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Abstract. This paper provides an in-depth discussion on the application and progress of water colour
remote sensing technology in monitoring changes in chlorophyll concentration in seawater. The
hydrochromatic remote sensing technique uses spectral data acquired by remote sensing satellites
and airborne platforms to monitor and analyse the distribution of marine chlorophyll, which is of great
significance for understanding and protecting marine ecosystems. The article first introduces the
basic principles and development history of this technology, and then discusses in detail its
applications in global ocean monitoring, including resource management, environmental
assessment, and ecological protection. In the discussion, we highlight the advantages of water
colour remote sensing technology in providing large-scale and efficient ocean monitoring, while also
pointing out the challenges it faces in terms of data accuracy, atmospheric disturbance handling and
algorithm development. In particular, these challenges are gradually being overcome with the
application of advanced computational techniques, such as machine learning and artificial
intelligence, resulting in significant improvements in monitoring accuracy and efficiency. Finally, this
paper looks at the future direction of water colour remote sensing technology, including technological
innovation, data integration and interdisciplinary collaboration, highlighting the potential value of this
technology in addressing global climate change and marine environmental protection. Through this
comprehensive analysis, we have gained a deeper understanding and appreciation of the important
role of water colour remote sensing technology in global ocean monitoring and management.
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1. Introduction

In today's global environmental challenges, the health and stability of marine ecosystems are of
paramount importance. The oceans are not only an important component of the Earth's biodiversity,
but also have a profound impact on the global climate system and human life. As a key indicator of
marine primary productivity, changes in chlorophyll concentration can reflect the status and trends
of marine communities. Therefore, monitoring the concentration of chlorophyll in seawater is
important for understanding and protecting marine ecosystems. In this context, the development of
water colour remote sensing technology offers the possibility of efficient and continuous ocean
monitoring on a global scale [1].

Water-colour remote sensing technology uses satellite- or aircraft-borne sensors to monitor the colour
and spectral properties of the ocean surface from long distances, thereby obtaining information on
key parameters such as chlorophyll, suspended solids and dissolved organic matter in the water
column [2]. The advantage of this technology lies in its ability to cover vast areas of the ocean and
provide continuous and systematic data, which is unmatched by traditional shipboard sampling. With
the continuous development of remote sensing technology, its role in global ocean monitoring is
becoming increasingly prominent.

Changes in chlorophyll concentration are not only linked to the productivity of marine organisms, but
also closely related to the global carbon cycle, climate change and human activities. For example,
rising ocean temperatures and acidification due to global warming have an impact on the distribution
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and activities of marine primary producers, thereby altering the structure and function of marine
ecosystems [3]. In addition, human activities in coastal areas, such as overfishing and pollution
discharges, also put pressure on marine ecosystems. Therefore, by monitoring chlorophyll
concentration through water colour remote sensing techniques, we can better understand and assess
the impacts of these environmental changes on marine ecosystems.

However, despite the significant advantages of water-colour remote sensing technology for marine
monitoring, its application also faces a number of challenges. For example, atmospheric conditions,
the optical properties of the water column itself, and other environmental factors may affect the
accuracy of remotely sensed data. In addition, the parsing and application of remotely sensed data
requires complex algorithms and models, which require scientists to have interdisciplinary knowledge
and skills [4].

In view of these challenges and issues, the aim of this paper is to synthesise and analyse the
application and progress of water colour remote sensing techniques in monitoring changes in
chlorophyll concentration in seawater. We will explore the fundamentals of the technique, its main
challenges, and its effectiveness and limitations in practical applications. Also, this paper will discuss
the future potential of this technique in environmental monitoring, resource management and
scientific research [5]. Through these analyses, we hope to provide references and insights for more
effective conservation and management of global marine resources using water colour remote sensing
technology.

2. Related Work

The development and application of water colour remote sensing technology involves related work
in a number of fields, ranging from advances in remote sensing technology, to innovations in data
processing methods, to specific ocean monitoring applications, all of which together have contributed
to the development of the field. In this section, we will explore these related efforts, including
technological innovations, algorithm development, practical application cases, and interdisciplinary
collaborative research [6].

First, at the technical level, the development of water colour remote sensing has benefited from
advances in satellite and airborne remote sensing technologies. Early ocean monitoring relied mainly
on direct sampling from ships or low-resolution remote sensing data, which had relatively limited
coverage in both time and space. With technological developments, such as the emergence of
platforms such as the Landsat satellite series, MODIS and Sentinel-3, remote sensing monitoring at
high resolution and wide spectral range became possible. These technological advances have greatly
expanded the monitoring range and improved the accuracy and temporal resolution of the data,
making global monitoring of marine chlorophyll concentration a reality [7].

Secondly, in terms of data processing and algorithms, with the improvement of computing power and
the development of data science, the processing methods of remote sensing data have been constantly
innovated. From the initial linear regression and empirical models to the current complex machine
learning algorithms and artificial intelligence techniques, data processing methods have become more
efficient and precise. For example, the use of deep learning techniques can effectively process
massive remote sensing data, identify complex ocean features and improve the accuracy of
monitoring changes in chlorophyll concentration. These advanced algorithms not only improve the
speed of data processing, but also enhance the reliability and accuracy of monitoring results.

In terms of practical applications, water colour remote sensing technology has been widely used
globally for marine environmental monitoring and assessment. For example, it has been used to
monitor global fishery resources, the occurrence of red tides and harmful algal blooms, the health of
marine ecosystems and the assessment of marine pollution [8]. Through these applications, water
colour remote sensing technology provides important data support for the sustainable management
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of marine resources, the formulation of marine environmental protection policies and the assessment
of the impact of climate change on marine ecosystems.

Finally, the development and application of water colour remote sensing technology requires
interdisciplinary collaboration. Experts in the fields of oceanography, remote sensing science,
ecology, computer science and environmental science need to work together to achieve more accurate
data acquisition, processing and analysis. This interdisciplinary collaboration not only promotes
innovation and application of the technology, but also provides impetus for the overall development
of marine science.

Overall, the work related to water colour remote sensing technology covers a wide range of aspects
from technological innovation and data processing to practical applications and interdisciplinary
cooperation. The combined efforts of these endeavours have fuelled the rapid development of the
field, providing an important tool for global ocean monitoring and protection. With the continuous
advancement of technology and the expansion of applications, the role of water colour remote sensing
technology in global ocean management will become even more important in the future.

3. Overview of water colour remote sensing techniques

Remote sensing of water colour, as an advanced method of monitoring marine and inland water
bodies, has become increasingly important in recent years in environmental science and
oceanography. At the core of this technology is the use of optical sensors to capture information about
the light reflected from water bodies on the Earth's surface, which can then be analysed to determine
the biological, chemical and physical properties of the water body. In several ways, water colour
remote sensing technology has become a key tool for studying and monitoring the water environment.

Firstly, water colour remote sensing is based on a fundamental principle: the absorption and scattering
properties of water bodies in response to sunlight. When sunlight strikes water, part of the light is
absorbed by the water body and the other part is reflected back to the atmosphere. The spectrum of
this reflection contains a wealth of information about the amount and state of various substances in
the water body, such as chlorophyll, organic matter, suspended particulate matter and water turbidity.
By analysing spectral data captured from optical sensors carried by satellites or other vehicles (e.g.
drones, aircraft), scientists are able to infer various properties of water bodies [9].

As remote sensing technology has evolved, the sensors and platforms used for water colour remote
sensing have become more diverse and precise. Modern water-colour remote sensing equipment, such
as the Landsat series, the Ocean Colour Monitor on board the Sea Satellite (SEASTAR) (SeaWiFS)
and MODIS, are capable of providing high-resolution spectral images. These devices are capable of
covering a wide spectral range from ultraviolet to near infrared, providing accurate data support for
remote sensing monitoring of water bodies. In addition, sensors carried by small aerial vehicles, such
as drones, offer new possibilities for high-resolution and spot monitoring.

On the other hand, data processing and analysis methods play a crucial role in water colour remote
sensing techniques. Raw data received from sensors usually undergoes a series of pre-processing,
including steps such as radiometric calibration, atmospheric correction and geolocation. Scientists
then use a variety of algorithms and models to parse this data and extract quantitative information
about the characteristics of the water body. For example, by analysing the absorption properties of
chlorophyll for specific spectra, it is possible to estimate the chlorophyll concentration in a water
body, which is important for understanding the productivity and ecological status of a water body
[10].

In recent years, with the rapid development of computing technology and artificial intelligence, the
processing and analysis of water colour remote sensing data has become more efficient and precise.
Methods such as machine learning and deep learning are widely used in the analysis of spectral data,
enabling more accurate identification and classification of different characteristics of water bodies.
These advances have not only improved the accuracy of water colour remote sensing data analysis,

104



but also drastically shortened the data processing time, making real-time or near real-time water body
monitoring possible.

In summary, water colour remote sensing technology plays an increasingly important role in
environmental monitoring, resource management and scientific research as an efficient and large-
scale means of water body monitoring. With the continuous progress of technology and the
improvement of data processing capability, water colour remote sensing will show its great potential
and value in more fields in the future.

4. Remote sensing monitoring of chlorophyll in seawater

Remote sensing of chlorophyll in seawater is a method of monitoring and assessing the productivity
and health of marine ecosystems using remote sensing techniques. Chlorophyll a is a key pigment in
photosynthesis, and its concentration is often used as an important indicator of marine primary
productivity and algal biomass. Thus, by monitoring changes in chlorophyll concentrations, scientists
can gain indirect insights into the trophic status, biodiversity and possible environmental changes in
marine ecosystems.

Remote sensing monitoring of chlorophyll a in seawater relies mainly on the absorption and reflection
properties of chlorophyll for light in specific spectral ranges. Chlorophyll absorbs light most strongly
in the blue and red regions of the visible spectrum and less so in the green region. Remote sensing
sensors capture these absorbed and reflected spectral signals and then process the data through
complex algorithms to estimate chlorophyll concentrations [11]. This technique is capable of covering
vast areas of the ocean and providing continuous observations of the spatial distribution of
chlorophyll, which is not possible with traditional shipboard sampling.

In recent years, with the development of remote sensing technology and optical sensors, the accuracy
and resolution of remote sensing monitoring of chlorophyll concentration have been improving. Some
major remote sensing satellites, such as MODIS (on board Terra and Aqua satellites), VIIRS and
Sentinel-3, are equipped with advanced optical sensors capable of capturing spectral information of
the ocean surface in great detail. The data acquired by these sensors enable scientists to monitor
seasonal variations in ocean surface chlorophyll concentrations, long-term trends, and dynamics
associated with changes in the ocean environment (e.g., SST, salinity, nutrient distribution in the
upper ocean).

However, remote sensing monitoring of chlorophyll concentrations faces a number of challenges.
Firstly, atmospheric aerosols, cloud cover and other factors may affect the remotely sensed signal,
complicating data processing and resolution. In addition, the nature of the water body itself, such as
suspended and dissolved organic matter in the water body, may also affect the remotely sensed signals
and need to be corrected by accurate atmospheric and water body correction models. Scientists need
to develop a deep understanding of these factors and develop more accurate and sophisticated
algorithms to deal with these disturbances.

Despite these challenges, remote sensing of chlorophyll in seawater continues to show great potential
in the fields of marine science and environmental monitoring. Such technology can provide important
information on the state of marine ecosystems globally and help to monitor changes in marine
biomass, understand the response of marine ecosystems to climate change and assess the impact of
human activities on the marine environment. In addition, chlorophyll remote sensing data can be used
in marine fisheries management to help locate fishing grounds and estimate fisheries resources.

In the future, with the further development of remote sensing technology and the deployment of a
new generation of sensors, remote sensing monitoring of chlorophyll concentration in seawater will
become more accurate and efficient. Combined with more advanced data-processing algorithms and
computer models, this technology will continue to broaden our understanding of marine ecosystems
and provide critical support for the conservation and management of global marine resources.
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5. Case studies and applied research

Case studies and applied research are an important part of water colour remote sensing technology in
practical monitoring and scientific research. Through the analysis of specific cases, we can not only
verify and optimise the application of remote sensing technology, but also gain a deeper
understanding of the complexity and dynamics of marine environmental changes. The following are
several representative case studies demonstrating the application and results of water colour remote
sensing technology in different fields.

First, considering the impact of global climate change on marine ecosystems, water-colour remote
sensing technology plays an important role in monitoring marine chlorophyll concentration. For
example, in the North Atlantic Ocean, by analysing years of satellite remote sensing data, scientists
have found that seasonal and interannual variations in chlorophyll concentration are closely related
to sea surface temperature, sea ice cover and atmospheric circulation patterns [12]. These findings
help us to better understand the impact of global warming on ocean biogeochemical cycles and
provide key data for future climate change projections.

Water colour remote sensing technology has also shown great value in the monitoring of red tide and
harmful algal bloom events. Red tide is a natural phenomenon, but in some cases it can become
unusually frequent and intense due to excessive nutrient input. By monitoring the concentration and
distribution of chlorophyll in seawater in real time, scientists are able to quickly identify and track
the development of red tides, provide timely warnings and take countermeasures. For example, off
the coast of Florida in the United States, satellite remote sensing data were used to track the drift path
of harmful algal blooms, effectively guiding beach management and public health warnings.

In addition, water colour remote sensing technology is increasingly being used in global fisheries
management. By monitoring the concentration and distribution of chlorophyll in seawater, scientists
are able to identify the location and migration trends of fishing grounds, thus providing important
information for fisheries activities. For example, in some areas of the Pacific Ocean, remote sensing
data have been used to predict the course of yellowfin tuna and other large swimming fish, providing
guidance for fisheries harvesting while reducing unnecessary disturbance to marine ecosystems.

Remote sensing of water colour also plays an important role in environmental protection. By
monitoring changes in chlorophyll concentration over time, scientists are able to identify the impact
of human activities on marine ecosystems. For example, in certain coastal areas of the Mediterranean
Sea, long-term remote sensing monitoring has revealed the degradation of ecosystems due to
overfishing and pollution, information that is essential for the development of effective environmental
protection policies.

Finally, it is worth noting that water colour remote sensing techniques also have important
applications in education and public science. By transforming remotely sensed data into easy-to-
understand visual images, the public can visualise changes in the marine environment and raise
awareness of marine protection. Many governments and international organisations have begun to
use these data for public education to enhance social awareness of marine ecosystem protection.

In summary, by analysing specific cases, we can see the wide application and remarkable
effectiveness of water colour remote sensing technology in many fields such as marine monitoring,
environmental protection, fishery management and science education. With the advancement of
technology and in-depth application, this technology will undoubtedly play a more important role in
global ocean management and protection in the future.

6. Conclusion

After reviewing the application and progress of water colour remote sensing technology in the
monitoring of marine chlorophyll concentration, we can draw some important conclusions. The
development of this technology has not only significantly improved our understanding of marine
ecosystems, but has also had a profound impact on environmental monitoring, resource management
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and scientific research. The following are a few key conclusions about water colour remote sensing
technology and its applications.

First, water colour remote sensing technology provides an effective method to monitor chlorophyll
concentration in the ocean on a large scale and with high efficiency. By analysing remote sensing
data, such as those from satellites, scientists are able to rapidly obtain key information on ocean
primary productivity, nutrient distribution and biodiversity. The application of this technology,
especially in the context of global climate change and increasing human activities, is critical to
understanding and predicting changes in marine ecosystems.

Secondly, the development of water colour remote sensing technology has facilitated more in-depth
scientific research on marine ecosystems. Through long-term monitoring, we are able to observe not
only seasonal and inter-annual changes, but also to identify long-term trends caused by climate
change, ocean acidification and other environmental factors. This information is essential for the
development of effective marine conservation strategies and management measures.

In addition, water colour remote sensing technology plays a significant role in preventing and
responding to marine environmental problems. For example, the technology has proved its
irreplaceable value in monitoring and early warning of red tide and harmful algal bloom events. By
providing timely and accurate information on chlorophyll concentrations, the relevant authorities are
able to take prompt measures to reduce the environmental, economic and public health impacts of
these events.

In addition, with the continuous advancement of remote sensing technology and the improvement of
data processing capabilities, we expect that water colour remote sensing will demonstrate its great
potential and value in more fields in the future. For example, combined with the application of
artificial intelligence and machine learning technologies, the accuracy and efficiency of data analysis
can be further improved. This will not only promote in-depth scientific research, but also provide
stronger support for ocean management and policy development.

Finally, the popularisation and application of water colour remote sensing technology is also very
important for public education and awareness raising. By transforming remote sensing data into easy-
to-understand images and information, public awareness and participation in marine conservation can
be enhanced. This is of long-term significance for the establishment of sustainable marine
management strategies and the promotion of society-wide attention to environmental protection.

In summary, the application and progress of water colour remote sensing technology in marine
chlorophyll concentration monitoring has significant scientific and practical value for the protection
of global marine ecosystems. With the continuous development of the technology and the expansion
of the application scope, this field will undoubtedly continue to bring more breakthroughs and
contributions to our marine scientific research and environmental protection work in the future.

7. Discussion

The application of water-colour remote sensing technology in the field of marine scientific research
and environmental monitoring has brought up many points of discussion, especially in terms of
technological advances, data processing, the scope of application and the future direction of
development. These discussions not only involve the advancement of science and technology, but
also touch on environmental protection, resource management and response strategies to global
change.

First, in terms of technological advances, remote sensing of water colour has undergone a
transformation from early simple optical observation to modern high-precision satellite remote
sensing. Although existing technologies have been able to provide wide-ranging, high-resolution
monitoring, further improvement in accuracy and coverage remains a research hotspot in this field.
For example, the accuracy of monitoring for deep ocean waters or under extreme climatic conditions
still needs to be improved. At the same time, the complexity of the marine environment requires
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remote sensing technology to be able to distinguish and identify different types of living and non-
living elements more accurately, which places higher demands on the spectral resolution of the
sensors and the data processing algorithms.

In terms of data processing, effective analysis of remotely sensed data is one of the key challenges at
present. The amount of remote sensing data is huge and complex, and how to extract valuable
information from it is a major problem for scientists and technicians. With the development of
artificial intelligence and machine learning techniques, we see great potential in applying these
techniques to remote sensing data processing. These methods are capable of processing large amounts
of data, identifying complex patterns, and predicting environmental changes. However, the
application of these advanced techniques also needs to rely on adequate training data and effective
algorithm tuning to ensure the accuracy and reliability of predictions.

In terms of scope of application, water colour remote sensing technology is not only limited to
monitoring the health of marine ecosystems, but also extends to areas such as marine resource
management, climate change monitoring and environmental education. For example, remote sensing
technology is playing an increasingly important role in monitoring global fishery resources, assessing
the extent of marine pollution, and studying ocean acidification and global climate change. In addition,
the visualisation of remote sensing data and their use in public education can raise public awareness
of the importance of marine conservation, thereby promoting the implementation of sustainable
development policies.

Finally, the future direction of water colour remote sensing technology is also an important point of
discussion. As global warming and changes in the marine environment intensify, the challenge for
scientists and policy makers is how to use remote sensing technology to monitor and respond to these
changes more effectively. In the future, water colour remote sensing technology may combine more
types of data sources, such as data from ocean buoys, underwater unmanned submersibles and
ground-based monitoring stations, in order to provide more comprehensive and accurate information
on the marine environment. At the same time, the development of low-cost and efficient remote
sensing technologies that can be widely applied even in countries and regions with fewer resources
will be key to achieving global ocean monitoring and management.

In summary, the discussions around water colour remote sensing technology cover a wide range of
aspects such as technological progress, data processing, application scope and future development.
These discussions not only reflect the development of science and technology, but also the global
community's concern for environmental protection and sustainable development. With the continuous
advancement of technology, we expect water colour remote sensing technology to bring more
contributions to marine scientific research and global environmental protection in the future.
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