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Presenter
Presentation Notes
Welcome to this short video on when to assign initial classification in Dvorak terms. I’m Joe Courtney and I’m the Bureau’s Tropical Cyclone trainer.  
An important step in the cyclogenesis forecasting process is determining when one can identify the initial stages of storm organisation that fits within the Dvorak framework. This is often difficult as convection is by definition not organised at this early stage of development. This presentation will focus on explaining the criteria for determining initial T1 classification and will use a case study to demonstrate how they can be applied. 
Non-standard cases will also be examined including when to assign T1.5 as the initial intensity.



Common T1 cloud patterns (NH) 

Reference: Fig 3.1 Dvorak, 1995 

Principles: 
Curved convective cloud  
 
Bands that merge 
toward or curve around 
a cloud system centre  
 
Reality: 
Many variations! 
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Presenter
Presentation Notes
Dvorak, in his 1995 workbook, provided three common types of cloud patterns associated with initial development shown here in schematic from with some satellite examples.
They are based upon the principles of having some curvature of convective cloud lines or bands that merge toward or curve around a cloud system centre. The top schematic also shows cirrus cloud extending from the central area.
In reality there are a variety of cloud patterns – and no two T1s are the same!



Dvorak’s three criteria for  
initial classification 

“A T1 is first used when a cluster of deep layer convective 
clouds showing line or band curvature has…” 

http://sevwx-wa.bom.gov.au/tc/seas1213/AU1213_17U_Victoria/ir_initial_classification.html 
1. persisted for 12 hours or more  

Climatologically preferred time is ~8am LST  
00UTC (Australia) 18UTC (Pacific) 

Reference: p 32 Dvorak, 1984 
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Presentation Notes
Dvorak’s 1984 paper identified three criteria for initial classification. 
A T1 is first used when a cluster of deep layer convective clouds showing line or band curvature has the 
persisted for 12 hours or more.
The first criteria is determined by following an IR loop over at least 24 hours. Typically the pattern of convection development follows a diurnal trend with a peak in development overnight and early morning. Convection persisting during the day is a definite indicator of development. 
This animation from the Indian Ocean shows the variations of convection from 0530 6 April to 0030UTC on the 7th. The question is when has convection persisted for at least 12 hours?
The times are given at the base of the image. In this animation notice how the convection diminishes in this area in the first few hours so by 09-10UTC there isn’t convection, although some convection persists well to the north. Then convection is re-initiated from about 12UTC which then persists overnight. Using this constraint the earliest T1 could be attained would be 12 hours after 12UTC or 00UTC – the last image in this sequence.
Climatologically the preferred time for this criterion to be satisfied is about 8am local standard time. Over east Indian Ocean this is about 00UTC and over the central Pacific it is closer to 18UTC.



http://sevwx-wa.bom.gov.au/tc/seas1213/AU1213_17U_Victoria/ir_initial_classification.html


Dvorak’s three criteria for  
initial classification 

“A T1 is first used when a cluster of deep layer convective 
clouds showing line or band curvature has…” 
 
2. a cloud system centre defined within an area having a 
diameter of 2½° latitude or less which has persisted for 6 
hours. 
 What defines a cloud system centre? 
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Presentation Notes
The second criterion is when it has a cloud system centre defined within an area having a diameter of 2½° latitude or less which has persisted for 6 hours. A common question though is what defines a cloud system centre? 



2. Cloud system centre 
a. curved band - ~0.2 curvature on log10 spiral.  
b. curved cirrus lines indicating a centre of curvature within 
or near dense overcast cloud. 
c. curved low level cloud lines showing a centre of curvature 
within 2 degrees of a cold cloud mass. 
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Presentation Notes
Technically the 'cloud system centre' can be defined in three ways:
a. curved band - ~0.2 curvature on log10 spiral. Recall that 0.6 is the threshold for TC intensity at T3.0. 
This image is the 0030 image shown in the previous loop – see how the convection spirals in which if we were to measure it would be more than 0.2.
b. curved cirrus lines indicating a centre of curvature within or near dense overcast cloud.
This image shows the outflow of cirrus from convection that was to form TC Magda.
c. curved low level cloud lines showing a centre of curvature within 2 degrees of a cold cloud mass.
This image is pre Iggy. 



Dvorak’s three criteria for  
initial classification 

“A T1 is first used when a cluster of deep layer convective 
clouds showing line or band curvature has…” 
 
3. It has an area of dense, cold (DG or colder) overcast* of 
>1½° in extent that appears less than 2° from the centre. 
The overcast may also appear in cumulonimbus lines that 
curve around the centre. 
 

If 1 and 2 Yes then always 3 (?) 
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Presentation Notes
The third criterion is:
It has an area of dense, cold (DG or colder) overcast* of >1½° in extent that appears less than 2° from the centre. The overcast may also appear in cumulonimbus lines the curve around the centre.
In my experience if the first two criteria are met then the third criteria is almost always met as well so I tend to focus on the first two criteria. 



Case study: pre-Victoria 2013 
http://sevwx-wa.bom.gov.au/tc/seas1213/AU1213_17U_Victoria/ir_genesis.html 
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Presentation Notes
Now that is a bit to absorb so lets have a look at an example.
This is an extension of the satellite loop shown earlier. In fact this is the early stages of TC Victoria from 0530 on 6 April through to 1130UTC on 8 April.
In the earlier example we had 12 h of persisting convection til 0030UTC and there is curvature of >0.2 on the 0030Z image. [go to 0030 7 April]
One can argue regarding whether the cloud system centre has persisted for 6h: as the curvature is only on the recent images and there isn’t any low level cloud lines evident; there is some cirrus outflow to the north. 
So possibly T1 has been reached at this time and operationally this was the case.
[step forward]
Interestingly afterwards the convection subsides so by 12UTC there isn’t any left and indeed operationally the previous initial classification was revoked on that basis. Personally I consider the circulation at the T0.5-1.0 stage but this is non-standard view. The atmosphere is being moistened in depth at what Zehr called the 1st stage of cyclogenesis when a mesoscale vortex is produced.
Convection does re-ignited near the centre from about 15UTC. After this time the convection consolidates and the system intensifies.  So technically, IF T1 wasn’t being maintained during the overnight period, going by the 12h rule initial classification would definitely be achieved at 03UTC.

http://sevwx-wa.bom.gov.au/tc/seas1213/AU1213_17U_Victoria/ir_genesis.html


When to assign 1.5? 
1. the environment is highly favourable for development:  
low shear, strong low level convergence, upper level divergence, and high ocean 
heat content, high moisture content in low-mid levels… 
2. broad low-mid level circulation:  
rapid development may occur when a low/mid level circulation has formed with 
less than 12h of focussed central convection.  
 e.g. low moving offshore esp over high SSTs (Top End/north Kimberley) 
3. small circulation:  
small TCs are known to spin up faster than the standard Dvorak model. 

If more than one of above suggest 
relaxing Dvorak FT constraints (Step 8) 
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Presentation Notes
On some occasions it is permissable to assign T1.5 as the initial classification. This is important to stay up with the low's rate of development or the 'power curve'. 
This is warranted in the following situations:  
1. the environment is highly favourable for development: low shear, strong low level convergence, upper level divergence, and high ocean heat content, high moisture content in low-mid levels.
2. broad low-mid level circulation: rapid development may occur when a low to mid level circulation has formed with less than 12h of focussed central convection. A common case of this is when a low that has been over land but does not have a significant convective signature, moves offshore especially into waters having high SSTs. It is often difficult to estimate the strength of the low-mid level circulation although NWP models provide some guidance especially through the Okubo-Weiss (OWZ) diagnostic.
3. small systems: small TCs are known to spin up faster than the standard Dvorak model. 
Beware when there are more than one of these signals apparent. Cyclones have been named less than 24 h after moving off the north Kimberley coast and there have been a number of small TCs with favourable upper level patterns to spin up to cyclone intensity within 24h of what was thought of being T1. In these types of cases caution is required when using Dvorak rates of development and the Final T-no development constraints should be relaxed. 
In the case of pre-Victoria, the environment was favourable for development, it was possible to allocate 1.5 as the initial T-no by 03UTC. 
So if T1 was being maintained prior to to then it wouldn’t matter too much.
If you are like me you will forget the details of Dvorak's T1 criteria. Don't worry they are available via the cyclogenesis process wiki page for your region when you need to check in the future. 



Summary 
1. Reviewed the criteria for initial T1 classification 
 

2. Use 1.5 for initial classification for faster development cases  
 

CAUTION: The danger of being pedantic in NOT assigning T1 is 
to be behind the intensification curve.  
Can revise estimate of initial classification later when it is easier 

Refer to Cyclogenesis wiki notes for criteria 
References:  
Dvorak, 1984 Tropical Cyclone Intensity Analysis Using Satellite Data. 
http://www.virtuallab.bom.gov.au/index.php/download_file/view/39/163/ 
Dvorak, 1995 A Workbook on Tropical Clouds and Cloud Systems Observed in Satellite 
Imagery Vol II. 
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Presentation Notes
So in summary we have:
1. reviewed the criteria for initial T1 classification noting the need for some persistence of convection and degree of organisation about a cloud system centre.
2. looked at when to use 1.5 for initial classification for faster development cases especially for the smaller systems and ones that have a strongly favourable environment.
A word of caution: sometimes T1 is not assigned because pedantically there may insufficient evidence. It is quite subjective part of Dvorak but the danger in NOT assigning T1 is to be behind the intensification curve which will affect subsequent estimates. 
I’d encourage the practice of revising estimate of initial classification later when it is easier to make an assessment. This may change the initial time or change the estimate from T1 to T1.5.
Here are the two Dvorak references from 1984 and 1995.
This concludes this video – happy forecasting to you.

http://www.virtuallab.bom.gov.au/index.php/download_file/view/39/163/
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