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The radiometers have been accurately intercalibrated (RSS V7; Wentz, 2013) 
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There are many satellite microwave instruments that measure ocean surface winds.  This plot lists the radiometers and scatterometers and show the availability of each.



Requirements for Climate-quality Winds: 
Ø Uninterrupted and accurate data record  
Ø Free of spurious biases/drifts: Pure wind variability 
Ø At least 25 yrs of data 
Ø Global coverage 
Ø Possibly high resolution (25 km or higher) 

Long-term Objective  
Integrate all scatterometer measurements into a 20+ 
year Climate Data Record (CDR) of Ocean Vector Winds 
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OSCAT Failed in February 2014. RapidScat was launched in September 2014



Challenges for developers 
Ø Scatterometers operate at different frequencies:  
  Ku-band: QuikSCAT, NSCAT, OSCAT, RapidScat 
  C-band: ASCAT, ERS 
  L-band: Aquarius, SMAP 
Ø Different obs. geometry (conical scanning or fan beam) 
ØObservations obtained at different times of the day 
Ø Different rain impact at different frequencies 
Ø Different sensors might have different sources of bias 
Ø International effort:  US (NASA, NAVY, DoD), Europe 

(EumetSat), India (ISRO), Japan (JAXA), … 
 



1. Consistent methodology à Winds from different scatterometers 
û Consistent model for wind derivation from backscatter (GMF)  
û Consistent calibration “ground truth” 
û Intercalibration valid at all wind speed regimes 

 
2. Continuous monitoring and removal of other sources of bias 

û Look for regional biases 
û Understand atmospheric/surface state effects (SST, atm. stability, etc..) 
û Monitor for imperfect GMF calibration, sensor changes, drift in timeseries 
û Understand rain impact 

 
3. Removal of diurnal signals 

û Understand diurnal impact using  satellites, buoys and model data 
û Use RapidScat for in-depth analysis of regional impact of diurnal variability 

 
4. Stability of the wind timeseries 
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GMF: Geophysical Model Function , a model used to determine wind speed and direction from ocean backscatter measurements from satellite/airborne microwave radar



Ø Models (GMFs) are developed by matching backscatter 
observations to a common “calibration” truth. 

Ø Use WindSat V7 (or SSM/I) for calibration, as a “connector”  
Ø WindSat is accurate for winds between 0-35 m/s 

QuikSCAT (RSS), ASCAT, WindSat and Aquarius winds are processed  
and available at www.remss.com  
RapidSCAT winds are processed at JPL 

Ku-band GMF: Ku-2011 for QuikSCAT (fixed incidence angles) 
            NSCAT-2014 for NSCAT and RapidScat (inc. varies) 
C-band GMF: ASCAT-C2013  
L-band GMF: Aquarius 

(Ricciardulli and Wentz, 2011; Meissner et al, 2014; and Ricciardulli and Wentz 2014, submitted) 
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Scatterometer winds versus  
WindSat, SSMI, and buoy winds 

Priority #1b: Consistent Wind 
Speeds at all regimes 



Scatterometers vs Radiometers 



Scatterometers vs Buoys 

Presenter
Presentation Notes
Redo



Wind Speed PDFs 
Scatterometers/Radiometers/Buoys 





QuikSCAT-WindSat 

ASCAT-QSCAT 

RAPIDSCAT-WindSat 

Regional  
Biases 



L-Band 

Rain Bias:  
Comparison of L-, C-, and Ku-band Scatterometers  

C-Band Ku-Band 

Scatterometers bias versus NCEP, for different rain rates (in color) 
Different rain impact for scatterometers operating at diff. frequencies 



Derived from 
QSCAT/ASCAT 
(4 years data) 

Derived from 
MERRA Reanalysis 
(5 years data,  
pre-QuikSCAT) 

Priority #3: Diurnal Signal 
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The figure compares the diurnal (first harmonic) amplitude D1 of the wind speed as inferred from the QuikSCAT/ASCAT-A with that from NASA’s Reanalysis Project MERRA.  The MERRA results are for 1990-1994 (pre-QuikSCAT and pre-ASCAT), whereas the QuikSCAT/ASCAT-A results are for 2005-2011.  In spite of the different time periods, there are a number of similarities between QuikSCAT/ASCAT-A and MERRA.  Both show a significant diurnal amplitude in areas surrounding South Africa and South America, with average peak amplitude D1 exceeding 0.5 m/s in some places.  In these areas, the diurnal variations extend over a thousand kilometers away from the coast with the phase propagating later in the day as the distance from the coast increases (like an extended sea-breeze), which is consistent with the idea of a propagating internal gravity wave [Lerczak et al., 2001; Gille et al., 2003, 2005; Wood et al., 2009].  See next additional slide about the phase of diurnal, notice the phase propagating later in the day when going far from the coast out of peru/venezuela. Similarities are also seen in other coastal regions along Australia, India and Central America where the average wind speed is low, and therefore they are more impacted by land-sea breeze diurnal variations.



ASCAT/QuikSCAT/WindSat global wind anomaly timeseries are  VERY STABLE 
Differences within 0.1 m/s 

Priority #4: Stability of the Wind 
Timeseries 
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SSMI F17 has a wind speed drift starting in 2011, confirmed by analysis with many other products.



ûWe described our efforts towards creating a 
Climate Data Record of Ocean Vector Winds  
 

ûPriorities: 
• 1a. Consistent methodology  
• 1b. Consistent winds at all wind speed regimes 
• 2. Continuous monitoring of bias sources  
• 3. Removal of diurnal variability 
• 4. Monitor stability of the wind timeseries 

 



Climate scales (global, monthly) :               m/s 0.1£

Instantaneous @ 25 Km res: 
 

ûWind speed :         m/s 
 High Winds à Higher Uncertainty 

 
ûWind direction (between 7-30 m/s):         deg 
 Low Winds à Higher Uncertainty 

1£

10£

Summary of Ocean Surface  
Wind Uncertainty 



Completed (all data available at www.remss.com): 
•QuikSCAT  (full mission 1999-2009) 
•ASCAT        (2007-2013)  
•WindSat    (polarimetric radiometer, 2003-current), OVWs (all-weather) 
•Aquarius    L-band winds (2011-current)  
 
RapidScat (processed at JPL) 
•RapidScat using  model consistent with QuikSCAT et al. 
•On-going collaboration with JPL and NOAA in validation activity  
•Study the wind diurnal variability using RapidScat 

 
Planned 
•Ku-band: NSCAT (1996-1997) will be reprocessed; OSCAT (?) 
•C-band: Revise ASCAT and extend to current; process ERS-1 (1991-2000) 
•L-band: SMAP ocean vector winds (launch Jan 2015) 
 

Conclusions and Future Plans 
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RapidScat launched in September 2014; SMAP planned for January 2015; OSCAT new mission on OceanSat-3 planned for 2017. Possible quick replacement mission in 2015 (ISRO).





EXTRA SLIDES 



Derived from 
QSCAT/ASCAT 
(4 years data) 

Derived from 
MERRA Reanalysis 
(5 years data, pre-
QuikSCAT) 

Diurnal Signal 
Phase 
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