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Over the last 8 years, questions about the validity of
extreme SFMR wind measurements were raised by
different user communities.

The main conclusion from previous validation
studies was that the SFMR forward model and
retrieval schemes are the leading cause of errors
However, attempts to improve upon the forward model
still led to both over- and underestimation of winds in the
eyewalls
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What are we Missing?- "
2023 Season Collocated Measurements Provided a CIue
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Cowest 30 IWRAP (ku@50" scared to 20mi miey  —~* Flights with US002

US001 and US002
were flown coincident
with Imaging Wind
and Rain Profiler
(IWRAP)
measurements in 3
flights during 2023
season

These measurements
present first indication
that performance is
different from unit to
unit and flight to flight
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105224 to 135644 UTC
Reflectivity (dBZ) at 2.0 km

North-South distance (km)
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SPMIR Column

oincident measurements were collected from 4 flights with US001, 3 flights with US002, and 9
flights with US003

Dropsonde data, along with coincident SAR and ASCAT satellite overpasses, were used to provide
independent validation of both SFMR and IWRAP performance across different wind sources

* Leveraging IWRAP’s along-track measurements of ocean surface wind speed, wind direction, and rain
rate, this campaign allowed for the first time a systematic characterization of the SFMR measurement
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All three units exhibit different biases relative to IWRAP scatterometry winds:
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20240815H1 N4Z2 SFMRE Unit 3

20240702H1 N42 SFMRE Unit 1
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US001 Invest
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Validation

® First opportunity for
validation in TC Debby
August, 4" 2024

e Coincident measurements
with AFC USO007 together
with ASCAT and SAR
overflights

e US003 consistently ~5 m/s
higher than US007

e US007 rain rate higher than
US003

e Similar bias observed with
coincident ASCAT and SAR
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* Comparisons with IWRAP revealed performance changes from flight to flight
* The change in performance from flight to flight or within one flight is the
most concerning issue for the operational applications
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* Individual flight validation reveals more linear wind speed dependent error variation that changes
from flight to flight and from unit to unit
* Results consistent with IWRAP and Dropsondes
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Tb Calculation
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t, — cold load thermistor temperature
t,— warm load thermistor temperature

t . — antenna radome thermistor temperature

t, — antenna waveguide thermistor temperature
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Checking for System-Linearityi
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SFMR Error Source:-instrumes B Tb equation
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When antenna counts are close to the cold load counts are Y~1, hence the dominant
contributions to the measured Tb’s are from terms calculated from physical temperatures of the
radiometric components, not environmental conditions. This occurs in high wind and rain rate
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Chanel 5 Calibration Differences between US003 and rest of SFMR Units

Channel Index 5
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2024

SFMR Delta Ths (Measured — Model) Time Serfes
09/23/2024 13:58:38 — 2320:28

‘!ih ‘
3 A|rForce Flights with US009 into Hurrlcane Helene September 23-26',

SFMR Delta Tbs

Measured — Model) Time Series

09/25/2024 08:47:15 — 18:45:29

SFMR Delto Tbs

Measured — Model) Time Series
09/26/2024 086:28:21 — 11;53:28

40 ‘ T T T ‘ T T T ‘ T T T ‘ T T ‘ = 40F LA Y Y A A A ‘ = 40 L B I L A |§ =
25| 202409235009 = 25 2024002505003 $ -1 s 20240926uS008 3 B
3l s o 30 7 FO e $ B
£ E . = E E X : 3
= 25 T . e g = 25 25 3 o
E E g = E E / & 4 =
=20 ° ] 20 20 { ‘ _
3 E § = E = Sal =
3 sE " . e B S B R ! 3
= = ¢ 3° = = = M =
| = ] ; | = = =
k-] ap H [ SQ: ¥§ $ - 1o 0 =
o = 3 $ 3)¢ RS0 i 3 = = = —
5 al WA 2 : ] a[c L ]
“ — s S — — = —
] = ) : = E E =
£ o e 3 i ) o al= al= =
= k4 ¥ 31 e 3 = = -
£ -s[ e 42 | I -s[ -5 B
S = = = = =
= = = = = =
« —10[ ] —1a[- e 7]
¢ b E = & E
£ -8l = 16 B
g = = E E =
@ -20[- - =20 -20[ -
2 E = = E =

) _25 [ _25 : _25 e e e
o = Channel 2 — Channel ] — T = Channel # 2 — Channel T — = Channel 2 — Channel | —
-3a[- Channel. 7.3~ Channel. ... se—T -3a[- Channel # 3 = Channel # . 1. s _3q[- Channel g 3.~ Channel . 1. se—T
- Channel # 4 — Channel # | - Channel # 4 — Channe| # | ee— = Channel # 4 — Channel f | e——1
_380C Channel # 5 — Channel f | = 350 Channel # 5 — Channel| 3 1 =e— 350 Channel # 5 — Channel # 1 ——1
e Channel # 6 — Channel 1 i i Channel # 6 = Channel 1 e Channel # 8 — Channel 1 =
-40= L R T T T T T N Y = -40FE P P T A I T ! 4 -a0E P TR R R N T JH I EI =

14:00 16:00 18:00 20:01 22:00 09:59 11:58 13:58 16:00 17:59 07:00 08:00 08:59 10:00 11:00
Time UTC Time UTC Time UTC

On October 30", we have received an email from Amanda Nelson USAF AFRC 53 WRS

“I wanted to let you know that there was a hardware failure with ARU US009 during mission 1109A into Helene on September
25th at approximately 1445Z. This was after the third fix and unfortunately wasn’t identified so the same ARU was flown on
mission 1409AHELENE (September 26th). After that flight it was removed and sent back to ProSensing for repairs.” The
subsequent system monitoring tool developed by Joint validation team identified issues with this unit starting with flights in

;@Beryl on July 7, 2024

NOAA National Environmental Satellite, Data, and Information Service




Conclusions
e During 2024 season the NRT NOAA SFMR measurements exhibited variable performance
characteristics with respect to IWRAP, sondes, ASCAT and SAR
« Validation performed on all 3 NOAA SFMR units
« Performance varied during flight time as well as from flight to flight for the same unit

« Sources of error:

Tb Forward model wind speed and rain rate dependencies
Algorithm inversion scheme

Calibration

Frequency drift with system temperature

Time and temperature dependent measurement drift

Tb calculation

Instrument design

Ancillary data inputs

System health monitoring

. NOAA decided to terminate SFMR dissemination from NOAA P3’s in September 2024

« EMC has performed SFMR data denial DA study for HAFS model and found degradation in surface
Vmax and pressure bias and rms error when SFMR data was assimilated

e Study included all storms between 2022-2024; DA of the SFMR was terminated mid 2024 season
« |Impact of SFMR data utilization in satellite wind calibration or Al products is unknown at this point
ﬁo years database of SFMR measurements in most extreme surface wind conditions in jeopardy
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