Tropical Cyclone Structure:
Theory and Application
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Is this Tropical, Subtropical, or
Extratropical?
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Typical Structure of a Hurricane
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S Hurricane Structure - Irma
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S  Hurricane Structure - Irma




S Hurricane Structure - Irma
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S  Hurricane Structure - Irma A4
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THE WARM CORE IS A CONSEQUENCE OF BOTH LATENT HEAT
RELEASE AND WARMING BY SUBSIDENCE
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MURRICANE INEI SEPTEMBER 28, %88
VERTICAL CROSS SECTION OF TEMPERATURE AHOMALIES (°C)
(FROM MEAN ANNUAL TROPICAL ATMOSPIIERE)
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INTENSE WARM CORE: CAN BE
16 K WARMER THAN NORMAL
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2, DEEP-LAYER CYCLONIC
CIRCULATION

GFS: Total Horizontal Wind (kt) and Theta (K)
Init: Thu 2019-05-02-062Z, Valid: Thu 2019-05-02-09Z, Fhr: 003
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i NOTE: CYCLONIC CIRCULATION

\ / AT UPPER-TROPOSPHERIC
. LEVEL, WITHIN A FEW
DEGREES RADIUS OF THE
CENTER!

FiG . 4. Analysis of wind (streamlines and isotachs ) on meshes -
3 for {a) 850, (b} 500, and (c) 200 mb. Isotachs are at 5 m 5"
intervals. Shading indicates wind speeds greater than 60 m s~
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BEYOND A FEW DEGREES
/ RADIUS FROM THE CENTER,
THE UPPER-TROPOSPHERIC
FLOW TURNS ANTICYCLONIC

Fiz. 5. Analysis of wind {streamlines and isotachs ) for meshes 6-
T for (a) 850, (b) 500, and (c) 200 mb. Isotachs are at 5 ms™
intervals. Shading in {a) indicates area of tropical storm force winds
{17.5 m 57"}, and in {c) areas with winds greater than 15 ms~'.




S WeII-establlshed outflow
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S Restricted outflow N/
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S The Effects of Wind Shear s

Effects of Vertical Wind Shear (V,) on Tropical Cyclones
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S Intensifying vs. Non-Intensifying v
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) The Extremes:
Tropical vs. Extratropical Cyclones

AAA—MSI TO IR16—-3  IN REAL TIME 10014 13 MAR 1993
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Hurricane Katrina (2005) Superstorm Blizzard of March 1993
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And The In Between:
Subtropical Cyclones

—— = Also :; low-level warm core, but
e —— ‘:“‘* weaker and upper-level cyclonic
wind field much stronger
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® Life Cycle of a Cape Verde Hurricane &
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S The Extremes: Tip vs. Marco

ROPICAL CYCON’E "RECORDS"
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GOES-16 IR Imagery — 1630 UTC 25 September 2017
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Tropical Cyclone Size Lifecycle Qg
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Environmental Effects On Size

* Relative Humidity A Significant Factor

-
E
X
S
o
£
w
c
]
J
T
=
3
I
=
o
W
2
T
T
o

72 96 120 144 168 192 216 240
Simulation Hour

=+ 80RH =*= 60RH - 40RH 20RH

Hill and Lackmann (2009)

Higher environmental humidity can
iIncrease TC size over multiple days




Inner Core Structural Effects On Size
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Hurricane Matthew Radar Loop
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Bertha (2008) Eyewall Replacement
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What | know about eyewall
replacement cycles

 \We have a sense of when they could occur
 We can observe them

* Intensity & size changes are coming

e Big errors are likely going to happen too...



Intensity and Structure Parameters that
NHC analyzes and predicts

e Maximum Wind Speed

 Radius of 34-,50-,64-kt winds

e Minimum Pressure

 Radius of Maximum Wind

 Radius of the Outermost Closed Isobar



= Tropical Cyclone Wind Radii v

NHC estimates cyclone “size” via wind radii in four quadrants

Iea(_js to an mh_e_rent over- NW | NE radii represent the largest
estimate of radii, especially

distance from center in

near land Wy particular quadrant

Wind radius = Largest distance from the center of the tropical cyclone of a
particular sustained surface wind speed threshold (e.g., 34, 50, 64 kt) somewhere

in a particular quadrant (NE, SE, SW, NW) surrounding the center and associated
with the circulation at a given point in time
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S Data to Determine Tropical Cyclone Size

* Satellite Imagery
- Geostationary
- Polar Orbiting — scatterometer
* Reconnaissance Data
- Dropsondes
- SFMR (Stepped Frequency
Microwave Radlometer)

* Surface Observations

- Land-based

- Marine-based
- Ships, Buoys, Salindrones
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Geostationary satellite:
Low-level cloud drift winds

Meso 1-min data now gives us
higher temporal resolution of these
observations (5-min)

GOES-16 Band 2: Visible Window - 0.5 km Resolution
Valid: 1200 UTG 18 Jun 2021
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L  Polar- Orbiter Satellites N/

e Carry microwave imagers
and sounders that can see
through cloud tops and
reveal the structures
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ASCAT (Advanced Scatterometer) -
Surface Winds from a Polar-orbiting satellite
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http://www.nrlmry.navy.mil/tc-bin/tc_display.cgi?STATUS=inactive&ACTION=Latest_Photos&ACTIVES=None&MOSAIC_SCALE=20&PHOT=yes&ATCF_BASIN=al&BASIN=ATL&STORM_NAME=07L.EARL&CGI=SATPRODUCTS&AGE=Prev&ARCHIVE=all&SIZE=thumb&NAV=tc&YR=10&ATCF_YR=2010&YEAR=2010&ATCF_FILE=/SATPRODUCTS/kauai_data/www/atcf_web/public_html/image_archives/2010/al072010.10090506.gif&MO=SEP&CURRENT=20100901.0219.ascat.ASCAT_IR.wind.07LEARL.2390_058pc_115kts-940mb_226N_692W_sft20100901_0000.jpg&CURRENT_ATCF=al072010.10090506.gif&ATCF_NAME=al072010&ATCF_DIR=/SATPRODUCTS/kauai_data/www/atcf_web/public_html/image_archives/2010&STYLE=frames&USE_THIS_DIR=/SATPRODUCTS/TC/tc10/ATL/07L.EARL/CloudSat&DIR=/SATPRODUCTS/TC/tc10/ATL/07L.EARL/ssmi/scat/wind_barbs&TYPE=ssmi&PROD=scat&SUB_PROD=wind_barbs

Hurricane Reconnaissance
and Surveillance Aircraft
(10 Air Force C-130s,

2 NOAA P3s, 1 NOAA
G-1V)




S Primary Aircraft Data

e Aircraft Doppler Radar winds (from the P-3’s)

20050828i

18:15:00
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Primary Aircraft Data

Winds (along the aircraft track and dropsondes)

Surface pressures (extrapolated and dropsonde)

Surface winds from the Stepped Frequency Microwave
Radiometer
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GPS Dropsondes

Measures the wind around and in hurricanes
from the aircraft to the ocean’s surface

Wind in Hurricane Georges Mean Wind Profile
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CIRA

Satellite Surface

Multiplatform
Wind Analysis —

Automated Surface
Wind Field
in Tropical Cyclones
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And after using all of that data,
we come up with this...



Surface Wind Field

Surface Wind Field of Hurricane Larry
Sustained Winds as of 1100 PM AST Wed Sep 08, 2021

Advisory Number 34
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Take Home Points

e Tropical Cyclones exist in many sizes and shapes but have

these main characteristics

« Warm core at center
« Strong cyclonic winds that peak at low levels & decrease with height

» Upper-level wind field outside center is anticyclonic in mature Hurricanes

* Hurricanes comprised of many other components
« Outer, Principal and Secondary Rainbands
 Primary and Secondary Eyewalls and Eye

» Size & Shape often determined by nearby environment and lifecycle
» Vertical Wind Shear affects cloud pattern & RH affects Size
 TCs tend to grow over their lifecycle and as they gain latitude

e Many tools at our arsenal to diagnose storm structure

o Satellite (Geostationary / Polar Orbiters)
» Aircraft Observations (Flight Level / SFMR / Dropsondes / Radar)

» Surface Observations (Land, Buoys, Ships)

3:28 PM



Questions?

MEXRAD LEVEL-II
KAMX - MIAMI, FL
10/ 016 06:0:

REFLECTIVITY
ELEWV ANGLE: 0.48
SWEEF TIME: 06:04:
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