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3 JPSS Data Products Maturity Definition

eta

o

Product is minimally validated, and may still contain significant identified and unidentified errors.

Information/data from validation efforts can be used to make initial qualitative or very limited quantitative assessments
regarding product fitness-for-purpose.

Documentation of product performance and identified product performance anomalies, including recommended
remediation strategies, exists.

2. Provisional

o Product performance has been demonstrated through analysis of a large, but still limited (i.e., not necessarily globally
or seasonally representative) number of independent measurements obtained from selected locations, time periods, or
field campaign efforts.

o Product analyses are sufficient for qualitative, and limited quantitative, determination of product fithess-for-purpose.

o Documentation of product performance, testing involving product fixes, identified product performance anomalies,
including recommended remediation strategies, exists.

o0 Product is recommended for potential operational use (user decision) and in scientific publications after consulting
product status documents.

3. Validated

o Product performance has been demonstrated over a large and wide range of representative conditions (i.e., global,
seasonal).

o Comprehensive documentation of product performance exists that includes all known product anomalies and their
recommended remediation strategies for a full range of retrieval conditions and severity level.

o0 Product analyses are sufficient for full qualitative and quantitative determination of product fithess-for-purpose.

o Product is ready for operational use based on documented validation findings and user feedback.

o Product validation, quality assurance, and algorithm stewardship continue through the lifetime of the instrument.
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3 VIIRS Polar Winds Team

Major Task

Jeff Key STAR Project management, DB winds

Jaime Daniels  STAR Project management, algorithm
development and testing

Wayne Bresky IMSG Algorithm development and testing

Andrew Bailey IMSG Algorithm development and testing

Rico Allegrino IMSG Validation

Dave Santek CIMSS Algorithm and product testing

Rich Dworak CIMSS Algorithm and analysis

Steve Wanzong CIMSS Algorithm and product testing

Hongming QI OSPO Operations

Walter Wolf and STAR, AIT Implementation
others
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3 VIIRS Polar Winds (VPW) in Brief

VIIRS Polar Winds are derived
by tracking clouds features in
the VIIRS longwave infrared
channel

* Wind speed, direction, and
height are determined
throughout the troposphere,
poleward of approximately 65
delgrees latitude, in cloudy areas
only

* Wind information is generated in
both the Arctic and Antarctic
regions

e The algorithm utilizes the
Enterprise cloud height, phase,
and mask

: 1Fa i hFa
S-MNFF-VIIRS 3 MNOYV 15 03:50 GMT

S-NPP VIIRS winds, Arctic
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NOAA-20 VIIRS Winds Examples

Left: Arctic, 28 Jul 2018, 19427

Right: Antarctic, 28 Jul 2018,
20337




3 Requirements

JPSS L1RD supplement (threshold) requirements versus observed

Threshold Observed/validated

Geographic coverage ~70° latitude to poles ~65° to poles
Vertical Coverage Surface to tropopause same
Vertical Cell Size At cloud tops same
Horizontal Cell Size 10 km (should be same

~19 km, CCR Aug 2015)

Mapping Uncertainty 0.4 km (nadir); 1.5km (edge 0.57 km
of scan)

Measurement Range Speed: 3to 100 m s; same
Direction: 0 to 360 degrees

Measurement Accuracy Mean vector difference: 7.5 5.7-7.0 m/s (w/raobs)
m/s

Measurement Precision Mean vector difference: 4.2 2.7-3.8 m/s (w/raobs)
m/s (was 3.8 m/s)

Measurement Not specified Not applicable
Uncertainty
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JPS$S AMV Performance Metrics

AMVs (QI>60) are matched and compared against RAOBS or GFS
model analysis winds. Metrics:

N
Accuracy = %Z( VD,)
i=1

Precision = % i(( VD,)—(M VD))2

where:

(VD), =\(U,~U,}} +(V,~ V.Y

U, and V, ---> AMV
U, and V, ---> “Truth”

NOAA-20 Provisional Calibration/Validation Maturity Review
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3 Processing Environment

« The NOAA-20 winds are not yet in NDE. OSPO is

expecting VPW to be installed on the NDE I&T string
In October.

« NOAA-20 VIIRS winds evaluated here were produced
by STAR/ASSISTT and also by CIMSS.

 For S-NPP VPW:
— NDE 2.0.12

— VPW algorithm version: 2.1

NOAA-20 Provisional Calibration/Validation Maturity Review
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3 Evaluation of algorithm performance to
specification requirements

e Findings/Issues from Beta Review:

— A Beta review was not performed. The S-NPP VIIRS
winds were declared Validated Maturity in late 2016.
There were no issues.

* Improvements since Beta S-NPP Maturity Review (2016)
— Algorithm Improvements: None
— LUT / PCT updates: None

« Algorithm performance evaluation — See the following
slides.

NOAA-20 Provisional Calibration/Validation Maturity Review
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NOAA QNASA

Validation Strategy

Derive winds over both poles using overlapping NPP or NOAA-
20 VIIRS orbits

Derive winds with full product precedence in place
Enterprise cloud mask (ECM) product is used
Cloud Products (cloud-top temp, pressure, phase, type) are
generated as part of the product precedence chain

Collocate (in sPace and time) derived satellite winds with
reference (“truth”) winds

Radiosonde wind observations (Land)
Aircraft wind observations (Land & Ocean)
GFS analysis winds (Ocean)

G_er&er)ate comparative statistics (satellite winds minus reference
winds

Accuracy
Precision

NOAA-20 Provisional Calibration/Validation Maturity Review
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Derived Motion Winds Test Plan —
Offline Validation: Truth Data

Radiosonde wind observations serve as a
key validation data source for derived
motion wind products

Used by all operational satellite

processing centers that generate
satellite derived motion winds

Aircraft wind observations

GFS Model Analysis Wind Fields 30 it an

NOAA-20 Provisional Calibration/Validation Maturity Review
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Validation Statistics

NPP VIIRS Winds vs. Radiosondes NOAA-20 VIIRS Winds vs. Radiosondes

July 5-29, 2018 July 5-29, 2018
180_1888mb ans - 98N 25N - 9@eN 255 — 25N 255 — 9@5 189 _le@emb 985 - 98N 25N - 98N 255 - 25N 255 - 9@5
Accuracy 5.79 5.79 0,008 .00 Accuracy 5.99 5.99 9,00 .08
Precision 3.58 3,58 0,00 .00 Precision 3.64 3.64 9,08 8.80
Speed Bias 1.83 1.83 8.00 8.00 Speed Bias 1.82 1.82 e.e0 a.e0
Speed 20.44 20.44 8.00 2.00 Speed 20.19 28.19 @.00 a.00
Sample a8 4668 ) ) Samp le 3869 3868 @ ]
191_488mb 985 - 98N 5N - 98N 255 - 25N 255 - 9@5 181_4pdmb 9@5s — 98N 25N - 98N 255 - 25N 255 - 985
Accuracy 6.39 .39 2,00 2.00 Accuyracy 6.36 6.36 @.00 a.e0
Precision 3.76 sion 3.82 3.82 9.00 8.08
Speed Bias 1.33 Observed Bias 1.23 1.23 9.0 B.e0
Speed 23.85 2 23.71 23.71 9.00 8,08
sample 2085 Accuracy: 5.79-5.99 m/s 2073 2073 0 0
481_700mb ses - 9eN 25N Precision: 3.58-3.64 m/s |7een: 99S - 98N 25N - 98N 255 - 25N 255 - 9@5S
Accuracy 5.42 acy 5.79 5.79 .00 @.00
Precision 3.48 sion 3.47 3.47 . ae @.08
Speed Bias 8.81 ) Bias 8.53 @.53 9.008 8.00
Speed 18.95 1 . 17.93 17.93 8.008 8.00
Sample 2871 ReqUIrementS e 119@ 1198 ] @
781_l@aemb 985 - 98N 25N Accuracy. 7.5 m/S 1088mb 98s - 98N 25N - 98N 255 - 25N 255 - 985
Accuracy 4.81 ici . acy 5.1@ 5.18 9.008 8.08
Precision 3.13 Precision. 4.2 m/S sion 3.16 3.16 9.008 8.08
Speed Bias 2.66 L) Ey Ry Speed Bias 1.28 1.28 9.008 8.08
Speed 12.586 12.56 a. 00 a.e0 Speed 12.47 12.47 2.0@ @.0@
Sample 512 512 o @ Sample 597 597 ] )

_ NOAA-20 VIIRS winds generated at STAR. Statistics include only
NPP VIIRS winds generated at OSPO VIIRS winds at 12Z. NOAA-20 VIIRS Winds/Raob co-location files
being reprocessed for the month of July to include 00Z matchups
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NPP VIIRS Winds vs. GFS Analysis
Sept17-27,2018

Validation Statistics with GFS

Note: SNPP VIIRS winds are currently assimilated in the GFS, so these statistics are only to provide
confidence in the quality of the NOAA-20 VPW product.

NOAA-20 VIIRS Winds vs. GFS Analysis
Sept17-27,2018

Ql = 60 Ql =60
Metric NH SH Metric NH SH
Accuracy (m/s) Accuracy (m/fs) 416 408
Precision (m/s) Precision (m/s) 3.12 196
Speed has (m/s) . apeed Dias (m/s) 0.95 U.aq
speed (m/s) 1579 19 87 Speed (m/s) 16.28 2258
Sample 107044 79908 Sample 14419 10616
High (101 — 400 mb) High (101 — 400 mb)
Accuracy (m,/fs) 461 5.11 Accuracy (m/s) 5.12 414
Precision (m,/fs) 3.30 377 Precision (m/s) 3.96 1.95
speed bias {m/s) 0.43 D.48 Speed bias {m/s) 141 0.37
Speed (m/s) 2277 2118 Speed (m/s) 2172 23.83
Sample 21001 47356 Sample 4637 B758
Mid (401 — 700 mb) Mid (401 - 700 mb)
Accuracy (m,fs) 3.B8 434 Accuracy (m/s) 338 377
Precision (m,/s) 2432 2.80 Precision (m/s) 272 188
Speed bias (m/s) 0.90 0.B1 Speed bias {m/s) 0.76 0.64
Speed [m/s) 15.96 18.44 Speed (m/s) 16.54 17.44
Sample 58583 24213 Sample 6921 1383
Low (701 — 1000 mb) Low (701 — 1000 mb)
Accuracy (m/fs) 3.27 412 Accuracy (m/s) 3.05 3.01
Precision (m,/s) 2.01 3.04 Precision (m/s) 1.68 2.14
Speed bias (m/5) 0.46 0.15 Speed bias (m/5) 0.64 101
speed (m/s) 10.08 16.56 Speed (m/s) 987 1447
Sample 27460 8339 Sample 2861 475

NPP VIIRS winds generated at OSPO

NOAA-20 Provisional Calibration/Validation Maturity Review

NOAA-20 VIIRS winds generated at STAR.

16



3 S-NPP and NOAA-20 Comparison, Arctic

VIIRS NOAA20 IR Winds for 2018 Aug 15 002817 UTC Arct

High
(<400
hPa)
Magenta

VIIRS SNPP IR Winds for 2018 Aug 15 011930 UTC Arctic

High
(<400
hPa)
Magenta

NOAA-20 Provisional Calibration/Validation Maturity Review
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3 S-NPP and NOAA-20 Comparison, Antarctic

VIIRS NOAA20 IR Winds for 2018 Aug 15 080454 UTC Antarcti VIIRS SNPP IR Winds for 2018 Aug 15 085607 UTC Antarctic

High
(<400
hPa)
Magenta

High
(<400
hPa)
Magenta
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3 S-NPP and NOAA-20 Comparison, cont.

Pressure Comparison

Vector Speed Comparison 3000

0 Bias = 0.059812 Bias = -9.196
25001 RMS = 3.5146 | 2500l RMS = 85.0649 ]
Range = -24.98 28.22 Range = -655.57 704.61

s000 L 2000+

Freguency
=
i
(=]
[}
Frequency
=
v
(=]
[

1000k 1000+

500 L 500

=100 =50 0 50 100

0
-10 -5 0 5 10
Pres Difference

Speed Difference

Vector Direction Comparison

sl I Bias = -0.39192 Statistics:
900! RMS = 22 8593 | _
800} Range =797 4705 \winds are from STAR. count= 27976

Matchups are within 10 ~ SPd rms = 3.5

700}
< oo km, two orbits 50 min Dirrms = 22.9

E Sl apart. Dates: 20180815, Press rms = 851
g 20180918, 20180919,

400

Mean pres diff = -9.2
Mean spd diff = 0.06
Mean dir diff = -0.39

20180920, 20180921

3001

2001

100

-40 -30 -20 -10 0 10 20 30 40
Direction Difference
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Frequency

Frequency

NOAA ONASA

Vector Speed Comparison

NOAA-20 and MODIS Comparison

SR Bias = —0.067382 HR00
900
Ssool RMS =3.2785 |
Range = -25.71 25. 800 -
2000} 7001
a 600 F
=
1500 3 soof
s 400 +
1000 |
300
500 200
100+
0
-10 - 0
Speed Difference -40  -30  -20 -10
— Pressure Comparison
Bias = -6.9618
RMS = 95.139
2o ' VIIRS and MODIS
Range = -661.87 706.98 :
. winds were generated
at CIMSS. Matchups
1500 are within 60 min and
10 km. Dates:
1000} 20180815, 20180918,
20180919, 20180920,
200 20180921
0
=100 =50 0 50 100

Pres Difference
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Vector Direction Comparison

Bias = -0.14583
RMS = 23.5542
Range = -178.72 178.31

0 10
Direction Difference

20 30 40

Statistics:

count= 18900
Spdrms= 3.3

Dir rms = 23.6
Pressrms = 95.1
Mean pres diff = -7.0
Mean spd diff = -0.07
Mean dir diff = -0.15
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3 Evaluation of the effect of required algorithm inputs

. Requwed Algorithm Inputs

VIIRS SDR granule files containing science data (radiances) for 16 Moderate
Resolution Bands over north and south polar region. Each polar pass has 14~18
granules.

— VIIRS granule files containing geolocation data.

— VIIRS granule files containing cloud data over polar region.

— The 0.25 degree global AVHRR only Daily OISST.

— GFS 6-hour global forecast data at 0.5 degree in GRIB2 format from NCEP
(Vertical profiles of NWP temperature, wind, and pressure; NWP level for the
surface and tropopause)

« Upstream algorithms: Cloud detection (ECM) and properties
(cloud phase/type and top pressure)

« Evaluation of the effect of required algorithm inputs: Sensitivity to
Input cloud products. As an example, see the NDE 1.0 vs 2.0
Northern Hemisphere case on the next slide.

NOAA-20 Provisional Calibration/Validation Maturity Review
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NDE 1.0 vs 2.0: Northern Hemisphere
.

AMV Assigned Height

Nearly all of the yellow and red wind barbs fall exactly
on top of each other. There a few red wind barbs where
corresponding yellow wind barbs don’t exist.

The histograms of heights assigned to the winds in
both systems agree very, very well.

In the SH case (not shown) there are more differences between the NDE 1.0 and
NDE 2.0 VPW winds, which we attribute to known errors in the cloud mask.



Quality Indicators

All derived winds are subject to the following quality
assurance checks and are flagged if test thresholds
are exceeded

Correlation check (threshold = 0.60)

Correlation match occurs on the boundary of the search
scene

u- and v-component acceleration checks (threshold = 10 m/s)
Minimum speed check (threshold >= 3 m/s)

Directional (threshold = 50 deg) and speed checks (threshold
= 8 m/s) against forecast

Quality indicators are computed and appended to
each derived wind vector

— Quality Indicator (QI)

Expected Error (EE)

NOAA-20 Provisional Calibration/Validation Maturity Review
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3 Quality Indicators, cont.

QI Component Tests:
AMYV Direction Consistency Check
AMV Speed Consistency Check
Vector Consistency Check
Spatial Consistency Check

Test of the spatial wind consistency of the AMV with its closest
neighbor.
Forecast Check (Optional)
Comparison of AMV against NWP wind interpolated to AMV
location and time.
Expected Error (EE)

Originally developed at the Australian Bureau of Meteorology
(LeMarshall et al., 2004) as an alternative to the QI.

Based on a linear regression of collocated AMV — RAOB vector
differences using predictors that include the QI consistency tests
and other vector and NWP information

Regression produces an error estimate in m/s rather than a
normalized score.

NOAA-20 Provisional Calibration/Validation Maturity Review
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3 Quality Indicators, cont.

Both the QI and EE have their strengths. The EE estimated
vector reliability values have a closer 1-to-1 relationship with
actual RMS errors measured against raobs. The QI tends to rank
more vectors as reliable, especially fast AMVSs.

Both methods are used as AMV quality flags. Users can
selectively employ the flags in their local quality control.

AMVs that pass both EE and QI thresholds are kept.

NOAA-20 Provisional Calibration/Validation Maturity Review
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NOAA DNAEA

Exception Handling

The algorithm checks whether the time interval is valid and that
the temporal data has been loaded properly.

The algorithm checks that the search region is larger than the
target scene.

The algorithm checks the sensor data flags to see if channel data
Is valid.

If the AMV retrieval is not performed, the retrieved parameters
are set to a missing value and the quality flags are set to the
lowest quality value.

NOAA-20 Provisional Calibration/Validation Maturity Review
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3 Error Budget

Attribute L1RD On-orbit Meet Additional
Analyzed | Threshold Performance Requirement? | Comments

Accuracy 7.5 m/s 5.7-7.0m/s Yes Raob, aircraft
Precision 4.2 m/s 2.7-3.8 m/s Yes Raob, aircraft
Horizontal 10 km 19 km (inherent Yes
cell size to the algorithm)
Mapping 0.4 km 0.57 km Yes MS2GT and
uncertainty nadir; 1.5 McIDAS
km EOS

NOAA-20 Provisional Calibration/Validation Maturity Review
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JE)s  Users

13 NWP centers in 9 countries of polar winds, some using VIIRS
winds operationally:

« U.S. Users:
— NCEP (Dennis Keyser)
— NRL/FNMOC (Randy Pauley)
— GMAO/JCSDA

 Foreign Users:
— UK Met Office (Mary Forsythe)
— JMA (Masahiro Kazumori)
— ECMWEF (Jean-Noel Thepaut)
— DWD (Alexandar Cress)
— Meteo-France (Bruno Lacroix)
— CMC (Real Sarrazin)
— BOM (John LeMarshall)
— EUMETSAT (Simon Elliott)
— Russian Hydrometcenter (Mikhail Tsyrulnikov)
— CMA (China)

NOAA-20 Provisional Calibration/Validation Maturity Review
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3 Users, cont.

Global U+V—comp Observation Impact Sum
VIIRS 90 NPP IR Sfc—10 hPa

30—days ending 10 MAR 2015

Sum = —0.473, Average = —0.0163
0
—0.02
—0.04
—0.06
—0.08
—0.1 |
DO — NN NOM~RO0OO — NS NOM~O— NS0 W~0GoO
O 06O NNNNNNN OO O OO OO OO —
NN NN NN NN N NN NN NN MM MMM M M) MMM
OO0 0000000000000 00O OO0 00 00
-0.22 —0.2 —0.18 —0.16 —0.14 —0.12 —0.1 -0.08 —0.06 —0.04 —0.02 © 002 0.06 008 0.1 0.12 0.14
Beneficial Non—Beneficial

Courtesy of Naval Research Lab

NOAA-20 Provisional Calibration/Validation Maturity Review
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3 User Feedback

» Over the last decade, model impact studies have demonstrated that model
forecasts for the extratropics are improved when the MODIS polar winds are
assimilated. Forecasts can be extended 2-6 hrs, depending on the location.

 NWP users have reported similar results for the VIIRS Polar Winds at the
recent International Winds Workshops (2016, 2018). From NRL: “The VIIRS ob
impact is noteworthy—20% of the polar wind ob impact from 11% of the polar

wind obs.”

NCEP Yes (SNPP) Yes (early
2019 for N20)

DWD Yes

Navy Yes

ECMWEF Yes

Met Office Yes Yes

CMC Yes

MeteoFrance Yes Yes

Awaiting information from the other NWP centers.

NOAA-20 Provisional Calibration/Validation Maturity Review



3 Risks, Actions, and Mitigations

There were no risks identified at the S-NPP Validated Maturity
Review in late 2016. No other reviews have been performed since
then.

Identified Description Action/Mitigation and
Risk Schedule

None

NOAA-20 Provisional Calibration/Validation Maturity Review
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3 Documentation

Science Maturity Check List Yes ?

ReadMe for Data Product Users Yes
Algorithm Theoretical Basis Document (ATBD) Yes
Algorithm Calibration/Validation Plan Yes
(External/Internal) Users Manual Yes
System Maintenance Manual (for ESPC products) Yes
Peer Reviewed Publications Yes
(Demonstrates algorithm is independently reviewed)

Regular Validation Reports (at least annually) Yes

(Demonstrates long-term performance of the algorithm)

NOAA-20 Provisional Calibration/Validation Maturity Review
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3 Check List - Provisional Maturity

Product performance has been demonstrated
through analysis of a large, but still limited (i.e., not
necessarily globally or seasonally representative)
number of independent measurements obtained
from select locations, periods, and associated
ground truth or field campaign efforts.

Product analysis is sufficient to communicate
product performance to users relative to
expectations (Performance Baseline).

Documentation of product performance exists that
includes recommended remediation strategies for
all anomalies and weaknesses. Any algorithm
changes associated with severe anomalies have
been documented, implemented, tested, and
shared with the user community.

Product is ready for operational use and for use in
comprehensive cal/val activities and product
optimization.

All requirements have been met

Yes

Yes (no significant anomalies or
weaknesses)

Yes

NOAA-20 Provisional Calibration/Validation Maturity Review
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3 Conclusion

e Cal/Val results summary:

— Team recommends algorithm Provisional
Maturity. Validated Maturity declaration should
not be a problem after more data are available.

— Caveats: None

NOAA-20 Provisional Calibration/Validation Maturity Review
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3 Path Forward

e Lessons learned for N20 cal/val:
— No Issues

e Planned improvements:
— Algorithm plans: Parallax correction

— Research: Day-night band; S-NPP/NOAA-20
dual winds (PGRR project)

 Future Cal/Val activities / milestones:
— See cal/val plan

NOAA-20 Provisional Calibration/Validation Maturity Review
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\_bove 400 hBY

Thank you!
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Extra Slides
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3 Requirement Check List — VIIRS Polar Winds

The algorithm shall produce a polar winds product that has

i vertical coverage from the surface to the tropopause
JERD-2140 Thg algorithm shgll produce a polar winds product that has a
horizontal resolution of 10 km
JERD-2141 The_ algorlthm-sha_lll produce a polar winds product that has a
vertical reporting interval at cloud tops
JERD-2142 The a_lgorlthm sh_aII prodgce a polar winds product that has a
mapping uncertainty (3 sigma) of 5 km
The algorithm shall produce a polar winds product that has a
measurement range of:
ERDZIAE 3 to 100 m/sec for speed and
0 to 360 degrees for direction
The algorithm shall produce a polar winds product that has a
JERD-2144 T :
measurement precision mean vector difference of 3.8 m/sec
JERD-2145 The algorithm shall produce a polar winds product that has a

measurement accuracy mean vector difference of 7.5 m/sec

NOAA-20 Provisional Calibration/Validation Maturity Review
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