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Abstract: Bathymetry refers to the depth measurement of the topographic seafloor surface and is essential geophysical data for 

understanding the land-ocean interplay. Recently, researchers have taken advantage of photon penetration of the green laser of 

NASA ICESat-2 to profile the seafloor as a part of the bathymetric mapping of shallow nearshore coastal waters. Prerequisite 

conditions for using the ICESat-2 geolocated photons for reconstructing the bathymetric profiles include a preference for using 

nighttime acquisitions followed by applying refraction correction to the water column returned photons to correct the apparent 

depths due to the change in the speed of light that occurs at the air-water interface. The success of detecting the seafloor from the 

bathymetric profiles from ICESat-2 photons will depend on the optical clarity of the water. The diffuse attenuation coefficient for 

downwelling irradiance, Kd(490), measures how light dissipates with depth in water and indicates how strongly light intensity at 

490 nm of wavelength is attenuated in the water column, providing a hint about the water clarity. In this research, we have 

explored ICESat-2's photon-based bathymetric mapping potential in relation to the Kd(490). ICESat-2 photon data and Kd(490) 

data from level-2 OLCI of Sentinel-3 A/B mission were acquired with overlapping dates to investigate the possible depth 

penetration of ICESat-2 photons in the shallow waters during clear water conditions and sediment load periods. Two nearshore 

study sites were chosen that are located at the head of the Bay of Bengal. This research proves that the ICESat-2 photons can 

successfully reflect from the seafloor in shallow waters while the optical water condition is clear, during which the Kd(490) is less 

than 0.12 m
-1

. On the contrary, during the periods of sediment load in the water, where the Kd(490) is above 0.15 m
-1

, the ray 

tracing mechanism of ICESat-2 photons has been impacted due to absorption and scattering caused by the sediments load in the 

water column; thus, seafloor detection by ICESat-2 photons will not be successful in sediment loaded waters. The results from 

this research suggest the necessity of Kd(490) to be complementary data with ICESat-2 photons for successful bathymetric 

applications. 
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1. Introduction 

The marginal marine environments, like lagoons and 

estuaries, lie along the boundary between the continental and 

coastal depositional realms and are usually dominated by 

tidal processes, playing a critical role in ecosystem and 
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engineering studies [1]. Bathymetry refers to the depth 

measurement of the topographic seafloor surface and is 

essential geophysical data in modeling and interpreting the 

land-ocean interplay [2]. Usually, bathymetric surveying of 

shallow waters by conventional ship-borne sonar techniques 

is slow, hazardous, and expensive [3]; due to this and the 

ability to capture a synoptic view, remote sensing techniques 

from space-borne sensors have taken the lead in generating 

bathymetric measurements [3-6]. 

Earlier, researchers have reviewed the techniques 

associated with satellite-derived bathymetric methods [6-10]; 

usually, the optical remote sensing-based methods take the 

cue from the principle that as depth increases, the intensity of 

electromagnetic energy gradually weakens due to the 

inherent optical properties of the water column [9], and also 

different wavelengths of the solar spectrum penetrate the 

water bodies to different depths [11]. Ashphaq et al. [7] and 

Duplančić et al. [10] have categorized the methods for 

deriving bathymetric information from optical remote 

sensing into empirical, semi-empirical, quasi-analytical, and 

analytical based on statistical, bio-optical, and physical 

optical properties. Similarly, Santos et al. [12] and Wiehle et 

al. [13] explored active remote sensing data like Synthetic 

Aperture Radar (SAR) to derive the bathymetric information 

by inferring the sea surface signatures and applying the 

dispersion relation on surface waters. Either the case, i.e., 

optical and SAR data, for final computation of bathymetric 

information, a priori seed point information, or in situ data is 

an input parameter required for estimating the depth 

information [11, 13]. Ashphaq et al. [7] compared various 

methods of deriving bathymetric information, termed 

non-imaging active remote sensing methods like LIDAR can 

provide highly accurate depth information in clear water 

conditions. 

The National Aeronautics and Space Administration 

(NASA) launched Ice, Cloud and land Elevation Satellite-2 

(ICESat-2) in 2018, equipped with a solo sensor, namely, 

Advanced Topographic Laser Altimeter System (ATLAS), 

a highly sensitive photon-counting system [14]. The 

ICESat-2 mission operates in a non-sun-synchronous orbit 

(thus, both the daytime and nighttime acquisitions are 

possible) at an average altitude of 496 km - resulting in a 

temporal resolution of ~91 days, during which 1387 unique 

ground track patterns will be covered [14]. The ATLAS 

sensor uses a 532 nm wavelength (green) laser, operating at 

a pulse repetition frequency of 10 kHz encounters a 

diffractive optical element to release six beams (organized 

as three pairs – left, near-nadir, and right), of which within 

each pair one beam (termed as a strong beam) has four 

times the energy of the other (termed as a weak beam) and 

has a separation of 90 m between them (illustrated in Figure 

1a). The left and right paired beams are both 3.3 km apart 

from the nadir most paired beam, and each beam will have a 

nominal 17 m diameter footprint with an along-track 

sampling interval of 0.7 m [14]. Once these laser beams hit 

the earth’s surface, reflected photons are recorded by the 

photon-counting telescope mounted on the ATLAS sensor 

to yield the range measurements. Data related to the 

ICESat-2 platform (like position, orientation, attitude, 

orbital velocity), laser pointing vectors, pulse emission 

timing, and the range measurements will be assimilated to 

generate the latitude, longitude, and ellipsoidal heights for 

each geolocated photon [14, 15]. 

At ground stations, science teams of ICESat-2 will process 

and distribute various levels of data products through a web 

portal maintained by National Snow and Ice Data Centre 

(NSIDC) [16]. Global geolocated photon data available as 

Level-2A product under the nomenclature ATL03 contains 

height above the WGS84 ellipsoid (ITRF2014 reference 

frame), latitude, longitude, and time for all photons 

downlinked by the ATLAS instrument on board the ICESat-2 

[17]. Even though ATL03 is a non-imaging product, 

attributes like latitude and longitude enable the geospatial 

community to infer the data in the spatial domain. An 

along-track sequence of geolocated photons from the ATL03 

data product allows one to generate profiles to essay the 

earth's surface variation (the concept shown in Figure 1 for a 

subset of photon data over Shaheed Dweep / Niel Islands of 

Andaman and Nicobar, India). 

The primary mission objectives of the ICESat-2 profiling 

system aimed at cryosphere studies [14], but the geolocated 

photons accumulated from this mission have proven to be 

resourceful data that can foster the research areas like climate 

change and global warming, meteorology, natural sciences, 

land and topography, hydrology and bathymetry [18-20]. 

Regarding the accuracy of the geolocated photons, 

performance assessment done by various researchers 

confirms meeting the sensor's specification [18, 19]. 

Towards extending the applications beyond the cryosphere, 

Neuenschwander and Magruder [21] first explored the utility 

of distinguishing terrain and canopy from the profiles 

generated from the ICESat-2 geolocated photons; the concept 

is illustrated in Figure 1c for an island. There need no 

required pre-processing methods for terrain and canopy 

applications of ICESat-2 photons. However, for hydrological 

applications of ICESat-2 photons, specifically, there needs to 

be a preference for nighttime acquisitions; this is because the 

background noise caused by solar spectral radiation 

significantly impacts the detection performance of lidar [22, 

23]. 

Parrish et al. [24] are credited for evaluating the 

performance of ICESat-2 photons towards bathymetric 

studies, which highlighted the need to apply refraction 

correction to the depths because of the change in speed of 

light that occurs at the air-water interface, else, horizontal 

and vertical errors in the estimation will prevail, this is 

because the refractive index of air and water are different. 

However, the maximum horizontal offset due to the 

refraction tends to be 9 cm at a water depth of 30 m and can 

negotiate due to the beam footprint of 17 m [24]. Studies 

done by Parrish et al. [24] confirm that using ICESat-2 

photons, seafloor detection in water depths of up to ~40 m 

is possible. However, the maximum depth a photon can 

reflect depends on the water's transparency. Further, Ma et 
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al. [25] suggested applying corrections to eliminate sea 

level variabilities induced by waves and tides. During the 

final computation of depth, one needs to convert the 

ellipsoidal heights of ICESat-2 photons to orthometric 

heights [26-28]. 

 

Figure 1. Concept of profiling from ICESat-2 geolocated photons. (a) Subsets of three pairs of beams from ICESat-2 ATLAS sensor acquired on 2019-Dec-26 

over Shaheed Dweep/Niel island (Andaman & Nicobar, India). (b) 3D representation of profiling using ICESat-2 geolocated photons for one of the beams (gt1l 

strong) on the height map generated from GEBCO gridded bathymetry data over Shaheed Dweep/Niel Island. (c) 2D profile showing orthoheight on y-axis 

and latitude on x-axis over the Sheed Dweep/Niel Island, clearly showing the photons reflected from the water surface, water column, and seafloor. Over the 

land, photons reflected from the canopy and terrain can be visualized. 

By latest, various studies validating the performance of 

ICESat-2 photons for deriving water depths reported root 

mean square error (RMSE) ranging between 0.20 to 0.89 m 

[26, 29, 30], which is, by far, significantly high accurate 

measurements from the current operational space-borne 

active sensor systems. 

This research is oriented towards finding the optimal clear 

water conditions for successful seafloor detection by 

ICESat-2 photons; thereby, the results should enable the 

bathymetric investigators to select the data acquired during 

the optically clear water conditions. The diffuse attenuation 

coefficient for downwelling irradiance, Kd(λ) (in m
−1

), where 

λ is the wavelength of light, is a measure of how light 

dissipates with depth in water; it indicates how strongly light 

intensity at a specified wavelength is attenuated within the 

water column. The presence of scattering particles in the 

water column, either organic or inorganic materials, will 

influence the process of light transportation. Hence Kd acts as 

a measurement of water clarity [31, 32]. Usually, Kd is 

computationally feasible using remote sensing techniques [33] 

and is of interest to the scientific fraternity requiring a 

prediction of light propagation qualities of seawater, 

especially for active/passive optical systems for mapping the 

bathymetry [31, 33]. The current operational empirical 
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algorithms to compute diffuse attenuation coefficient at λ = 

490 nm, termed as Kd(490), is estimated using the ratio of 

water-leaving radiances at blue and green wavelengths, 

discussed by Austin et al. and Lee et al. [31, 33] and indicates 

the turbidity presence in the water column; thus, acts as an 

indicator for how visible light in the blue to green region of 

the spectrum penetrates within the water column. In general, 

the pixel values of Kd data generated from the remote sensing 

methods vary from 0 to 10 m
-1

, where values toward zero 

indicate less light attenuation and, thus, transparent or clear 

water conditions. Conversely, larger Kd values indicate 

greater opaque like in sediment-dominant waters. 

Ocean and Land Colour Instrument (OLCI) is one of the 

instruments of the Sentinel-3 mission, which is aimed at 

measuring sea surface topography, sea and land surface 

temperature, and ocean and land surface color with high 

accuracy and reliability to support ocean forecasting 

systems, environmental monitoring, and climate monitoring 

[36]. Sentinel-3 OLCI level-2 series of data product 

services comprises Kd(490) as a raster band helpful to 

characterize the transparency from the spectrum of the 

normalized water-leaving reflectances based on the bands 

with central λ = 490 nm and λ = 560 nm [37, 38] that was 

developed using the method proposed by Morel et al. [35]. 

Earlier, validation of Sentinel-3 OLCI water quality 

products with field-level data done by Kyryliuk et al. [39] 

and Glukhovets et al. [40] resulted in confirming the 

reliable accuracies due to relatively low bias. OLCI data 

products from Sentinel-3 A/B platforms are available for 

global coverage with a spatial resolution of 300 m and 

almost daily temporal resolution [37]. 

In this research, two study sites falling in the coastal 

waters of the Bay of Bengal were selected to inspect the 

relationship between refraction-corrected seafloor returned 

ICESat-2 photons and seawater quality inferred from the 

Kd(490) from the Sentinel-3 OLCI. Analysis was done on the 

data acquired during clear water and turbid-prone seasons to 

instigate the behavior of ICESat-2 photons in the water 

column. Even though the ATLAS sensor uses a 532 nm 

wavelength (green) laser, the open-accessible Kd(490) data is 

available daily; this enables one to use and crosscheck the 

water quality before estimating the depth from ICESat-2 

geolocated photons. 

2. Material and Methods 

2.1. Study Area 

The two test sites selected for this research are located in 

the eastern coastal area of the Indian subcontinent (Figures 

2b and 2c show the extent of these test sites). The first test 

site is located on the eastern side of Kavali town, and the 

second is located on the eastern side of Nellore city. The east 

coast of India termed the head of the Bay of Bengal, is 120 

km wide, characterized by well-defined beaches, sand dunes 

and spits, many lagoonal lakes associated with backwater 

swamps, and estuaries [41]. Most of the Indian east coast is 

relatively calm from January to March; however, other 

seasons are influenced by dynamic factors arising from 

incessant rainfall and tropical cyclones originating from the 

monsoon transition and monsoon periods [42-44]. From June 

to September, the east coast waters intake heavy 

sedimentation from peninsular river discharge [45]. The 

rationale for selecting these test sites is that the depth to the 

seafloor adjoining the coast is less than 40 m [46]; thus, 

during the clear water condition, there is a possibility for 

ICESat-2 photons to penetrate up to the seafloor as per 

Parrish et al. [24]. Similarly, both the test sites exhibit clear 

water conditions (during January-March) and sediment 

accumulation post-June month. Hence these two conditions 

are conducive to observing the behavior of ICESat-2 photons 

in the water column in relation to Kd(490). 

2.2. Datasets 

Table 1 shows the details of the datasets used in this 

investigation. Primarily, the datasets include ATL03, a 

level-2A ICESat-2 photon data product, Kd(490) product from 

Level-2 OLCI product of Sentinel-3 A/B, and seafloor 

information derived from the General Bathymetric Chart of 

the Ocean (GEBCO) gridded bathymetry data. 

For both the test sites in this research, subsets of ICESat-2 

ATL03 data for a ~50 km length were downloaded from the 

NSIDC web portal available at https://nsidc.org/data/icesat-2 

[16] in Hierarchical Data Format (HDF). Data pertaining to 

two periods, one during the clear water season (January to 

March) and the other during the sediment accumulation period 

(during and after June), were opted for this investigation. The 

separation between these two beams is ~500 m, and as a 

precursor condition, ICESat-2 beams for both seasons were 

considered nighttime acquisitions. 

Correspondingly, for the same dates as acquired by the 

ICESat-2, within +/- 24 hours, Level-2 OLCI data products 

from the Sentinel-3 A/B mission were downloaded from the 

web portal titled Copernicus Data Space Ecosystem, which is 

an open ecosystem that provides free instant access to a wide 

range of data and services from the Copernicus Sentinel 

missions [47]. However, for test site 2, during the non-clear 

water season, a composite product of Kd(490) was generated 

used from the data obtained from two dates, as mentioned in 

Table 1; this is to compensate for the missing pixel values (due 

to cloud) in a single date imagery. 

GEBCO_2002 grid is a global gridded terrain model that 

provides elevation/depth information for land and oceans, 

respectively, and is available at a 15 arc-second (450 m) from 

the web portal at https://www.gebco.net/ [46]. In this 

investigation, we used the seafloor information from GEBCO 

to compare the maximum depth detected by ICESat-2 photons 

for both study areas. 
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Figure 2. Location map of the study area. (a) Location of the two test sites. (b) Coastal waters spread at the eastern Kavali town used as test site #1 with an 

overlay of beams from ICESat-2 (c) Coastal waters spread over the eastern Nellore city used as test site #2 with an overlay of beams from ICESat-2. 

Table 1. Details of datasets used to infer the behavior of ICESat-2 photons in the water column in relation to Kd(490). Kd(490) has been derived from Level-2A 

OLCI imagery of Sentinel-3 A/B mission. 

Test site details 
ICESat-2 ATL03 product (Track id, beam id & 

acquisition date/local time) 

Sentinel-3 A/B OLCI Level-2A data product 

(Platform & acquisition date) 

Test site #1: Coastal waters at the eastern 

Kavali town, Andhra Pradesh, India 

81, gt3r (strong) & 2020-Mar-31/02:10 Hrs. S3B & 2020-Mar-30 

81, gt1r (strong) & 2021-Jun-28/05:00 Hrs. S3A & 2021-Jun-29 

Test site #2: Coastal waters at the eastern 

Nellore town, Andhra Pradesh, India 

523, gt1r (strong) & 2020-Jan-29/05:00 Hrs. S3A & 2020-Jan-29 

523, gt3r (strong) & 2021-Jul-27/03:40 Hrs. S3A & 2021-Jul-27 & S3B & 2021-Jul-28 

 

2.3. Methodology 

Figure 3 shows the methodology implemented in this 

investigation. The location information (latitude and longitude) 

and ellipsoidal height of every successful photon event were 

retrieved from the ICESat-2 ATL03 data product. The ATL03 

dataset provides a confidence attribute ranging from 0 (noisy) 

to 4 (being high-quality signal), enabling the distinction of 

qualified signal photons from noise photons. For water-related 

studies, one needs to consider all the photons irrespective of 

the confidence value, especially for the successful detection of 

seafloor [25]. Default heights in the ATL03 data product were 

converted to orthometric heights using the geodetic utilities 

provided at https://www.unavco.org [49]. ICESat-2 ATL03 

data after undergoing numerous corrections to remove the 

errors accumulated due to solid earth deformation, ocean tides, 

and atmospheric delay, needs refraction correction; in this 

research, the method suggested by Parrish et al. [24] and 

endorsed by Ma et al. and Ranndal et al. [25, 50] was 

implemented. This step eliminated the vertical errors accrued 

due to the difference in the air and water refractive index, 

providing the absolute depth. 
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Figure 3. Flowchart of the methodology used to infer the behavior of ICESat-2 photons in the shallow waters in relation to Kd(490). 

Once refraction correction is done, latitude, longitude, 

and corrected depth were fed to the Density-Based Spatial 

Clustering of Applications with Noise (DBSCAN) 

algorithm to classify the photons reflected from the water 

surface, water-column, and seafloor. All these classes of 

photons were used to generate bathymetric profiles. 

Generally, the bathymetric profiles generated from the 

ICESat-2 geolocated photons consist of orthometric heights 

(depth in m) on the y-axis and the x-axis on the latitude 

along the ground track. 

Sentinel Application Platform (SNAP) is a free and 

open-source toolbox for scientifically exploiting the data from 

Sentinel missions [48]. SNAP software was used to perform 

the standard pre-processing steps and to subset the Kd(490) 

layer from the Level-2 OLCI product of the Sentinel-3 A/B 

mission. Profiles from the Kd(490) pixels and GEBCO_2022 

grid were generated along the track of ICESat-2 geolocated 

photons. Bathymetric profiles generated from the ICESat-2 

geolocated photons and the Kd(490) datasets were used to 

infer the maximum depth detectability of ICESat-2 photons 

during clear and non-clear water conditions. Profile from the 

GEBCO bathymetric data is used to compare the seafloor with 

that of ICESat-2 detected seafloor. 

3. Results 

Figures 4 and 5 show the results for test sites #1 and #2, 

respectively. In particular, Figures 4a and 5a show the 

bathymetric profiles generated from the ICESat-2 geolocated 

photons after refraction correction during clear water 

conditions for respective study sites. Similarly, Figures 4c and 

5c show the bathymetric profiles for individual study sites 

during the sediment accumulation period. In these profiles, the 

y-axis has depth (in meters), and the x-axis shows the 

along-track latitude. 

In the same lines, Figure 4b and 5b shows the profile 

generated from the Kd(490) layer obtained from the level-2 

OLCI imagery of Sentinel-3 A/B during clear water 

conditions. In contrast, Figure 4d and 5d shows the profile 

generated from Kd(490) layer during the sediment 

accumulation period; for these profiles, the y-axis consist of 

Kd(490) (in m
-1

), and the x-axis has the along-track latitude 

similar to that of corresponding bathymetric profiles 

generated from ICESat-2 geolocated photons. 

In the bathymetric profiles, photons reflected from the 

water surface, water column, and the seafloor are 

distinguished with different color schemes; to bind and 

compare with a modeled assisted seafloor with that of the 

ICESat-2 detected seafloor, surface profile from the GEBCO 

gridded bathymetric data has been overlaid. 

For test site #1, i.e. coastal waters at the east of Kavali town, 

during the clear water season, sea floor up to a depth of ~16 m 

is evident from the bathymetric profile (Figure 4a), which is 

also quite close intersect to the seafloor derived from the 

GEBCO gridded bathymetry. During this, it is observed that 

the Kd(490) derived from the level-2 OLCI of Sentinel-3 A/B 

is always less than 0.12 m
-1 

(Figure 4b). Whereas, during the 

sediment accumulation period, photons penetrated only upto 

~8 m into the water column (Figure 4c) yet the maximum 

seafloor is at a depth of ~16 m. Corresponding to this period, 

the Kd(490) is ranging between 0.15 to 0.4 m
-1

 which is 

depicted in Figure 4d. 
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Figure 4. Bathymetric profile from ICESat-2 geolocated photons and corresponding profile of Kd(490) derived from level-2 OLCI of Sentinel-3 A/B mission for 

the extent containing shallow coastal waters at the eastern part of Kavali town, Andhra Pradesh, India. The ICESat-2 and Sentinel-3 acquisition overlap is +/- 

24 hours. (a) Bathymetric profile during clear water conditions with an overlay of the surface profile from GEBCO gridded bathymetric data. (b) Profile 

generated from the Kd(490) layer for the same extent as shown in (a). (c) Bathymetric profile during sediment accumulation period with an overlay of the 

surface profile from GEBCO gridded bathymetric data. (d) Profile generated from the Kd(490) layer for the same extent as shown in (c). 
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Figure 5. Bathymetric profile from ICESat-2 geolocated photons and corresponding profile of Kd(490) derived from level-2 OLCI of Sentinel-3 A/B mission for 

the extent containing shallow coastal waters at the eastern part of Nellore city, Andhra Pradesh, India. The ICESat-2 and Sentinel-3 acquisition overlap is +/- 

24 hours. (a) Bathymetric profile during clear water conditions with an overlay of the surface profile from GEBCO gridded bathymetric data. (b) Profile 

generated from the Kd(490) layer for the same extent as shown in (a). (c) Bathymetric profile during sediment accumulation period with an overlay of the 

surface profile from GEBCO gridded bathymetric data. (d) Profile generated from the Kd(490) layer for the same extent as shown in (c). 
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For test site #2, i.e., coastal waters at the east of Nellore city, 

during the clear water season, the seafloor up to a depth of ~15 

m is evident from the bathymetric profile (Figure 5a), which is 

also quite close intersect to the seafloor derived from the 

GEBCO gridded bathymetry. During this, it is observed that the 

Kd(490) derived from the level-2 OLCI of Sentinel-3 A/B is 

always less than 0.12 m
-1 

(Figure 5b). Whereas, during the 

sediment accumulation period, photons penetrated only up to 

~6 m into the water column (Figure 5c), the maximum seafloor 

is at a depth of ~16 m. Corresponding to this period, the Kd(490) 

ranges between 0.3 to 0.5 m
-1

, depicted in Figure 5d. 

4. Discussion 

Coastal shallow waters are dynamic due to the intersection 

of land, ocean, and atmosphere, thus exhibiting significant 

variability in physical and biogeochemical cycles due to the 

intake of massive terrestrial material inputs [51]. This 

terrestrial material, in the form of silt, clay, inorganic, and 

organic matter such as algae, plankton, and decaying material, 

either dissolved or particulate/suspended, is the main flux of 

material from the continents to the coastal waters that will 

influence the optical attributes of the shallow waters. 

Turbidity is an optical determination of the water clarity [52] 

and affects the physical look of the water. Water clarity is a 

physical characteristic defined by how transparent the water is 

and determined by the depth that light penetrates in water. The 

more sediments in the water, the more the light attenuates, i.e., 

diminished by scattering (changing the direction of 

propagation) or absorption before reaching the seabed [53, 54]. 

The diffuse attenuation coefficient Kd(λ) is considered an 

index of visual water clarity for shallow waters that can be 

detected using remote sensing methods [55-57]. 

The maximum depth of these shallow water at test sites #1 

and #2 indicated by the GEBCO gridded bathymetric data is 

~16 m and ~15 m, respectively. P rofiles generated using the 

ICESat-2 geolocated photons follow a similar seafloor trend 

as obtained by GEBCO gridded bathymetry (refer to Figures 

4a and 5a during clear water conditions for both the test sites. 

Earlier researchers confirm similar results in various study 

areas while validating the potential of nearshore bathymetry of 

ICESat-2 photons [24, 29, 50, 58-60]; however, our research 

has parallelly retrieved the Kd(490) from level-2 OLCI of 

Sentinel-3 A/B mission overlapping with the same acquisition 

with that of ICESat-2, indicated a value less than 0.12 m
-1

 

(refer to Figure 4b and 5b). 

During the sediment accumulation periods, for both the test 

sites, the seafloor is not seen in the bathymetric profile created 

using the ICESat-2 photons (refer to Figure 4c and 5c); 

however, few photons have reflected from the water column 

up to the certain extent of depth which is lesser than the depth 

of the seafloor (as indicated by the surface profile of GEBCO 

gridded bathymetric data). During this period, Kd(490) values 

range between 0.15 to ~0.4 m
-1

 and 0.3 to 0.5 m
-1

 for test sites 

#1 and #2, respectively (refer to Figure 4c and 5c). Especially 

for test site #2, where the Kd(490) is greater than 0.3 m
-1

, the 

density of ICESat-2 photons penetrating the water column is 

very low. Earlier researchers recorded similar observations 

that in the turbid dominant water, the ICESat-2 photons may 

not be able to penetrate till the seabed but attenuate in between 

anywhere in the water column [61-64]. The primary reason for 

this attenuation is that the photons' ray tracing mechanism is 

affected by absorption and scattering in the overlying water 

column [11, 53]. 

Parrish et al. [24], while analyzing the bathymetric mapping 

performance through ICESat-2 photons at four study sites, 

used Kd(490) derived from Visible Infrared Imaging 

Radiometer Suite (VIIRS), where the acquisition dates of 

Kd(490) and ICESat-2 of same dates; the observation from 

their research is that the maximum depth penetration up to the 

seafloor is successful when Kd(490) is less than 0.12 m
-1

. The 

results from our study confirm the observations made by 

Parrish et al. [24]. 

5. Conclusion 

Bathymetry refers to the depth measurement of the 

topographic seafloor surface and is essential geophysical data 

for understanding the land-ocean interplay. Nearshore 

bathymetry or mapping the seafloor at shallow coastal waters 

is challenging because instruments such as global navigation 

satellite system (GNSS) receivers, surveying instruments, and 

total stations need to be optimized to operate in the water. 

Acoustics sensors are usually mounted on ships for 

bathymetric mapping, but ship sailing faces dangers in the 

shallow waters of nearshores. Remote sensing-based 

bathymetric methods are mostly empirical and need seed 

points as input. Active remote sensing methods like lidar can 

provide highly accurate depth information in clear water 

conditions. This research explored NASA ICESat-2's 

photon-based bathymetric mapping potential in relation to the 

Kd(490). 

ICESat-2 photons and Kd(490) data from level-2 OLCI of 

Sentinel-3 A/B mission were acquired with overlapping dates 

to investigate the possible depth penetration of ICESat-2 

photon in the shallow waters during clear water conditions and 

sediment load period. Two study sites were chosen for this 

research and are located at the head of the Bay of Bengal. This 

research proves that the ICESat-2 photons successfully 

reflected from the seafloor in the coastal waters while the 

optical water condition is clear, during which the Kd(490) is 

always less than 0.12 m
-1

. On the contrary, during the periods 

of sediment load in the coastal waters and Kd(490) is above 

0.15 m
-1

, the ray tracing mechanism of ICESat-2 photons was 

impacted due to absorption and scattering because of the 

sediments present in the water column; thus, seafloor 

detection by ICESat-2 photons was not successful. Moreover, 

in one of the test sites, while the Kd(490) is 0.3 to 0.5 m
-1

, 

photons have yet to reach the depth of the water column. 

Earlier researchers have recorded certain prerequisite 

conditions when using ICESat-2 photons for creating 

bathymetric profiles; these include using nighttime 

acquisitions and applying refraction corrections to the depth 

measurements. Our research suggests the necessity of diffuse 
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attenuation coefficient Kd(490) to be lesser than 0.12 m
-1

, 

during which successful seafloor can be detected in the 

bathymetric profiles generated by the ICESat-2 geolocated 

photons in shallow waters. Kd(490), part of level-2 OLCI from 

Sentinel-3 A/B mission, which is available for a global extent 

and has the daily temporal resolution, can be the best 

complementary data with ICESat-2 photons for successful 

bathymetric applications. 
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