
Work presented here in collaboration with: Roger 
Smith, Jun Zhang, Mark Boothe, Blake Rutherford and 
the PREDICT/GRIP teams. 

Insights from PREDICT/GRIP 



v e v e 



v
e

p

Lrθ =θ exp
c T

 
  
 

put 

∆θe1 ∆θe2 ∆θe3 



What do observations tell us? 



Available at: http://www.meteo.physik.uni-muenchen.de\~roger\Pubs/M12A.pdf 

In press 
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Revised view of intensification: two mechanisms 

M conserved 

M 1v fr
r 2

= −

M reduced by friction, but strong convergence  small r   
 



7 



 
Dropsonde data spatial coverage 

 

Blue, P-3 
Red, DC-8  
Green, C-130 
Black, G-IV 

data are grouped within 12 hour period centered on 0 Z and 12 Z 
of each day 
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Vertical profiles of Vt and Vr for 
Period 3 (0829/18Z – 0830/6Z) 
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Ditto as before. 



Gradient wind at height of max Vt for  
periods 1 and 3 (Aug. 28 and 29) 
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Presentation Notes
Use a darker line(or different color)  to indicate tangential wind observations in relation to the mean gradient wind observations. 




Lessons learned Re low-level 
intensification of Earl (2010) 

• Maximum mean Vt is within the frictional 
boundary layer during the spin up phase 

• Supergradient mean Vt was found in the 
eyewall region at the height of maximum Vt 
during both spin up and maturity  

• These findings support in part the new 
intensification paradigm in which HBL plays an 
active role in dynamics 
 



For a cyclone to form several preconditions must be met: 
 
       1. Warm ocean waters (of at least 26.5°C) throughout a sufficient depth (unknown how 
deep, but at least on the order of 50 m). Warm waters are necessary to fuel the heat engine of 
the tropical cyclone. 
       2. An atmosphere which cools fast enough with height (is "unstable" enough) such that it 
encourages thunderstorm activity. It is the thunderstorm activity which allows the heat stored 
in the ocean waters to be liberated for the tropical cyclone development. 
       3. Relatively moist layers near the mid-troposphere (5 km). Dry mid levels are not 
conducive for allowing the continuing development of widespread thunderstorm activity. 
       4. A minimum distance of around 500 km from the equator. Some of the earth's spin 
(Coriolis force) is needed to maintain the low pressure of the system. (Systems can form closer 
to the equator but it's a rare event) 
       5. A pre-existing disturbance near the surface with sufficient spin (vorticity) and inflow 
(convergence). Tropical cyclones cannot be generated spontaneously. To develop, they require a 
weakly organised system with sizeable spin and low level inflow. 
       6. Little change in the wind with height (low vertical wind shear, i.e. less than 40 km/h from 
surface to tropopause). Large values of wind shear tend to disrupt the organisation of the 
thunderstorms that are important to the inner part of a cyclone. 
 
    Having these conditions met is necessary, but not sufficient as many disturbances that appear 
to have favourable conditions do not develop. 

How do tropical cyclones form? 

http://www.bom.gov.au 
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Idealized schematic of the wave-pouch. The dashed green contours represent the wave in the ground-based frame of reference, which is usually open and has an inverted-V pattern. The black contours delineate the wave pouch as viewed in the frame of reference moving at the same speed with the wave. A deep pouch can protect the enhanced vortical structures generated by convection from the hostile tropical environment. Examples of such an environment are the dry air masses associated with the Sahara Air Layer (SAL) or environments with strong vertical or horizontal wind shear. Deep convection (pink shading) is sustained within the pouch. Due to convergent flow, the pouch may have an opening that allows the influx of environmental air and vorticity (relative inflow is represented by a black thick arrow). The thick red line indicates the easterly jet maximum of the eastern and mid Atlantic basin. The thick purple and black curves represent the critical latitude and the trough axis, respectively. The intersection of the these two curves pinpoints the pouch center (or “sweet spot”), which Dunkerton et al. (2009), Montgomery et al. (2010) and Wang et al. (2010) have shown to be the preferred location for vorticity aggregation and tropical cyclogenesis. (Adapted from Wang et al. (2010)) [see publications list for detailed references].




Ex-Gaston  
Pouch-averaged time series 

Pouch-averaged OW (s^-2) Pouch-averaged RH  

Date Date 
Rutherford and Montgomery, 2011, Atmos. Chem. Phys. Discuss. 

3 deg. radius 



RH tracer field at 500 hPa with LCSs overlaid.  Dry air enters the pouch 
through the opening in the LCS.  Red and blue contours mark repelling 
and attracting LCSs, respectively. 

          ex-Gaston (PGI38L)  
      1 Sept, 0 UTC, 500 hPa    

Dry air  
pathway 

 
North Lat. 

East  Long. 

Rutherford and Montgomery, 2011, Atmos. Chem. Phys. Discuss. 



PGI38L   (ex-GASTON) 

~25 K 
Smith and Montgomery 2012, in press.. 



• The most prominent difference in the thermodynamics between the non-
developing system and the two systems that developed was the much larger 
reduction of     between the surface and a height of 3 km, typically 25 K in 
the non-developing system, compared with only 17 K in the systems that 
developed.  

• Conventional wisdom would suggest that, for this reason, the convective 
downdraughts would be stronger in the non-developing system and would 
thereby act to suppress the development. 

• Here we invoke an alternative hypothesis that the drier mid-level air 
weakens the convective updraughts and thereby weakens the amplification of 
system relative vorticity necessary for development. 



   Pre-Karl 
Sept 10 Sept 10 Sept 11 

Sept 12 Sept 13 

Sept 10 - 1st flight 
•Cyclonic up to 400 hPa 
•Strongest wind below 600 hPa 
Sept 10 – 2nd flight … Similar to 1st flight, but 
•Weak mid-levels became weaker 
•Strong low-levels became stronger 

Sept 11 
•Strongly cyclonic only up to 600 hPa 
Sept 12-13:  Missed portions? 
Sept 14 … Intensifies 
•Cyclonic up to 400 hPa 
•Wind max at 900 hPa ~5.5 m/s 

Sept 14 



Pre-Karl 
Sept 10 – Convection around center Sept 10 – Convection weakening Sept 11 – Convection near center 

Sept 12 – Convection to north Sept 13 – Convection to north & west Sept 14 – Convection close to center 

Surface 

5 km 

Surface 

10.5 km 

Surface 

10 km 

Surface 

12 km 

Surface 

9 km 



PREDICT    Fact    Summary 
• Ex-Gaston  (Non-developer) 

• Easterly shear knocked the top off the system 
with dry* air    *(not shown) 
• Eroded the circulation 
• Inhibited convection 

• Pre-Karl 
• Through multiple convective cycles, mid-level 

circulation was weak, but low-level circulation 
maintained itself 

• Highly misaligned initially (southwestward tilt), 
but eventually became vertically aligned 

• Pre-Matthew 
• Deep cyclonic layer (surface-400 hPa) steadily 

becomes more cyclonic over three days 



Submitted 

Presenter
Presentation Notes
Kurz zum Inhalt



From Kilroy and Smith 2012 



From Kilroy and Smith 2012 blue is cloud water + ice, black is rain water, green is ice 



 Insights from PREDICT/GRIP  =>  HS3 ?? 

1. New cyclogenesis paradigm helps synthesize multi-scale  
  observations and predicts new properties of the formation process. 

 
2. Data and analyses confirm predicted convective organization at  

  the sweet spot of the parent wave-pouch disturbance.  
 
     3.  Pouch-averaged view offers a picture of the basic thermodynamic  
  environment within which cyclogenesis takes place. Pouch-averaged  
  view does not support prior hypotheses on thermodynamic environment.   
 
     4.  Data and analyses suggest alternative view on role of dry air in  
  limiting vorticity amplification on convective scale over pouch depth. 
 
   For HS3: Apply same diagnostic tools and develop new ones also!  
   
 



HS3 2011 Dry Run 
Wave-Pouch tracking 

• 5 July – 18 October 
• 41 pouches 

• 20 official invests + 
• 12 Tropical Depressions + 
• 1st Pouch forecast lead time 

before 1st NHC warning: 
Average 5 days 



Outlook: future studies using the NASA Global Hawk 

Eye of Hurricane Earl 
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End of Presentation 
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