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Using	
  SAR	
  for	
  Ocean	
  ApplicaEons	
  	
  



Research	
  Needs	
  and	
  SAR	
  imaging	
  	
  

•  Air-­‐sea	
  interacEon,	
  thermodynamcs	
  and	
  mixing	
  in	
  the	
  
atmospheric	
  boundary	
  layer	
  –	
  upper	
  ocean	
  mixed	
  layer;	
  

•  Wind	
  field	
  interacEon	
  and	
  coupling	
  to	
  surface	
  waves,	
  current,	
  
Stokes	
  driP,	
  Ekman	
  current	
  and	
  mixing	
  –	
  momentum	
  exchange	
  
between	
  the	
  air-­‐upper	
  ocean;	
  

•  Physical	
  based	
  explanaEon	
  for	
  the	
  surface	
  roughness	
  at	
  all	
  scales	
  
from	
  cm	
  to	
  100	
  of	
  km.	
  

•  SAR	
  imaging	
  by	
  Bragg	
  scaUering,	
  specular	
  and	
  wave	
  breaking	
  in	
  
response	
  to	
  cm	
  waves,	
  coupled	
  with	
  modulaEon	
  by	
  longer	
  waves,	
  
wind	
  field	
  variaEons	
  and	
  surface	
  current	
  variaEons	
  and	
  damping	
  
material.	
  SAR	
  is	
  unique	
  for	
  this!!!	
  

	
  



SenEnel-­‐1	
  OperaEng	
  Modes	
  for	
  Wind-­‐Wave-­‐Current	
  detecEon	
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SAR	
  WAVE	
  IMAGING	
  MECHANISMS	
  



	
  
	
  
	
  

	
  
	
  
	
  

	
  
	
  
	
  
	
  
	
  
	
  

SAR	
  WAVE	
  IMAGING	
  MECHANISMS	
  



	
  
	
  
	
  

APer	
  Neumann	
  and	
  Pierson	
  

PARTICLE	
  MOTION	
  DUE	
  TO	
  TRAVELLING	
  WAVES	
  



l	
  
	
  
l	
  
	
  l	
  
	
  l	
  

l 	
  Bragg	
  scaUering:	
  NRCS	
  ∝	
  Bragg	
  wave	
  intensity;	
  
	
  relaEon	
  depends	
  on	
  incidence	
  angle 	
  	
  

l 	
  Longer	
  waves	
  modulate	
  the	
  NRCS	
  
	
  l 	
  Tilt	
  modulaEon	
  affects	
  incidence	
  angle	
  
	
  l 	
  Hydrodynamic	
  modulaEon	
  affects	
  Bragg	
  wave	
  energy	
  

SAR	
  Signatures	
  of	
  Ocean	
  Waves	
  

Courtesy	
  Roland	
  Romeiser	
  



	
  
	
  
	
  

	
  
	
  
	
  

	
  
	
  
	
  
	
  
	
  
	
  

SAR	
  wave	
  imaging:	
  What	
  is	
  the	
  travel	
  direcEon	
  
	
  



From	
  Co-­‐	
  to	
  Cross-­‐Spectra	
  EsEmaEon:	
  Ambiguity	
  Removal	
   	
  
	
  	
  	
  

 
-­‐ Look	
  ExtracEon	
  
-­‐ Intensity	
  DetecEon	
  

Complex	
  SAR	
  Image	
  

€ 

τ ≈ 0.2sec
€ 

2τ

phase	
  term	
  resolves	
  wave	
  	
  
propagaEon	
  direcEon	
  

Courtesy	
  NORUT	
  



Inversion to SAR Ocean Wave Spectra  

	
  	
  	
  	
  	
  WAM	
  	
  
(for	
  comparison)	
  

SAR	
  image	
  	
  
cross-­‐spectra	
  

SAR	
  ocean	
  	
  
wave	
  spectra	
  

Courtesy	
  NORUT	
  



FIREWORKS:	
  Global	
  NRT	
  ASAR	
  Swell	
  Wave	
  Courtesy	
  Collard,	
  Chapron	
  (ESA	
  WVC	
  study)	
  hUp://soprano.cls.fr	
  

Swell	
  propagaEon	
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Radar	
  backscaUer	
  increases	
  with	
  wind	
  speed	
  



SAR	
  sensing	
  of	
  wind	
  speed	
  

• 	
  Transmits	
  a	
  puls	
  of	
  	
  microwave	
  radiaEon	
  
• 	
  Measures	
  the	
  fracEon	
  that	
  comes	
  back	
  
	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Pr	
  	
  	
  	
  	
  	
  =	
  	
  	
  (Pt/4πR2)	
  G	
  (σ/4πR2)	
  A	
  
measured	
  	
  =	
  	
  	
  	
  	
  incident	
  	
  x	
  	
  reflected	
  
	
  
	
  G	
  =	
  antenna	
  gain,	
  A	
  =	
  antenna	
  area,	
  
	
  σ	
  =	
  radar	
  cross	
  secEon,	
  R	
  =	
  range	
  distance	
  

σ	
  is	
  a	
  measure	
  of	
  the	
  surface	
  roughness	
  

σ	
  is	
  well	
  	
  correlated	
  with	
  wind	
  speed	
  



σ	
  as	
  funcEon	
  of	
  wind	
  direcEon	
  for	
  various	
  wind	
  speeds	
  

One	
  measurement	
  of	
  σ	
  gives	
  several	
  possible	
  
soluEons	
  of	
  wind	
  speed	
  and	
  direcEon	
  



ScaUerometers	
  
looks	
  at	
  the	
  same	
  
spot	
  from	
  several	
  
angles	
  to	
  be	
  able	
  to	
  
retrieve	
  both	
  wind	
  
speed	
  and	
  direcEon	
  



Wind	
  direcEon	
  

W
in
d	
  
sp
ee
d	
  

By	
  looking	
  at	
  the	
  same	
  sea	
  surface	
  element	
  from	
  	
  
several	
  direcEons,	
  scaUerometers	
  are	
  able	
  to	
  retrieve	
  
wind	
  direcEon,	
  and	
  subsequently	
  the	
  correct	
  wind	
  speed	
  

MulE-­‐antenna	
  soluEon	
  



SAR’s	
  have	
  only	
  one	
  antenna	
  

•  Wind	
  direcEon	
  informaEon	
  must	
  be	
  taken	
  from	
  
another	
  source	
  
– Numerical	
  model	
  
– ScaUerometer	
  (if	
  colocated	
  in	
  Eme	
  and	
  space)	
  
– From	
  wind	
  streaks	
  in	
  the	
  SAR-­‐image	
  

– New	
  resource:	
  SAR	
  Doppler	
  informaEon	
  





ky	
  

kx	
  1	
  km	
  



geostrophic winds

h mean surface
wind

vertical wind
component in
rolls 

horizontal wind
component in 
rolls

BOUNDARY LAYER WIND ROLLS

z
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Uz

U

U
y

x

An	
  opEcal	
  instrument	
  may	
  
observe	
  cloud	
  streets	
  aligned	
  
with	
  the	
  rolls	
  

Atmospheric	
  Boundary	
  layer	
  rolls	
  

surface	
  





	
  
Hurricane	
  Katrina	
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Ships	
  and	
  Ship	
  Wakes	
  -­‐	
  Oil	
  spill?	
  

Ship	
  wake	
  

Ship	
  Ship	
  speed	
  =	
  10	
  m/s	
  
U	
  (range)	
  ≈	
  3.5	
  m/s	
  
V	
  (sat)	
  =	
  7	
  km/s	
  
	
  
X	
  (azimuth)	
  ≈	
  UR/V	
  



Black	
  tail	
  –	
  but	
  not	
  always	
  a	
  real	
  polluEon	
  
	
  

/ 28 /	

 15-Sep-15	



Courtesy	
  KSAT/EMSA	
  



	
  	
  	
  	
  	
  	
  	
  	
  Oil	
  spill	
  in	
  the	
  Gulf	
  of	
  Mexico	
  



	
  	
  	
  	
  	
  	
  	
  	
  Oil	
  spill	
  in	
  the	
  Gulf	
  of	
  Mexico	
  



	
  	
  	
  	
  	
  	
  	
  	
  Oil	
  spill	
  in	
  the	
  Gulf	
  of	
  Mexico	
  



	
  	
  	
  	
  	
  	
  	
  	
  SeparaEon	
  of	
  Spill	
  from	
  like-­‐alikes	
  

Quad-­‐polarizaEon	
  SAR	
  for	
  	
  
ocean	
  feature	
  classificaEons	
  

	
  
Decompose	
  images	
  in	
  	
  

Pol	
  diff.,	
  Pol	
  raEo,	
  non-­‐polarized,	
  
Cross	
  polarized	
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The importance of volume scattering is governed by the dielectric properties 
(dielectric constant) of the material: 
High DE:  surface scattering dominates 
Low DE:   volume scattering dominates 
 

Surface and volume scattering 





	
  
	
  
	
  

	
  
	
  
	
  

	
  
	
  
	
  
	
  
	
  
	
  

Location of SHEBA, Nov 97!

Large-scale Visualization!
Of Cell Deformation!
!
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Radarsat	
  2	
  Image	
  1	
  August	
  2012	
  over	
  the	
  White	
  Sea	
  
Kudryavtsev	
  et	
  al.,	
  2014	
  



Kudryavtsev	
  et	
  al.,	
  2014	
  

Decomposed	
  NRCS	
  in	
  
Polarized	
  and	
  non-­‐polarized	
  
signals	
  

PolarizaEon	
  difference	
  (PD)	
  

PolarizaEon	
  raEo	
  (PR)	
  

Non-­‐polarized	
  signal	
  (NP)	
  

Cross	
  polarized	
  signal	
  (CP)	
  	
  

Quad-­‐polarizaEon	
  SAR	
  for	
  	
  
ocean	
  feature	
  classificaEons	
  





Both	
  the	
  wind	
  variability	
  and	
  the	
  wave-­‐current	
  interacEon	
  contribute	
  to	
  the	
  
CP	
  signal.	
  The	
  first	
  contribuEon	
  is	
  primarily	
  removed	
  	
  by	
  considering	
  the	
  raEo	
  

of	
  the	
  cross-­‐polarized	
  NRCS	
  and	
  the	
  polarizaEon	
  difference.	
  
Kudryavtsev	
  et	
  al.,	
  2014	
  



 
 
 

z	



y	
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Antenna 

 Azimuth 

Range 

 SAR Imaging of Roughness and Doppler Shift 

σ0(ϑ)	
  =	
  σ0	
  (surface	
  roughness)	
  =	
  
	
  
	
  σ0(wind,	
  waves,	
  breaking,	
  current	
  	
  

VD	
  	
  
	
  

	
  σ0	
  

VD	
  =	
  VD	
  (wind	
  driven	
  scaLerer,	
  waves,	
  breaking,	
  current)	
  
€ 

πfD
kR

=
(u sinθ −wcosθ )σ 0 (θ + Δθ )

σ 0 (θ + Δθ )
VD	
  sin	
  ϑ	
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SAR	
  Imaging	
  Observa%ons	
  &	
  	
  
Simula%on	
  Modelling	
  	
  

Short	
  (Bragg)	
  
Wind	
  Waves	
  

Intermediate	
  
Scale	
  Wind	
  
Waves,	
  	
  
1	
  –	
  10	
  m	
  

Wave	
  
Breaking	
  

SAR	
  
NRCS	
  

Meso-­‐
Scale	
  	
  

Currents	
  

interac%on	
  

“Radar	
  Imaging	
  of	
  meso-­‐scale	
  current	
  features”	
  	
  -­‐-­‐-­‐-­‐	
  Kudryavtsev	
  et	
  al.,	
  JGR,	
  2005	
  (Part	
  1);	
  
Johannessen	
  et	
  al.,	
  JGR,	
  2005	
  (Part	
  2);	
  Chapron	
  et	
  al,	
  2005;	
  	
  Johannessen	
  et	
  al.,	
  JGR,	
  2008	
  

Doppler	
  



Envisat	
  ASAR	
  Coverage	
  of	
  the	
  Greater	
  Agulhas	
  Current	
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Power	
  

Doppler	
  centroid	
  

Time	
  

Frequency	
  

Target	
  at	
  rest	
  

€ 

fDca = fDc − fDp

Chapron	
  et	
  al.	
  (2003,	
  2005)	
  
Hansen	
  et	
  al	
  2012	
  

€ 

fDc : estimated Doppler centroid
        frequency shift
fDp : predicted Doppler shift     

Target	
  moving	
  

Time	
  

Doppler	
  Centroid	
  	
  
Frequency	
  ShiP	
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Range	
  Doppler	
  Velocity	
  Map	
  –	
  mean	
  of	
  ~600	
  asc.	
  Aq.	
  

~300	
  km	
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m/s	
  

Accuracy	
  about	
  	
  
2-­‐4	
  cm/s	
  	
  

Johannessen	
  et	
  al.,	
  2014	
  



First Wind measurement with S-1 A 
04-­‐May-­‐2014	
  13:52:32	
  (UTC)	
  
Sen%nel-­‐1	
  Stripmap	
  S3	
  Product	
  

●  S-1 A is able to measure relative wind 
variations at very high resolution (1 km 
here) 

 
●  Wind fields estimates will benefit from 

dual polarization for extreme events 
such as hurricanes. 

  

Wind	
  Model	
  

S-­‐1	
  A	
  	
  SM	
  Image	
  

FIRST DEMONSTRATION WITH 
 SENTINEL-1A DATA  



SenEnel-­‐1	
  	
  
1	
  day	
  coverage	
  



SenEnel-­‐1	
  
1	
  month	
  coverage	
  



SenEnel-­‐1	
  acquisiEon	
  24	
  August	
  2014	
  

Waves	
  
	
  
Near	
  Surface	
  Wind	
  
	
  
Internal	
  Waves	
  
	
  
Surface	
  Current	
  
	
  
Ship	
  detec%on	
  
	
  



SenEnel-­‐1	
  SAR	
  on	
  26	
  August	
  2014	
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NANSEN-CLOUD   2014-10-15 
SST      GHRSST / JPL 
SAR      SENTINEL-1 
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