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ABSTRACT

The VIERS-I groupt has developed a scatterometer algorithm based on the present undersuanOing of the

radar backscatter process and the prccesses determining the spechal strape of the short surface waves. The

algorithm has been tuned against lahratory data. Using ECMWF wave and wind fields we determined with

the VIERS-I algorithms the radar backscatter and a favourable agrcement with observed backscaner ftrom

ERS-I is found.

1. INTRODUCTION

Traditionally, the operational rerieval atgoriftms for scatterometer retating the radar backscatter

measurements to zurface wind vecors have been empirical. The assumption frrat ttre backscaner only depends

on the local wind field may be questioned, however, since the backscaser reflects in some way the state of

the high-ftequency wind waves. The spectnrm of gravity-capillary waves genented by wind not only depends

on the local wind, but is determined by a number of physical processes, namely wind input, nonlinear three

and four wave interactions, viscous dissipation and dissipation due to slicts (cf VIERS-I report (1993)).

Thus, for high winds when the waves are sufficiently steep, nonlinear prccesses may be dominant so that the

state of the gravity-capillary waves is mainly determined by the longer gravity waves. In that event, the radar

backscatter is likely to depend on the history of the wind field and not on the local wind field. On the other

hand, for low wind speed, viscous dissipation and dissipation due to slicks may be relevant processes in

determining the shape of the gravity-capillary spectrum, again suggesting that not only the local wind speed

detennines the backscatter.

The above consideration prompted an extensive investigation into the dependence of the radar.backscatter

on physical parameters such as wind speed, sea state, the presence of slicks and even parameters such as the

I VEnS-l is a Dutch acronym for heparation and Interpretation of ERS-I data. The project is a collaboration
benveen the Royal Netherlands Meteorological Instiurte (KNMI), Delft Hydraulics, the Laboratsy fo
Telecommunications and Remote Sensing Technology of Delft University of Technology, the University of Heidilbog,
the Physics and Elecronics Laboratory of TNO (FEL-TNO) and Rijkswatersaat, Tidal Waters Division.



air-sea temperaMe difference. (Ihe lattcr pa&meter becomes relevant when it is realised that the high-

frequency wave spectrum depends on the surface stress and the relation between surface stress and wird

speed at a certain height involves amospheric stability (eg the air-sea temperaure difference)). Thus, the

YIERS-I group emerged which sarted an eryrrimental surdy in the laboraory and at sea to address the

above issues. Parallel to ttrc experimental wort, the MERS-I group started the development of a

scatterometer algorithm based on the present tuderstarding of the radar backscattcr process and of the

relevant processes goveming the shape of the gravity-capillary spectrum. The observed results on radar

bac,kscarer and the short wave spectrum were used to nrne a number of unknown parameten in tlp

sc:ilterometer algorittm. As a result, a backscamer algorithm based on physics rather than empirical fitting

was obained.

The next Erestion to ask is whether the VIERS-I scattercmeter algorithm pmduces reliable results when

applied on a global scale. Assuming that the ECMWF wind and wave fields arc accurate, we determined the

radarbackscaterwiththe VIERS-I algorithm and compared the results wi& the backscatter as obtained ftom

the ERS-I satellite. The agreement btween simulated and observed backscatter looks promising and will

be described in fuIl detail in a forthcoming VIERS-I report HerE, we shall only present the main result

briefly, concentrating on some results obtained during the tuning of the VIERS-I scat algorithm and on the

dependence ofthe backscater on slicks.

2. TI.INING THE VTERS-I BACKSCATTER ALGORITHM

Using laboratory data for o, and the nvo dimensional wave number spectra, the performance of several

backscatter models (Fung, 1987:' Holliday, 1986; Balur, 1981; nvo-scale approach (Plant, 1990)) was

investigated. The rwo-scale model tumed out to give satisfaclory results in a reasonably short run time

(VIERS-I (1993). Thus, the radar backscatter can be found by integnting the backscatter of the individual

facets (which are tilted by the longer gravity waves) weigbted with the probability that the water surface is
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tilted by a certain angle.

Bragg scattedng, hence

o, - O(t), k, k,

For high wave numbers (bkr) the main scattering mechanisn was assumed o be

while, for t < tr, specular reflection was taken Herc, O

(1)

is the wave number spectrum, t, is the radar

wave number, 0r is the local incidence angle which depends on the tilt of the water surface by the long

waves and t denorcs the separation scale between Bragg and specular reflection. Finally, t, follows frrom

tbe Bragg resolunse cordition berween the electromagrrtic wave and the zurface waves and is grven by

4-*n&0,
A complete ac@unt of this algorithm, including the choice of separation scale t" is given in the VIERS-I

r€port (1993) (bu see also Plant,1990). fite compuison given in the YIERS-I report showed, however, that

for low incidence angles the backscaEer was overestimated. Wallbrink and Janssen ascribed this discrepancy

to a too high value of the standard reflection coefficiern (see also Valeruuela, 1978). By reducing it

somewhat, they obtained the rcsults as gwen in Fig.l. Indeed, an impressive agrcement betwee-n simulated

and observed backscauer, both for horizontal and vertical polarisation, is obtained, grving confidence in the

electromagnetic part of the VIERS-I algorithm.

The geophysical part of the VIERS-I scafterometer algorithms is determined by the modules for the strort

wave spectmm and the module that gives the relation betrveen wind speed at 10 m height, the air-sea

temperature difference and the surface strcss. We will. not discuss the latter module as it is fairly stardard,

except that tlrc surface roughness is sea state dependent and is grven by the errpirical expression ftrom Snirll

et al (lW2).

a)



Ustar = 0.367 ms-l

* : measurements sig0w

o : measurements sig0hh

... : twoscale algorithme sigOw

--- : twoscale algorithme sig0hh

Delft experiment; Radar measurements versus model

ca

d
(0

E
bt)
u,

-4

-6

-8

-10

-12

-t4

-16

-18

-20

-22

45 50

Incidence angle, degrees

FQ.l Comparison of simulated oo and observed oo as function of inddence angle.

The model for the short wave qpectrum is based on the so-called energy balarrce equation, which is solved

under steady state circumstances because the high-frequency waves have a very short response time scale.

The energy balance equation for the short waves is therefore given by

-rt6
5540353025

$o - o - sn + sr-l * srro + sr + sna"r

where Sn reprcsents the effect of wind, S"- describes the effect of 3 and 4 wave interactions, Sr.*

describes viscous dissipafforU S, describas dissipation due to white capping and Sr"o describes the resonant

energy transfer between surface waves and slicks (Marengoni effect). The energy balance equation (3) is

solved as a boundary value problem in wave number space by poviding the energy flux from long to short

waves at the boundrrl kw - glu?, conesponding to the condition clu. - I (where c is the phase sperd

(3)



of the waves and r.

in Fig.2.

the friction velocity). A pictorial view of the energy balance for short waves is given

-6-o nonlin

S risc *S b.

*S.sticks

Fig.2 Pknorialview of the energy balance ol short waves.

From this picture of the energy balance of short waves it is concluded that ttre gravity-capillary qpectnm (and

hence the backscatter) depends not only on the local friction velocity but also on parameters such as the stage

of development of the long gravity waves. A complete account of the qpecific source terms used in the

energy balance equation is $ven in VIERS-I (1993). Here, we only present a comparison of simulated

spectra and observed wind-wave tank specua in Fig.3 to show that the present model is able to produce

realistic spectra

Flux determined by
long waves
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3. VALIDATION OF VIERS-I SCATTEROMETER ALGONTHM AGAINST ERS-I DATA

After our discussion of the nming of our algorithm against laborarory data we would like to retum now to

the question of the application to the simulation of the backscaner oo under rcalistic circumstances.

It is emphasised that this question is a valid one because so far the VIERS-I scat algorithm has only been

validated under the limited conditions of the laboraory. In addition, the Radar in the laboratory was X-band,

while the Radar on board of ERS-I is C-band.

Using the collocation files containing both ECMWF wind and wave fields we determined with ttr YIERS-I

scatterometer the radar backscatter o, (vertical poladsation). The air-sea temperaturc differerrce was set to

35302510



zero since neutral stability is the most common situation that occurs over the ocearui. In Fig.4 we compar€

the simularcd backscatter with the observed orp, while as a bench mark we have also shown results of the

present operational scatteromet€r algorithm CX\,IOD[. The contour lines in this figure denote lines of constant

number of collocations of observed and simulated backscater. Our impression is that the VIERS-I algorithm

shows an overall good agreement, with a bias of 0.3 dB and a standard deviation of 2 dB while CMODz['s

standard deviation has the higtpr value of 29 dB. fiie large scatter wittr CI\dODl is entirely due to the bad

performance of this algorithm at low winds (U10 < 5 m/s). Realizing that these low winds comprise about

25?o of the cases and that ttrcse low winds occur mainly in the tropics (an area which is of vital importance

for climate simulations), it is concluded that the VIERS-I algoriftm has a definite advantage over CMODI.

Finally, to illusrate that the backscatter not only depends on the wind speed but also on other geophysical

parametem, we show in the right panel of Fig.4 the considerable effects that slicks of natural origrn have on

backscatter results.

4. CONCLUSION

We conclude from this comparison that the VIERS-I scatterometer algorittrm, based on our prcsent

knowledge of air-sea interaction, is performing well, even compared to CMODzT which is tuned on tlre data

set we have considered in this comparison. The advantage of the VIERS-I algorittm over CMODI is,

however, that it is based on physics so that dependencies on sea state, slicks, etc are automatically included

in the algorithm. One would therefore expect that this algorithm is performing better in rapidly varying

circumstances, such as the passage of frontal systems. In order to substantiate this claim, the VIERS group

is presently wo*ing on the inversion of the VIERS-I scatterometer algorithm so that a reuieval of wind

speed and wind direction ftom observed back scatter rehrms becomes feasible.

Furtlprmore, the scattercmeter algorithm will be validated against field data obtained during the ESA field

campaign in the Nonregian Sea.
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