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Which five are officially tropical cyclones"’

Unnamed TC
Images (1991)

courtesy o
NOAA/

NCDC

NOV 91305 170100 01607 “Perfect’,

Storm(1991)

& Hurricane Floyd -,
B NOAA-15 AVHRR HRPT
M Multi-spectral False Color Image
® September 14, 1999.@ 1244 UTC i

, " Gloria (1985)
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Conceptual Model of Transformation Stage of ET in the Western North Pacific

(a) Infrared Imagery

wn wem wm = Polar Jet ~ Warm Core Shaded  veveses = Baroclinic
Zone

STEP 1 STEP 2 STEP 3




Conceptual Model of Transformation Stage of ET in the Western North Pacific

(a) Infrared Imagery

wm wem wm = Polar Jet ~ Warm Core Shaded  ssuus Baroclini

STEP 1 STEP 2 STEP 3

Step 1:
Decreased $57s &

cooler, drier

environmental air

Step 2:
Increased
vertical wind shear

Step 3:

Interaction with

baroclinic zone &
frontogenesis



Conceptual Model of Transformation Stage of ET in the Western North Pacific

(a) Infrared Imagery

wem wem wm = Polar Jet 'Warm Core Shaded  ssesuss = Baroclinic
Zone

STEP 1 STEP 2 STEP 3

#1:
Equatorward flow of
cool, dry arr
(open cell cumulus)

#2:
Decreased convection
west of TC
(extends cyclonically
around the TC in
steps 2 and 3)
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Conceptual Model of Transformation Stage of ET in the Western North Pacific

(a) Infrared Imagery

wem wem wm = Polar Jet 'Warm Core Shaded  ssesuss = Baroclinic
Zone

STEP 1 STEP 2 STEP 3

# 3:

Poleward flow of warm,
moist air
(maintains convection;
overrunning of 6 lines)

# 4.
Ascent of warm, moist

air over tilted 0 lines of
baroclinic zone



Conceptual Model of Transformation Stage of ET in the Western North Pacific

(a) Infrared Imagery

wem wem wm = Polar Jet 'Warm Core Shaded  ssesuss = Baroclinic
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Poleward flow of warm,
moist air
(maintains convection;
overrunning of 6 lines)

#4:
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Conceptual Model of Transformation Stage of ET in the Western North Pacific

(a) Infrared Imagery

wem wem wm = Polar Jet 'Warm Core Shaded  ssesuss = Baroclinic
Zo

ne
STEP 1 STEP 2 STEP 3

#5:
Ascent, producing
cloud bands to the

west of the TC,

undercut by descent

# 6:
Sharp-edged cirrus
shield interacting

with the jet



Conceptual Model of Transformation Stage of ET in the Western North Pacific

(a) Infrared Imagerv

"sz

(b) Plan View (Storm Relative Trajectories)

wem wem wm = Polar Jet 'Warm Core Shaded  ssesuss = Baroclinic

STEP 1 STEP 2 STEP 3

#5:
Ascent, producing
cloud bands to the

west of the TC,

undercut by descent

Sharp-edged
interacting
with the jet
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B [900-600hPa Storm—Relative Thickness Symmetry]

EARL(2010) [0.5° GFS Analysis]
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Thermal Asymmetry

Forming Mature

Conventional
Tropical
cyclone:

Developing Mature Occlusion

Conventional
Extratropical

cyclone:

Hart and Evans (2002)



Cyclone Parameter B: Thermal Asymmetry

Storm-relative 900—-600-hPa mean thickness field
asymmetry within a 500km radius:

B=Z -7 -7 -7
600hPa ~ £900hPa | by i 600hPa ~ £900hPa| , ;o

Hart and Evans (2002)



Cyclone Parameter B: Thermal Asymmetry

Forming (B=0) Mature (B=0) Decay (B=0)

Conventional
Tropical
cyclone:
B=0

Developing (B>>0) Mature (B>0)  Occlusion (B=0)

Conventional
Extratropical
cyclone:
B varies

Hart and Evans (2002)
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Cyclone parameter -V,: Thermal Wind

700 hPa height

AZ = Zyjpx = Zyn: 500
Isobaric height difference within 500 km radius

Proportional to geostrophic wind (V) magnitude
AZ=d f |V, /g where
d=distance between height extremes, f=Coriolis, g=gravity

Vertical profile of Z,;,x — Zyy 18 proportional to
thermal wind (V) if d is constant:

G VAVEATS 900—600 hPa: -V.L
9ln p =17 =® 600300 hPa: -VY

Hart and Evans (2002)



Cyclone Parameter -V: Thermal Wind

Warm-core example:

Floyd 14 Sep 1999

100

200 A

300 +

400 ~

500 -

600

700
800 -
900

Hurr. Floyd 12Z2145EP19909:

P
S500km radius

19 NGP Analysis at 25°N

100

NZ,, —Z

v )

dlnp

=_|VT|

Hart and Evans (2002)




Cyclone Parameter -V: Thermal Wind

Warm-core example: Floyd 14 Sep 1999
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Cyclone Parameter -V..: Thermal Wind

Cold-core example: Cleveland Superbomb 26 Jan 1978
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Cyclone Parameter -V

Thermal Wind

Cold-core example: Cleveland Superbomb 26 Jan 1978

100

200

300

400

500

600

700

800
900 4

95w 90w B5W  80W /oW 70W

—_
S500km radius

WARM
CORE

Stratosphé¢re

TTroposphgre

0 200 400 600

CLE Superbomb 06Z26JAN1978:2.5° NCAR Reanalysis at 40°N |

100

- 200

- 300

- 400

- 500

- 600

- 700

- 800
- 900

Z(MAX)—Z(MIN)

NZ,, — 2

MIN )

oln p

=~ |IZ} |

Hart and Evans (2002)




Cyclone parameter -VT: Thermal Wind
700 hPa height

AZ = Zyjpx = Zyin: 500
Isobaric height difference within 500 km radius

Proportional to geostrophic wind (V) magnitude
AZ=d f |V, /g where
d=distance between height extremes, f=Coriolis, g=gravity

Vertical profile of Z,;,yx — Zyy 18 proportional to
thermal wind (V) if d is constant:

I Z oy = Zauw) 900—600 hPa: -V.L
9In p ==171 ™ 600-300 hpa A

-V <0=Cold core, -V>0=Warm core

Hart and Evans (2002)
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IRENE(2011) [0.7°x0.7° ERAI Reanalysis]
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Bob Hart’s phase space archive

http://moe.met.fsu.edu/cyclonephase/archive/
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0.5° NCEP GFS (12Z310CT2012 run) Cyclone #1 (Existing cyclone)
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Cold-core phase diagnosis compared to NHC ET declaration
1979-1993 ECMWEF 1.125° Reanalysis [60 storms]
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