionally, although the model proposed in this article is the most
optimal for a task such as forecasting, only further fine tuning will help to minimize errors
as much as possible.

The data obtained as a result of this work are obviously necessary but probably not
sufficient to create a predictive ANN model of marine litter wash-outs (in its natural aspect).
For example, in addition to the hydrophysical parameters described in this work, the wash-
out may be influenced by the speed and direction of currents in the coastal zone. According
to preliminary data, the wash-outs of marine debris may coincide with the formation of rip
currents in coastal zones [31]. If so, the discussed predictive system may also be used to
inform people about this dangerous phenomenon.

In creating of a scientifically based marine litter monitoring system, further field and
modeling efforts are required for the following: (i) to predict the share of anthropogenic
litter among the beached items; (ii) to evaluate the residence time of litter on the shoreline.
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5. Conclusions

The development of hydrophysical situations that lead to a large wash-outs of marine
debris on the Baltic Sea shore is disclosed. The wave subsiding phase after storms is
the most important parameter; its duration is about 48 h. During this time, the heights
and directions of the significant waves in all the considered cases developed in a similar
manner. These parameters should be considered as the most valuable for the formation
of marine debris wash-outs, and they were used as input data for the ANN to develop a
forecasting system.
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