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http://www.atmos-chem-phys-
discuss.net/10/28057/2010/acpd-
10-28057-2010-discussion.html
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The development of tropical depressions is inextricably linked 
to synoptic-scale disturbances that come in a variety of forms.

The most prominent in the Atlantic are African easterly waves.

Typically, they have periods of 3-5 days and wavelengths of 
2000-3000 km (e.g. Reed et al. 1977).

Questions:
Which tropical waves (or other disturbances) will evolve into 
a tropical depression?
What is different about developing waves?
 Can this difference be identified, and on what time scale?
Why do so few disturbances develop?
Where will the focal point for genesis be?

Tropical cyclogenesis within synoptic-scale disturbances



Multi-scale nature of tropical cyclogenesis within tropical waves

Schematic of synoptic-scale flow through an 
easterly wave (dashed) with an embedded 
cluster of convection in the wave trough.

From Gray (1998).

The cluster contains mesoscale convective systems (MCSs) and 
extreme convection (EC, black oval) within one of the MCSs. 

Presenter
Presentation Notes
There, two length scales are illustrated, with a cluster of deep, moist convection confined to the trough of the synoptic-scale wave.Within these clusters are individual mesoscale convective systems (MCSs).
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Consideration of horizontal scales exposes the
challenging nature of the problem
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Moist Critical Layer
Critical latitude/surface: locus where c=U or 
equivalently where wave intrinsic frequency = 0

Critical layer: A layer of finite width due to the 
nonlinear interaction of the wave with its own critical 
surface

Kelvin Cat’s eye: Recirculating flow within CL wherein 
air parcels are trapped and the fluid is isolated from 
its surroundings

x

y
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3 New Hypotheses

H1: Wave breaking or roll-up of cyclonic vorticity near the critical surface in
the lower troposphere (>600 hPa) provides favorable environment and focal
point for aggregation of convectively-generated cyclonic vorticity anomalies.

H2: The wave critical layer is a region of closed circulation, where air is
repeatedly moistened by deep convection and also protected from dry air
entrainment to some extent.

H3: The parent wave is maintained and possibly enhanced by diabatically
amplified mesoscale vortices within the wave. (Heating is most effective when
intrinsic frequency --> 0.)

The “baby” proto-vortex is carried along in the “pouch” (CL cat’s eye)
by the “mother” wave until it is strengthened into an independent and
self-sustaining vortex.
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Our hypothetical pathway for genesis 
via tropical waves may be regarded 
as a marsupial theory of tropical 
cyclogenesis in which the “juvenile” 
proto-vortex is carried along by the 
“mother” wave until it is ready to be 
“let go” as an independent & self-
sustaining vortex.



Total precipitable water signature of wave roll up

Hurricane Danielle Pre Hurricane Earl



A useful quantity for real-time wave tracking applications is 
the Okubo-Weiss (OW) parameter, defined here as “vorticity 
squared minus strain rate squared”

 Significantly positive OW values indicate strongly curved 
(cyclonic or anticyclonic) flow with minimal shearing 
deformation and approximate shape preservation.
 The wave pouch is characterized by significantly positive OW 
and cyclonic rotation, and provides a favorable  environment 
for vortical convection to persist and vorticity aggregation to 
proceed.
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Presenter
Presentation Notes
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].



PREDICT (PRE-Depression 
Investigation of Cloud-systems in the 

Tropics)
15 August – 30 Sept. 2010

Base: St. Croix Virgin Islands

NCAR G-V: ~173 research hours used

26 flights, 8 disturbances
 Test (1)
PGI27 (2)
PGI30 (2)
PGI36 – Fiona – (3)
PGI38 – ex-Gaston- (5)
PGI44 – Karl – (6)
PGI46 – Matthew – (4)
PGI50 – Nicole – 2
PGI48 (1)

•537 dropsondes used

15 Aug.     1 Sept.    15 Sept.    30 Sept.

Crew 1

Crew 2

Double-crewed G-V, 2-15 Sept.



17



PREDICT Highlights

• Sampled both developing and non-developing tropical 
disturbances

• Flew many consecutive days on several systems (2 in one day 
during Karl)

• Six flights into Pre-Karl (over five days): tropical cyclogenesis 
occurred during last flight

• Gaston downgraded, Fiona upgraded as result of dropsonde 
data

• Initially flew into pre-Matthew before Invest declaration
• Significant collaboration with NASA and NOAA (Gaston, Karl 

and Matthew)
• First extensive investigation of genesis predictability using a 

variety of model ensembles
• Successful deployment of G-V based on forecast and near-real-

time pouch products
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Website for the Real-time Forecasts

Website: http://www.met.nps.edu/~mtmontgo/storms.html

http://www.met.nps.edu/~mtmontgo/storms.html�
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Left: ECMWF 36-hour forecast of 700-hPa earth-relative streamlines and OW (shading;
units: 10-9 s-2) centered on wave-pouch PGI44L/AL92 (pre-Karl) valid at 12 UTC 14
September 2010. Right: Same as left except for a co-moving frame of reference (phase
speed of -6.2 m/s). The black line represents the trough axis, and the purple line the
local critical latitude. GOES visible imagery at 1225 UTC and the G-V flight pattern
(yellow track) are shown in the co-moving frame (right). The red dot represents the
actual genesis location, and the blue dot is the ECMWF 700-hPa pouch center position
(or predicted genesis location) at 21 UTC 14 September 2010.
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TPW

Presenter
Presentation Notes
(CAPE values (average of a surface lifted parcel and one lifted from 100 m) are shown below time of dropsonde along GV flight track. CAPE and CIN are contoured using quick and dirty objective analysis scheme. For CAPE: light curves contoured by ci = 500 J/kg and dark curves 1000 J/kg. For CIN: light curves contoured by ci = 5 J/kg and dark curves 25 J/kg. 
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PGI44L  pre-Karl

~15 K



Pouch centric movie of pre-
Karl’s moist convection 

viewed through IR cloud top 
temperatures
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Courtesy of Dave Ahijevych & Chris Davis NCAR-MMM
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PGI38L   (ex-GASTON)

~25 K



ex-Gaston, FTLE fields, 2 Sep

43Attracting LCSs using 25 km ECMWF analysis data 
Blake Rutherford, NRC post doc



Ex-Gaston, FTLE fields, 3 Sep

44Attracting LCSs using 25 km ECMWF analysis data 
Blake Rutherford, NRC post doc



Ex-Gaston, FTLE fields, 4 Sep

45Attracting LCSs using 25 km ECMWF analysis data 
Blake Rutherford, NRC post doc



Mark Boothe, NPS



Research Flight 09
Ex-Gaston September 2

Mark Boothe, NPS



Research Flight 10
September 3

Mark Boothe, NPS



Research Flight 11
September 5

Mark Boothe, NPS



Research Flight 12
September 6

Mark Boothe, NPS



Research Flight 13
September 7

Mark Boothe, NPS



Other Publications on the ‘Marsupial’ Paradigm
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End of Presentation

Thank you!
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