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Challenges
* Wind measurements in Tropical Cyclones (TC) are challenging because it is hard to separate the wind from the rain signal
* Traditional physical algorithms based on Radiative Transfer Models (RTM) are not adopted because rain is hard to model
e Specialized wind algorithms are developed for Tropical Cyclone and rain conditions, typically requiring low frequency
channels: L-band (SMAP, unaffected by rain) or C-band (AMSR2/3, empirical regression algorithm)
* These typically use the differences of Brightness Temperatures (TB) at C/X-band to separate wind/rain (i.e. Meissner et al, 2021)
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Spurious large wind bias ! Very cold TBy4 (< 200K) ! Very warm TBge ! Very deep cloud (cold T )
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* Occasional large positive biases in old TC-winds were found in regions where TB89 was very cold (< 200K, ~3% cases)
* The old algorithm (V8.1) was not sufficiently trained for these exceptional environmental conditions
* Using AMSR2 TBs, we found that the 89 GHz channel is very valuable for mitigating rain/cloud impact in TCs

* |t provides a proxy of the cloud depth, cold troposphere emission, and amount of cloud water in the column, which all
impact the wind retrievals.

* A new algorithm using 6-89 GHz was developed for AMSR2 and performs very well in TCs
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* New algorithm (V8.2): statistical linear regression using all

- AMSR2 TC-Wind V8.1 - AMSR2 TC-Wind V8.2
channels 6-89 GHz (C to W-band); TBs are the only input. ton [P @ @R I8 e Ton [ R E R
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e Training dataset: HWRF model wind fields in TCs (~200 passes, 2922582329853 88 2285823895288
2018—20_23), storm-centers coIo.cated with AMSR2 TB, after ey —
resampling to the same resolution R

» Testing/validating dataset: HWRF (~150 passes, 2023-2024)

e Large biases significantly mitigated, especially for TB89 <
200K.

" AMSR2 TC-winds V8.2 implemented in Nov 2024 in NRT at RSS

Data, fixes, images in NRT at https://www.remss.com/tropical-cyclones/tc-winds/

)+, +-./011+2#34+5564 2#3-6-574'88%8&" (1)*+,(+$"-./0'1(23 55-9%"(167.1-08/(9.1()-0-7$0-.%(. 9(+$-%0(:/:$&A#(I00#: ) < 2#="=$2#-, A>T A|2#06/4 #?+6-1#.4@+5+ A6



https://www.remss.com/tropical-cyclones/tc-winds/

Remote Sensing Systems /f
06%8&)%1A64/)%&)*3:9:)5%&'()B>?@C)6&)>?2@:D 7

BIAS: AMSR2 vs HWRF as a function of RAIN RATE

The old C/X-band algorithm (V8.1) displayed significant biases as a function of rain rate
The new wind TC algorithm (V8.2) displays !"#$%&!%'%()!*#+%)$#)*#),.#-)%0!#-)*.$

Statistics on full

testing dataset, 2023-

2024, 150 TC passes
AMSR2 TC-WINDS V8.1 - HWRF Wind Bias
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AMSR2 TC-WINDS V8.2 - HWRF Wind Bias
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AMSR2 V8.1 (m/s)

Old: V8.1 vs HWRF

TC INTENSITY (10-min sustained winds, 2023-2024 storms)
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New: V8.2 vs HWRF

TC INTENSITY (10-min sustained winds, 2023-2024 storms)
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HUMBERTO (ALO8) RAGASA (WP24)
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TC LEE (AL13): R34, NE quadrant
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Many MW radiometers are already several years past their planned operation time : the DoD
SSMI/S series (F16, F17, F18) could end anytime, SMAP, SMOS, AMSR2, and GMI are

operating In their second decade, and they are approaching the end of their lifetime . The
launch of the EUMETSAT MWI has been delayed to summer 2026 . Currently, and in the near
future, there Is poor to modest global TC coverage . TC monitoring with MW radiometers

requires large and costly antennas .

"t BOI&() *+$-/,0 $23245578%-:: $6<=>7?@-?-7060>/7 HADAE--0>7C

m Current/Future Satellite Passive Microwave Imagers
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Following the methodology used for the AMSR2 V8.2, we designed a statistical linear regression algorithm for
radiometers with channels within 10-89 GHz (X to W-band), by using AMSR2 channels but without C-band, and
comparing the performance to the algorithm with C-band.

The linear regression equation is similar to the C-band one, but has additional terms weighted by the rain rate

899()8,<:(>7><(7@(,A(, BCAD(EIH Cat. 1 Heavy Rain

AMSR2 10-89GHZ (T56) WIND ALGO
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R2 TC-WINDS V8.2 - HWRF Wind Bias
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Statistics on full
testing dataset,
2023-2024, 150 TC
passes

* Our target performance is the TC algorithm with C-band, which displays "#$%&!%'%()!*#+%)$#)*#),,#-) % #-)*. $/ACL#22
* The new TC regression algorithm without C-band displays much smaller biases than the standard physical algorithm

e Standard physical (RTM) algo: Bias ~20-40 m/s at moderate rain

* New TC algorithm without C-band: "5*%2),#5.-"'-2)!(.#%$#"-#6/7/86#23%#)!9#-) % #-)* $#/ . #2483

- 1<.-) & H#+%)S#H/#=#2 3% ak dependence of bias from rain rate
- Even for heavy rain 8-12 m/s (red line) the bias might be acceptable.
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The algorithm without C-band has been tested
on 27 TCs in the 2023-2024 season. Our tests
show very promising skills in estimating storm
intensity and radii, and sample scenes of wind
retrievals in storm, for rain rates below 8-10
mm/hour, with some degradation at extreme
winds > 40 m/s.

This new algorithm for sensors without C-band
(i.,e., GMI, WSF-MWI) allows the recovery of a
large portion of data lost in TCs with traditional
rain-free wind algorithms.

AMSR2 Without C-band (m/s)

TC intensity comparison
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* TC-wind algorithms for MW radiometers are specialized products valid at extreme winds in rain and warm SSTs (> 20°C),
tailored for TC operational forecasters

* RSS developed a new TC-wind algorithm (V8.2) to mitigate rain biases in AMSR2 winds that uses all channels (6-89GHz),
to be implemented at RSS in AMSR3 as soon as data becomes public (by 2027)

* The major novelty of the new algorithm, versus the C/X-band type, is the added use of the 89 GHz channel, which is very
valuable as a proxy of cloud depth and liquid water content, and helps mitigating the rain impact

* The new algorithm (V8.2) displays strong skills in estimating intensity and radii in TC

* With the same methodology but different frequency channels (10-89 GHz), a new algorithm for TC-winds from
radiometers without C (WSF-MW!I, GMI) is under development, to help fill the gaps of TC-coverage with MW radiometers
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available at https://www.remss.com/tropical-cyclones/tc-winds/

/101 &3&4,5",6&789;4%+.+)-<-band (1.4 GHz); sensitive to high winds 10-70 m/s, no rain impact 180#99$0-&0%&H: &<=>2
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