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Ocean Winds Science Team Data Processing System 
(OWTDPS)

Data Ingest L1B/L2 
Calibration

Retrieval
Processor

Quality 
Assurance

Data 
Dissemination

User 
Training/Data 

Impact

ASCAT B/C (9 Products)
OSCAT-3 (9 Products)
ASMR-2 (22 products)
SMAP (1 Product)
CYGNSS (1 Product)
Aircraft IWRAP/KaIA (12 Products)
COWVR – in CAL/VAL

• This processing system consists of six major components: data 
ingesting, calibration-validation, retrieval algorithm, product and 
data monitoring, data dissemination via web/data portal and 
user training and data impact assessment

Currently processed in NRT in 
OWTDPS
Producing total of 56 Products
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STAR Full Suite of Scatterometry Products
• Low and high resolution global

• Scatterometer wind vectors
• Wind vector ambiguities

• NAWIPS and AWIPS ready wind vector products 
for NWS operations

• BUFR ready wind vector products for Data 
Assimilation

• Ultra high resolutions NRCS imagery for
• TC positioning
• Oil spill detections

• Ultra high resolution TC wind vector product

• Ultra high resolution coastal and ice

• Scatterometer derived sea surface pressure fields

• Ice products
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https://manati.star.nesdis.noaa.gov/datasets/AscatCoastalUHR.php
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https://manati.star.nesdis.noaa.gov/datasets/AlaskaASCATCoastal.php
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Introduction
• Ultra High Resolution (UHR) scatterometer processing techniques has 

been developed by Professor David Long of BYU.
• NESDIS/STAR Ocean Surface Wind Team (OSWT) has demonstrated a 

coastal feasibility utilizing the UHR processing for SCATSAT-1 and later 
for ASCAT.

• The UHR ASCAT coastal products has been generating routinely in near 
real-time (NRT) for 
• Tropical cyclone specific UHR ASCAT products.
• US coastal regions
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Scatterometer Spatial Resolution Enhancement 
(BYU’s David Long)

25 km gridded (grd)AVE (2.225 km pixels)
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Enhanced Resolution Techniques
• Scatterometer Image Reconstruction (SIR)

• Required multiple observation passes
• Lost temporal information
• Can create much higher resolution than a single pass observation
• Suitable for land and ice imagery applications
• SIR Image is independent of the incidence angle (typical normalized to 40 deg)

• Weighted AVErage (AVE)
• Only 1 observation pass is enough for sigma0 sampling
• Preserve measurement geometry information

• Incidence angle, azimuth angle
• Suitable for high resolution wind retrieval application
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SIR Antarctica Image
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Scandies Rose sinking 2019

X

Scandies Rose 
sinking 

The National Transportation Safety Board said the vessel’s inaccurate stability instructions combined with heavy lopsided ice accumulation due to 
wind and sea conditions, which were more extreme than forecasted during the voyage, caused the vessel to sink near Sutwik Island.

X

UHR Winds 12.5km Winds

Scandies Rose 
sinking 
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Ultra High Resolution (UHR) Sigma0 Processing

• Sigma0 slices can be expressed as:

𝜎𝜎𝑖𝑖0 = �
𝑗𝑗=1

𝑛𝑛

ℎ𝑖𝑖𝑖𝑖𝜎𝜎𝑖𝑖𝑖𝑖0

where hij and σ0
ij is the weighted Spatial 

Response Function (SRF) and surface sigma0 
respectively from the ith measurement and the 
jth pixel.

• The UHR sigma0 can produced using the 
BYU’s Average (AVE) algorithm:

𝜎𝜎𝑎𝑎𝑎𝑎𝑎𝑎,𝑗𝑗
0 =

∑𝑖𝑖 𝜎𝜎𝑖𝑖0ℎ𝑖𝑖𝑖𝑖
∑𝑖𝑖 ℎ𝑖𝑖𝑖𝑖

(1)

(2)

Spatial Response Function (SRF) example
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Standard vs UHR Sigma0 Gridding

Slice 
Sigma0

12.5 km
Grid cell

12.5km wind
UHR wind

Spatial 
Response 
Function 
(SRF)



13NOAA National Environmental Satellite, Data, and Information Service

UHR Sigma0
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UHR Sigma0

Land 
Contamination!
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• Sigma0 slice can be expressed as a summation 
of land-only and ocean-only sigma0 as

• The land-only signal can be expanded into

where the σ0
L(x,y) is the surface sigma0 over land and the GL(x,y)

is the gain response portion over land. LCR is the land 
contribution ratio.

• The summation ratio in (4) is defined a 
weighted average land sigma0 as 

Land Contamination Correction

Land

Sea

𝜎𝜎𝑖𝑖0 = 𝜎𝜎𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿0 + 𝜎𝜎𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂0

𝜎𝜎𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿0 = ∑ 𝜎𝜎𝐿𝐿
0(𝑥𝑥,𝑦𝑦)�𝐺𝐺𝐿𝐿(𝑥𝑥,𝑦𝑦)
∑ 𝐺𝐺𝐿𝐿(𝑥𝑥,𝑦𝑦)

� 𝐿𝐿𝐿𝐿𝐿𝐿

(3)

(4)

𝜎𝜎𝐿𝐿,𝑎𝑎𝑎𝑎𝑎𝑎
0 =

∑ )𝜎𝜎𝐿𝐿0(𝑥𝑥, 𝑦𝑦) � 𝐺𝐺𝐿𝐿(𝑥𝑥, 𝑦𝑦
∑ )𝐺𝐺𝐿𝐿(𝑥𝑥, 𝑦𝑦

(5)
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• The initial land contaminated sigma0 can be corrected as

• To incorporate land standard deviation 𝜎𝜎𝐿𝐿,𝑠𝑠𝑠𝑠𝑠𝑠
0 , (6) is modified through 

iteration process by

• Finally, the AVE algorithm can be modified as 

Land Contamination Correction – cont.

𝜎𝜎𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂0 = 𝜎𝜎𝑖𝑖0 − 𝜎𝜎𝐿𝐿,𝑎𝑎𝑎𝑎𝑎𝑎
0 � 𝐿𝐿𝐿𝐿𝐿𝐿

𝜎𝜎𝑎𝑎𝑎𝑎𝑎𝑎,𝑗𝑗
0 =

∑𝑖𝑖 𝜎𝜎𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂0 ℎ𝑖𝑖𝑖𝑖
∑𝑖𝑖 ℎ𝑖𝑖𝑖𝑖

𝜎𝜎𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂0 = 𝜎𝜎𝑖𝑖0 − (𝜎𝜎𝐿𝐿,𝑎𝑎𝑎𝑎𝑎𝑎
0 ± 𝑛𝑛 � 0.5 � 𝜎𝜎𝐿𝐿,𝑠𝑠𝑠𝑠𝑠𝑠

0 ) � 𝐿𝐿𝐿𝐿𝐿𝐿

(6)

(7)

(8)
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𝜎𝜎𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂0 = 𝜎𝜎𝑂𝑂𝑂𝑂𝑂𝑂0 − 𝜎𝜎𝐿𝐿,𝑎𝑎𝑎𝑎𝑎𝑎
0 � 𝐿𝐿𝐿𝐿𝐿𝐿

𝜎𝜎𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂0 > 
0

𝜎𝜎𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂0 = 𝜎𝜎𝑂𝑂𝑂𝑂𝑂𝑂0 − (𝜎𝜎𝐿𝐿,𝑎𝑎𝑎𝑎𝑎𝑎
0 + 𝑛𝑛 � 0.5 � 𝜎𝜎𝐿𝐿,𝑠𝑠𝑠𝑠𝑠𝑠

0 ) � 𝐿𝐿𝐿𝐿𝐿𝐿𝜎𝜎𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂0 = 𝜎𝜎𝑂𝑂𝑂𝑂𝑂𝑂0 − (𝜎𝜎𝐿𝐿,𝑎𝑎𝑎𝑎𝑎𝑎
0 − 𝑛𝑛 � 0.5 � 𝜎𝜎𝐿𝐿,𝑠𝑠𝑠𝑠𝑠𝑠

0 ) � 𝐿𝐿𝐿𝐿𝐿𝐿

𝜎𝜎𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂0 > 
0

n ≤ 3

yesno

yes

𝜎𝜎𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂0 = 𝜎𝜎𝑂𝑂𝑂𝑂𝑂𝑂0 − (𝜎𝜎𝐿𝐿,𝑎𝑎𝑎𝑎𝑎𝑎
0 + (𝑛𝑛 − 1) � 0.5 � 𝜎𝜎𝐿𝐿,𝑠𝑠𝑠𝑠𝑠𝑠

0 ) � 𝐿𝐿𝐿𝐿𝐿𝐿

no

𝜎𝜎𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂0 > 
0

n ≤ 2

no

𝜎𝜎𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂0 = 𝜎𝜎𝑂𝑂𝑂𝑂𝑂𝑂0 − (𝜎𝜎𝐿𝐿,𝑎𝑎𝑎𝑎𝑎𝑎
0 − 𝑛𝑛 � 0.5 � 𝜎𝜎𝐿𝐿,𝑠𝑠𝑠𝑠𝑠𝑠

0 ) � 𝐿𝐿𝐿𝐿𝐿𝐿

yes

n += 1 n += 1

n = 1n = 1

Initial             Corrections:𝜎𝜎𝑂𝑂𝑂𝑂𝑂𝑂0

Over Correction Under Correction

Land Contamination Correction – cont.
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Case Study #1
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using uncorrected 𝜎𝜎𝑖𝑖0𝜎𝜎𝑎𝑎𝑎𝑎𝑎𝑎0 using corrected 𝜎𝜎𝑖𝑖0𝜎𝜎𝑎𝑎𝑎𝑎𝑎𝑎0

LCR Threshold = 0.5 LCR Threshold = 0.5
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High-Resolution Processing
Without Land Contamination Correction

High-Resolution Processing
With Land Contamination Correction
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12.5km Winds UHR Winds
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12.5km Winds UHR Winds
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12.5km Winds UHR Winds
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Case Study #2
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UHR Processing 
Without Coastal 
Correction

Max wind 
50 m/s

12.5 km Winds
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UHR Processing 
With Coastal 
Correction

Max wind 
41 m/s

12.5 km Winds
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UHR Coastal Wind 
Validation with Buoys

S. Soisuvarn, Z. Jelenak, P. S. Chang, Q. Zhu and C. G. Shoup, "High-Resolution Coastal Winds From the NOAA Near Real-Time ASCAT Processor," 
in IEEE Transactions on Geoscience and Remote Sensing, vol. 61, pp. 1-12, 2023, Art no. 5208612, doi: 10.1109/TGRS.2023.3279764.
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Coastal Winds Performance 
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UHR ASCAT ice product

• In the high latitudes region where sea ice present, UHR ASCAT wind 
retrievals need to be flagged to avoid erroneous wind values.

• We introduce UHR sea ice flagging based on supervised machine learning 
(ML) approach.
• Implement the Support Vector Machine (SVM) classification algorithm.
• 6 UHR ASCAT variables are utilized to establish the correlation with the ice target 

using NWP ice flag.
• Latitude, fore-aft, mid-fore, aft-mid sigma0’s, wind speed and MLE.

• We used in-sample data extracted directly from the UHR observations 
instead of a large dataset. This allow a sufficiently small number of data 
point to train the ML model in NRT.

• UHR sigma0 and related variables can reveal features over ice.
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A UHR Sigma0 Training Feature GDAS Sea Ice Target
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UHR Sea Ice Confusion Matrix

ASCAT Ice
GDAS Ice

ASCAT Water
GDAS Water

ASCAT Ice
GDAS Water

ASCAT Water
GDAS Ice
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Case study on January 23, 2023

GDAS
Ice Flag

SVM
Ice Flag
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GDAS
Ice Flag

SVM
Ice Flag

Case study on February 2, 2023
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Variance of Sigma0 triple measurements within cell
• Variance is usually very high over ocean and lower over ice
• Dependent on measurements geometry hence different variations between ascending/descending 

passes and left and right swaths
• Low variance over oceans is observed in very low wind cases and for certain wind directions 
• Higher variance over ice indicate higher water content within cell
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Sigma0 Objective = Ice Sigma0 – mean Ice Sigma0 model 
• Mean Ice Sigma0 model derived for all incidence and azimuth angle combinations
• Low value = thinner ice/ lower ice concentration
• High wind signal has similar response as ice
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Case Study #1
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Ocean
Low wind



38NOAA National Environmental Satellite, Data, and Information Service

Ocean
Higher wind
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Case Study #2
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Ocean
Wind direction 

effects
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Ocean
High wind
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2024 Winter Flights

• 20240121
• 20240124 ice and ocean winds
• 20240128
• 20240130
• 20240201 ice and ocean winds 
• 20240206 ice and ocean winds
• 20240208  
• 20240209
• 20240212
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Summary

• UHR ASCAT wind processing reveals finer spatial details.
• UHR land contamination removal is required for accurate wind 

retrievals in coastal regions.
• UHR ASCAT ice processing reveals a more detailed ice edge and ice 

features.
• UHR ASCAT coastal wind and ice products are processed in near 

real-time, and the data is available for download.

49

https://manati.star.nesdis.noaa.gov/datasets/AscatCoastalUHR.php

https://manati.star.nesdis.noaa.gov/datasets/AlaskaASCATCoastal.php
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Backup slides
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S. Soisuvarn, Z. Jelenak, P. Chang and Q. Zhu, "Coastal Winds 
from NOAA Near Real-Time SCATSAT-1 Scatterometer 
Processor," OCEANS 2021: San Diego – Porto, San Diego, CA, 
USA, 2021, pp. 1-5, doi: 
10.23919/OCEANS44145.2021.9705706.

S. Soisuvarn, Z. Jelenak, P. S. Chang, Q. Zhu and C. G. Shoup, 
"High-Resolution Coastal Winds From the NOAA Near Real-
Time ASCAT Processor," in IEEE Transactions on Geoscience 
and Remote Sensing, vol. 61, pp. 1-12, 2023, Art no. 5208612, 
doi: 10.1109/TGRS.2023.3279764. 
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