


Vernon Dvorak

 American meteorologist.

 National Environmental
Satellite, Data, and
nformation Service

e |n 1974 developed
Dvorak technique to
analyze tropical cyclones
from satellite image




Dvorak Technique

TYPES OF TROPICAL DEVELOPMENT
PICTURES TAKEN ONCE PER DAY IN ORDER FROM RIGHT T0 LEFT
(GULF - CARIBBEAN

Fic. 2. Examples of characteristic cloud patterns of developing TCs
(from Dvorak 1973).
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What is Tropical Cyclone ?

« Tropical Cyclone:

— A warm-core non-frontal synoptic-scale cyclone, originating
over tropical or subtropical waters, with organized deep
convection and a closed surface wind circulation about a
well-defined center.

— Once formed, a tropical cyclone is maintained by the
extraction of heat energy from the ocean at high temperature
and heat export at the low temperatures of the upper
troposphere.

— In this they differ fromextratropical cyclones which derive
their energy from horizontal temperature contrasts in the
atmosphere (baroclinic effects).
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MSW(kt) CATEGORY

34> MSW TD (Tropical Depression)
34<=MSW<48 TS (Tropical Storm)

48 <=MSW< 64 STS (Severe TS)
64<=MSW T or TY (Typhoon )




Regional Specialized Meteorological Center (RSMC)
and Tropical Cyclone’s generation areas
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Max Wind

USA

Velocity WMO JMA
(Beaufort scale) (Honolulu, JTWC)
Tropical ( Low Pressure
<34 kts Disturbance Area )
(<=7) Tropical Tropical Tropical
Depression Depression Depression

34 kts<= and <48

kts Tropical Storm Tropical Storm
(8o0r9) Tropical Storm
48 kts<k:tsand <64 Severe Tropical Severe Tropical
(10 or 11) Storm Storm
64 kis<= Typhoon Typhoon
(12) Hurricane Typhoon Hurricane

Tropical Cyclone

Tropical Cyclone
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7 Near gale\"'

61 kph, Whole trees sway.

62 - 74 kph. Difficult to walk into wind

NCY ENCYCLOPED!

* Wind - Air Pressure Climate 2b 6-3
) Climaté 28+ biitegre: 2.1 9~ 4

0 Ccalm

Chimney smoke rises straight up.

1 Light air

1- 5 kph. Smake drifts gently.

2 Light breeze

612 kph. Leaves rustle; wind felt on face

3 Gentle breeze

12 - 19 kph, Leaves and wigs on Lrees move: flags flutter

4 Moderate breeze

20 - 29 kph. Small branches m er blows around.

30 - 39 kph, Small trees start to sway,

¥ " 5 Fresh breeze

6 Strong breeze

40 - 45 kph. Difficut to control umbiela;
targe branches move,

8 Gale

twigs broken off trees

9 Severe gale

75 - 87 kph. Small branches, tiles and
chimney pots blown of.

10 Storm

88 -102 kph. Houses damaged; trees blown down,

11 Severe storm

103 - 120 kph. Serious damage.

12 Hurricane

More than 120 kph. Widespread damage

A VISUAL GEOGRAPHY

TTE-Visual Large Screen Presentation
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Beaufort scale
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Tracks and Intensity of All Tropical Storms

D TS 1 2 3 4
Saffir-Simpson Hurricane Intensity Scale




* Atlantic Oceanographic and Meteorological Laborato
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for Jan-Feb-Mar,

green

for Apr-May-Jun,

red
for Jul-Aug-Sep,

for Oct-Nov-Dec.

Annual mean
frequency

Observations
83.7

Present Climate
78.3

Future Climate

54.8
HHH Ielecreas.le16



El Nino and Typhoons

Red: during El Nino events Blue: during La Nina events
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Map of Surface Ocean Currents
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Heat condensation
Sea Surface Temperature
and Ocean Current
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Low value of vertical wind shear
(less than 10 m/s)
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Coriolis effect
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Tropical Upper Tropospheric Trough (TUTT)

TUTTcellWestPac2007071012WV.jpg
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schematic model of TC formation
iInduced by a TUTT
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GngE |

Conceptual Model of Tropical Cyclone 26
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GngE |
Structure Primary and Second Circulation)

1. Primary Circulation
. Warm Core and Cyclonic Circulation

. Cyclonic Circulation decreasing with Height
(thermal wind balance : warigore vs. gradient wind)

. Eye and Eye Walffrictional convergence at lower level)
. Spiral Rain band
(organization of convective clouds by evaporated cooling)
2. Secondary Circulation

 Lower level inflowand Updraft with saturated moist air
(Condensation heating)
o Upper level outflonand downdraft (Radiation cooling)

28




GngE |

*HIIG GJ g $
Primary circulation g
Secondary circulation

» CISK (Conditional instability of the
second kind)
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Vertical cross section (Aircraft Observation)
(Mature stage : hurricane Hilda)

1.Azimuthal wind (kt) 2. Temperature anomaly (K)
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Typhoon Cross- Section

using Aerological data

(T7916)

MSW vs. Eye Wall
Heavy Rain vs. Eye Wall

Lower level wind vs. friction
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Life cycle of TC

g0 G<=>-ad?0%0

Persistence of Cloud Cluster -> Rotation of Cb Cluster
e« TUTT/UCL, ITCZ
e Low-level wind shear $wmonsoon vs. NE monsoon)
e UCL coldcore -> warntore

g0 GO  (@evelopment)

e Concentration of cloud Center
 Increasing wind speed at Center
« Eye (an axis of symmetry)

32



Life cycle of TC(continue)

(Mature)
Small eye (an axis of high symmetry)

(Weakening)

Enlarged eye -> Wind speed decreases beside Center -> Increase
wind speed at the periphery of the center

Extratropical transformation

Increase of baroclinity : Dry intrusion, Extension of the surface
front to the center, Increase of asymmetric structure wind &
temperature, Transferred to the cold water, etc.

33



Extra-Tropical Cyclone

34



Four patterns of low level wind at the location of genesis

(a) is the easterly wave pattern, and (b), (c) and (d) show shear zones forming part of the fPcz



Three classes according to the genesis form and &ion

 SH type : lower layer shear type
 EC type : upper easterly waves and cloud clusters
 UC type : upper cold vortex proximity type

36



UC (upper cold vortex proximity)
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UC (upper cold vortex proximity)
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Case of development of the easterly wave pattern
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Case of development of the easterly wave pattern
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Case of development of the easterly wave pattern
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Case of development of a monsoon trough pattern (SH Type)
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Case of development of a monsoon trough pattern (SH Type)
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Mechanismof Typhoon Movecment

drift
Wind Circulation(East side of Center : Southerly , West side of Center: Ntyjhe

. Planetary Vorticity Advectior(High lat. : Large , Low lat. : Small)->
Advection -> East side : minus Vorticity , West side plus Vorticity
effect (Westward movement)
: Wind induced by Vorticity-> Southerly at Center
(Northward movement of Vorticity)
Add A andB -> Northwest movement

+ Wind induced by Vorticity Wind induced by Vorticity
A
< >\ A + =




lllustration of the -Effect for the no background flow
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Large scale wind system to let

Tropical Cyclone flow Coriolis effect

a7




Large scale wind system to let Tropical Cyclone flo
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Fujiwhara effect Interaction with the
mid-latitude westerlies

Lianshou Chen
Chinese Academy of Meteorological Scienceg9
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Tropical storm Vamel

Tropical storm Vamei as seen by
the satellite instrument MODIS-
TERRA at 11:32 am (Singapore
Time) on 27 December 2001.

Vamei formed as a result of the
monsoon cold surge bringing air
of high absolute vorticity into
southern South China Sea.

(With courtesy: Centre for
Remote Sensing, Imaging and
Processing, National University of
Singapore)
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Tropical cyclone in the South America

The Brazilian hurricane on March 26, 2004,
as seen by the Moderate Resolution Imaging Spectradiometer (MODIS) on the Terra satellite. 53



Forecast Track, JMA and JTWC
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Track forecast errors, JMA and NHC
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Six Cloud patterns

Cb cluster,

Band,

CDO, Cloud Dense Overcast
Eye,

Shear and lowlevel cloud vortex
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Estimation of
the Tropical Cyclone center

Determine thestageof a typhoon
__ Cloud pattern
__ Cloud pattern characteristics

58



Cloud Patterns

and Characteristics of Tropical Cyclones

Cloud pattern

Cloud pattern

Cloud pattern

_ Segmented . . .
Stage (analysis Cloud pattern characteristics for center | for intensity
cloud patterng L o
report) determination| estimation
Unorganized CB clusters are scattered around cloud system cé@G8t) Unorganized
: CB Cluster CB Cluster
Generating | Cb cluster _ : Curved Band
Organized CE . Organized CB
stage Cluster CB clusters are organized and become to form cubaed Cluster
LCV Low-level cloud vortex
LCV Shear Location of dense cloud deviates from CSC deterthinelow level Shear or LCV Shear
cloud lines. Appears when the vertical shearrigela
Band Curved Band A band with a curvature suggesti®@.C Curved Band] Curved Ban/d
Developing Distinct CDO| Central Dense Overcast with at least eharp edge Distinct CDQ
stage isti Embedded
CDO ln(él:sDtht CDO with a ragged or uneven edge
Indistinct CD
cce Round cloud overcast near the cyclone center teagldps as the cce
curved band pattern dissipates (Central Cold Cover)
Distinct Smal Diameter of eye is less than 40 km (when deterngitire center). Distinct Small
Eye Eye
Mature stage Eye Lzlrsgt;né;e Diameter of eye is greater than 40 km (when deteimgithe center). Dlstlréc;eLarge Eye
Ragged Eye| Eye wall cloud forms an irregular shapany clouds exist in the eye Ragged Eye
Banding eye| Banding Eyg A band spiraling the eyethigast 360 degrees is present. Banding Hye  Bandpeg[E
Shear Location of dense cloud deviates from CSC deterthimelow level
Weakening cloud lines. Appears when the vertical shearrigea
stage LCv LCV Low-level cloud vortex Shear or LCV ggear
EXL Becoming to an extratropical cyclone. (Extraftical Low)




Stage

Genera
ting

Develo
p-
ing

Mature

Weaken

ing

Cloud
pattern

Cb cluster

Low-level
cloud

vortex
Shear

Band

CDO

Eye

Band

Shear

Low-level
cloud
vortex

EXL

Cloud pattern
of the center

Unorganized
Cb-Cluster

Organized
Cb-Cluster

Low-level cloud
vortex or shear

Band

Distinct CDO

Indistinct CDO

Distinct Small Eye

Distinct Large Eye

Ragged Eye

Banding Eye

Band

Low-level cloud
vortex or shear

Cloud pattern characteristics

Scattered Cb clusters near the center

Cb is organized and shifting to a band pattern.

A vortex consisting only of low clouds. (Low-level cloud vortex)
Appears when the vertical wind shear is large.
A cloud band with a curvature suggesting a center is present.

A round dense cloud system (CDO) surrounding the center with at least one
clear edge.

The CDO boundary is ragged or has an irregular texture.

An eye 40 km or less in diameter.

An eye 40 km or more in diameter.

Eye walls are irregular in shape or contain other clouds.
A cloud band encircling the eye by more than one round is present.

A cloud band with a curvature suggesting a center is present.

Appears when the vertical wind shear is large. The center detsty low
cloud lines does not coincide with the dense cloud system.

A vortex consisting only of low clouds. (Low-level cloud vortex)

60
Shifting to an extratropical cyclone.



Cloud system at genesis of tropical cyclones

Three basic cloud patterns of cloud systems

with a T-number of 1.0 (visible image) (cited fronmDvorak (1984))
(a) CDO pattern
(b) Band pattern

(c) Shear pattern o
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Cb cluster pattern

The Cb cluster pattern is seen in the generating stage

« q UnorganizedCb cluster

Cb clusters with mild cyclonic circulation
are scattered near the center.

« D OrganizedCbcluster

Cb clusters are organized and the rotation
center Is relatively clear.

More developed thab , shifting to a

63



D Unorganized Cb cluster (a)

*A Cb cluster with a mild curvature is found within a cloud system, the
curvature cannot be used to locate the center of the tropical cyclone.

However,moving imagesshowing the movement of convective.clouds
can be used to determine the center.



D Unorganized Cb cluster |

*A convective cloud linedirected toward the center.

*Because this convective cloud line has a weak wqtbrce, its curvature
alone is not sufficient to give an accurate estmudithe center.

. : . . . . S
However,moving imagescan be used in combination to determine the center.



« Organized Cb clustdn)

*The typhoon is relatively organized and has twovective cloud lineglirected
toward the center.

*The curvatures of the two convective cloud lined the Cb cluster near the center

produce cyclonic rotation. 66

*These can be used to determine the center oypih@on.



e Organized Cb clustdb)

Adopt a Cb cluster pattern if a band Cb cluster, if anyhas a curvature that simply suggests
a mild circulation and is discontinuous to the Cb clustenear the center.

*The Cb cluster is organized, and appears to l@nd pattern in visible image,though
no clear cloud band structure is found by inframedge.

*The cloud pattern is shifting to the band pattern.

*The center is determined from the curvature ofcthesective cloud linedirected?
toward the center.



Band patterncurved band pattern)

- Bandpattern gH | gg GO (¢
G

. $H %% XCB#$ g% Ga
curvature #6 KG g %y "

e f VIS ¢ Cloud Band#$ KG g! z#%$ ¢
) convective cloud line
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Band pattern (curved band pattern)
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Band pattern (curved band pattern) (b)

- Two comma-shapecloud bands

70



Band pattern (curved band pattern) (c)

71



CDO patternl

» CDO patterrd . (7 % 34 %
(7 % & 0 " *cBCluster Band
Pattern

e« &0 $ *& '+, & W& #cyclonic (#/
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CDO pattern2

Indistinct CDO

" % cpo-# (
* |

$& B "# ' 0f
Distinct CDO
[ " # %
vk g

%

4% $& (7
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Indistinct CDO

[ " 20 Ci

7'B CDO
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Distinct CDO (a)

\/isible image ,smooth white cloud top of the CDO
e ' #/] $& & +, &%
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Distinct CDO (b)

o/ #+, &UCWO ¥ [#H+, &% % 20 5+, & %1.57;).
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Eye pattern 2
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Eye pattern_3

Distinct small eye @

$! w" 40 km.

Distinct large eye .

$! w" 40 km.

Ragged eye

$H #F!! L
HgH "

[ e YRGS [

$ xK L
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Distinct small eye

clear small eye formed in the CDO.

80



Distinct large eye

clear large eye formed in the CDO.
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Ragged eye

*The center is located at the center of the eye ford in the
CDQO, though the eye Is unclear. o



Banding eye

The center is located at the center of the eye formed fromazid
bands, because the cloud bands are rolled in eddy form.
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Low-level cloud vortex or shear pattern
-:1(94(//190

1(9 4(//190 gH | gg21\1P84*0[ (02 :1(}
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Low-level cloud vortex or shear pattern
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Shear pattern
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Low-level cloud vortex pattern

87
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Cloud Patterns

and Characteristics of Tropical Cyclones

Cloud pattern Seamented Cloud pattern| Cloud pattern
Stage (analysis g Cloud pattern characteristics for center for intensity
cloud patternpg . . .
report) determination| estimation
Unorganized CB clusters are scattered around cloud system c€88L) Unorganized
) CB Cluster CB Cluster
Generating | Cb cluster , , Curved Band
Organized CH . Organized CB
stage Cluster CB clusters are organized and become to form cupaed Cluster
LCV Low-level cloud vortex
LCV Shear |L0cation of dense cloud deviates from CSC deterthbyelow level Shear or LCV Shear
cloud lines. Appears when the vertical shearrigea
Band Curved Band A band with a curvature suggestit@.C Curved Band| Curved Ban|d
Developing Distinct CDO| Central Dense Overcast with at least eharp edge Distinct CDO
stage isti Embedded
CDO Inc(i;ségct CDO with a ragged or uneven edge
Indistinct CD
cce Round cloud overcast near the cyclone center tbag¢ldps as the cce
curved band pattern dissipates (Central Cold Cover)
Distinct Smal Diameter of eye is less than 40 km (when deternginire center). Distinct Small
Eye Eye
Mature stage Eye Lzlrzt;né;e Diameter of eye is greater than 40 km (when deteimgithe center). DlstlnEc;eLarge Eye
Ragged Eye| Eye wall cloud forms an irregular shapany clouds exist in the eye Ragged Eyle
Banding eye| Banding Eye A band spiraling the eyethigast 360 degrees is present. Banding Hye Bandmeg|E
Shear Location of dense cloud deviates from CSC deterthinelow level
Weakening cloud lines. Appears when the vertical shearrigea
stage LCV LCV Low-level cloud vortex Shear or LCV ggear
EXL Becoming to an extratropical cyclone. (Extraftrcal Low)




Accuracy

Cb cluster pattern

e Measure the diameter of a circle determined from tk
convective cloud line with an estimable center

and the curvature of the Ci outflow

Ci outflow

90



Accuracy

Band pattern
 left chart

— Measure the distance between the cloud band top and the end
of the warm region

 right chart

— Measure the diameter of a circle formed by the curvatures of
cloud bands

91



Accuracy
CDO pattern

e |eft chart
— Measure the diameter of the CDO

 right chart
— Measure the cloud band top in the CDO

Measure the diameter of the CDO Measure the cloud band top in the CDO

92



Accuracy
Eye pattern (excluding banding eye)

e Measure the maximum diameter of the eye

93



Accuracy
Banding eye pattern

 Measure the diameter of a circle ascribed to the poon
of the cloud band axis that has the largest curvane

Portion with low cloud top temperature

Clear cloud band axis

94



Accuracy
Shear pattern /
Low-level cloud vortex pattern

e |eft chart

— Measure the diameter of the innermost circle of the cloud les
forming the low-level cloud vortex

 right chart

— Measure the innermost cloud line with clear curvature if the
cloud line curvatures do not form a circle

Dense cloud system

Convection cloud line
95



Cloud system size

 The diameter of a circle representing the
total dense clouds surrounding the center
of a TC In a continuous manner.

96



system size Case 1

* A case of measuring the cloud system size of a
band pattern.

 The diameter of the broken-line circle in the
figure represents a cloud system size.

cloud system size cloud system size
300 km 300 km

97
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system size Case 2

 The case of &b cluster pattern.

* In this case, the dense cloud system (A) is embedded into
the cloud system (B) to make a circle as the broken-line
circle, and then the cloud system size is measured

cloud system size cloud system size
300 km 300 km

IR VIS 08
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Dvorak Technique with SATAID

Intensity of typhoon

JICA Group Training Course in Meteorology
Dec. 6 2006

JMA.MSC.
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Typhoon intensity by Dvorak technique

 The Dvorak technique is divided into the VIS
analysis using visible images and the EIR analysis
using enhanced infrared images .

 The Fnumber is the most fundamental concept in
the Dvorak technique .

 The Fnumber Is the intensity of a tropical
cyclone derived from analyses of satellite images.

 The Fnumber starting from 1.0 to 8.0 with a
graduation of 0.5.
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Typical model of development of tropical cyclones as
shown from satellite images
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Relationship between Cl-numbers and maximum wind
speed or minimum sea level pressure.

The T-number is
adjusted to become a
Cl (Current
Intensity)-number.

T-number and CI-
number are
equivalent in the
developing stagg,



USA
MWS(1 minute)

JAPAN
MWS(10 minutes)
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ENHANCED IR PICTURE

T

EIR image

<— Color-coded EIR image
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EIR image and Color-coded EIR image cloud top temparatur
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1T=2.5 T=3.5 T=4.%5

Typhoon No:
T0608

(2006 &) g -



Determine the T number

e DT-number (Data T Number)

DT-number Is obtained by measuring
cloud patterns.

« MET -number (Model Expectedidumber)

Comparing with images acquired 24 hours
before or the cloud pattern .

 PT-number (Pattern-humber)
Select similar cloud pattern in PT cheat .

108



[ Dvor%ﬂg@g,g@%@gi@gram (1/2)

s T-number (DT) h




DviondlkerTechniqgue Diagram (2/2)

(MET)

- Y,
T-number (PT)

-

-

~

/

(Final T-number

Cl-number
4 N
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DT number (Curved Band Pattern)
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DT number (Shear Pattern)

112



Block diagram estimating theéf'HRumber”
(Eye,Embed)
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DT number (Eye Pattern)

Eye-number + Eadj = CF

CF +BF =DT e



Eye-number

>

115



Eye Adjustment

Eye-number + Eadj = CF

116
Rule:text 11-37



Banding Feature (BF)

>MG
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DT number (Embedded Center Pattern)

>4

Central Feature

CF + BF=DT | ™




MET number
STEP 4 Determine past 24-hour trend. D, W ,or S

STEP5 Determine Model Expected T-number.
MET=24-hour old T-number + (0.5 to 1.5) when D wdatermined.

MET=24-hour old T-number - (0.5 to 1.5) when W wasadmined.
MET=24-hour old T-number +-(0) when S was determiine

119
24-hour old Picture Current Picture



PT number

When hatched part of these
pattern is white or colder, add .p
to pattern number.

MET-0.5 GT. PT.LT. MET+0.5 |

MET
column

120



Block diagram estimating the “ClI Number”

E : Eye Number
Ead) : Eye Adjustment

CF : Central Feature
BF : Banding Feature
DT : Data T-Number

MET : Model Expected T-Number

PT : Pattern T-Number

T : Tropical Number

Cl : Current Intensity Number
121



Cl rule

1. 12 hrs delay to T-no.
decrease

2. Keep the same until T-no.
Increase to the value

122



SYNOP/SHIP & Satellite Image (IR)

GMS IR
SYNOP

SHIP

0700UTC,
Aug 2000
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Estimation Technique for TC

Center location (Compass method)

Pressure Profile form TC center

P(r) P

P
, 1 r/r,

P :Pressure outside of TC ( ex. 1015 hPa)
P, = P( ) - P(center):
r, : Distance from TC Center to Isobar{f+ P,/2)

Process :(preparation)

(1) Measure the distance from TC Center to Synda Alan the
Weather Map. -> Plot the Point which show the édtsd
Pressure and Distance from the TC center on tresére Profile

Chart
(2)Similar Process (1) , Plot the B, C, ---
(3)Draw a fittest line on the the Pressure Pr@itart 124

Continue to next page.



Estimation Technique for TC Center locat{Gampass method)

continue

Assumptior>8intensity , Size ,Pressure Profile --- No significant change

Process at Next Map Time
(1) Prepare the Previous Pressure Profile Chart
(2) Read a pressure of A on the latest Weather Map.

(3) Plot the pressure on the previous Pressure Profile
Line

(4) Read the distance from the plotted point to TC center
on the previous Pressure Profile Chart

(5) Make a Circle on the latest Weather Map. Its center is
A and radius is read distance from (4).

(6) Similar processes, Make Circles B,C,E,F,

(7) Estimation TC Center is intersection of theiseles.

Application of this method 125

Estimation of TC Center Pressure



| et’'s Practice
By
Satiad Software, GMSLPD
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& Scattering
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e 36GHz, 89GHz and Summary
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Satellites Used in MSC/JMA

Aqgua Altitude . 705km

Inclination : 98 deg.

MW Sensor : AMSR-E |We are using
the brightness

temperature

Altitude © 403km observed by

o these microwavze
Inclination : 35 deg. Sensors.

MW Sensor : TMI

Altitude : 820-860km
Inclination : 99 deg.
ompewsmeesr MW Sensor 1 SSM/I

NASA




Observation Coverage of Polar Orbiters

AMSU  cross-track scan

SSM/I conical scan

« g path $ G n‘arrow belt” L “Swath”
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Observing Time of Polar Orbiters

* Sun-Synchronoussatellite
Aqua (AMSR-E)
DMSP13-15 (SSM/I)

7

Observing time isalmost constant
Aqua 13:30 01130 v
DMSP13 18:25 16:25 v
DMSP14 20:21  bH8:21 v
DMSP1521:31  1H9:31 v

* Non Sun-Synchronoussatellite
TRMM (TMI)

) NI O

12 Observing time isnot constant

DMSP13 ...because the aim is to observe over
06 bservation Time (Local Ti - - :
Observation Time (Local Time) the tropics at various local tirms.



Spatial (Horizontal) Resolutions of MW ODbs.

* Worse than those of VIS or IR
e Size of FOV (Field Of View)

wave length
1 / frequency
AMSU-A (S.S.P) 45km
AMSU-A (limb) 150km
AMSU-B (S.S.P.) 15km AMSU
AMSU-B (limb) 50km
SSM/l 19GHz 69km
SSM/I 85GHz 15km
AMSR-E 89GHz 5km

AMSR-E has a larger antenna, so
the resolution is relatively good. SSM/I

132



Temperature Resolutions of MW ODbs.

.

Blackbody of 300K -

AlAISSIWSURY |

VIS IR MV
The energy in MW range is TOO SMALL!  Worse Resoluygon



Emissivity of MW

IR : Land Surfaceanbe regarded as blackbody. Emissivity 1
MW: Land Surfacean’tbe regarded as blackbody. Emissivity < 1
Brightness temperature of MW is observed lower than that of IR.
Especially, emissivity of MW on Sea Surface is very small!

IR MW

B |

— : radiation emitted 134

---------- » : radiation NOT emitted



Emissivity of MW . example

May 11, 2006 O6UTC

>322.0cag.C.
7>8-16.cag.C.

30.8cleg.C.
25. Ldeg.C.




Influence on MW by Water Vapor

It is available for channels with no or neglectable absorption bgrwapor.

A4 AAa A

A

A

A4 Aaa A

N

ad

Same sea temperature

Even if the sea temperature was same,
the brightness temperature with wetter atmosphere

would be observed higher.



Influence on MW by Water Vapor

It is available for channels with no or neglectable absorption bgrwapor.
Tropics Mid Latitude or More Northern / Southern

A A A A AAAALA A 4A A A A A A A

"~ Warmer - Colder
Water Vapor have as remarkable influence
as the difference of surface temperature.

In MW range,
Water Vapor haMOST dominant influence foALL channels ¥



Polarization and Scattering

Conical scanning sensors view the surface at a@onsngle between 30 and 40deg.
Most of them pick up two kinds of polarized wavertical and horizontal.
Horizontally-Polarized Wave

Vertically-Polarized Wav
(V)
(H)

“ 7777 “Smooth and Ho?no'ge'ne'ous Place Surface: e.g. Seac8urf

V emits more radiation than H

7

Brightness Temperature:
TB V>TB H

138



Polarization and Scattering

When scattering occurs...
* Brightness temperature becomes lo

Scattering Particle

e.g. Snow, Ice Flake...
(they have many planes at various
angles with them.)

Caution:

The influence by scattering is more
remarkable in higher frequency e.qg.
89 GHz. But it can’t be neglected in
lower frequency.

Especially, it's very important to
consider the influence by scattering
in ALL frequency for very
developed convective clouds like
typhoons that have a lot of
scattering particles.

wer

* The difference between TB_V and TB_H becomes small 139



e Fundamental Characteristics of Microwave

 Emissivity, Influence by Water Vapor, Polarization
& Scattering

 Characteristics and Behavior of Microwave
Channels Used in Typhoon Analysis

e 36GHz, 89GHz and Summary
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Characteristics of 35 - &Hz

TB from Water Cloud

TBs from Water

Cloud and Active

IS higher than TB from Sea.

yvy

- — —

N

\

Convective Clol

EXCEPTION:
Very very

<

Id are almost same.

leveloped cloud

L Ci with Ice Crystal
§ Is transparenfor
MW.

Scatterindoy
Ice Flakes e.qg.

Snow, Hall, ...

(degreesmall)

Water Cloud is
almost transparent

But absorptiorby
Water Drop and
Cloud Particle
takes place. Then

Theyre—emit’s41




Characteristics of 85 - 91GHz

Y L

TB from Cold Sea is almost same as

IB from Active Convecti

TB from Active
IS very low!

/e @ld. Confusing!

» Convective Cloud

. Ciwith Ice Crystal
Is transparenfor
N MW.

Scatterindoy

Ice Flakes e.qg.

Snow, Hall, ...
(degreeiarge)

Water Cloud is

almost transparent

But absorptiorby
Water Drop and
Cloud Particle

takes place. Then

Theyre—emit’s42



Size of Center of Typhoon by MW

e Size in 35GHz

— measured just above sea surface at lower level
—  can be estimated smaller

e Size iIn 85GHz

— measured far above sea surface at least near freegilevel
— Is estimated larger 143



Parallax Viewing Effect

35GHHV  85GHz

35GHA Oparallax Error is Small
85GHM XParallax Error is Big

H HakmH
HLOHZ20kmH
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Example of Size Difference and Parallax Effect

Colder Warmer Colder Warmer

. Traveling Direction
O :Center by 37GHz
. Center by 85G@}gz




Summary about 355Hz and 85GHz

35GHz 85GHz
Both Can Analyze Typhoon Structure Covered by UppeCloud e.g. Ci
Lower Resolution than 85GHz Higher Resolution than 35GHz

Detects Water Cloud

and Precipitation Area Detects Active Convective Cloud

May Trace Convective Cloud
CAN'T Distinguish Clearly Over Land Surface

Cloud from Land Surface Tends to Confuse
Convective Cloud with Cold Sea

Estimates Typhoon Center Smaller Estimates Typhoon Center Larger
at Lower Altitude than 85GHz at Higher Altitude than 35GHz

Has a Smaller Parallax Error Has a Bigger Parallax Error

It's Important
» to Combine 35GHz & 85GHz and Use Each Advantage!

* to Compare MW with IR and VIS imagery! 146
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http://www.nrImry.navy.mil/tc-bin/tc_home?2.cqgi 148



TC "KETSANA ”
(SSMI Satellite)
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