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1. Attribution of storm surges In the Baltic Sea

In November 1995 and 2006, the German Baltic Sea coast experienced severe storm surge
conditions. Exceptional water level heights of about 1.8 m above mean sea level were measured at
German tide gauges. Extreme event attribution poses unigue challenges trying to distinguish the role
of anthropogenic influence, as e.g. greenhouse gas emissions or land-use changes, from natural
variability (Allen 2003, Christidis et al. 2013, Stott et al. 2016).

This study wants to estimate how the contribution of anthropogenic drivers has altered the probability
of single extreme events such as the 1995 and 2006 storm surge events. This work is part of the
European EUCLEIA project (EUropean CLimate and weather Events: Interpretation and Attribution,
www.euclela.eu). The aim is to calculate the probabillities of exceeding observed extreme values, used
as thresholds, in the human-induced historical climate and natural climate without human influence.

Research Question

Have iIndividual storm surge events, such as e.g. of
November 1995 and 2006 in the Baltic Sea, changed due to
human Influence on climate or is the knowledge still too
vague to obtain robust information of attribution?

3. Storm surges In the southern Baltic Sea
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Fig. 3: Spatial patterns of water level [m] on 4 November 1995 and 1%t
November 2006 over the Baltic Sea based on reconstructed model
data (CoasDat-TRIM). In addition, intra- and interdaily variations for
selected grid boxes of locations co-located with coastal cities.
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 We use the regional ocean model TRIM-NP

(Kapitza, 2008)

 Simulation of water level: Two 7-member ensemble
simulations over the Baltic Sea in 12.8 km spatial

resolution for 1971-2010: historical vs. natural

e Atmospheric Forcing: Two atmosphere-only multi-
decadal ensembles of Hadley Centre Global
Environmental Model version 3-A (HadGEMS3-A)
model data (Christidis et al. 2013)

 Atmospheric forcings represent historical climate
and natural climate without human influence
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Fig. 1. Model domain and Bathymetry [m] of
severe storm surge 1,50 - 2,00

Table. 1: Federal Maritime and Hydrographic Agency, 2016.
Evaluation of HadGEM-TRIM ensembles
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Fig. 4:November anomalies of maximum water level [m] for 1971-2010 based on
reconstructed model data (Coastdat-TRIM, red) as reference data and historical HadGEM3
A-TRIM (hist) ensemble members (1-7, blue). Selected grid boxes represent locations co-
located with German cities of Wismar (left) and Travemuinde (right).

« HadGEM-TRIM ensemble members underestimate
temporal variability compared to CoastDat-TRIM

illustrate considered grid boxes co-located to coastal cities of Travemiinde,
Very severe storm surge > 2.00 Wismar, Warnemuinde and Sassnitz and open sea.

+ Sea level change

the ocean model TRIM. Red points

Fig. 5: Mean number of threshold exceedances

of maximum November water level (1971-2010) of
the 7 historical HadGEM-TRIM (historical) ensemble
members (blue) and 7 natural HadGEM-TRIM
ensemble simulations (green) for 3 intervals (O-
1.25m,1.25-1.5m, 1.5m-2m) based on the storm
surge classification (Table 1). Selected grid boxes
represent locations co-located with coastal cities.
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2. A new HadGEM3A-TRIM-based System
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Fig. 2:Model-chain of TRIM-NP presenting the atmospheric (HadGEM3-A,
CoastDat2) and oceanic forcing (ORAS4, NOAA-OISST) data used in this stud

4. Attribution & Conclusion

® Historical (7 Member) ® Natural (7 Member)

Jnderestimation of extreme water

evel — no single event attribution
nossible with this setup

However, findings (Fig. 5) indicate:
Probabllity of weak storm surges (1
m-1.25 m) is higher in the climate
with anthropogenic forcings than in
the natural climate without human
iInfluence

Similar result for moderate storm
surges (interval of 1.25 m-1.5 m)

Both TRIM ensembles driven with HadGEMS3-A do not represent extreme water levels
However: Likelihood of storm surges (weak, moderate) higher in the historical ensemble with

anthropopenic forcings than in the natural without human influence

Changes are only atmospheric-driven, no historical vs. natural forcings within the ocean

References

Allen, M. (2003) Liability for climate change, Nature, 421, 891-892
Balmaseda, M. A., Mogensen, K. and Weaver, A. T. (2013), Evaluation of the ECMWF ocean reanalysis system ORAS4. Q.J.R. Meteorol. Soc., 139: 1132-1161. doi: 10.1002/qj.2063
Christidis, N., Stott,P., Scaife, Arribas, Jones, Copsey, Knight, and Warren J. Tennant (2013) A New HadGEM3-A-Based System for Attribution of Weather- and Climate-Related Extreme Events,

Journal of Climate, , Vol. 26, pp. 2756-2783

Geyer,B. (2014) High-resolution atmospheric reconstruction for Europe 1948-2012: coastDat2, Earth Syst. Sci. Data, 6, pp. 147-164

Kapitza, H.: 5 (2008) MOPS — a morphodynamical prediction system on cluster computers, High Performance Computing for Computational Science, Vol. 5336, No., pp. 63-68
Lyard, F., Lefevre, F., Letellier, T., and Francis, O. (2006) Modelling the global ocean tides: modern insights from FES2004, Ocean Dynamics, 56, 394-415
Stott, P.A., Christidis N., Otto F., Sun, Vanderlinden, van Oldenborgh, Vautard, von Storch, Walton, Yiou and Francis W. Zwiers (2016) Attribution of extreme weather and climate-related events, WIRE

Climate Change, Vol. 7, No. 1, pp. 23-4



	��  			Katharina Klehmet, Burkhardt Rockel & Hans von  Storch	|	www.hzg.de      |  Contact: Katharina.Klehmet@hzg.de��

