~ Introduction to Tropical
| Cyclones
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o Overview of hurricanes
o Physics of mature, steady hurricanes

o Hurricanes and climate change



Overview: What I1s a Hurricane?

Formal definition: A tropical cyclone
with 1-min average winds at 10 m
altitude in excess of 32 m/s (64 knots or
74 MPH) occurring over the North
Atlantic or eastern North Pacific

A tropical cyclone is a nearly symmetric,
warm-core cyclone powered by wind-
iInduced enthalpy fluxes from the sea
surface



The word Hurricane Is derived from the
Mayan word Huracan and the Taino and
Carib word Hunraken, a terrible God of Evil,
and brought to the West by Spanish
explorers




The View from Space
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e _‘ ~ View of the eye of Hu A Katrina on August 28™,
e 2005, as seen from a NOAA WP-3D hurricane
e o reconnaissance aircraft.







Airborne Radar: Horizontal Map
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Airborne Radar: Vertical Slice
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Hurricane Structure: Wind Speed

Azimuthal component of wind
<11 mph - > 145 mph



Vertical Air Motion

Updraft Speed

the eyewall
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Radial wind




Hurricane Temperature Perturbations

No termperature difference - > 16°C (29°F) warmer



PRESSURE (MB)
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PRESSURE (MB)

HURRICANE INEZ Specific entropy SEPTEMBER 28, 1966
EQUIVALENT POTENTIAL TEMPERATURE (K
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Absolute angular momentum per unit mass
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*r"6pical Cyclone Climatology




Tropical Cyclones, 1945-2006

Saffir-Simpson Hurricane Scale

hurricane
category 2

hurricane
category 1



Number of Events per Month

Annual Cycle of Tropical Cyclones
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Hurricane Floyd Hurricane Andrew
September 14, 1999 @ 1244 UTC August 23, 1992 @ 1231 UTC
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The spiral rainbands of Hurricane Floyd (left, 1009) versus the more compact Hurricane Andrew

(right, 1902)




Climatology of Tropical Cyclone Size
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Outer radius very nearly follows a log-normal distribution with a median
value of about 420 km (Courtesy Dan Chavas)



Global Tropical Cyclone Frequency, 1978-2017
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Tropical Cyclone Uesi, February 11 2020 7 AM EST
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- Physics of Mature Hurricanes
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Cross-section through a Hurricane & Energy Production
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Carnot Theorem: Maximum efficiency results from
a particular energy cycle:

o Isothermal expansion

o Adiabatic expansion

o Isothermal compression
o Adiabatic compression

Note: Last leg is not adiabatic in hurricanes: Air cools radiatively. But since
the environmental temperature profile is moist adiabatic, the amount of
radiative cooling is the same as if air were saturated and descending moist
adiabatically.

Maximum rate of energy production:
P — Ts _To Q
T
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Total rate of heat input to hurricane:

Q=2z p|C,IV|(k—k)+Cp |V |rdr

Dissipative
Surface enthalpy flux heating

In steady state, energy production is used to balance frictional
dissipation:

D = ZﬂjOrop[CD [V |rdr



Differential Carnot Cycle
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Note that this is valid between ANY two
streamlines in the region of ascent
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Annual Maximum Potential Intensity (m/s)




Cumulative Frequency
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® Hurricanes & Typhoons
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Potential Intensity Trend, 1979-2018, ERA 5 Reanalysis

m/s per century
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Projected Trend Over 215t Century: GFDL model
under RCP 8.5
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“Downscaling” hurricanes from global
analyses and models

» Embed detailed hurricane forecast model
In global climate analyses or climate
models

» Generate thousands of synthetic hurricane
tracks consistent with global climate

» Use these synthetic hurricanes to estimate
hurricane risk
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Downscale 9 climate models with observed forcings, 1850-2015
and with CO, increasing at 1% per year from 1970 to 2120
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