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Outline of Talk

- Overview of algorithm changes:
- L1B to L2A algorithm changes
- L2A to L2B algorithm changes

- Post L2B algorithm changes

- Discuss validation studies performed
to date.

+ Overview of new NetCDF data product.



L1B to L2A Algorithm

. Reprocessing starts with the L1B data - the calibrated geo-located
slice and egg o0 observations.

. Our new 12.5 km product is based on slice composite ¢0
observations, similarly to the previous 12.5 km product.

. The first step L1B to L2A algorithm is placing slice o0 into wind
vector cells (WVCs).

- In the new dataset, we introduce an new and improved gridding algorithm
which is used to place geo-located L1B slice 00 data onto the L2A wind

vector cell (WVC) grid.

. The 2nd stage is to composite all sequential slices from the same
pulse that have been assigned to the same WVC into one L2A ¢0

observation.



Overlap Algorithm

Centroid Algorithm (used in HDF 12.5km product):
Place slice 00 in WVC if centroid of slice lies within the WVC.

The solid black square represents the middle WVC’s extent and
the black dots represent the centroid of the WVC.

If slice 00 centroid (green dots) lies within solid black square,
place the slice g0 observation in this WVC.

In the case depicted, only slice 1 and 2 would be assigned to the
center WVC.

Each slice belongs to one and only one WVC.
Overlap Algorithm (to be used for climatological data set):

Place slice 00 in WVC if any portion of nominal slice (green
outline) overlaps a configurable subset of the WVC.

~ 7km

Dashed black line represents the overlap region.
Slices 1, 2, and 3 would be assigned to the center WVC.

A given slice may be assigned to multiple WVCs.
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Toy Diagram of L2A WVC Grid and three
sequential slice observations. Black dots are
WVC centroids; Green dots are slice centroids.
Solid Black square is extent of one WVC grid
cell; Dashed black square is “overlap” region.
Green outline represents the nominal slice
boundary used in the overlap algorithm.




Effects of Overlap Algorithm

Due to the overlap processing have many more composites / WVC than before

_ We also have more slices per composite.

_ Generally, this results in a vast reduction in # of WVCs without a wind retrieval in the nadir and boundary of

dual-beam swath.

. Generally we have higher quality wind retrievals, except perhaps in the vicinity of rain where
overlap processing can “smear” out rainy observations.
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L2A to L2B Algorithm: New
GMF

- RSS has developed a new model function
for QuikSCAT (Ku2011)

- Based on 7 years of collocated rain-free
QuikSCAT and WIndSAT observations.

- We implemented this new GMF into our
processing algorithms for the QuikSCAT
climatological data set.

- Refer to RSS talk...



L2A to L2B Algorithm: Rain
Flagging and Correction

. The rain flagging is unchanged from the previous 12.5 km QuikSCAT product.
We report a rain flag valid bit and a rain detected bit in the new processing.

. We introduce a new rain-correction, which is based on an artificial neural-
network.

_ The inputs are the 4 “flavors” of 00, the cross-track distance as a proxy for instrument
geometry, and the 1st rank wind speed.

~ We only perform this for the dual-beam swath; we do not have enough flavors of o0 in the
single-beam swath.

_ A rain impact quantity is estimated - this is output in the new data product as “rain_impact”.
_ Rain impact is intended to estimate the relative effect of rain on each wind vector cell.

. Rain Correction: If rain impact exceeds a threshold, we apply a rain
contamination correction.

_ A speed bias is computed and applied which improves the speed performance in rain.

_ All ambiguities are given the same objective function value. Directional performance is

slightly improved by setting the objective function values of all ambiguities equal before
median filtering.



Rain Impact and Correction
Algorithm Flow

Top stage trained with
realistic rain
distribution.

Bottom stage
trained with
exaggerated rain
distribution

Cross-Track Distance (CTD
Inputs oOHHa gt cOHH@ope c0cca@r
o0ccpope

Structure of neural network algorithm used to correct wind speeds for rain
contamination.
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Post L2B Algorithm: Noise
versus resolution Trade-off

Previous L2B12 QuikSCAT product had rather large noise
levels as compared to the 25 km product.

- Particularly evident in the speed spectrum; notice the slope of the
12.5 km spectrum turns up at much larger wavelengths than the 25
km product.

- U and V also showed the larger noise levels in the 12.5 km product.
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Speed and Direction
Filtering

- We propose to apply a post-L2B filtering of speed with a
5x5 Hamming filter.

- Half-power of filter is ~ 37.5 km.
- Filter the retrieved speed - ECMWF speed.

- We propose to apply a 3x3 median filter to the direction
field

- Filter ei(¢L2B-¢ECMWEF) (i.e the phasor).

- These filters give improved spectra for the speed and
direction, but the main effect is on the wind and stress
derivatives.

- They were far too noisy before.
- With proposed filtering, they are much better behaved.



Wind Divergence - Old
processing and New
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Figure 14: (a) Tropical wind field including a front and rainfall (black masked out region). The color
represents the wind speed and the arrows are the residual wind vectors after subtracting a constant
wind vector (-7.4,-2.2) m/s. The divergence for the same scene is calculated using L2B12 12.5 km data
(b), L2B 25 km data (c), and using the filtered winds recommended here (d).

Figures and caption from: Improved Wind Directions, Divergence,
Vorticity and their Spectra for the QuikSCAT Scatterometer. Ernesto
Rodriguez and Alexandra Chau, 2011 (pre-print)



Validation Performed to
Date

. We have processed all of year 2000 and all of year 2008 with
our new algorithms and model function.

. Comparisons to ECMWF

- Histograms of speed, direction, u, and v component differences
- Speed bias, RMS speed, RMS direction differences.

. Comparisons to Buoy observations

- Speed bias, RMS speed, and RMS direction differences.

. Spectral Comparisons of new product to HDF 12.5 km product
and ECMWF



Rain Free Validations



Rain-Free Comparisons to
ECMWF

ECMWE Speed within 3 to 30 mis
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Rain-Free Comparisons to
ECMWF

ECMWEF Speed within 3 to 30 mis

Speed Bias w.r.t ECMWF

Dir RMS w.r.t ECMWF

0.5

0.5

35

20

25

20

15
10

Speed Bias w.r.t ECMWE

Cir RMS wert ECWMWE

|:| ......................................................

_05 i 1 N
50 100 150

125 km Cross-Track Index
35 _

SOk .................. .................

15 ..................................................... -

1|:| ......................................................

5 i 1 N
50 100 150

125 km Cross-Track Index

Speed RME w.rt ECMWE

Yo within 45 deg of ECMWE Dir

2.5

100

92 ...

80

a0 100 150
12.5 km Cross-Track Index —

— Qld 12.5km Processing

MNew Processing

A0 100 150
125 km Cross-Track Index



2D Histograms - All 2008
Rain Free
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2ld Processing Speed Error [mis]

2008 Speed Errors
Compared to Buoys

[ 1 =~ R 1 Iy TN N
3215 : 3731 : 2020 : 673 : 158 : 34 3274 : 772 : 2040 : 678 : 161 : 35
o : : : Courjfts: QEE1CPunt5 in bin a1 : : : Courjfts: QQE(‘,C}:)unts in bin
| | | BIASE-0.004 | — | | | BIAS:0.106 |
: : | RMSE:1.079 | = : : | RMSE:0983 |
i | | | | = y | | | |
10 | | | STD;1.079 — 10 | | | STD; 0977
| | + | | | Z - 1 | | | |
W | I | | m | 4 | | | |
_ | EE J I | - . | | | | |
ol o | | | f L - | s9% , oo ul | _ -
> s p * ol b ar L o o 1., R & | :
b 1, v K | : ' ng : | SR o | JY e,
' : AL P ' E R V. NRTERNE
iEH| i '-'Ij_|: Iif: .z |_. I @ _% H By B | '|' ;-“-. i 5 : -.:I ) | ? .. o
s A ek iRl i g+ L o 'JZE: el ..-'E"i!:, 2 A | h’
o fi rl ."'." fiNdl 1w . E o r it .:[i- : 1.I s i |
| )| oy ol IEIAE inbin o g7 T e [ BIAS in bin
=t I I I I AMSE inbin 2 sl I I I I AMSE in bin
| | | | STD in bil = | ol | | STD in bir
0203 | -0.123 | -0.189 | 0.113 | 0456 | -0.051 0337 | 0.125 | 0.179 | 0215 | 0.055 | 0.167
0983 | 0987 | 1.151 | 1329 | 1984 | 2527 1065 | 0896 | 0909 | 1.097 | 1245 | 1932
-10 : -10
3.00 5.00 9.00 1200 1500 1800  21.00 3.00 5.00 9.00 1200 1500 1800  21.00

Buoy =peed [mfs]

Buoy Spead [mfs]



Cld Processing Qirection Errar [mis]

2008 Direction Errors
Compared to Buoys
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Spectra; All 2008; Region

Significantly less noise than previous 12.5 km product

Most pronounced in direction spectra (spectra of phasor)

Region 1; Speed Spectra
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Spectra; All 2008; Region 1

Similar observations for the spectra of the U and V
components.

- We have not included the post-L2B smoothing (yet) in these results!
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Rain Flagged Validations



Rain-Flagged Comparisons
to ECMWF All 2008

ECMWE Speed within 8 o 30 mi's
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2D Histograms - All 2008
Old 12.5 k Raln Flag% 12.5 k

processing processing
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Old Processing Direction Error [mis]

2008 Direction Errors
Compared to Buoys
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Overview of NetCDF
Product(s)

processing

Contains the following datasets:

Lat, Lon

Cross-track wind speed bias

Rain corrected Wind speed, direction

Rain impact

Atmospheric speed bias

Quality Flags

Nudge wind speed, direction

Retrieved wind speed (without rain correction)

Number of ambiguities

Intended users:

Scatterometer experts

Unfiltgred Prmil;uraVOr lteE)e_Fl da uct

Contains native resolutlon output from L2B

Optimal trade-off of noise and resolution

Contains the following datasets:

Lat, Lon

Wind speed, direction
Wind divergence, curl
Stress

Stress divergence, curl
Quality Flags

ECMWEF speed, direction

Intended users:

Oceanographers
Climatology

Users who want best dataset



Summary

- Major changes to new processing:

- Improved gridding algorithm that results in less
“holes” in 12.5km product.

- Incorporation of new model function.

- Rain correction algorithm that significantly
Improves performance of rain-flagged data.

- Optimal noise versus resolution trade-off.

- New NetCDF data products containing wind
and stress derivatives (divergence and curl).
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Rain-Flagged Comparisons
to ECMWF All 2000

ECMWE Speed within 3 o 30 mis
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2D Histograms Compared to
ECMWEF
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2008 Old

Processing

Rain Free (all trusted buovs)
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2008 New Processing

Rain Free (all trusted buoys)
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KNI Frocessing Speed Error [mds]

2008 KNMI Processing

Rain Free (all trusted buovs)
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2D Histograms Compared to
ECMWEF
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2D Histograms Compared to
ECMWEF
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Spectra; All 2008; Region 2

10
10"
10°

10

10

10°

10"

Region 2; U Spectra

— QS L2B12

Reprocessec ||

——ECMWF

10°

Region 2; Speed Spectra

10°

Reprocessec
— QS L2B12
——ECMWF

10°
Wavelength [km]

10°

Hegion 2; ¥ Spectra

Reprocessec ||

——QS5L2B12
af | ——ECMWTF

10 S

10° 10°

5 Region 2; Direction Spectra

10

10"

10°

10"

10°

Reprocessec |
— QS8 L2B12
— ECMWF

10°
W avelength [km]

10°




Spectra; All 2008; Region 3
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Spectra; All 2008; Region 4
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Regions for Computing
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