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ABSTRACT
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Accepted: 18 October 2021 life and trade opportunities of the Marmara Sea, has more and more serious consequences
day by day. The rapid detection of the spreading areas of the mucilage is of great importance
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other ecological analysis, especially thanks to the ability to take images from the same region
with frequent repetitions. Within the scope of this study, the mucilage distribution areas
on the sea surface in the Dardanelles Strait, Gemlik Bay and Izmit Bay were investigated
temporally and the concentration of chlorophyll-a, which is the main component organic
matter of phytoplankton, and it is also the main cause of mucilage in the sea, was investigated
and associated with mucilage areas. The satellite images used in the study were obtained from
the Sentinel-2 multispectral optical satellite and the areas were determined by interpreting
the images before and after mucilage propagation. Normalized Water Index (NDWI), a band
index, was used to determine the mucilage area. As a result of the analysis, the mucilage rates in
the sea were determined from the images on the dates used in the study. These rates were found
as approximately 2.03% in the Dardanelles Strait, approximately 6.80% and 3.52% in the Gulf
of Gemlik, where satellite images were examined at 10-day intervals, and approximately 7.44%
in the Gulf of Izmit. When we look at the increase in the chlorophyll-a concentration in the sea
for the same regions and dates, it is detected as about 0.84% in the Dardanelles Strait, 272.64%
and 84.06% in the Gulf of Gemlik, and 8.22% in the Gulf of Izmit. When we look at the results,
it is understood that the chlorophyll-a concentration and the spread of the mucilage layer are
related to each other. In the light of these results, it is expected that using remote sensing
techniques can be easily used for detecting mucilage, which is formed on the sea surface
and spreads over large areas, and be a preliminary analysis study for rapid interventions.
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INTRODUCTION

Life below water, which is the 14th article of the
Sustainable Development Goals (SDGs), which came into
force in 2016 by the United Nations and covers the goals
until 2030, aims to protect the biodiversity in the seas
and oceans and to use these resources sustainably [1]. For
Turkey, which is surrounded by seas on three sides due to
its geographical location, the lack of protection of marine
areas may lead to the destruction of the marine ecosys-
tem that may be encountered in the future and the loss of
commercial activities. In the fishery utilization statistics
released by the Turkish Statistics Agency, the marine fish
catch in 2020 is determined to be 291,000 tons and 910 tons
[2]. In a sea area with such a wide range of fisheries, seawa-
ter pollution must be kept to a minimum in order to protect
the diversity of fish.

The Sea of Marmara is an inland sea with a total of
six coasts, namely Istanbul, Tekirdag, Canakkale, Kocaeli,
Yalova and Bursa. Besides fishing activities, it has a strategi-
cally important maritime traffic route because it connects
the Mediterranean and the Black Sea [3]. Since the Sea of
Marmara is a region with intense maritime traffic, oil and
other wastes leaking from ships cause a high level of sea
pollution problems [4]. In the Sea of Marmara, which is
on an important sea transit route, there are substances that
affect the number of bacteria in the sea in the ballast water
that many ships coming from various ports leave directly
into the sea [5]. Another major factor in marine pollution is
the large heavy industrial zones in the Marmara Sea basin.
Most of these industrial zones release their wastes directly
into seawater without any treatment [6]. In addition, the
direct meeting of the currents from the Black Sea and the
Mediterranean Sea in the Marmara Sea causes the prolifera-
tion of pollutants in this inland sea [7,8].

Harmful phytoplankton poses a major problem for the
sustainable development of sea coasts and interior areas
[9]. Lancelot determined in his study that every spring,
Phaeocystis which is a phytoplankton species, creates a
large algal bloom due to disruptions in the food chain and
covers the entire North Sea coast [10]. The mucilage formed
as a result of this algal bloom has been stated as the accu-
mulation of certain climatic conditions and organic mat-
ter [11,12]. Marine mucilage, also called sea snow, causes
small-sized organisms to attach to each other when suitable
temperature conditions occur, and as a result, spread over
very large areas with a nebula image [13]. Mucilage, which
is scientifically known as algae bloom, leads organic mat-
ter accumulation faster than it should be, reduces oxygen
level in the sea and causes substantial damage to the marine
bio system. Owing to its rapid spread and wide coverage,
mucilage can greatly affect marine ecosystems, fisheries,
and tourism [14]. The intensification of mucilage formation
depending on climatic conditions and sea temperature has
been shown in certain studies in the literature [15-17].

In the Sea of Marmara, an algae explosion occurred
recently in 2007, and most of the sea surface is covered
with mucilage. In the study of Tiifek¢i, the mucilage con-
tent of the samples collected from the Gulf of Izmit was
examined and it was determined that the structure was
formed as a result of 3 different phytoplankton species [18].
Artiiz’s report in 2007, in which he examined the mucilage
spread and its causes as a result of the algae explosion in
the Marmara Sea, showed that the accumulated mucilage
did not disappear with the change in water temperature,
but only changed its form [19]. In this way, he stated in his
report that it cannot be said that the effect is completely
over and that the problems will increase in the future. In the
study conducted by Keles et al. in 2020, the negative effects
of the mucilage covering the Marmara Sea and affecting the
marine ecosystem in 2007 on the fishing sector were exam-
ined and it was shown that the fishery incomes decreased
greatly [20].

Remote sensing is critical for the continuous moni-
toring and protection of the environment, as it provides
rapid, repeated observations, coverage of large areas,
and continuous imaging [21]. In terms of environmental
analysis, agricultural developments, urban land devel-
opment, deforestation, and hydrological analysis can be
cited as areas of use for remote sensing [22-24]. As for
the marine and ocean pollution, remote sensing tech-
nologies allow real-time monitoring of oil and chemi-
cal spills, high algal blooms, and many other pollutants
on the water surface [25]. In the literature, it has been
shown in many studies that optical and radar satellites
are used to detect chemical leaks, especially from ships to
the open seas and in ports [26-29]. In order to determine
the water quality according to the color scale of seawater,
different parameters such as chlorophyll-a concentration,
total suspended matter, turbidity are examined according
to the reflection values of optical satellite images in water
[30-33]. There are studies with remote sensing methods
for the marine mucilage problem in the Sea of Marmara
in 2021. Acar et al. demonstrated the fast detectability of
mucilage areas with the Google Earth Engine and deter-
mined the mucilage areas instantly with high accuracy
[34]. Again, in the study of Kavzoglu et al., pixel and
object-based classification methods were used while
determining the mucilage areas, and it was determined
that the object-based classification method gave a higher
accuracy result [35].

Chlorophyll-a concentration is one of the most com-
mon parameters for evaluating phytoplankton dynamics
and carbon cycle events for mucilage detection [36,37].
Chlorophyll-a concentration, which is the main pigment
of harmful phytoplankton, and is also known as algal
blooms and causes mucilage, is a parameter that shows the
trophic state of water [38-40]. The important point is that
chlorophyll-a level does not provide sufficient information
for mucilage detection. The direct cause of mucilage is not
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chlorophyll-a. The presence of chlorophyll-a in water may
be due to many different factors. Studies added to the lit-
erature have shown that parameters determining the rate of
water pollution such as chlorophyll-a may increase in shal-
low coasts under different conditions [41]. It is also used
as an important parameter in the determination of algal
blooms, water clarity and in-water nutrient concentrations
[41]. Chlorophyll-a concentration has been used in many
studies and added to the literature for the examination
and analysis of water quality with optical satellite images.
Watanabe et al., carried out a study using Landsat-8 satel-
lite images, and observed the increase of phytoplankton,
which is organic matter, depending on the chlorophyll-a
concentration in man-made water reservoirs, and mod-
eled the trophic image [42]. Since spectral band values are
used to observe the chlorophyll-a concentration, studies
have also been carried out with different optical satellites.
For example, in a study conducted by Augusto-Silva et al.
in 2014, the images of the European Space Agency’s MERIS
satellite, whose mission was terminated in 2012, and the
Normalized Chlorophyll Index (NDCI), an image analysis
index of chlorophyll-a concentration values according to
image reflection values, were compared [43]. Its usability
in the detection of organic matter in reservoirs has been
investigated.

Within the scope of the study, the Sentinel-2 an optical
satellite of the European Space Agency, was used. Detailed
information about the satellite is given in the method sec-
tion. When water quality analysis is performed with the
help of Sentinel-2 chlorophyll a concentration, it can work

in micro-regions due to its high spatial resolution of up to
10 meters [44]. The Sentinel-2 satellite is not designed for
remote sensing directly on the water surface, but it pro-
vides sufficient resolution to distinguish water bodies from
land [45].

The purpose of this research is to use Sentinel-2 opti-
cal satellite imagery to determine the area of mucilage on
the sea surface and determine the area they cover. The
Normalized Water Index (NDWI), which was obtained
from different band values of the satellite image, was used
to separate the water surface from the mucilage, and thus
the temporal spread of the mucilage in the determined
study areas was determined. In addition, the chlorophyll-
a concentration calculation was carried out for different
dates with the help of optical satellite images taken from the
sea, and the relationship between the formation and spread
of mucilage in the Sea of Marmara, which is considered as
an algae explosion, and the chlorophyll-a concentration in
the seawater was examined. Thus, the mucilage problem,
which is a big problem for the ecology of the Marmara Sea
and the trade route, is aimed to be a preliminary analy-
sis for the local cleaning studies to be carried out in the
regions where the mucilage layer is concentrated by quickly
detecting the regions with high spread with remote sensing
methods.

STUDY AREA AND DATA

The study area samples were chosen on the Dardanelles
Strait, Gemlik Bay, and Izmit Bay. The mucilage was first
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Figure 1. Study area.
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Table 1. Sentinel-2 satellite image properties

Bands Central wavelengths(um)  Wave width(nm) Spatial resolution (m)
Band 1 - Coastal Aerosol 0.443 20 60
Band 2 - Blue 0.490 65 10
Band 3 - Green 0.560 35 10
Band 4 - Red 0.665 30 10
Band 5 - Vegetation Red Edge 0.705 15 20
Band 6 - Vegetation Red Edge 0.740 15 20
Band 7 - Vegetation Red Edge 0.783 20 20
Band 8 - Near-Infrared (NIR) 0.842 115 10
Band 8A - Vegetation Red Edge 0.865 20 20
Band 9 - Water Vapour 0.945 20 60
Band 10 -Shortwave Infrared (SWIR)- Cirrus  1.375 30 60
Band 11 - Shortwave Infrared (SWIR) 1.610 90 20
Band 12 - Shortwave Infrared (SWIR) 2.190 180 20

Table 2. Image acquisition dates

Image No Study area

Sentinel 2 Image Acquisition dates

Mucilage Observation Status

1 Dardanelles Strait 3 March 2021 Before
2 Dardanelles Strait 12 April 2021 Present
3 [zmit Bay 1 September 2020 Before
4 [zmit Bay 19 May 2021 Present
5 Gemlik Bay 11 October 2020 Before
6 Gemlik Bay 9 May 2021 Present
7 Gemlik Bay 19 May 2021 Present

seen in Dardanelles Strait in the Sea of Marmara in early
April 2021, then seen in Gemlik Bay and Izmit Bay on the
coasts of Bursa in May 2021 where mucilage covered a large
area. In Figure 1, the locations of the study areas where sat-
ellite images were taken are shown on the map.

The optical satellite image used was obtained from the
Sentinel-2 constellation satellite images launched into its
orbit as part of the European Space Agency’s Copernicus
program. The Sentinel-2 satellite is an optical satellite
launched into orbit in 2014. Sentinel-2 is a multi-band
satellite system with 13 spectral bands. The spatial resolu-
tion of the bands varies between 10 m and 60 m, and it has
a coverage area of 290 km. Thanks to the Sentinel 2a and
Sentinel 2b constellations, the same region can be imaged
every five days [46]. The advantage of the Sentinel-2 opti-
cal satellite over the optical satellites launched into orbit in
previous years is that it offers a higher spatial resolution
and has more spectral bands [47]. In Table 1, the technical
specifications of the images taken from the Sentinel-2 satel-
lite are given.

In the scope of the study, a total of 7 optical satellite
images were used for three different regions. Three of the
optical images used were obtained before the spread of the
mucilage layer to the regions, while the remaining four
images were obtained after the mucilage layer spread over
the sea. Image acquisition dates are given in Table 2.

The reason for the differences between the pre-and
post-event acquisition dates is that optical satellite images
are affected by weather conditions. Since factors such as
cloud ratio affect the visibility of clear places in the satel-
lite image, image acquisitions were carried out on the dates
when the most suitable conditions were created in different
study areas. For this reason, 2 satellite images are available
for the Dardanelles Strait and Izmit Bay, on the other hand
3 satellite images are available in the Gemlik Bay. The rea-
son for the differences in the number of satellite images is
the absence of satellite imagery under suitable conditions
on the days when there is a mucilage layer on the sea sur-
face in both study regions. The first image was chosen when
no mucus formation was observed on the sea surface, and
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Figure 2. Sentinel-2 optical satellite images used in the study.

the second image was chosen after the mucus was spread
on the sea surface. The satellite image provided is shown in
Figure 2, with visible band composition.

METHODOLOGY

In order to perform the study, first it is necessary to col-
lect available cloudless satellite images for the defined study
areas. Then the satellite images need to composed by using
different band combinations to determine the spreading
areas of the mucilage. Next, the chlorophyll-a concentration
in the optical images of the same date is calculated in order
to monitor the organic matter ratio in the regions where
the mucilage areas are concentrated. Finally, the correla-
tion between chlorophyll-a concentration and the spread
of mucilage areas are examined and interpreted. Figure 3
shows the workflow in the study.

DETECTION OF MUCILAGE AREAS

Normalized Water Index (NDWI) images were obtained
by using the combination of optical satellite image bands
to detect mucilage areas formed on the sea surface. The
NDWTI was first developed by McFeeters in 1996 to iden-
tify bodies of water. McFeeters (1996) found that NDWI
takes advantage of reflected near infrared and green light
in the visible region while removing terrestrial features and
vegetation [48]. NDWI is one of the most suitable methods
for detecting water bodies by remote sensing [49]. This is
because NDWI obtained from remote sensing data is very
sensitive to the change in hydrological conditions [50]. The
NDWI formula is as follows [48];

[ Optical Images ]

A 4
[ NDWI Implementation ]

Determination of the
Mucilage Areas

Determination of the
Chlorophyll-a
Concentration

Comparison of the Mucilage
Areas and Chlorophyll-a
Concentration

Figure 3. Workflow of the study.
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Green Band — Near — Infrared(NIR) Band
NDWI = 1
Green Band + Near — Infrared(NIR) Band

In the study, visible (VIS) and infrared (IR) bands of
Sentinel-2 satellite images were used. The Green Band
corresponds to Band 3 with a center wavelength of 0.560
um, while the Near Infrared (NIR) band corresponds to
Band 8 with a center wavelength of 0.842 um. The rea-
son for using these bands when identifying water areas is
that NIR achieves minimal reflection from water surfaces
while achieving a high level of reflection in non-water
areas [51]. It is also desired to maximize the reflection of
the water surface by using the green band. The first pro-
cedure to detect the mucilage area is to use the NDWI
value to detect the sea surface from a satellite image taken
before the mucilage spreads to the surface of the sea. Then,
the sea areas were determined again by using the satel-
lite images and NDWI values gathered after the mucilage
spread over the sea surface. The differences between the
sea areas obtained before and after the mucilage spread on
the sea were calculated, thus the mucilage area on the sur-
face was obtained. In addition, the mean NDWI values for
each image were calculated, and the mean value changes
before and after mucilage were compared. While NDWI
values were calculated, band combinations were obtained
with ArcGIS software.

CALCULATION OF CHLOROPHYLL-A
CONCENTRATION IN STUDY AREAS

Chlorophyll-a concentration was calculated in order to
calculate the time-dependent variation of the amount of

organic matter on the sea surface and to correlate before
and after the dissemination of mucilage on the sea surface.
The increase in the concentration of chlorophyll-a leads to
organic load and organic waste precipitation in the water
deeper, resulting in the fragmentation of bacteria and the
reduction of oxygen in the water, and the lack of oxygen in
the marine ecology [52].

In order to determine chlorophyll-a by remote sens-
ing method, the relationships between narrowly spaced
bands or reflections in band ratios and chlorophyll-a are
examined [53]. The algorithms based on the relationship
between chlorophyll-a and the regions in the visible part
of the spectrum referred to as the “red edge”, show a cor-
relation between the reflection difference between the near-
infrared and the red region [54]. These spectral regions are
suitable ranges for determining the concentration of chlo-
rophyll-a, even in water with a high percentage of dissolved
substances [55].

In this study, the Sentinel-2 satellite was used to detect
chlorophyll-a concentration, which can be detected in in a
very narrow range of electromagnetic spectrum, due to its
multi-spectral feature. The Sentinel-2 bands closest to the
ranges in which the chlorophyll-a concentration is opti-
mally detected are Band 4 - Red with a central wavelength
of 0.665 pm and Band 5 - Vegetation red edge with a cen-
tral wavelength of 0.705 pm, respectively. Chlorophyll-a
concentration was calculated for before and after mucilage
spread in the study areas, and the average concentration
values were recorded in micrograms/L (mgm?). Finally,
after calculating the chlorophyll-a concentrations in the
study areas, their compatibility with the mucilage areas
extracted using NDWTI and the relationship between them
were examined.

Figure 3. Dardanelles Strait - NDWI map (The image on the left is before mucilage, and the image on the right is the

presence of mucilage).



Sigma J Eng Nat Sci, Vol. 40, No. 3, pp. 673-684, September, 2022

679

I-l

Figure 4. [zmit Bay - NDWI map (The image on the left is before mucilage, and the image on the right is the presence of
mucilage).

Figure 5. Gemlik Bay - NDWI map (The image above is before mucilage, and the images below shows the presence of

mucilage ten days apart).

RESULTS AND DISCUSSION

First of all, NDWI images were obtained by using satel-
lite images taken before and after the mucilage propagates
at the sea. The mucilage coverage was determined and plot-
ted from the NDWI images (Figure 3, Figure 4, and Figure
5). The color scale next to the figures shows the intensity
of the NDWI reflection values. A low NDWTI values are
close to -1, while 1 indicates high NDWI values. On the
other hand, reflections close to -1 are shown in black, while
reflections close to 1 are shown in white.

The mucilage area of the study area is obtained by sub-
tracting the difference between the sea area pre and after
the event. The percentage of change is the ratio of these
areas to each other. In addition, the average NDWI values
in the satellite images were calculated and the differences
were examined. Average NDWI values are the mean of the
total NDWI values of all pixels in an image. As the muci-
lage areas increases, the mean NDWI value is expected to
decrease. In Table 3, the mucilage area, the percentage of
mucilage area, and the average NDWI value of all study
areas are calculated and displayed.

When we look at the results in Table 3, it is seen that
the mucilage spread on the sea surface is compatible with
the NDWI maps. Considering the acquisition dates of

Table 3. Mucilage areas and mean NDWI values for all
study areas

Image Sea Area Mucilage Mucilage Average

Number (m?) Area (m?) Area Change NDWI
Percentage (%) values

1 20720,73 - - 0,0367

2 20299,14 421,59 2,03 0,0009

3 25102,12 - - 0,2188

4 23235,62  1866,50 7,44 0,1850

5 86366,43 - - 0,2629

6 80491,99  5874,44 6,80 0,0013

7 83428,84  2937,59 3,52 0,1090

the satellite images, a 421.59 m? mucilage formation was
observed in the Dardanelles Strait between March 3 (Image
1) and April 12 (Image 2), 2021. It was observed that the
mucilage formed on the sea surface on May 19 (Image 4),
2021 in the Gulf of Izmit covers an area of 1866.50 m*. In
the Gulf of Gemlik, a mucilage spread of 5874.44 m? is seen
in the satellite image gathered on May 9 (Image 6), 2021,
and of 2937.59 m? in the satellite image gathered on May 19
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(Image 7), 2021. It was observed that there was a decrease
in mucilage areas in the Gemlik Bay within a 10-day period.
When we look at the changes in the mucilage area as a per-
centage and the dates of the image acquisition are taken
into account, it is observed that approximately 7.44% of the
sea surface in the Gulf of Izmit is covered with mucilage.
Also the highest mucilage coverage value is the on May 9,
2021. It was observed that mucilage coverage of the sea sur-
face was approximately 6,80% in the Gulf of Gemlik.

As we examined the average NDWTI values in the sat-
ellite images, the satellite images gathered before the
mucilage propagation started in the Marmara Sea and
the average NDWI values in the satellite images acquired
after the mucilage propagation took place were compared.
The average NDWI value, which was calculated as 0.0367
before mucilage formation in satellite images taken from
the Dardanelles (Image 1-2), was calculated as 0.0009 after
mucilage spread. On the other hand, in the satellite images
showing the Gulf of Izmit (Image 3-4), the average NDWI

value, which was calculated as 0.2188 before mucilage for-
mation, was calculated as 0.1850 after the mucilage spread.
Finally, when looking at the satellite images taken from the
Gemlik Bay (Image 5-6-7), the average NDWI values calcu-
lated before the mucilage spread was calculated as 0.2629,
while it was calculated as 0.0013 in the satellite image dated
May 9, 2021, where the most mucilage area was detected. In
the satellite image taken on May 19, 2021, where less muci-
lage area was detected than on May 9, 2021, the average
NDWI values were calculated as 0.1090.

When we examine the mean chlorophyll-a concentra-
tions in the sea areas before and after the mucilage spread,
the value calculated as 0.3697 mgm™ before the mucilage
spread (Image 1) in the Dardanelles was calculated as
0.3728 mgm™ at the time of the mucilage spread (Image 2).
There was an increase of approximately 0.84%. In the Gulf
of Izmit, the average chlorophyll-a concentration value,
which was calculated as 0.684 mgm™ before the mucilage
spread (Image 3) started, was calculated as 0.7402 on May

Figure 6. Dardanelles Strait — Chlorophyll-a Concentration map (Left image before mucilage, right image after mucilage

propagation).

M

f

A

Figure 7. Izmit Bay - Chlorophyll-a Concentration map (Left image before mucilage, right image after mucilage

propagation).
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Figure 8. Gemlik Bay — Chlorophyll-a Concentration map (Top image before mucilage, bottom image after mucilage

propagation at ten days interval).

Table 4. Mean Chlorophyll-a Concentration values and
changes for all study areas

Image Mean Chlorophyll-a Mean Chlorophyll-a

Number Concentration Concentration
(mgm™) Change (%)

1 0,3697 -

2 0,3728 0,84

3 0,6840 -

4 0,7402 8,22

5 0,2372 -

6 0,8839 272,64

7 0,4366 84,06

19, 2021, the date of the mucilage spread (Image 4), with an
increase of approximately 8.22%. Finally, the average chlo-
rophyll-a concentration values in the Gulf of Gemlik were
examined and it was calculated as 0.2372 mgm before the
mucilage spread (Image 5) began. Chlorophyll-a concen-
tration values were obtained as 0.8839 mgm™ and 0.4366
mgm, respectively, on May 9 (Image 6), 2021 and May 19
(Image 7), 2021, when the mucilage areas in the region were
the largest. When we look at the rate of increase in chlo-
rophyll-a concentration in the Gulf of Gemlik, there has
been a change of approximately 272.64% on the date when
the most mucilage area was detected, compared to the date
when mucilage did not begin to spread. On May 19, 2021,
a change of approximately 84.06% was observed. Marine
chlorophyll-a concentration maps obtained from satellite
images are shown in Figure 6, Figure 7, and Figure 8.

The average chlorophyll-a concentration values calcu-
lated for all satellite images and their percentage changes
are given in Table 4.

CONCLUSION

Within the scope of this study, mucilage, which is seen
as the biggest ecological problem of the Marmara Sea in
2021, also called sea saliva, is discussed. Recently, remote
sensing method as a rapidly evolving technology, provides
the quick detection of mucilage so as to take early precau-
tion for the mentioned environmental problem.

The selected regions within the scope of the study have
strategic importance due to their location on maritime
transport and trade routes. As a result of the analyzes and
calculations, mucilage areas on the sea surface were deter-
mined quickly and were associated with the ratio of chloro-
phyll, an organic substance.

In this study, remote sensing methods were used to
detect these organic substances. In addition, with the
NDWI information used to determine the water areas,
the mucilage collecting as a layer on the sea surface can be
appropriately detected. It has been tried to show that the
chlorophyll-a concentration is also high in images with
increased mucilage areas. Chlorophyll-a concentration is
not a parameter found in water only because of mucilage.
Certain chlorophyll-a concentrations were detected in the
study areas before the mucilage spread began. Different lev-
els of chlorophyll-a concentration can be observed depend-
ing on different factors, independent of mucilage. But in
the study aim in line with its purpose and the results, the
increase in mucilage areas was associated with the increase
in chlorophyll-a concentrations. It has also been shown in
the study that when the mucilage areas and chlorophyll-a
concentrations are compared visually, the mucilage spread
can be accurately determined and suitable locations can be
quickly determined to take precautions.

When inspecting the results, it was observed that the
mucilage areas and the average chlorophyll-a concentration
values in the satellite images taken before and after the event
indicate a considerable correlation. This shows that remote
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sensing provides the opportunity taking early precautions
for mucilage, because of the rapid detection of the affected
areas. In the future works, Dardanelles Strait to Black Sea
will be examined within the disciplines of remote sensing
and geographic information systems, and it is planned to
work on risk analyzes on these routes.
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