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Abstract: The present work focuses on the development of an application within Co-ReSyF (Coastal 
waters Research Synergy Framework) platform, that aims at deriving coastal bathymetries from 
Synthetic Aperture Radar (SAR) satellite images, with clear swell wave signatures. The method is based 
on estimating, first, the predominant wavelength at user-defined grid points from the computation of 
the wavenumber spectra via 2D Fast Fourier Transform (FFT) of overlapping sub-images at each point. 
The underneath depth is then estimated using the wavenumber dispersion relationship, from 
intermediate to shallow waters. Results of the estimated depths within a region of the continental shelf 
off Aveiro is presented, showing reasonable agreement with the reference surveyed bathymetry, in the 
regions of depth between 10 and 60 metres. The agreement then deteriorates as depth increases until the 
wave propagation “deep water limit. 
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1. INTRODUCTION 
Coastal areas are exposed and subject to several 
natural risks, and represent a region where the 
majority of the world’s population, infrastructures 
and economic activities are concentrated. 
Consequently, the National Authorities frequently 
highlight the need to monitor the coastal shelf 
bathymetry. 

Simultaneously, Earth Observation (EO) from space 
produces a large amount of daily images all over the 
world, including the oceans and coastal areas. One 
example of this constant EO monitoring relates to 
ocean and coastal altimetry, allowing to accurately 
measure the sea level variation since 1993 (e.g., 
Church et al., 2013). New generations of airborne and 
spaceborne instruments have been developed. EO 
Satellites equipped with Synthetic Aperture Radar 
(SAR) now provide High Resolution (HR) (<10m) 
series of images and global coverage even for remote 
areas.  
In highly energetic sandy coasts, the underwater 
morphology can change significantly at storm 
timescales, compatible to satellite revisiting periods. 
For instance, the European Space Agency two-
satellite Sentinel-1 constellation offers a 6-day exact 
repeat cycle at the equator, but a much shorter 
revisiting period (1-2 days) at higher latitudes 
(Sentinel.esa.int, 2018). These morphological rapid 
changes cannot be measured by traditional surveys, 
not only for economic reasons but also because 
surveying vessels usually cannot operate safely in the 
wave shoaling and breaking regions under storm 
conditions. These restrictions limit the emergency 
responses and even delay the medium to long-term 
management actions, for lack of detailed and updated 
information. 

Thus, over the last two decades, EO has become a 
method for monitoring extensive coastal areas, as an 
alternative to direct in-situ surveys, and even air-
borne (LIDAR) surveys. Its low cost (per unit area) 
can be highly rewarding when compared with 
traditional surveys, providing one can obtain reliable 
and high-resolution bathymetry datasets.  
Alternatively, coastal beach-based video imagery has 
been successfully used to monitor coastal sandbars 
and shoreline behaviours and to estimate nearshore 
bathymetries (e.g. Holman et al., 2013). This technic 
is generally limited by the image footprint of the 
coastal video cameras, to distances shorter than ~1 
km across the shore (Holman et al., 2013), usually 
covering the surfzone and part of the wave shoaling 
zone. More recently, UAV-based bathymetry 
estimations (Matsuba and Sato, 2018) have extended 
seawards the nearshore range of the video-monitoring 
stations.  

On the other hand, processed (level 1) EO HR or 
VHR (Very High Resolution) SAR images often 
show clear ocean swell signatures over the deep 
ocean and shelf regions, which are potentially 
interesting for depth inversion purposes (e.g. Brusch 
et al., 2011). Depth inversion using such images is 
theoretically simple for the regions where wave 
propagation starts to be affected by the bottom 
topography, that is, typically the region covered from 
the continental shelf break towards the shoaling zone, 
for long-period swell waves. Hence, SAR-derived 
bathymetry would potentially complement and 
extend video- and UAV-derived bathymetric surveys 
offshore of the shoaling zone to the inner continental 
shelf. A recent review on available methodologies 
and their possible limitations for coastal bathymetry 
determination are described in Aarnik (2017). 
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This study summarises the Co-ReSyF research 
framework and details the SAR-bathymetry 
estimation module as suggested by Sancho et al. 
(2017).  The algorithm workflow, the processing 
steps and the image selection protocols are briefly 
presented. It further highlights the challenges related 
to estimating the swell wave length and direction 
from HR Sentinel-1 images (ground resolution 
~10m), and shows the estimated depths for selected 
areas at the continental shelves off Aveiro. 
2. Co-ReSyF RESEARCH FRAMEWORK 
The Co-ReSyF (Coastal waters Research Synergy 
Framework) project (http://co-resyf.eu/) aims to 
facilitate access to EO data and various processing 
tools to the coastal and oceanic research community. 
Co-ReSyF thus delivers a computational, on-line, 
web-based platform (soon available at 
https://geoportal.coresyf.eu/) supporting the 
development and use of research applications.  
The Co-ReSyF project implements a dedicated data 
access and processing infrastructure, with automated 
tools, methods and standards to support research 
applications using EO data for monitoring coastal 
waters. Through Co-ReSyF‘s collaborative front end, 
even inexperienced researchers in EO will be able to 
upload their applications to the system to compose 
and configure processing chains for easy deployment 
on the cloud infrastructure. They will be able to 
accelerate the development of high-performing 
applications taking full advantage of the scalability of 
resources available in the cloud framework. The 
system’s facilities and tools, optimized for distributed 
processing, include EO data access catalogues, 
discovery and retrieval tools, as well as a number of 
pre-processing tools and toolboxes for manipulating 
EO data. Advanced users will also be able to go 
further and take full control of the processing chains 
and algorithms by having access to the cloud back-
end, and to further optimize their applications for fast 
deployment for big data access and processing. 

Seven research applications will be implemented into 
the Co-ReSyF platform, namely: coastal altimetry; 
Optical-bathymetry estimation; SAR-bathymetry 
estimation; vessel detection; oil spill detection; 
benthic classification and water quality from optical 
imagery; and hyper-temporal analysis of Sea Surface 
Temperature (SST) data from optical imagery. 

The following section illustrates the development, 
validation and deployment into the Co-ReSyF 
platform of a coastal shelf bathymetry estimation 
application, from Sentinel-1 SAR images. 
3. BATHYMETRY ESTIMATION METHOD 
The SAR-bathymetry application aims at deriving 
coastal bathymetry from SAR satellite data. The 
application is based on the detection of the swell wave 
pattern in SAR images, from which local wavelengths 
are determined, and using the linear wave-dispersion 

relationship one obtains the underneath water depths. 
The complete methodology further includes some 
pre-processing steps and image selection protocols. A 
summary of the main processing chain is given in 
Figure 1. 

 
Fig. 1. Simplified flow chart of the SAR-bathymetry inversion 
algorithm deployed in the Co-ReSyF platform. 

Initially, a SAR-image is selected and retrieved from 
the Co-ReSyf catalogue. For each SAR-image, a pre-
check image adequacy is verified, based on 
additional, external, information from wind field data 
(able to produce the Bragg scattering), and wave 
climate data (to identify swell conditions). Estimated 
(hindcasted) wind and wave fields can be fetched 
from, e.g., the European Centre for Medium-Range 
Weather Forecasts (ECMWF) re-analysis, and the 
COPERNICUS Marine Environment Monitoring 
Service (CMEMS) datasets.  
Each selected SAR images are calibrated (sigma0 
band), filtered (Speckle filtering) and geo-referenced 
using the SNAP (Sentinel Application Platform) pre-
processing toolbox. An area of interest (AOI) is 
subsequently defined by the user according to the 
zone to be studied.  
The method then requires a computational grid 
(regular or unstructured) to be preliminarily 
generated, according to the AOI, with a resolution 
defined by the user (typically of the order of 100-2000 
m). The inspection of the existing bathymetric 
information (from external sources, such as the 
EMODNET, http://www.emodnet.eu/bathymetry) 
for that site will allow to infer whether the AOI 
contains “deep water” (depth independent) points or 
just depth-dependent points, information that will be 
used in the image-FFT calculation.  
The overall inversion algorithm accounts for how 
much data (model/buoys) is available in order to 
constrain physical ranges of the incident wave 
parameters (Tp, direction) and is parallelized for 
computational efficiency. 
When SAR images with clear swell signatures have 
been pre-processed and a computational grid defined 
accordingly, the global inversion step is performed 
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using cloud parallel computing to enhance the high 
scalability potential of the method (Figure 1). 
Incident wave directions are first estimated at each 
grid point via a series of overlapping sub-images 
(typically 1-2 km wide) and subsequent 2D-image 
power spectral estimates (i.e. 2D FFTs). Each 
individual sub-scene allows to compute a local peak 
wavelength through 1D FFT of an ensemble of 
directional 1D wave cross-sections. The ensemble 
of local peak wavelengths, computed from these 
pseudo-waves series, are then averaged to estimate 
a mean peak wavelength at each grid point.  
For each grid point, the wave dispersion relation,  

𝜆𝜆 =
gT𝑝𝑝

2

2𝜋𝜋 tanh(kh) = 𝜆𝜆0tanh(kh) 

is subsequently inverted to estimate the local depth, 
h, provided the wave (peak) period, Tp, is known (e.g., 
from a local measurement from wave model hindcasts 
or directly estimated from the image): 

ℎ = 1
𝑘𝑘 tanh−1 ( 𝜆𝜆𝜆𝜆0

) 

Alternatively, if an a priori bathymetry is available, a 
minimization method based on onshore propagation 

of an ensemble of deep water wavelength, 0, 
distributions and their overall match with the local 
counterpart is used to retrieve the local depth.  

Also, if “deep water” locations are expected within 
the AOI, the wave peak period is directly estimated 
from the averaged image-computed wavenumber, 0, 
at multiple deep water grid-points. This information 
is found to be crucial, as any miscalculation in 0 can 
lead, due to the nature of the inverse hyperbolic 
tangent function, to significant errors in the 
determination of h. It is found that the method is 
limited to points where 𝜆𝜆/𝜆𝜆0 < 0.99, although in 
some cases a lower limit (0.90) may be 
recommended. 
Finally, depth data are gathered to produce the final 
bathymetry product. If needed, a Kalman Filter may 
provide a smoother bathymetry map. 

4. RESULTS 
Results of the estimated depths at the coastal region 
offshore Aveiro, from Espinho to Praia de Mira, are 
shown in Figure 2a. This figure shows a colour 
scheme representing the depth at each grid point of a 
quadrangular grid of size equal to 1000 m.  

 
Fig. 2. SAR-image estimated (a) and reference (from EMODNET database) (b) bathymetric map off the coast of Aveiro. Image reference: 
S1B_IW_GRDH_1SDV_20170131T183449_20170131T183514_004096_007148_CDB9. 

The points within the AOI for which no colour is 
given (blank points) are either offshore (h  105m) or 
local areas where the method failed to estimate 
bathymetry, i.e., the local imagettes did not show a 
clear swell pattern and an ensemble-averaged  

unambiguous peak wavelength could not be retrieved 
from the Spectral analysis. In some cases, this 
problem caused the estimated local wavelength, , to 
be larger than the estimated offshore wavelength, 0, 
impeding the retrieval of a solution to the inverted 
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dispersion relationship. These results were obtained 
considering an 1x1 km2 imagette at each grid point. 
For the present SAR-image (visible in the background 
of Figure 2a and b), the estimated deep-water 
wavelength and wave peak period were 311.5m and 
14.2s respectively. 
Figure 2b shows, for comparison, the reference 
bathymetry from the EMODNET database. An 
overall good agreement is visible, despite the 
occurrence of a few outliers, with clearly wrong 
depths, at some grid points. Further, one observes that 
the outliers and blank points are almost inexistent in 
regions where h50 m. Also, results show a good 
agreement, generally within 5 m, in shallower 
regions (with depth approx. smaller than 50 m). At 
depths closer to the deep water limit (ℎ = 𝜆𝜆0/2), of 
the order of 100 m, the errors and number of blank 
points are much greater. A thorough evaluation of the 
estimated bathymetry errors and validation of the 
methodology shall be published in the near future. 

5. CONCLUSIONS 
An algorithm to estimate coastal depths (from the 
wave breaking region to the “deep-water limit” in the 
sense of free-surface wind wave propagation 
properties) from SAR images was developed within 
the Co-ReSyF project. A brief description of the 
dedicated data access and processing infrastructure 
(or platform) developed within this project is given. 
The structure of the coastal SAR-bathymetry tool is 
outlined (Figure 1). A few details of the individual 
components/modules are presented and discussed, in 
light of the limitations regarding the application and 
inversion of the wave dispersion relationship. 
The application of the algorithm for the coastal region 
of Aveiro yield promising results in intermediate to 
shallow waters, when comparing with the reference 
grid. The future processing of other images or the 
same region will enable to build a database of 
estimated depths and to perform a thorough statistical 
analysis in order to better infer on the retrieval errors 
and to evaluate long term trends. 

Acknowledgements 
The Co-ReSyF project has received funding from the 
European Union’s Horizon 2020 research and 
innovation programme under grant agreement No 
687289. The authors acknowledge the Korean 
Aerospace Research Institute (KARI) and SI Imaging 
Services (SIIS) for providing KOMPSAT-5 images. 

REFERENCES 
Aarnik, J.L. (2017). Bathymetry Mapping using 

Drone Imagery. Coastal Engineering MSc Thesis, 
TUDelft, 89 pp. 

Brusch, S., Held, P., Lehner, S., Rosenthal, W., 
Pleskachevsky, A. (2011). Underwater bottom 
topography in coastal areas from TerraSAR-X 
data. International Journal of Remote Sensing, 

vol. 32, No. 16, 4527-4543, 
doi:10.1080/01431161.2010.489063. 

Church, J.A., Clark, P.U., Cazenave, A., Gregory, 
J.M., Jevrejeva, S., Levermann, A., Merrifield, 
M.A., Milne, G.A., Nerem, R.S., Nunn, P.D., 
Payne, A.J., Pfeffer, W.T., Stammer D. and 
Unnikrishnan, A.S. (2013). Sea Level Change. In: 
Climate Change 2013: The Physical Science 
Basis. Contribution of Working Group I to the 
Fifth Assessment Report of the Intergovernmental 
Panel on Climate Change [Stocker, T.F. et al. 
(eds.)]. Cambridge University Press, Cambridge, 
United Kingdom and New York, NY, USA. 

Holman, R., Plant, N., Holland, T. (2013). cBathy: A 
robust algorithm for estimating nearshore 
bathymetry. Journal of Geophysical Research: 
Oceans, vol. 118, 2595-2609, 
doi:10.1002/jgrc.20199, 2013. 

Lehner, S., Pleskachevsky, A., and Bruck, M. (2012). 
High-resolution satellite measurements of coastal 
wind field and sea state, International Journal of 
Remote Sensing, 33:23, 73377360, doi: 
10.1080/01431161.2012.685975. 

Matsuba, Y., Sato, S. (2018). Nearshore bathymetry 
estimation using UAV. Coastal Engineering 
Journal, Published online: 08 Mar 2018, doi: 
10.1080/21664250.2018.1436239. 

Sancho, F., Azevedo, A., Pinto, J.P., Lamas, L. 
(2017). Coastal waters Research Synergy 
Framework (Co-ReSyF): Project overview and 
SAR-bathymetry estimation. 4ª Conferência sobre 
Morfodinâmica Estuarina e Costeira | MEC2017, 
Livro de Resumos, 2017, Porto – Portugal. 

Sentinel.esa.int. (2018). User Guides - Sentinel-1 
SAR - Revisit and Coverage - Sentinel Online. 
Available at: 
https://sentinel.esa.int/web/sentinel/user-
guides/sentinel-1-sar/revisit-and-coverage 
[Accessed 4 May 2018]. 


