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Outline

 Motivation
 Recent Availability of High-Resolution TerraSAR-X Imagery
 Possibility to Study Spatial Structure of Ocean Wind Field

 Description of X-Band Geophysical Model Functions (GMFs)
 Based on Wind-Dependent Surface Wave Spectral Models

 Simple Composite-Model Scattering Physics
 Empirical X-Band GMF; Derived from C- and Ku-Band

 TerraSAR-X Wind Inversions
 Use of Dual-Polarization Mode to compare VV- and HH-pol
 Comparison with In Situ Measurements

 Use of Mathematica 7 WeatherData Package
 Comparison with Weather Research and Forecast (WRF) Model

 Spatial Features (≥5 km) in TerraSAR-X Winds and WRF
 WRF Phasing Issues

 Summary and Future Plans
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GMF Based on
Composite Scattering Model
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The Bragg scattering cross section is:

The specular scattering cross section is:

where the surface slope probability density function W(s) has the form

and M is the (long wave) slope covariance matrix.

With these definitions, a (schematic) representation of the composite model
becomes:

L-band Separation wavenumber, kc, taken  from Thompson, et al., TGRS, 43, vol 12, 2810-2821, 2005
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Surface Wave Curvature Spectra; k4 ψ(k)

• Differences in curvature
spectra can be quite large in
the vicinity of the C-, X-, and
Ku-band wavenumbers

• Scattering model based on
Elfouhaily’s spectrum shows
agreement with the
empirical CMOD models

• Elfouhaily, et al., JGR  102
C7, 15,781-15,796, 1997

• Romeiser, et al., JGR, 102,
25,237-25,250, 1997
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Empirical X-band GMF Using Interpolation
from C- and Ku-Band
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Empirical X-Band cross section,                   , may be derived from
previously-tested C- and Ku-band GMFs using the expression:
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where the weight coefficients,                                        , are
determined using the analytical scattering model of Mouche, et al.
(Waves in Random and Complex Media, 2007) as a guide.

! 
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The full azimuthally-dependent X-band GMFs then take the form:   

where the coefficients A(u,θ,φ), B(u,θ,φ), and C(u,θ,φ) are found by 
inversion of the above equation using either the composite or empirical 
GMF evaluated at the desired polarization state for the up-, cross- and 
down-wind look direction. ! 

" p
(u,#,$, p) = A(u,#, p) + B(u,#, p)cos$ + C(u,#, p)cos2$
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Wind Speed and Azimuth Dependence of
X-Band GMF

X-Band Cross Section vs Wind Speed X-Band Cross Section vs Wind Speed
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Use TerraSAR-X Dual Polarization Scenes for
Determine Consistency of GMFs

Station WMO10091

December 8, 2007
00:00 18:0012:0006:00

Station WMO10091
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TerraSAR-X Dual Polarization Scene Over Rügen; NRCS

VV-Pol

HH-Pol

N

2.6 kmBox Length: ~17 km
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Consistency Check
for 4 TerraSAR-X Dual-Pol Scenes
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Bias: 0.72 m/s
Std: 1.17 m/s
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Comparisons of GMFs with In Situ Data and
Meteorological Predictions; 2 Case Studies

Mathematica 7
WeatherData Routines

In Situ Data

p4[1, sta2, {2008, 3, 24, 0}, {2008, 3, 25, 0}, "Temperature"]

http://reference.wolfram.com/mathematica/ref/WeatherData.html

The Weather Research and Forecasting (WRF)
Model is a next-generation mesoscale numerical
weather prediction system designed to serve both
operational forecasting and atmospheric research
needs. It features multiple dynamical cores, a 3-
dimensional variational (3DVAR) data assimilation
system, and a software architecture allowing for
computational parallelism and system extensibility.
WRF is suitable for a broad spectrum of applications
across scales ranging from meters to thousands of
kilometers.

Weather Research & Forecasting
Model (WRF)

Met Predictions

Model: http://www.wrf-model.org/
Display Routines (IDL):

http://fermi.jhuapl.edu/WRF/Software/doc/
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TerraSAR-X Wide-Swath, VV-Pol Scene in
Baltic Sea Near Rügen; 3 Mar. 2008; 16:44 UT
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TerraSAR-X VV-Pol Wide Swath Scene Over Rügen; NRCS

N
VV-Pol

6.1 km

Image Width: ~111 km
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Wind Speeds Along White Boxed Region in
Previous Slide; (03.03.08)

Horizontal (Top) Box Vertical (right-hand) Box
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Analysis of Frontal Phase Using In Situ
Data from WMO 06149 and Rønne Airport

In Situ from WMO 06149 (Gedser, Denmark) In Situ from Rønne Airport (Bornholm, Denmark)
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16:00 UT
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17:00 UT
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18:00 UT
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19:00 UT
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20:00 UT
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TerraSAR-X Strip Map, HH-Pol Scene in North
Sea Near Ekofisk; 24 Mar. 2008; 06:15 UT

Ekofisk Platform (ENEK)
(56.55 N, 3.25 E)
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TerraSAR-X Strip Map, HH-Pol Scene in North
Sea Near Ekofisk; 24 Mar. 2008; 06:15 UT
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TerraSAR-X HH-Pol ScanSAR Scene Over Ekofisk; NRCS

HH-PolImage Width: ~32 km N1.9 km
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Wind Speeds vs. Longitude Along White
Boxed Region in Previous Slide; (24.03.08)

 In situ wind speed data from
Ekofisk between 06:00 UT (7
m/s) and 09:00 UT (16 m/s),
shown by vertical red line, are
lower than SAR-derived speed,
but show general agreement
with WRF.

 Winds form the model GMF at
HH-pol still several m/s higher
than the empirical GMF (also
apparently too high), but in
better agreement than for the
previous case (at higher
incident angles).

 This case provides test for the
GMFs at cross-wind look
direction.

Platform
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5:00 UT



Thompson,Horstmann, Mouche, Falchetti
Chiggiato, Winstead, Monaldo

Maritime Rapid Environmental Assessment Conference
NATO Undersea Research Centre; Lerici, Italy; 18-22 October 2010

6:00 UT
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7:00 UT



Thompson,Horstmann, Mouche, Falchetti
Chiggiato, Winstead, Monaldo

Maritime Rapid Environmental Assessment Conference
NATO Undersea Research Centre; Lerici, Italy; 18-22 October 2010

8:00 UT
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9:00 UT
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Summary / Future Plans
 Developed two X-band GMFs based on 1.) simple scattering physics (composite model)

and 2.) interpolation to X-band using extensively-tested C- and Ku-band GMFs (empirical
model).

 Both of these GMFs are compared with in situ measurements and wind speed
predictions from WRF model for 3 relatively high wind speed (≥10 m/s or so) examples.
The empirical GMFs appear to be more accurate. This is especially true at HH-pol where
the model GMF under predicts the NRCS by as much as 5 dB at 40º incidence resulting
in a ~20 m/s over prediction of the wind speed.

 Wind directions extracted directly from SAR generally show agreement with directions
from WRF within ±20º or so.

 Comparison with the WRF model speed is generally good if allowance is made for a
phase difference between the SAR overpass time and the WRF prediction time.

 With proper phasing considered, the small-scale (≥5 km or so) structure observed in the
SAR wind fields is quite similar to that seen in the WRF predictions.

 Process many more TerraSAR-X scenes over wide range of environmental and
geometrical conditions.

 Examine in more detail the correspondence between the spatial structure in the WRF
and SAR wind fields.

 Compare 2-D spectral properties of both fields.

 Attempt to relate spectral properties to parameters that describe the Marine
Boundary Layer (e.g. MBL height, stress, heat flux, ….)


