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MOTIVATION

Doppler centroid anomaly will be soon a product
routinely producing from space-born SAR.
Synergetic analysis of SAR NRCS and Doppler
shift could significantly improve quality of the
ocean current monitoring from the space

OBJECTIVE

Develop SAR imaging model which should
consistently reproduce observed modulations of
NRSC and Dopper shifts related to ocean current
features, fronts, and other phenomena (e.g. all

spills)

APPROACH

Recently two new methods for quantitative studies
of SAR imaging of current features were published
In J.Geophys.Res. (Ocean). They are the Doppler
shift approach (Chapron et al. 2005), and the radar
Imaging model (RIM), (Kudryavtsev et al. 2005;
Johannessen et al. 2005). This study combines these
two approaches in a unified DopRim model.

Doppler Shift
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Doppler centroid anomaly by SAR: Some Results
Hexkomopsie pe3ysibmamabi o u3MepeHUro 00r1epo8cKo20
cdeuea ¢ ucnonb3oeaHuem PCA

Chapron B., F. Coallard, and F. Ardhum, 2005,

Direct measurements of ocean surface velocity from space: Interpretation and validation,
J.Geoph.Res., 110, C07008, 2005

ASAR ENVISAT Global Observations
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ASAR ENVISAT Observation of the Gulf Stream
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Doppler Shift: Governing Equations
Honnepoeckuli cosuz. OCHOBHbLIE YPaBHEHUs
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If one suggests that long wavesarenarrow, then
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asproposed in Chapron et al, JGR, 2005




SAR Signature of Sea Surface Currents
lposiBneHus teyeHnn B PCA M306pa>|<evmx

Model approach developed by

Kudryavtsev V., D.Akimov,
A.Johannessen, and B. Chapron,
On radar imaging of current features.
Part 1. Modd and comparison with
observations,

J.Geoph.Res., VOL. 110, C07016,
doi:10.1029/2004JC002505, 2005



RADAR IMAGING MODEL (RIM)
Modenb ghopmupoeaHusi PJ1 nposiesieHUlU uaMeH4u8ocmu MOPCKoU cpeobl

1. Total NRCS is a sum of radar backscatter from “regular” surface (o) and wave breaking

(Comz)
Oy =051 —=q) + Tyq

“Regular surface” NRCS 1s composite model combining specular reflection and 2-scale Bragg
model. NRCS &, results from specular reflections from wave breaking patterns.

2. Statistical properties of the sea surface are defined through wave spectrum B(K) based on
<snc:rluti«:ru of energy balance equation.

3. Response of wind waves to surface disturbances defines from solution of the same energy
balance equation:

B(k,X) = B, (0|1 + [ T(K.K)e' K|

I'(K.K) 1s spectral MTF accounting for impact of different mechanisms:

I'k.K) = + f.:}_lf.ufnu + [+ f:rs

1- current, 2-varying wind stress, 3-wave breaking, 4-surfactants (included in B, (k) )



Atmospheric
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Comparison with Observations. Modeled frontal eddy

ConocTtaBrneHue ¢ AaHHbIMU HabnaeHN: moaenbHbIU bPOHTaNIbHbLIAN BUXPb
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Merger of RIM and Doppler models.
O6beauHeHue mogenu RIM ¢ mMmodesnibro donsieposcKkoz2o cosuza
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Doppler centroid anomaly (Hz)

Some background features:
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Figure 1. Up-wind Doppler velocity for C-band VWV (solid line) and HH (dashed line) versus mcidence angle at a
wind speed of 10 m/'s (left). Relauve contributions to the Doppler velocity from the motion of the scattering facets
(dashed line). the tlt of the longer waves (solid line). and the hydrodynamic modulations (dotted line) for VV
polarizations versus mcidence angles at a wind speed of 10 m/s (muddle). The same presentation as i the middle plot.
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ENVISAT ASAR
Brest Coast
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Model Surface Current Field used for the Model Calculations
I'Ione NOBEPXHOCTHbIX Te‘-IeHI/Il/I I/ICI'IOJ'Ib3yeMbIX And MoAdersibHbIX PaCcyHeTOB
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RIM simulation of SAR signature of tidal current near
Atlantic coast of France

MogesbHbie pacyersi PCA nposiB/ieHnn rnpuinBHbIX
TeYEeHNH B rIpnbpexxKHon 30He PpaHLynH
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Projection of Current Velocity on Radar Look Direction
lpoekyusi sekmopa ckopocmu me4deHusi Ha PJ1 asumym
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Contribution of Surface Roughness Modulation to the Doppler Velocity
Bkrnad mooynsiyuuu eempoeo20 80JIHEHUS1 8 A0rJ1Iepo8CKYH CKOpPOCMb
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The DopRim model Doppler Velocity
MoodernbHoe none c?:onnepoecma cKkopocmu
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ENVISAT ASAR
English Channel
Cherbourg)




Model Surface Current Field used for the Model Calculations
Flone I'IOBerHOCTHbIX Te‘-IeHVIVI, I/ICI'IOJ'Ib3yeMbIX aOna mogesibHblX pacquOB
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RIM simulation of SAR signature of tidal current: English
Channel (Cherbourg)

MopaenbHble pacueTtbl PCA nposiB/ieHU NPUIMBHbIX TEUEHUMN
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Projection of Current Velocity on Radar Look Direction

lpoekyusi eekmopa ckopocmu meydyeHusi Ha PJ1 asumym
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Contribution of Surface Roughness Modulation to the Doppler Velocity

Bkrnao modynisiyuuu eempoeo20 80JIHEHUST 8 OO0INJ1IePOBCKYO CKOPOCMb
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The DopRIim model Doppler Velocity

ModenbHoe rnone domgepoec:koﬁ CKOpoCmMu me4yeHusi
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Does Doppler velocity inevitably corresponds to “re al” surface velocity?

The answer is
 YES when modulations of surface roughness by current is weak, and

« NO when modulations are strong.

In order to illustrate this case we consider the ocean surface wave field in the

Gulf Stream zone at a special conditions when wind blows opposite to the current.
At such conditions effect of the trapping of surface waves by jet-current with strong
enhancement of wave energy may take place. This phenomenon had been
observed and investigated in field experiments by Kudryavtsev et al. JGR, 100, C10,
1995.

CooTBeTCTBYET NM NoJie AONSIEPOBCKOW CKOPOCTU MO0 peanbHbIX TeYeHUN?
-Oa, ecnn moaynsiuun BeTPOBOro BOSTHEHUSI 3TUMU TeHEHUAMU Manbl
- HeT, ecnu 3t moaynsuum Benuku

[lns vnnioctpauum, paccMoTpum rnone BOSH Ha [onbcTpume, Korga BeTep B cpeaHeMm
HanpaBfeH HaBCTPeYy TeYeHU0. B 3TNX yCrnoBusiX BO3MOXXHO 0bpa3oBaHmMe CUCTEMBI
3axBa4YE€HHbIX BOJTH C PE3KMM YBENNUYEHNEM SHEPTUK (3TO SABMEHNE HabN4anocsL B
akcrnepumeHTax Kudryavtsev et al. JGR, 100, C10, 1995)
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Jet-Like Current (wind waves and swell )

5 m/s Wind and Swell are Opposite to Jet—Current (Wdir=270; CUdir=90) WIND
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Let-Like Current (wind waves only)

WIND
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Doppler shift [Hz]

Radar Imaging of Oil Spills - DopRIim Approach

Modulation of radar return and Doppler shift by slicks:

Ka-band, VV. Wind speed 7m/s

Ka band. 55 deg.
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3aKknryeHue

[lonnepoBcKue caBUrM CTaHOBATCHA «CTaHOapTHLIM» NpoaykTom obpaboTtkm PCA
n306pakeHMin NonyvyaeMbiX U3 KocMoca.

[onnepoBckue caBUrM COBMECTHO C «00bI4HOMN YIIP» MOryT CnyXuTb BaXHbIM
ICTOYHNKOM MHPpOpMaL M ona onpegenieHus nofsg noBepXHOCTHbIX TEYEHUI.

BeTpoBble BOSHbI JalOT CYLLECTBEHHbIW BKIa, B 4OMNNIEPOBCKYHO CKOPOCTb, NpUBOAA
K TOMY, 4TO B DOHOBbIX YCITIOBUAX OHa cocTasBnaeT 30% ckopocTu BeTpa

CoOoTBETCTBEHHO, MoaOyJIiAUUMN BETPOBOIO BOJIHEHUA Ha TEYEHUAX MOTYT MNMPUBOAUTb K
3HA4YNMbIM OTKJIOHEHUAM NMOJIA D,OI'IJ'IGpOBCKOVI CKOPOCTU OT pearibHOro noJsid.

[pennoxeHa Mogenb, KOTOpasa COrnacoBaHHO ONUCbIBAET BapuaLyy MOLLHOCT U
oOpaTHOro paccesiH1s 1 A0MNIepPOBCKOro CABUra Bbl3BaHHbIE TEYEHUSAMU WINITN NHBIMUA
NMOBEPXHOCTHbIMW HEOHOPOAHOCTAMM

[penBaputenbHble pe3ynbTaTbl CONOCTABMNEHUA MOAENbHbIX PAacYeTOB C AaHHbIMU
N3MepeHnin — BNonHe obHaaexmBatoLme, 04HaKo HeOOX04UMOCTb AanbHENLLMX LLAroB
B PaA3BUTUKN U yryuLLIEHUS MOAENn O4eBUOHA.



