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Is this Tropical, Subtropical, or 
Extratropical?
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Subtropical Tropical Extratropical



Is this Tropical, Subtropical, or 
Extratropical?
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Tropical Storm Cindy
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Intensity and Structure Parameters that 
NHC analyzes and predicts

• Maximum Wind Speed
• Radius of 34-,50-,64-kt winds
• Minimum Pressure
• Radius of Maximum Wind
• Radius of the Outermost Closed Isobar



Structure of a Hurricane
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Hurricane Structure
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Notice the 
symmetric, 

inward spiraling 
flow.
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Primary Circulation



Wind speeds are close to 
symmetric – only after 
subtracting the forward 

motion.
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THE WARM CORE IS A CONSEQUENCE OF BOTH LATENT HEAT 
RELEASE AND WARMING BY SUBSIDENCE



DEEP-LAYER CYCLONIC 
CIRCULATION



INTENSE WARM CORE: CAN BE 
16 K WARMER THAN NORMAL 
TROPICAL VALUES



DEEP-LAYER CYCLONIC 
CIRCULATION



850 mb

200 mb

500 mb

NOTE: CYCLONIC CIRCULATION 
AT UPPER-TROPOSPHERIC 

LEVEL, WITHIN A FEW 
DEGREES RADIUS OF THE 

CENTER!



850 mb

200 mb

500 mb

BEYOND A FEW DEGREES 
RADIUS FROM THE CENTER, 
THE UPPER-TROPOSPHERIC 
FLOW TURNS ANTICYCLONIC



The Effects of Wind Shear





Well-established outflow
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Restricted outflow
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Intensifying vs. Non-Intensifying
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The Extremes:
Tropical vs. Extratropical Cyclones

Hurricane Katrina (2005) Superstorm Blizzard of March 1993



Life Cycle of a Cape Verde Hurricane



Cyclone Phase Space for Bill



Hurricane Size Variability
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The Extremes: Tip vs. Tracy



~ 170 n mi ~ 50 n mi



Tropical Cyclone Size Lifecycle 

Merrill 1988



Hurricane Sandy

75 kt, 971 mb

70 kt, 956 mb

75 kt, 943 mb

~ 110 n mi

~ 390 n mi

~ 450 n mi
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Radius of Tropical 
Storm Force Winds 
versus Location 

Kimball and Mulekar (2004)



Size versus 
Intensity

Kimball and Mulekar (2004)



Pressure-Wind Relationship

Knaff, Zehr, and Courtney 
(2009)



Pressure-Wind Relationship

Knaff and Zehr (2007)

Knaff-Zehr-Courtney technique accounts for 
the following:

* Maximum wind speed
* 34-kt wind radii
* Latitude
* Environmental Pressure
* Forward Speed



Sometimes we stick with it…
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And sometimes we don’t…
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CONCENTRIC 
EYEWALLS



Hurricane Matthew Radar Loop 



Bertha (2008) Eyewall Replacement



Concentric Eyewall 
Cycle –

Tangential winds 
(Gilbert)

Black & Willoughby (1992)



CENTRAL  PRESSURE  VS.  TIME  FOR  HURRICANE  ALLEN,  1980: LARGE 
FLUCTUATIONS LARGELY DUE TO EYEWALL REPLACEMENT CYCLES

CAT 3

CAT 4

CAT 5



What I know about eyewall 
replacement cycles

• We have a sense of when they could occur
• We can observe them
• Intensity changes are coming
• Big errors are likely going to happen too…
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NHC estimates cyclone “size” via wind radii in four quadrants

Tropical Cyclone Wind Radii

NE

SESW

NW radii represent the largest 
distance from center in 
particular quadrant

leads to an inherent over-
estimate of radii, especially 
near land

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



“Overestimate” of the NE 
quadrant of 34-kt winds

Limitations of Four-Quadrant Radii

NE

SESW

NW



Flight pattern

Data to Determine Tropical Cyclone Size 

* Satellite Imagery
- Geostationary
- Polar Orbiting – scatterometer

* Reconnaissance Data
- Dropsondes
- SFMR (Stepped Frequency 

Microwave Radiometer)
* Surface Observations



A typical day of marine 
data that is available 

around 12 UTC



The Dvorak Technique is 
very skillful at estimating 
intensity, but does not help 
with TC size

Katrina  - August 24

Analyzing and Forecasting TC Size



Geostationary 
satellite –

Low-level cloud drift 
winds

Satellite winds for nearby 
environment and TC size



Low-Earth-Orbit Satellites

• Carry microwave imagers 
and sounders that can see 
through cloud tops and 
reveal the structures 
underneath

• Gaps in instrument 
coverage between orbits, 
which causes irregular 
sampling of cyclones

Microwave location, structure, intensity, rainfall



ASCAT (Advanced Scatterometer) –
Surface Winds from a Polar-orbiting satellite

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-IV)



Primary Aircraft Data
• Winds (along the aircraft track and dropsondes)
• Surface pressures (extrapolated and dropsonde)
• Surface winds from the Stepped Frequency Microwave 

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



RECON  FLIGHT-LEVEL  WINDS

HURRICANE  GEORGES  9/20/98 20-23Z

105 kt

90 kt

90 kt
95 kt

But nobody lives at 
10,000 ft.

How can we use 
flight-level data to 
estimate surface 
winds?



Franklin and Black (1999)

Mean Wind ProfileWind in Hurricane Georges

GPS Dropsondes
Measures the wind around and in hurricanes

from the aircraft to the ocean’s surface



A large sample of GPS dropsondes in the inner core of TCs 
provides a way to determine surface wind radii from flight 
level winds via the mean wind profile

Franklin (2001)

Surface wind analyses using flight level winds



Remotely Sensed Surface Winds

“SFMR”



Automated Surface 
Wind Field

in Tropical Cyclones 

Multiplatform 
Satellite Surface 
Wind Analysis –

CIRA



5:26 PM

And after using all of that data,
we come up with this…



Surface Wind Field



• Empirical ideas
– Is the storm strengthening or weakening?
– Is persistence appropriate, or are conditions changing?
– Is the storm becoming extratropical, causing wind field to 

expand?
– Will all or part of the circulation be passing over land, such that 

radii could decrease?
– Is the system accelerating, such that the storm could become 

more asymmetric?

Wind Radii Forecast “Guidance”
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