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Long-term goal:  
Integrating all scatterometers measurements into a 20+ 
year Climate Data Record (CDR) of Ocean Vector Winds 
 
Priorities: 
1. Accurate intercalibration of different scatterometers 
2. Removal of diurnal signals 
3. Continuous monitoring and removal of other sources of bias 

 

Aquarius L-band 
SMAP L-band 

Presenter
Presentation Notes
ASCAT: Metop A launched in 2007; MetOp B in Sep 2012.OSCAT in Sep 2009; QuikSCAT died in Nov 2009. RapidScat launch planned for June 2014



Scatterometers operate at different frequencies:  
  Ku-band: QuikSCAT, NSCAT, OSCAT, RapidScat 
  C-band: ASCAT, ERS 
  L-band: Aquarius, SMAP 
Different geometry 
Observations obtained at different times of the day 
Different rain impact at different frequencies 
Different sensor might have different sources of bias 
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Presentation Notes
Notes:  QSCAT is 6pm (desc)/am (asc);  ASCAT A and B is 9:30pm (asc); OSCAT is noon (asc)ASCAT is 3 pencil beams, double swath of 500 Km, incidence angles 25 to 65 deg, V-Pol only.QuikSCAT is scanning at 46 (H-pol) and 54 (Vpol), 1800 Km swath.OSCAT is similar to QuikSCAT, but with higher incidence angles, 57 deg for V-pol and 49 deg for H-pol



Completed Work: 
Use QuikSCAT as backbone for the CDR 
QuikSCAT reprocessed with a new model function (GMF) Ku-

2011,  developed to improve retrievals at high winds 
Using methodology and wind algorithm similar to QuikSCAT, 

we developed ASCAT GMF and  we produced  ASCAT Winds 
(Remote Sensing Systems) 

On-going Work:  
 Use same methodology to add OSCAT, RapidSCAT, ERS to CDR 
 Understand and remove sources of bias 
 Use L-band and radiometers to understand rain signal 
 Use RapidScat to understand and remove diurnal variability 

signal 

Note: The GMF is a model that relates the observed backscatter to ocean wind speed and direction 



 In 2011, a new QuikSCAT GMF Ku-2011 was developed to improve high wind 
speed retrievals between 20-30 m/s (Ricciardulli and Wentz, 2011). WindSat 
was used as ground truth for high winds and to rain-flag the QuikSCAT 
backscatter observations.  

 WindSat is reliable at 20-35 m/s, even in storms (Meissner and Wentz, 2009; 
2012). 

 WindSat is part of our intercalibrated V7 winds, which include retrievals from 
SSM/I and SSMIS. The V7 wind products can be considered our scatterometer 
calibration reference. 
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Presentation Notes
We used WindSat and SSMI V7 as calibration reference for scatterometers at high winds. And note how well the QSCAT pdf matches the one from buoys. Buoys are collocated within 1 hr and 50km.



 To develop the new ASCAT GMF we used 4 years of ASCAT backscatter obs 
colocated with SSMI and WindSat wind speeds (120-min), and CCMP wind 
directions. SSMI was also used to rain-flag ASCAT backscatter 

 We developed an ASCAT wind algorithm similar to the QuikSCAT one, with the 
added complexity of a viewing geometry with multiple incidence angles.  

 The new ASCAT C-2013 winds are available via ftp at www.remss.com.  

Hurricane  
Ike 

Presenter
Presentation Notes
Currently only 2007-mid 2011 are available for ASCAT. We will have more data available soon with new re-calibrated sigma0 from EUMETSAT.



ASCAT Wind Speed PDFs Validation 
ASCAT VERSUS QSCAT ASCAT VERSUS SSMI 
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Presentation Notes
Validation of RSS ASCAT wind retrievals. Statistics are based on 4 years of wind retrievals collocated within 4 hrs of QuikSCAT (to cover all latitudes) or 2 hrs of  SSMI (mostly F16, which is close to 8pm)



QuikSCAT 

ASCAT 

Swath width 
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Presentation Notes
This shows what type of quality control we do. ASCAT has some minor biases at the outside edges, it could be fixed by adjusting the A0 coefficients at high incidence angles. The same analysis was completed using the KNMI GMF CMOD5n and show significant crosstrack biases. 



ASCAT-QuikSCAT Bias Map 

ASCAT shows positive bias relative to QuikSCAT at high winds. 
It will be addressed in the next ASCAT version.  



Rain Impact at C-band and Ku-band 

ASCAT (C-band) QuikSCAT (Ku-band) 

 GMFs were designed to be for rain-free retrievals 
 We used QSCAT and ASCAT wind retrievals in rain to determine the statistics 

of the rain impact 
 Bias is proportional to rain intensity 
 QuikSCAT (Ku-band) more affected then ASCAT (C-band) 



With a properly designed GMF it is possible to have very good retrievals of 
wind direction at high winds, and for C-band even in hurricanes under 
heavy rain (next slides) 

GMF Ku2001 

GMF Ku2011 
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Presentation Notes
Note that just by changing the A1 and A2 coefficients QuikSCAT shows a much improved wind direction skill at high winds. Also note the high skill for ASCAT at high winds.



Rain 
Signal 

Hurricane Ike, Sep 11, 2009, 24:00 UT; All retrievals 
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Presentation Notes
These images are from the swath data (L2B files), which are at 25 Km resolution for QuikSCAT and 12.5 Km for ASCAT. All retrievals, even under heavy rain, are included here.  Note how good the wind direction retrieval is for ASCAT, and the rain contaminated wind speed and direction for QSCAT. Flip to the next slide to see that by flagging very heavy rain, a lot of good data are removed.



Hurricane Ike, Sep 11, 2009, 24:00 UT; Heavy-rain flagged 

Many good retrievals 
are lost if flagged 
for heavy rain ! 
 

Presenter
Presentation Notes
Same as before, but with retrievals under very heavy rain (15 mm/hr) flagged and removed.  If 3 mm/hr rain rate is used as flag, almost all data in the storms are removed.



Temporal Stability of QuikSCAT-ASCAT 

ASCAT-QSCAT GLOBAL WIND ANOMALY TIMESERIES IS VERY STABLE 

Differences in the ASCAT and QuikSCAT wind anomaly timeseries are well within 
0.1 m/s, the accuracy limit necessary for climate studies. 
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Presentation Notes
Comparison of monthly wind anomaly timeseries for ASCAT retrievals versus colocated QuikSCAT and WindSat (4 hour colocations). Also shown is comparison with SSMI F17  and NCEP wind. NCEP has an upward slope after QuikSCAT ended. Also F17 has a minor slope after 2010. 



 
 Diurnal variability of the ocean surface winds needs to be removed from the 

ASCAT and QuikSCAT data before integrating them in a CDR. As of today, 
there is some uncertainty in the amplitude/phase of the diurnal. 

 
 One way to discern diurnal signals is looking at the difference in wind 

between ascending and descending passes for QuikSCAT, ASCAT and for 
some radiometer winds. Most of the PM-AM signals in the scatterometers 
are present also in the radiometers. Tropical buoys show a weaker diurnal 
signal. Here we use also the MERRA reanalysis as independent dataset. 
 

 Unlike radiometers, scatterometer have the advantage of providing insight 
into the diurnal cycle of each wind component. Diurnal signal is  mostly in V, 
semidiurnal in U. 

 
 A complete understanding of the diurnal cycle will be achieved with 

RapidSCAT (Launch planned for June 2014). 
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Derived from 
QSCAT/ASCAT 
(4 years data) 

Derived from 
MERRA Reanalysis 
(5 years data, pre-
QuikSCAT) 
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Presentation Notes
This 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 more impacted by land-sea breeze diurnal variations.



Derived from 
QSCAT/ASCAT 
(4 years data) 

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



 Long term goal: integrate observations from multiple scatterometers into a 20+ 
year Climate Data Record (CDR). 

 Developed QuikSCAT Ku-2011 and ASCAT C-2013 with similar methodologies 
and calibration targets 

 Comparison of RSS ASCAT and QuikSCAT shows very good agreement. 
 In the two and half years of QuikSCAT/ASCAT overlapping, the timeseries of 

their wind anomalies are stable and well within a 0.1 m/s margin required for 
climate studies. 

 Very good wind direction retrievals at all wind speeds. 
 Very good RSS ASCAT wind retrievals in storms 
 Ongoing study of the impact of diurnal variability on wind measurements 
 Additional scatterometers will be added to the timeseries following the same 

methodology (OSCAT, RapidScat,ERS) 

Thank you 



QSCAT-WINDSAT 

ASCAT-WINDSAT 

ASCAT-QSCAT 
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Presentation Notes
This shows that even with a GMF developed to match Windsat and SSMI, the actual wind retrievals still don’t perfectly match at high winds. Some more tuning is needed, especially for ASCAT. Note however, that QSCAT and Windsat observe earth within 1 hr from each other, while ASCAT and WindSat are 3+ hours apart. 



Tropical Storm SANDY, Oct 29, 2013 
HRD Winds 10:30 UTC 

Maximum 1-min winds:   39 m/s 
Maximum 10-min winds: 34.6 m/s 
NWS reported winds (touchdown): 35-40 m/s 

RSS ASCAT Winds, 14:20 UTC 

Maximum RSS ASCAT winds: 34 m/s 
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This is a nice example from hurricane-extratropical storm Sandy. HRD, RSS ASCAT, WindSat, and also NOAA ASCAT (similar to ours) and KNMI ASCAT (underestimates high winds), and NOAA OSCAT.



NOAA ASCAT 
14:20 UTC 
Max=34.0 m/s 

WINDSAT 
11:24 UTC 
Max=42 m/s 

Aknowledgments: ASCAT and OSCAT data kindly provided by Paul Chang, at NOAA/NESDIS/STAR 

NOAA OSCAT 
16:30 UTC 
Max=32.6 m/s 

KNMI ASCAT 
14:20 UTC 
Max=30.4 m/s 
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The NOAA ASCAT figure here is an updated version of what was presented at the IOVWST meeting. In the discussion at the meeting, it emerged that the NOAA ASCAT L2B files I used back in November 2012 (soon after the storm Sandy) were later updated, and the newer version has higher winds. Here I show the most recent NOAA ASCAT winds. The maximum NOAA ASCAT winds match the RSS ASCAT. But overall RSS ASCAT seems a little higher in the range 25-30 m/s.



Storm Sandy : Rain rates Observed by WindSat 
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This just shows that most of the storm was rain-free.



Ku-2001 
NCEP 

Ku-2011 
NCEP 

QuikSCAT Directional Histograms: High Winds 
Old GMF (Ku-2001) versus New GMF (Ku-2011) 



2-4 m/s 6-8 m/s 

20-22 m/s 12-14 m/s 

ASCAT 
NCEP 

ASCAT Directional Histograms: Low to high winds 



Aircraft  turbulent probe observations taken during the 
Greenland Flow Distortion Experiment (GFDex), Feb 
and Mar 2007 (Renfrew et al, QJRMS 2009). 

Ku-2001 Ku-2011 
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Presentation Notes
QuikSCAT validation of high winds (comparison of the GMF Ku-2001 versus the new Ku-2011). The ASCAT data are not available for Feb/March 2007. We need to look at other sources of high wind speed validation for ASCAT.


