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A bstract. Various backscatter theories have been investigated in a tank experiment. A simple 
t.wo-scale model performed better than other more complicated models. In combination with 
an air-sea interaction module the two-scale model provides the physical basis for the present 
Viers scatterometer algorithm. A first test of the algorithm with ECMWF and ERS-1 data 
shows tha t the model σ0 values agree with those of the satellite. At low winds the algorithm 
performs better than the operational CMOD4.

1 Overview
Viers-1 is a joint research project of the following institutes: the Royal Nether
lands Meteorological Institute (KNMI), Delft Hydraulics, the Laboratory for 
Telecommunication and Remote Sensing Technology of the Delft University of 
Technology, the University of Heidelberg, the Physics and Electronic Laboratory 
of TNO (FEL-TNO), and Rijkswaterstaat, Tidal Waters Division. Financial 
support for the contribution of the Dutch institutes is provided by the Nether
lands Remote Sensing Board (BCRS), the German contribution lias been made 
possible by a grant from the state of Baden Württemberg and the European 
Community.

The objective of Viers-1 is to understand the physics of the scatterometer. 
To that end three major experiments have been performed: a tank, an outdoor 
flume and a field experiment (VIERS, 1992). In order to interpret the exper
imental results a physical model was set up. Such a model relates the radar 
backscatter to the wind and consists of a backscatter and an air-sea interaction 
module.

Four alternative backscatter modules have been developed and tested. In 
the tank experiment 2-D wavenumber spectra W (k) could be carefully measured 
with the new ISG technique (Jähne and Riemer, 1990). The backscatter modules 
could thus be tested by comparing the measured σ0 with the model values 
obtained by inputting the measured W (k). On the basis of this test we have 
chosen the two-scale module as the prime backscatter module in the full Viers 
scatterometer algorithm. See section 2 for more details.

The air-sea interaction module of the Viers algorithm has been developed 
by the authors. It provides at the output side the 2-D spectrum W{k)\ input 
parameters are wind speed and direction and wave age. The latter parameter 
describes the stage of development of the sea waves. Details will be given in 
section 3.

The Viers algorithm has been subjected to a first test with ERS-1 data: it 
performs better than the operational model CMOD4 at low wind speeds. See 
section 4.
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2 C om parison of backscatter models

The following backscatter models were investigated.
— Small P e rtu rb a tio n  M ethod (SPM). This method, developed by Rice, 

leads to the well-known Bragg expression for the radar backscatter.
— Two-Scale M odel (TSc). In this approach the sea is composed of inde

pendent slightly rough patches. The patches are tilted by long waves and 
the net backscatter is the average backscatter for a single patch (average 
over long wave slopes). Our first implementation was based on the work 
of Donelan and Pierson (1987). Their model performs satisfactorily at sea, 
but it turned out that in the laboratory tank at high wind speed the VV 
prediction of the model was too high as was the difference between HH and 
VV. Also for other reasons it was decided to make another implementation. 
An essential parameter is kc which separates the long tilting waves from 
the short Bragg waves. In the Viers implementation of the two-scale model

as

It turned out that measured ISG spectra could very well be represented in 
this parametrised form, especially in the Bragg region (accuracy better than 20 
per cent).
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— Holliday model (HSW). This model and the next two are approxima
tions to the full Maxwell equations. HSW is polarization independent and 
therefore not further discussed.

— IEM  m odel by Fung and P an  (IEM).
— Full wave model by B ahar (Bah).
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dotted and dash-dotted lines respectively. There is no perfect model, but the 
two-scale model performs relatively well.

3 Air-sea interaction module
The air-sea interaction module consists of three sub modules. The wind module 
calculates the friction velocity given the wind speed (U\o), wave age, and air- 
sea temperature difference. The sea-state dependent roughness length found in 
the HEXOS experiment (Smith et al., 1992) has been incorporated. In the two 
wave modules (for gravity and gravity-capillary waves) the 2-1) wavenumber 
and frequency spectra, are assumed separable; the angular part is parametrised 
as follows.



752 T h e  VTERS S ca tte ro m e te r A lgorithm

4 Validation against ERS-1 data
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cent) before they are passed to the backscatter module. It will be investigated 
whether WAM spectra have the same problem.
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