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Introduction

U For the past three decades, Vernon Dv or a |
practical insights and tools for estimating
Tropical Cyclone (TC) intensity from satellite
data have proven to be invaluable in forecast
applications.

U The Dvorak t e c h ni1 gracticak appeal and
demonstrated skill in the face of tremendous
dynamic complexity place it among the great
meteorological innovations of our time.
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U The technique evolved significantly during 1970 -1984
and matured over an extended period so that there is
no single reference that wholly defines the application
of the technique. However the document AWorkbook
on Tropical Cloud Systems..0 published in 1990 ; tries
to brings together a collection of notes regarding
application of the technique as a reference for
operational forecasters .

U The future evolution of the Dvorak and similar
satellite-based TC intensity estimation methods iIs of
vital interest to the meteorological and coastal
communities, and the continued improvement may be
a top research priority in the atmospheric sciences.
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Past History and Foundation of the Technique

U The first methods for tropical storm analysis using
satellite imageries (TIROS 1) were developed and
operationally used in early 19600 svhen only one
Picture was available per day (Fett, 1964; Timchalk; et
al 1965).

U By the late 19600 s polar orbiting satellites with
visible and limited IR capabilities were providing TC
forecasters with coarse-resolution Imagery several
times a day. At this time there were no enhancement
or animation capabilities. Early work by Fett (1966),
Fritz et al. (1966), and Hubert and Timchalk (1969)
was generally unsuccessful in inferring TC intensity
from this type of imagery.
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Past History and Foundation of the Technique

X In early 19700 snumber of satellite increased
and there their capabilities improved. Dvorak
and his colleagues started working to analyse
the tropical cyclones using satellite imageries.

x He derived an empirical method relating TC
clouds structure to storm intensity using a
simple numerical index (Cl) corresponding to
the maximum sustained wind (MSW) as shown
In the Table below (Dvorak 1972, 1973).
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CI No MSW( kt)

1.0 25
195 25
2.0 30
215 35
3.0 45
3.5 55
4.0 65
4.5 77
5.0 90
53 10
6.0 115
6.5 124
7.0 140
7% 155
8.0 170
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vortex
WML
D
DD
CS
SC§

VSCS

SUPER CYCLONIC
STORM

T No
T1.0
s
T2.0
12.5& T3.0
Il 3
T4.0to T6.0
T6.5to T8.0
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Basics of Dvorak Technigue

The technique relies on four distinct
geophysical properties that relate
organised cloud patterns to C
Intensity.

Vorticity,

Vertical wind shear,
Convection, and
Core temperature.
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Vorticity: The strength and distribution of circular winds
(by implication, vorticity) in a TC organises the clouds
Into patterns that Dvorak relates to the MSW.

Vertical wind shear. The shear is kinematics force that
acts distort the vorticity consequently the cloud
pattern. Dvorak found that degree distortion was also
related to the MSW.

Convection: the convection in the bands of the outer
core of the cyclone also figures in the cloud pattern
recognisation and scene type assignment.

Core Temperature: Using CTT in the TC inner core the
technique relates convective vigor to intensity.
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Evolution of the Technique

U Originally the technigue was largely
reliant on pattern-matching concepts
and the application of Dvor ak:
development/decay model.

U The significant revisions of 1982 and
1984 shifted the emphasis of the
technique toward direct

¢ Mmeasurement of cloud features. P
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Details of the Technique
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In Dvorak technique following types of satellite
Imagery are used.

C Visible imagery
C EIR (Enhanced Infrared imagery)
C Digital IR imagery
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Enhanced Infrared Imagery (EIR)

During night time visible imageryis not availableand water vapourimagery are
not helpful thereforethis methodwasdevelopedoy DvorakandWright in 1978 In
this methodwe usespeciallookup table (to highlight the featureswe usedifferent
lookup table in different imageries). In EIR lookup table different temperature
rangeshavedifferentgrayshades

WMG (warmmediumgray) >+9U C

OW (off white) +90 @-300 C

DG (darkgray) -31U @ - 41U C
MG (mediumgray) -42U @ -53U C
LG (light gray) -54U @ - 63U C
B (black) - 64U @ - 69U C
W (white) 700 @ -750 C

CMG (cold mediumgray) -76U @ - 80U C

CDG (colddarkgray) <-81UC
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Enhanced Infrared Imagery
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Estimate Intensity

1|

Data T No. Model Expected T No.
1. Cloud system
measurements
m Curved Band
g Covred Conee

2. 24 hour changes

Pattern adjusted
Model T No.

Pattern recognition

L
Apply constraints
I

T No.

Final Intensity
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STEP 1. \Locate cloud system center.

Y

Y

T-NUMBER ESTIMATE FROM
CLOUD FEATURE MEASUREMENT

T-NUMBER ESTIMATE FROM
PATTERN COMPARISON WITH MODEL

STEP 2. Select pattern below (when
applicable).
Analyze as instructed.
STEP 2A. "Curved band" pattern.
STEP 2B. "Shear" pattern.
STEP 2C. "Eye" pattern.
STEP 2D. "CDO" pattern.

STEP 2E. "Embedded center" pattern.

STEP 3. "Central Cold Cover" (CCC)

Determine the following:

STEP 4. Past 24-hour trend.

STEP 5. Model expected T-number (MET).

STEP 6. Pattern T-number.

STEPS 7, 8, and 9. Determine final

T-number and CI-number using

rules.

:

STEP 10. Make 24-hour intensity
forecast using rules.

——
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VIS Analysis Diagram-1

1.

2

2C

2D

START

Locate cloud
system center.

locate the cloud system center at the
focal point of the curved cloud lines or
bands. For {nftial development (T1), see
Step 1A.

¥hen your storm pattern does not fit the
description of any of Steps A thru D, do
Steps 3, 4, 5, and 6; then return to

Step 2 1f indicated.

|
DT 1.5¢.5

DT2.5
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- - Has 24<hr old Y
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CFS CF4 CF) CF2 CF3 CF2
Step 2A or 4 | | | | | |

Eye Adjustment?
E-no. + Eye Adj »
CF

-

Banding Feature
(8F)?
CF + BF » OT




VIS Analysis Diagram-2

3.

“Central Cold (Dense) Cover"
Pattern

L

Determine past 24-hour trend. Is

Development, Weakening, or Same

indicated in a change of:

{a) center or eye characteris-
tics, or

(b) center's involvement with
dense overcast.

v

Determine Model Expected T-no.

(MET).
v

Determine pattern T-no. Select
pattern in diagram that best
matches your storm picture within
one column of the MET. Adjust
MET .5 when indicated.

Rules: Wuhen past T-no. <73, maintain model trend for 12 hours; then
hold same. When past T-m0. >T35 hold T-no. same.

Use as final T-mo.;
then go to Step 9.

PT 3.5 PT 4

PT 6

©)|:

RVED BAMD TYPE
1° 1)50-7‘1
TY :(

2 —j

©,

\ 4

When cloud comma fs extremely small {<2'%’1at),

subtract 1 from pattern number.

T-no. Determination:

1. Use data T-no. from Step 2
when cloud features are clear-
cut.

2. Use Pattern T-no. when DT is
not clear and adjustment to
MET is made.

3. For all other cases, use the
MET.

4. Final T-no. limits:

Final T-number Constraints:

1. Inittal classification must
be T1 or T1.5.

2. During first 48 hours of
development, T-no. cannot be
lowered at night.

3. 24 hrs after initial T1,
storm's T-no. must be <T2.5.

<T4:

change of 1/2 over 6 hrs.
>T4:

7.5 over 12 hrs, 2 over

18 hrs, and 2.5 over 24 hrs.

5. Final T-no. must = MET =],

change of 1 over 6 hrs,

Current Intensity (Cl) Mumber
RuTes:

1. Use CI = final T-no. except
when final T-no. shows change
to weakening trend, or when
redevelopment 1s indicated.

2. For initial weakening, hold
Cl same for 12 hours, then
hold CI % or 1 higher than
T-no.as storm weakens.

24-Hr Forecast

Extrapolate
past trend
unless one of
the five rules
in the
instructions
applies.

8.

9

10.




EIR Analysis Diagram-1

GRAY SHADE CODE (BD CURVE)
TART Locate the *CSC* at the focal point of
] Locate cloud system all the curved cloud lines or bands. For WG (Warm Medium Gray), > +9°C
. center. fnitial development (Tl). see Step 1AL oW (Off White), +9 to -30°%
DG (Dark Gray),-31 to -41°C
* MG (Medium Gray), -42 to -53°C
16 (Light Gray), -S4 :o -63°%
Analyze using pattern When your storm pattern does not fit the : ::;:i:: ::; :: ::g°g
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EIR Analysis Diagram-2

3.

“Central Cold Cover”

Rules: When past T-no. <T3, maintain model trend for 12 hours: then

Pattern

.

Determine past 24-hour trend. Is

Development, Weakening, or Same

indicated in a change of:

(a) center or eye characteris-
tics, or

(b) center’s fnvolvement with
the cold overcast.

v

Determine Model Expected T-no.

(MET).
v

Determine pattern T-no. Select
pattern in diagram that best
matches your storm picture within |
one column of the MET. Adjust
MET & .5 when indicated.

hold same. When past T-no, >T35 hold T-po. same. Use as final T-no.:
then go to Step 9.
PT 1.5:.5 PT 3.5

|

*When hatched part of these patterns is white or

colder, add .5 to pattern number.

T-no, Determination:

1. Use data T-no. from Step 2
when cloud features are clear-
cut.

2. Use Pattern T-no. when 07 is
not clear and adjustmen: to
MEY 1s made.

3. For all other cases, use the
MET.

Final T-number Constraints:

1. Initial classification must
be T1 or T1.5.

2. During first 48 hours of
development, T-no. cannot be
lowered at night.

3. 24 hys after initial 71,
storm's T-no. must be <72.5.

4. Final T-no. limits: <T4:
change of 1/2 over 6 hrs.
>T4: change of 1 over 6 hrs,
T.5 over 12 hrs, 2 over
18 hrs, and 2.5 over 24 hrs.

5. Final T-no. must = MET :1.

Current Intensity (Cl) Number
es:

1. Use CI = final T-no. except

to weakening trend, or when

. redevelopment is indicated,

2. For, initial weakening, hold
Cl same for 12 hours, then
hold CI Y% or 1 higher than
T-no. as storm weakens.

when final T-no. shows change

24-Hr Forecast:

Extrapolate
past trend
unless one of
the five rules
in the
instructions
applies.

8.

9.

10.




Step No.l1: Tropical System Identification

U Whenever we observe convective cloud clusters placed
randomly over certain area having approximate dimension of
5U 5Ufor 24hrs and doesnot disappeardue to diurnal variation.
Than we keep a close watch for the formation of vortex (low
pressuresystem)over the area.

U The tropical disturbance reaches tropical storm intensity
(T2.5) 36 hours after the first classification(T 1.0).

U Animation suggeststhat the cloud pattern does not evolve
continuously from stageto stagebut appear to form Iin surges
The center as defined by the cloud feature would appear well-
defined and easyto interpret during a surge of pattern growth;
but following the surge, the clouds features generally become
poorly defined and difficult to understand.
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Cloud System Center (CSC) Identification

From Dvorak 1985:

NThe cloud system center
of all the curved lines or bands of the cloud system.
can also be thought of as the point toward which the
curved | I nes merge or s/

and

nNCentre not al wawyws o0obVi
U Maintain track continuity.

U Use all available datar QuikSCAT, Microwave data, etc.
g U Centre location can influence intensity measurement.
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Cloud system center (CSC) is also defined as the focal point of all
curved lines or the bands of the cloud systemor geometric center of
eye,if present When more than one well-defined CSC is apparent, we
usethe bestonethat fits the pasttrack of the system

U CSC is generally well defined by the cumulus cloud lines in visible
Imagery.

U During night time- we are left with only Water vapour & IR imagery.
Water vapour imagery filter the low clouds In IR imagery there is not
much contrast betweencloudstop temperature of low (cumulus) clouds
and surrounding land surface Therefore it Is difficult to fix cloud
systemcenterduring night time especiallyin shearpattern system

U If convectivecloud masspersistsfor 24 hrs and it hasa CSC defined
with an area having a diameter of 2.5Ulatitude or lessand persist for 6
hrs, then we measureits feature to assignthe intensity.
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Step No.2: Pattern Reorganizations:
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FOUR PRIMARY PATTERNS
AND TYPICAL T -NO.'s

[=—— CURVED BAND —|
|+— SHEAR —»|
[+—— CDO ——=]
| EYE -l

BANDING EYE \
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Curved Bands Pattern

Method: Measure the curvature of the band.

Physicalprinciple: theid wr -a p o u n dafthesce@neective

bandsindicatesthe vorticity associatedwith

the system
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Technique for determining center
for Curved band pattern
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Curved Band

Use spiral arc distance
alongloU | og spir al

Rule 2A A

DT 1.52.5 DT2.5

C=

>.20 Spiral )
D7T1.52.5 DTZ2.5 073 OT3.5
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Band Pattern
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SPIRAL ARC DISTANCE
10° Log Spiral

ST o
. _Spiraljarc qlstancg. ;
p580-DTno B °, y

DT number is determined by curvature of band
around 10 log spiral
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SHEAR PATTERN

Method: Measure the distance form the low level centre to the
edge of the Adense overcasto

Physical principle: greater involvement of the low level centre
with the deep convection indicates a stronger system.

U Due to strong vertical wind shear convectivecloud mass
associatedwith weak vortex are moved away from the

CSC.

U We measurethe distance betweenconvectivecloud mass
and CSC. This distancegivesintensity of vortex directly.

*
T %
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Rules for VIS analysis

i

<3/4" fram
edge

|
DT 1.5:.5 DT12.5

Rules for EIR analysis

DTZ{!S

DT1.52.5



Sth J u n08 6

VIS 0500UTC
... Center distance from edge

Kalpana-1

0.8U










Covered Centre Patterns

In VIS these patterns are called
Central Dense OvercastCDO)
In IR these patterns are called
Embedded Centre(EC)
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CDO PATTERN

This type of pattern is analysed only with VIS
iImagery.

U The CDO is a denseovercast massof clouds that
appearswithin the curve of the curve band axis and
coversthe cloud systemcenter.
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CDO PATTERN

Rulesfor measurementof T no. :

1.The boundary definition of the CDO and its size (diameter across
narrowest width) providesthe central feature (CF).

"C00* Pattern Is “CDO" . Edge Well-Defined Irreqular
2D | (Center indicated  |— >3/4° in Diameter | ]
under + @ .) diameter? Size SH RS BT ETR e ] ‘“1‘—
= (S g o
CFS CF4 CF3 CF2 CF3 CF2
Step 28 or 4 | | | | | ]

Banding Feature Aiditions

2. Banding feature (BF) is added
according to the amount of 6)”20@

banding observed around the @
@' Q@ @

3. Data T-no. (DT) = CF + BF +0.5 +1.0 4
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§ Kalpana-1

— 7 "30nAprogl 6

VIS 0800UTC

AR s CDO diameter=1.20
So, CF=3.0
BF=0.5
DT=3.0+0.5=3.5
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CDO PATTERN




Proj:Mercator 2007-06-06 06:00:04Z SatKalpana-1

CDO Pattern |

VIS Linear Stretch 0%
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CDO Pattern
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