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Effects of projected wave climate changes on
the sizing and performance of OWCs: a focus
on the Atlantic North African and European

coastal waters
Irene Simonetti, Lorenzo Cappietti

Abstract—Reliable estimations of the annual energy pro-
duction which can be attained with a certain wave energy
converter are among the fundamental elements for a sound
evaluation of the related levelized cost of energy, which
plays a crucial role in the investment decision-making
process. The lack of reliability in estimates of the device
productivity can, in turn, be a result of the uncertainty in
the assessment of the available wave energy resource. The
Climate Data Store of the Copernicus Climate Change Ser-
vice delivers projections of the wave climate along the 20
m bathymetric contours of the whole European coastlines,
covering the period 2040-2100, under two Representative
Concentration Pathway scenarios (RCP4.5 and RCP8.5).
This work addresses the effect of such long-term wave
climate changes on the optimal sizing and performances
of an Oscillating Water Column wave energy converter
to be installed along the North African and European
Atlantic coastline. The capture width of the device under
different wave conditions is computed using an empirical
model capable of predicting the device performance with
acceptable accuracy and limited computational time. The
results show that the optimal geometry of the OWC varies
significantly in the different geographical locations and
that the long-term changes in the wave energy resource
could cause a slight modification of the optimal geometry
in each potential installation site.

Index Terms—Oscillating Water Column, Annual Energy
Production, Device optimization, Climate change trends,
Wave climate trends

I. INTRODUCTION

THE Intergovernmental Panel for Climate Change
(IPCC) recognized ocean waves as one of the key

climate drivers of coastal hazards in the framework
of climate change. The topic of identifying long-term
effects of climate change on ocean waves has been re-
cently addressed in several studies, regarding both the
identification of trends in hind-cast wave data (e.g. [1],
[2] , [3]) and the projection of future waves in a climate
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change context (e.g. [4]). The robustness and soundness
of the projected changes in the wave climate are still
under debate. A higher degree of agreement exists on
the expected change in mean annual values, while the
trend of extreme events has greater uncertainty, with
the exception of consistent projections of an increase
for the Southern Ocean and a decrease for the North
Atlantic area [5], [6]. Recently, Bernardino et al. [7]
analyzed the global trends projected up to the end of
the 21st century for the mean significant wave height,
the wave energy, and the cumulative wave energy,
highlighting a significant increase in the South Atlantic,
and a decrease of the mean significant wave height and
of the average wave energy in the North Atlantic.

The Fifth Assessment Report (AR5) of the IPCC
[4] projected climate scenarios induced by different
trends in the emissions of Greenhouses Gasses (GHC),
defined as Representative Concentration Pathways
(RCPs). RCP4.5 and RCP8.5 are, respectively: (i) a
scenario with a future radiative forcing of 4.5 W·m−2,
resulting from the hypothesis of the stabilization of
GHG emissions before the end of this century, and
(ii) a scenario with 8.5 W·m−2 of radiative forcing,
which corresponds to a stable increase of GHG emis-
sions up to 2100. Specifically for the Mediterranean
area, studies of the projected wave climate under the
RPC8.5 scenario [8] show a decreasing trend of annual
mean and maximum values of significant wave height
and mean periods over most of the Mediterranean
basin. For the same geographical area, Lobeto at al.
[4] highlighted a moderate (<1 m) increase in the
wave height with a return period of 20 years in the
western Mediterranean basin and an opposite decrease
in the eastern Mediterranean Sea. In contrast, annual
mean values of significant wave height were found to
decrease over most of the basin. The divergence of
the trend for mean and extreme wave conditions for
the Mediterranean basin has been confirmed also in
[9], where a general tendency towards more geograph-
ically dispersed trends of annual maxima compared
to lower percentiles of wave characteristic parameters
is observed. Concerning the wave energy resource,
significant increasing trends are observed for the mean
annual wave power in the Alborean Sea, along most
of the western coasts of Italy and the Aegen coasts of
Croatia, Grece, and Albania [9]. The studies evaluating
the effect of the projected modifications of the wave
climate on the power production and on the geometry



155–2 PROCEEDINGS OF THE 15TH EUROPEAN WAVE AND TIDAL ENERGY CONFERENCE, 3–7 SEPTEMBER 2023, BILBAO

optimization of Wave Energy Converters (WEC) are
quite limited in the literature. Ulazia et al. ( [10], [11])
addressed the issue of the difference in the optimal
geometry of an Oscillating Water Column (OWC) de-
vice over the four decades between 1979 and 2018 in
selected geographical locations along the North-East
Atlantic Ocean areas of Europe and Africa. The authors
found significant differences between the original de-
vice geometry and the geometry optimized including
the wave trends. These differences reach a maximum of
15% in some locations, with a variation of up to 20% in
the annual average device power production, suggest-
ing the need for a long-term perspective in the sizing
and the development of possible control strategies
for WECs. A further previous work [9] evaluated the
effects induced by long-term wave climate changes, as
projected in the RPC8.5 IPCC scenario, on the optimal
dimensions and power production of OWC devices
along the whole Mediterranean Sea coastline. In this
study, relative variations up to 10% in the optimal
size of the OWC chamber and applied damping were
found, with increases in the annual power production
in most of the locations considered.

In this work, we extend the study presented in
[9] to consider the effect of long-term changes in the
incident wave conditions on OWCs sizing (in terms of
chamber size) for the possible installation in different
geographical areas, namely the Atlantic coastal waters
along Europe and North Africa. The remainder of the
paper is structured as follows: the wave data used to
characterize the present and future wave climates and
the related trends are presented first, followed by the
description of the model used to optimize the OWC
geometry in each considered location, in the present
and in the future wave climate scenario. Results are
then presented and discussed.

II. WAVE CLIMATE PROJECTIONS AND TREND
ANALYSIS

The Climate Data Store (CDS) [12] of the Copernicus
Climate Change Service provides the time series of
hourly wave data for the whole European and North
African coastlines (on a 20 m water depth), with a hor-
izontal resolution of 30 km. The dataset includes three
climate scenarios: a historical reanalysis based on ERA5
data (for the period 1976-2017), and two projected sce-
narios corresponding to RCP4.5 and RCP8.5 as defined
by the ICPP, covering the period from 2040 to 2100. The
CDS dataset contains information on the spectral peak
period Tp only, while the spectral period Tm−1,0 is not
provided. For this reason, Tm−1,0 is determined from
the available peak period Tp assuming a theoretical
shape of the wave energy spectrum, allowing to obtain

Tm−1,0 = α · Tp (1)

For a JONSWAP spectrum with a peak enhancement
factor γ=3.3, a value of α=0.904 is obtained. For each
grid point on the 20 m bathymetric contours along the
whole Atlantic coasts of Europe and North Africa, the
available time series of wave data have been analyzed

to assess the presence of trends of variation of the
available wave power Pwave, computed as (2).

Pwave =
1

16
ρ · g ·H2

m0 · Cg (2)

where ρ is the water density, g is gravitational ac-
celeration, and Cg is the wave group velocity obtained
by solving the linear dispersion relation on the given
water depth h. It is known that (2) provides an approx-
imation of the exact wave power of irregular waves of
a given spectrum on finite water depth, but the errors
induced by this approximation on the assessment of
the wave power assessments, compared to the exact
solution, were found to be substantially negligible (i.e.,
lower than 5%) [13]. The trends in the annual mean
value of the wave period Tm−1,0 are analyzed as well.

The following indexes are used to evaluate the pres-
ence of trends in the wave data: (i) the Theil-Sen’s
slope s [14], which is a non-parametric and robust
estimator of the trend in sample data, computed as the
median value of all the possible slopes among couples
of points; (ii) the p-value of Mann-Kendall tests [15],
which indicates to what extent the data are consistent
with the null hypothesis (which is, in this case, the
absence of long-term trends): for p-values close to 1,
data are consistent with the null hypothesis, while p-
values close to 0 indicate that the trend in the data is
significant.

III. MODEL OF THE OWC PERFORMANCE AND
DEVICE OPTIMIZATION

Under the different wave conditions, the energy
conversion performance of an OWC is computed by us-
ing the empirical Multi-Regression Model (MRM) pro-
posed by Simonetti et al. [16]. The MRM provides the
value of Capture Width Ratio CW ∗ (defined as in Eq.
3) of a rectangular-shaped, fixed, bottom-detached, and
asymmetric OWC device (Fig. 1) given the following
inputs: wave conditions (Hm0 and Tm−1,0), water depth
h, geometrical parameters of the OWC (chamber length
in the wave propagation direction W , draft of the front
wall D and chamber length perpendicular to the wave
propagation direction B), and damping applied by the
Power Take Off (PTO) system (K). Within the range
of its applicability, the model includes the effect of
most of the relevant phenomena on the performance
of an OWC, including non-linearities, as discussed in
depth in [16]. Given the limited computational cost of
the model, it is effective for performing optimization
studies, where many design alternatives have to be
compared.

CW ∗ =
Powc

Pwave ·B
(3)

In the MRM, the capture width ratio CW ∗ is be
expressed as a function of a set of dimensionless pa-
rameters, which were defined based on π − Theorem,
CW ∗ = f(h∗,W ∗, D∗,K∗). The dimensionless param-
eters are defined as follows:

h∗ = kh (4)
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Fig. 1. Methodological approach for the optimization of the OWC dimensions and definition sketch of the design parameters for a fixed,
bottom-detached, and asymmetric OWC wave energy converter.

D∗ =
D

H · coshk(h−D))
cosh(kh)

(5)

W ∗ =
W

λ
(6)

K∗ = K ·B ·W · ρ1/2a (7)

The functions expressing CW* are the following:

CW ∗ =
f1(K

∗ − d(h∗))

f2(D∗) · f3(W ∗) · c(h∗)
(8)

f2(D
∗) = exp(a(h∗) ·D∗) (9)

f3(W
∗) = 1 + (W ∗ −W ∗

opt)
2 · b(h∗) (10)

The reader is referred to the original article [16] for
further details on the MRM structure, its derivation,
and validation. It is, however, worth stressing that
the MRM should be applied only within the range of
parameters used for its formulation (i.e.: h∗=1.5–3.5,
D∗ =1.8–5, W ∗=0.08–0.2, K∗ =20–170). Moreover, the
MRM was specifically formulated for an OWC with the
following side ratios of the chamber: 0.67 < B/W < 2,
and values of the ratio of the submerged length of the
OWC back wall to the incident wavelength λ which
varied between 0.11 < G/λ < 0.30.

In each of the available points on the 20 m bathymet-
ric contours along the whole Atlantic Ocean coastline
of North Africa and Europe (from a latitude of 24°N
to a latitude of 70°N, i.e. from Western Sahara to
Norway), with the resolution in space of 30 km of the
CDS data, the MRM is used to evaluate the CW ∗ of the
OWC obtained for different pairs of Hm0 and Tm−1,0

pairs, each pair being a cell of the scatter matrix in a
specific geographical location. In each location, two dif-
ferent scatter matrixes are comparatively considered: (i)
that of the present scenario, obtained based on 30 years
of hourly wave data in the CDS database from 1986
to 2016; (ii) the foreseen future scatter matrix, based
on projected data from 2071 to 2100 under RCP8.5
emission scenarios (i.e., for the conditions in which the

greatest changes are expected compared to the current
scenario). All scatter matrixes are discretized in bins of
0.125 m and 0.125 s, for Hm0 and Tm−1,0 respectively.
In each location and for each alternative scenario, the
optimization procedure consists in applying a direct
search approach to identify the best-performing geom-
etry: the parameter space to be explored is defined a
priori as the set of all possible combinations of W , D
and K-values, within a prefixed range and according
to a chosen discretization interval. As previously done
in [9], we investigated a parameter space composed by
values of W between 7 and 11.5 m, D between 3.5 and
6 m (with a discretization interval of 0.2 m), and values
of K between 0.6 and 1.5 kg1/2 · m−7/2 (with an interval
of 0.004 kg1/2 · m−7/2 ). We assumed constant values of
chamber width perpendicular to wave direction (B=10
m), freeboard (Fb=8 m) and length of the lateral al back
walls (G=14.5 m). The wave climate of each location
has been approximated as a set of regular waves with
height H = Hm0/

√
2 and period Tm−1,0, as discussed

in [9] and [16]. In each location, for each of the i possi-
ble combinations of values of the geometry parameters
W , D, K, the Annual Energy Production (AEP) of the
OWC is computed as a weighted average of CW ∗-
values obtained for the n pairs of Hm0 and Tm−1,0

of the scatter matrix of the present (or future, in the
alternative case) wave climate scenario, as expressed
by Eq. 11

AEPi =

∑
n CW ∗

n ·AEn∑
n AEn

(11)

The i − th combination of (W , D, K)i associated
with the highest AEP is considered as optimal. To
account for the decrease in the OWC performance
caused by broaching phenomena at the inlet, with the
consequent air intake, a reduction factor equal to 0.5
is applied to the predicted CW ∗ when Hm0 > D. It
is recognized that this assumption may cause some
inaccuracies in the estimation of the value of CW ∗.
However, a precise assessment of the decrease of CW ∗

due to inlet broaching is out of the scope of the present
work.
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IV. RESULTS

A. Trends in the wave period and in the wave power

As far as the Atlantic Coasts of Western Sahara,
Morocco, and Portugal (latitudes between 25°N and
44°N) are concerned, the analysis of the CDS database
in the RPC8.5 scenarios (Fig. 2) shows a vast majority
of decreasing trends of the average values of wave
power Pwave (with Theil-Sen’s s-values up to -0.025
kW/(m·year) in the South of Morocco and in the
Azorean Islands). The p-value of the Mann-Kendall test
(Fig. 2, right) suggests that the aforementioned trends
are highly significant (i.e. p-value close to 0) in most of
the considered areas. Decreasing trends with lower s-
values, between -0.005 and -0.01 kW/(m·year), are seen
along the North of the coast of Portugal. In this area,
Mann-Kendall tests suggest the scarce significance of
the trend (p-values are close to 1).

A decreasing trend of the mean annual wave power
is foreseen also on the Atlantic coasts of Spain, France,
and on most of the Western coasts of the United
Kingdom and Ireland for latitudes between 42°N and
62°N and longitudes from -10°W to 5°E (Fig. 3, left).
Based on the Mann-Kendall test, such trends are sig-
nificant, particularly on the West coast of Ireland (Fig.
3, right). The maximum negative s-value associated
with this trend is up -0.09 kW/(m·year), i.e. quite re-
markable. Decreasing trends, limited in magnitude and
scarcely significant, are detected, instead, on the South-
Est coasts of Ireland and of the United Kingdom (Fig.
3). Opposite increasing trends in the annual average
wave power are found in limited areas in the Irish
Sea around the Isle of Man, with an s-value up to
0.005 kW/(m·year). Such trends, however, seem to be
scarcely significant (with p-values between 0.2 and 0.4).

For further higher latitudes, increasing trends of
the annual average value of wave power Pwave are
observed on the Northern coast of Norway and on
most of the Baltic basin (Fig. 4). In this geographical
area, the Mann-Kendall test highlights that the trends
are significant (with the p-value varying in the range
of 0-0.3). Not significant decreasing trends of Pwave are
observed, instead, in the South of Norway and in the
North Baltic Sea area and are limited in magnitude, i.e.
s is lower than -0.005 KW/(m·year).

Overall, for the Atlantic coastal waters of Europe
and North Africa, the future wave climate projections
contained in the CDS under the RCP8.5 scenario seem
to be mainly characterized by a decrease of the mean
annual wave power. The prevailing decreasing trends
of Pwave in most of the Atlantic coasts of Europe and
North Africa between latitudes of 20°N and 60°N is
also confirmed in the recent work of [7]. In the same
way, the presence of an increasing trend in Pwave

for latitudes greater than 65°N, observed in Fig. 4, is
also confirmed in [7]. A substantial difference can be
highlighted between these results and those obtained
for the Mediterranean area by analyzing the same set
of projected wave data, where a positive trend (i.e.,
an increase) of Pwave, albeit limited in magnitude, was
found for most of the basin [9].

Given the fundamental role of the prevailing wave
period in the sizing of the optimal OWC chamber (as
discussed, e.g., in [17]–[19]), the trends in the average
value of the wave period Tm−1,0 are also presented.
On the Atlantic coasts of Western Sahara, Morocco,
and Portugal (Fig. 5), decreasing trends of Tm−1,0 are
found on the whole 20 m bathymetric contour, with
s-values varying between -1·10−3 s/year and -3·10−3

s/year. Such trends are highly significant (Fig. 5, right).
Significant decreasing trends of a similar magnitude

are also observed on the Atlantic coasts of Spain,
France, and the United Kingdom (Fig. 6), with the
most intense decreasing rate (s-value = -3·10−3 s/year)
localized in the Southern coasts of Ireland and of the
United Kingdom. A negligible variation of Tm−1,0 is
expected, instead, along the East coast of Great Britain
and Scotland.

For further increasing latitudes, and longitudes be-
tween 5°E and 30°E (Fig, 7), the decreasing trend of the
mean annual wave period Tm−1,0 observed for lower
latitudes is progressively attenuated, until attaining
an opposite increasing trend for latitudes greater than
approximately 68°N (Fig, 7, left), on the Northern coast
of Norway, where s up to 3.5·10−3 s/year. A moderate,
but significant, increasing trend in Tm−1,0 (with s <
0.5·10−3 s/year be found also in the Southern Baltic
Sea, between Poland and Sweden.

B. OWC device optimization in the different scenarios

As aforementioned, in each geographical location,
the MRM of the OWC performance [16] is applied to
select the optimal size of the OWC in both the present
wave climate scenario (i.e. based on the scatter matrix
for 1986-2016) and in the projected wave climate for the
period 2071-2100 under RCP8.5 of IPCC. The scatter
matrix of each scenario has been discretized with bins
of 0.125 m and 0.125 s for the wave height and wave
period, respectively. For the application of the MRM,
the maximum wave height has been limited to values
lower than 5.5 m, considered to be representative of
the safe operating conditions for the OWC device and
the air turbine. Furthermore, to respect the limits of its
applicability, the MRM has only been applied for the
wave periods in the range of 4.4 s to 9.2 s.

The value of the OWC chamber draft D influences
both its resonance frequency and the dynamic wave
pressure acting on the water column. In highly en-
ergetic sea states, a reduced value of D may cause
inlet broaching, reducing the wave energy conversion
capability of the device. The optimal value of D, for
each location, results from a balance of these two
aspects (as discussed in depth in [9], [17]). On the
coasts of Western Sahara and Morocco, as well as
in the Canary Islands archipelago, the optimal value
of the OWC draft, Dopt, varies between 3.5 m and
4 m (Fig. 8,a). In the Azores archipelago, a higher
optimal draft is observed (Dopt=4-5 m), consistently
with a higher relative frequency of wave conditions
characterized by greater Hm0. Dopt values up to 5 m
are also obtained in some locations along the Atlantic
coast of the Northern Iberian Peninsula. For most of the



SIMONETTI et al.: EFFECTS OF WAVE CLIMATE CHANGES ON THE SIZING OF OWCS FOR ATLANTIC EUROPEAN COASTAL WATERS 155–5

Fig. 2. Spatial distribution of Theil-Sen’s slope s (left) and p-value of the Mann-Kendall tests (right) in the IPCC’s RCP8.5 scenario on the
Atlantic coasts of Western Sahara, Morocco, and Portugal for the annual mean value of specific wave power Pwave

Fig. 3. Spatial distribution of Theil-Sen’s slope s (left) and p-value of the Mann-Kendall tests (right) in the IPCC’s RCP8.5 scenario on the
Atlantic coasts of Spain, France, and the United Kingdom for the annual mean value of specific wave power Pwave

Fig. 4. Spatial distribution of Theil-Sen’s slope s (left) and p-value of the Mann-Kendall tests (right) in the IPCC’s RCP8.5 scenario along the
European coasts of the North, Baltic and Norwegian Seas for the annual mean value of specific wave power Pwave
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Fig. 5. Spatial distribution of Theil-Sen’s slope s (left) and p-value of the Mann-Kendall tests (right) in the IPCC’s RCP8.5 scenario on the
Atlantic of coasts Western Sahara, Morocco, and Portugal for the mean annual wave period Tm−1,0

Fig. 6. Spatial distribution of Theil-Sen’s slope s (left) and p-value of the Mann-Kendall tests (right) in the IPCC’s RCP8.5 scenario on the
Atlantic coasts of Spain, France, and the United Kingdom for the mean annual wave period Tm−1,0

Fig. 7. Spatial distribution of Theil-Sen’s slope s (left) and p-value of the Mann-Kendall tests (right) in the IPCC’s RCP8.5 scenario along the
European coasts of the North, Baltic and Norwegian Seas for the mean annual wave period Tm−1,0
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Fig. 8. Optimal values of the OWC chamber draft D (a) and length W (b) obtained for the scatter matrix of the present wave conditions
(data from 1986 to 2016) on the Atlantic coasts of Western Sahara, Morocco, and Portugal. Relative variation of the optimal D (c) and W (d)
between the present scenario and that projected for the period 2071-2100 under IPCC’s RCP8.5 conditions, in the same geographical locations.

locations with latitudes lower than 42°N, the optimal
draft of the OWC in the comparative scenario (years
2071-2100, under RCP8.5 of IPCC) shows a limited
variation compared to the present scenario (Fig. 8,c).
Such variation ∆Dopt is of the order of ±5%, i.e. it can
be considered negligible, except in a limited area in
the Northern Iberian Peninsula where ∆Dopt attains a
maximum of 15%.

The spatial distribution of the optimal OWC cham-
ber length W has been shown to be strongly corre-
lated to the wavelength transporting most of the wave
energy in each location [9]. For sites on the 20 m
contour lines and latitudes between 25°N and 44°N
(Fig. 8,b), the optimal length of the OWC chamber Wopt

progressively decreases from 11.5 m in the North of the
Iberian Peninsula to around 8.5 m along the coasts of
Western Sahara. Locally lower Wopt values (between 8
and 9.5 m) are found on the Southern coasts of Portugal
and Spain. Also regarding the chamber length W , the
relative variation of the optimal OWC size from the
present wave climate scenario to that projected for
2071-2100 is found to be negligible, being within the
range 0 < ∆Wopt < 5% (Fig. 8,d).

For latitudes between 42°N and 64°N and longitudes

of -15°W to 5°E (Fig. 9), the optimal OWC draft Dopt in
the present scenario varies between 3.5 and 4 m along
most of the Atlantic coasts of Spain, France, and the
United Kingdom, with peaks up to 5.5 m on the Faroe
Islands, Shetland Islands and in the West coasts of Cen-
tral Ireland. Also in this geographical area, the relative
variation between the optimal draft in the present and
the projected wave climate scenario, ∆Dopt, is limited
to ±5%, with isolated peaks of ∆Dopt=15% which are
mainly located along the South coast of Ireland (Fig.
9,c). For the same locations, in the present scenario,
the optimal OWC length Wopt is between 11 and 11.5
m on the Atlantic coasts of Spain, France, along the
Western coasts of Ireland and the North of Scotland
(Fig. 9,b). Values of Wopt around 7 m are obtained in the
Irish Sea, due to the limited fetch and the consequent
limited value of the prevailing wavelength λ in this
area. Wopt is between 8 and 9 m in the English Channel
area, while it has values of 9.5 to 10 m on the North-
East coast of the United Kingdom, in the North Sea.
The relative variation of the optimal chamber size is,
again, negligible in most locations (0 < ∆Wopt < 5%,
Fig. 9,d).

For the latitudes between 52°N and 72°n and longi-
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Fig. 9. Optimal values of the OWC chamber draft D (a) and length W (b) obtained for the scatter matrix of the present wave conditions
(data from 1986 to 2016) along the European coasts of the North, Baltic, and Norwegian Seas. Relative variation of the optimal D (c) and
W (d) between the present scenario and that projected for the period 2071-2100 under IPCC’s RCP8.5 conditions, in the same geographical
locations.

tudes of 5°E to 30°E (Fig. 10), we find high variability
in space of both Dopt and Wopt along the coast of
Norway, with values varying between 3.5 and 5.5 m
and 7 and 11.5 m for D and W , respectively (Fig. 10, a
and b), and highly scattered. Such a strong variability
is a direct consequence of the rugged nature of the
Norwegian coast and fjords, with the related variability
in the incident wave conditions between sheltered and
exposed locations. In most of the Baltic Sea, as in the
Finnish Gulf and in the Gulf of Bothnia, the optimal
draft Dopt is around 3.5 m, while a larger variability is
observed for Wopt. The optimal OWC geometry under
the projected wave conditions for the period 2071-2100
differs negligibly from the present one (Fig. 10, c and
d) in the vast majority of the considered locations.
Locally higher, but geographically scattered, variations
are detected on ∆Dopt, with maxima of ±20%.

V. DISCUSSION AND CONCLUSION

In this work, an analysis of the possible trends of
variation in the future wave climate along the 20 m

bathymetric contours in the Atlantic Ocean in front
of North Africa and Europe, and on the European
coasts of the North, Baltic, and Norwegian Seas is
carried out. The data provided by the Climate Data
Store of the Copernicus Climate Change Service, which
includes projections under the RCP8.5 of IPCC up to
2100, are used. Significant decreasing trends in the
annual average wave power are detected for extended
areas along the Atlantic coasts of Western Sahara,
Morocco, and Portugal and that of Spain, France, and
the United Kingdom. Such decreasing trend has the
highest magnitude on the West coast of Ireland. A
general tendency towards a decrease of the annual
average value of the wave period Tm−1,0 is also found,
particularly on the Atlantic coasts for latitudes be-
tween 25°N and 60°N. An opposite trend, towards
an increase of the annual mean Tm−1,0, is found in
the North of Norway. Focusing on the chamber width
and length, this work also analyzes the optimal size
of OWC devices to be located on each location along
the considered 20 m bathymetric contours, for both
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Fig. 10. Optimal values of the OWC chamber draft D (a) and length W (b) obtained for the scatter matrix of the present wave conditions
(data from 1986 to 2016) on the Atlantic coasts of Western Sahara, Morocco, and Portugal. Relative variation of the optimal D (c) and W (d)
between the present scenario and that projected for the period 2071-2100 under IPCC’s RCP8.5 conditions, in the same geographical locations.

the present wave climate and the projected one up to
2100. The regression model developed in [16] is used
as a basis to obtain the performance of the device
and to carry out the optimization of the geometry.
The optimal geometry of the OWC varies significantly
among the different geographical locations considered.
However, the long-term changes in the wave energy
resource seem to cause only slight modifications of the
optimal geometry in each potential installation site.
Concerning the results obtained in terms of relative
variation of the optimal geometry of the OWC, it has to
be stressed that the MRM used to calculate the device
performance has been formulated with reference to the
Mediterranean wave climate, and could only be ap-
plied to a limited range of OWC geometries and wave
conditions. Therefore, when applying such a model
to the Atlantic North African and European coasts
and to the Norwegian Sea, where the wave climate is
remarkably different from the short fetch conditions
which characterize the Mediterranean Sea, the MRM
could only be applied on a limited sub-set of wave
conditions of each local scatter matrix. For this reason,
in the optimization procedure of the OWC geometry
in the different locations, only a given fraction of
the total available wave energy has been considered

as a reference to select the optimal OWC geometry.
This may be the reason for the reduced variation in
the optimal OWC geometry which is observed when
applying the MRM to the projected wave climate for
2100, also in geographical locations characterized by
a remarkable trend of variation of the wave power
and the characteristic wave period, as the Northern
Norwegian coast (as shown in Fig. 4 and in Fig. 7).
The effect of such approximations in the accuracy of the
results should be further assessed, as a future research
work. In the short-fetch areas of the Irish Sea, the North
Sea, and the Baltic Seas, a good degree of applicability
of the MRM model has been obtained, therefore the
results in such areas are affected by lower inaccuracies
in the estimation of the optimal OWC geometry and
that of the relative change under the projected future
wave conditions. In particular, in the Irish Sea, the
MRM showed a very high degree of applicability,
allowing to carry out the optimization process with
reference to couples of Hm0 and Tm−1,0 accounting
for around 0.9% of the total available wave energy in
each location during the procedure of optimization of
the geometry (i.e. ∆EMRM/∆ETOT =0.9). Also in the
North Sea along the eastern coasts of the United King-
dom, the MRM was applicable for a significant frac-
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tion of the total wave energy, ∆EMRM/∆ETOT =0.7-
0.8. The applicability is, instead, reduced to minimum
values of ∆EMRM/∆ETOT =0.30 in several locations
along the Atlantic coasts of Western Sahara, Morocco,
and Portugal. Finally, it is worth noting that possible
variations of the power performance or of the optimal
size of the device induced by variations in the average
sea level have not been taken into account in the
present work.
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