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1. Foreword

ECLISEA is a project that aims to advance coastal and marine climate science and
associated services through developing innovative research of sea surface dynamics.
To achieve the objectives, ECLISEA is structured in 5 Work-packages (WPs) and this
report is associated to the deliverable 3.D (D3.E) of the ECLISEA project and describe a
European database for future climate conditions.

The data presented here are uploaded and freely available at the ECLISEA
thredds(THREDDS LINK). Also a data viewer was build on purpose to display these data,
it is available at https://ecliseadev.ihcantabria.com/.

The aim of these WP is to build a database with historical and projection data. Each
partner has its own projections with different time resolution, sceneries, time horizon,
spatial resolution and different geographic area.

The focus of this study is to understand the climate change through different climate
indicators, expressed in percentage respect the historic reference period.

The studied sceneries are RCP4.5 and the RCP8.5, the time horizons are the short
term (2026-2045) and long term (2081-2100). The SSDs studied are waves, Mean Sea
Level Rise (MSLR) and Non Tidal Residual (NTR, zeta).

The statistics computed for the SSDs are waves, quantile 0.99 and mean, MSLR is the
mean while for the NTR the statistic is the quantile 0.99.

2. The Dataset Climate Indicators

2.1 UC-IHC DATASET

The historic database used for the storm surge and waves variable is the product of the
reanalysis ERA5 (European Centre for Medium-Range Weather Forecasts, ECMWF),
whereas for the projection of the mean sea level rise are analysed to a reference period,
chosen as 1986-2005.

From the data of ERAS, the institute has simulated the storm surge and the waves future
climatology. The reference period for storm surge and waves is also 1986-2005, while the
climate projections are simulated for two future time period, short term 2026-2045 and
long term, 2081-2100.

For these projections the data of wind, atmospheric pressure, sea level and ice coverage
come from ERAS.

The institute used the 4.5 and the 8.5 scenery, for two different time horizons. The first
time horizon is the nearest at middle century (2026-2045), while the second is at the end
of the century (2045-2100). The reference historic period is chosen to be between 1986-
2005.


https://ecliseadev.ihcantabria.com/
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In this section the most relevant result are represented. The changes in the different
variables are analyzed and they are compared with the present climate. This section is
focused on the generated maps of the whole Europe.

The changes are computed per each scenery and time horizon. In the maps will appear
points, these represent where the change is significant, namely where the 80% of the
climate models accord in the sign of the change (positive if it increases and negative if it
decreases respect the value in the reference period).

Table 1: Number of the GCMs and RCMs used from the UC-IHC

MODELS GCMs RCMs
GOW 7 6-8
GOS 6 5-7
MSLR 21 -

The following paragraph will illustrate the changes in significant wave height (mean and
percentile 99), mean wave direction (mean) and storm surge (percentile 99).

Figure 2 and Figure 3 represent the mean ensemble of the changes in the mean and
percentile 99 for the significant wave height. For an easier understanding, the changes are
represented as percentage respect the historical value of reference.

The current climate shown in Figure 1, illustrates in the left panel the mean of the historic
period 1986-2005, it can be seen that the average value oscillates from 0.75 in the Mediterranean
sea to 4m in the northern Atlantic. Whereas the percentile 99 is higher, it can reach more than
6m in the northern Atlantic and 3m in the Mediterranean sea.

Hs mean of ERAS Hs percentile 99% of ERAS
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Figure 1: Left, mean value, right percentile 99 of the significant wave height (m), these are the result obtained from
the ERA5 (1986-2005)

The values of both statistics (mean and percentile 99) show that there is a decrease
tendency as for short and long-term. The highest decrease is shown for the Gulf of Cadiz and in
the Northern Sea in the region near the city of Aberdeen.
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There is an high accordance among the models for the mean value, indeed there are many
points, except done for Canarias, especially for the RCP 4.5 for the time horizon 2026-2045, and
for the Northern Sea, which has low number of points for every scenery and time horizon.

It is a bit different for the percentile 99, here the agreement in sing of the models is not
very high for the time horizon 2026-2045 for both scenery, while it is higher for the time horizon
2081-2100.

Concerning the mean wave direction (Figure 4), it can be seen the predominant sea
direction in the east Atlantic ocean is the NW, while there are many different directions for the
Mediterranean Sea, in the Italian peninsula the dominant direction is 2002, while for the Spanish
coast the dominant mean wave direction is around 1209.

The changes (Figure 5) in the mean wave direction are positive or negative. The changes
are positive if the change is clockwise, if negative the change in the mean direction is counter
clockwise. There is a tendency for all the scenery and time horizon to have a positive (clockwise)
change in the mean direction for the East Atlantic, while counter clockwise for the northern sea
near the Scotland region. The agreement in the change for the models is very high for the
southern region, while in the northern regions the agreement among the models is lower than
80%.

Concerning the peak period (Figure 10), the mean value oscillates between 4-12s,
Mediterranean and Atlantic, respectively. While the percentile 99 shows values that oscillates in
range 8-18s.

Regard the mean (Figure 7) the models accord in the sign along the coast of France, Spain
and Portugal for all the sceneries and time horizons. The results of the projections estimate the
decrease of the peak period along the whole Atlantic coast, except for the Irish Sea, where it
increases around 2% for the time horizon 2026-2045 and 5% and over for the long terms.

Figure 8 illustrates the changes in the percentile 99, for the future it decreases in the
North Sea and in the lower Tyrrhenian Sea, whereas it increases in the Irish Sea.

For the storm surge the studied statistic is the percentile 99, due to the fact that the mean
of the storm surge is zero.

Figure 9Figure 10 illustrates the percentile 99 of the storm surge along southern Europe,
it can be seen that the reference period shows values between 0.1 for the most southern part in
the atlantic ocean and Mediterranean sea, while for the Northern Spain the storm surge is higher,
with more than 0.3m, as for the Adriatic Sea and the Aegean Sea, here the values are same as
the northern Spain, the storm surge is around 0.3 m.

The first thing that jumps to the eye looking to Figure 7 is that there is a big discordance
between the models, it grows with rcp8.5 and with the time horizon, in 2810-2100 there is higher
accordance, especially for the Mediterranean Sea.

There is a tendency where the storm surge will decrease in the future for the whole
domain, expect In Canary Islands, where the storm surge will increase about 10% at the end of
the century for the RCP 8.5.
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Figure 2: Changes in the mean of the significant wave height (Hs) for the two scenarios (RCP 4.5 and RCP 8.5) for the
two analyzed time slices (2026-2045, 2081-2100). The changes are represented as percentage respect the historic
reference period. The points represent the agreement the sing of the different models, namely the point represent where
the changes are robust, where at least the 80 % of the models accord in the sing of the change.
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Figure 3: Changes in the percentile 99 of the significant wave height (Hs) for the two scenery (RCP 4.5 and RCP 8.5) for
the two future time slices (2026-2045, 2081-2100). The changes are represented as percentage respect the historic
reference period. The points represent the agreement the sing of the different models, namely the point represent where
the changes are robust, where at least the 80 % of the models accord in the sing of the change
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Figure 4: Mean of the wave direction (Dir) (deg), from the historical period 1986-2005.
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Figure 5: Changes in the mean direction (Dir) (deg) for the two scenarios (RCP 4.5 and RCP 8.5) and for the two time
slices (2026-2045, 2081-2100). The changes are represented as percentage respect the historic reference period. The
points represent the agreement in the sing of the different models, namely the point represent where the changes are
robust, where at least the 80 % of the models accord in the sing of the change. The changes are positive if the change is
clockwise, if negative the change in the mean direction is counterclockwise.
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Figure 6 : Left, mean value, right percentile 99 of the peak period (s), these are the result obtained from the ERA5

(1986-2005)
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Figure 7 Changes in the mean of the peak wave period (Tp) for the two scenery (RCP 4.5 and RCP 8.5) for the two time
slices (2026-2045, 2081-2100). The changes are represented as percentage respect the historic reference period. The
points represent the agreement the sing of the different models, namely the point represent where the changes are robust,
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Figure 8: Changes in the percentile 99 of the peak period (Tp) for the two scenery (RCP 4.5 and RCP 8.5) for the two
time slices (2026-2045, 2081-2100). The changes are represented as percentage respect the historic reference period. The
points represent the agreement the sing of the different models, namely the point represent where the changes are robust,
where at least the 80 % of the models accord in the sing of the change.
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Figure 9: Percentile 99 of the storm surge estimated from the historical period 1986-2005.
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Figure 10: Changes in the percentile 99 of the storm surge (non tidal residual, zeta) for the two scenarios (RCP 4.5
and RCP 8.5) and for the two time slices (2026-2045, 2081-2100). The changes are represented as percentage respect
the historical reference period. The points represent the agreement in the sing of the different models, namely the point
represent where the changes are robust, where at least the 80 % of the models accord in the sing of the change.
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Figure 11: Mean Sea Level Rise, for the two sceneries and for the two analyzed periods. The changes are computed
respect the mean values of the historic period of control, 1986-2005.

Figure 11 illustrates the changes of the mean sea level for the two sceneries and time
horizons, it can be seen that in the short term for both sceneries, the sea level increases about
0.13-0.17m, whereas the increase in higher for the long term time horizon, where for the scenery
of RCP 4.5 the increase seems to be around 0.4-0.6m whereas for the RCP 8.5 the increase of the
sea level rise is higher around 0.65m and more.

2.2 NCSR Dataset

The historic database of the NCSR Demokritos are based on one climate model, the EC-
EARTH. EC-Earth is a global climate model system based on the idea to use the world-
leading weather forecast model of the ECMWF (European Centre of Medium Range
Weather Forecast) in its seasonal prediction configuration as the base of climate model.
The model system can be used in several configurations including the classical climate
model (atmosphere, soil, ocean, sea ice) and Earth System configurations (adding
atmospheric chemistry and aerosols, ocean bio-geo-chemistry, dynamic vegetation and a
Greenland ice sheet). The model is developed by the European EC-Earth consortium with


https://www.smhi.se/en/research/research-departments/climate-research-rossby-centre2-552/ec-earth-1.121330#:~:text=EC%2DEarth%20is%20a%20global,the%20base%20of%20climate%20model.
https://www.smhi.se/en/research/research-departments/climate-research-rossby-centre2-552/ec-earth-1.121330#:~:text=EC%2DEarth%20is%20a%20global,the%20base%20of%20climate%20model.
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SMHI as core partner leading the development and other Swedish partners from the
universities of Lund, Stockholm, Gothenburg and Uppsala. The model in its different
configurations and resolutions is used for climate change projections, predictions and
process studies.

Successively it was downscaled with WRF atmospheric model at a horizontal resolution
of 20km. The Weather Research and Forecasting (WRF) Modelis a next-generation
mesoscale numerical weather prediction system designed for both atmospheric research
and operational forecasting applications.

The wind proceeding from the WRF was used as input for the WAM model, which
simulated wave conditions in Mediterranean and Black Sea at a resolution of 5km. The
WAM model is a 3rd generation model which integrates the basic transport equation
describing the evolution of a two-dimensional ocean wave spectrum without additional
unplanned assumptions regarding the spectral shape.

The climate projection is developed under two different sceneries, the RCP4.5 and the
RCP8.5 for the short term time horizon (2026-2045).

The following paragraph will present the variation in percentage of the mean wave
climate and the quantile 0.99, for the short term of both sceneries regarding the Hs, Tp and
Dir.

Figure 12 shows the changes in percentage for the mean wave climate inside the
Mediterranean basin, regarding the RCP4.5 it can be seen a decrease around the Spanish
and French coast, exception for the coast of Malaga. Regarding the rest of the
Mediterranean Sea the mean significant wave height will increase. The RCP8.5 shows a
similar scenario but with higher values, exception done for the region enclosed between
southern Sicily and western Greece, where the will be a decrease of the mean in significant
wave height.

In Figure 13 can be seen the sceneries regarding the quantile 0.99, regarding the RCP4.5
the extreme events increase in almost the whole basin, while for the Spanish and French
coast it decreases, as for the Aegean Sea. The RCP8.5 shows a similar trend and as for the
mean wave climate the area enclosed between western Greece and southern Sicily the
guantile 0.99 decreases.

Figure 14 illustrates the changes concerning the peak period (Tp), for both sceneries the
mean Tp will decrease in the short term future in the area enclosed between Spain, France
and Sardinia.

Figure 15 depicts the changes for the quantile 0.99 of the Tp. While the mean is going
to decrease in the area enclosed between Spain, France and Sardinia, the quantile 0.99 will
increase in this area and will have a downturn for the region located under Sicily.

The last variable shown in this study is the changes in the mean of the mean wave
direction (Dir), illustrated in Figure 16. The changes are positive if the change is clockwise,
if negative the change in the mean direction is counterclockwise.


https://www.mmm.ucar.edu/weather-research-and-forecasting-model
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The sceneries RCP4.5 and RCP8.5 accord in the counterclockwise change for the south-
east Mediterranean basin, and a clockwise change in the Adriatic Sea and in the Baleares.
The patterns are similar for the sceneries.
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Figure 12: Changes in mean of the significant wave height (Hs) for the two scenarios (RCP 4.5 and RCP 8.5) and the

future time slice (2026-2045). The changes are represented as percentage respect the historic reference period.
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Figure 13: Changes in quantile 0.99 of the significant wave height (Hs) for the two scenarios (RCP 4.5 and RCP 8.5) and
the future time slice 2026-2045. The changes are represented as percentage respect the historic reference period.
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Figure 14: Changes in mean of peak period (Tp) for the two scenery (RCP 4.5 and RCP 8.5) for the time slice 2026-2045.
The changes are represented as percentage respect the historic reference period.
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Figure 15: Changes in quantile 0.99 of peak period (Tp) for the two scenarios (RCP 4.5 and RCP 8.5) and the future time

slice 2026-2045. The changes are represented as percentage respect the historic reference period.



®

ECLISEA

2026 — 2045

55°N

50°N

45°N

rcp45

40°N

35°N

30°N

55°N

50°N

45°N

rcp85s

40°N

35°N

30°N

15°w 0 15°E 30°E

Figure 16: Changes in mean of the mean wave direction (Dir) for the two scenarios (RCP 4.5 and RCP 8.5) and the time
slice2026-2045. The changes are represented as percentage respect the historic reference period. The changes are positive
if the change is clockwise;, if negative the change in the mean direction is counterclockwise.

2.3 Helmholtz-Zentrum Geesthacht

The data provided by the Helmholtz-Zentrum Geesthacht are generated with one
model, the EC-EARTH, the same as the NCSR. The data provided are the quantile 99 for the
NTR for the RCP85 for the horizon 2026-2045 and 2081-2100.

In iError! No se encuentra el origen de la referencia.Figure 21 is illustrated the changes
in the quantile 0.99 for the Northern Europe for the scenery RCP85 and the time horizons
2026-2045 and 2081-2100. The NTR increases in the Baltic sea and in the Irish Sea,
accordingly for the long and short term, while in the Sea near the Faroe Island the NTR will
decrease. In the other regions the two time horizons show differ.
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Figure 17: Changes in the percentile 99 of the storm surge (non tidal residual, zeta) for the scenario RCP 8.5 for the two time slices (2026-
2045, 2081-2100). The changes are represented as percentage respect the historical reference period.

3. Coastal Climate Indicators

The coastal climate indicators are the values of the climate indicators, mentioned in the
previous paragraph, near the shore. These nodes where selected with a resolution of
0.5x0.59. The total selected nodes are in number of 711 (Figure 18).

They were selected to be the nearest available node to the shore, and to be in accessible
among the datasets. The resolution of all the dataset can be downscaled to 0.5x0.52 or
increased (especially for the mean sea level rise, which domain has resolution of 1x19).
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Figure 18: Coastal grid points selected



