THE USE OF A REGIONAL CLIMATE- AND WAVE MODEL FOR THE ASSESSMENT OF
CHANGES OF THE FUTURE WAVE CLIMATE IN THE WESTERN BALTIC SEA
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On the basis of hourly simulated wind data from a regional circulation model (Cosmo-CLM) wave conditions from
1960 to 2100 are calculated for two realisations each of the global emission scenarios A1B and B1 using a numerical
wave model for the area of the Western Baltic Sea. Comparisons of the 30 years averages of the wave conditions
between the future and the past show that the changes of the average wave conditions can be directly linked to the
changes of the average wind conditions. The changes of the average wave conditions and extreme wave events are
characterised by high spatial and annual variability. In addition the changes depend on the time period of the
comparison, the global emission scenario and the realisation of the climate model run. The bandwidth of the changes
is moreover affected by the approach for the calculation of the wave conditions. A significant climate change signal of
the average wave conditions is found at westerly wind exposed locations with predominant higher values of the
average significant wave heights up to +10%. At easterly wind exposed locations the climate change signal is more
weak and higher and lower values are possible (-5% to +5%). Regarding the future changes of the wave directions, in
general more wave events from W-NW and fewer events from N-NE can be expected. Analyses of extreme wave
heights with a return period of 200 years show both increasing and decreasing values (-0.5m to +0.5m). The climate
change signal of the extreme wave events is, as the same for the changes of the average wave conditions, more robust
at locations which are exposed to westerly winds.
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INTRODUCTION

The wave climate in the Baltic Sea is very inhomogeneous in space and time, due to the complex
topography and the prevailing wind conditions in different parts of the region. Because the local wave
climate is mainly generated by the local wind field over the water area, changes of the local wind
conditions can directly affect the local wave climate and other local wind driven coastal processes like
nearshore currents and the longshore sediment transport. In this study, future wave conditions are
presented that provide a basis for the assessment of the effects of regional climate change on the long-
term morphological development of the German Baltic Sea coastline. Moreover consequences of
climate change on the functional design of coastal protection structures like groins, beach
nourishments, breakwaters etc. can be investigated on the basis of the results.

Future projections of the local wave climate can be derived from projections of wind conditions
from regional climate model runs. The projections are in general depending on: (i) the atmospheric
forcing factors, e.g. the forcing global circulation model, (ii) the global emission scenarios, (iii) the
downscaling approach (statistical or dynamical), (iv) the coupling/interaction of the global or regional
circulation model with an ocean/sea-ice model and (v) the applied impact model, e.g. a numerical wave
model. All these factors result in a large uncertainty of the future projections of wind and waves.

The BACC (2009) report compiles results from different studies on future projections of wind
waves in the Baltic Sea, but the results are in general not comparable between the studies due to the
specific model set-up used in each of the studies, including different emission scenarios, climate and
wave models, downscaling approaches and analysed wave parameters.

In this study dynamical downscaled wind from the regional climate model Cosmo-CLM (Rockel et
al., 2008) is used with two realisations each of the IPPC SRES scenarios A1B and B1 (Naki¢enovi¢ et
al., 2000). Cosmo-CLM is forced by the coupled atmosphere-ocean global circulation model
ECHAMS5/MPI-OM. The wave climate in the area of the Western Baltic Sea is calculated for the past
and the future on the basis of the wind data from Cosmo-CLM and the spectral wave model SWAN
(Booj et al., 1999).

A recent study on changes of the wave climate in the Baltic Sea, which can be compared for
average wave conditions in the deep water to the approach used within this study, is carried out by
Groll et al. (2013). In contrast to our study the spectral wave model WAM (Hasselmann et al., 1988) is
used for the calculation of the wave conditions in the whole Baltic Sea.
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METHOD

Wave Model

A wave model for the area of the Western Baltic Sea (model name "WBSSC") is set up on the
basis of the 3" generation spectral wave model SWAN using a high temporal (At=1hour), horizontal
(Ax=Ay~2km) and directional (A®=2.5°) resolution with 42 frequencies (fi,w=0.05Hz, fysn=1Hz). The
local wave model is nested into a coarse wave model (At=1hour, Ax=Ay~5.5km, A®=15° with 35
frequencies from fi,,=0.04177Hz to f},jj,=0.4114Hz) for the whole Baltic Sea. The coarse model is run
by the Helmholtz-Zentrum Geesthacht using the wave model WAM (Groll et al., 2013).

For the numerical simulations different boundary conditions are used. The Bathymetry of the
coarse and local model is based the topography of the Baltic Sea from Seifert et al. (2001). The
Bathymetry of the Western Baltic Sea, which is used for the local model WBSSC, is shown in Figure 1.
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Figure 1. Bathymetry of the Western Baltic Sea and locations of regular grid points of Cosmo-CLM
Datastream 3 (indicated by crosses) and selected locations for the statistical analyses (crosses in bold).

The exchange of wave information at the northern and eastern boundaries of the local model
(SWAN) is done by using hourly wave spectra from the coarse model (WAM). The interpolation to the
directions and frequencies of the local model (nested run) is solved by SWAN. For the exchange of the
spectral data a free ASCII format (machine independent) is used, including the formatting of the WAM
output before it can be proper read into SWAN.

The wind conditions for the local model are used from different runs of the regional circulation
model Cosmo-CLM (Lautenschlager et al., 2009). Cosmo-CLM uses dynamical downscaling of the
wind data from the forcing global atmosphere-/ocean-ice-model ECHAMS/MPI-OM on the basis of
observed anthropogenic emissions resp. the future IPCC emission scenarios (Naki¢enovi¢ et al., 2000)
Al1B (global economic) and B1 (global environmental) with two realisations each. The Cosmo-CLM
model runs are summarized in Table 1.

Table 1. Cosmo-CLM model runs and data sets (remark: ‘x’ denotes no
experiment).

20™ century 21% century 21% century transient data set
(1960-2000) (2001-2100) (2001-2100) (1960-2100) of
observed forced by emission | forced by wind parameter
anthropogenic scenario A1B emission (10m above
forcing scenario B1 surface)

C20 1 A1B_1 X C20 1+A1B 1
C20_1 X B1_1 C20_1+B1 1
C20 2 AlB 2 X C20 2+A1B 2
C20_2 X B1_2 C20 2+B1 2
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The different realisations of the climate model runs represent the climate variability. The
realisations of the 20" century (cp. Table 1) are forced by a different realisation of the global
ECHAMS5/MPI-OM 20C3M simulations (Roeckner et al., 2006a). The global 20C3M simulations are
forced with observed natural and anthropogenic emissions at pre-industrial conditions (period about
1860) but are initialised 25 years apart from each other, which ensure the independence of the
realisations (Legutke et al., 2009). The global simulations are run for a period from 1860-1955 and are
used for the initialisation and forcing of the regional 20C3M simulations. After a 5 years spin-up phase
the output of the regional 20C3M simulations is used for the Cosmo-CLM runs for the period 1960-
2000. The global 20C3M simulations are continued with the global IPCC emission scenarios A1B and
B1 and used for the forcing of Cosmo-CLM between 2001-2100.

In the study we combined the wind data from the Cosmo-CLM model runs for the past and the
future to four transient gridded data sets covering a total period from 1960 to 2100 (cp. Table 1).

For the calculation of the wave conditions we used near-surface (10m above surface) hourly wind
data from Cosmo-CLM on a regular geographical grid (Datastream 3) with a horizontal resolution of
Ax=Ay~18km.

On the basis of the available wind data the wave model is run from the years 1960 to 2100 under
sea ice-free conditions and at a mean water level. Since the wave conditions are analysed near the 10m
depth contour line ca. 1km off the coast (at quasi deep water conditions) the future sea level rise was
neglected for the wave simulations.

Model Validation

Comparisons between calculated and observed wave parameters were carried out in previous
studies (see e.g. Schlamkow, C. & Frohle, P. 2009). Examples for the comparisons of wave heights and
directions near the location of Warnemdinde (see Figure 1) are given in Figure 2 resp. Figure 3.
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Figure 2. Calculated (left axis) and observed (bottom  Figure 3. Calculated (left axis) and observed (bottom
axis) significant wave heights (m) near Warnemiinde  axis) mean wave directions (°) for significant wave
(Schlamkow, C. & Fréhle, P. 2009). heights larger than 0.5m near Warneminde
(Schlamkow, C. & Frohle, P. 2009)
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Figure 2 shows a slight underestimation of higher wave heights due to differences of the input
wind field (Local Model of the Deutscher Wetterdienst/DWD) that is used for the calculations. The
mean wave directions of significant wave heights larger than 0.5m show a good agreement between
observed and calculated values (see Figure 3).

Regarding the mean wave periods a systematic underestimation of the calculated values is found,
that is well known from previous simulations (not shown here). For the statistical assessment of the
changes of the wave conditions we are focusing on the relative changes of the wave parameters (see
next section) and therefore the systematic under- or overestimation of certain wave parameters by the
model is neglected.
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RESULTS

Changes of the average wave conditions

For the assessment of future changes of the wave climate, significant wave heights, mean wave
periods and mean wave directions are extracted and averaged for each simulation run (cp. Table 1) over
time periods of 30 years, e.g. for the scenarios 2050 (2021-2050) and 2100 (2071 2100) resp. the two
control periods 1961-1990 and 1971-2000.

In the next step the relative changes of the wave parameters are calculated between the 30 years
average values of the first respectively second realisation of the future scenario runs (A1B_1, B1 1
resp. A1B_2, B1_2) and the 30 years average values of the 20" century runs (C20_1 resp. C20_2).

The relative change of a wave parameter P is defined as

AP = PSoenaFr;o _ PComroI %100 (1)

Scenario

where AP is the relative change of the 30 years averages of the wave parameters significant wave
height, mean wave period or mean wave direction and the subscripts are denoting the 30 year time
periods used for the averages of the wave parameter P, e.g. the scenario 2050 (2021-2050) resp. 2100
(2071-2100) and the two control periods 1971-2000 resp. 1961-1990. The relative changes of each
wave parameter are calculated for each realisation separately on the basis of annual resp. seasonal
averages for winter (DJF), spring (MAM), summer (JJA) and autumn (SON).

Changes of the 30 years averages of significant wave heights in the area of the Western Baltic
Sea to the end of the 21 century (2071-2100) compared to the control period 1971-2000 for the first
realisation of the emission scenario A1B are exemplarily shown in Figure 4.
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Figure 4. Relative changes of 30 years SEASONAL averages of significant wave heights during a) winter/DJF,
b) spring/MAM, ¢) summer/JJA, d) autumn/SON for the first realisation of the SRES emission scenario A1B to
the end of the 21* century (2071-2100) compared to the values of the control period 1971-2000 and relative
changes of 30 years ANNUAL averages of significant wave heights compared to the values of the control
period 1971-2000 (e) and 1961-1990 (f).

As evident from Figure 4 a strong spatial, seasonal and temporal variability of the changes exist.
For stretches of the German coastline which are mainly exposed to westerly winds, such as the
coastline near Warnemiinde or the west coast of the Isle of Fehmarn (cp. Figure 1), predominant higher
values of the 30 years averages of the significant wave heights are found. In contrast, at some sheltered
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locations against westerly winds, such as e.g. the Bays of Libeck, Kiel or Eckernférde, no change or
decreasing values are found.

Moreover the amplitude of the changes is different in each season. At westerly exposed locations,
the largest increase of the 30 years averages of the significant wave heights occurs in winter/DJF (cp.
Figure 4a). Overall decreases or no changes are evident in summer/JJA (cp. Figure 4c) and overall
increases occur especially in spring/MAM (cp. Figure 4b).

Another interesting fact is that the changes of the annual 30 years averages of significant wave
heights are different for the chosen control period used for the comparisons. The changes are slightly
more pronounced when comparing the future values to the control period 1971-2000 rather than to the
control period 1961-1990, which is often used for the assessment of climate change effects in other
studies (see e.g. Groll et al., 2013). This phenomenon is the same when the significant wave heights for
the scenario 2050 (2021-2050) are compared to the two control periods (cp. Figure 5e and 5f).
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Figure 5. Relative changes of 30 years SEASONAL averages of significant wave heights during a) winter/DJF,
b) spring/MAM, ¢) summer/JJA, d) autumn/SON for the first realisation of the SRES emission scenario A1B in
the middle of the 21° century (2021-2050) compared to the values of the control period 1971-2000 and relative
changes of 30 years ANNUAL averages of significant wave heights compared to the values of the control
period 1971-2000 (e) and 1961-1990 (f).

The temporal variability is one of the main influence factors of the amplitude of the changes of the
30 years averages of the significant wave heights. This can exemplarily be seen when comparing the
changes in winter/DJF between Figure 4 and Figure 5. While the changes at the end of the 21 century
(cp. Figure 4a) are showing larger increases up to +10% at locations which are exposed to westerly
winds, slightly lower increasing values are found at the mid-20™ century (cp. Figure 5a).

The amplitude of the changes is also different for each realisation of the climate model runs. At the
end of the 21% century significant changes at westerly wind exposed locations up to +7% can be found
during summer/JJA for the second realisation of the emission scenario A1B (cp. Figure 6c), while for
the first realisation the changes are close-to-zero (cp. Figure 4c).

Beside the temporal variability of the changes and the dependency on the realisation of the climate
model run, another main influencing factor on the amplitude of the changes is the emission scenario.

An example for this is given from the comparison of the projected changes during winter/DJF and
autumn/SON at the end of the 21 century for the first realisations of the emission scenarios A1B (see
Figure 4a and 4d) and B1 (see Figure 7a and 7d). For the first realisation of the emission scenario A1B
larger increases of the average significant wave heights up to +7% are found during winter/DJF and
autumn/SON at locations which are exposed to westerly winds (cp. Figure 4a and 4d), while for the
first realisation of the emission scenario Bl the increases during winter/DJF and autumn/SON are
much lower.
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Figure 6. Relative changes of 30 years SEASONAL averages of significant wave heights during a) winter/DJF,
b) spring/MAM, c¢) summer/JJA, d) autumn/SON for the second realisation of the SRES emission scenario
A1B to the end of the 21% century (2071-2100) compared to the values of the control period 1971-2000 and
relative changes of 30 years ANNUAL averages of significant wave heights compared to the values of the
control period 1971-2000 (e) and 1961-1990 (f).

mm.500-1 CJ+3mm+7 Relative Change of mm 5001 +3mm+7 Relative Change of

4o CI+4mm.g Significant Waveheight (%)
mm-300+1 C+5mm+9 B1_2 2071-2100 DJF -
2070+ Em+6mm+10 C20_2 1971-2000 DJF

40 C+4 M+ Significant Waveheight (%)
-300+1 Em+5 mm+0 B1_2 2071-2100 JJA -
Em-200+2 [+ m+10C20_2 1971-2000 JUA

mm-5C0-1 CJ+3mm+7 Relative Change of Annual
mm-4rm0 Co+4mm+g  Significant Waveheight (%)
-3+ E+5mm+9 B1_2 2071-2100 -
.2 1 +2 0 +6 mm +10 C20_2 1971-2000

Bm-500-1 C+3mm+7 Relative Change of
=40 C+4mm-+8 Significant Waveheight (%)
-3+ E+5 M +9 B1_2 2071-2100 MAM -
-2 ] +2 0 +6 m +10C20_2 1971-2000 MAM

mm-500-1 C1+3mm+7 Relative Change of
m4ro Cl+4mm+s Significant Waveheight (%)
-3 +1 [+5m+g B1_2 2071-2100 SON -
(-2 ) +2 [ +6 Wl +10 C20_2 1971-2000 SON

5001 [D+3mm+7 Relative Change of Annual
W40 O+4mm+8 Significant Waveheight (%)
B-300+1 ED+5mm+9 B1_2 2071-2100 -
-2 C+2 Em+6 m-+10C20_2 1961-1990

Figure 7. Relative changes of 30 years SEASONAL averages of significant wave heights during a) winter/DJF,
b) spring/MAM, c) summer/JJA, d) autumn/SON for the second realisation of the SRES emission scenario B1
to the end of the 21 century (2071-2100) compared to the values of the control period 1971-2000 and relative
changes of 30 years ANNUAL averages of significant wave heights compared to the values of the control
period 1971-2000 (e) and 1961-1990 (f).
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Changes of the 30 years averages of mean wave periods in the area of the Western Baltic Sea
are not as pronounced as for the significant wave heights. The amplitude of the changes of the mean
wave periods at westerly wind exposed locations does not exceed +5% (cp. Figure 8d) for first
realisation of the emission scenario A1B to the end of the 21* century (2071-2100) compared to the
control period 1971-2000.
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Figure 8. Relative changes of 30 years SEASONAL averages of mean wave periods during a) winter/DJF, b)
spring/MAM, c) summer/JJA, d) autumn/SON for the first realisation of the SRES emission scenario A1B to
the end of the 21* century (2071-2100) compared to the values of the control period 1971-2000 and relative
changes of 30 years ANNUAL averages of significant wave heights compared to the values of the control
period 1971-2000 (e) and 1961-1990 (f).

Changes of the 30 years averages of mean wave directions can have important effects on coastal
processes like e.g. the longshore sediment transport at sandy coasts (see e.g. Dreier et al., 2012). The
results are not discussed in detail here, but a general trend of the changes of the 30 years annual
averages of mean wave direction towards more westerly directions with maximum changes up to 7° at
locations which are exposed to westerly winds are found (see Figure 9).
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Figure 9. Relative changes of 30 years annual mean wave direction (A®y) near the location of Warnemiinde
for the SRES emission scenarios A1B and B1, with two realisations each, compared to the values of the
control period 1971-2000.
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Changes of extreme wave events

For analysing the changes of extreme wave events we used long-term time series of wave
parameters at selected grid points of the Cosmo-CLM model near the locations of Warnemiinde,
Traveminde and Fehmarn (cp. Figure 1). The time series are analysed with the help of methods of
extreme value statistics.

From the time series of significant wave heights we selected samples from time periods of 40 years
using the annual maxima (AM) method (see e.g. Coles, S. 2001). After that, different extreme value
distribution functions (log-normal, Gumbel, Weibull, GEV) are fitted to the samples and the fitting
parameters of the functions are estimated with the help of the maximum-likelihood (MLE) method.

To answer the question which extreme value distribution should be used for the estimation of
extreme wave events, a modified Kolmogorov-Smirnov test (Lilliefors test; see e.g. Wilks, D. S. 2011)
is applied. For the assessment, difference values like the largest or the root mean square difference
between the empirical distribution function (EDF) and the fitted theoretical extreme value distributions
EVDs (e.g. log-normal, Gumbel and Weibull distribution) are calculated. Figure 10 shows exemplarily
the calculated differences for each EVD of the simulation run B1_1 from 2002-2100 at the selected
location near Fehmarn.
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Figure 10. Maximum differences (dotted lines) and root mean square differences (solid lines) between the
empirical distribution of significant wave heights and the theoretical extreme value distribution functions:
log-normal (blue), Gumbel (red) and Weibull (black) for the first realisation of the emission scenario B1 near
Fehmarn. The x-axis is denoting the number of years within in the future time period from 2001 to 2100.

In the overall assessment the log-normal extreme value distribution (see blue lines in Figure 10)
shows the smallest root mean square differences for most of the simulation runs, thus it is concluded
that the log-normal distribution can be regarded as best fitted to the EDF.

On the basis of the log-normal function, the significant wave heights for a chosen return level of
200 years (consecutively called extreme wave heights) are calculated from periods of 40 years of the
future (2001-2100) and are compared to the values of the control period 1961-2000 in each simulation
run. The relative changes of the extreme wave heights are calculated by using the moving averages
method (Eq. 1).

Example results for the relative changes of extreme wave heights at the selected locations (see
Figure 1) are shown in Figure 11 for two different approaches for the calculation of the wave heights.

The second approach that we used in previous studies consists of a combined empirical/statistical
and numerical approach for the calculation of the wave parameters, consecutively denoted by the
acronym "WWC" (for further details see Dreier et al., 2013). The results from the previous study are
used to assess the uncertainty of the wave model results.

Figure 11 shows the results from both approaches. The results of the WBSSC wave model in Red
are plotted against the results from the WWC approach in Black.

Near Fehmarn (cp. Figure 11 top left) a consistent increasing trend of the changes of the extreme
wave heights up to +11% (ca. +0.5m) was found for the simulation runs A1B_2 and B1_2. In contrast,
no significant change (WBSSC) respectively a decreasing trend (WWC) was noticed for the simulation
run A1B_1. A decreasing trend down to -11% (ca. -0.5m) was found for the simulation run B1_1.
Moreover the amplitude of the changes of the extreme wave heights of the emission scenario A1B is
lower for the WBSSC approach than for the WWC approach.
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Near the location of Warnemiinde (cp. Figure 11 top right) the same tendencies of the changes as
for the location of Fehmarn exist for all simulation runs of the WBSSC approach, except the run
A1B_1. Both locations have in common that they are exposed to strong winds from westerly directions.
In addition the location near Warnemiinde is also exposed to strong winds from north-easterly
directions. The bandwidth of changes of the extreme wave heights near Warneminde ranges between
+13% (ca. +0.4m) and -13% (ca. -0.4m) and the uncertainty of the results is larger for the WBSSC
approach than for the WWC approach.

The amplitude of the changes of the extreme wave heights near Traveminde (cp. Figure 11 bottom
left) strongly depends on the approach used for the calculation of the wave conditions. As for the
location of Warnemiinde, the bandwidth of results for the WBSSC approach is much larger than for the
WWC approach. The extreme wave heights near Travemiinde are changing between +18% (ca. +0.3m)
and -18% (ca. -0.3m). Moreover the tendencies of the changes are different for each of the simulations
runs than compared to the other locations. As an example the strongest increase near Traveminde is
noticed for the simulation run A1B_1 while for the other locations the strongest increase occurs for the
simulation run B1 2. A possible reason for the different climate change signal is the fact, that the
selected location near Travemdiinde is sheltered against strong winds from westerly directions and
mostly exposed by strong winds from north-easterly directions, which might occur less frequent in the
future (see also next section of this paper).

CONCLUSION AND DISCUSSION

Regional climate change can have considerable effects on the wave conditions along the German
Baltic Sea Coast. The climate change signal of the wave parameters depends e.g. on: (i) the location
resp. the alignment of the coast, (ii) the global emission scenario, (iii) the realisation of the climate
model run, (iv) the season, (v) the future time period, (vi) the control period used for the comparison
and (vii) the approach used for the calculation of the wave conditions. Because of the manifold drivers
of the climate change signal, the uncertainty of the results remains high. Nevertheless some parts of the
uncertainty can be addressed by taking into account multi-model ensemble approaches or different
realisations of the climate model runs.

Regarding the changes of the average wave conditions it can be concluded that increases of the
annual and seasonal 30 years averages of the significant wave heights are predominant at coastal
stretches which are exposed to westerly winds. The bandwidth of the changes of both annual and
seasonal averages of the significant wave heights for the two future scenarios 2050 (2021-2100) and
2100 (2071-2100) compared to actual conditions (1971-2000) ranges between -2% and 10%. Another
important fact is that the averages of the mean wave direction change within the range of 3° to 7°
towards more westerly wave directions.
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At locations which are sheltered against westerly winds (like e.g. the Bays of Libeck, Kiel and
Eckernforde and the East Coasts of the Isles of Fehmarn, Riigen and Usedom) the trend of the changes
is unclear and the bandwidth of the changes ranges between -5% to +5%. Minor changes of the
averages of mean wave direction within a range of 1° to 2° towards more easterly directions are found.

The changes of the average wave conditions are a result of the changes of the frequency of
occurrence of the wave parameters. From previous studies we found at westerly wind exposed
locations statistical significant shifts of the frequencies towards higher significant wave heights and
more waves coming from westerly directions. In contrast, at locations which are exposed to easterly
winds statistical significant shifts of the frequencies towards lower significant wave heights and less
waves coming from easterly directions are found. At locations which are exposed to both westerly and
easterly winds, both changes of the frequencies of the wave directions are noted.

The changes of the frequencies resp. the averages of the wave parameters can be linked to the
changes of the frequencies resp. the averages of the wind velocity and direction. At the selected
locations we found in general increases of the 30 years annual averages of the near-surface wind
velocities (10m above surface) within a range of +2% to +4% and changes of the 30 years averages of
the mean wind direction between 1° and 11° towards more westerly directions to the end of the 21
century (2071-2100) compared with actual conditions (1971-2000). Moreover changes of the
frequencies towards higher wind velocities and more wind events from westerly directions are found
(for more details see e.g. Dreier et al., 2013).

Regarding the changes of extreme wave heights, no robust trend is found until know. Increases
and decreases of significant wave heights for return periods of 200 years are found within a range
of -18% to +18% (-0.5m to +0.5m). Moreover changes of the return periods of the events can occur.

In the case of an increase of the future extreme wave height, the return period of the event
calculated for actual conditions (1961-2000) decreases. In contrast, if the future extreme wave height
becomes lower, the return period of the event for actual conditions becomes larger. Nevertheless a high
uncertainty of the results is noted, especially regarding the approach which is used for the calculation
of the wave conditions.

The results of the changes of the average wave conditions are in good agreement with results from
other studies. Groll et al. (2013) use the same global and regional climate model but a different
numerical wave model for the calculation of the wave climate (WAM). The changes of the 30 years
annual averages of significant wave heights for the first realisation of the emission scenario A1B to the
end of the 21 century (2071-2100) compared to the control period 1961-1990 are exemplarily shown
in Figure 12. The changes as illustrated in Figure 12 left can be compared to the projected changes of
the WBSSC model as shown in Fig 4f.

10 E 11+ E 12*E 13 E 14+ E 154 E

50 N 5o N

555 N 555 N
55¢ M

550 N

545 N 545N

540 N

S1.5 <15 2125 410 -E -5 SRS 0 25 5 RS I0 125 15 IS 175 -125 75 -5 25 0 25 5 75 10125 15 175
Figure 12. Relative changes of the 50" percentile (left) and 99" percentile (right) of significant wave heights
for the first realisation of the SRES emission scenario A1B to the end of the 21 century (2071-2100)
compared to the values of the control period 1961-1990 (from Groll et al., 2013).

Regarding the changes of higher percentiles of the significant heights Groll et al. (2013) found
increases of the 99™ percentile of significant wave heights up to +0.5m for the south-eastern part of the
Baltic Sea due to changes of the wind conditions over the Baltic Sea (not shown here). The changes of
the 99™ percentile for the area of the Western Baltic Sea are shown in Figure 12, right. From the results
increases of the 99™ percentile up to +5% are evident at westerly wind exposed locations and decreases
down to -5% are found at sheltered locations against westerly winds.
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