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® 161458 "E=F" EltpaEHE

v EiERdE: 9815H30305%

v HBE: 48KAY (154R)

v WNSRAKIE: 51.0KF (158, 27#hFLY)
150209554, REXIF
49.8KFr (154, 1054hELT)
158303019, hEXiF

v 9 B15H0208EfHE

- CMA: 50K/F (15%%)
- JMA: 42:KFD (144R)
- JTWC: 45XK/F) (144R)
- HKO: 45XK/F) (144R)




aXEEHE

o HIEWN — HiEWA, &AFBIHATRNFE
v SRR
v WEETS, BB FT. GHTE. MNS
v BRIGEER (SRELESER)

16145 6K “R=%" FInHiE 161424 K “Exm"
EhA S thE KER N 2 . N
(2016$9514E12H‘j§15507?§55ﬁ) I . %’mﬁ]aﬂlﬂjgl ]X'I.E

observed surface wind (m/s)

b o R B Ep s &

—2-minute mean wind speed
—gust (extreme wind speed) within 1 hour
— Maximum 10-minute mean wind speed within 1 hour
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aXEERE

® KiliNl (Aerial reconnaissance)

A typical reconnaissance mission

v 10,000 ft (700hPa) for hurricanes

5,000 ft (850hPa) for tropical storms
1,500 ft (457m) for pre-TC disturbances
last from 10 to 12 hours

a figure four or "alpha” pattern

two to six center fixes possible.
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World Meteorological Organization

Weather = Climate = Water

(Global Guide to Tropical Cyclone Forecasting)

v' An observed coastal, island, buoy or ship wind is often
interpreted as the ""'maximum’ maximum®™ wind at
that distance from the center (e.g.,radius of maximum
wind, or radius of 15 ms-1 wind). However, it should be
interpreted as the "minimum maximum® wind. Why?
Because there is very little chance that the sampled
wind is located exactly at the point of the peak wind at
that distance.

v’ Satellite techniques are now more accurate and render
other techniques obsolete.

v Techniques for operationally combining and weighting
various types of data are covered by Powell.



World Meteorological Organization

Weather = Climate + Water

° %—F‘m‘ﬁ FShERESTERAITE (IWSATC-1)

The first WMO International Workshop on Satellite Analysis of Tropical
Cyclones (IWSATC-1) , Honolulu, Hawaii, USA, 13 to 16 April 2011

o F/\BEIFAFSIERFHIE (IWTC-8)

The 8th WMO International Workshop on Tropical Cyclones (IWTC-8) , Jeju,
Republic of Korea, 2-10 December 2014

o B @AW SIEEESTERHITE (IWSATC-2)

The Second WMO International Workshop on Satellite Analysis of Tropical
Cyclones (IWSATC-2) , Honolulu, Hawaii, USA, 16-19 February 2016

IWSATC-1 | IWTC-8



World Meteorological Organization

Weather * Climate = Water

Recommendations and Steps since the first WMO
International Workshop on Satellite Analyses of Tropical

Cyclones (IWSATC) in 2011 (Velden et. al
2012)
O Sharing of agency knowledge and techniques

O Highlighted similarities and differences in the methodologies
especially in the application of the Dvorak technique

O

O JMA: 'Koba' Dvorak scale
O

0 Many agencies : adjustments to weakening rates
allowed intensity rate rule

O A set of recommendations to start down a path towards a global
congruence on intensity estimation procedures

O



ERMNEFEENS KNS A HRRE

o SXVISSEIRRIH R BRBRAINE — Dvorak Itz

v —HFIAEEgr=EFfn] =BGt e XEENS T oA
v EBEFEXXTREEF— fé‘ﬁﬂ%}dﬂﬂif‘ {41t (measurement )

Dvorak Enhanced Infrared (EIR)

Dvorak$thizARRIIRIC &l
e - Dvo[akEIET"‘NEEE&‘EEIg
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AREY v EIHEF
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220\
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RS

Dvorak % th ;57&:"1;*5.



® A =DvorakizA

DvorakiZA{BRE (Premise)

- BREEARINSEMRSSRBENZE
FHIEFEM MR

FIAEEREERGITSRIEEFRITEIE
(EREH: dN=EHNTRN=E,
BEFzBEH—F5MUGT S XEE;
SHRESNEENEAREE,

SXRIZMU—FHEFNFER,

AETNG. SEFSREZNEERN,

= b SSFULR [ = R PY | Ve S i
Dvorakiz AR {RE S 7 =’ .

® DvorakiZ AL EDHIE

v {IahR%E (19755F)
v PRRSRERIRS (1980%F)

v =ERE (1984£F)

MRS PLECAN & B AT AR AR R R
ERNEEDTEN=ZRFEABIFLE,

EXEIB AL,

RERRPOMRE AR
FOEAZKRNIRTNEE ;

IRX SHEEREZ BLI/NEE;
EEaXEEGITHRNE (WMO,1987F)

v HEhRE (1995£F)

ML T BN BRI REEEETEE
FERYZISR AN

v EMBHBITRE (1995FLIF)
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DvorakstrTHEH

10°RIRTZERNELLR

LOGARITHMIC SPIRAL
10° CROSSING ANGLE

i
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BDISIER RSN =

Deg C

"IMFRARED °"BD CURWVE® ERHAMCEHERT

18308104110 220 237 43
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Dvorakf$trILH
BDIL 2GR R R EENRAE

Cloud Top
Segment Color
Temperature Name/Abbreviation
Number Range
Range (°C)
2 0-255 >9.0 Warm Medium Gray (WMG)
3 109-202 9.0 to -30 Off White (OW)
4 60-60 -31 to -41 Dark Gray (DG)

255-255 .70 to -75 White (W)

135-135 -76 to -80 Cold Medium Gray (CMG)

10 85-85 <-80 Cold Dark Gray (CDG)
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E& (VIS&IR)
—SH=mE (VIS&IR)
NZEE (VIS&IR)
—ERAPRLE (IR)

3 PN

LEASE (CDO) B (VIS) |

1/\7JIJ
Pattern 1828 (PT)

g ZE24/\BiaET(iEEE
Model Expected 15§21 (MT)

e =28 (VISEIR)

BRiEEE N
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Data {52! (DT)
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O BEFRESREESHNSNEEERGEITRR

v EFDvorakii K. FY2C/D/E/FFIMTSAT-12 EEMEETEEAFFFAL
eXEESREILITRS, B 7TaREETNEHTRESR. RirmEadF
TEAFRCMIES, BIrTEzEHESXIFGREEE (C1) . FORKRSE
P OEBRAXESEEER.

2001 - 2004
. Advanced Objective
Late 1980s—1990’s Dvorak Technique
Digital Dvorak (DD) (AODT)
technique (Zehr, 1989) (Olander et al, 2002)

# :

1990 1995 200( 2005

995 - 200 2004 - present

Dvorak objective EIR dbjective Dvorak Advanced Dvorak

technique outlined Technique (ODT Technigue (ADT)
(Dvorak, 1984) Velden et al, 1998

amisEiEDvorakiz AR EHiE SREEEZMEITRES



akEEEM G RIS M

v WSESHAERFER, BEMITFIOBENT.4-10.6hPa, EARSEERA
KBS,

v ardthima X, BEMATTHEREARS N EE I —2.

0608= &KX “Fx” BDEEE % [1013=48K “&ifa” BDHERE%| 1409S &K “EDF” BDIEEE | 15225 4K “Kil” BDIEREISR
(2006$8F]10EI:|7H‘I) ‘ (2010£|E10H17EIZOH‘I) I o <zo15¢1oﬁ4aoelﬁ>

EMAiEEE zwawzai Bt E EMfAiTgEE
(2006££8510H170Y) (2010££10817H20AY) (20144£78518H14A0Y) (2015510854H06H})
937.3hPa, 54m/s 896hPa, 74m/s 891.7hPa, 75m/s 943.2hPa, 51m/s
1t R KL b R 1 R
(200658H10H17RY) (2010££10817H200Y) (2014£7H518H1303504%3) | (20155F10H4H12034043)
936.4hPa, 42.1m/s 893hPa, 78.2m/s 899.2hPa, RiE{(REE 943.8hPa, 46.4m/s




¢ BEFRSRPESHNSNEZMELDH

BETFHERSE. BGRLCERSREEMNESIECEA, B TETMTSATEE
=EEARBEXNEZEMESL

v IBEVIRENGIE (First-guess position)
XREAKRERFETNGE, B/ UmEGP LR, FollEaimPOs, EAYIRA.
v IZhEERILERI: SC (Spiral Centering)

B S ITEGRIGRESEMAR DT XS A ORAYS logiRliEt R ER R A FELFKER
aXFOR.

v IZNREE(i: RF (Ring Fitting )
EigEagiE st OR (SCHEEREIRFTOR) BEEER, T 1MENXIRER/NAFX

HABEIREHE.

i EF MTSAT BRI EERIAN EMENRARE
(£ dH=B, & IRX=E)

ﬂgﬁﬁﬁﬁp' MRE{LL IZNREERL ki
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ADTERARZRHIE

ODT - Objective Dvorak Technique
(1995 — 2001, Velden et al., 1998)

First attempt to automate EIR Dvorak Technique
Only for strong and greater intensities
Manual storm center

AODT - Advanced Objective Dvorak
Technique
(2001 — 2004, Olander et al., 2002)

Expanded entire storm lifecycle
Automated storm centering

ADT - Advanced Dvorak Technique
(2004 - present, Olander and Velden, 2007)

New image objective analysis approaches
Passive microwave imagers (85-92 GHz)




CIMSS ADT PMW (Passive Microwave)
Tim Olander & Chris Velden, 2009, 2011 ANAlYSIS

Huricane Dolly: 200807 23T 112630

DMSP SSM/I 85GHz (H) brightness temperature

Uses 85GHz brightness temperature
signal to deduce organization of the
developing eyewall/eye, and calculate
an intensity score

Successful in loosely differentiating
between storms

Greater than ~72 knots

Greater than ~90 knots

If thresholds are exceeded, PMW
scores are converted to either T# of
4.3 or 5.0 in the ADT

The scheme has been operating in
ADT since 2008



Advanced Dvorak Technique
PMW Intensity Estimate Score

Typhoon Nakri (06W)

T e A A S 5 N S S S R AN
ADT intensity estimates versus Operational Best Track

Maximum Wind Speed (kts)

Eliminated false intensity
“plateau”; Closer to Best Track

oWn Kalmeegi (05WW) m— ADT - Operational
i T - . ITWC Best Track
@ KNES
B PGTW
RJTD

31 1 2
May/Jun 2008

S e M . S S S e e S AR S SN
ADT intensity estimatesNgersus Operational Best Track

More closely follows rapid
intensification; More accurate
— Ao - Experimortal | maximum intensity resulted

m— ADT - Operational
. ITWC Best Track
@ KNES
B PGTW
RJTD

I Tim Olander & Chris Velden, 2011

Maximum Wind Speed (kts)




CIMSS Advanced Dvorak Technique
PMW Analysis : Textual/Graphical Products since 2013

Tropical Storm 22W

Passive Microwave (PMW) Intensity Information

Advanced Dvorak Technique (ADT)
Version 8 2. 1

Overpass Inten 1 1 Wind Forecast Target
Date Time Score 1 1 BIdiff Est Sat Lat Lon Lat Lat Lon

20151001 043947 -11.5 4 5 11.45 0 AMERZ 4.1 -124. <1 —124, .3 -124.0 gnalvsis Plot
20151001 094300 -2.0 5 . .01 0 SSMDIT 4.7 -123. T .0 -123.0 fnalvsis Plot
20151001 094B00  -3.0 . = .04 0 SEMT10 4.8 -123. el 1 -122.8 fnalysis Plot
20151001 185758 —42.5 . . .56 0 GMT 15.8 -12L g 8 -121.2 fnalysis Plot
20161001 190602 -32.1 . E .14 0 S3MT16  16.6 -121. é T -121.2 fnalysis Plot
20151001 222100 —32.1 .00 0 S3MT18  15.8 -120. 9 4 -118.1 dnalyeis Plot
20151001 230100 —32.1 .00 0 S3MT1& 16.0 -120. 0 5 -118.5 fnalysis Plot
20151002 173526 . . .62 0 AMSR2 17.8 -116. 5 5 -116.6 fnalysis Plot
20151003 085144 . & .80 0 S3MT15  18.0 -114. 0 0 -114.3 fnalysis Plot
20151003 110000 . . .23 0 55MT19 18.3 —113. 4 4 -113.5 dnalysis Plot
20151003 114100 . B L83 0 55MT18 18.4 —113. 4 4 -113.4 fnalysis Plot
20151003 181721 100. 2 .65 .0 AMSRZ2 18,9 —112. -8 L8 -112.2 fnalysis Plot

0 0 0

0 g g

0 3 3

o g g

0 1 1

0 g g

a 8 8

a g 1

1} ! g

1} 8 e

-

-123.
-1z
-121.
-120.
-120.
~-1186.
-114.
=113:

160

M Spiral Max Position : 20,

20151003 203557 N . .28 S3MI15 20,0 -111. -112.0 fnalvsis Plot
20151004 001500 . b .12 S3MI1E 2005 -111. -111.5 snalvsis Plot
20151004 083702 1 . B .08 S3MI16 21.1 -110. -110.3 snalvsis Flot
20151004 104800 3 . T8 SIMI18 217 -109, =110.0 Analvsis Plot
20151004 113000 S3MIIE 21.8 -108. -110.0 fnalvsis Flot
20151004 201836 3316 22.5 -108. =107 T dnalwsis Flot
20151004 232000 SIMIIG 22,8 -108. -107.6 Analvsis Flot
20151005 000200 SIMIIE 228 -108. =107.7 Analysis Flot
20151005 085531 MNERZ 2303 -107. -107.2 Analysis Flot
20151005 103700 SIMIIG 238 -107. ~106.9 fnalysiz Flot

-1z
iy
-110.
-1,
-110.
-108.
-108.
-108.
-107.

M® LW a0 D wWmoM S g oo o g m

Legend:
- Date/Time are determined from P imagery at Forecast (initial guess) Lat/Lon position
— Positive/Negative Latitude = North/South Hemisphere; Longitude = Western/Eastern Hemisphere.

— “Ring Diam” value indicates the estimated surface evewall diameter in km (the NI eyewall edge
diameter minus 10 km).

— “Ring Pct” is the percentage of = “ring” (eyewall inner boundary) that is 1) colder than the “hot
spot” (warmest eye pixel) in the eye 20K, or 2) the percentage that is a) colder than 232K and b) -
colder than the “hot spot” by 10K, whichever is greater. 160 160

— Values are red if Ring % <{= 65, if Ring % <= 85 and green if Ring % > 85.

® Combo Max Position : 2 @ Eorecast Position : 20. ™ Final Position : 20.50 ~-111.50

15225 &K “FII” PMW 53ESH
2015510854H08/315%




JMA Cloud Grid Information Objective Dvorak Analysis

(CLOUD) Kishimoto etal, 2013
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JMA Cloud Grid Information Objective Dvorak Analysis
(CLOUD) Kishimoto etal, 2013

r i

i Select

i E/S pattern O

- cloud pattern

DetermineT

Determine Cl

JMA CLOUD analysis procedure
Grey boxes: automatic processes
White boxes: manual processes



CIMSS Automated Rotational Center
Hurricane Eye Retrieval (ARCHER) method

Wimmers & Velden, 2010

- = Olander & Velden, 2009, 2011
ObjeCtlve Wimmers & Velden, 2016
Automated, rObUSt |Ocation of TC 2005-08-27 20:52:26  ¥max=100.0 kts

rotational centers in individual “First guess”
microwave or IR images

Must be resilient to false eyes (moats),
obstructions in the eye, partial eyes,
partial scan coverage
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Must rely only loosely on a first-guess
(forecast) position estimate

Must apply to microwave and IR image : . T

Longitude

85 GHz (H) TMI retrieval




CIMSS Automated Rotational Center
Hurricane Eye Retrieval (ARCHER) method

Wimmers & Velden, 2010
Olander & Velden, 2009, 2011
Wimmers & Velden, 2016

(1) Produce a 2D field 1 # (3) Combine the two 2D

r’ o

fields as a weighted sum

(contoured) that expresses _ _ :
Into a single score field

how well a location registers
as the center of the large-
scale spiral pattern

(2) Produce a separate 2D
field that rates how well a
location is centered inside
a circular ring of
convection

i



CIMSS ARCHER Analysis Web

2015_22W: 2015-10-03 11:43:16

Spiral Score Forecast Vmax: 61.5 kts

114

Center position

114.5

180 200 220 240 260
85-92 GHz (H) Brightness temperature, K

152255 "%

2015_22W: 2015-10-03 23:34:47

Combo Score: 18.2 (50% conf radius: 0.11 deg) Spiral Score Forecast Vmax: 77.1 kis

I

13 1135 114

MW score / Diameter retrieval

= “— g
Hot spot: 273.9K Completeness: 100%
Weal link: 243.5K Inten Score: 45.4
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Combo Score: 23.9 (50% conf radius: 0.09 deg)

11 1115 112

MW score / Diameter retrieval
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BERBERA (DAV-T)

Deviation Angle Variance - Technique Richicetal 2012

Objective IR-based method that measures level of axisymmetry

Artificial Vortex Gradient

\\\.\.\\/1

e —— N~ 7

Y s g

IR Image Gradient Detail



Source:

ﬁ%ﬁ TJ- E;ﬁ* (DAV-T) Pineros et al. , 2008, 2010, 2011

Kofron et al. , 2009

Deviation Angle Variance - Technique Ritchieetal 2012, 2014

Wood et al., 2015

T e

a) Calculate gradient of the brightness temperatures of IR image of interest
b) For a chosen center point draw radials to all pixels within a radius X.

c) Calculate the angle between the radial and the gradient at all pixels

d) Plot a frequency histogram of the angles and calculate the variance

e) Map the variance back to the center pixel location.

Note: higher variance — greater disorganization — lower intensity
lower variance — greater organization — higher intensity

Intensity: require 9 pixels around a specified center location (9-pixel average)

Genesis: require the full map of variances — locate regions where the variance
falls below a statistically-determined threshold value for a detect.

ET (extratropical transition): case study



BERKBZERA (DAV-T)

Deviation Angle Variance - Technique

Ritchie etal, 2012

Hurricane Rita (2005)
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REMRBZE (DAV) S5XEENXF

ik | NS 52

R=300km |

I

FILKEF
R=200km

I

Ritchie etal, 2012, 2014

k| e 2

o 140 R
T = ¥ expla(o® + B)

25

FIEKEF

] 130
f(o)=

Froxpla(e - A)] | >

JEXEEF
140

Froxplate -~ B)] =

f(o*)=

o?is the DAV value

o and 3 are two free parameters that describe the
relation between the axisymmetry parameter and
the best-track intensity estimates.



The number of DAV-T samples, RMSE(kt), and the number of samples

either overestimated or underestimated for all WNP/ENP/NA samples
categorized into bins based on JTWC/NHC’s TC intensities

WNP (the western North Pacific)

Ritchie etal, 2012, 2014

Bin No. of samples RMSE (kt) No. overestimated

No. underestimated

Tropical depression (<34 kt) 10621 11.0 8693 (82%)
Tropical storm (34-63 kt) 6197 13.8 2065 (33%)
Typhoon (64-129 kt) 5324 19.5 1755 (33%)
Supertyphoons (=129 kt) 410 19.5 46 (11%)

1928 (18%)
4132 (67%)
3569 (67%)

364 (89%)

ENP (the eastern North Pacific)

Bin No. of samples RMSE (kt) No. overestimated

. underestimated

Tropical depression (<34 kt) 10254 10.0 8796 (86%)
Tropical storm (34-63 kt) 10759 11:5 4198 (39%)
Categories 1 and 2 (64-95kt) 4122 16.6 1405 (34%)
Categories 3-5 (=95 kt) 1912 26.1 213 (11%)

1458 (14%)
6561 (61%)
2717 (66%)
1699 (89% )

NA (the North Atlantic)

Bin No. of samples RMSE (kt) No. overestimated (%)

No. underestimated (%)

—_—
f—]

Tropical storms 9896
Hurricane category 2892
Hurricane category 1522
Hurricane category - 1453
Hurricane category ¢ L5153

5657 (57)
1620 (56)
676 (44)
)
)

i i

532 (37
309 (20
0 (0)

SR T g S Sy
[ S T [ S T N T N T
= o

Hurricane category 3 347

1204 (80)
347 (100)
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Detection time for DAV threshold of 1750°2 in western
(green) and eastern (blue) North Pacific.

Wood et al., 2015

High threshold values of DAV-T (>1850°2), all
WNP TCs are correctly detected, but the false
alarm rate(FPR) is also very high.

Decreasing the threshold value to 1750°2
removes one positive detection but also
reduces the false alarm rate to 25.6%

The best HSS at 1350°2 (0.59) and decreases
with increasing DAV thresholds.

Lower DAV reflect more organized cloud

A score of 0.156 for the 1750°2threshold,
which detects all but one developing TC.

Developing TCs are detected at a mean
(median) time of 32.0h (18.5h) before the TC
first intensifies to 30kt in the JTWC best
track at 1750°2,

Most developing cloud clusters are detected
between 40h before and 20h after 30kt is
reached, some extreme cases at the tail ends
of the distribution.



EBaRARMETFMTSATEENSXEEZME X
Xiaoqin Lu & Hui Yu, 2013
Use MTSAT digital IR data to extract features within 135km related to TC
intensity.
Features computed are:

-

Number of convective cores

Distance of these cores to TC center

Core blackbody temperature
Currently being used to aid in post-analysis

Vmax = 0.912Vg, + 0.009Num + 0.037Lon - 0.035Lat + 0.41DIS,j, + 0.019TBB g+ 5.467

Vg, ¢ the previous 6-hour old intensity estimate,

. Performance compared to CMA Best Track
Num: the number of convective cores

Lon: the TC longitude ___ TCgroup -NEI
. Tropicaldepresion I N O
Lat: the TC latitude Tropical storm _
DIS.,: the minimum distance between Severe Tropical storm [ 53 |
convective cores and the TC centre Typhoon _
TBB : the difference between maximum and | ISEEERYI

minimum TBB values Super typhoon
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Current satellite sensors and how they are used for TC intensity estimation

" Name | Sensortype | Freq
intensity/Siruclure
Eyo Informaton
ntensity

Ritchie etal, 2014

ASMR?2 89 Ghz Eye Information
TRMM/TMI 85 Ghz Intensity/Eye Info
SSMI 85 Ghz Eye Information

Four microwave based TC intensity methods in routine use developed by
CIMSS, CIRA/NESDIS and JMA

AMSU --- CIMSS, CIRA/NESDIS, JMA and CMA (F5Zistis)
SSMIS --- CIMSS
ATMS/S-NPP --- CIMSS, CIRA

Scanning Resolution Scan Swath J| Sensor Scanning Resolution Scan Swath
I ] =

ATMS 31.6/>60 km (nadirlimb) | 2503 km ATMS 16/>30 km (nadir/limb) 2503 km

Microwave temperature sounder Microwave moisture sounder/imager
scanning characteristics scanning characteristics




CIMSS AMSU Algorithm
Intensity Estimation: MSLP

Ritchie etal, 2014
Compute environmental temperature

Locate warmest pixel

Calculate Tb anomaly

Filter sample to remove all cases where TC eye is
smaller than instrument resolution.

Match anomalies to aircraft-measured MSLP anomaly

Get relationship between Tb anomaly and MSLP
anomaly

AMSU Channel 6 vs Delta_P AMST Channel 7 Th vz Delta_P AMSU Channel § vz Delta_P

Claneel § Th Anomaly (B} ) Channel 7 Th Anomaly (K}

Channel § Th Anomaly (K)




CIMSS AMSU Algorithm

Intensity Estimation: Vmax

Ritchie etal, 2014

Primary term = Instrument-measured MSLP anomaly from MSLP algorithm

83 82 -8l B0 50 58 57 56 55 54 80 79 -78 77 -76 75 -74 -F3 72 71

ar

Secondary Term = Inner core Tb gradient

Third term = Some measure of
convective organization/magnitude

LE‘- 3 [59 ¥< S S i

This relates to the efficiency of mixing
momentum to the surface.

[

= y G

Same MSLP for these 2 warm cores but

Derived from 89-91 GHz imagery different Vmax
For AMSU use AMSU-B.
For SSMIS/ATMS use ARCHER

Finally: Correct Vmax for storm motion

latitude & TC size

same MSLP for these 2 storms
but different Vmax



CIRA AMSU Algorithm

Statistical-based temperature retrieval at 23 vertical level

Tbs are corrected to account for AMSU-derived Cloud Liquid Water (CLW)
and Ice Scattering Attenuation

Ritchie etal, 2014

6 Parameters Used in Multiple Regression to Estimate MSLP and Vmax
Maximum Tb anomaly Scan resolution Tangential wind at z = 5km

RMW at z = 3km CLW Derived pressure drop from 0-600 km
Estimates of MSLP, Vmax and structure parameters (R34, R50 and R64)
Performance

best for storms < 65 knots Too weak bias when TC eye is small

Vmax MAE = 10.8 kt Vmax RMSE = 14.0 kt

wp172013 09/23/13 22U

80
60
40

20

89/15 09/16 09/17 09/18 09/19 09/20 09/21 09/22 09/23 09/
Temperature anomly for Typhoon Usagi CIRA AMSU Estimates for Typhoon Usagi
at 13UTC September 20, 2013 at 13UTC September 20, 2013



JMA AMSU Algorithm

Tb Anomalies derived from AMSU Channels 6-8
Anomalies matched to 22 TCs in 2008 and tested against 57 TCs in 2009-2011
Algorithm uses maximum anomaly from AMSU channels 6-8

Bias correction is applied to estimates to account for position offset of AMSU
Field of View (FOV) relative to true TC position based on JMA Best Track

Oyama, 2014

eye

P7" = P{™[1 — Constant X (< T®¢ > —< T >)]
<Toe>: BRPONEETISEE, <Tov>: RNETIEE, Por: SXPOSESE P FESE

(a) Preprocessing of AMSU-A TB fields
TB fields of AMSU A Level 1C data after Limb adjustment 1020 -

Reduction of transient biases in AMSU A TB fields over analysis area

1000 +

(b) Retrieval of TC warm core intensity (AMAX) and MSLP

estimation

:pared by the

(i1) Extraction of the maximum TB anomal;
field for each AMSU A channel

AMSU MSLP (hPa)

(i11) Extraction of warm
of the maximum TB a

940 960 980 1000 1020
(v) MSLP estimation by a reg: Best track MSLP (hPa)

Flow charts showing modules for (a) the preprocessing of Scatter plots between AMSU MSLPs and BT MSLPs for 1,029
AMSU-A TB fields, and (b) the retrieval of TC warm core samples of TCs from 2009 to 2011. R is the correlation
intensity (AMAX) and MSLP estimation coefficient between AMSU MSLPs and BT MSLPs
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NOAA—-19 wind of 300 hPa (m/s)
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NOAA—19 wind of surface (m/s)
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SREEEMARBRXNMEF =T B iENERD

(it e REEHANEFEES BT RINTERF (DEMUTH , 2006 )

mEHTET

HEE iR
MINP Min surface pressure (hPa) at storm center
DPO Pressure drop (hPa) at the surface from r5 600 to 0 km
DP3 Pressure drop (hPa) at z5 3 km from r5 600 to 0 km
TMAX Max tem perature perturbation (8C), calculated as the temperature at r5 600 km minus the temperature at each radius
ZMAX Height (km) of max temperature perturbation (TMAX)
ss Resolution (km) of AMSU footprint at storm center (swath spacing)
VMX0 Max wind speed (kt) at the surface
RMX0 Radius (km) of max winds at the surface
VMX3 Max wind speed (kt) at z5 3 km
RMX3 Radius (km) of max winds at 25 3 km
VEIO Tangential winds at surface, averaged from r5 0 to 250 km
VBI3 Tangential winds at z5 3 km, averaged from r5 0 to 250 km
VBI5 Tangential winds at z5 5 km, averaged from r5 0 to 250 km
VBOO Tangential winds at surface, averaged from r5 250 to 500 km
VBO3 Tangential winds at z5 3 km, averaged from r5 250 to 500 km
VBOS Tangential winds at z5 5 km, averaged from r5 250 to 500 km
CLWAVE CLW content (mm), averaged from r5 0 to 100 km
CLWPER Percentage of area with CLW values .0.5 mm from r5 0 to 300 km
LAT* Lat from NHC at storm center, interpolated to AMSU swath time

191 EFEIFHAMSU-AXSEEBEEI I RBENSERD. Xin, EEE
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CIMSS Obijective Intensity Algorithm Based on Special
Sensor Microwave Imager Sounder (SSMIS)

Ritchie etal, 2014

SSMIS _Vmax = 0.7"p_anom + 2.0*max_grad + 0.4*archer_score + 37

p_anom: SSMIS derived MSLP anomaly,

max_grad: the maximum Tb gradient determined within 120km of the TC
centre

archer_score: the intensity score determined by ARCHER

SSMIS channels 3, 4 and 5 show the TC warm core anomaly
and ARCHER panel based on SSMIS 91GHz



JMA Objective Intensity Algorithm based on
TRMM/TMI Brightness Temperature Distribution

Sakuragi et al, v2014

Cluster Analysis is performed for 19, 37 and 85 GHz Imagery

Clusters are located either within a radial distance from the TC center or within
quadrants aligned with the TC motion vector

Regression analysis of the Tb associated with these clusters is then performed
Some subjective re-classifying of the clusters is still

TC motion

JMA introduced this method in
2014 and further refinements
of the method are expected.

In future, it may be expanded
to AMSR2 or GPM data

— ———
180 200 220 240 260 280

JMA TRMM/TMI cluster parameter regions along
with an example TRMM PCT85 image
for Typhoon Songda 0709 UTC May 27, 2011



CIMSS SATellite CONsensus Method (SATCON)

4 Members: CIMSS ADT, CIRA and CIMSS AMSU and CIMSS SSMIS
algorithms

Weighting each member according to the past statistical

performance
Ritchie etal, 2014

In future, S-NPP ATMS sounder Velden & Herndon, 2014
W1W2 (W1+W2)E3 + W1W3 (W‘I+W3)E2 > W3W2 (W3+WZ)ET
SATCON =
W'IWZ (W1+W2) + W1W3 (W1+W3) + W3W2 (W3+W2)
W, = weight of method n E, = estimate of method n
Final SATCON = 0.25*P-W_MSW + 0.75*SATCON_MSW
UW-CTMSS T ol
SATCON INTENSITY ESTIMATES W T —

2016 Intensitv Estimates

Atlantic East Pacific Central Pacific
O1L ALFEX 0I1C PALT

is an EYE scene

CIMSS AMSU: Good near nadir
pass. Eye is well-resolved by

/ = BE AMSU resolution
] M' S’} 2 I[ CIRA is sub-sampled by FOV
CIMSS SATCON Web - - 17O [ offset with TC center
S |
& [
Al

SATCON Weighting:
ADT =28 % CIMSS AMSU =47 % CIRA AMSU =25 %



CIMSS SATellite CONsensus Method (SATCON)

4 Members: CIMSS ADT, CIRA and CIMSS AMSU and CIMSS SSMIS
algorithms

Weighting each member according to the past statistical

performance
Ritchie etal, 2014

In future, S-NPP ATMS sounder Velden & Herndon, 2014

CURRERT ESTIMATE

Date (nmddhbmm): 10040711

SATCOR: MSLE = 951 hPfa Mz = 108 lmots
SATCON Member Consensus: 108.0 lmots

Fressure —» Wind Using SATCON MSLE: 103 kmots
Distance to Outer Closed Isobar Used i= 185 om

Eye Size Correction Used iz 0.7 knots Source: IR 1 522 = m ll'{;/

Member Estimates

CIMSS-SATCONS'EI ﬁ*ﬁ*”%
ADT: 957 hPa 102 knots Secene: CDO Date: OCTO40E30 —n
CINSS AMSI: 948 hPa 109 kmots Biaz Corr: O (MY Date: 10040711
SSMIS: 1000 hPa 52 kmots  Date: 10010846 201 5E1 0545 1 5H§1 1 ﬁ
CIEA #MEU: CEF LPa CEY lmots Date: CED 951 hP I1 o kt

a/108

SATCON HTSTORY FIIE for 2015 22 MUTIGAE




CIMSS SATCON Performance Results

Homogenous N=275 compared to NHC recon-aided Best Track
Subj. Dvorak is the average subjective operational Dvorak

CIMSS CIMSS CIRA CIMSS ) ) Subj. Dvorak
- . i o SATCON _ .
AMSU ADT AMSU SSMIS (Operational)

¢

Ritchie etal, 2014
Velden & Herndon, 2014

WPAC Performance
Aircraft verification during
TPARC-08 and ITOP-2010

SATCON Dvorak
Vmax Vmax

s | 49 |
AVGERROR | 84 | 108 |
Rwse | 99 | 131 |

SATCON Vmax (_E, knots) and MSLP (F, hPa) performances
compared to individual members 2006-2012 with the NHC best track

BAS [0 [0z [0 48
WAE o8 [e3 (82 68
RMSE |1 |0 |4 s

N=1467 CIMSS AMSU CMISS ADT CIMSS SSMIS SATCON
hs 07 (34 14 08
WAE 46 Js0 (58 4z

RUSE 58 [f |76 84



CIRA Multi-Platform Tropical Cyclone

Surface Wind Analysis (MTCSWA)
NOAA/NESDISHH &F Lt A E D S e e XigERX AR
RERESTZMIEERE, Ei5GOES. Meteosat. QuickScat.
RapidSCAT. ASCAT. WindSat, SSM/ILNAMSU X EXI7F]
z_sgfm?%f*o

N SN

DOC / N
Home | Abou S | Produc Aroa | Spcil Imagery | Geosatianary | poar | Stefts Sevices | Orginal 550 L
Multiplatform Tropical Cyclone Surface Winds Analysis (MTCSWA)

SH192016 FANTALA for Run: 2016-05-08 06Z

Site Survey
Contact: SPSD

v 20159, FJFEMTCSWAZR, EFRSFRPOAREXARBGHEIKN
Both S~k RSN AEEMNTM10M12KXEFm, e
X AKX B ol SR EE D T AN,



MTCSWASXBRXin=FSSNE

MSZSHIEESZRE, BIMSEAEESX10mKX 1%
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accumulated rii(km)

MTCSWAS X8R XIin=EFSSMA

RHZ6 MK EISESITEE™m
v BEXFER: SRREBER (km) | BAREEES
v BRFR: FRSEEHRRT. 10, 120EE
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ZEEZFFENSNA
Hurricane Ida

4 - 10 November 2009
BEST TRACK ' :
Sat (TAFB)
Sat (SAB)
ADT
AC (sfc)
AC (fit>sfc)
AC (DVK P>W) |;

=
£
g
)
)
=3
w
©
IE

11/6 11/8 11/10 1112
Date (Month/Day)

Joe Courtney, 2011




NOAA Geostationary Satellite Programs @
Continuity of Weather Observations

Calendar Year As of January 2016

09 | 10 | 11 | 12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 ( 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31 | 32 | 33 | 34 | 35 | 36

Flsqal Year

09| 10 [ 11 | 12 | 13 | 14 | 15 | 16 | 17 ( 18 | 18 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31 | 32 | 33 | 34 | 35 | 36

S] l :\ : ! I n orbit, operational SSNSY Pranned On-orbit Storage
Approved: EESSSEY  In orbit, storage Ay Test & Checkout

Assistant Administrator fof Satellite and Information Services Fuel-Limited Lifetime Estimate I rPlanned Mission Life




NOAA & Partner Polar Satelllte Programs @
Continuity of Weather Observations | .. 5.

09 | 10 | 11 | 12 | 13 | 14 | 15 | 16 | 17 | 4B | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31 | 32 | 33 | 34 | 35 | 36

Early-Morning Orbit
DMSP: Defense Meteorological Satellite Program
JPSS: Joint Polar Satellite System Program

Suomi NPP: Suomi National Polar-orbiting Partnership

DoD/NOAA | 2

provided for reference only
Mid-Morning Orbit

MetOp SG - A2

MetOp SG - B2 =

DoD/EUMETSAT

Afternoon Orbit

NOAA

Fy |09 10

11 12 13 14 15
Approved: M“ I 1n orbit %44 Post Launch Test

Assistant Administrator for Satellite and Information Services

16

Fuel-Limited Lifetime Estimate Il Planned Mission Life, from Launch Readiness Date

Note: Extended operations are reflected through the current B
FY, based on current operating health. Launched before Oct 2008 ==l Operational beyond Dec 2036




Ocean Vector Surface Vector Winds Constellation

Current status and Outlook — NRT data access

Laundr | I 11 12 13

15 16 17 18 19 20 21

22 23 24

Vv

| Post EPS Europe >

Ku-band

| Oceansat-3b india =

| Oceansat-3a india

| SCATSAT india

i —
| CFOSAT china/France>

| RapidScat USA >
"Meteor-M N3 Russia >

No NRT data

mitted

Combined C- and Ku-bai

nd

T e

Operating

Approved

Source: WMO OSCAR database and direct

Courtesy: Dr. Mark Bourassa

interactions with agencies

Committee on Earth Observation Satellites



Joint Polar Satellite System (JPSS)

Polar Environment and Space Observations
NOAA Weather and Climate Observatlons

VIIRS — VlSlbIeInfraredhnaglng .

Radiometer Suite “Nongc,,
e OMPS Ozone Mapping and Profller
_ﬂ‘ -:/ S ul te 4

CERES - Clouds and the Earth’s Radiant
Energy System

WWW.]PSs.n0aa.gov



Cyclone Global Navigation Satellite System
(CYGNSS)

v A constellation of eight small satellites
v Deriving Surface Wind Speeds in Tropical Cyclones

v Launch Window Open at 08:00 EST on 12 Dec 2016

CYGNSS Earth Coveraoe

C YGNSS SN e ; 90 min (one

Cyetone Glotal Navigation Satelite System | orbit) coverage
- showing all

specular
reflection
contacts by
each of 8 s/c
24 hr coverage
provides nearly
oap free spatial
sampling
within +/- 35
deg orbit
inclination

Courtesy Chris Ruf, University of Michigan, cruf@umich.edu



B:H Blackwell, Mf T—.'_L

wjb@Il.mit.edu

* Relate precipitation structure evolution, including
diurnal cycle, to the evolution of the upper-level warm core
and associated intensity changes

* Relate the occurrence of intense precipitation cores
{convective bursts) to storm intensity evelution

* Relate retrieved environmental moisture measurements to coincident
measures of storm structure (including size) and intensity

» Assimilate microwave radiances and/or retrievals in mesoscale
and global numerical weather prediction models to assess
impacts on storm track and intensity

lZidenhcnls?y ats provide sounding (left CubeSat has a temperature
.~ profile o ofas ?llﬂgml Tropical Cyclone (TG} from a Numerical Weather Pre-,
diction (N dal} and 12-channel radiometric imagery (center CubeSat
has simulated radiances from NWP model and radiative transfer model and
the near right CubeSat has a single channel radiance image of a TC) with
30-minute median revisit rate to meet most PATH requirements.

Tim‘e-ResoIvéd' Ohserveitions of Precipitation Strﬂctu're
and storm Intensny with a Constellatlon of Smallsats

launch ~201 9-ish

» First high-revisit microwave nearly global observations of
precipitation, temperature, and humidity

* Fulfills most of PATH Decadal Survey mission objectives
using a low-cost, easy-to-launch CubeSat constellation

* Complements GPM, CYGNSS, and GOES-R missions with
high refresh, near-all-weather measurements of precipitation
and thermodynamic structure

* Increases understanding of critical processes driving
significant and rapid changes in storm structure/intensity



NASA Hurricane imaging Radiometer (HIRAD)

O Dual-polarization version of HIRAD to measure wind speed and

direction from Low Earth Orbit

OO0 Want to develop airborne version of this capability first, then LEO

18

(Dan Cecil, NASA MSFC, 2016)

E'x\h Patricio 20151023 leg05 Filtered, 5,6 GHz
. | % —106 —105.50 —105% —104.50

282" aly E
. *‘gs

1605 mia

—104 —103.50

=

HIRAD (on WB-57) retrievals of wind speed in
Hurricane Patricia in 2015, with low-level
dropsonde wind barbs and pressures

ad a a
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FY3B5AMSU-ALGHEE

FY3B mwts channel 2 at O449UTC Sep 20 2013

EiTEAIELER

FY3B mwts channel

3 at O449UTC Sep 20 2013
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FY3B mwts channel

2 at 1640UTC Sep.20 2013

FY3B mwts channel 3 at 1640UTC Sep 2O 2013
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FY3B mwts channel 2 at 0431UTC Sep.21 2013
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FY3B mwts channel

2 at 1621UTC Sep.21 2013
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FY3B mwts channel

3 at 1621UTC Sep.21

2013
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AMSU-A Channel5 (53 596+ 0 11SGHZ 600hPa) AMSU-A Channel7 (54 94GHZ 250hPa)
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