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Intensity / Structure assessment :
Overview

1. Microwave data
2. Objective Satellite guidance

3. Remote sensing of strong / extreme winds
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TC intensity / structure analysis in TC
forecasting: an expertise
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Passive micro-wave imagery

= Passive microwave imagers
measure the radiation
emitted in the 5-200 GHz
microwave range.

= A brightness temperature
(Tb) is measured which
allows to quantify the
radiative processes and the
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Passive micro-wave imagery

= Advantages:
- see through cirrus clouds

- detection in almost all
atmospheric conditions

= Disadvantages

- Wavelength + long than VIS
or IR

- less energy and less good
resolution

— Only on scrollers

— More complex interpretation.
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Passive micro-wave imagery

= 85GHz:

]' | ‘ - The signal is amplified in the
" presence of liquid drops

- Scattering by icy particles

Y / - Deep convection associated with
,..\\' : ‘/},_,, low Th
-» - Weak convection associated with

SO 4 high Tb
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Passive micro-wave imagery

= 85GHz:

02/25/19 0600Z 15P OMA
02/25/19 0231Z GCOM-W1 OVERPASS
02/25/19 0210Z HIMAWARI-8 VIS

02/25/19 0600Z 15F OMA
02/25/19 0231Z GCOM—W1 89H
02/25/19 02107 HIMAWARI-8 VI

e -‘g-

p convectio

), . Y ¥ . .
e | Naval Research Lab www.nrlmry.na .mil/saf_producfs.hfml
<——  89H Brightness Temp [Kelvin}) ~———=

250

WO
Cyclone OMA, 2019
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Passive micro-wave imagery

Radiative Processes at 37 GHz in a Convective Atmosphere " 3 7 G H Z .

— The signal is amplified by the
liquid drops

— No scattering by ice particles

— Heavy rain associated with high
Tb

— Light rain associated with low Tb

- BThe COMET Program

Météo-France -9



Passive micro-wave imagery

= 37GHz

02/25/19 0600Z 15P OMA
02/25/19 0231Z GCOM-W1 OVERPASS
02/25/19 0210Z HIMAWARI-8 VIS

02/25/19 0600Z 15F OMA
02/25/19 0231Z GCOM—W1 36H
02/25/19 02107 HIMAWARI-8 VI

Naval Research Lab www.nrlmry.na

rmifl saf_producfs html
<——  36H Brightness Temp /

elvin) ———

T

Météo-France Cyclone OMA, 2019



Passive micro-wave imagery

= Different products available on the NRL/FNMOC :

— Polarised products

08/23/17 00002 15W HATO MWE  08/23/17 00002 15W HATO .-_-Wﬂg
SATELLITE: f1l 98 08 26 2354Z 85 GHZ H WEAR (Brightness Temperatt 08/22/17 22597 WindSat 37V = B 08/22/17 22597 WindSat 37H P, 2 o)

WARNING: BONNIE (02) 980827 1400 35.0N 77.0W 08/22/17 2300Z HIMAWARI-8 VIS 7 ] 08/22/17 23OOZ HIMAWARI-8 VIS )
NRL Mcnterey Code 7541 -
_ el
{
< 5 / l-- i

Al 5 § ] ]

s % 32 N N
”é ... I :
b =
H

» But some biases :

Météo-France -1


https://www.nrlmry.navy.mil/TC.html
https://www.fnmoc.navy.mil/tcweb/cgi-bin/tc_home.cgi

Passive micro-wave imagery

89h/89weak 37v 37h

SATELLITE: fll 98 08 26 2354Z 85 GHZ H WEAK (Brightness Temperatu 08/23/17 0000Z 15W HATO 08/23/17 0000Z 15W HATO
WARNING: BONNIE (02) 980827 1400 35.0N 77.0W 08/22/17 22592 Windsat 37V 08/22/17 22592 Windsat 37H

NRL Monterey Code 7541 08/22/17 23002 HIMAWARI-8 VIS F y 08/22/17 23002 HIMAWARI-8 VIS
N ( --
A F &
L ) : y

08/22/17 2304Z F-18 91H
08/22/17 2250Z HIMAWAR:

Haval Research Lab www.nrlmry.
37V Brightness Terl

210 220

Naval Research Lab www.nrlmry.navy. m11/sat_products html
<--  91H Brightness Temp (Kelvin)

210 240 250 260
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Passive micro-wave imagery

= Different products available on the NRL/FNMOC :

— Composites (most used) :
Color 37Color

00Z 135S GELENA /12/ 00Z 13S GELENA
337 GCOM—W1 COMPOS © 0 337 GCOM—W1 COMPOS

Shallow

Bl reii i’
| e
[ TR

vymll/ s.html esen ml/ at_products.html
89H R d 36PCT G Blu G—ﬁ



https://www.nrlmry.navy.mil/TC.html
https://www.fnmoc.navy.mil/tcweb/cgi-bin/tc_home.cgi

Passive micro-wave imagery

89h/89weak 37v 37h

SATELLITE: f1l 98 08 26 2354z 85 GHZ H WERK (Brightness Temperatt 08/23/17 0000z 15W HATO .---W‘QE 08/23/17 0000Z 15W HATO
WARNING: BONNIE (02) 980827 1400 35.0N 77.0W 08/22/17 22592 Windsat 37V e 2 08/22/17 22592 Windsat 37H
NRL Monterey Code 7541

08/22/17 23002 HIMAWARI-8 VIS I.. z:}‘ 08/22/17 23002 HIMAWARI-8 VIS I..
Adﬁ 245

Waval Ressarch Lab . nrlmry. navy.mil/sac Jaroducts html Naval Research Lah uwy.nrlury navy. mJl/sat Jroﬂucts html
3 - 3

7V Brightness Temp (kelvin) 7H Brightness Temp (Kelvi

210 220

Color 37Color

~ 14

&

Naval Research Lab ww.nrlnry.navy.mil/sat products. hml
Red=37PCT ~Green=37V  Blue=37H



Passive micro-wave imagery

= Essential tool to locate the center precisely:
— CDO/sheared cloud pattern
— At the beginning/end of TC lifecyle

e e .
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Passive micro-wave imagery

02/14/20 06007 943 INVEST
02/14/20 08577 GCOM— COMPOS
02/14/20 08307 HIMAWARI 8 VIS

Where is the center ?

Early stage of Gabekile (février 2020)

l.....“

¥
. P

Naval Kesearch Lab www.nrimry.navy. mll/sr.:lf roducts. html
Fed=83%FCT Green=89H Blue=8




Passive micro-wave imagery

Well-defined eye in 37 GHz | No eye in 85 GHz | No
eye in conventional imaging — MTS (gale force
winds)

Well-defined eye in 85 GHz | vertical
alignment /| No eye in conventional
imaging - STS (storm force winds)

Bouchra

Well-defined eye in 85 GHz | Very low Tb on
large part of RMW in 85 H/ No eye in
conventional imaging — TC (hurricane force
winds)

W e : : - 5
Naval Research Lab _ www.nflmry.navy.mil /sal_products.html
<——  83H Erighlness Tamp‘Tl{elwn] ——=

50
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Passive micro-wave imagery

= Rapid intensification predictor (Cyan ring)

— Kieper (2012): risk of rapid intensification within 24 hours

=l
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Passive micro-wave imagery

= Revealing the tilt of the cyclonic vortex in a sheared environment.

08/21/00 2300Z O07L DEBBY
08/21/00 2333Z TRMM 37H
08/21/00 22452 GOES-8 IR

center pé)SIthﬂ at
21/2346%

= 08/21/00 2300Z O7L DEBBY
N 08/21/00 2333Z TRMM 85 GHz PCT
| 08/21/00 22452 GOES-8 IR

center p65|t|on at™
21/2346

Hce nter J
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Passive micro-wave imagery

= MIMIC-TC :

— Morphing animation of 89GHz data:

» Bansi 2015

Météo-France

" 2015-01-14 00:00 -- 2015-01-15 00:00 [Animated GIF] [JAVA]

2015-01-13 00:00 -- 2015-01-14 00:00 [Animated GIF] [JAVA]

2015-01-12 00:00 -- 2015-01-13 00:00 [Animated GIF] [JAVA]
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http://tropic.ssec.wisc.edu/real-time/mimtc/tc.shtml
http://tropic.ssec.wisc.edu/real-time/mimic-tc/2015_05S/webManager/displayGifsBy12hr_03.html
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Microwave sounders

= AMSU, ATMS, SSMIS :

An objective way to estimate the intensity of a system based on the magnitude of the warm
core as seen by a sounder
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Microwave sounders

= AMSU
2 institutes develop operational algorithms : CIMSS, CIRA

[ [hetp:pramsu.ssec.wisc. eduf -

&l Alaune

|| UW-CIMSS AMSU Homepage [

Cooperative Instibute for Meteorological Satellite Studies
University of ¥Wisconsin-Madison

AMSU

CIMSS/NESDIS-USAF/NRL AMSU TC Intensity Estimation:

Weleome to the UW-CIMEE Advanced Mierowave Sounding Unit (AME) Homepage SUPER TYPHOON 17w
Thursday 19Sepl3 Time:

20

126.23
AMSTU algorithm c. e lo;

Estimated MSLP: 924 hPa
| Estimated Mazimum Sustained Wind: 124 kts
stimate Confidence: Good { +/- 10mk 12kts )
ific Ooene o e T T
Storm is sUOD ed: Bias correctlon appl
Channel 8 (~150 hPa) Tb Anomaly:
Channel 7 (~250 hPa) Tb Anomaly 4.71

What is the CIMS S AMSU Tropical Cyclone ity A ithm?

RMT : 11 km
0015 T052E 0919 18372 0919 17537 0910 12102 18
. . RMW Source is: MW
Environmental Pressure: 999 (Climo)

Satellite: NOAA-15
ATCF data for Month: 09 Day: 20 Time (UTC): 0000

11w UTOR

10w MAMGKHUT
03w JEEI

08w CIMARDMN
07w SOULIK
OB RUMELS
05w BEBINCA
04w LEEPI

03w/ TAGI

For imagery, go to http://amsu.ssec.wisc.edu/nwpac32.html
For all comments and questions mailto:chrisv@ssec.wisc.edu

Météo-France
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http://tropic.ssec.wisc.edu/real-time/amsu/

Weighted consensus of objective satellite
estimates

= SATCON : SATellite CONsensus - estimates of TC Vmax/MSLP

— Calibrated consensus of several objective intensity estimators: ADT
(automatic Dvorak) & Probes (AMSU, SSMIS, ATMS)

— Optimized for cloud configuration / TC life cycle
CIMSS TC SATCON Wind for FLORENCE (06L) 201

3
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http://tropic.ssec.wisc.edu/real-time/satcon/

Weighted consensus of objective satellite

estimates

= SATCON : SATellite CONsensus
— Better scores than its components (2006-2015)

N=4097 CIMSS | CIMSS | SSMIS/ | SATCON
AMSU ADT ATMS
BIAS -3.9 -1.6 -2.2 -0.2
AVG
ERROR 9.7 10.0 8.6 7.2
RMSE 12.5 12.8 11.2 9.1
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http://tropic.ssec.wisc.edu/real-time/satcon/
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Remote sensing of strong / extreme winds

= Principle :

p—

Sub-Satellite Track

i"

Météo-France

Diffusiometer: microwave radar measuring the
signal backscattered by capillary and gravity
waves on the sea surface

The analysis of the signal backscattered by

the same ocean surface seen from different

angles by the satellite allows to calculate the
strength and direction of the wind.

The measurement is disturbed by any
phenomenon that destroys the capillary
waves: rain, very weak or very strong winds.

Wind direction ambiguity: removed with model
data

- 27



Remote sensing of strong / extreme winds

Example of the influence of heavy rainfall in light wind conditions |

erroneous measurements

Météo-France - 28



Remote sensing of strong / extreme winds

ASCAT

CORENTIN, 21/01/2016, 1702Z =+

P R

- ASCAT A, B and C (Metop - EU)
Best resolution at 12.5 km
Passage ~06Z and ~18Z

- ASCAT-A discontinued on
15/11/21

- HSCAT 2B, 2C - (HY 2B, 2C -
CHINA)

Best resolution at 25 km
Status : development

Passage to ~00Z ~12Z

Interest in cyclone monitoring :

- Center fixing

- Intensity (range: 20 - 40 kt, can be
used to assess the existence of
storms or even hurricanes winds), but
beware resolution regards to
system size

- 29
- Winds radii assessment (near gale,
gale, ~ storm force winds)



Remote sensing of strong / extreme winds

= Manati : High resolution product based on backscattered signal
(windspeed retriaval)

>50

31 32 33 34 35

Latitude
30

(=]
N

28

27

56 —75 —74 —73 —72 -7 -70 —-69 -68 —-67 —-66 -65
Longitude

BYU 180912 _1451_61742_FLORENCE_180912_1200.WRave3.nc

Météo-France  BY'J Florence (12/09 1451Z) NRCS Florence (12/09 1451z)  ~*°


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

Remote sensing of strong / extreme winds
SMOSI/SMAP (Soil Moisture Active Passive)

=» Passive low freq microwave
radiometer sensitive to very high

winds while being less affected by
rain

=» Loose resolution (~40 km) but
calibration to be able to estimate
winds over 100 kt ...

=» Several hours between the
satellite pass and the availability of
wind products ...

- 31




Remote sensing of strong / extreme winds
SAR (Synthetic Aperture Radar) = Ascat HD
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Remote sensing of strong / extreme winds
SAR (Synthetic Aperture Radar) = Ascat HD

urricane GRACE August 2021, NATL|
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Courtesy from IFREMER / CLS Courtesy from IFREMER / CLS

SMAP 11/03/21 0031Z

Mean Winds by Quadrant: SH242021 / HABANA SAR Derived Wind Speed: SH242021 / HABANA
11 Mar 2021 00:26 UTC 11 Mar 2021 00:26 UTC
150 — : 2: g:m;lﬂg?g 713832% 150 — g:m;lﬂg?g 713832% Other aidS neal’ 11’002 fOI" TC HABANA intenSity
: = ;VVVJ Pl Sze:  3.0km : gggl"gﬁz"g Aa"o'km estimate :
] QUA NE SE S N ] - 10;701( ‘ts - Subj Dvorak : Ci from 6.5 (127 kt 1’) to 7.0 (140 kt 1)
_ R 3t 3 3 % _ R 100 0mt Weakening trend (FT FMEE 6.0 / PGTW 6.5)
8 100 — i 8 100 — V\ %5:2 B - ADT ~120/125 kt (1’)
A Max mean orofil ~ 110 kt A Max 3km winds ~ 115 kt - SSMIS / AMSU (shortly after) : resp. 130+ kt (1’) / 110/115 kt (1)
P P P - SATCON ~ 120/125 kt (1)
9 v - CIMSS ATMS (shortly before) : 115/125 kt (1’)
3 3 o
:M 554550 534 _
O L L B I A A O 0 i1'1'||'|||1],|||||11||||||1|
0 50 100 150 200 250 0 50 100 150 200 250

rrergource : NOAA/NESDIS/STAR/SARGBS ™



Courtesy from IFREMER / CLS Courtesy from IFREMER / CLS

re I

Remote sensing of extreme winds conditions era has begun
....This is great news ! ... BUT some open questions remains :

— Estimation of error bars due to calibration/measure issues

Radarsat-2 1 B How do we define the intensity of a TC in the sense of a best-
track (6 hrs sampling) ?

e 3021 ao.26
- -~ What is the appropriate way to deal with wind averaging period ntensity
1 R Center Lon| “ .
- —& &= when using SMAP/SMOS/SAR winds ?
i . QUA NE SE S N ] 0070 - Subj Dvorak : Cifrom b. o /. kt 1)
_ R 3t 3 3 % _ R 100 0mt Weakening trend (FT FMEE 6.0 / PGTW 6.5)
100— = ¢ 100— \ N - ADT ~ 120/125 kt (1)
. Max mean profil ~ 110 kt - Max 3km winds ~ 115 kt - SSMIS / AMSU (shortly after) : resp. 130+ kt (1’) / 110/115 kt (1)

- SATCON ~ 120/125 kt (1’)
- CIMSS ATMS (shortly before) : 115/125 kt (1’)

Wind Speed (knots)
Wind Speed (knots)

1

e 16450134

RN i / o o
0 TTTT T 1T I T 1T I TTTT I T 1T I T 0 TTTT I T 1T I T 1T I TTTT I T 1T T
0 50 100 150 200 250 0 50 100 150 200 250

rrergource : NOAA/NESDIS/STAR/SARGBS ™



TC intensity / structure analysis in TC
forecasting: an expertise

Météo-France
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