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What Is the Dvorak
Technique?

A statistical method for estimating the
Intensity of tropical cyclones (T'Cs) from
Interpretation of satellite imagery

Uses regular Infrared and Visible imagery

Based on a “measurement” of the
cyclone’s convective cloud pattern and a
set of rules

It Is used at tropical cyclone warning
centers around the world




What the Dvorak Technique
isn’t

A direct measurement of wind, pressure,
or any other meteorological variable
assoclated with a tropical cyclone!

» A replacement for in situ measurements
of a tropical cyclone




* There Is a (imperfect) correlation between the
Intensity of a TC and its satellite observed cloud
pattern during both development and decay.



TC Cloud Patterns — Developing
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TC Cloud Patterns - Weakening

Hector 2006

GOES1! VIS 20.5 -134.0 20080820_2100
GOES11 VIS 18.4 -131.2 200680818_210!

19 Aug. 2100 UTC 20 Aug. 2100 UTC

GOES11 VIS 22.3 -135.6 20060821_2100 GOES11 VIS 22,8 ~137.4 200608222100

21 Aug. 2100 UTC 22 Aug. 2100 UTC




Dvorak Technigue Cloud Patterns

| CURVED BAND
PRIMARY PATTERN TYPE

SHEAR PATTERN TYPE|

» Curved Band (VIS and IR)

» Shear (VIS and IR)

« Eye (VIS and IR)

» Central Dense Overcast (VIS)
 Embedded Center (IR)

e Central Cold Cover (VIS and IR)

FOUR PRIMARY PATTERNS
AND TYPICAL T -NO.'s

D BAND —|
j— SHEAR —»{

CDO —|




T-Numbers: How to Quantify the
Cloud Patterns

Tihe Dvorak Technigue quantifies TC intensity on a 1-
8 scale (at 0.5 intervals) called T-Numbers, which are
used In a variety of ways.

The final output of the technique is the Current
Intensity (CI) number.

The Cl number is driven by the Final-T (FT) Number.

In turn, the FT Is driven by the Data-T (DT) number,
the Model Expected-T (MET) number, and the
Pattern-T (PT or PAT) number.

The DT 1s often created from other sub-numbers.



Dvorak Technique Output

NHC/CPHC/JTWC

MSLP MSLP
(ATL/EPAC) | (NW Pacific)

1-minute MSW

(mph) | (km/ hr)
29 46
29 46
35 56
40 65
52 83

1009 mb 1000 mb
1005 mb 997 mb
1000 mb 991 mb

63

994 mb

984 mb

75

987 mb

976 mb

89

979 mb

966 mb

970 mb

954 mb

960 mb

941 mb

948 mb

927 mb

935 mb

914 mb

921 mb

898 mb

906 mb

879 mb

890 mb

858 mb

Note: Other warning centers and basins use different pressures and wind averaging periods



Dvorak Technigue Procedure

Dvorak (1984) 10 StepS ‘VIS' ANALYSIS DIAGRAM | |
1. L.ocate center '

START Locate the cloud system center at the Adjustrent Rules:
focal point of the curved cloud lines or
Locate cloud

bands. For initfal development (T1), see 1. mzciﬂiig gl'ciagqﬁde{e:w
2. Select cloud pattern syl coer 2

E 5.
2. Large eyes: Limit T-no. to Té for

1 , well-defined , and to
and aSS|gn Data—T Analyzé using pattern When your storm pattern does not fit the =Tt 1 oves

TS for large ragged eyes.
below when possible; description of any of Steps A thru D, do For MET >6, .5 or 1 may be added
then go to Step 3. Steps 3, 4, 5, and 6; then return to to DT for well defined eye in
N um be r (DT) Step 2 {f {ndicated.

"Curved Bard" Pattern
Use spu: arc 31 stance
along 10° log spiral.

"Shear™ Pattern
Use center definition
and center's distance
to dense overcast.

Banding Eyes

ZEye" Pattern

ES E4 E3

Eye Adjustment?
E-no. + Eye Adj =
CF

CDO" Pattern Is “CDO*

{Center indicated 23/4° in Diameter
under +@.) diameter? Size >2 1o 30 1y
CFS CF4 CF3 CF2 CF3 CF2 Banding Feature
(BF)?
CF + BF = OT




Dvorak Technigue Procedure

Dvorak (1984) 10 Step
3. Central Cold Cover.
(CCC; if applicable)

4, Analyze 24-h trend

5. Assign Model
Expected T-Number.
(MET)

6. Assign Pattern T-
Number (PT/PAT)

7. Use DT, MET, and
PT to get Final T-
Number (FT)

8. Apply FT constraints

0. Determine Current
Intensity (CI)

10. Forecast 24-h
Intensity (FI)

"Central Cold {Dense) Cover"
Pattern

Rules:
hold same.

v

Determine pasl 24-hour trend. Is

Development , Weakening, or Sama

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.
[METY.

v

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

When past T-no. <13, maintain model trend for 12 hours; then
Wnen past T-na. »>T35 hold T-no. same.
then go to Step 9.

Use as final Teno

PT 1.5 .5

PT 2.5 PT 3.5
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When cloud comma is extremely small (<27 lat),

subtract 1 fram 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 OT is
not clear and adjustzent to
MET is 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. <annot be
lowered at night.

3. 24 hrs after imitial TI,
storm's T-ne. must be <T2.5.

4. Final T-no. Timits: <T4;
change of 1/2 over & hrs.
»T4: change of 1 over & hrs,
T.5 over 12 hrs, 2 over
18 hrs, and 2.5 ever 24 hrs.

L Fipal T-no. muzt = MET =],

Current Intensity (C1) Humber
|LENST

ules:

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

2. Far initial weakening, hold
1 same for 12 hours, then
nold Gl % or ¥ higher than
T-no-as storm weakens.

Extrapolate
past trend
umlass ane o

in the
tnstructions
app]ies_

Z4-Hr Forecast:

r

the Five rules

8.

9.

10.




Dvorak Technigue Worksheet

TROPICAL CYCLONE ANALYSIS WORKSHEET
Verngn F. Dvorak T-NUMBER ESTIMATE FROM MEASUREMENTS T-NUMBER ESTIMATE FROM MODEL
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Dvorak Technique Terms
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CSC - Cloud System Center - The
center of the disturbance or
cyclone. It is usually defined by an
eye, a low level circulation center,
or by other cloud features.

CDO - Central Dense Overcast - A
dense solid-looking mass of clouds
covering the CSC, often lying
within the curve of the cyclone’s
curved cloud band.

CCC - Central Cold Cover - A
large cold or dense overcast
covering the CSC that lacks
structure and obscures the cyclone
center.



Dvorak Technique Terms

Cl'Number - Current Intensity
S R T el | nUmMber - The final output of the
Tl Bl | Dvorak technique and the
estimated intensity of the cyclone.

DT Number - Data-T number -
The estimated intensity of the
cyclone based on the convective
cloud pattern.

PT or PAT Number - Pattern-T
number - The intensity estimate
from comparing the cyclone cloud
pattern to predetermined patterns.

i




Dvorak Technique Terms

MET Number - Model Expected-T
number - The intensity estimate
from the 24 hr old FT number and
a determined intensity trend.

FT Number - Einal-T number -
The intensity estimate for a given
time selected from the DT, PT, or
MET numbers. It Is used with a
set of rules to determine the CI
number for this time and the MET
number 24 hours later.

F1 Number - Forecast Intensity
number - 24 hr intensity forecast
based on the CI and observed
signals in the cyclone cloud
pattern and the environment.

TROPICAL CYCLONE ANALYSIS WORKSHEET
T-NUMBER ESTIMATE FROM MEASUREMENTS T-NUMBER ESTIMATE FROM MODEL
TATION CON




Dvorak Technique Terms

Eye Number - Part 1 of the
Intensity estimate for an eye
pattern based on surrounding
cloud top temperatures (IR) or
embedded distance ina CDO
(VIS).

Eye Adjustment - Part 2 of the
Intensity estimate for an eye
pattern based on eye temperature
(IR) or eye size and clarity (VIS).

lllllllll




Dvorak Technique Terms

CF Number - Central Feature
number - The part of the intensity
estimate based on the central
features of a cyclone. This number
IS produced by the eye, CDO, and
embedded center patterns.

BF Number - Banding Feature
number - The part of the intensity
estimate based on the banding
surrounding central features of a
cyclone. This number can be used
with the eye, CDO, and embedded
center patterns.

TROPICAL CYCLONE ANALYSI§ WORKSHEET

STIMATE FRO T-NUMBER ESTIMATE FROM MODEL
R {D AND DT CONSTRAINTS
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Dvorak Steps 1 and 2

START
Locate cloud system center
(Center fix)

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

A T1 Classification can first be given
upon meeting three criteria involving the
existence and persistence of the CSC
and associated convection

CLOUD PATTERN MEASUREMENT
Analyze using cloud pattern
below when possible;
then goto Step 3

When the storm cloud pattern does not
fit any of those in Steps 2A-2D,
perform Steps 3, 4, 5, and 6; then
return to Step 2 if indicated




Step 1 - LLocate the Cloud System
Center (CSC) o

|_ocate the overall pattern
center
|_ook for small scale features

Compare center location with
forecast

Compare center with previous
pattern center

Make final location adjustments =

L_ooking for lowest possible
center In terms of altitude
(Surface center If possible)




Step 1 — LLocate the Cloud System
Center (CSC)

In this image the CSC is the focal point of curved cloud lines



Expected CSC Positions

TYPICAL CLOUD PATTERN EVOLUTION

z
Slolalele

BASIC CURVED BAND PATTERN TYPE

CENTRAL DENSE OVERCAST (CDO) PATTERN TYPE

/= ” + marks the
T expected center
position

"SHEAR" PATTERN TYPE




Expected CSC Positions for Curved
Band Patterns (\WWedge Method)

The expected center position Is halfway between the end of the
curved band (A) and the end of the associated dry slot or cloud
minimum wedge (B).



CSC Curved Band Examples

2 .. il Dryslot
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CSC Shear Pattern Example

Good first guess position is the upshear side of the strongest convection



CSC Eye Pattern Examples
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CSC Location Error - Didn’t Follow
the Low Clouds
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Marco (1996): A sheared and tilted system'



Potential Error - Shear Surprise

T'he previous day

Overnight

Surprise!
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Hurricane Harvey (1981)



CSC Error - Deviated From Forecast

1998 Ivan BT vs. Fix Position

45.0 -
- — A
40.0 /C//u
o
Col
///
¥
35.0
"4
30.0 i‘\
> ~ —e— Best Track
= N\, —=— TAFB
- \.\ SAB
25.0

%‘an\\

15.0 al \N\\*R\
JLB midnight shift - "

10.0

45.0 40.0 35.0 30.0 25.0 20.0
Lon (W)



Animated Imagery

T
Lo Y L

Tihe technique center finding
principles were designed for single
Images and not animation.

Animation can show the circulation &y
associated with a tropical cycloneor . =
disturbance and make center fixing &
easier

Motions of high level clouds can
complicate center fixing, especially
when using IR imagery or if the
system is tilted

Use of animation does not
guarantee a correct center location!

C-.' ]. 23 F«LF 95235 11« CDB 25450



Dvorak Confidence Codes

Location Confidence (LCN) Intensity Confidence (ICN)

Definition Definition
Well-defined eye Good confidence in T#

May vary T# up or down by 1/2

Well-defined eye with uncertain
picture navigation
Well-defined circulation center

May vary T# up or down by 1

Well-defined circulation center
with uncertain picture
navigation
Poorly-defined circulation center

Poorly-defined circulation center
with uncertain picture
navigation




Cloud System Center Finding
EXxercise!



file://NHC-S-NAS003/NEWWDRIVE/USERS/Richard.Pasch/Collaboration/WMO2016/DvorakModule/dvorcsc2.pptx#1. Dvorak Center Location Exercises

Notes on Step 1

Other types of Imagery (including microwave)
and enhancements may be used in finding the
CSC

The CSC of a weak system Is not always a closed
circulation center

In a system with multiple centers, use a mean
center position between the centers

It’s hard to analyze the intensity if you don’t
know where the cyclone is!
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Oscar (2012) I\/Iultlple swwls
present west of the convective
mass — need to use a mean center “‘s .
Jeanne (2004) - New center forms -
northeast of the old exposed
center (images are 3 hr apart) ..

GOES12 VIS 22.0 =-71.9 20040918 2045



Step 1A - A T1 classification
can be given when...

A convective cluster has persisted for 12
hr or more

e The cluster has a CSC defined within a
2.5° |atitude wide or less area which has
persisted for 6 hr

» Associated convection Is dark gray (DG)
or colder on the Dvorak BD enhancement
curve over an area >1.5° diameter less
than 2° from the center



N[0] (=N 0] I ) (=] ] WA

« An existing CSC that
does not meet the
criteria of Step 1A can §
be tracked as a system
“too weak to classify” B . ®§
- a location without an [ 2
intensity estimate LSl

Pre-Debby (2012) low —
too weak to classify using the
Dvorak Technique



Step 2 - Analysis of the cyclone cloud
pattern

The cloud pattern analysis
produces the Data-T (DT)
number intensity estimate

Tool: LLog 10° spiral for
measuring curved bands

Tool: BD enhancement for
Infrared imagery

Cloud patterns can change
considerably on time scales of a

few hours L0 CRDSSING ANGLE

Recognizing the correct cloud
pattern is vital to a proper
Intensity analysis




BD Enhancement Curve

Cloud Top
Temperature

Range (°C) Name/Abbreviation
Warm Medium Gray

Segment Color
Number Range

2 0-255 >9.0 (WMG)

3 109-202 9.0 to -30 Off White (OW)

4 60-60 -31to -41 Dark Gray (DG)

5 110-110 -42 to -53 Medium Gray (MG)

7 0-0 -64 to -69 Black (B)

10 85-85 <-80 Cold Dark Gray (CDG)

The BD enhancement curve was developed in an era of 256 shades of gray
technology.



BD Enhancement Curve Example

8 KM INFRARED

VISIBLE

WHITE
(~70°C to —75°C)

« BLACK
#(—64°C to —69°C)

LIGHT GRAY
(—54°C to —63°C)

MED GRAY
(—42°C to —53°C)

DARK GRAY
(-31°C to —41°C)

OFF WHITE
(9°C to —30°C)

TROPICAL CYCLONE ANALYSIS
SATELLITE DATA
COMPARISON EXERCISE

HURRICANE FREDERIC
1331 GMT 12 September 1979

On this image, light gray
(LG) is the coldest BD
color shade that
completely surrounds the
eye.



Step 2A — Measuring Curved Bands
» Fit the spiral parallel to the inner edge of l s 0l

the band (VIS) or to the coldest tops in the
band (IR)

« Measure only the primary band of the
cyclone - other bands don’t count

« Note: Nature does not always produce
bands with 10 degrees crossing angles ©

TROPICAL CYCLONE ANALYSIS WORKSHEET

T-MUMBER ESTIMATE FROM MEASUREMENTS
oE-DATA TMUMEFR (DT) COMPUTATION
STER - ' 2 or

— - - te T-Mumier
] [ P
DESCRIPTION — ar W ot Ena y cmpLtation

AULES —

DATESTIME




oD ZA 80 bahna Fatte
scqgllies e glliss
Flow chart WAL %lﬁ@ 5;%35 ‘v‘}gg
. G & G B .
Images >.20 Spiral .40 to .5 /60 ¥ . .80 o 1.00 is
| | b | | !
DT 1.5+.5 DT2.5 0T3 DT3.5 DT4 DT4.5
Spiral arc
distance (tenths | 0.20- | 0.40- | 0.60- | 0.80- | 1.05- | 1.35-
along log 10° 0.35 0.55 0.75 1.00 1.30 1.70
spiral)
Data-T Number | 1.0to
(DT) 20 2.5 3.0 3.5 4.0 4.5
coC Ua Al C JU Jie dl lC al e aUc
c Dalll J eVce w0 U al DdllU U al 1l 1e110
. C @ ' C




Step 2A - Curved Band Example




Step 2A - Measuring Curved Bands

et 3

LOGARITHMIC SPIRAL
10° CROSSING ANGLE

0.8 Banding - DT=3.5

TROPICAL CYCLONE ANALYSIS WORKSHEET

Varnan F. Dworak T-NUMBER ESTIMATE FROM MEASUREMENTSE T-RUM
May 1962 FOR DATA T—N]_Jir;-"lEEH (D7) COMPUTATION .
| i ! 248 - S Data T-Numbsr S
DESCRIPTION — Location || Gusved Band o Shear Eye  |EwdEaa~0GF Computation CCGC |Tren
_ Locile Gloud |l Use Spiral Arc Length o CF+BF=-0OT Usze  [za-+r

RuLES System Cenler iDT1.5|0T25|0T 250745 a5 2 0 2 2 Muley |chars
al focal point off 57| e 2iEl | 2 Y B L ler

clowd curvatur j A Sar| F3 | 23 i EEE £k
IEREN TS y ) 7 | i1

paATETIME | LAT |Longl s |2/ cnd s ‘@ = {;'J CFIBFIDTY i | =
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LOGARITHMIC SPIRAL
10° CROSSING ANGLE
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Step 2B — Measuring Shear Patterns

» Measure the distance (in degrees of
latitude) from the low level center to the
edge of the dense overcast (VIS) or to
the edge of the DG shade (IR)

» The edge of the convection can be
rather subjective

« Shear patterns tend to be rather
unstable, as the convection often shows
strong pulses or bursts. Therefore the
DT is often considered not to be clear

cut




Step 2B - Shear Patterns

Flow chart @

. ‘ <M f

images 1&¢m
|

0T3

Distance from 0.49
edge of from
convection or i Cnvtn to
DG (tenths of ] 0.32 into
deg latitude) Cnvtn

Data-T Number

(DT) 1.0to 2.0 . 3.0

Note: This is the 1984 version of the shear pattern measurements



Step 2B - Measuring Shear Patterns

Shear Distance < 0.5°
DT=3.0

STEF
DESCRIPTION —

AULES —

DATETIME



Notes on Steps 2A and ZB
When available, VIS P ,
curved band and shear. ‘ ’

patterns are preferable
to their IR counterparts

Curved bands and shear
patterns directly
produce DT numbers

The measurements are
the same for both VIS

and IR imagery .‘ . - GOES13 IR 15.6 -77.3 20—12x024_osqv5
A possible intensity Sandy (2012) with a White (W) or colder

X ) band — add 0.5 to the band DT!
adjustment in the IR
curved band pattern: "ToR “E‘E?.QEHL%?;:EEEEE‘H ?E‘i‘f&ffﬁﬂ?ﬁﬁ“
Add 0.5 to the DT if - | o or Sheor | _eye_Jewemmor| oo

the curved band is
White (W) or colder




Step 2C — Measuring Eye Patterns
Some Assembly Required!

« Find the eye number (E-number)
« Perform an Eye Adjustment

» Create the Central Feature (CF) number from
the E-number and Eye Adjustment

« Add applicable banding features (BF) to the CF
number to get the DT number

e There are significant differences between what is
measured in the VIS and IR eye patterns as
shown on the flow chart

TFIEIPICAL CYCLONE ANALYSIS WORKSHEET

‘TIME A wly ' ‘ . [ [+] et b ’ T ,_"r .
R — — 1 | | Eye + Cold Ring #Zigps- iR



Step 2C - Visible Eye Patterns

Measure the distance (‘embedded distance’) from the center of
the eye to the edge of the Central Dense Overcast (E-number)

Make eye adjustment based on size and clarity of eye (E-
Number + Eye Adjustment = CF Number)

Add BF for applicable outer banding (CF + BF = DT)

Feature Additions:

2, 1. Poorly defined or ragged eyes:
Subtract ) for E <4.5 and 1 for

e v 10| e LR e

as 24-hr o

Eye" Pattern Pl T-no > T27 v é::;age ...
, Hidth

. Eye Adjustment?
Step 2A or 4 . > . + Eye Adj =

Banding Feature
(BF)7
' CF + BF = OT




Step 2C - Eye Patterns

Visible Technigue

Is the 24 hour old FT > 2.0? If not, go to step 2A or step 4.

Eye in CDO -
Embedded Distance
(deg)

>1

~1

~0.75

~0.5

~0.25

Banding Eye -

Avg. Width of Band
Around Eye (deg)

1.25

0.75

0.25

Eye Number (E#)

7.0

6.0

5.0

4.0

3.0

Note: You can interpolate between the eye numbers when appropriate!




Step 2C - Visible Eye
Adjustment

Eyve Adjustment Rules

1. Poorly defined or ragged eyes:
subtract 0.5 for E<4.5 and 1 for E=5

2. Large eyes (30 nm/56 km or greater):
Limit T-no to T6 for round well-
defined eyes and to T5 for large
ragged eyes

3. For MET=>6, 0.5 or 1 may be added
to DT for well-defined eye in smooth
CDO when DT<MET




Step 2C - Visible
Outer Banding

Banding Feature (BF) Numbers:
Match the banding outside of the central
convection to that shown in the

pictograph.
Note: You can add multiple bands when L e e
applicable up to a total of 2.5 BF numbers. mesrrerrrms




Step 2C - I\/Ieasurlng aAV|S|bIe Eye

CDO (Eye number 5.0), with
no Eye adjustment (0.0).
This producesa CF5 + 2.0 |
for banding features =» k

DT=7.0 '

TROPICAL CYCLONE ANALYSIS WORKSHEET

Vormon F. Duorak T-NUMBER ESTIMATE FROM MEASUREMENTS T- uum
May 1982 FOR mm T-NUMBER |I:IT'| COMPUTATION

STER —~
DESCAIPTION —

AULES —

DATESTIME



Step 2C - VIS Banding Eyes

» E-number
determined by
the average width
of the band
surrounding the
eye

| = Also uses eye

= R i e SN adjustment rules

l Average band Wldth 1 O°>.-4 Eye nt;;mber =4 5 . \(/)isnilglej?rer?a\ével:g

= % sy justment =+0.5 forxGF4 0. —

T-NUMBER ESTIMATE FROM MEASUREMEMTS
FOR DATA T-NUMEER IEIT'I COMPUTATION

Can also used a curved
band with 1.2-1.3
banding for a DT=4.0+




Step 2C - Infrared Eye Patterns

Find the coldest color on the BD enhancement that completely
surrounds the eye with a thickness greater than the specified
width (closed ring surrounding the eye)

Make eye adjustment based on the color on the warmest BD

enhancement color in the eye (E-Number + Eye Adjustment =
CF Number)

Add BF for applicable banding when IR banding rules apply.
(CF + BF —_ DT) GRAY SHADE CODE (BD CURVE) 7

WG (Warm Medium Gray), > +9 %
wos 20-he otd|  [utgress |25 2.8 )28 ][> 4] .4 ]53] 53]
T-no. >T2? YE Surround
ﬂﬂlﬂﬂﬂ

€6.5 Eo6- ES.5 ES E4.5 E4.5 E4

oW (Off White), +9 to -ao°c
DG (Dark Gray), =31 to - -41%

“Eye” Pattern MG (Medium Gray), -42 to -53°C

16 (Light Gray), -S54 to -63°C

B (Black) -64 to -69°C

¥ (white) ~70 to -75°C

4G (Cold Medium Gray),-76 to- -80°

CDG (Cold Dark Gray), < -81%

Step 2A or 4

EYE TEMPERATURE
W O 06 M6 LG 8 W
o 0 .0.5
y06 0 0 0.8
Em 0, 0 0.8 -0.5

§l.l «“0.S5 0 0 0.5 -0.5

g: +1.0 00.5\0\0 -0.§ -0.%

+1.0 +0.5 +0.5 "0 0 -0 -1.0
CHG +1.0 +0.5 +0.8 0 0 0.8 -1.0

b. Add 1/2 no. ¢c. Add 1 no.



Step 2C - Eye Patterns

Infrared Technique

Is the 24 hour old KT > 2.0? If not, go to step 2A or: step 4.

Surrounding BD

CIVIG W LG MG DG
Color
Narrowestwidth | ) = | .05 | 0.5 | 204 | 20.4 | 0.3 | 0.3
(deg)
Eye Number (E#) 6.5 6.0 5.5 5.0 4.5 4.5 4.0
Eye Temperature
wmc ow bG | mGc iGN s IR
. ow 0 -0.5
Eye O DG 0 0 -0.5
: | 8 F'me 0 0 -05 -0.5
Adjustment: o Gl 5 o o0 05 -05
< B +1.0 +05 O 0 -0.5 -0.5
5 +1.0 +0.5 +05 O 0 -1.0 -1.0
N +1.0 +0.5 +0.5 O 0 -05 -1.0




Step 2C I\/Ieasurlng an Infrared Eye

B Light Gray (LG) Is

= the coldest color

L | surrounding the eye
§ that meets the

§ width criteria. The

eye temperature Is

= Warm Mediun

- Gray (WMG). The

Eye number is 5.0,
while the Eye

CF=5.5

T-NUMBER ESTIMATE FROM MEASUREMEMTS
FOR DATA T-NUMEER IEIT'I COMPUTATION




Step 2C - Size Doesn’t Matter for an
Infrared Eye

AT/ T Bl sierpees [
¢ il 2% The coldest color completely
= A5G 4 surrounding the eye is Black (B)
iy - L& 9 eyen though that color is more
27 ¢ ’ ' &% than 60 n mi from the eye in
DYE A : , some areas. The eye temperature
A e TAEE ) IS Off White (OW). The Eye
" A% P numberis 5.5 and the Eye
= adjustmentis 0.5 - CF=6.0
=TRRETY T I

Note: This is not in total
agreement with page 36 of the
nERELL




Step 2C - BD Color Used For Eye Adjustment Can
Differ From Color Used For Eye Number

u 4 .
2= e | * = L] F
¢ '-\.. el I.;:-'-:'-ul "I ! W ] !

LI

Black (B) completely R
surrounds the eye. However, *
the B ring Is less than 0.5
degrees thick. So, It cannot
be used for the eye number.
The eye number uses Light
Gray (LG) for a 5.0, while
the eye adjustment is

A #
R

determined by a Warm
Medium Gray (WMG)
embedded in B (+1.0) -

CF—G O Vernan F. Duorak T-NUMBER ESTIMATE FROM MEASUREMENTS
= U May 1982 FOR DATA T-MUMEER (DT) COMPUTATION

288 20

DATE/TIME | LAT

NMG éye embdd




Step 2C - Infrared banding

Differs significantly from
visible banding

Used only when the
CF/DT without banding
IS less than MET

Used only for cloud
patterns of CF=4 or more

Band must be MG or Dry slot - DG ‘flf e

or warmer ,,:-.‘-‘}

colder while dry slot must "W
be DG or warmer

‘-_' Outer band —

Daniel (2012) A potentlally eligible IR
outer band



Notes on Step 2C

VIS embedded distances are measured from the center
of the eye for small'eyes and the edge of the eye for large
eyes (30 nm/56 km or more in diameter on VIS)

IR Eye Pattern is the most objective of all Dvorak
measurements, but it cannot produce a DT=8.0 without
adding banding

Beware large satellite zenith/viewing angles and not
being able to see to the bottom of the eye

Beware sucker holes!

TFIDPICAL CYCLONE ANALYSIS WORKSHEET




Cloud Tops

The satellite zenith/viewing angle of.a T.C can
Impact the Dvorak analysis.

TCs close to the satellite have low zenith/
viewing angles and thus are less of a problem.

TCs far from the satellite (e. g. near the edge of
a full disk scan) are a problem for IR analysis,
as IR cloud top temperatures appear too cold.

High zenith/viewing angles can also make it
difficult to see to the bottom of the eye.

Use the satellite closest to the TC for a Dvorak
analysis if at all possible, and use IR DT
numbers made at high zenith/viewing angles
with caution. SSNT g
METEOSAT-9 is at 0W, GOES-East at 75W, QAL ae A
and GOES-West at 135W. EEogE ¢ &y




Problem: Can’t See o o
the Bottom of the &S #e

For small eyes (generally less
than 10 n mi wide), the
satellite may not be able to
measure the warmest
temperature at the bottom of
the eye. This can result in an
underestimate of the intensity
In both subjective and
objective Dvorak techniques.

S :
-, ek el :
o B PR 5 i R
- R = . " It A
<N ™. e ft
30 -840 8]

. =
o S L .
Ty i S -
; [3]

] ) lsu 20 j 40 :
Wilm 5 - Eye diameter 4 n mi

a 200
GOES Eye temperature ~ 0C
NOAA/Aqua Eye temperature ~ +20C



/13 0600Z 31W HAIYAN 911mb 150 kiss
/13 1630Z

How strong are these?

MTbAT TRIR
- AN R i

S 10/23/15 0600z 20E PATRICIA F"
SSME S 10/23/15 06452 GOES15 IR
2 1L / d 3

X
gt

Supertyphoon Haiyan (T8.0) Hurricane Patricia (180 kt)
Western North Pacific,

Eastern North Pacific,
1630Z 7 November 2013 0645Z 23 October 2015



Steps 2D and 2E -
Central Dense Overcast (CDO) and
Embedded Center Patterns _

P
v

« Patterns are complimentary - CDO uses VIS
imagery and Embedded Center uses IR

« Both patterns directly produce CE numbers
« CDQ pattern measures the size of the CDO

 Embedded Center pattern measures how far the
CSC is embedded into specified colors on the BD
curve

« All banding rules from Eye patterns apply to
CDO and Embedded Center patterns

TFIEIPICAL CYCLONE ANALYSIS WORKSHEET

;;;

Central convectlo



Steps 2D and 2E -
CDO and Embedded Center Patterns

Step 2D - Is the CDO = 0.75 deg wide? If not, go to step 2A or step 4.
CDO edge is: Well-defined Irregular

1.0-

Diameter (deg) >2.25 | 1.75 | 1.25 | 0.75 | >1.5 15

Central Feature

Number (CF) 5.0 4.0 3.0 2.0 3.0 2.0

Step 2E - Is the 12 hour old FT > 3.5? If not, go to step 2A or step 4.

Surrounding BD | W or
Color colder

Embedded

> > > >
ey 20.6 20.6 20.5 20.5

Central Feature

Number (CF) 5.0 5.0 4.5 4.0 4.0 3.5




Step 2D - Measuring a CDO

5 ade

The CDO is about 2 deg wide —
CF=4.5 + 1.0 for banding around
the CDO =» DT=5.5

TROPICAL CYCLOME ANALYSIS WORKSHEET
T-MUMBER ESTIMATE FROM MEAS L.IF‘EP'."IENT“ T-RUM

Yarngn Fo Oworak

DMy 1962 _FOR DATA T-MUMBER (DT) COMPLUTA

A e
STEF - — S Date T-Mumber
DESCRIPTION — l i0 | Curved B3 o Ghes {Eswi 4 Ena = C3F putakic
i@ 1 0 L- -
t i =

AULES —

DATE/TIME



Step 2E - Measuring an Embedded
Center

CSC embedded In
CMG - DT=5.0

TROPICAL CYCLONE ANALYSIS WORKSHEET

e T-MUMBER ESTIMATE FROM MEAS L.IFEMENTE T-MLIM
May 1962 FOR DATA T-MUMEER (DT] COMP

STEP | 2AE
HEﬂEHiFTIﬂH - :Irll vid Band o Shear

AULES —

Wernagn I- Chviarak

DATE/TIME



0430 UTC 27 August 2004 GOES-10 IR TS Georgette |

.’ 31&4'“ ;,.\-*' . ‘\.- .

TE | ,?7: jn[‘,}i!!l";' . 1
< 277 )000Z 10E GEORGE TE \
127/ 117 8SMI 15 COMPOSITE
127/ 457 GOES- 10

T

a

617

0600 UTC Classifcation
“Really an embedded center but
constrained to not use it”

. 3.5/3.5 = 55 kt




Notes on Steps 2D and 2E

Edge of CDO is often subjective

You can interpolate between the CDO CF numbers when
appropriate

For an elliptical CDO, the CDO size Is the average of the sizes
of the long and short axes of the ellipse.

Embedded Center pattern can only be used when the 12 hr old
FT is 3.5 or greater as otherwise it can produce unrealistically
high intensity estimates

Embedded Center pattern is the most uncertain of all Dvorak
measurements - where the classifier puts the CSC makes a big
difference in the intensity estimate

When available and appropriate, use of VIS CDO is preferable
to use of IR embedded center



Pattern Recognition Exercise!



file://NHC-S-NAS003/NEWWDRIVE/USERS/Richard.Pasch/Collaboration/WMO2016/DvorakModule/Dvorpat1.ppt#1. Dvorak Pattern Recognition Exercises

SUMMARY OF SATELLITE ESTIMATES
OF T.C. INTENSITY

To

summarize PATTERN IMAGE  INTENSITY GIVEN BY:
g[Nei[c]U[offl] CURVEDBAND VIS.ER  SPRALDISTANCEOF
CENTER |
patte r n SHEAR VIS, EIR DISTANCE OF CENTER
types... CB CLOUDS AND CENTER
DEFINITION
CDO (Central VIS SIZE OF CDO AND
Dense Overcast) BANDING

CDO (Embedded  EIR SURROUNDING TEMP.
Center)

EYE VIS DISTANCE OF EYE FROM
CDO EDGE AND BANDING

EYE EIR

AND EYE TEMP.



Step 3 - Central Cold Cover Pattern

Central Cold (Dense) Cover | Rules: When past T-no. <T3, maintain model trend for 12 hours; then
Pattern hold same. When past T-no >T3.5 hold T-no same. Use as final T-no;

then go to Step 9

5.6 HR. INTER=—>

GLORIA -197:6

8NNz 27 EP76 1430z 27SEP76
T-3.5

 Also known as

Danielle (2010) —
a likely CCC
pattern

. Can resemble shear B
or CDO/embedded
center patterns



Steps 4 and 5 - Determine 24 hr Trend
and Model Expected T-Number (MET)

» The Dvorak Technigue employs a
conceptual model of TC growth
and decay rates over 24 hr periods

e 24 hr comparisons avoid the T-NUMBER ESTIMATE FROM MODEL
AND DT CONSTRAINTS

diurnal convective variations -llﬂﬂﬂ“
observed in TC cloud patterns

Use 24-Hr Adj. Model
es [change Fest. if n

 For trend purposes, always use HNEE 1
24 hr comparisons even though [ EHBIEIEHERL
Intensity estimate are made more

frequently (e. g. every 6 hr)

« 24 hr trends are reported as
Developing, Weakening, or Steady

INITIALS



Step 4 - Determine 24 hr Trend

Developing

Weakening

Steady

Increased convection near
CSC (larger or colder CDO)

Decreased convection
near CSC (smaller or
warmer CDO)

No noticeable 24 hr
change

Increased curved banding
(primary band or bands
around the CDO)

Decreased curved
banding

Both developing and
weakening signs present
(mixed signals)

Eye forms, or becomes
warmer, or more distinct

Eye disappears, or
becomes cooler, or less
distinct

CCCin a cyclone of T3.5
or greater or CCC for 12
hr or more in a weaker
cyclone

Exposed center closer to
overcast

Exposed center further
from overcast or covered
center becomes exposed

Increased curvature of low
clouds near CSC

Decreased curvature of
low clouds near CSC




Dvorak I\/Iodel Development Curves

18 T o
7S DEVE LOPMENT / : WEAKENING
o DIREN
re /. A4.- \ [RAPID/(14L Tro./doy)
RAFID /g; J S
55 /_\,_ NN
TS ,i;/ > gy
145 /éféP!C_AiL L \"e{.ﬁPTY?-‘I(:AL(I To,foy)
ta /£ |
3 A7~ lsLow .
by %— ~ . [SLOW|($ Tno. /day}
A .
T2 77 -
L] iy ey 4 TRST DAY WHEN TODA
T] Z/ [— T-NUMBER IS LESS THAN
TO5 TEREAY
TO :

3 -2 - O 1 2 3 +4 +5
——DAYS AFTER T2 —

T7 21mb

935mb

Note: Eyewall replacement cycles Bygss
are not part of the Dvorak . 960 mb
70mb

conceptual model

979mb

L T4 s87mb

994mb

' T3 oomb

1005mb

g . 1o )

R T

FREDERIC
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(w.atL.)
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(carie
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-7
e

SHIFTED ==

o
\*"‘ ;

LN .
GRETA .}97&)\3:/‘ o L
sn:nsn‘ R

BABE 1977
(GuLF)
sulrrzni

18LST

18LST

In the Dvorak conceptual model,
‘normal’ strengthening or
weakening Is 1 T-number/day.
Rapid changes are 1.5 T-numbers
per day, while slow changes are

0.5 T-numbers/day.

18LST

18LST



Step 5 - Model Expected T-Numier

_ _ Developing | Weakening
e The MET Is a first nacid  WMET=22 h T
~ apl — r — r
guess (_estlmate of the old FT+1.5 old FT-1.5
Intensity based on
the 24 hr old Final Normal MET=24hr [ MET=24 hr
T_Number and the old FT+1.0 old FT-1.0
current determined Slow  MET=24hr | MET=24 hr
24 hr trend old FT+0.5 | old FT-0.5
- For a Steady trend,

the MET = the 24 hr
old FT

e The MET for first
classification i1s 1.0




Step 5 - Model Expected T-Numiber
Rapid or Slow Changes

» Two consecutive previous Dvorak measurements of rapid or slow
development/weakening are needed to establish rapid or slow 24
hr changes

— Look at the previous two FT values and compare them to the respective FT
values from 24 hours prior

— If the difference between both of these values is more (less) than 1.0, then you
have rapid (slow) development/weakening (add the +/- to the D or W)

— This does not count the measurement your currently making

* QOr, one previous Dvorak measurement and signs of strong
iIntensification or weakening (Step 10)



Step 5 - Model Expected T-Numiber
Rapid or Slow Changes

Example: For the upcoming fix for 00Z/14 Oct 2014, note there are two
consecutive 24 hour changes in the column labeled “FT 24h Change”. If the 24
hour trend for the 00Z /14 QOct fix Is weakening, the prior trends justify a W+,
since there are two consecutive 24 hr changes for FT that are more than 1.0.

DN Date | Time | Lat [ Lon |

ALO72014 13 oct | 17:45 | 33.7 | =51.0 1 Weak
AL072014 13 oct| 11:45 | 34.2 | -53. 1 Trop \

Name Satellite Image Infofé%:z;yswm CenterClassmcatlon Troplcal cl  |FT -24v/lFT 24n change [T 12h Chanae |Fd
Type Pattern 9 g

ALO72014 13 Oct| 5:45 34.4 =571-0 ‘ shr |3.5/4. & —J ;
AL072014 12 oc t‘ 23:45 ’ 35. -59.0 ‘ Trop 1 embctr 4 5‘4 2 \
34.3 '

AL°7f014 12 oct| 17:45 -62.2 Trop |embctr 4.5 4.5 3.0

AL07|2014 12 Octl S: —64.7 3.9 325 30 q




Notes on steps 4 and 5

The trend for step 4 Is determined by examining
satellite images 24 hours apart.

The trend for the initial classification is always a
normal D.

You need at least 24 hours of Dvorak classifications to
change the development trend. The first 18 hours after
the initial T1 are always a normal D.

Changes in the development rate for step 5 from D to
D- or D+ (or W to W- or W+) need to use the technique
rules. Just because you think you are on a different
development rate does not allow you to change it
arbitrarily!




oD O - Patlle Ner (P 1 or PA

T-NUMBER ESTIMATE FROM MODEL

NOSE 0 Patte Ner o AND DT CONSTRAINTS
3 4 5 6 7.8 9 10
0 Jo 0 C Jric Oul o C
CCC |Trend MET§ PAT | FT Cl |24-Hr. Fcst.
' e . C . ] ' e ' C Use 24-Hr Use Adl Model
Rules [change Rules Fcst. if nec. 2
7 .| oo
RYA apove 6 reg s toifEc 1 .1 . <
000 | gzef BBl 2] 2 l:z; gzs| E
2o Elg o “ _ 5‘7’3 850 —
. $i5|383) 22 | 52 |S8c| 03|8ic| 2
apolatic Ol A AR HERIHHE

i
-—
-

PT 1.5 £.5 PT 2.5 PT 3.5 PT 4 PT 5 PT &

[P
1] ‘.
Q.| J/\)
. ! .
- i
/ -
P

=~" =" CURVED BARD TYPE

b P 1

\o¥
o
X
)
()

SANATIURS,

.-+ D0 TYP

21216 oE
{2/

V I S \ : o I 2 *When hatched part of these patterns is whit
When cloud comma is extremely small {<2% 1at), I p: p s is white or
— subtract 1 from pattern number. colder, add .5 to pattern number.

If the PT is 1 or more T-numbers from the MET, check your work!




Step 6 - Pattern T-Number
(PT or PAT)

- X o *When hatched part of these patterns is whit
When cloud comma is extremely small (<27 lat), p s is white or
subtract 1 from pattern number. colder, add .5 to pattern number.



Pattern and Trend Exercisel
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Step 7 - Final T-Number (ET)

e Choose the FT from the DT, PT and MET:

— Use DT from Step 2 when cloud features are
clear-cut

— Use PT from Step 6 when DT Is not clear and
when PT Is different from MET

— For all other cases, use the MET from step 5
» Beware constraints! (Step 8)

T-NUMBER ESTIMATE FROM MODEL
AND DT CONSTRAINTS

S e]s[efefo] w0
i (K N

Ad| Model

INITIALS




What comprises a clear-cut DT?

» \What comprises clear cut:

— An unambiguous cloud pattern measurement. For example,
an infrared eye measurement is often considered clear cut.

— Measurements using multiple cloud pattern types that give
the same DT

 \What does not:

— Ambiguous or hard to measure/interpret cloud pattern
measurements. For example, shear pattern measurements
are often not clear cut.

— Measurements using multiple cloud pattern types that give
different DTs



1.

Step 8 - T Constraints

Initial classification must be Tl
or T'1l.5

During first 24 hours of ?N"45M°°EL
7.8 -_
development, FT cannot

Ad| Model

be lowered at night Fen

24 hr after initial T1, FT
must be < 2.5

Modified FT limits (next slide)
FT must=MET £ 1
Note: The CI never constrains the FT!

INITIALS




Step 8 - FT Number Change Limits

For early development: 0.5 T-numbers over 6 hr

Original FT Constraints
for storms with T24.0
(Dvorak):

Modified FT Constraints now
used for developing storms
above T1.5 (24 hr or more after
the initial T1) (Pike NHC study):

1.0 T-numbers over 6 hr

1.5 T-numbers over 12 hr
2.0 T-numbers over 18 hr
2.5 T-numbers over 24 hr

These are the maximum changes in FT number allowed over the
given time periods.




Step 9 - Current Intensity Number (CI)

» During the mitial
development and some
stages of re-development,

Ol ==} T-NUMBER ESTIMATE FROM MODEL
'NTS
- 7.8
» For weakening or re-

Ad| Model

developing systems, hold
the CI to the highest FT
during the preceding 12
hr, but never more than
1.0 above the current FT

e Clisnever <FT!

INITIALS




Step 9 - ClI Examples

(6 hr intervals)

FT/CI FT/CI FT/CI FT/CI
1.5/1.5 6.0/6.0 6.0/6.0 5.5/5.5
2.0/2.0 5.5/6.0 5.0/6.0 5.0/5.5
2.5/2.5 4.5/5.5 4.5/5.5 4.5/5.5
3.0/3.0 4.0/5.0 4.5/5.0 3.5/4.5
3.5/3.5 3.5/4.5 4.5/4.5 4.0/4.5
4.0/4.0 3.0/4.0 4.0/4.5 4.5/4.5
4.5/4.5 2.0/3.0 3.5/4.5 5.0/5.0
Steady rapid Accelerating Interrupted Weakening,
development weakening weakening then re-

development



Step 9 - What’s wrong here?

(6 hr intervals)

FT/CI
1.0/1.0

2.5/2.5
3.5/3.5
5.0/5.0
6.5/6.5
7.0/7.0
7.5/7.5

FT/CI
6.0/6.0

5.0/6.0
4.5/6.0
4.0/5.0
3.5/4.5
2.5/4.0
2.0/3.5

FT/CI
6.0/6.0

5.5/6.0
4.5/5.5
4.5/5.5
4.5/5.5
4.0/5.0
3.5/4.5

FT/CI
5.5/5.5

5.0/5.5
5.0/5.5
5.0/5.5
5.0/5.5
5.0/5.5
5.0/5.5



Step 9 - What’s wrong here?

(6 hr intervals)
FT/CI FT/CI FT/CI FT/CI

1.0/1.0 6.0/6.0 6.0/6.0 5.5/5.5
5.0/6.0 5.5/6.0 5.0/5.5
4.5/5.5 5.0/5.5
4.0/5.0 4.5/5.5
3.5/4.5
3.5/4.5
Development Cl>1.0 CI needs to be held to
constraints above FT highest FT during the

all broken past 12 hr



Why are there constraints?

Weak systems sometimes lose all convection
during the diurnal minimum

Cloud patterns for weak systems sometimes
look unrealistically strong

Strong systems sometimes don’t intensify as
guickly as the cloud pattern suggests

In weakening systems, the decay of winds and
pressures usually somewhat lags behind that of
the cloud pattern

Issue of constraints can be quite controversial



Hurricane Wilma (2005)

75 kt/975 mb (Images ~12 hr apart) 150 kt/892 mb

Some tropical cyclones clearly violate the Dvorak development constraints. Wilma
deepened from 970 mb to 882 mb in ~12 hr.
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Hurricane Mitch (1998)

1998 Mitch BT vs. Fix Intensity

SATELLITE: g8 98 10 25 1345Z INFRARED BD ENHANCEMENT
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Air recon intensity lagged behind Dvorak estimates during intensification.
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False Alarm Strong Appearances

1

GOES12 7.0 Z0040923_1143

w
rch Lab http://www.nrlmry.navy.mil/sat_product:
ible ( Sun elevation at cent is deg.

Reconnaissance data showed Jeanne and Ernesto were not as strong
as their satellite appearance. The cloud patterns weakened after
these images.



Dvorak Error Distribution

Distribution of Dvorak Distribution of Dvorak

o Classification Errors (1998-2012) Position Errors (1998-2012)
HEEREEER e I I A A A e

Abs Fix Error

ALL: Fix Err (nm)

120

50

Fifty percent of the Dvorak intensity estimates are
40 || within 6 kt of the best track intensity, 75% are
within 12 kt and 90% are within 18 kt.

30 /
20

i Pl

100 [—{ Fifty percent of the Dvorak position estimates are
within 11 nm of the best track position, 75% are
within 20 nm and 90% are within 33 nm.

80 [

Dvorak Position Errors (nm)

Absolute Dvorak Intensity Error (kt)

0 J . , , . , , , . L
0 1 L 1 L L Il 1
o 10 20 30 40 50 60 70 8 90 100 0 10 20 30 40 50 60 70 80 90 100
Percent Percent

Images courtesy of Brown and Franklin




Step 10 - Forecast Intensity (K1)

 Thisis a 24 hr forecast of
the Intensity based on the
current Cl and satellite-
T-NUMBER ESTIMATE FROM MODEL

observed signals In the AND DT CONSTRAINTS

cyclone cloud pattern and -

Ad| Model

the environment e o s

* The set of rules has not
been consistent through
the revisions of the
technigue

INITIALS




Step 10 - Forecast Intensity

Rule A - Strong Rule B - Strong

Unfavorable Signs in Cloud Unfavorable Signs In
Pattern: Environment:

Persistent convective warming Cyclone about to move into
for > 12 hr stratocumulus clouds
CCC persisting for > 3 hr Cyclone about to move onto land
Signs of shear or pattern Signs of shear
elongation

Forecast: No development or half of the previous development rate
(Note: These two rules can work together.)



Step 10 - Forecast Intensity
Rule C - Strong Favorable Signs In
Cloud Pattern

e T'wo successive observations
of rapid development (24 hr
change)

» One observation of rapid ﬁ
development and either a cold ’ ‘"*
comma cloud pattern or
multiple outflow channels

. Forecast; If FT <5.5, forecast [t =liie==
rapid development (1.5 T_ 7 AEaz7 TI;RDRR-I_.l% 21 on e Dooss mEoomn BESEA BSo14 D1 oo
. Katrina (2005) — cold comma cloud
Numbers in 24 hr) (2005)

pattern



Step 10 - Forecast Intensity

Rule D -
Weakened
Cyclone Leaving
Unfavorable
Environment

Rule E - Cyclone
|_eaving
Environment
Where
Development was
Slowed

Rule F -
Developing
Cyclone Leaving
Unfavorable
Environment

I Cyclone leaving
conditions of Rule B

Cyclone leaving
conditions of Rule B

Cyclone leaving
conditions of Rule B

Forecast rapid
development to prior
maximum intensity,
followed by normal
development

Forecast previous
rate of development

Forecast increase of 1
T-Number per day In
rate of development
(YIKES!)



Step 10 - Forecast Intensity
Rule G - Cyclone Peaking

Northward moving cyclones expected to
peak 4 days after first T1

Westward moving cyclones expected to
peak 6 days after first T1

All other cyclones expected to peak 5
days after first T1

Forecast no change In intensity
This rule Is based mostly on climatology



Step 10 - Forecast Intensity

Rule L - Large Eyes Rule P - Persistence

For eyes 30 nm/56 km [ Use when no strong
wide or larger with FT [signals are present
>6.0

Limit FI to 6.0 Forecast trend from
past 24 hr to continue




What to do for systems over land?

Passage over land changes the TC energetics, as well as the
relationship between the intensity and the cloud pattern.

As a rule, don’t classify systems over land. The Japanese
Metrological' Agency and the Joint Typhoon Warning Center
classify systems over land, but the Tropical Prediction Center
normally does not.

There are subjective exceptions to the rule if the cyclone is close
to the coast, over small islands, or over marsh land such as the
Everglades or southern Louisiana. If a system is forming an
eye while over land, it most likely should be classified.

If the system moves back into the water and the classifications
have been stopped, re-start classifications using the observed
DT or PT



A Few More Tips

Previous daylight satellite imagery
may help locate CSCs during night
shifts

If time permits, try multiple
methods of classifying one system to
see If the Data-T numbers agree
(e.g. curved band and CDO or VIS
and IR eyes) - if they don’t, use the
Data-T number closest to the MET

Some imagers (DMSP/OLS,
NPP/VIIRS, upcoming GOES-
R/ABI) are sensitive enough to e i
provide moonlight visible imagery, e %5
thus allowing use of VIS cloud Isaac (2012) NPP Satellite Day-Nigh
patterns and center location at night Moonlight Imagery




Filling Out The Worksheet

TROPICAL CYCLONE ANALYSIS WORKSHEET
T-NUMBER ESTIMATE FROM MODEL

e oo ITCB  T-NUMBER ESTIMATE FROM MEASUREMENTS
May 1982 ___FOR DATA T-NUMBER (DT) COMPUTATION ) AND DT CONSTRAINTS -
ETEP - . 1 2A.B 20 2D | 2E | paia T-Number 3 4 G 6 | 78] 9 10
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IS
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gff'la"-fffl,?_‘:.l 256 |28 | X | 2| 1I"lisfns
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Mistakes to Avoid

Adding BF numbers to a curved band DT!

Placing too much emphasis on IR curved band,
shear, and embedded center patterns over VIS
curved band, shear, and CDO patterns

Incorrect 24 hr trends and METS, most notably
during the early stages of development

Arbitrarily changing the development rate

Improperly filled out worksheets and
classification forms

Not making copies of Images
Not using BD enhancement on IR Images



Related Technigues

Hebert-Poteat Subtropical Cyclones Technigue
Automated/Objective Dvorak Technigue

U. S. Military Miller-LLander XT Technique
AMSU-based TC intensity estimates

Satellite Consensus (SATCON) Technique

Experimental Techniques - Microwave Data
and Other Approaches



Hebert-Poteat Subtropical Cyclone
Technique

« Tiechnique designed for
subtropical cyclones, a
‘hybrid’ cyclone with
characteristics of both
tropical and extratropical
cyclones

« [tisdesigned as a
complement to the Dvorak
technique and to lead to
the Dvorak technique when |
the cyclone acquires fully
tropical characteristics

» Used operationally by
satellite centers worldwide



HebertPoteatTechnique.PPT#1. Slide 1

CIMSS Advanced Dvorak
Technique (ADT)

The latest in a series of objective versions
of the Dvorak technique from CIMSS

Can provide intensity estimates on every
satellite image of a TC — some averaging Is
required!

Includes Dvorak cloud patterns and some
rules

Latest version uses microwave data for
Improved intensity estimates of some
cloud patterns.

Automated center fixing and cloud
pattern types occasionally need manual
Intervention.

It is becoming operational at
NESDIS/SAB, and will eventually be
Implemented at NHC.

http://cimss.ssec.wisc.edu/tropic2/misc/adt/info.html
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Miller-lLander XT Techniq

« Tlechnigque designed for
tropical cyclones undergoing
extratropical transition,
when the Dvorak technique
can produce unrealistically
low Intensities

 Like the Hebert-Poteat
subtropical cyclone
technique, it is a
complement to the Dvorak
technique

« Used operationally by the
U. S. military tropical
cyclone sites

owchart
http ://homel gte HEt/anStEtt/XT_PgOO . htm : e in appropriate technigue. If Dvarak, use



AMSU-Based Intensity Estimates

Isabel 2003 AMSU vs. Observe

AMSU - Advanced Microwave
Sounding Unit on NOAA/METOP
Polar Orbiters S

AMSU measures temperatures of the  H& S e
warm core at the top of a TC and N
derives the intensity from the core
strength

Sounder footprint is 50 km — problem
with undersampling small TC cores T i
AMSU estimates also suspect for

subtropical systems, which have a
different thermal structure

NHC uses two AMSU algorithms — one
from CIMSS and the other from CIRA

Similar algorithms are being developed
for SSM/IS and ATMS microwave
sounder data



« ADT and AMSU intensity
estimates work well for certain
ranges of TC intensity,
structure, and satellite scanning §
geometry and less well for others g

» \Weighted averages of the
estimates may produce a better
result than any of the individual
components. This is the basis of
the CIMSS Satellite Consensus
(SATCON) technigue.

. SATCON is used experimentally &
at the NHC. |

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




Experimental technigues and other
possible future developments

 Ritchie Deviation Angle
Variance Technigue

« Microwave-imagery-based
equivalents of the Dvorak
teChnique 04/1546Z 50 kt 04/2043Z 55kt

« Dvorak-like techniques ‘ﬂ In1

based on multispectral ™) 47

i m ag - ry (M ET E O S AT_ 05/0920Z 65 kt 05/1629Z 100 kt 06/0445Z 115 kt

Second Generation, '/’” I’“ “

GOES-R) il =

ecipitative gf t e formed about 04/20Z  (courtesy of Margie Kieper)
24h intensity in e between 05/00Z and 06/00Z was 55 kt
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