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Table 1. Geographical coordinates of sampling stations on the coasts of Sistan and Baluchestan
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Fig. 1. Geographical location of sampling stations in the Oman Sea
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Fig. 2. Chlorophyll A concentration in May 2020 using MODIS satellite imagery and OC3 algorithm
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Fig. 3. Chlorophyll A concentration in the coasts of Sistan and Baluchestan using MODIS images using Google Earth
Engine
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Abstract

Background and Objective The seas and oceans play
an important role in climate conditions as well as
climate change. In addition, physical and biological
phenomena are among the most important factors
affecting the chemistry and environment of the sea.
Therefore, it is important to know the physical
processes that govern the seas and oceans, as well as
the correlation between these properties and biological
properties. Remote sensing algorithms use a close
range of blue, green, yellow, red, and infrared, so
monitoring of chlorophyll-A, the phytoplankton
pigment of oceanic and coastal waters, can be
measured and evaluated using state-of-the-art remote
sensing technology.
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Materials and Methods In this study, the capability
of remote sensing methods has been used to
investigate the status of coastal water quality
characteristics of Sistan and Baluchestan provinces.
For this purpose, the status of chlorophyll-A has been
used using OC3 bio-optical algorithms in ENVI as
well as the predecessors of the Google Earth Engine
platform. Google Earth Engine is an open-source
spatial analysis platform that enables users to visualize
and analyze planetary satellite images. Using this
system, various spectral processes can be performed
on different surface phenomena with different satellite
data. It is also possible to perform calculations on
large volumes of data without the need for high-power
systems. The salinity parameter of MIRAS's SMOS
satellite was used in SNAP software to investigate the
parameters of chlorophyll, temperature, and organic
carbon using Terra's MODIS satellite images. The
time to be studied in the images used and field
sampling is May 2020. In order to extract the
concentration of chlorophyll-A, bio-optical algorithms
based on blue and green bands (OC3) were used in
ENVI software. Bio-optical models combine optical
measurements of reflection or radiation with
biological  parameters such as  chlorophyll
concentration, water quality, and more.
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Water temperature is one of the most important factors
in the life of the sea, so those marine animals can
survive and reproduce only in a certain range of water
temperatures. Therefore, phytoplankton is very
sensitive to changes in water temperature and react to
temperature. Water level can determine their
frequency and distribution. In this study, the product
MIR OSUDP2 of the SMOS satellite of MIRAS on
3rd of May 2020, for the study area from
https://smos-diss.eo.esa.int/ was used.

Results and Discussion The results showed that the
amount of chlorophyll-A is higher along the shores
and the stations near Joud and the estuary has a higher
concentration of chlorophyll-A. The results showed
the outputs of two different methods for estimating
chlorophyll-A in the study area are similar. Also,
according to the results, it is clear that the amount of
chlorophyll-A has increased in Chabahar, Konarak,
Jude, and Goater stations in recent years. In Chabahar
and Konarak regions, this increase has been
significant for ten years, and the sudden increase in
chlorophyll in recent years in field stations requires
more studies to identify the causes and should be
considered. The chart below shows the rate of change
in chlorophyll-A from 2019 to 2020. According to the
results, the amount of organic carbon follows the
amount of chlorophyll-A and in areas such as
Chabahar and Konarak we see higher levels of organic
carbon. Also, the highest increase in temperature in all
three periods studied was in Chabahar and Konarak
ports, of which human activities are one of the main
factors. Also, by examining the ten-year trend,
increasing temperature changes can be seen in the
ports of Maidan and Jude. The general trend of
temperature is decreasing to the east as expected
because it is closer to open waters. Seasons when
water temperatures are lower, chlorophyll-A levels are
higher. Chlorophyll-A map output results by ENVI
software and Google Earth Engine platform,
chlorophyll-A concentrations were higher in autumn
and winter than in spring and summer, high
chlorophyll-A-concentrations are common in cold
tropical and subtropical seasons. Also, the
concentration of chlorophyll-A in the study areas
along the coast is higher than the offshore areas,
which is related to the chlorophyll-A harvesting

algorithm in type 1 waters; In other words, coastal
areas have more value than offshore areas due to
shallow depth, high turbidity and suspended
sediments. Because there is no river discharge in this
area, these areas are mostly affected by hydrodynamic
processes such as wind direction and sea currents. The
lowest chlorophyll-A concentrations were observed in
the region from May to September, which was
contrary to fluctuations in water surface temperature,
which could be due to rising currents. The amount of
organic carbon is one of the most important factors for
evaluating the performance of aquatic ecosystems,
which determines the potential of ecosystems for
fishery products; The results of the study of organic
carbon showed that the amount of organic carbon as
chlorophyll-A in the two seasons of autumn and
winter was higher than spring and summer so that the
trend of changes in organic carbon also followed the
trend of changes in chlorophyll-A. There is a
correlation between temperature fluctuations and
chlorophyll-A, this correlation indicates the
importance of water surface temperature in changes in
the growth rate of phytoplankton as one of the climatic
factors and has made the most important parameter
affecting chlorophyll-A, water surface temperature.
According to the obtained results, the trend of
temperature changes in the last ten years is increasing
and the hottest stations are Chabahar and Konarak
stations. In terms of salinity, areas with lower salinity
had higher chlorophyll-A levels. Comparison of the
data obtained from this study with the above indicates
that the range of recorded fluctuations of the quality
parameters studied in the natural waters of the region
and is consistent with similar studies in the study area
by other experts.

Conclusion The results of this study show the
acceptable accuracy of the results compared to the
data of similar researchers in addition to the speed and
ease of the method. Therefore, with the help of remote
sensing science, timely monitoring of the quality
parameters of water areas can prevent major crises and
save time and money, problems that may be
irreversible if they occur.

Keywords: Satellite imagery, Google earth engine
(GEE), MODIS, Oman sea
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