
Why using radar?

Owing to the rough environment in near shore dynamics, the observation of waves and 

currents is a special challenge. In-situ observations long for either permanent 

cumbersome maintenance of robust instruments or for remote sensing. We report on a 

shore based microwave Doppler radar technique to observe the energy dissipation of 

waves propagating along a profile of 1800 m.

The used micro wave radar has been integrated into a “coherent on receive system” [1]. 

The radar transmits 1000 complex pulses per second, which are received and mapped 

into a radial grid with resolution of                   . 

From the phase shift of the complex signal the relative radial “Doppler–speeds” of each of 

the surface cells are acquired. By this every 0.5 s a map of surface speeds can be 

composed for each acquisition step to produce time series of surface movements on a 

cross shore grid with 250 cells (see: next block).
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How to produce a map showing lateral wave energy?

Sending out about 1000 pulses each second provides time series of surface motions 

from which every half second a Doppler spectrum can be composed. For the each 

individual time steps the measurement is classified in one of the following categories [2]: 

1. wave orbital motion, 2. breaking event at the wave crest and 3. shadowed (noise) 

above the wave trough. The categories 1. and 2. can be related to wave motions and are 

clearly to be identified by the position of the Doppler spectral peak. The information is 

either extracted directly from the peak position or calculated from the spectral moments, 

whereas the noise from the wave troughs has no clear minimum. Thus we set the speed 

value for time step and range bin when breakers or shadow are detected to be “0”.

The Challenge of Near shore Wave Observation

Figure 1. The radar station mounted at the west coast of the sand bar 

island “Sylt”. The position is given in the small map at the lower left. The 

arrow gives the radar view direction The picture at the lower right has 

been taken from the position of the radar antenna. The picture shows a 

beach parallel shoal (about 200 m from the shoreline) and random wave 

breaking further out.

Figure 2. Results of radar measurements acquired in February 2009 radial 

Doppler speed (horizontal axis) and variance of radar cross section (color code) 

along the distance to radar (vertical axes) in all 250 radar cells. The color code 

gives the variance in cross section normalized within the individual range bins 

(left) and normalized for the entire data set (right). 

Next row right: Doppler spectra from a chosen subset of data. 

Figure 3. Time series and scatter diagram of the significant parameter 

describing the wave height deduced with the same algorithm from buoy and 

from radar observations.  The buoy was moored about 5 miles away but at the 

same water depth as the radar footprint.

The product:
is comparable to what 250 individual wave staffs would have been sampling 

along the profile. From the horizontal movements (radial component) for each 

range cell we produced we composed wave related time series (see figures 2 

and 3. as well as the figure captions). 
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