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Conclusions
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1: Co- and cross-pol SAR measurements directly used to get waves.

3: Hydrodynamic modulation function not needed for even large SAR  
radar incidence angles.

4. Results  SAR-retrieved parameters in good agreement with NDBC 
- Hs, significant wave height
- Tp, wave period
- wavelength
- wave direction

2: Wave slope in the azimuth and range directions can be estimated.
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Introduction

Measurement of Ocean Waves from Space

SAR

InSAR PolSAR

ERS-1&2 ENVISAT TerraSAR RADARSAT-1&2
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Introduction

InSAR

PolSARSAR

Need 1st guess wave 
spectrum from wave 
model or wind vector 
by scatterometer
.
Hasselmann et al.(1991)
Plant et al.(1997)
Mastenbroek et al. (2004)
Susanne Lehner et al. (2004)
Schulz-Stellenfleth et al. (2007)
Li et al. (2009) 

JGR & IJRS

Validated and 
retrieved for 
airborne C- and X-
band AT-InSAR.

Vachon et al.(1999)
He et al.(2003)
Zhang et al.(2009)

IEEE TGRS & JGR

Fully polarimetric 
measurements 
can be used.

Schuler et al. (2004)
He et al. (2006)

RME & JAOT

Spaceborne PolSAR measure ocean waves?

Only L& P 
band

Sigma_hv?

Zhang Biao, Will Perrie and Yijun He (2009), Remote sensing of ocean waves by along-track 
interferometric synethtic aperture radar, J. Geophys. Res., 114, C10015, doi:10.1029/2009JC005310.
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Datasets

1 RADARSAT-2 Quad-Pol Images

Range Resolution: 5.4 m

Beam Mode: Fine Quad-Pol

Azimuth Resolution: 8.0 m

Azimuth Pixel Spacing: 5.1 m

Range Pixel Spacing: 4.7 m

Scene Size: 25*25 km*km

Incidence angle: 20-41 deg

HH+VV+HV+VH
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Datasets

Radar Band C-band

Radar Center Frequency (GHz) 5.40

Pulse Repetition Frequency (Hz) 2769.3

Satellite Height (km) 795.8

Platform Velocity (km/s) 7.46

Track Angle (deg) 10.91

Slant range to velocity ratio (s) 137.6

Acquisition Type Fine Quad Polarization

Polarizations HH VV HV VH

Sampled Pixel Spacing (m) 4.73

Sampled Line Spacing (m) 4.79

Table1. RADARSAT-2 fully polarimetric image parameters 
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Datasets

2 NDBC Buoy Observations

46071

46005
46089

46029

46028
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Datasets

Table2. RADARSAT-2 fully polarimetric SAR and NDBC buoys. 
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Datasets

2 NDBC Buoy Observations

46071

46005
46089

46029

460283-meter discus buoy 6-meter NOMAD buoy
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Methodology

1 Linearly polarized backscatter cross section

46071

46001

46005
46089

46029
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If SAR coherently transmits and receives horizontal and vertical polarizations
backscatter cross section is obtained via Stokes matrix M, transmit + receive Stokes vectors 

(1)

Because max. sensitivities to wave slopes are obtained using linear polarizations
the ellpticity χ is set to zero [Schuler and Lee, 1995], and the backscatter cross section is 

(2)

D.Schuler et al. (1995)

D.Schuler et al. (1995)
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Methodology

2 Wave slopes in the azimuth and range directions
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Via linear modulation theory, ocean surface elevation ξ and variations of local
),( trσ may be represented as 
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Methodology

2 Wave slopes in the azimuth and range directions

For linear polarization SAR with orientation angle ψ

only modulation transfer for tilt + polarization orientation angle depend on polarization 
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Methodology

2 Wave slopes in the azimuth and range directions

With some algebra we get
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where x∂∂ξ y∂∂ξand are wave slopes in the range and azimuth directions.
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Methodology

2 Wave slopes in the azimuth and range directions

2/122 ])cos()sin[( >Φ<+>Φ<= razrms SSS

)2//()tan( ddrms HS λ=

xSr ∂∂= ξySaz ∂∂= ξ

Average wave height of dominant wave can be estimated with rms slope:

(15)

(16)

(17)
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Methodology

2 Wave slopes in the azimuth and range directions

To extract wave parameters from RADARSAT-2 Fine Quad-Pol mode images:
1

Select 512*512 pixel size HH, VV, HV-polarized image, and Transfer slant-range 
image into ground range image using linear interpolation in the range direction.

2
Estimate linearly polarized images with ground range images using with equation (2) 
and polarization orientation angle 

3
Compute wave slopes and wave slope spectra, as well as wave parameters.

o45=ψ
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Case Studies

46071

46001

46089

Figure 1.  A C-band, VV polarization image of northwest of Morro Bay, California
acquired by RADARSAT-2 at 02:09 on February 25, 2009 UTC.

NDBC directional
wave buoy #46028

RADARSAT-2 Data and Products © MacDONALD, DETTWILER AND ASSOCIATES LTD.
( 2008-2009) - All Rights Reserved
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N

Radar illumination
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(a) (b)

(c)

(d) (e)

horizontally polarized vertically polarized

linearly polarized

wave slope in azimuth direction wave slope in range direction

RADARSAT-2 fully polarized images 



ISRS2005, Jeju, Korea, 12-14 October 2005

Case Studies

46071

46001

46089

Wavelength: 242.9 m
Wave direction: 311.5 degree

Wavelength: 229.2 m
Wave direction: 310.0 degree

Wave slope spectrum by SAR for
NW Morro Bay, CA at 02:09 Feb. 25, 2009 

NDBC buoy (#46028) directional wave 
spectrum  at 01:50 on Feb.  25, 2009
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Case Studies

46071

46001

46005
46089

46029

Figure 2.  A C-band, VV polarization image of northwest of Tillamook Bay, OR acquired 
by RADARSAT-2 at 14:30 on January 18, 2009 UTC.

NDBC directional
wave buoy #46089

RADARSAT-2 Data and Products © MacDONALD, DETTWILER AND ASSOCIATES LTD.
( 2008-2009) - All Rights Reserved
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46001
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RADARSAT-2 fully polarized images 
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Case Studies

46001

46089

Wavelength: 245.2 m
Wave direction: 251.0 degree

Wavelength: 259.7 m
Wave direction: 268.0 degree

Wave slope spectrum by SAR for NW of   
Tillamook Bay OR at 14:30 Jan. 18,  2009

NDBC buoy (#46089) directional wave 
spectrum at 14:50 on Jan. 18, 2009
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Case Studies

46001

46089

Figure 3.  A C-band, VV polarization image of west of Columbia River Mouth acquired b
y RADARSAT-2 at 14:31 on August 22, 2009 UTC.

NDBC directional
wave buoy #46029

RADARSAT-2 Data and Products © MacDONALD, DETTWILER AND ASSOCIATES LTD.
( 2008-2009) - All Rights Reserved
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46001
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horizontally polarized vertically polarized

linearly polarized

wave slope in azimuth direction wave slope in range direction

RADARSAT-2 fully polarized images 
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Case Studies

46001

46089

Wavelength: 193.9 m
Wave direction: 299.0 degree

Wavelength: 188.6 m
Wave direction: 307.0 degree

Wave slope spectrum by SAR for west of 
Columbia R. Mouth at 14:31 Aug. 22,  2009

NDBC buoy (#46029) directional wave 
spectrum  at 14:50 on Aug. 22, 2009
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46001

46089

Case Studies

Figure 4.  A C-band, VV polarization image of an area west of Aberdeen, WA acquired 
by RADARSAT-2 at 02:25 on January 11, 2009 UTC.

NDBC directional
wave buoy #46005

RADARSAT-2 Data and Products © MacDONALD, DETTWILER AND ASSOCIATES LTD.
( 2008-2009) - All Rights Reserved
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46001

46089

Case Studies

Wave slope spectrum by SAR for west of
Aberdeen at 02:05 Jan. 11,  2009
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