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1. INTRODUCTION 
 
The WP4 of CEASELESS project aims to define skill and uncertainty bounds for evaluating combined 
satellite/model performance in coastal areas. It will build on existing/improved (assimilation in WP2 and 
parameterizations in WP3) modelling plus the new wealth of Sentinel information, assessing capabilities for 
a) sub-mesoscale/shallow water processes, b) applications to scientific/commercial uses and c) integration 
into operational oceanography (CMEMS). This will serve to demonstrate the added value of CEASELESS 
derived products and to provide documented evidence that the coastal component in Copernicus can be 
successful. 
 
In particular, in the framework of Task 4.4, the derived products, once verified in  previous tasks, has been 
tested for a wide range of cases, evaluating the novel skill framework prepared for our range of coastal 
applications. This has served to explore the performance of measurements from Sentinel-1 (C-SAR), 
Sentinel-2 (MSI) and Sentinel-3 (SLSTR, SRAL, MWR and OLCI) for a number of disciplines. It has 
been used to distil a number of generic application criteria as a function of a) metocean conditions, b) 
selected variable or combination, c) coastal typology. This has been the basis to a) assess the benefit for an 
eventual integration into Copernicus, b) ditto for an ingestion into selected users’ working routines and c) 
provide feedback for a given satellite product or combination of products. 
 
The derived application criteria and performance envelope, illustrating the advances provided by the high 
resolution Sentinel measurements (with respect to previous missions) and the novel numerical simulations 
(with respect to coarser resolution, unspecific assimilations or poorer parameterizations) has been supported 
by the coastal skill framework and the objective verification procedures prepared in previous tasks in this 
WP. The new level in quality and resolution arising from this approach has been illustrated by:  
 

• Water quality management (UPC and DHI-GRAS),  
• Support to search and rescue operations (HZG),  
• Renewable wind energy extraction (DHI and DTU)  

 
The guidance for application has been structured as a) best practice criteria for applying Sentinel and high 
resolution coastal products in coastal waters and b) integration road map for our high resolution combined 
fields into CMEMS. Such a combination of disciplines and areas of expertise will provide further added 
value for the new Copernicus coastal services supported by CEASELESS. The introduction of sub-
mesoscale features (e.g. fresh water and thermal stratification in aquaculture, sediment transport under bi-
modal waves) has linked scientific development with practical applications, contributing to an innovative set 
of guidance criteria that will increase CMEMS competitiveness in this field.  
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2. WATER QUALITY MANAGEMENT (UPC and DHI-GRAS) 

 

2.1. Best practice criteria for applying Sentinel and high resolution 

water quality coastal products in coastal waters  
 
The main objective of UPC and DHI-GRAS was to prepare a new set of downscaling tools and Sentinel data 
processing algorithms to open a wide range of water quality coastal applications and contribute to enhance 
the coastal dimension in CMEMS. To prove the feasibility of these products, a coastal morphologically 
dynamic pilot site has been selected that features river and irrigation discharges and their interactions.  

2.1.1. Scientific results 

The pilot site is located in the Ebro Delta in the Spanish Mediterranean coast, and includes the Fangar and 
Alfacs coastal bays, (figure ¡Error! No se encuentra el origen de la referencia.). These are low-energy, 
microtidal environments, with active domain geometries (shoreline and bottom profiles) and an important 
continental input of fresh water that conditions the bays’ water dynamics and quality. It is an ecologically 
and economically significant area, with intensive aquaculture and tourism activities. 
 
Here, the UPC team is working on the application of a 3D hydrodynamic tool with enough resolution to 
solve the inner dynamics of the bays in order to develop a powerful regional application that considers 
coupling between hydrodynamic and waves, based on CMEMS and using the COAWST model (Coupled-
Ocean-Atmosphere-Wave- Sediment Transport Modeling System; Warner et al., 2010). COAWST relies on 
the 3-D ocean modelling code ROMS (Regional Ocean Modeling System), the phase-averaged wave model 
SWAN (Simulating WAves Nearshore), the non-hydrostatic meteorological model WRF (Weather Research 
and Forecasting) and the sediment transport module CSTMS (Community Sediment Transport Modelling 
System). Both ROMS and SWAN have been used before in the Ebro Delta region (Pallarés et al., 2014, 
2016; Grifoll et al., 2016; Ràfols et al., 2017), but never in a telescoping manner. The uncoupled and 
independent implementations of the 3D hydrodynamic model ROMS and the wave model SWAN have been 
tested and validated. Both implementations follow a nesting scheme (see figure ¡Error! No se encuentra el 
origen de la referencia. for Fangar Bay), with finer bays grid (resolution of about 23 m) embedded within a 
cascade of coarser grids. The initial and boundary conditions for the larger domain are obtained from 
CMEMS products (CMEMS-MED or CMEMS-IBI) and the corresponding routines have been prepared for 
this. For the hydrodynamic module hourly barotropic currents and sea levels are consistently accommodated 
to the open boundaries with Chapman and Flather algorithms, whereas the hourly variability of currents 
along the water column (baroclinic component), temperature and salinity are imposed with clamped 
conditions. The initial state of the smaller domains is obtained by interpolation from the larger domain 
conditions. Regarding the wave component, the SWAN model has been implemented following the 
downscaling presented in figure 1 (same domains as for the hydrodynamic model plus a coarser one of ~1km 
of resolution, labeled AA). As described below, the uncoupled results show a good agreement with 
downscaling models in the coastal area (across the shelf), although the wave energy inside the bay tends to 
be slightly underpredicted when compared with observational data.  
The Fangar implementation of the three-domain two-way nested ROMS scheme has been validated by 
comparing modelled surface velocities from the coastal domain (~ 350 m) with HFR (High Frequency 
Radar) data, and modelled currents from the finest domain (~ 23 m) with vertical current profiles measured 
inside the Fangar bay during an October-November, 2017 field campaign. The comparison between the HFR 
and modeled eastward and northward components of the surface currents (figure 2) revealed good agreement 
and correlation between both datasets, both in intensity and phase, and for both spatial components. The 
daily oscillations correspond to the inertial period in the region (~19h) and are well reproduced by the model. 
Some intensification of the currents -probably related with energetic wind events- are also well described by 
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the model. For comparison, figure 2 also plots the current components predicted by CMEMS-MED. For this 
particular period, the correlation between measured and modelled data shows an r2 = 0.63, slightly larger 
than the correlation between CMEMS-MED data and measured values. 

 

Figure 1. Ebro Delta and the Fangar Bay, with the telescoping domains used in the system. Domains A, B 
and C are for both ROMS and SWAN models; domain AA is only for SWAN. Boundary conditions for AA 
are obtained from the CMEMS MED-WAVE product, whereas conditions for ROMS at the A domain are 

obtained from CMEMS-MED. 

 

 
 

Figure 2. Surface current components U (east-west) and V (north-south) measured by the HRF radar 
(black line) and modelled my CMEMS-MED (blue) and the Fangar nested suite (red) off the Ebro Delta 

for domain A (350 m). 
 

Regarding the currents inside the bay, the fit between the modelled and measured values is shown in figure 
3. Here, the general trend of the water flow is well captured by the model, which adequately reproduces the 
main events, in spite of the very low energy of the system. This is a characteristic of both Ebro Delta bays, 
Fangar and Alfacs (Cerralbo et al., 2014, 2019) although in this case it is enhanced by the bay’s shallowness 
and narrow connection with the open sea. For this simulation, the 6-hourly ECMWF data has been used for 
the atmospheric forcing.  
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Figure 3. Surface current components U (east-west) and V (north-south) measured inside the bay (blue) 
and modelled by the Fangar nested scheme (red) during the 2017 autumn field campaign for domain C 

(23 m). The boundary conditions for the outermost domain is obtained from CMEMS-MED.  
 

On the other hand, different sources for wind forcing (ECMWF and the Spanish National Meteorology 
Agency, AEMET) have been tested in order to study the sensitivity of the SWAN results to spatial and time 
resolution. Figure 4 shows the validation of the SWAN implementation at the Tarragona coastal buoy (off 
the Ebro Delta), proving the good performance of the model. 
On the more local scales, the validation of the model at higher resolution (~70m) is also performed using the 
observations from the aforementioned 2017 field campaign. The results are shown in figure 5. In these 
domains, different changes in the model configuration due to the influence of the shallow water are tested 
(i.e: the effect of the three-wave interactions -triads-). The waves inside the bay are usually insignificant (as 
reproduced by the model). However, under some energetic winds (mainly from the North-west), the 
observations revealed the formation of waves with significant height (Hs) around 1 m. The model reproduces 
with high time accuracy all the observed events. However, the significant wave height Hs is underpredicted 
during the most energetic event. The modification of parameters such as the bottom friction or the inclusion 
of the Triads terms do not improve the results. Considering the orientation of the bay, and the importance of 
the wind direction on the wave generation, one of the problems could be related to the low spatial resolution 
of the meteorological models used. 
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Figure 4. From top to bottom: wind speed, significant wave height, peak period and mean wave direction 
in the Tarragona shelf buoy (blue dots), and the corresponding results for SWAN model using the 

ECMWF(yellow) and AEMET (orange) meteo forcing. In black the results for the CMEMS MED-WAVE 
model are also shown. 

 
Figure 5. Significant wave height in the Fangar bay mooring (inside the bay) (blue dots), and the 

corresponding results for SWAN model using AEMET (2.5 km and hourly resolution) winds for the domains 
B (resolution of 70m) and C (23m). 

 
On the other hand, DHI-GRAS has been working basically on the creation of efficient data processing 
environments and method testing for the derivation of water quality indicators based on Sentinel-2 remote 
data. Early on, it became clear that a scalable approach is required for the Sentinel-2 based water quality 
processing and the processing environment was therefore re-designed and optimized for cloud deployment. 
The current cloud deployment means that we now have 1) full scalability in terms of processing power (can 
be up-/downscaled based on needs), and 2) more secured up-time (based on virtual processing machines that 
are activated only during processing). The processing is designed in a modular way and currently two 
standard retrieval approaches are implemented. Data from both Sentinel-2A and Sentinel-2B is being used. 
Calibration/validation is currently ongoing for the Ebro Delta site in Spain and the results looks promising 
(figure 6). A clear seasonal pattern is detectable as well as the anticipated spatial variation. 
 

 
Figure 6. Sentinel-2 based sediment mapping in Ebro delta shows promising results when compared to in-

situ data. 
In particular, following download of the relevant Sentinel-2 imagery, the Case-2 Regional CoastColour 
(C2RCC) processor was used for the retrieval of chlorophyll and suspended matter, which is achieved by 
inversion of the water leaving reflectance spectrum (Brockmann et. al, 2016). As a first step, the processor 
applies a correction for atmospheric effects. The retrieval procedure itself is based on neural networks 
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technology. C2RCC is widely used for instance for standard ESA Case–2 water product processing. A 
second approach has also been implemented tin the cloud processing environment based on the ACOLITE 
software package developed by Royal Belgian Institute of Natural Sciences. Both chlorophyll and suspended 
matter can be derived using a suite of different algorithms described in literature.  
Cloud masking is an integrated step of the processing chain. However, despite the apparent simplicity of the 
problem, clouds come in a wide variety of sizes, shapes, altitudes, and optical properties. For example, haze 
or cloud shadows over water are often not captured accurately by the algorithm. We added therefore an extra 
step and screened the imagery also manually for atmospheric disturbances. Another problem occurs on days 
with strong winds which can impact the water surface roughness and lead to wrong values in the retrieval 
process, especially for S2. Hence, the resulting data may still contain some flawed values. 
Both retrieval schemes can with little effort by adjusted and tuned for local optimized constituent retrieval 
based on established local in-situ tuning. 
On the other hand, DHI GRAS investigates the ability to detect and quantify coastal dynamics 
(erosion/accretion, coastline changes) from Sentinel-2. This might be critical for accurate water quality 
forecasting in domains such as this study site, since the dynamic nature of deltas requires up-to-date 
information if the very near-coastal areas are to be resolved in a high-resolution model setup . A semi-
automatic machine learning approach to extract this kind of information has been tested (figure 7) and is 
currently being implemented in the cloud processing environment.  
 

 
Figure 7. Coastline changes during 2013 - 2018 in the Ebro Delta, estimated from Sentinel-2 / Landsat data. 

identifying areas with erosion/accretion and to quantify the movements (m/year). 
 
The coastal dynamics is mapped based on Landsat and Sentinel-2 input data. Shoreline extraction procedures 
from optical data are quite well established, even though in certain situations (e.g. dark mudflats in tidal flat 
areas) separating water from land is still challenging. They can be grouped into two general categories: 
thresholding and classification (Gens, 2010; Mitra et al., 2017). The thresholding methods usually first 
involve transforming the original reflectances into a specific set of indicators which allow easy separation of 
the features of interest, e.g. water and land or sand and vegetation. The indicator can be a spectral index (e.g. 
Normalised Difference Vegetation Index, Normalised Difference Water Index, Water Index) or a spectral 
transformation (e.g Tasselled Cap, Principal Component Analysis, Intensity Hue Saturation) and in certain 
studies a combination of multiple indices or transformations is used (Ouma and Tateishi, 2006; Hagenaars 
and Luijendijk, 2017; Choung and Jo, 2016). The second step consists of actual separation of features 
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through thresholding, with the threshold set as a constant value (e.g. 0 in case of Normalised Difference 
Vegetation Index when separating land and water), derived from the image using, for instance, Otsu’s 
method (Mitra et al., 2017; Sekovski et al., 2014), or determined by inspecting a histogram. The final step in 
the thresholding methods is the actual shoreline extraction through edge detection and raster to vector 
conversion.  
 
For this work, DHI GRAS have decided for a semi-automated approach following this overall sequence:  
 

• Manual selection of input images: manually selection allows optimal quality of the input data and a 
controlled handling of the tidal component. 

• Derive threshold used to separate land/water. Currently the NDWI is used. 
• A K-Means unsupervised classification is made and from the bi-modal distribution two classes are 

derived and used to separate the land/water. 
• Postprocessing: calculate connected pixel count size (how many pixels of the same class are next to 

each other) from the K-Means classification. 
o Remap the class where patch size is below a certain threshold 
o Run a focal median kernel over any remaining patches below a minimum patch size. 

• Vectorise the results. 
•  

Step 4 in the process may be coastline-dependent and require various settings. In some cases (simple 
coastlines) remapping may be sufficient, in other more complex cases focal median may be prioritized. The 
analysis can be carried out on image composites, or single date images of any sensor (figures 8 and 9). 

 
Figure 8. Illustration of the workflows from input imagery to derived index to a final vectorized coastline. 
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Figure 9. Example of time series of derived coastlines over a 5-year period of the northern part of the Ebro 
Delta. Based on Landsat 8 and Sentinel-2 imagery. 

 

2.1.2. Identified issues and risks 

The accuracy of hydrodynamic simulations in the Ebro Delta is critically dependent on the quality of the 
input data used to feed the models and the support of satellite derived information. Several potential sources 
of error have been confirmed and/or identified that have affected the development of the work: 
 

• The complexity of the domain: shallow semi-enclosed domains with a strong seasonal modulation 
due to anthropogenic factors that alter their natural behavior. In addition, they suffer the coexistence 
of different interacting mechanisms working at different timescales, such as short-term 
hydrodynamics influencing, and being influenced by, longer-term morphodynamics and coastal 
evolution. 

• The resolution of the atmospheric forcing publicly available in an operational manner (ECMWF, 6 
hours) appears to be insufficient to account for the observed current behaviour. 

• In the particular case of bays, there is uncertainty associated to the anthropogenic freshwater inputs 
into the bays (fluxes and space-time distribution). During several meetings with end users, the 
position of the freshwater sources has been refined, but the discharge rates still remain unknown. 

• The low-energy characteristics of the hydrodynamic fields inside Bays impose an added difficulty 
when validating models using the typical Eulerian frame. This is apparent in the validation figure 
(figure ¡Error! No se encuentra el origen de la referencia.), in which current speeds smaller than 
0.05 m/s are difficult to reproduce. 
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3. SUPPORT TO SEARCH AND RESCUE OPERATIONS (HZG) 

 

3.1. The Problem 
 
The North Sea is a shallow shelf sea across most of its area of 750,000 km2 with a mean depth of ∼90 m and 
a maximum depth of ∼700 m in the Norwegian Trench. It is connected to the Atlantic Ocean through the 
Norwegian Sea at its northern boundary. From there, tides generate a Kelvin wave which first propagates to 
the south along the British coast. An important part of the tidal forcing for the North Sea originates from the 
English Channel, an area with a large tidal range, reaching more than 10 m in some places. The incoming 
tides (from the north and from the southwest through the English Channel) “synchro- nise” east of the strait, 
building a local amphydromy. The Kelvin wave propagates further to the east and north along the coastline 
of the German Bight and exits the North Sea along the Norwegian Trench. The combination between tidal, 
wind and buoyancy forcing tends to develop a general anti-clockwise circulation (Mathis et al., 2015). The 
latter is strongly impacted by river runoff. 
 
Research on the wind effects in the North Sea focused mostly on the annual mean circulation or on the 
circulation patterns resulting from wind blowing from different directions and with varying magnitudes 
(Maier-Reimer, 1977; Otto et al., 1990; Backhaus, 1989; Sündermann and Pohlmann, 2011). Recently, Jacob 
and Stanev (2017) showed that the effects of tides and wind are not just additive, and that the non- linear 
interactions tended to enhance the mean circulation in the North Sea. This study demonstrated that coupling 
between circulation, driven by the atmospheric variability, and tides could strongly affect the input of 
mechanical energy in this tidal basin. 
 
The vertical mixing in the North Sea, which is mostly due to tidal currents, opposes the stabilizing effect of 
density and tends to create a specific vertical shear of currents manifested by the seasonal migration of tidal 
fronts. In extensive shallow areas, the upper Ekman layer can reach the bottom. Shear velocity can change in 
the process of the re-arrangement of the circulation caused by variable winds. However, these pro- cesses are 
not well understood. Observations for vertical current profi le (e.g. from ADCP) over wider areas are still 
scarce. This hinders the understanding of ocean responses to wind for which we need to know spatial 
patterns, vertical shear and temporal change. Using co-located measurements from diff platforms (e.g. 
from HF radars and ADCP, see Baschek et al., 2017) improved the quality of surface currents fore- casting 
(Stanev et al., 2015). Yet the understanding of the response processes in a very thin surface layer is limited 
(Laxague et al., 2018). Not much is known about the role of extreme winds and the resulting re- shaping of 
the circulation in the North Sea. Such knowledge is needed for trajectory forecasts and many related 
activities, e.g. search and rescue operations (Röhrs et al., 2012), propagation of fish eggs, larvae and marine 
litter (van der Molen et al., 2007; Christensen et al., 2007; Gutow et al., 2018), or for optimizing the use of 
the marine environment and preserving its environmental status (Emeis et al., 2015) 
 
 

3.2.  Methodology 
 

3.2.1  Data from operational models  

 
Start and end positions and times are the only information known for the drifters observations in the German 
Bight. The GPS drifter also provides the trajectory, but does not fully describe the circulation in the North 
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Sea. Therefore, for the period of drifter observations, data from the CMEMS numerical model for the 
European North West Shelf (NWS) were also used. From all available data, we considered atmospheric 
pressure (needed to de- scribe the atmospheric conditions), 10 m wind and currents. The numerical model is 
known as Copernicus product from  CMEMS NWS FOAM-AMM7, which is based on version 3.6 of NEMO 
(Madec, 2008). The last index “7” indicates that the horizontal resolution is ∼7 km (1/9° in longitude and 
1/15° in la- titude). The model has 51 hybrid s-σ-layers (Siddorn and Furner, 2013). It is one-way nested to a 
global ocean model. A 3DVar system is used for the assimilation of sea surface temperature data. Model 
validation is documented by O'Dea et al. (2012). For the present Lagrangian simulations, we used hourly 
data from a section of the model domain (−5.50 to 13.00°E, and 49.50 to 59.50°N). 
 
The second set of data from operational modelling included Stokes drift velocities from CMEMS WAVE  
Production . These are produced from the North-West European Shelf Wave Analysis and Forecast system 
CMEMS Product using the WAVEWATCH III model (version 4.18, The WAVEWATCH III Development 
Group, 2016). The model is set up for the area of AMM7, uses the same bathymetry as the AMM7 model 
and is known as the WWIII-AMM7 model. The effect of currents from the NWS FOAM-AMM7 model on 
the waves are included. The wave model is nested into a global wave model; the latter provides boundary 
conditions as wave spectra. 
 

3.2.2. Lagrangian modelling 
 
Particle tracking was used to analyze the transport in the studied area and to support the observations from 
the GPS and wooden drifters. Experiments were carried out “offline” using data from the circulation and 
wave model, as well as 10 m winds. The formulation of the velocity, which drives the floating objects, will 
be given later. The model is the freely available open-source model OpenDrift (Dagestad et al., 2017), which 
uses a 2nd-order Runge-Kutta scheme. The time-step is dt = 10 min and the output is also written every 10 
min. 
 

3.2.3. Experiments 
 
The Lagrangian experiments described below help to address the first and second objective formulated in the 
introduction, namely to adequately simulate the observed anomalous transport and the reversal of the surface 
circulation in early 2018. These experiments relate to the observations from the deployed surface drifters (for 
the specific period during which these observations were made). Reversals of the circulation in deeper layers 
and long-term changes that precede the time frame between February and June 2018 are based on Eulerian 
analyses. 
The particle tracking experiments aim to: (1) calibrate the simulations in order to optimize the replication of 
the observed GPS drifter movement; (2) analyze the trajectories of Lagrangian particles with the same 
characteristics as the GPS drifter over the entire model area; (3) use particle tracking to simulate the 
trajectories of the wooden drifters.  For more details we refer to Stanev et al. (2019) 
 

3.3. Particle transport modelling assessments against observations   
 
Atmospheric data analyzed below is extracted from the ERA5 data set. The weather situation after the first 
release of drifters was dominated by a high pressure system over Scandinavia with a passing low pressure 
system in the northern Atlantic Ocean, 20° west of the United Kingdom. Another depression passed by west 
of the Iberian Peninsula during the second release of drifters and was accompanied by the high pressure 
system over Scandinavia. This pattern resulted in persistent easterly winds in the whole North Sea basin 
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(Figure 10) during and after the drifter releases. These events are known as the ‘Beast from the East’, a 
phrase used to describe cold conditions in the UK caused by easterly winds from the continent.  
 

 
 

Figure 10: Temporal evolution of daily mean x and y components of wind and surface currents during the 
time period 19.02.-30.04.2018 (a). Wind rose showing directions in which the wind blew during the same 
period (b). Daily mean surface current and Stokes drift are shown in (c) and (d), respectively, in every 7th 

model grid in each direction during the time of maximum easterly wind (19.02.2018–08.03.2018). 
 
The directions in which the wind blew between 24.02. and 25.06.2018 as well as the respective wind speed 
distribution are shown in Fig. 3b for a location in the middle of the southern North Sea. This location was 
chosen to be re- presentative for the region in which the drifters propagated, as well as for the overall 
hydrological and meteorological conditions in the area of this study. The general wind direction was mostly 
towards west with peak values of up to 22.6 m s−1. The time period 19.02.-30.04.2018 exhibited the 
strongest easterlies. Ocean surface velocities responded to the wind speeds which resulted in a general 
westward ocean surface circulation accompanied by westward Stokes Drift velocities. This is also illustrated 
by the mean velocities of surface currents and Stokes Drift in Figure 10 c, d. 
 
The motion of drifters depends on the Eulerian surface current, Stokes drift and direct wind effects, for 
which some examples exist, e.g. Ardhuin et al. (2009) who estimated surface current and waves motion 
using HF radar data. Simpler approaches account for the wave effects using parameterizations based on wind 
only without using a separate wave model (Staneva et al., 2017). However, such parameterizations assume a 
local correlation between wind and waves, which is often not the case, as stressed by Röhrs et al. (2012) who 
analyzed in situ measurements of currents, waves and drifter trajectories. Their conclusion was that a young 
wind- sea is characterized by short waves with high Stokes drift speeds and large vertical shear. Swell 
conditions are characterized by a Stokes drift profile that is more uniformly distributed with depth.  
 
The more challenging part of the problem is that the motion of drifters not only depends on the Eulerian 
current, Stokes drift and direct wind drag. The combination between these three forcing factors is also 
influenced by the type of drifter. As demonstrated by Röhrs et al. (2012), different drifter types respond 
differently to wind events. This response is not uniform for distinct conditions. As these authors showed, the 
onset of strong wind could change the responses. Different shear velocities during varying wind situations 
give one explanation of this effect. As shown by Stanev et al. (2019), the GPS drifter is less exposed to direct 
wind effects in comparison to the wooden drifters which are not fully submerged. 
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Our observations do not provide enough independent data, e.g. for shear velocity, for a precise calibration. 
Therefore we carried out a number of Lagrangian experiments by adding different percentages of wind 
velocity to the sum of surface current and Stokes drift velocity. The comparison between observed and 
simulated trajectories in ex- periment-1 demonstrated that during strong wind events, the Stokes drift has 
comparable magnitudes, or even exceeds the Eulerian mean current (Figure 10 c and d). This is consistent 
with the observations of Röhrs et al. (2012).  Velocities estimated from the simulated and real drifters were 
compared for different coefficients of wind drag, and the coefficient corresponding to the minimum root 
mean square (rms) difference was chosen as the most appropriate one. The corresponding “optimal” results 
are shown in Figure 11a and Figure 11d for the zonal and meridional velocity component. 
 
 

 
 
Figure 11. Simulated (y-axis) versus observed (x-axis) velocities of GPS drifter. Top: u-component, bottom 
v-component. In the panels on the left the coefficient of wind drag is 0.3%, in the panels in the middle this 

coefficient is increased to 1%, in the panels on the right Stokes drift is not included. The analysis is based on 
de-tided observations and model data. The abbreviations in the legends are as follows: rms - root mean 

square difference, cor -correlation, std – standard deviation, agr – coefficient of agreement. 
 
 
Velocity in Figure 11a(b) and Figure 11d(e) resulting from the experiments with different wind drag 
coefficients (0.3% and 1%) demonstrates that an increase of the wind drag coefficient to 1% does not 
improve the statistics (the index of agreement drops to D = 0.95). The conclusion is that the GPS drifter can 
be considered to be primarily driven by the Eulerian currents and Stokes drift because the direct wind drag 
(0.3%) is negligible. Wind waves however appear to be important contributors, as seen in Figure 11c and f, 
where the Stokes drift has been omitted. Statistics are not shown for these latter figures because they are 
uninformative if an important transport mechanism has been omitted in one of the data sets. 
 
The contributions from the Eulerian near-surface current, direct wind drag, and Stokes drift are quantified 
below in an Eulerian frame work. Here the velocity is integrated in time to yield the individual contributions 
of three driving terms to the zonal displacement in a time frame comparable to the observation periods. In the 
case of the best skill (the coefficient of wind drag is 0.3%) the contribution of the direct wind drag (green 
line in Figure 12) is essentially smaller than the one of the surface current (black line in Figure 12) and that 
of the Stokes drift (red line in Figure 12). If the Stokes drift was unknown, wind drag would have to be 
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increased to ∼1.3% of wind velocity. In this case (blue line in Figure 12), the integrated velocity would 
almost coincide with the one computed using Eulerian surface current, Stokes drift, and direct wind drag. 
The reason why all curves in Figure 12 start from negative values is that the integration is performed for a 
longer period of time. The non-parallel course of the curves corresponding to the wind drag and Stokes drift 
(Figure 12) is instructive that the effect of waves could change during different wind conditions. 
The velocity at a single point gives only local estimates because the Eulerian near-surface current, direct 
wind drift, and Stokes drift vary spatially. In order to show the “real-world analogue” of Figure 12, we 
changed the framework from Eulerian to Lagrangian. With the optimal wind drag of 0.3%, Figure 13 shows 
the simulated propagation of model drifters with the characteristics of the GPS buoy, which originate in any 
given grid cell, accounting for spatial changes in the local current, wave, and wind fields as the particle 
moves on its way over the entire North Sea (experiment-2). Many of the particles covered distances of more 
than 400 km, which is ∼2/3 of the zonal size of the North Sea. 
 
 

 
Figure 12. Zonal velocity integrated in time from 19.02 to 31.03.2018 (zonal excursion) in the location 

denoted by the diamond-shaped symbol in Fig. 1. The individual curves correspond to excursions caused by 
ocean surface currents (black line), 0.3% wind (green), 1.3% wind (blue) and Stokes drift (red). 

  
 
For wooden drifters which are much more exposed to the wind, the additional contribution of the wind to the 
current and Stokes drift is estimated at ∼2.5%. The movement of simulated drifters (Figure 13) gives an idea 
of the irregular drift (in time) due to the two strong wind pulses (Figure 10). The first pulse lasted for approx. 
10 days and resulted in a continuous displacement of those drifters released at Borkum Riffgrund up to the 
western coasts of the North Sea (see the southern pathway in Figure 14. For these drifters which are much 
more exposed to the wind, the additional contribution of the wind to the current and Stokes drift is estimated 
at ∼2.5%. The movement of simulated drifters (Figure 13) gives an idea of the irregular drift (in time) due to 
the two strong wind pulses (Figure 10). The first pulse lasted for approx. 10 days and resulted in a 
continuous displacement of those drifters released at Borkum Riffgrund up to the western coasts of the North 
Sea. 
 
 

 
 

Figure 13: Displacement of particles from their seeding position over 30 days of integration of the 
Lagrangian model (19.02.-21.03.2018). The color scale re- presents the respective distance (lengths of great 
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circle arcs) between the re- lease location and the final position. Exemplary trajectories (64 out of 11,969 in 
total) are also shown in white. White circles indicate the initial positions. These particles have the properties 

of the GPS drifter. 
 
The release at the Sylter Auβenriff site occurred three days later than the first one, and by 04.03., the 
respective drifters (black in Figure 14) covered less than half the distance between the eastern and western 
North Sea coasts. At that time, the wind decreased (Figure 10) and the drifters stagnated in the centre of the 
basin for about 10 days. The second wind pulse transported them close to the UK's eastern coast in approx. 5 
days. However, wind conditions became very variable, velocities decreased (see Figure 10) and it took ∼20–
25 further days after 19.03. for the wooden drifters to strand (note the back and forth movement of the cloud 
of drifters in the proximity of the coast). 
 
The stranding positions of model drifters with characteristics of the wooden drifters from the two releases 
(Figure 14) coincided almost perfectly with the observations. Furthermore, simulated stranding 
times matched the data. Although the reporting time of the wooden drifters can be quite different from their 
stranding time, there is a reasonable correspondence with model estimates. Almost all wooden drifters 
released at the Sylter Auβenriff stranded in week 3 (n=148) and 4 (n=126). The majority of simulated drifters 
also stranded in week 3 (n=404) and 4 (n=395). 
 

 
 
Figure 14. Positions of the model wooden drifters every 5th day after their release at the Borkum Riffgrund 
site (big red circle) and the Sylter Auβenriff site (big black circle). The simulated particles are shown with 
the color of the respective release position. Because of the partial overlap of positions on 09. and 14.03., 
grey and black are used. From 19.03.-03.04., drifters from the Sylter Auβenriff stagnated in a relatively 

small area, therefore only the approximate positions of the centre of the particle clouds have been shown for 
19.03. and 29.03. The stranding positions of model wooden drifters are also shown (red and black dots on 

the coast). 
 

3.4. Assessment of the Sentinel  Velocity Data for the German Bight 

region  
 
Access to high quality velocity fields of wind and currents is elementary to allow the reliable prediction of 
transport paths followed by an object floating in the coastal ocean; thus making this information the basis for 
all coastal applications involving search and rescue operations, the tracking of lost goods or finding the 
source of a pollutant.  
Providing large scale velocity information, the Sentinel-1 satellites are a valuable tool to complement in-situ 
observations, as they add information about the spatial velocity distribution. With a return cycle of 12 days 
for specific geometry, however, the dominant variability occurring at intra-tidal time scales in the coastal 
ocean cannot be resolved. In consequence, the data on its own gives mostly insight on the more long-term 
trends of coastal dynamics, but can become very useful, when used in a framework with numerical models, 
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as it allows to validate the model dynamics on a large scale and to continuously correct model states, when 
data-assimilation techniques are applied. 
The latter is true, provided the measured velocity fields are of sufficient quality: To test this, the performance 
of the Sentinel-1A velocity information was validated against the HF-radar setup in the German Bight, the 
results of which are reported more detailed in D4.3. In summary, the trends in both data sets appeared 
correlated, but with a spatially averaged bias of -0.5 m/s and a larger variability in the satellite measurements 
both leading to a RMSD of about 0.84 m/s. A comparison of the data sets with the spatial mean removed 
proofed as not beneficial. This comparison confirmed the need for corrections being applied to the satellite 
data. 
The effect of different corrections on the comparison were documented by NOC in 1.2, continuing the 
validation with the corrected Sentinel-1 data against the HF-Radar data provided from HZG: For the repeat 
cycle of one specific acquisition the applied corrections involved a) the removal of wind-wave doppler 
signature using ECMWF winds, b) the land correction to achieve zero average velocity on land and c) the 
combined effect. (Figure 15) 
The removal of the wind-wave artefact did not improve the error statistics and the bias/RMSD increased in 
value to -0.88/1.10 m/s from -0.76/0.93 m/s with respect to using the uncorrected data. In contrast the land 
correction improved the comparison, reducing the bias and the RMSD to 0.05 m/s and 0.35 m/s, respectively. 
The combined effect, correcting the land corrected data for the wind-wave artefact degraded the error 
statistics towards a bias of 0.07 m/s and a RMSD of 0.4 m/s (Figure 16). 
As the wind-wave artefact can contribute significantly to the error, the negative effect of its removal was 
surprising and might be caused by errors in the ECMWF wind direction. Therefore, the use of wind direction 
data from regional atmospheric models for the correction could potentially further improve the data, which 
remains to be investigated. Until then the best practice in treating the data appears to only apply the land 
correction. 
 
 

 
Figure 15.  Qualitative comparison of uncorrected Sentinel-1 A velocities and HF-Radar measurements for 

the year 2017. (a) Shows the amount of commonly covered observations in 2017. (b) Shows the relative 
amount of observations in time for which both instruments yield the same velocity direction; a value below 

60%  over wide areas is indicative for a bias. (c) shows an exemplary time series, illustrating that the 
measurements of both instruments appear to be correlated, and the major difference is caused by a shift and 

increased variability for the Sentinel Data. 
 



H2020-EO-2016-730030- CEASELESS 

 
20

 

Figure 16.  Quantitative comparison of Sentinel-1 A and HF-Radar velocities for the year 2017 by means of 
the bias (left) and the rmse (right).  The spatially averaged bias/rmse amounts to ca. -0.5/0.84 m/s. 

 

3.5. Best practice criteria for applying Sentinel and high resolution 

Search and rescue coastal products in coastal waters  
 
The benefit of new measurements in a data assimilation scheme depends to a large extend on the type of 
model errors that can potentially be corrected in the analysis. In the SAR related study we concentrated on 
the German Bight where the circulation dynamics is complicated by different factors like:  
 

 Figure 17 : Comparisons of surface drift trajectories derived from analyzed model runs (blue 
trajectories) in comparison to first guess runs (red curves) over a period of five days. The yellow 

dots indicate the release locations. The red trajectories in the left plot are based on a higher 
estimate for the bottom roughness. The red trajectories on the right are related to a reduction of the 

momentum diffusion in the surface layer. In addition the 10m,20m and 30 m isobaths are 
superimposed as grey lines. 
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• The shallow water with significant uncertainties in the bathymetry 
• The strong impact of bottom friction with large uncertainties of the bottom roughness 
• The strong impact of the boundary forcing because of the dominant tidal signal 
• Atmospheric forcing plays an important role both for the general circulation and the aerodynamic 

drag on floating objects 
 
The added value of new satellite observation data also depends on the insitu observations that are already 
available in the area. For the German Bight this is  
 

• HF radar system with three stations at Wangerooge, Sylt and Büsum 
• Two ADCPs at FINO-1 and FINO-2 
• Various tide gauges along the coast 

 
There are also two fundamentally different applications of satellite data for the improvement of drift 
forecasts  
 

• Use of satellite data in an operational forecast system including data assimilation  
• Use of satellite data to optimize uncertain parameters in the model 

 
For the first application the sparse temporal sampling of SENTINEL data is certainly a problem. For 
example, it is hardly possible to estimate phase errors in the temporal surface current dynamics based on 
single snapshot measurements with gaps of several days. On the other hand, these relatively sparse satellite 
measurements can be very valuable for the optimization of uncertain parameters like the bottom roughness, 
in particular because of their large coverage, high spatial resolution and all weather capability. 
 
The parameter estimation aspects were investigated using a 4DVAR approach where the available 
measurements are collected over a certain period and then model parameters are optimized in such a way that 
the model trajectory is in closer agreement with the observations. This optimization problem is quite 
challenging because the circulation dynamics is affected by the following nonlinear mechanism 
 

• Nonlinear bottom friction  
• Nonlinear coupling between water levels and currents 
• Momentum Advection  
• Turbulence including nonlinear dependence on current fields  

 
To illustrate the sensitivity of the system with respect to internal friction parameters, which are related to the 
turbulence parameterization, Fig7 shows simulations over a period of 5 days for 8 simulated drifters released 
at different locations in the German Bight. The release points are indicated by yellow dots and isobaths for 
10 m, 20 m, and 30 m are superimposed as grey lines. In the left plot the surface drifter trajectories derived 
from the analysis (in blue) are compared with a first guess run with 10 times rougher bottom surface (in 
blue). One can see that the bottom roughness does not seem to have a very strong effect except for the drifter 
on the lower right, which happens to be released at a location with quite strong bathymetry gradient. The two 
drifters in the upper right released in water depth below 20 m show a slightly stronger sensitivity with 
respect to bottom roughness, but the effect is still small. Figure 17 (right) shows again a comparison of the 
analysis with a first guess run, but this time the first run differs by a smaller momentum diffusion in the top 
layer (10 times smaller). One can see that this has a quite substantial impact on the surface drifter 
trajectories. The reason for this observations is the role that the momentum diffusion plays for the connection 
of the top layer to the underlying water mass. If the turbulence in the top layer is small the upper water layer 
experiences less friction and can be more easily moved around by both pressure gradients and the wind 
forcing. As can be seen on the map, it is not easy to predict in which areas this mechanism has the strongest 
impact on the trajectories. 
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The identified best practice criteria in the context of search and rescue can be summarised as follows: 

• The satellite data should be integrated with existing insitu data using data assimilation techniques 

• Apart from current measurements, wáter level observations from tide gauges provide valuable 
information on the overall transports 

• It seems that satellite data are very valuable for parameter optimisation, but are of limited value for 
operational data assimilation, at least with the temporal sampling available today 

It should also be emphasized that data assimilation and parameter estimation procedured are strongly 
dependent ton reliable estimates of measurement accuracies. Cross validations and application of the triple 
collocation method, which can separate the errors in different data sets, are helpful in this context.  
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4. RENEWABLE WIND ENERGY EXTRACTION (DHI, DTU) 

4.1. Operation and Maintenance tool for the offshore wind industry 
 
DHI has been working on a product which should try to solve the daily recurring problem faced by 
the offshore industry. Namely, the problem when will the weather allow them to carry out the work 
they have planned. Offshore tasks can only be executed during certain weather windows (durations 
where the metocean conditions fulfil the requirement for executing the task/job in a safe manner). 
The work to be made offshore is often composed of an operation which contains multiple tasks 
which need to be executed in a certain order – and this requires that multiple weather windows need 
to be fulfilled within a certain time period. The issue DHI has been working on to solve together 
with the offshore wind industry (HMI Vestas) is to make an application which can tell what the 
chances are that they can service/maintain their offshore windmills the coming days. The problem 
which the industry faces daily is that some windmills need to be maintained according to plan and 
others need to be maintained due to the windmills’ electronics have issued warnings which require a 
technician to have a closer look at it on the windmill. Daily crew transferring vessels (CTV) are 
sailing from the port out to the wind farm park and transfer technicians to the wind turbine towers – 
and picking them again to transfer them to a new wind turbine tower. Some days the crew and 
technicians meet in the morning at the port and realize that they cannot sail out due to the weather. 
Other days they sail out to the wind farm but they cannot conduct a safe transfer of personnel to the 
wind turbines and they have to return to the port or the technicians have become seasick and 
therefore cannot perform the work required and need to return to the port. The decision made 
whether they can work/should meet up in the port is taken the evening before based on weather 
forecast for the particular area. Sometimes the forecast data is not good enough for that specific area 
– which means that some days they do not work although they could have and other days they need 
to return to the port without having been successful in transferring crew to the wind turbines or they 
could not use the crane to lift heavy cargo (spare parts) to the wind turbine. The main driver for the 
unsuccessful maintenance trips is the lack of good metocean data and knowledge of which 
metocean conditions the various tasks operation can be executed safely at.  
 
The objective of this task is to solve the wind industry’s maintenance problem as described above 
by building a prototype application which makes use of high-resolution metocean data (e.g. 
CMEMS) which has been assimilated and validated against satellite data (e.g. Sentinel). 
Furthermore, the satellite data has been previously used to obtain a high-resolution bathymetry for 
the shallower part of offshore wind farms (e.g. Bolaños et. al., 2018). This high-resolution data 
combined with an application which simulates the operation as it progresses should be the way to 
solve the problem of identifying when is it possible to conduct the planned work at sea. The 
application is made so that it is possible to run the application in a forecast mode or in a planning 
mode. The forecast mode will make use of forecast data whereas the planning mode will make use 
of hindcast data. The planning mode is intended as a tool which is used during the planning of the 
maintenance to figure out the possibilities to conduct various tasks around the year, whereas the 
forecast mode is used for the planning of the next coming days of service and maintenance work.  
 
In the forecast mode the application is based on an agent-based model, ABM, where the agent is the 
CTV (crew transfering vessel) which can be released inside the model and follow a planned route 
and do predefined tasks. The ABM model operates on a mesh which covers the home port of the 
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CTV, the route from port to the wind farm and the entire wind farm, see figure 18. The CTV 
response to the metocean conditions is recorded. The response is obtained from the RAO (Response 
Amplitude Operator) tables of the CTV. The RAO analysis provides the vessel’s response (surge, 
sway, heavy, roll, pitch and yaw) to a given metocean condition and water depth. The RAO data for 
the CTV is obtained by performing a ROA analysis for the CTV. This type of analysis requires 
besides the hull of the vessel in a digital format that the loading conditions of the vessel and the 
radii of gyration are known as well. The hull, loading conditions and radii of gyration is then passed 
into an S-Omega model where simulations are run for all kinds of metocean forcing and the vessel’s 
response is then stored in S-Omega frequency tables. The RAO analysis is only made once – and 
the frequency response tables are stored in data files which then can be read by the application for 
getting the vessel’s response to a given metocean condition. For the prototype, we have used the 
hull shape for a typical CTV vessel, which is a catamaran type and a loading condition equal to a 
normal service/maintenance.    

 
  
Figure 18: One of the initial grid set-ups where the release of the CTV agent was tested. The black line is the 
route from port to site where the CTV is restricted to sail (by the user) the black box is the wind farm where 

the CTV is restricted by the user to sail. 
 
The forecast mode of the prototype application receives data from a high-resolution forecast model, 
which then is fed into the application’s mesh. A so-called operation manager list, which is a 
protocol holding the information for the coming days service and maintenance tasks, is setup by the 
user. The operation manager list holds information on the route, task to perform and the task’s 
threshold values (the values can be metocean or vessel response) for executing the task in a safe 
manner. A CTV agent is then released in the model with a certain time delay during the possible 
working hours for the crew and the technicians. The CTV executes the operations given in the 
operation manager list for the given day and the responses experienced by the CTV are recorded 
and stored. An example of such a record is shown in figure 19 of selected parameters. Once all the 
released CTVs haver returned to the port for the given day all the recorded data from the CTVs is 
then analysed. From this analysis it is possible to estimate how many hours it is possible to work at 
the sea for the day – it will further indicate which tasks can be performed and when it is best to 
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perform them during the working day – in order to be most efficient at the sea. The current 
prototype of the application for the forecast mode seems to work fine, but data is needed for 
validating the response of the CTVs and the feeding of forecast metocean data into the application 
should be made via an API solution where data is automatically extracted from the high-resolution 
data – until now this extraction was made manually. 
This tool will be implemented for the CEASELESS case study of Horns Rev using CMEMS 
products as data input. This will be reported as part of Deliverable 5.2. 
 

 
Figure 19: Example of some selected parameters which are recorded by the CTV agent when it sails. The 

shown Hs and Tp is from the wind sea component. 
 
As previously mentioned the prototype of the application is also made so that it can be run in the so-
called planning mode which uses re-analysed historical data. The planning mode can be used for 
planning the work all year and to test several scenarios of major maintenances where many critical 
operations need to be performed in a given order. The planning mode works in a similar way as the 
forecast mode. The user defines an operational list which contains all the operations and associated 
threshold values. The operations in the operation list are then tried carried out with start at each time 
step in the historical data available – based on the recorded data for each release of the CTVs. The 
probabilities of conducting the tasks in the operation list are then estimated and bottleneck 
operations are displayed to the user.  

 

4.2. Offshore wind resource assessment 
 

Offshore wind resources around Europe are of interest due to the increasing trend of wind 

farm installation in coastal areas, and recently further offshore (e.g. Hywind, Skaare et al,, 

2015). The strength of satellite winds to support offshore wind energy lies in the capability to 

monitor large areas over extensive periods of time although the sampling frequency achieved 

from satellite wind retrievals can be considered poor compared to the sampling frequencies 
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of typical in-situ sensors, i.e. 10 minute averages, or numerical models, i.e. hourly. Wind 

resource assessment from Earth Observation ocean surface winds has been performed during 

the past decade, especially focusing on the northern European Seas. Satellite observations of 

the wind over the ocean surface can prove valuable as indicators of the resource distribution 

and provide information about the areas where high-resolution mesoscale model experiments 

can be performed (Karagali et al., 2018). 

 

 

4.2.1. Methods 

Wind speed at 10 m above the ocean surface is routinely retrieved from space-borne radars, 

i.e. Synthetic Aperture Radars (SAR) and scatterometers. These radar instruments are 

sensitive to cm-scale waves generated at the sea surface due to the instantaneous wind stress. 

The radar pulses are scattered from the ocean surface back to the instruments and the 

amount of backscattered signal per unit area, i.e. the normalised radar cross section (NRCS), 

depends on the size and geometry of roughness elements on the scale of the radar wavelength 

at the Earth surface. Roughness elements, generated by the surface wind stress as the wind 

over the ocean increases, increase the signal back-scattered to the instrument. The empirical 

relationships used for the retrieval of wind speed and direction, i.e. the Geophysical Model 

Functions (GMFs), are derived from the relation of the NRCS, the wind speed and direction at 

10 m and the radar viewing geometry. GMFs are traditionally sensor or mission specific. 

Traditionally they are derived using the Equivalent Neutral Wind (ENW), i.e. the wind at 10 m 

assuming neutral atmospheric stratification.  

 

Due to multiple looks over the same area, scatterometers can retrieve the wind speed and 

direction but their spatial resolution is coarser than SAR winds (Karagali et al., 2013). The 

single look mode of SAR requires the a priori knowledge of wind direction to retrieve the 

wind speed. Global atmospheric models can provide wind directions at spatial scales 

comparable to that of SAR, and as such can be utilised for operational SAR wind retrievals. 

 

While the 10 m wind information can be resolved with satisfactory accuracy given the design 

characteristics of such space-borne sensors, atmospheric levels relevant for wind turbine 

operation are much higher and the extrapolation from 10 m depends on the atmospheric 

stability. Badger et al. (2016) performed an extrapolation of the mean wind from SAR at 

turbine relevant heights, using a long term stability corrected wind profile derived from 

mesoscale model simulations. 

 

SAR wind retrievals are routinely performed at DTU Wind Energy, using a processing chain 

built around the SAR Ocean Products System (SAROPS) by the NOAA Center for Satellite 

Applications and Research (STAR), US National Ice Center and Johns Hopkins University, 

Applied Physics Laboratory (Monaldo et al., 2015). The SAR wind retrievals are performed 

using the CMOD5.N GMF, thus are representative of the Equivalent Neutral Wind (ENW), at a 

600 m resolution to eliminate effects of random noise and of surface inclination due to longer-

period ocean waves. The derived SAR climatology has a 2 km resolution, while for ASCAT the 

original spatial grid of 12.5 km is maintained. 

 

4.2.2. Data  
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The Sentinel-1 A/B ESA mission, consists of two separate platforms, each with a C-band SAR 

(5.3 GHz) on board. Sentinel-1A was launched on 3 April 2014 and Sentinel-1B on 25 April 

2016. Both sensors are currently operational. Wind retrievals are routinely performed at DTU 

Wind Energy and the data are available through https://satwinds.windenergy.dtu.dk/. 

 

The ESA Envisat platform was launched in 2002 and its data acquisition was terminated in 

April 2012. It carried, amongst other instruments, an Advanced Synthetic Aperture Radar 

(ASAR) operating in C-band with several different modes. The majority of Envisat ASAR 

scenes in this archive have been acquired in Wide Swath mode (WSM) or Global Monitoring 

mode (GMM) with a swath width of 400 km and variable lengths. The Image mode (IM) and 

Alternating Polarisation mode (APP) are suitable for ocean wind retrieval over smaller areas 

due to their swath width of 100 km. Wind retrievals were performed at DTU Wind Energy and 

the archive holds a limited collection of processed data based on these modes. 

The European Organisation for the Exploitation of Meteorological Satellites (EUMETSAT) 

operates a series of polar orbiting meteorological satellites (MetOp), two of which are already 

in orbit with the third one scheduled for launch in October 2018. ASCAT is the C-band 

scatterometer on board both MetOp-A and MetOp-B, measuring in two 500 km-wide swaths. 

The wind product used in the present study is the newly available 12.5 km Coastal Stress 

Equivalent Wind, obtained through the Copernicus Marine Environmental Monitoring Service 

(CMEMS, http://marine.copernicus.eu/, de Kloe et al., 2017). 

 

4.2.3. Results 

 

The combined mean wind speed from all available observations of ENVISAT ASAR and 

Sentinel-1 at 10 meters above the surface for the period 2002 to 2018 shows higher mean 

wind speeds in the North Sea compared to the Mediterranean. Important local features such 

as the Mistral wind and the Etesians in the Aegean Sea appear as signatures of higher wind 

speeds. ASCAT mean winds at 10 meters for the period 2007-2018 show the same patterns as 

for SAR although with somewhat reduced amplitude. (figure 20). 

 

  
Figure 20: Mean wind speed from combined ASAR and Sentinel-1 (left) for 2002-2018 and ASCAT (right) 

for 2007-2018. 
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The data availability used to derive the mean wind speed maps shown above demonstrates 

that due to infrequent SAR retrievals prior to the Sentinel-1 era, SAR observations are still 

significantly lower compared to ASCAT despite the longer time period of operation. The 

Sentinel-1 A/B combination already mitigates this situation (figure 21).  

 

  
Figure 21: Data availability from the combined ASAR and Sentinel-1 (left) for 2002-2018 and ASCAT 

(right) for 2007-2018. 
 

Products like the ones above can also be extrapolated to higher atmospheric levels and 

become more customized for the local conditions of specific areas. 

 

4.3. Offshore extreme wind and extreme wave atlas 
 

With the development of a wind-wave coupled modeling system (Du et al. 2018, 2019, Larsén 

et al. 2019), along with use of satellite data, DTU and DHI created extreme wind and extreme 

wave atlases (Larsén et al. 2017). These atlases provide required design parameters for 

offshore wind turbines, the 50-year return wind at turbine hub height and the 50-year 

significant wave height.  

 

The methods in obtaining the atlases have been described in CEASELESS reports D4.1 and 

D4.2, as well as in the publications, e.g. Larsén et al. (2017, 2019). The figure 22 show 

examples of the 50-year extreme wind 
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(a)  

(b) 

 

Figure 22: (a) The 50-year wind at 100 m. (a copy from Larsén et al. 2019). (b) The 50-year significant 
wave height using MIKE 21 SW with varying water depth (a copy from Larsén et al. 2017)  

 
The products from DTU include: (1) the data set behind the 50-year wind (2) Wind-wave coupled 
modeling system using the Weather Research and Forecasting (WRF) model and the Spectral wave 
model for Nearshore (SWAN), through a wave boundary-layer model implemented inside SWAN.  
 
This modeling system can be used to forecast  and hindcast both wind and wave field. 
 

5. INTEGRATION ROAD MAP FOR OUR HIGH RESOLUTION COMBINED 

FIELDS INTO CMEMS 

5.1. Water quality management 
 
As stated in the CEASELESS proposal, one of the principal outcomes of the WP4 is a methodology with 
criteria for downscaling the CMEMS products for water quality coastal applications, incorporating 
hydromorphodynamic interactions and active coastal boundary conditions that are currently lacking in 
CMEMS. This will help address the requirements of a large set of coastal stakeholders and users that demand 
high-resolution, tailored products to tackle their particular needs in local shallow and complex coastal 
environments, ill-resolved by the regional products provided by CMEMS. The meetings held by UPC with 
the relevant socioeconomic and environmental actors at both study bays (figure 23) show that such HR 
products are extremely welcome by the final users. 
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Figure 23. Meeting of the Ebro Delta co-management table (regional and local 
authorities plus research institutions and stakeholders). 

 
 
In this respect, the main potential impacts and benefits of the research and development undertaken in this 
work are summarized in the following table. 
 
Development leading to 
potential impact on CMEMS 

Nature of the 
potential impact* 

Foreseen horizon 
of the impact 

Targeted 
TACs or 
MFCs 

Proposing a robust approach 
for downscaling of CMEMS 
products (model and satellite 
data), within a framework for 
high resolution water quality 
modelling of coastal areas,  

Impact for CMEMS 
PU-PHYS and for 
end-users 

Permanent, 
associated to: 
early warning 
systems, 
end-users and 
stakeholders  

NWS MFC 
MED MFC 
IBI MFC 
In-SITU 
OBS  
  

Local hydro-morphodynamic 
coupling for micro-tidal cases 

Impact for CMEMS 
PU-PHYS and bio-
geo applications 

Progressive, 
associated to an 
increasing uptake 
of improved results 

NWS MFC 
MED MFC 
IBI MFC 
CMEMS 
Obs-TAC, 
Sat Tacs 

Developing flexible interfaces 
for nesting of regional models 
of different types 

Improved results 
when nesting is 
quantitatively 
relevant 

Downscaling, end-
users interests 

NWS MFC 
MED MFC 
IBI MFC 

Preparing an inventory of 
available coupling toolkits for 
shelf/coastal applications with 

Impact for CMEMS 
downstream services 

Promote and 
increase visibility 
and the number of 

NWS MFC 
MED MFC 
IBI MFC 
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unstructured-grid models, as a 
tool that advances present 
practice for structured meshes 

users of  CMEMS  GLO MFC 

Implications of the active 
coastal boundary on water 
quality predictions, making 
explicit the limitation of 
present forecasts. 

CMEMS 
downstream services 
End users and 
stakeholders 
according to 
application 

Permanent, focus 
on applications that 
incorporate 
predictions in their 
decisions 

NWS MFC 
MED MFC 
IBI MFC 
GLO MFC 

Demonstration of the role of 
the coastal fringe as an active 
boundary condition for shelf 
predictions 

Impact for CMEMS 
PU-PHYS and for 
end-users 

Downscaling and 
applications 
Fisheries 
Oil spills 
Management 

NWS MFC 
MED MFC 
IBI MFC 
GLO MFC 

New set of high resolution 
coastal products 

Preparation of next 
generation of system  

Yearly scale 
Permanent  

NWS MFC 
MED MFC 
IBI MFC 
CMEMS 
Obs-TAC, 
Sat Tacs 

Demonstration of the added 
value associated to the 
proposed indices based on 
hydro-morphodynamics and 
water quality 

Support of CMEMS 
as a tool for coastal 
zone management 
and related decision-
making 

Promote and 
Increase visibility 
and the number of 
users of  CMEMS  

NWS MFC 
MED MFC 
IBI MFC 
CMEMS 
Obs-TAC, 
Sat Tacs 

 
 

5.2. Support to search and rescue operations 
 
The high resolution SENTINEL ocean current products are seen as an interesting extension of the limited set 
of measurements available to support SAR operations today. As pointed out in the previous section, the 
largest potential is seen in the use for parameter estimation and bias correction to optimise the models which 
are currently used for drift forecast. In order to be useful, the following steps are necessary: 

• Cross validation with existing insitu measurements 

• Ensuring consistent provision of accuracy information for all sensors 

• Optimal blending of information from satellite, insitu and models for the satellite  
 acquisition times 

The surface current measurements are also of high value because they provide information on momentum 
fluxes at the air/sea interface. This information is of high relevance for the coupling of the ocean circulation, 
ocean surface waves and the atmosphere, which is currently analysed and implemented by different 
institutions like HZG. In this context the additional satellite SAR measurements of surface wind are very 
complementary and should be integrated as well.  
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