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BACKGROUND 
The design of coastal defenses (and disaster risk 
management) usually relies on information based on 
hydrological extremes, often also taking long-term trends 
(as e.g. climate change induced) into account. These 
estimates are mostly derived by using extreme value 
statistics focusing on water levels (i.e. tide and/or surge), 
waves, and/or river runoff together with future sea level 
rise and changing wind forcing.  
 
OBJECTIVES 
Storm surges are a major hazard in low-lying mid-latitude 
coastal regions. The most hazardous events are the ones 
often referred to as “low incidence – high consequences”. 
For instance, in the Baltic Sea, the highest water level on 
record was observed on November 13th, 1872 with water 
levels far beyond of what has ever been recorded before 
and thereafter resulting in nearly 300 casualties. The 
North Sea or Hamburg flood of 1962 was a storm surge 
disaster affecting mainly the coastal regions of Germany 
and in particular the city of Hamburg (located 100 km 
away from the mouth of the Elbe estuary to the North Sea) 
in the night from 16 February to 17 February 1962. The 
water levels were the highest ever observed up until 
1962. In total, the homes of about 60,000 people were 
destroyed, and the death toll amounted to 315 in 
Hamburg alone. For centuries, coastal extremes with 
similar consequences have been reported along many 
coastlines worldwide providing a valuable source of 
information for the design of coastal defenses.  
 
There is a worldwide high pressure in coastal mega cities 
harboring urban developments in the inner city low lying 
residential areas. These areas have to be protected 
against flooding and sea level rise on a sufficient safety 
standard (e.g. return period T > 200 years) for a life span 
of more than 100 years. 
 
Thus, the first lesson to be learned: Long time series are 
needed to assess the risk of storm surge levels, namely 
to merely rely on a few decades of years is insufficient. A 
data base of high quality tidal water levels/storm tides 
consisting of historical data, and climate change 
projections is needed. A second lesson: Coastal 
protection measures, training works, and deepening of 
navigation channels in estuaries change the hydrological 
parameter and with that the statistics. The third lesson: In 
these times of ongoing climate change, all statistics of 
storm surge heights are not stationary – even beyond the 
optimistic time frame of bringing climate change in terms 
of temperature to a halt later in this century. 
 
CONCLUSIONS 
Many constructions near the coast, be it ports, industrial 
or residential areas, have a multi-decadal life span, and 
any plans to build such new  constructions need to take 
this instationarity into account. The assessment of the 
present risk should ideally be done with local 
observations, but when they do not exist for a long 
enough time or suffer from inhomogeneity’s (e.g., 

because of dredging of waterways), then hindcasts with 
numerical models employing homogeneous past weather 
analyses may be suitable. With the same modelling tool, 
plausible future developments, i.e., scenarios may also be 
constructed. 
 
As the final step, the planner has to assemble their 
toolbox, of which measures must safeguard the coastal 
zone against assumed future storm surges. One option is 
the “Climate change adaption dike”, i.e., a dike that is built 
in such a way that it may be heighted without replacing the 
whole construction. Others are to build new residential 
areas on artificial mounds, or to consider the option of re-
naturalizing shipping channels. For a fact, emergency 
planning with risk-zoned coastal areas need to be 
adapted. 
 
We illustrate the issue, its problems and offer approaches 
by discussing and presenting case studies from Northern 
Germany and the Elbe estuary (Figure 1).A method using 
extreme value statistics including historical data and sea 
level scenarios regarding the safety against inundation of 
low lying residential areas and technical solution will be 
presented.  
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Figure 1 – Examples of extreme value analysis for different 
percentiles of tidal high water data.  
 
REFERENCES 
Arns, A., Wahl, T., Dangendorf, S., Jensen, J.: The impact 
of sea level rise on storm surge water levels in the 
northern part of the German Bight. In: Coastal 
Engineering 96, S. 118–131. DOI: 10.1016/j.coastaleng. 
2014.12.002, 2015. 
Coles, S. (2001): An Introduction to Statistical Modeling of 
Extreme Values. Springer-Verlag: New-York. 
 


