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Analysis of the North Atlantic offshore energy
flux from different reanalysis and hindcasts

Matı́as Alday G., Vaibhav Raghavan and George Lavidas

Abstract—To date there is a wide range of wave reanaly-
sis and hindcasts available to the scientific and engineering
community which are commonly used for different applica-
tions, including downscaling or the estimation of the wave
energy resource. These long datasets have been created
using different combinations of forcing fields, physical
parameterizations, and numerical choices (like spatial and
spectral resolution). All these elements have a direct effect
on the accuracy of the wave models’ output and thus,
they are one of the main reasons for the differences be-
tween these products. In the present study we analyze the
significant wave heights and peak periods characteristics
from a selection of global datasets. We additionally include
results from a hindcast created using the WAVEWATCH
III model, with adjustments specially aimed to reduce
uncertainties of the wave energy resource along the Atlantic
coasts of Europe. Models’ output is compared with buoys
and altimeter data from the latest ESA (European Space
Agency) CCI Sea State V3 product. Preliminary validation
of the hindcast we have generated for the North Atlantic
already show an important bias reduction for wave heights
in the 2.5 to 11.5 range compared to ERA5 wave product.
Using the relevant wave parameters, we estimate the power
density and quantify the differences between databases.
Then, based on scatter diagrams obtained from the joint
distributions of significant wave height and peak period,
the differences in the power captured by a point absorber
wave energy converter (WEC) related to different wave data
sources will be quantified.

Index Terms—Wave energy flux, Hindcast, WAVEWATCH
III, HAMS

I. INTRODUCTION

IN recent years, there has been a substantial increase
of studies and projects aimed to estimate the wave

resource availability in different parts of the world us-
ing a variety of models and approaches ( [1]–[5]). Typi-
cally, a resource assessment starts with an overview of
the offshore wave climate using available hindcasts or
reanalysis products. Based on these results, one may
decide to downscale and develop a regional or coastal
model to better represent wave conditions locally [6].
But these available datasets might largely differ from
each other. Most likely, they have been created with
different objectives in mind, and most important, us-
ing different combinations of forcing fields, physical

© 2023 European Wave and Tidal Energy Conference. This paper
has been subjected to single-blind peer review.

The work has been a part of the EU-SCORES project that has
received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 101036457.

M. Alday G. (e-mail: M.F.AldayGonzalez@tudelft.nl), V. Ragha-
van (e-mail: v.raghavan@tudelft.nl) and G. Lavidas (e-mail:
g.lavidas@tudelft.nl) are with the Marine Renewable Energies Lab
(MREL) from the Offshore Engineering Group in the Delft University
of Technology, Stevinweg 1 2628 CN, Delft, The Netherlands.

Digital Object Identifier:
https://doi.org/10.36688/ewtec-2023-140

parameterizations, and numerical choices (like spatial
and spectral resolution). In fact these are the most im-
portant factors affecting the accuracy of wave models’
results (e.g.; [7]–[10]). It is thus of interest to verify how
significant these differences are in the context of a wave
resource assessment.

The main objective of this paper is to quantify the
changes in the estimation of the offshore wave energy
flux, in the North-East Atlantic, when different wave
databases are employed. To that effect, we have se-
lected 2 databases, the ERA5 reanalysis wave product
[11], and the CFSR (Phase 2) hindcast [12], [13]. Addi-
tionally, using WAVEWATCH III®(WW3) [14], we have
created a wave hindcast (from hereon MREL hincast)
to compare with the selected products. The MREL
hindcast was developed with adjustments specially
aimed to improve the model performance in European
(Atlantic) waters, following the method proposed in
[15]. At “basin” scale, the assessment of the different
wave databases is done by comparing the simulated
significant wave heights (Hs) with altimeter data. For
this, the ESA (European Space Agency) CCI Sea State
V3 product is utilized [16].

Additionally, to verify how changes in the offshore
energy flux might affect in intermediate to shallow
waters, the differences in power captured by a C4
point absorber wave energy converter (PA-WEC) is
considered. This estimation is done based on 1-year
simulations from the MREL hindcast compared to the
ERA5 wave product.

In this paper, we describe the databases used and
general methods in section II. Then, in section III a brief
description of the modelling approach used to obtain
the power matrix from a PA-WEC is presented. Finally,
we present the study’s results in section IV followed
by a brief discussion and conclusions in section V.

II. MATERIALS AND METHOD

In the following sections, we provide a sumarized
description of the MREL hindcast developed for the
North Atlantic, the wave reanalyses and altimeter data
employed. Then, we specify the expressions used to
compare the wave energy flux estimated with our
simulations and the wave datasets selected.

A. The MREL wave hindcast
The dataset was generated using WW3 implemented

with a multi-grid 2-way nesting system ( [17], [18])
that covers the North Atlantic from latitudes 0.25◦

to 80◦ North. The nesting setup consists of a base
grid with a spacial resolution of 0.25◦ (N ATL-15M), a
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regional grid that covers European waters with 0.125◦

(N ATL-8M), and a coastal high spatial resolution grid
at 0.03◦ (∼ 2.3 km; EU-3M, see Fig. 1). In terms of
spectral resolution, 36 exponentially spaced frequen-
cies are considered, from 0.034 to 0.95 Hz, with a 1.1
increment factor from one frequency to the next for all
grids. In the directional space, 24 discrete directions
are considered for the North Atlantic grid N ATL-15M
(resolution of 15◦), and 36 directions for N ATL-8M
and EU-2M (resolution of 10◦).

The forcing fields included in the model setup are:
• ERA5 winds [11] for wave generation.
• COPERNICUS-GLOBCURRENT sur-

face global currents (product MULTI-
OBS GLO PHY REP 015 004) applied only
in N ATL-15M.

• The ice concentration from Ifremer SSMI-derived
product [19] considering a 1 m constant thickness.

• And tidal levels and currents from the
Atlantic-European North West Shelf-Ocean
Physics Reanalysis (CMEMS product
NWSHELF MULTIYEAR PHY 004 009). These
ones used only in N ATL-8M and EU-2M.

The parameterizations for wind input and wave
dissipation are taken from WW3’s ST4 source terms
package, described in [8]. Following the methodology
proposed in [15], special adjustments were applied
to the swell dissipation part of the ocean-atmosphere
interactions parameterization from [8]. Additionally,
wind corrections applied for wind speeds > 20.5 m/s
were introduced to partially correct the underestima-
tion of high winds in products from the ECMWF IFS
model [20] (see equation 6 in [15]). In this case, these
adjustments were done to specifically improve the ac-
curacy of the model results in the North-East Atlantic.
To reduce computational cost, the Discrete Interaction
Approximation (DIA) [21] was used to represent the
4-wave nonlinear interactions.

B. Wave database
Two well known wave datasets are used to verify

changes of the energy flux in deep waters. The ERA5
wave product and the CFSR hindcast (Phase 2).

The ERA5 global reanalysis was developed using
4D-Var data assimilation from the Integrated Forecast
System (IFS) model cycle 41r2. The assimilation is
applied in the atmospheric model (winds) and in the
wave model WAM [22] , which is coupled with the at-
mospheric one. The spectral discretization in the imple-
mented version of WAM, considers 24 directions (15◦

resolution) and 30 frequencies (0.03453 to 0.5478 Hz).
The ERA5 wave product presents hourly data with a
spatial resolution of 0.5◦.

The CFSR hindcast was developed at NCEP (Na-
tional Centers for Environmental Prediction) using
WW3. The model is forced with CFSRR winds [23] and
daily ice concentrations from the SMMR and SSMI.
There is no wave data assimilation in the generation
of this product (only in the forcing fields). Spectral
discretization considers 50 frequencies (from 0.035 to
0.963 Hz) and 36 directional bins (10◦ resolution). This

N_ATL-15M

N
_
A
T
L-
8
M

EU
-2
M

Fig. 1. Multi-grid 2-way nesting setup used in the generaiton of the
MREL hindcast. Active N ATL-15M grid nodes in dark blue, in green
active nodes from N ATL-8M grid, in yellow active nodes from the
high resolution EU-2M grid.

product has 3-hourly data with a spatial resolution of
0.5◦.

C. Altimeter database
As mentioned in section I, the ESA CCI V3 altimeter

L2P product [16] was selected to compare with Hs

fields from the different wave datasets (including the
MREL hincast). The CCI V3 dataset provides 1 Hz av-
eraged measurements of altimeter derived significant
wave heights (SWH), which is equivalent to ∼6 km
along-track resolution. The “denoised” SWH variable
is used, which is obtained using the WHALES partial
waveform retracking algorithm [24]. One interesting
advantage of using the WHALES retracker, is its suit-
ability for coastal applications (e.g.; [25], [26]).

It is important to mention that when comparing with
altimeter derived wave heights, attention is paid to
SWH ≥ 1 m. For Hs < 0.75 m, altimeter measurements
are not very accurate due to limited sampling of the
signal associated with the radar bandwidth ( [27], [28]).

D. Statistical parameters
To assess the accuracy of the analyzed databases

compared to altimeter data or buoy data, or between
models, we use the following expressions: The Scatter
Index (SI), and the Normalized Mean Bias (NMB).

SI(X) =

√√√√∑[
(Xmod −Xmod)− (Xobs −Xobs)

]2∑
X2

obs

(1)

NMB(X) =

∑
(Xmod −Xobs)∑

Xobs
(2)

In the expressions above, (1) and (2), Xobs and
Xmod correspond to wave parameters obtained from
measurements (altimeter in this case) and wave models
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respectively (e.g; Hs, and the peak period Tp). When
(2) is use to compare 2 different databases we use the
term Normalized Mean Differences (NMD).

When using altimeter data to compare with the mod-
elled Hs, an along-track type analysis is employed. This
implies the interpolation, in time and space, of the 4
closest points from the simulated Hs fields to collocate
model data on the altimeter track. All comparisons
with altimeter derived wave heights are done over
a domain in the North-East Atlantic covering from
longitude −40◦ to 37.5◦, and latitudes from 15◦ to 80◦.
The Mediterranean and Baltic Sea are excluded from
the analysis.

III. HYDRODYNAMIC MODEL OF THE WAVE ENERGY
CONVERTER CORPOWER C4

This section briefly discusses the modelling of the
wave energy converter Corpower C4 including its
power matrix. A linearized sub-optimal power matrix
considering viscous losses is derived here, which is
then used to compare the power estimation from the
considered databases.

A. Device Description

The Corpower C4 device (shown in Fig. 2) is a point
absorber wave energy converter [29]. The dimensions
of the device are given in Table I [29]. The C4 is
selected for this analysis since it is currently one of the
state-of-the-art devices, and the closest to achieve com-
mercialisation. Two interesting features of the device
are: 1) Wave-spring system [30] which amplifies the
motion and power capture of the device by providing
a negative spring function, 2) Pre-tensioning system
which replaces some of the mass otherwise needed to
balance the buoyancy effect and a composite spherical
buoy hull structure, that provides high volume with
low mass. The device is anchored to the bottom and
employs real-time control algorithms to maximize its
power output.

The draft of 6 m was assumed by the authors for this
study and the natural frequency was calculated based
on the aforementioned properties.

B. Equation of motion

A frequency domain model was used for estimating
the motion of the Corpower C4 device. Only heave

TABLE I
PROPERTIES OF THE CORPOWER C4 DEVICE

Property Value Unit

Diameter 9 m
Height 18 m
Installation depth (minimum) 40 m
Weight 70 tonne
Bouy Draft 6 m
Undamped Natural period (heave) 3 s

Fig. 2. Corpower C4 wave energy converter device [29]

motion was considered here, with the equation of
motion given as follows:

[−ω2(md +ma) + iω(ba + bPTO + bv) + ch]s = fe (3)

where the first 2 terms are the mass of the device
md and the added mass heaving hydrodynamic coeffi-
cient ma. Then, ba is the radiation damping heaving
hydrodynamic coefficient, bPTO is the PTO (Power
Take Off) coefficient for the device, bv is the linearized
viscous damping coefficient. Finally, ch is the hydro-
static stiffness coefficient in heaving, fe is the heave
exciting force, and s is the displacement amplitude
of the device also referred to as the body excursion.
When the amplitude of the incident wave is 1 m, then
s represents the RAO (Response amplitude Operator)
in heave motion for the device.

Within the scope of this formulation, the following
interactions have not been considered - (i) the wave
spring component of the device which provides a
negative spring stiffness and (ii) the pre-tensioning
mechanism (iii) the moorings, as the device is anchored
to the seabed directly. When considering the control of
the device through the PTO system, this is achieved
by incorporating two conditions: 1) Cancelling the PTO
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reactance (also referred to as the stiffness coefficient for
the PTO system) which essentially occurs at resonance,
and 2) The PTO damping should be equal to the
impedence which ensures maximum power absorp-
tion. For most practical cases, the PTO reactance is
negligible or zero and so considering just the PTO
damping condition is sufficient [31]. Therefore, a sub-
optimal passive control has been incorporated within
the PTO damping coefficient, based on the formulation
which takes into account the losses due to viscosity. To
determine the viscous losses, a linearized approach has
been used.

C. BEM model
The frequency dependent hydrodynamic coefficients

and exciting forces are obtained from the frequency do-
main Boundary Element Method (BEM) solver HAMS
( [32], [33]). Deep water conditions were assumed since
the considered depth for comparing the data bases
is around 70 m. Convergence studies were conducted
during the development of the BEM model to decide
on the number of panels.

D. Sub-optimal PTO control and viscous losses
Sub-optimal passive control including viscous losses

was incorporated based on the work of Hals et al. [34].
The optimum PTO damping coefficient for each fre-
quency was derived using (4) without a displacement
constraint.

bPTO(ω) = (Ri(ω)
2 +Xi(ω)

2)1/2 (4)

where
Ri(ω) = ba(ω) +Rf (5)

Xi(ω) = iω[md +ma(ω)] + (ch/iω) (6)

Ri and Xi refer to the real and imaginary part
of the intrinsic impedence of the heaving body, with
Rf accounting for the viscous losses. To determine
the viscous losses, the methodology from the work
of Malta [35] is adopted. The non-linear viscous term
based on the Morrison’s equation is linearized using a
Fourier series expansion.

E. Power estimation from wave energy converter
The average power produced by the WEC over

various sea states is quantified in a power matrix. For
its computation, irregular wave sea states based on
Hs and Tp are considered. For the MREL dataset, the
spectra are derived directly from the dataset per sea
state, which can then be used to compute the signifi-
cant heave amplitude (za1/3

) and average zero-crossing
period (T2z). Since the spectra was not available to us
during the development of this study, for the ERA5
wave data, the JONSWAP spectrum is assumed [36].
It should be noted that the assumption of a paramet-
ric spectral shape is typically used in the absence of
spectral data (e.g.; [37]).

The significant heave amplitude and average zero-
crossing period based on the spectra are obtained as
follows:

• Computation of the heave response spectra:

Sz(ω) = |s|2 ∗ Sζ(ω) (7)

where sz(ω) is the heave response spectra, s is
the response amplitude operator and Sζ(ω) is the
input wave spectra (MREL data spectra or JON-
SWAP).

• Estimation of the zeroth and second moments of
the heave response spectra as:

mnz =

∫ ∞

0

Sz(ω) ∗ ωn ∗ dω (8)

with n = 0 and 2.
• From the moments, the significant heave ampli-

tude and average zero-crossing period can be es-
timated as:

za1/3
= 2 ∗

√
m0z (9)

T2z = 2π ∗
√

m0z

m2z
(10)

The choice of using the zero-crossing period for
the power matrix is based on [37].

The average power based on the heave displacement
for a given sea state is obtained using:

P = (1/2)ω2
2zbPTOz

2
a1/3

(11)

where ω2z = 2π/T2z .
This power matrix is used together with the scatter

diagrams to estimate the yearly power production.
Considering the most common Hs operational ranges,
the power matrices used in the in the estimation of
power production (in section IV-C), are capped to Hs

≤ 9 m.

IV. RESULTS

A. Wave heights differences in deep waters

First the wave height fields from ERA5, CFSR and
the MREL hindcast with altimeter data are compared.
Through the along-track analysis, it is possible to ob-
serve within which wave heights’ range we can find
the most significant differences between these datasets
(Fig. 3). The year 2009 was selected since it is the last
year available in the CFSR hindcast, which means that
a comparison of the 3 databases for more recent years is
not possible. In this section, results using only Jason-2
are provided, but the analysis was also done for Jason-
1 (with similar results to Jason-2), and Envisat.

Note that in the neighborhood of the most fre-
quent Hs, around 2 m (Fig. 3.c), the NMB values
are similar for all datasets (close to 0%). The CFSR
hincast performs better between wave heights from 4
to 5.5 m, while ERA5 and the MREL hincast present
a slight under estimation (NMB of about -2% ). Most
important differences are found for Hs > 8 m, where
CFSR and ERA5 present a clear underestimation of
the wave heights that tends to increase towards the
largest Hs bins. Note that the NMB of CFSR and ERA5
reaches −19% and −11% respectively at 12.75 m. On
the other hand, the MREL hindcast presents a more
“controled” NMB behavior for higher wave heights,
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varying between −7 and 1% (Fig. 3.a). This is mostly
due to the wind intensities enhancement applied to the
ERA5 wind fields [15].

Since data assimilation is used in the generation of
the ERA5 dataset, it is not surprising that the scatter
index, along the analyzed Hs range, is the lowest com-
pared to the other two datasets (Fig. 3.b). Nevertheless,
the MREL hincast presents a SI that is, in average, only
∼ 3% higher than ERA5 for wave heights between 1.5
to 6 m. Finally, in Fig. 3.c, is possible to observe that
the 3 datasets overestimate the occurrences of the most
frequent wave heights, between 1.75 and 2.5 m. This
effect was partially corrected with adjustments to the
swell dissipation parameterization [8] applied in the
calibration of the MREL hindcast. In fact, this hindcast
presents a smaller over estimation of occurrences in the
neighborhood of the peak.

B. Differences on the offshore wave energy flux
Given the clear differences between the used

datasets, it is of interest to verify if these identified
characteristics have an impact on the estimation of the
wave power density (energy flux). Since the MREL
hindcast presents a narrower range of Hs bias values
up to 12.75 m (see Fig. 3.a), this dataset is used as
a reference to compare with ERA5 and CFSR. The
following expression is used to compute the wave
power density:

Pwave =
ρw
64π

(gHs)
2Te (12)

where ρw is the water density, here taken as 1.026
kg/m3, g is the acceleration of gravity (9.81 m/s), and
Te the energy period. Although Te here is estimated
as 0.9Tp, with Tp obtained from the used datasets, its
value normally varies depending on local sea states
characteristics (e.g.; [3], [38]).

In Fig. 4, it is possible to observe clear discrepancies
on the offshore energy flux. Note that all these compar-
isons are done with respect to the N ATL-15M grid (see
Fig. 1). Starting from deep waters, between longitudes
−12◦ and −20◦, the ERA5 product already shows
differences that can be ≥ −5% compared to the MREL
hincast (Fig. 4.b). On the other hand, when comparing
with CFSR in this area, NMD are typically < 5% and
actually closer to 0% (Fig. 4.c). Larger differences are
normally found within the coastal shelf, where NMD
values can be > −20% (for example at Portugal and the
Bay of Biscay). This is mainly attributed to the coarser
spatial resolution from ERA5 and CFSR. Given the
higher resolution of the the MREL model, it is expected
that some bathymetric features are better resolved for
depths < 500 m (e.g.; [26]).

Particularly interesting are the differences within the
North Sea. Probably because the MREL hindcast is
forced by ERA5 winds, NMD are smaller than those
obtained with CFSR, which are in average > 10% and
can be > 20% in shallower areas.

C. Estimation of the mean absorbed power
In section IV-B it was verified how estimations of

the offshore energy flux may vary depending on the
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Fig. 3. (a) Normalized mean bias (NMB), (b) Scatter index (SI) and
(c) Hs distribution computed for year 2009 using Jason-2 altimeter.
Results in (a) and (b) are model-altimeter. Bin size is 0.25 m.

used wave dataset. These differences, mainly caused
by the combination of forcing fields, physical parame-
terizations and numerical choices will indeed have an
effect on the power production estimations. Regardless
of their suitability, the typically available Hs and Tp

information from “global” datasets is commonly used
for a first estimation of the power production for a
specific location. It is thus of interest to quantify the
changes in the estimated power production using wave
datasets with different characteristics.

In the present section, the power production for
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(a)

(b)

(c)

Fig. 4. Mean Pwave in kWatt obtained with MREL hindcast (N ATL-
15M grid) for 2009 in (a) , and Normalized Mean Differences (NMD)
compared with ERA5 in (b) and CFSR hindcast in (c).

year 2009 is computed using the ERA5 wave product
and the MREL hincast. The analysis is performed for
a location identified as MREL-AGU, off the coast of
Aguçadoura in Portugal at 70.4 m depth (longitude:
−8.95◦, latitude: 41.47◦; see Fig. 5.a). To compare, the
ERA5 Hs and Tp fields are interpolated into the MREL-
AGU location to create the ERA5-AGU time series.
Note that the closest ERA5 grid point is about 7.5 km
away from MREL-AGU, at a similar depth (∼80 m).

First, using the times series from the analyzed loca-
tion, the Hs-Tp distributions are computed (Fig. 5.b,c).
For both datasets the overall Tp occurrences’ peak is
located between 12 and 12.5 s but with clear differ-
ent occurrences (19% for ERA5 and 11.5% for MREL

respectively). Aditionally, MREL-AGU presents partic-
ularly large occurrences (4.56%) at (Hs=1.5, Tp=8.5)
which could be partially attributed to a higher overall
dissipation in the parameterization for atmospheric-sea
surface interactions [8]. We also note a comparatively
larger amount of occurrences of Hs between 6 and 8 m
at MREL-AGU (Fig. 5.b).

As explained in section III, to estimate the power
absorbed, the power matrix of the PA-WEC was com-
puted for the specific depth of the analyzed location.
The power matrix for MREL-AGU was derived using
the average of the corresponding spectra from each Hs-
Tp combination assigned at a given bin range. With this
approach it is expected to better represent the mean
sea state conditions related to every Hs-Tp bin (e.g. see
Fig. 6). For ERA5-AGU, the spectral shape at each bin
is obtained applying the Hs and Tp bin marks to the
JONSWAP spectrum formulation assuming a γ shape
factor of 3.3.

With these considerations, a mean absorbed power
of 12.86 kW is estimated when using the MREL hind-
cast at the analyzed location (MREL-AGU) for 2009.
With the generated time series at the same location,
from the ERA5 Hs and Tp fields, the estimated mean
absorbed power is 10.53 kW.

V. CONCLUSION

In the preset study we first analyzed the differences
between 3 wave datasets (ERA5, CFSR and MREL) and
how their particular characteristics affect the estima-
tion of the offshore energy flux. Then, a preliminary
analysis to verify how the sea states’ characteristics
in deep waters affect the estimations of the absorbed
power from a PA-WEC in intermediate water depths
is included.

The 3 databases compared present similar bias levels
in the neighborhood of 2 m Hs. Nevertheless, the
MREL hincast shows an overall narrower range of
NMB changes compared to altimeter data from the
CCI Sea State V3 product. Particularly for Hs > 8 m,
the MREL dataset performs better than the ERA5
reanalysis and the CFSR hincast as the underestima-
tion of wave heights has been reduced. This is due
to the specific adjustments to the wind-wave growth
term in the ocean-atmosphere parameterization and
corrections to the low intensity bias in the ERA5 wind
product. Additionally, adjustments in the swell dissi-
pation parameterization helped to improve the wave
heights distribution in the North-East Atlantic. With
these changes, a slight reduction of the occurrences’
overestimation of Hs between 1.75 and 2 m is obtained
(which is still better than ERA5 and CFSR).

Taking the MREL hindcast as reference, differences
of the offshore energy flux in deep waters can be
> −5 % between ERA5 and MREL and < 5 % when
comparing with CFSR. Larger differences are found
within the European coastal shelf where, in general,
differences can be > −20% comparing with ERA5 or
CFSR. In this case, the higher resolution of the N ATL-
15M grid, and the feedback from the high resolution
grids in the multi-grid MREL model setup, help to
better represent the wave field evolution in this area.
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It should be mentioned that the hindcast developed
by the authors has already undergone 2 phases of val-
idation. First with altimeter data (e.g.; Fig. 3) and then

with buoy data in deep waters (not shown here) from
CMEMS in Situ TAC (Thematic Assembly Center).
Validation with buoys (e.g.; 6200084, 6200029, 6200095,
6200105, to name a few) showed Hs correlations ≥ 0.96,
with bias ranging from -2 to 2%. For Tp correlations
are typically ≥ 0.78 with bias ranging from 0.14 to
∼ 5% depending on the location (and probably the
instrument recording characteristics). Based on these
results, it is thought that the use of the MREL hincast
as reference to compare with the other datasets is
adequate given its proven accuracy level.

Finally, using a PA-WEC power matrix specially
computed for the analyzed location, it was verified
that the difference of the mean absorbed power for 1
year (2009) can be of about 20%. In this case, between
wave data from the MREL hincast compared to ERA5.
Since the MREL hincast multi-grid setup has higher
spatial resolution in the coastal shelf (N ATL-8M and
EU-2M grids), and considers tidal forcing, the sea states
evolution is better represented. Thus, it is expected that
the obtained joint Hs-Tp distributions are more accu-
rate that the ones obtained from ERA5 at intermediate
waters. Hence, the power estimates are also considered
to be more realistic at MREL-AGU, specially when
the corresponding spectra related to each (Hs, Tp) bin
range is used.

It should be again highlighted that only the heave
motion of the PA-WEC has been considered in the
generation of the power matrices. Adding the surge
changes the response of the device, and the estimated
power captured might increase depending on the local
wave field characteristics. Although, in intermediate to
deep water conditions, the contribution of the heave is
expected to be dominant.

The generation of a 30 years high resolution hindcast
for European waters (including the Mediterranean and
Baltic seas) is an ongoing work, as well as its validation
in shallower depths.
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