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ABSTRACT
Inland and coastal environments are complex ecosystems com
posed of suspended and dissolved materials, affecting light propa
gation within the water column. Satellite-based water quality 
research relies on water optical properties provided by optical 
sensors on board of polar orbit satellites since the 1980’s. 
Specifically, Geostationary (GEO) ocean colour satellites offer high 
temporal resolution (e.g. every 15-minute observations), moderate 
spatial resolution (0.5–1 km) at regional scale, making them 
a promising alternative to polar orbiting satellites for near- 
continuous monitoring of highly dynamic aquatic ecosystems. 
This literature review examines the evolution of geostationary 
satellite technology and its applications in monitoring inland and 
coastal waters. A summary of the most relevant studies using 
geostationary sensors is provided for key water quality indicators 
such as chlorophyll-a and algal organisms, total suspended solids, 
and turbidity. Also, geostationary missions were well-detailed, with 
their available sensors and characteristics. Although this research 
topic is still incipient, recent studies have demonstrated the poten
tial of GEO multi-spectral observations in understanding sub-daily 
water quality patterns. Notably, most research studies have focused 
on Asia, suggesting unexplored opportunities globally. Advanced 
Himawari Imager (AHI) and Geostationary Ocean Colour Imager 
(GOCI) have been used to improve water quality estimates, and 
inherent challenges were documented, such as algorithm valida
tion, limited spatial resolution, and high volume of images and 
auxiliary files to be managed. The opportunities for new studies 
range from algorithm development for atmospheric correction, 
cloud masking, and bidirectional reflectance corrections to inter- 
comparison with existing sun-synchronous satellites. Geostationary 
satellites are promising avenues for future research on near- 
continuous monitoring of inland and coastal water resources.
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1. Introduction

Inland and coastal environments are optically complex ecosystems that typically have 
a mixture of suspended and dissolved organic and inorganic materials called Optically 
Active Constituents (OACs). When sunlight penetrates natural waters, the OACs (Sagan 
et al. 2020) are responsible for its absorption, refraction, and scattering (Kirk 2010) within 
the water column. These interactions, which vary according to the type and nature of each 
constituent, are quantified through inherent optical properties (IOP) and apparent optical 
properties (AOP) (IOCCG 2006; Preisendorfer 1976; Zaneveld and Ronald 2013). OACs 
include the pure water, the phytoplankton pigments such as chlorophyll-a (chl-a), non- 
algal particles, and coloured dissolved organic matter (CDOM) (IOCCG 2018). Satellite- 
based water quality research relies on analysing optical properties recorded by optical 
sensors, and for the past four decades, multi-spectral satellites sensors have been 
employed for this purpose (Aranha et al. 2022; Brezonik, Menken, and Bauer 2005; S.; 
S. Chen et al. 2015; Gholizadeh, Melesse, and Reddi 2016; Giardino et al. 2001; Guan et al.  
2020; Letelier and Abbott 1996; Lima et al. 2023; Martins et al. 2019; Pahlevan et al. 2020; 
Ritchie, Cooper, and Schiebe 1990). Unlike conventional sampling points approaches, 
remote sensing data present a practical and affordable option for assessing water quality 
via bio-optical models (Duan et al. 2010; Hadjimitsis and Clayton 2009; Uudeberg et al.  
2020; F. Zhang et al. 2021), which are essential for accurately detect environmental 
stresses (Ogashawara, Mishra, and Anatoly 2017). Since the launch of the Nimbus-7 
spacecraft in 1978 having on board the Coastal Zone Color Scanner (CZCS), sun- 
synchronous satellites have been widely used for monitoring coastal and oceanic waters. 
Sun-synchronous orbit aligns with the average rate of Earth’s rotation around the Sun, 
and it ensures a consistent passage over the equator at nearly the same local mean solar 
time throughout the year (Paek et al. 2020), which is critical for reliable solar illumination 
in remote sensing applications. Nevertheless, the temporal resolution of this type of orbit 
limits the monitoring short-term events, mainly in cloudy regions like the tropics 
(Neukermans, Ruddick, and Greenwood 2012).

Geostationary satellites maintain a constant observation relative to a specific point of 
the Earth’s surface because the orbital period matches the Earth’s rotation period of 24  
hours, and they are typically positioned in a circular orbit directly above the Earth’s 
equator at high altitude (>35,000 kilometres) (Soop 1994). These satellites are the most 
viable alternative for highly frequent observations from a fixed viewpoint in space, 
covering large swath areas for regional and global ocean colour studies. Geostationary 
satellites (GEO) have a high temporal resolution (e.g. 5–15-minute interval of ABI/GOES- 
16), a large imaging area with multispectral bands from visible to mid-infrared. Moreover, 
GEO satellites have the potential to capture a greater number of cloud-free pixels per day 
when compared to sun-synchronous satellites due to multiple observations of the same 
area daily. The high temporal resolution also enhances the opportunities for scientific 
studies about complex and dynamic natural events, providing near real-time observations 
for mapping and monitoring. Challenges associated with its orbit include limited cover
age of high latitudes (>75 degrees), variability in sun-view geometry along the day that is 
still a challenge to overcome, and different optical paths for the reflected radiance from 
the surface to reach the satellite sensor. However, recent advances in image processing 
and radiative transfer calculations are gradually addressing these limitations in new 
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remote sensing products (e.g. Geostationary-NASA Earth Exchange), increasing their 
potential for studying dynamic aquatic systems (Dorji and Fearns 2018; K. Ruddick et al.  
2014). Figure 1 presents examples of images captured by geostationary satellite sensors.

Historically, the first geosynchronous satellite (Syncom 3) launched in 1964 (Garriott, 
Smith, and Yuen 1965; Holtorf and Piccini 2009) aimed communication purposes. In the 
1970’s NASA and NOAA launched the first GOES (Geostationary Operational 
Environmental Satellite), followed by the METEOSAT (European Space Agency) and the 
Japanese Geostationary Meteorological Satellite (GMS). Traditionally, GEO missions aimed 
atmospheric studies and meteorologic modeling, with few studies exploring these images 
for inland and coastal monitoring. Until the early 2000s, the use of GEO for aquatic 
systems studies focused almost exclusively on the ocean environment, part of which 
related to ocean-atmosphere interaction and sea surface temperature (Apel 1980; Barrett 
and Hamilton 1982; Barton and Pearce 2006; Castelao et al. 2006; Chamberlin 1982; 
Darnell and Harriss 1983; Heta and Mitsuta 1993; Kazi 1990; Koffler 1975; Legeckis 1978; 
Legeckis and Zhu 1997; Legeckis, Brown, and Chang 2002; Legeckis, Pichel, and 
Nesterczuk 1983; Maturi et al. 2008; Maul et al. 1978; McClain 1980; Rajan et al. 2002). 
Davis and Abbott (2005) and Lomax et al. (2006) highlighted the role of GEO satellites for 
the observation of monitoring of coastal systems due to the frequency of data acquisition 
and their large coverage area. Those features opened a new research path for near- 
continuous observation system. More recently, NOAA’s National Ocean Service created 
the nowCOAST, which incorporated GOES’s visible and infrared images in an online 
mapping portal. This portal provides real-time coastal information for the United States, 
particularly valuable for monitoring cloud and storm events (Allard 2006). Studies based 
on GEO data application to inland and coastal water have become more frequent with the 

Figure 1. Examples of GEO images for inland and coastal waters: (a) Amazon River, Northern Brazil 
(2023-09-26, 13:00UTC), (b) lakes Huron, Erie and Ontario, US/Canada (2023-10-03, 18:10UTC); 
c) Derby-West Kimberley Coast and Fitzroy River Estuary, Western Australia (2023-09-23, 03:10UTC); 
d) Yellow Sea, China and Korean Peninsula (2023-10-05, 02:00UTC). All these images were made 
accessible by NOAA regional and mesoscale meteorology branch portal (https://rammb-slider.cira. 
colostate.edu/). Images a) and b) was captured by GOES-16/ABI sensor, and c) and d) by Himawari-9/ 
AHI sensor.
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improved payloads consisting of sensors suitable for monitoring aquatic ecosystems and 
ocean colour, such as GOCI and SEVIRI (Choi et al. 2012; IOCCG 2012; Jo, Yan, and Li 2010; 
Z. Lee et al. 2012; Neukermans et al. 2009b; K. Ruddick et al. 2012; Ryu et al. 2011; Son, Min, 
and Ryu 2012; M. Wang, Shi, and Jiang 2012).

Given the increasing application of GEO satellites for monitoring and analysing inland 
and coastal waters, this study aims to review the relevant literature on geostationary 
satellites and remote sensing focus on coastal and inland waters, organizes the available 
satellites sensors, research, and applications. Section 2 and 3 provides the definition and 
available satellites and multi-spectral sensors. Section 4 presents the GEO applications in the 
literature based on the water constituents (TSS, chl-a) and other applications. The contribu
tions of this study are to support GEO applications and to provide an overview of the main 
studies for the scientific community in this field. This review consists of several publications 
from well-known remote sensing journals and a comprehensive search on WebOfScience 
using the keywords ‘geostationary’, ‘coastal water’, and ‘inland water’ and searching the title, 
abstract, keywords, and references from 2012 to 2020. The compilation of the last decade’s 
studies shows that geostationary applications on coastal and inland waters are still incipient, 
but rapidly growing with the new multi-spectral sensors on board (see Figure 2). This study 
provides recent past, current, and potential contributions of geostationary satellites for near- 
continuous monitoring of large-scale water quality events in the aquatic environment.

2. Geostationary satellites

Satellite orbits can be classified according to altitude, eccentricity, and inclination 
(Capderou 2014). The most common orbits are the low polar, sun-synchronous, or 

Figure 2. Number of papers published on geostationary satellites and inland and coastal water 
between 1994 and 2022.
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not, and the geostationary. Polar orbits are low Earth orbits at altitudes from 200 to 
1000 km. Satellites in sun-synchronous polar orbits usually travel over Earth from North 
to South, passing over Earth’s poles. Sun-synchronous orbit is a particular kind of polar 
synchronized to keep its position relative to the Sun. That means the satellite observes 
a given point on the Earth daily. A satellite achieves the geostationary orbit at an 
altitude close to 35,000 km, remaining at a fixed longitude over the equator (Liang, 
Wang, and Jiang 2012). The paper ‘Extra-terrestrial Relays’ (Clarke 1945) was one of the 
first to mention geostationary orbit. The author proposed reliable radio communica
tion worldwide based on three satellites positioned at 120° from each other in 
a specific orbit above the Earth’s equator. This orbit allows the satellite to travel 
simultaneously to the Earth’s rotation. After the first geostationary satellite launch in 
1964, Syncom 3, hundreds of satellites have been launched into geostationary orbit, 
and applied to the most diverse fields of activities: communication, navigation, 
meteorology, and data transmission (H. Li 2014; Liang, Wang, and Jiang 2012). Over 
the years, scientific studies in different fields have been developed based on data 
provided by sensors coupled to geostationary satellites (Günthner et al. 2017; Hubert 
and Whitney 1971; Merchant et al. 2009; Tarpley 1979), applying methods for detect
ing solar radiation and irradiance (Jiang et al. 2019; Watanabe, Takenaka, and Nohara  
2021; Yeom, Deo, et al. 2020), retrieving soil moisture (Ghilain et al. 2019; Y. Lee, Jung, 
and Kim 2019; Yan et al. 2022), detecting cloud cover (Yeom, Roujean, et al. 2020), and 
monitoring biomass burning, either based on direct estimates or through integrating 
data from polar satellite (F. Li et al. 2019; Mota and Wooster 2018; Pereira et al. 2022).

Appendix A summarizes Earth Observation Satellites currently in geostationary orbit 
(European Space Agency 2022; Union of Concerned Scientists 2022; World Meteorological 
Organization 2022). In general, image-type geostationary satellites have one spectral 
band with spatial resolution ranging from 250 m to 500 m, usually in the red or near- 
infrared region of the spectrum. Furthermore, most satellites were developed by Russia, 
China, South Korea, U.S.A., Japan, and India, with the addition of multinational missions 
linked to Europe. Most space missions were developed for meteorological purposes as 
their core application, but there are a large number of atmospheric studies, including air 
quality monitoring (Shu et al. 2022), surface air temperature (Z. Zhang and Du 2022), 
surface particles from dust events (Sowden, Mueller, and Blake 2018), and one example of 
detecting low strata and fog based on combined data from two geostationary satellites in 
the South Korea region (Yoo et al. 2018). Alternatively, geostationary satellite data has 
great potential for disaster risk management (Higuchi 2021). As data from geostationary 
satellites help study highly dynamic phenomena, the high temporal resolution makes 
them particularly useful for studying aquatic ecosystems, but new challenges associated 
with data processing, such as the improvement of atmospheric correction algorithms, 
bidirectional reflectance corrections, cloud masking, and spatial resolution limitations (K. 
Ruddick et al. 2014). Recent studies have been proposed to assess geostationary orbital 
systems (COMS-1, Himawari-8, and GOES-16) application to aquatic systems studies, 
including daily changes in surface temperature (Z. Huang and Feng 2021; Park, Woo, 
and Lee 2020), primary production in coastal regions (Asaoka et al. 2020), water turbidity 
(S. Wang et al. 2020), algae monitoring (Fu et al. 2021; Minghelli et al. 2021), among others. 
The following sections will better explore them through the recent studies in inland and 
coastal aquatic systems.
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3. Current geostationary satellites for inland and coastal studies

Water colour retrieval depends on the solar irradiance spectrum, atmospheric conditions, 
solar and viewing geometries, and on the absorption and scattering properties of water 
and the substances that are dissolved or suspended in the water column, e.g. phyto
plankton, CDOM (coloured dissolved organic matter), and suspended sediments (Mobley,  
1994). The propagation of the radiation through the water column results in the interac
tion of photons with their different constituents and determines the spectral composition 
of the light emerging and the water colour perceived by the human eye (Pozdnyakov, 
Grassl, and Graßl 2003). Radiometric measurements translate the water colour into 
spectral variations in the water-leaving radiance, which is converted to remote sensing 
reflectance from the ratio of water-leaving radiance by the downward irradiance above 
the water surface (Mobley 1999). The goal of the satellite ocean colour analysis is to 
accurately estimate the water-leaving radiance spectra to derive other geophysical and 
optical quantities from those spectra, e.g. the concentration of the photosynthetic pig
ment chlorophyll-a. The accurate water colour measurement depends on different para
meters, such as the surface water’s optical properties and the daylight’s spectral 
distribution (Højerslev 1980). Achieving an accurate measurement of the water’s inherent 
colour through remote sensing presents a significant challenge. In this way, there is 
a continuous effort to refine correction techniques for enhancing satellite data quality 
for water studies. These advancements include, among others, atmospheric correction (J.- 
H. Ahn et al. 2012; Dorji and Fearns 2018; Emberton et al. 2016; Ilori, Pahlevan, and Knudby  
2019; Martins et al. 2017; Moses et al. 2017; Novoa et al. 2017; Song et al. 2023), glint 
correction (Bernardo et al. 2018; Kay, Hedley, and Lavender 2009; Kutser, Vahtmäe, and 
Praks 2009; Overstreet and Legleiter 2017; H. Zhang and Wang 2010) and adjacency 
effects (Bulgarelli and Zibordi 2018; Pan, Bélanger, and Huot 2022; Paulino et al. 2022; 
Santer and Schmechtig 2000; Wu, Knudby, and Lapen 2023). Figure 3 shows the location 
of current operational geostationary satellites relevant to the water colour studies. Except 
for GOCI II, selected GEO satellites sensors mentioned hereafter were not designed for 
water colour measurements in remote sensing, but these might be useful (Groom et al.  
2019), and Section 4 presents their main applications.

3.1. GEO-KOMPSAT-2B/GOCI-II

GEO-KOMPSAT-2B was successfully launched in February 2020, and is located at longitude 
128.2° East; after about six months of in-orbit testing, it began its regular operation in 
October 2020 (M.-S. Lee, Park, and Micheli 2021). Since then, the Ocean Satellite Center of 
the Korea Institute of Ocean Science and Technology has received, processed, quality 
checked, stored, and distributed GOCI-II data, which is one of the sensors in GEO- 
KOMPSAT-2B, with a planned life span of 10 years. GOCI-II took over the mission of its 
predecessor GOCI, flown on COMS-1, featuring an improved spatial resolution of 250 m 
compared to GOCI’s 500 m and 12 visible and near-infrared bands compared to the 
previous 8 bands (Choi et al. 2021; European Space Agency 2022; M.-S. Lee, Park, and 
Micheli 2021). The scientific community expects that GOCI-II will be widely used in various 
regions and subjects, such as efficient marine environment management, real-time 
nautical disaster monitoring, and provision of fisheries environment through ecological 
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environment analysis (Yong et al. 2021). GOCI-II has 13 channels: 1 band in the UV 
(ultraviolet), 8 bands in the visible light, 3 bands in the near-infrared (NIR); broad band
widths between 0.360 and 0.900 µm, and 0.010–0.040 µm. The Signal-to-Noise Ratio (SNR) 
from the satellite sensor bands varies from 788 to 1228 (European Space Agency 2022).

3.2. GOES-16, 17, and 18/ABI

Geostationary Operational Environmental Satellite-R (GOES-R) Series is the NOAA’s newest 
generation of meteorological geostationary satellites currently operated in a three- 
satellite system, including GOES-16, GOES-17, and GOES-18. GOES-16 was launched into 
a geostationary orbit in 2016 and became fully operational on 18 December 2017. The 
GOES-16 has its nadir location in Colombia (75.2°W 0.0°N) and senses a geographic area 
from West Africa to about 138°W over the Pacific Ocean, most of North and all of South 
America (Schmit et al. 2018; S. Wang et al. 2020). GOES-17, launched in March 2018, is 
located on the equator at 104.7° W (European Space Agency 2022; Z. Zhang and Du 2022). 
GOES-18 is the 3rd flight unit of the GOES 3rd generation program. Was launched in 
March of 2022 with longitude at GOES-WEST position 137°W to allow operational use of 
imagery during degraded GOES-17 imagery.

GOES-16, 17, and 18 carry onboard the Advanced Baseline Imager (ABI), with more 
spectral bands and four and five times finer spatial and temporal resolution, over 
legacy GOES sensors (Schmit et al. 2017). The ABI acquires multi-spectral observa
tions every 10 min, formerly every 15 min, has ten thermal emissive bands from 3.90  
μm to 13.3 μm and six reflective bands corresponding to the blue (1 km at nadir 
0.45–0.49 μm), red (0.5 km at nadir 0.60–0.68 μm), NIR (1 km at nadir 0.847–0.882 μm), 
and three shortwave infrared (SWIR) (2 km at nadir 1.366–1.380 μm, 1 km at nadir 
1.59–1.63 μm, and 2 km at nadir 2.22–2.27 μm) wavelength regions (Miller et al.  
2012). The SNR from its visible, NIR, and SWIR bands is 300 with 100% albedo as 
input (European Space Agency 2022). The information from the ABI on the GOES-R 
series can support many applications related to severe weather, tropical cyclones 

Figure 3. Position of geostationary satellites with potential for inland and coastal waters studies.
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and hurricanes, aviation, natural hazards, land and ocean surfaces, climate dynamics, 
and the cryosphere, with an excellent temporal resolution from 60 s to 15 min 
(McCorkel et al. 2020).

3.3. Himawari-8 and 9/AHI

Himawari-8, located at 140.7° E, with East/Southeast Asia and Oceania as its primary 
observation area. Himawari-8 is a geostationary meteorological satellite launched by 
JAXA (Japan Aerospace Exploration Agency) in October 2014. Now operated by JMA 
(Japan Meteorological Agency), it became operational in July 2015 (Bessho et al. 2016). 
Equipped with the Advanced Himawari Imager (AHI), which is comparable to the 
Advanced Baseline Imager (ABI) on board the U.S. GOES-R series satellites, it provides full- 
disk images of the Earth every 10 min at a spatial resolution of 0.02° (~2 km). AHI takes 
images from Japan every 2.5 min, and landmark area images every 0.5 min. These images 
can be used to identify and track rapidly changing weather patterns and derivate 
quantitative products (Bessho et al. 2016; X. Zhang et al. 2022).

The AHI has 16 bands: three visible bands centred at 0.455, 0.51, and 0.645 μm; one NIR 
band centred at 0.86, two SWIR 1.61, and 2.26 μm; and ten thermal infrared (TIR) bands 
centred at 3.85, 6.25, 6.95, 7.35, 8.6, 9.63, 10.45, 11.2, 12.35 and 13.3 μm. The spatial 
resolutions of the visible band at 0.645 μm, the other visible bands plus the NIR band, and 
all other SWIR and TIR bands are approximately 0.5, 1.0, and 2.0 km at the sub-satellite 
point, respectively (European Space Agency 2022; Murakami 2016). The SNR from its 
visible, NIR and SWIR bands is approximately equal or greater 300, with 100% albedo as 
input (European Space Agency 2022).

3.4. Fengyun 4A and 4B/AGRI

China’s FY-4 series of geostationary weather satellites are designed to enhance weather 
forecasting and services, and the key instruments on board include the Advanced 
Geostationary Radiation Imager (AGRI), Lighting Mapping Imager, Prototype 
Geostationary Interferometric Infrared Sounder, and Space Environment Package (Yang 
et al. 2017). These satellite sensors produce various products such as atmospheric profiles, 
lightning distribution, and water vapour data. FY-4A, launched in December 2016 and 
located at 104.7° E, was an experimental satellite system, while FY-4B, launched in 
June 2021 at longitude 133° E, marked the operational phase. The FY-4 series forms 
a dual satellite network that frequently monitors atmospheric and terrestrial conditions, 
generating various meteorological parameters and products, including cloud top tem
perature analysis, detection of dust storms, and fire hot spots (J. Chen et al. 2023).

The AGRI performs accurate calibration and observation capabilities. It covers 15 
spectral bands with varying spatial resolutions (1 km and 0.5 km for visible centred at 
0.47 and 0.65 μm, 1 km and 2 km for near-infrared centred at 0.825, 1.378, 1.61 and 
2.25 μm, and 4 km for infrared channels centred at 3.75, 6.25, 6.95, 7.1, 7.42, 8.55, 10.80, 
12.00, 13.50 μm), observed at intervals of 15 minutes. The sensor’s channels span multiple 
ranges, enabling cloud identification, earth temperature estimation, and carbon dioxide 
detection. The minimum SNR value varies between 90 and 200, with 100% albedo as input 
for the visible and NIR bands (European Space Agency 2022).
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3.5. Meteosat second Generation/SEVIRI

Meteosat Second Generation (MSG) aimed to improve image quality compared to the first 
generation, allowing meteorologists to offer more accurate mid and short-term weather 
forecasts. Equipped with instruments such as the Spinning Enhanced Visible and Infrared 
Imager (SEVIRI) and the Geostationary Earth Radiation Budget (GERB), the MSG series’ 
primary mission is to provide operational meteorology and climate monitoring data. MSG 
comprises four satellites in geostationary orbit, providing essential data for various fields 
dependent on meteorological phenomena, benefiting agriculture, oceanography, and 
hydrology. ESA launched Meteosat 8, 9, 10, and 11 satellites at specific orbits in 2002, 
2005, 2012, and 2015, respectively, at longitudes 45.5° E, 0.0° and 9.5° E with operational 
objectives. Meteosat 8 is no longer operating.

The Spinning Enhanced Visible and Infrared Imager (SEVIRI) is the primary payload on 
the Meteosat Second Generation (MSG) satellite, with 12 spectral channels, including 
visible, near-infrared, and infrared wavelengths, with spatial resolutions ranging from 
3 km to 1 km. Its 15-minute imaging cycle captures images of the Earth’s disk, facilitating 
various applications such as solar modelling, agricultural studies, forest fire monitoring, 
and meteorological analysis. Despite its limitations in detecting ocean colour, SEVIRI’s 
capabilities are valuable for climate monitoring. The SEVIRI spectral channels consist of 
three Visible and Near-Infrared (VNIR) channels (centred at 0.635, 0.81 and 1.64 μm), eight 
Infrared (I.R.) channels (centred at 3.92, 6.25, 7.35, 8.70, 9.66, 10.8, 12.0 and 13.4 μm) and 
one visible broadband channel (at 0.6–0.9 μm) called the High-Resolution Visible channel 
(HRV). Their SNR values vary between 3 and 10.1, with 1% albedo as input for the visible 
and NIR bands (European Space Agency 2022).

3.6. Meteosat third generation - imaging 1 (MTG-I1)/FCI

Meteosat Third Generation (MTG) is a collaborative program between EUMETSAT and ESA 
to promote operational European geostationary weather satellites. The program will 
comprise six satellites, including four imagery and two sounding satellites, providing 
improved weather forecasting, air quality monitoring, U.V. radiation alerts, and climate 
studies. MTG improves short-term and long-range forecasting by enabling near real-time 
storm tracking and providing detailed weather conditions. It also features lightning 
detection capabilities across Europe and Africa, benefiting numerical weather prediction 
models. MTG’s mission ensures the continuity of geostationary data for climate studies 
and offers applications in firefighting, air traffic control, disaster management, agriculture, 
marine management, energy production, etc. The first satellite, MTG-I1 was launched in 
December 2022 and operates at a longitude 0°. It carries the instruments FCI (Flexible 
Combined Imager), LI (Lightning Imager), DCS (Data Collection System), and search and 
rescue from GEO (GEOSAR).

Meteosat Third Generation Imaging (MTG-I) satellites offer improved data frequency 
(full disk every 10 minutes), spatial resolution from 500 m to 2 km, and improved radio
metric and spectral resolution, with 16 channels, compared to current MSG satellites. The 
Flexible Combined Imager (FCI) covers the visible spectrum (channels centred at 0.44, 0.51 
and 0.64 μm), near-infrared (channels centred at 0.865, 0.914, 1.38, 1.61, and 2.25 μm) and 
infrared (channels centred at 3.80, 6.30, 7.35, 8.70, 9.66, 10.50, 12.30 and 13.30 μm), 
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surpassing its predecessor SEVIRI in radiometric, spectral and spatial capabilities. FCI’s 
additional channels facilitate the detection of fine cirrus clouds, aerosols, and localized fire 
events, and operate in both standard and high spatial resolution modes, scanning Earth’s 
disk every 10 minutes or selected regions every 2.5 minutes. The SNR from its visible and 
NIR bands varies from 12 to 40 with 1% albedo as input (European Space Agency 2022).

4. Recent applications of geostationary data over inland and coastal waters

4.1. Chlorophyll-a and algal organisms

One of the earliest studies on detecting algal blooms using geostationary data was 
conducted in 2012 using the world’s first GOCI (Son, Min, and Ryu 2012). This study 
detected a massive bloom of floating green algae in the Yellow and East China Sea in 2011 
and introduced the ‘Index of floating Green Algae for GOCI’ (IGAG) using multiple spectral 
band ratios based on the spectra of green algae. This method showed benefits in 
detecting subtle or less dense features when the water conditions were cloudy or 
complex. In the following years, several researchers reported the application of GOCI 
data to study photosynthetic organisms and their dynamics (Bao, Tian, and Chen 2015; 
Huang, Shi, et al. 2015; Qi et al. 2017). For example, GOCI data was used to determine 
chlorophyll-a (chl-a) concentrations using machine learning approaches (Y. H. Kim et al.  
2014) and even to identify the physical factors affecting the distribution of floating green 
algae by combining GEO data and numerical methods, e. g. Lagrangian particle-tracking 
experiments (Son et al. 2015).

Identifying and monitoring algae in the most diverse water bodies is important issue 
due to its role in primary productivity and the imbalances caused to ecosystems. Chen 
et al. (2019) confirmed the ability of Himawari-8 in detecting and observing the distribu
tion of floating algae in Lake Taihu, China. For this purpose, the Floating Algae Index (FAI) 
(Hu 2009) was adapted and compared to the results from the Moderate Resolution 
Imaging Spectroradiometer (MODIS) and GOCI, attesting the reliability Himawari-8/AHI 
estimates. Wang et al. (2022) developed a new method for automatic classification of 
cyanobacterial blooms and for the analysis of their diurnal changes. The method called 
‘diurnal change patterns classification’ (DCPC) was proposed to Lake Taihu, a large 
eutrophic water body located in China. The work drew on a broad hourly dataset from 
the GOCI, classifying the observed patterns into four main types of daily changes of 
cyanobacteria blooms, including the decreasing (Type1), decreasing first and then 
increasing (Type2), increasing (Type3), increasing first and then decreasing (Type4).

In Yoon et al. (2019), chl-a estimation accuracy was assessed in a complex coastal 
region in Korea using GEO data and six algorithms. These included two standard open 
ocean algorithms, one GOCI-standard algorithm, and three regionally modified algo
rithms by Tassan for Korean waters (Tassan 1994). The study found that all tested 
algorithms tended to underestimate high chl-a concentrations highlighting the impor
tance of adopting a regional approach to achieve accurate estimations in areas affected 
by anthropogenic activities. Recently, Yulong et al. (2022) introduced a novel approach 
called the BBHR (bio-optical – based hyperspectral reconstruction) method to estimate 
chl-a in complex inland waters. This method utilized six sensors coupled to various 
satellites, including GOCI, and employed a robust hyperspectral reconstruction technique 
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to generate remote sensing reflectance (Rrs). By training a multi-hyperspectral dictionary 
pair based on a bio-optical simulated Rrs dataset, the BBHR method became independent 
of in situ hyperspectral data, making it theoretically applicable universally. Additionally, 
two other recent studies focused on chl-a concentration estimation. One study adapted 
the three-band (TB) algorithm to GOCI data (Guo et al. 2022), while the other study 
detailed chl-a distribution using a new inversion model based on the relationship 
between in situ chl-a and spectral data from Gaofen-4, a Chinese GEO satellite (Bu et al.  
2022).

Geostationary data have been utilized to directly explore the diurnal dynamics of 
cyanobacterial blooms in inland waters, employing spectral indices (Qi et al. 2018; 
S. Wang et al. 2022). Similarly, GEO data have been developed for monitoring harmful 
algal blooms in continental aquatic systems and coastal regions (Noh et al. 2018; Ye, 
Zhang, and Du 2022). The red tide phenomenon, characterized by rapid growth of protist 
phytoplankton causing harm to marine life, has garnered attention. Lee, Park, and Micheli 
(2021) investigated red tide using the Normalized Red Tide Index (NRTI), a specific spectral 
index based on GOCI sensor data and field data collected in the southern coastal region of 
the Korean peninsula. The NRTI relies on spectral characteristics across visible to near- 
infrared wavelengths. Table 1 summarizes essential details from papers that employed 
GEO data to investigate chlorophyll-a and algal organisms in inland and coastal waters, as 
presented in this review.

A pioneering study conducted by Lee et al. (2012) utilized GEO data from the GOCI 
instrument to investigate primary production in Taihu Lake, China. The study focused on 
assessing phytoplankton dynamics, diurnal variations in biomass, and available photo
synthetic radiation. The integration of GOCI measurements significantly enhanced the 
accuracy of daily primary production estimates and provided valuable insights into the 
long-term dynamics of biogeochemical processes. Asaoka et al. (2020) adapted a model 
for estimating primary production and applied it to Hiroshima Bay, Japan. Notably, their 
approach capitalized on the use of data from a geostationary satellite, which offered 
superior spatial (~500 m) and temporal resolutions. This advancement enabled the esti
mation of coastal primary production even in areas with complex topography and smaller 
channels (<1 km). The utilization of geostationary satellite data represented a key differ
entiating factor of their study, showcasing its efficacy in improving our understanding of 
primary production dynamics in diverse coastal environments.

4.2. Suspended solids and turbidity

In the early 2010s, GEO GOCI satellite data were utilized to study suspended materials in 
Asian lakes (Huang, Yang, et al. 2015; Lyu et al. 2015), estuaries (Cheng et al. 2016), and 
mostly in coastal regions of China and Korea (Choi et al. 2014; Eom et al. 2017; Y. H. Kim 
et al. 2014; K. Ruddick et al. 2012; Shen et al. 2014). An algorithm was developed to map 
the total suspended particulate matter (TSM) in Hangzhou Bay, the largest bay on China’s 
southeastern coast (X. He et al. 2013). The study highlighted the diurnal dynamics in the 
bay and identified tides as the primary driver of spatial and temporal variations in TSM 
concentrations. Lyu et al. (2015) estimated the total suspended solid (TSS) concentration 
in different inland lakes in China by classifying simulated GOCI reflectance a bands from 
in situ measurements based in a clustering method. For each class, the authors developed 
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a TSS concentration retrieval algorithm. According to the authors, this two-step approach 
exhibited significantly better performance compared to methods without pre- 
classification of water type.

In the past decade, the use of GEO satellites for estimating total suspended solids (TSS) 
has become more prevalent. For example, Dorji and Fearns (2018) assessed the applic
ability of the Himawari-8 satellite sensor for mapping TSS concentration in the coastal 
waters of Australia. The data underwent atmospheric correction using two different 
aerosol correction methods. The results indicated good performance in estimating con
centrations above 0.15 mg/L at zenith angles below 60°. Additionally, strong correlations 
were observed in cross-validation with TSS concentration data derived from two other 
satellites, MODIS/Aqua and OLI/Landsat-8, with correlation coefficients (r2) of 0.71 and 
0.91, respectively. Another study by Torres and Blanco (2021) utilized data from Himawari- 
8 to explore spatial approximations for chl-a and suspended solids, aiming to create high- 
frequency water quality maps for Manila Bay, Philippines.

Various approaches have been employed to study suspended solids in inland and 
coastal waters. Constantin et al. (2018) analysed river plumes using data from both 
geostationary and sun-synchronous polar orbit satellites. GEO satellite data revealed 
a strong connection between a French estuary’s suspended particulate matter plume 
dynamics and the daily tidal cycle. Pan, Shen, and Wei (2018) fused data from GOCI and 
Landsat-8 to map suspended particulate matter with high temporal and spatial resolu
tions, achieving results with better accuracy when using the fused data. Shang and Xu 
(2018) developed a regional empirical modelling approach using geostationary data for 
suspended particle matter estimation, along with an algorithm for appropriate atmo
spheric correction. Liu et al. (2018) proposed an empirical algorithm based on a spectral 
absorption index to analyse diurnal and seasonal dynamics in coastal waters using GOCI 
data; the retrieved suspended matter values were consistent with in situ measurements. 
Table 2 provides a concise overview of key information extracted from publications that 
employed GEO data to investigate suspended solids in inland and coastal waters, as 
covered in this review.

Recently, Lin et al. (2022) retrieved time series information from a nine-year dataset of 
suspended sediment concentration obtained from hourly GOCI sensor images. Their 
findings, focusing on a coastal tidal basin in Jiangsu, China, revealed a strong influence 
of water level variations and wave intensity on the diurnal oscillation of suspended 
sediments. In the case of Lake Taihu in China, He et al. (2019) simulated the sedimentation 
process and monthly average sea surface temperature (SST) at the lake bottom using 
a numerical simulation combined with GOCI data. The GOCI data were atmospherically 
corrected using an algorithm based on ultraviolet wavelengths. The results provided 
valuable insights into critical areas prone to siltation.

GOCI sensor and in situ measurements were successfully applied to estimate the 
turbidity in estuaries in the coastal region of China. To tackle the complexity of these 
ecosystems, a machine learning technique, neural networks, was employed to develop 
a specific algorithm for turbidity estimation based on satellite-derived Rrs. Additionally, 
the study investigated the turbidity patterns associated with tidal action using numerical 
simulation and revealed an inverse relationship between turbidity and tidal height. 
Importantly, the algorithm demonstrated the potential to estimate turbidity values in 
areas beyond the training set (Feng et al. 2020).
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5. Other applications

The phenomenon known as ‘blue tide’ and characterized by a blue colour on the water 
surface, results from the scattering of light by colloidal sulphur particles. The reaction of 
oxygen with resurgent hydrogen sulphide (H2S) produced by anaerobic bacteria in deep 
waters causes this phenomenon. Blue tides can lead to the mass mortality of aquatic 
organisms, including fish and crustaceans. Using data obtained by the GOCI satellite, 
researchers were able to observe and analyse the distribution of blue tides in a bay in the 
centre of Japan. Sulphur concentration data were used to develop an empirical model 
that estimates sulphur concentration based on the logarithm of Rrs at a wavelength of 
0.660 µm. This study conducted by Higa et al. (2020) provides valuable insights into 
understanding and monitoring the occurrence of blue tides in coastal waters.

Water transparency, typically measured by Secchi disk depth (SDD), serves as 
a fundamental water quality indicator. Based on GOCI data, Bai et al. (2020) improved 
the accuracy of estimating water transparency in eutrophic waters by linearly fitting 
a well-established model developed by Lee et al. (2015). They incorporated field data to 
correct the model, demonstrating the reliability of estimating SDD using remote sensing 
reflectance. Similarly, Zhou et al. (2022) proposed a linearly corrected regional model for 
SDD estimation in Jiaozhou Bay, utilizing GOCI data and SDD estimation models from 
North Sea Mathematical Models and Lee et al. (2015). Their multivariate linear regression 
analysis highlighted the influence of solar zenith angle (SZA) and tides on diurnal SDD 
variations in the bay.

The presence of particulate organic carbon (POC) in water bodies such as rivers and 
estuaries has garnered significant interest. Liu et al. (2019) utilized hourly data from the 
COMS (GOCI) satellite to develop algorithms for estimating the monthly flow of POC in the 
Changjiang River estuary, China. This estimation was based on the observed nearly-linear 
relationship between POC and TSM, derived from in situ measurements. Subsequently, 
Wang et al. (2021) conducted a follow-up POC flow study in the same area. They 
combined POC concentration data estimated from GOCI images with a numerical 
model to assess its flux and distribution, aiming to support long-term monitoring in 
estuaries and gain insights into the effects of terrestrial inputs in marginal seas.

In addition to these studies, GEO satellites sensors have been applied in various other 
areas. Goldberg et al. (2018) employed them for flood monitoring, Huang, Hu, and Shi 
(2021) focused on coastal upwelling mapping, Du et al. (2021) utilized them for water 
quality assessment, and Bracaglia et al. (2020) used them to create new virtual geosta
tionary datasets. These diverse applications demonstrate the versatility of GEO satellites 
sensors in different aspects of water monitoring and research.

6. Summary and future work

Over the past decade, the use of geostationary data in inland and coastal waters has 
demonstrated its potential to provide reliable information, enhancing our under
standing of daily and hourly water dynamics. Although the number of publications 
in this field is limited compared to studies focused on the oceans and atmosphere, 
the application of geostationary datasets has proven effective in gaining insights 
into recent research. Notably, the majority of these studies have been conducted in 
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Asia, indicating the unexplored potential of utilizing geostationary data in other 
parts of the world. These findings highlight the promising opportunities for further 
investigation and usage of geostationary data in various regions and scientific 
domains.

The use of geostationary satellites sensors, such as GOCI and AHI, has significantly 
advanced our understanding on various aspects of inland and coastal waters. These sensors 
provided information on the dynamics of chlorophyll-a concentration, algal blooms, sus
pended solids, turbidity, and other water quality indicators. Generating corrected products, 
like the ones provided by GEONEX simplifying data interpretation and improving the usability 
of geostationary data for a wide range of applications. Furthermore, the potential for the 
fusion of geostationary data with other satellite systems, such as MODIS, offers an excellent 
opportunity to improve temporal revisit rates and increase the capacity of predictive models.

However, there are still obstacles to overcome in order to fully utilize the potential of 
geostationary satellites sensors in inland and coastal water applications. Not all algorithms 
have been rigorously validated with geostationary data, requiring greater refinement and 
validation efforts. The generally lower spatial resolution and challenges in atmospheric 
correction and managing large volumes of data are other issues that require attention. 
Questions such as the balance between high temporal resolution and the spatial detail 
provided by geostationary satellites sensors, the effectiveness of these sensors in over
coming cloud cover problems in images, and possible comparative differences between the 
results of sun-synchronous satellites sensors and geostationary satellites sensors are still to 
be explored. Such challenges could provide a starting point for future research, promising 
even deeper insights and solutions in developing monitoring and understanding of the 
planet’s invaluable water resources.
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