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Internal waves, Strait of Gibraltar
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Internal waves and currents, Black Sea
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48 48 kmkm × 48 km section of an ERS× 48 km section of an ERS--1 1 
SAR image of the mouth of the SAR image of the mouth of the 
Rhine riverRhine riverat the Dutch coast,  at the Dutch coast,  
13 13 OctoberOctober1993, 21:46 UTC (1993, 21:46 UTC (orbitorbit
11740, 11740, frameframe1035, © ESA).1035, © ESA).

http://www.ifm.uni-hamburg.de/

ERS-2 SAR image of the Douro
River Plume, Portuguese Shelf, 15 
November, 2000
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Physical Mechanisms of Slick Formation 
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17.17.7762.962.9a2 up the river, a2 up the river, 
weak current, weak current, 
slicksslicks

1.21.272.272.2d7 up the river, d7 up the river, 
strong strong 
current/mixingcurrent/mixing

13.865.1d5 inside plume 
slick

1.71.769.869.8d3 outside plume d3 outside plume 
slickslick

14.365.1d8  inside plume 
slick

1.81.869.869.8d11 outside d11 outside 
plume slickplume slick

2269.869.8d10 outside d10 outside 
plume slickplume slick

Elasticity, Elasticity, 
mN/mmN/m

Surface Surface 
tension, tension, 
mN/mmN/m

Sample numberSample number

ERS-2 SAR image. The Douro River Plume, 
Portuguese Shelf, 15 November, 2000
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A local balance model for the spectrum of wind waves (Pelinovsky, Donelan&Pierson, 
Ermakov et.al..)

Contrast K(k)=Fnsl(k)/Fsl(k) in the wavenumber spectrum of wind waves 

b - wind wave growth rate, g - wave damping coefficient,s - surface tension, E - film 
elasticity,u*  - friction velocity 

)(),,(),(
),,(

* NINkENku
dt

txkdN
nla +-+P= sgb

Inl ~ N n  

kkxkxk /)(),,(),,( wr tFtN =
F – the wavenumber spectrum of wind waves

b>g n=1; b<g n=-1

Bragg scattering :   Kradar=Khydro
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S(w,t)=1/2×P(t)[d(w- kBV) +d(w -kBV)]
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fD =1/2p×p×p×p×kB××××[Cphase (kB )  + Vdrift ]
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