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« Microwave imagery interpretation review

 CIMSS & CIRA AMSU Intensity Algorithm

« CIMSS Satellite Consensus (SATCON)




Passive Microwave Data

Tropical cyclone (TC) monitoring requires the use of multiple
satellites and sensors to accurately assess TC location and
Intensity.

Geostationary satellite data provide the bulk of TC information, but
upper-level cloud obscurations limit these important data.

Passive microwave data and imagery from polar orbiting satellites can
provide key storm structural details and offset many of the VIS/IR
spectral problems.

The ability to view storm rainbands, eyewalls, impacts of shear, and
exposed low-level circulations, whether it is day or night, makes passive

.""J"f;',& “microwave data a significant tool for the satellite analyst.




Passive Microwave Data
Temporal & Spatial ISSUES
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TC core and rainbands in 85 - 89 GHz channels marked by
dramatically lowered equivalent blackbody brightness

temperatures (Tbh) caused by scattering from precipitation-size
Ice hydrometeors

— Cold: High portions of deep convection (ice!)
— Warm: Low cloud fields
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« TC core and rainbands in 36 - 37 GHz channels marked by
elevated Tb caused by absorption from mainly liquid water

— Warm: Rain at low levels

T

— Note: Eye often smaller than in 85 - 89 GHz
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Available from Naval Research Laboratory Monterey, CA:
— http://lwww.nrimry.navy.mil/tc_pages/tc_home.html
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http://www.nrlmry.navy.mil/tc_pages/tc_home.html

Microwave Data in ADE ,

4
i

Huricane Dolly: 200807237 112630

e Uses the 85GHz brightness
temperature signal to deduce the
vigor and organization of the
developing eyewall/eye, and

calculate an intensity score

o |f thresholds are exceeded, T
number of 4.3 or 5.0 Is
overridden in ADT




Advanced Microwave Sounding Unit on NOAA 15 -19,

METOP, and Aqua

Channels 5-8 in the 54 - 55 GHz range measure upper

level warm core aloft
Estimate MSLP via
hydrostatic assumptions
Algorithm needs RMW &
outermost isobar input

CIMS SNE PIS-US A/N R. AMSU TC nke sity Estimatio n
HURRKANEI QE

Th wusd §2 4 gy Gime: 0 2 OWFC
Latue:l1 8B L orntgde-17.11

Stor np aition cor asp ods to AMSU-A FOV 3 1k- ->3 (

| Estimate dMSLP 7B P a

| Estimate dMaximum S stain € Win d8 (kts

| Estimate Co fid ece: Fair (1 b £ 1 &ts)

Stor nms sub-sampled: Bias cor actio ra pledis-6 h P a
Charl(~150 P)lbAnmaly: 1.4 1ch a reluse dor estimate)
Charltv(~250B P)lbAnmaly:0.6 9

RMW 2 &m

RMWS ongeis: TPC

E wiro mental Pres gre: 1 0 1(TPC)

S del te: NOAA-1 6

ATCF d & for Mo tth: 0 8ay: 2 4Time (UTC): 06 0 O




CIMSS AMSU Intensity
Algorithm

 Avallable from CIMSS website:

¥ CIMSS Tropical Cyclones - Mozilla Firefox
v Oockmarks  Tocks ek
[0 covtss Tropical Cychines.
c| 8

Anst Headras Kational Wasther Sar. A 0 Naticral Weat . 81 Most visked @ Nado Parsdise - Liste [ Latest Hoadines | Mabony Waather

Cooperative Instinge for Metecrological Saleite Sudles

Space Sckence and Engineenng Center | University of Wisconsin:-Magison ] m
i & SSEC
Tropical Cyclones ... sateliite Perspective @

AC C e S S 1 5 CIMSS TC Webpage Product Archive
: DATA STATUS (o of 05 M 20134 23 00UTC) - AK proctcts ave cunmny sviiatse.
ge Gollery Who We Are  Our Research Archive FAD Links ContactUs

a a Storm CQVEragE {Information)



http://tropic.ssec.wisc.edu/
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AMSU Sensor CharacteriSies

Field of View (FoV) resolution varies across the scan
swath due to the instrument’s cross-track scanning
strategy

Best spatial resolution at nadir is ~50 km
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Spatial resolution variability
needs to be taken into account
relative to the TC core position
In the swath. A TC core-sized
warm anomaly viewed at 50km
will be better resolved then at
80km.

« FOV provided in message

300D
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CIMS SNE PIS-US A/N R. AMSU TC nke sity
Estimatio n

HURRANEI| QE

Thusd §2 4 g0 Bime: 0 2 OUFC

L &itu @:1 83 1L o ntugd e-1 711
Stor np @ition cor esp ods to AMSU-A FOV 3 1k- ->3 0

| Estimate dMSL P 7B P a
| Estimate dMlaximum _S~stain €@ Win d8 kts
| Estimate Co_fir@ce: Fair (1 @nb £ 1 Rts)

Stor nis sub-sampled: Bias cor actio ra pledis-6 h P a
Ch arli(~1 50 P)lbAnmaly: 1.4 Ich a relruse dor
estimate)

Ch arlrv (~2 50 P)a'b A nmaly: 0.6 9

RMW 2 &m

RMWS onge is: TPC
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CIMS SNE PIS-US A/N L. AMSU TC nke sity
Estimatio n

: i e HURRANE| ®E
Near limb Th usd g2 4 @ Bime: 0 2 OUFC

fOOtprint ' Y L situ @1 8 1L o gl e-1 7.1 1
iy . Stor np gition cor asp ods to AMSU-A FOV 3 1k- -3 0

| Estimate dMSL P 7B P a

! 7 : | Estimate dVlaximum S stain € Win d8 Gkts
(14 - 7 r - 1 i i . i
° Bracketlng ; - | Estimate Co fid e@ce: Fair (1 nb+ 1 Rts)

Stor nis sub-sampled: Bias cor actio ra pledis-6 h P a
Cha i@ (~I 5 b Pjalb Anmaly: 1.4 I[Ch a relruse dor
estimate)

Ch arlrv (~2 50 P)a'b A nmaly: 0.6 9

RMW 2 &m

RMWS onge is: TPC
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AMSU: Warm Core Sizé

Environmental pressure and
radius of maximum winds

Algorithm needs to start with
an input for warm core size

Three possible sources:
— Automated algorithm

— ADT

— NHC, CPHC, or JTWC

CIMS SNE PIS-US A/N R.AMSU TC nke ity
Estimatio n

HURRKANEI| QE

Thusd §2 4 g0 Gime: 0 2 OUFC
Latue: 1 8B 1L orntgd e-1 711

Stor np) gition cor ersp ods to AMSU-A FOV 3 1[< >3 0

| Estlmate d\/IS L P9 7 5 Pa
' Estimate dVlaximum S stain € Win d8 Ckts
' Estimate Co fid @&ce: Fair ( +1nb+1 Rts)

Stor nis sub sampled Blas cor actio plpd IS 6 hPa
Charli(~150 P)lbAnmaly: 1.4 Ich a relruse dor
estimate)

Ch a relrvy

RMW 2 &m

RMWS onge is: TPC

E wiro mental Pres are: 1 0 1(TPC)

ATCFd aaaforMo rth 0 8Day: 2 4Time (UTC): 06 00




CIMSS AMSU Intensity

e Output:
— MSLP
— MSW

« Confidence based on:
- FOV
— Any sub-sampling?
— Quality of data

CIMS SNE PIS-US A/N R AMSU TC nke sity Estimatio n
HURRKANEI| QE

Thusd §2 4 @0 Bime: 0 2 OUFC

Léatue:l 8BULorntigde-17.11

Stor np aition cor esp ods to AMSU-A FOV 3 1k- ->3 (0

| Estimate dMSL P 7B P a

| Estimate dVlaximum S stain @ Win d8 Ckts

| Estimate Co ffid @ce: Fair (£1 b+ 1 Rts)

Stor nis sub-sampled: Bias cor actio ra pledis-6 h P a
Ch arl8(~1 50 P)rbAnmaly: 1.4 I(ch a reluse dor estimate)
Ch arlrv (~2 50 P)a'b A nmaly: 0.6 9

RMW 2 &m

RMWS onge is: TPC

E wviro mental Pres are: 1 0 1(TPC)

S del té: NOAA-1 6

ATCF d & for Mo tth: 0 8ay: 2 4Time (UTC):0 6 0 0

Note: For TC < 45 kt, algorithm

/) Sfihas high bias of ~ 4.9 kt




CIMSS AMSU Intensity
Algorithm

 Avallable from CIMSS website:

¥ CIMSS Tropical Cyclones - Mozilla Firefox
v Oockmarks  Tocks ek
[0 covtss Tropical Cychines.
c| 8

Anst Headras Kational Wasther Sar. A 0 Naticral Weat . 81 Most visked @ Nado Parsdise - Liste [ Latest Hoadines | Mabony Waather

Cooperative Instinge for Metecrological Saleite Sudles

Space Sckence and Engineenng Center | University of Wisconsin:-Magison ] m
i & SSEC
Tropical Cyclones ... sateliite Perspective @

AC C e S S 1 5 CIMSS TC Webpage Product Archive
: DATA STATUS (o of 05 M 20134 23 00UTC) - AK proctcts ave cunmny sviiatse.
ge Gollery Who We Are  Our Research Archive FAD Links ContactUs

a a Storm CQVEragE {Information)



http://tropic.ssec.wisc.edu/

Raw AMSU Data

Data from channels 5 — 8
are available on the CIMSS
web page

HURRICANE KATRIN A 30035

Channel ALGH071IE

SECTIONS

CIMS SNE PIS-US A/N L AMSU TC nke sity
Estimatio n

HURRKRANEI| QE

Th usd 2 4 gy Bime: 0 2 OLFC

Latue:l BL ongde-17.11

Stor np aition cor asp ods to AMSU-A FOV 3 1k- >3 (
| Estimate dMSLP 7B Pa

| Estimate dVlaximum S stain € Win d8 Gkts

| Estimate Co fid @ce: Fair (1 b+ 1 Rts)

Stor nms sub-sampled: Bias cor actio ra pledis-6 h P a
Charel(~150 P)lbAnmaly: 1.4 i(ch a relruse dor
estimate)

Charelv(~250 P)abAnmaly: 0.6 9

RIVITVVY. K

RMWS ongeis: TPC

E wiro mental Pres gre: 1 0 1(TPC)

S del te: NOAA-1 6

ATCF d #&a for Mo th: 0 8Day: 2 4Time (UTC): 06 00
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* Hurricane Guillermo (2009)
— August 15 13347
— Max Wind ~ 110 kt

H00810E 2008
AMSU—E Channel 7 [54.945Hz) Brightness Termperature (5]
0815 Time: 1334 UTS

e

134 132 —130 128 176

P T T T e R R T | 1

Max The —41 89670 C Contour Intaral = 1C




* Hurricane Guillermo (2009)
— August 19 12417
— Max Wind ~ 35 kt — Sheared!

Z00E10E 2006

AMSU—& Channel 7 (54.546Hz; Brightness Temperature (£}
0818 Time: 1241 UTS

HNCLLA—18

=162 160  —153 156 —154 —152 160 148

el b L VTR e ETTr L] ]
—16& -160 —150 —1536 —154 —15& -—150 —14B

Max Thbe —44.00BE C Contour Interval = 1C




CIRA AMSU Intensity

* CIRA algorithm uses nearly same technique as CIMSS,
but...

— CIRA AMSU Intensity algorithm does NOT make adjustments for
sub-sampling
— Error slightly greater than CIMSS algorithm




CIRA Web Site

Great Resource:

AMSU Intensity
Satellite images
Track info

Ocean heat content
Multiplatform satellite
surface wind analysis
ADT

.\!’ Current Active Cyclones

& Additional Information

& Additional Links

SH982014 - INVEST
Newvi: Viev: model data products for this storm
Forecast Track
No Da ble

Track History

"I}H«D 061200| -9.7 138.4
o -9.7 138.3

About Track History

IRAWY/Microwave RGE (IR [R], WV Storm Relative 1 km

[G], migs [B]} Geostationary Visible Imagery

2 km Storm Relative IR Imagery
with BD Enhancement Curve



http://rammb.cira.colostate.edu/products/tc_realtime/

CIMSS SATCON

SATellite CONsensus

Combines the confident aspects of the individual
objective estimates into a single “best” estimate

Members:

— CIMSS AMSU
— CIRA AMSU
— CIMSS ADT




CIMSS SATCON

The strengths and weaknesses of each method are
assessed based on statistical analysis

Weights then assigned to each method in the consensus
algorithm based on situational performance

Factors:

— ADT scene type

— Poor handling of sub-sampling by CIRA AMSU




CIMSS SATCON

 Avallable from CIMSS website:

¥ CIMSS Tropical Cyclones - Mozilla Firefox
v Oockmarks  Tocks ek
[0 covtss Tropical Cychines.
c| 8

Anst Headras Kational Wasther Sar. A 0 Naticral Weat . 81 Most visked @ Nado Parsdise - Liste [ Latest Hoadines | Mabony Waather

Cooperative Instinge for Metecrological Saleite Sudles

Space Sckence and Engineenng Center | University of Wisconsin:-Magison ] m
i & SSEC
Tropical Cyclones ... sateliite Perspective @

AC C e S S 1 5 CIMSS TC Webpage Product Archive
: : DATA STATUS (o of 05 M 20134 23 00UTC) - AK proctcts ave cunmny sviiatse.
ge Gollery Who We Are  Our Research Archive FAD Links ContactUs

Storm Coverage (nformation)



http://tropic.ssec.wisc.edu/

CIMSS SATCON Pressure for FELIK
CURRENT ESTIMATE e N e GRS P S

Date (yyyymmddhh): 2007090413

SATCON (3mem): MSLP =937 hPa MSW = 130 kt
ADT: 932 hPa 132kt Scene: EYE

CIMSS AMSU: 941 hPa 124 kt Bias Corr: -12 (IR)
CIRA AMSU: 965 hPa 89 kt clw: 1.28

Date SATCON CIMSS_AMSU ADT CIRA_AMSU
MEW MSLP MSW MSLP MEW MSLP MSW MSLP
090410 130 0937 124 941 132 032 89 965
090321 121 945 125 941 115 951 105 853
090310 128 939 119 946 132 932 92 966
090306 126 942 116 943 132 932 85 971
090222 119 947 107 956 127 938 85 971 L] 820
090218 118 949 116 949 117 949 89 969
090208 70 987 70 990 65 990 66 985 A
090120 60 996 67 993 53 999 32 1006 509 204
090109 51 1000 50 1002 39 1005 56 994 AJGET =SEPO1 SEROZ SEPD3 SEFO4 SEPGS

Pressure (hPa}

CIMSS AhdSU
CIRA AWEL
< ADT
A SATOON

20

CIMSS TC SATCON Wind for FELIX

CIMSE AMSL
CIRA AWEL
% ADT
A SETOON
Best Trock

o
AUGST SEPQT SEPO2 SEFC3 SEFD4



http://cimss.ssec.wisc.edu/tropic2/real-time/satcon

@ CIMSS SATCON Performangee:
Pressure (1999 - 2010)

CIMSS CIMSS CIRA
N = 289 SATCON Dvorak
AMSU ADT AMSU

BIAS 0.3 -2.5 -2.6 0.1 -2.0

AVG

ERROR 5.4 8.9 6.8 4.6 6.8

RMSE 7.3 12.5 10.4 6.5 2l

Validation is recon-measured central pressure within 3
hours of AMSU pass for MSLP and recon-aided Best
Track for MSW




@ CIMSS SATCON Performangee:
MSW (1999 - 2010)

CIMSS CIMSS CIRA
N = 289 SATCON Dvorak

AMSU ADT AMSU

BIAS 0.6 -2.5 ~7ia 1l -0.5 = L

AVG
ERROR 8.7 10.9 11.7 7.1 s/

RMSE 11.1 14.3 15.6 8.9 5.9

Validation is recon-measured central pressure within 3
hours of AMSU pass for MSLP and recon-aided Best

Track for MSW




Questions?

Derek Wroe



mailto:derek.wroe@noaa.gov

