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MOTIVATION & BACKGROUND

There are several intentions to analyze the correlation of
wind and wave data, especially in the North Sea.
Fatigue damage is intensified by wind and wave loads
acting from different directions, due to the misaligned
aerodynamic damping of the rotor regarding the wave
loads from lateral directions. Furthermore, construction
time and costs are mainly driven by the operational
times of the working vessels, which strongly depend on
the wind and wave occurrence and correlation.
Turbulent wind can rapidly change its direction and
intensity, while the inert water waves react slowly in
relation to the wind profile. Tuerk (2008) investigates the
impact of wind and turbulence on offshore wind turbines
by analyzing data of four years. The study shows that
the wave height is increasing with higher wind speeds
but when the wind speed drops the reaction of the
waves is postponed. The dependence of the wave
height on the wind speed is varying because of the
atmospheric stability and different wind directions.
Fischer et al. (2011) estimated absolute values of
misalignment between wind and waves located in the
Dutch North Sea. The study presents decreasing
misalignment for increasing wind speeds, ranging up to
90 degrees for wind speeds below 12 m/s and up to 30
degrees for wind speeds above 20 m/s. Bredmose et al.
(2013) present a method of offshore wind and wave
simulation by using metocean data. The study describes
characteristics of the wind and wave climate for the
North and Baltic Sea as well as the directional
distribution of wind and waves. Giiner et al. (2013) cover
the development of a statistical wave model for the
Karaburun coastal zone located at the southwest coast
of the Black Sea with the help of wind and wave
measurements and showed that the height of the waves
is directly correlating with the duration of the wind for the
last four hours.

METHOD & OBJECTIVES

A database of 10 years recorded wind speed and -
direction (10min average at 33 m above LAT), significant
wave height and direction (from 30min records) was
created from FINO 1 measurements located in the
German Bight of the North Sea. In addition to the
analysis of the wind wave characteristics of the whole 10
years, 83 storms with wind speeds of 20-36 m/s and
durations greater 20 hours were identified. Figure 1
shows the identified storms arranged on the abscissa by
decreasing mean wind direction of the whole storm
duration. The top ordinate shows the frequency of
occurrence of the wind directions for each storm by the
colorbar. The directional frequencies for each storm sum
up to 100% and each vertical data set shows the
distribution of wind directions in comparison to the
simultaneous wave directions in the middle plot. The
undermost plot shows the frequency of the misalignment

of wind and wave directions for each storm, which tends
to increase with shifting mean wind directions towards
SSW (200 degrees).

Based on further details and comparisons this paper will
present different approaches to extract characteristics
and causes for varying misalignments of wind and wave
incidents close to the German coast. Furthermore, the
variation and characteristics of the time lag (up to 5h) of
the waves to react to changing winds will be presented.
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Figure 1 - Storms arranged by decreasing mean wind
direction versus directional frequency of wind (top), wave
(mid) and the misalignment of wind and waves (bottom).
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