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The Multi Model 
Approach

Complete Analysis

In order to derive sound statements about the span 
of possible future climate changes, KLIWAS will 
use hydro-meteorological information derived from 
a wide variety of global and regional climate 
models. This is the state-of-the-art method to 
account for known uncertainties in single models.

The necessity and appropriateness of potential 
adaptation measures can be evaluated only when 
the complex systems under investigation are fully 
analysed and well understood.

Therefore KLIWAS uses a complex model chain, 
starting from the radiative forcing of the climate 
system (GHG emissions), via models of the 
hydrological and oceanographic subsystems, up to 
ecosystem and economic models. At each step 
future projections are derived and evaluated.

Economic
Valuation

7. Ecosystem models7. Ecosystem models

3. Projections by regional climate models3. Projections by regional climate models

1. Global emission scenarios - future development1. Global emission scenarios - future development

2. Projections by global climate models2. Projections by global climate models

4. Oceanographic / water balance models4. Oceanographic / water balance models

5. Sediment and morpho-hydraulic models5. Sediment and morpho-hydraulic models

6. Water quality models6. Water quality models

Economic
Valuation

KLIWAS at a Glance

KLIWAS encompasses five main research tasks
with a total of 30 projects and a coordination unit.
The programme is focussed on climate change and
its impacts on waterways and navigation:

 •  Validation and evaluation of 
climate projections

 •  Impacts on hydrologic systems 
of coastal waterways

 •  Impacts on water quality and 
ecosystem functions

 •  Impacts on hydrologic systems 
of inland waterways

 •  Impacts on the maintenance of 
inland waterways

The research programme is carried out by four 
departmental research institutions of the Federal 
Ministry of Transport, Building and Urban Develop-
ment (BfG, BAW, BSH, and DWD) and number 
of universities and other research institutions. 
Its  main aim is to identify and propose options for 
adaption to climate change including economic 
analyses. Thus, KLIWAS provides a sound basis for 
political decisions.

KLIWAS operates in the national and international
research framework, using outputs of EU research
programmes such as ENSEMBLES (FP 6) and 
giving inputs to other national and international
projects (e.g. Klimzug) and to international 
commissions (e.g. PIANC, ICPR).  
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Wind Waves and Currents

 
 
 
 
 
 
 
 

Wave Height Distribution 
in Shallow Waters
Objective
Within this study we looked for a mathematical way 
to predict wave-height distributions in shallow 
waters, particularly under storm conditions. Such 
predictions are crucial to find the best design for 
offshore or coastal structures such as dams or 
wind parks. They will also support safe navigation 
at the coasts.  

Method and Results
We compared several mathematical approaches to 
computing wave heights with our field data from
three gauges in the North Sea (Research Platform 
Fino 1, Gauge Borkum, Lighthouse Alte Weser)
and found that one method overestimates wave 
heights (Rayleigh distribution), while others 
(Battjes-Groenendijk approach) underestimate the 
probability of high waves. Therefore we modified 
parameters until we found a way to compute wave- 
height distributions in shallow waters. 

For details see:
Mai S., J. Wilhelmi, U. Barjenbruch (2010): 
Wave-height distributions in shallow waters. 
In: Proceeding of the International Conference on 
Coastal Engineering, no 32(2010). 
http://journals.tdl.org/ICCE/article/view/1140

KLIWAS at a glance

KLIWAS encompasses five main research tasks 
with a total of 30 projects and a coordination. 
The programme is focussed on climate change and 
its impacts on waterways and navigation: 
 •  Validation and evaluation of 

climate projections
 •  Impacts on hydrologic systems 

of coastal waterways
 •  Impacts on water quality and 

ecosystem functions
 •  Impacts on hydrologic systems 

of inland waterways
 •  Impacts on the maintenance of 

inland waterways

The research programme is carried out by four 
departmental institutions of the Federal 
Ministry of Transport, Building and Urban 
affairs (BfG, BAW, BSH and DWD) and a large 
number of universities and other research institutions. 
The main aim is to propose adaptation options 
including economic analyses. Thus, KLIWAS 
provides a sound basis for political decisions.

KLIWAS operates in the national and international 
research framework, using outputs of EU research 
programmes like ENSEMBLES (FP 6) and 
giving inputs to national and international 
projects (e.g. Klimzug) and international 
commissions (e.g. PIANC, ICPR).

Objective
In this study we aim to estimate how climate change 
impacts physical processes - particulary wind-waves 
and currents - that act on coastal structures and coastal 
ecology. Our main objective is to find a possibly 
simple method to estimate local impacts of climate 
change, and thus allowing sound political decisions.

Method
In this study, we focussed on the interactions of wind-
waves and currents and studied how they drive other 
estuarine processes. Our aim was to simulate hydro-
logical conditions and physical processes over longer 
periods of time. Therefore we coupled two models 
that address different aspects: to simulate currents 
and sea-levels, we used the model HAMSON 
(Hamburg Shelf Ocean Model) and to compute waves, 
we employed the model SWAN (Simulating Waves 
Nearshore). Both these models are able to simulate 
changes occuring within years or decades.

Results
By varying the parameters that drive our simulations 
we found out that currents usually impact waves by 
up to 10 %, and in estuaries up to 25 %.  To verify 
these results further studies should be carried out.  
A next step will be to improve long-term simulations.

For details see:
Hein H., S. Mai, U. Barjenbruch (2010): 
Interaction of wind-waves and currents in estuaries 
with focus on climate change. 
In: Proceedings of the ninth International 
Conference on Hydro-Science and Engineering 
(ICHE 2010), IIT Madras, Chennai, India. 
2-5 August 2010.

Inland waterways

Future climate change may impact the run-off of 
rivers. Changed run-off could influence sediment 
transport, flora and fauna, water quality, and 
water availability for households, industrial 
cooling processes, and inland navigation. Thus, 
the starting points of KLIWAS are analyses of the 
following parameters: 
 •  precipitation and air temperature
 •  river discharge 
 •  water level and flow velocity
 •  water temperature
 •  pollutants 
 •  ecosystem functions
 •  changes of river beds
 •  navigation and transport costs

These data will be used to generate and evaluate 
adaptation options for the inland navigation sector.

Coastal waterways

Future climate change may impact sea levels. 
Changed sea levels could impact ecological 
processes, particularly at the sea shore. KLIWAS 
will consider the most relevant aspects for coastal 
waterways in the North Sea and the Baltic Sea, 
and in estuaries. 

The first step is to create time series of oceanographic
and meteorological variables for both, recent climate 
conditions, and projected future climate conditions. 

Second, the vulnerability e.g. of hydro-
engineering constructions will be analysed. 
Finally, adaptation options for coastal waterways, 
ports and coastal protection will be devised. 

Moreover, KLIWAS will answer 
the following questions:

■ How will sediment transport 
change due to climate change?

■ Do we expect any change in the 
transport of suspended matter 
(with or without absorbed 
contaminants/toxins) from estuaries 
to the sea?

■  Will climate change affect water quality?

■ Is there any risk of an increase in 
harmful organisms (e.g. bacteria) in 
the Baltic Sea and the North Sea due 
to climate change?

Figure 3: Significant wave heights with current-interaction

Figure 2: Wave height distribution at the gauge Borkum

Figure 1: Location of gauge Borkum Figure 4: Significant wave heights without current-interaction


