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Progress

� Coastal land contamination product (Poster)

� QuikSCAT hurricane tracking (Poster)

� Hurricane model-based wind retrieval (Paper)
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� Ultra-high resolution (UHR) simultaneous wind and 

rain retrieval (SWR)

� SAR-based wind & rain measurement



Katrina
28 Aug 2005 11:00 UTC

High Resolution Wind & Rain
Retrieval for QuikSCAT

• Use reconstruction/resolution 
enhancement algorithm to 
produce 2.5 km/pixel sigma-0 
estimates 

• Estimate the wind at ultra high 

spatial resolution (UHR)Storm Storm 
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spatial resolution (UHR)

- Value-added product

• 25 km Simultaneous wind/rain 

(SWR) retrieval techniques have 

proven viable for rain

- Noisy compared to TRMM

• Extend SWR for UHR

- Expect noisy, evaluate

Storm Storm 

centercenter

http://manati.orbit.nesdis.noaa.gov/cgihttp://manati.orbit.nesdis.noaa.gov/cgi--bin/qscat_storm.plbin/qscat_storm.pl

(color) QuikSCAT ultra high resolution (2.5 km/pixel) wind speed

(barbs) conventional 25 km resolution L2B winds 



Rain/Wind Backscatter Model

� Model for measured 

backscatter

� Radar signal scattered by 
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� Radar signal scattered by 

falling droplets 

� Surface signal attenuated by 

atmospheric rain

� Surface wind-induced 

backscatter perturbed by 

rain striking the water
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Wind
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(tune for UHR)

� Collocated TRMM PR 

& NCEP winds
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& NCEP winds

� PR PIA and rain

� TRMM rain rate vs. 

effective rain 

backscatter estimates

� NCEP vs. TRMM PR 

resolution 



Simultaneous Wind-Rain Retrieval

� Measurement model
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� MLE – log-likelihood function

� UHR implementation
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UHR SWR Rain Accuracy

� TRMM vs. QuikSCAT rain rates
� High variance

� Regime 0 – biased high, wind 
backscatter mapped into rain space

� Regime 1 – unbiased wind & rain

� Regime 2 – biased low, rain 

Regime 2
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Rain dominatedRain dominated
� Apply conventional simultaneous 

wind/rain retrieval
� Minimize MLE to estimate wind and 

rain
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� Regime 2 – biased low, rain 
backscatter mapped into wind space TRMM rain (dB km−mm/hr)

 
0 5 10 15 20 25

0

Regime 1

Q
ui

kS
C

A
T

 r
ai

n 
(d

B
 k

m
−

m
m

/h
r)

TRMM rain (dB km−mm/hr)

 

 

0 5 10 15 20 25

0

5

10

15

20

25

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1
Regime 0

Q
ui

kS
C

A
T

 r
ai

n 
(d

B
 k

m
−

m
m

/h
r)

TRMM rain (dB km−mm/hr)

 

 

0 5 10 15 20 25

0

5

10

15

20

25

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Wind dominatedWind dominated Wind & RainWind & Rain



UHR SWR Co-location Examples
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TRMM PR v. QuikSCAT rain rate
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Hurricane Example

� a
TRMM PR QuikSCAT UHR SWR
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Resolution Reduction Study
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Rain dominatedRain dominated

Regime 2All

Can rain estimate error be reduced by degrading resolution?
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Surface Effects of Rain on  

Radar Measurements

� Splash products scatters 
scatterometer signal

� Ring-waves dominate VV-
polarization C-band

� Turbulence under the water 

19 Nov 2008 - DGL

� Turbulence under the water 
attenuates the Bragg wave 
spectrum

� Sea surface roughness also 
affected by the airflow 
associated with rain cell

� Atmospheric backscattering 

and attenuation



Coincident Rain Study Set

� C-band RADARSAT ScanSAR images 9/29/05 ~00 OTC
� NEXRAD
� QuikSCAT (within few mins)

� H*wind
Eye

Rain cell
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Best track location of 
Katrina Eye

KMOB

KEVX
KLIX

Rain band SWA image A SWA image B



Rain Atmospheric Attenuation and 

Backscatter on SAR Measurements

� Atmospheric attenuation factor

� Path integrated attenuation 
(PIA) in dB
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� Atmospheric attenuation

� Volume backscattering 
coefficient

� Observed volume 
backscattering cross-section

� Atmospheric backscatter



Rain cell at incidence angles 

between 22 and 23.6 degrees

Attenuation

Significant at 

heavy rain

(C-band)
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SAR signature of rain cell

Atmospheric

backscatter

Insignificant

at low incidence angle

heavy rain



Rain cell at incidence angles 

between 28 and 31.7 degrees
(C-band)
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SAR signature

Normal space

Log-Log

Rain rate



Rain cell at incidence angles 

between 44 and 45.7 degrees
(C-band)
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SAR signature of rain cell

Wind speed

Wind direction



Rain cell at incidence angles 

between 44 and 45.7 degrees

Normal space

(C-band)
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SAR signature

Log-Log

Rain rate (NEXRAD)



Summary
� UHR SWR retrieval is a viable, high resolution rain retrieval 

algorithm (in absence of TRMM PR)
� High noise levels

� Tradeoff between resolution and estimate variance

� Simplistic polarization model to “recalibrate” ScanSAR SWA images
� Tuned using collocated H*wind surface wind fields

� SAR-derived GMF consistent with the scatterometer-derived GMF
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� SAR-derived GMF consistent with the scatterometer-derived GMF
� When HH and VV polarizations is considered

� Backscatter damping/enhancing observed in C-band SAR images
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