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SIO15 2024: Topic 19 - Hurricanes

https://geowiki.ucsd.edu/sio15

Topic 19: Hurricanes

Weekly test #6 (due Tue 11/12 noon)
opens Sun 11/10 at 9 am 
will include homework 4!
Questions on geowiki under ‘tests’ tab
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Hurricanes

Ida, Aug 2021

Ioke, Aug 2006

Ike, 2008
Batsirai, Jan 2022
off Madagascar

• rel. large and long-lived
• hurricanes are 100-1500 km across
• strictly storms of tropical origin
• form in open ocean between 20º lat.
• summer – early fall
• classified into 5 categories

short videos 15a,b
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The Features of a Hurricane

• Hurricanes are 100 -1000+ km across
• eye in center (calm, dry air sinks) (35-60 km across)
• eye wall around eye: most intense winds
• spiraling arms: rain bands (speed ++ toward center)

Image: Marshak “Earth, Portrait of a Planet”

the latent heat of a hurricane =  U.S. electrical needs of 1/2 year

thunderstorms

25% hurricanes
Spawn tornadoes
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Image: Marshak “Earth, Portrait of a Planet”

Conditions for a Hurricane to Form

• evaporation of tropical water -> store latent heat
• air rises in L system
• condensation -> release of latent heat

• drives air even higher

• enhances surface L
• rapid intensification over warmer oceans

• tropical ocean
• low high-altitude winds

similar to 
thunderstorm
but longer time scale
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The Saffir-Simpson Scale
Tornadoes Hurricanes

lowest pressure ever measured:
Typhoon Tip, Oct 1979, 870 mbar

23
00

 k
m

!

5 categories (hurricane: > 70mph)
Until 2009: sustained wind speeds/pressure/surge height
Since 2010: sustained wind speeds --- debated
hurricane winds not as strong as tornadoes
2022: may want to add rainfall totals?

until 2007

current EF
have 
lower 
w. sp.
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What Makes Hurricanes Destructive?

hurricanes are destructive:
• high wind speeds
• large waves in open ocean
• storm surge approaching coast
•  intense rainfall

Katrina makes landfall in Florida, 
captured by ERTH15-2005 student David Nourani

STORM SURGES 
(up to more than 6m)

• high winds push waves to pile up
• low pressure pulls sea surface up
• concurrent high tide enhances

Long Beach Island; Hurricane Sandy 2012 (wikipedia)
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Galveston, TX Sep 8, 1900
 The Deadliest Natural Disaster in U.S. History

- Galveston lies on barrier island
- port
- wealthiest TX town at time
-38,000 people
-6000 people perished

hurricane surge 
  (winds, low pressure, high tide)
- waves 1ft higher than highest point

See Topics 13/14
 (Floods) 
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Superstorm Sandy 2012
- 22 – 31 October
- landfall in Atlantic City, NJ 
  during spring tide high tide

Casino Pier, Seaside Heights, NJ (wikipedia)

Kings Point, inside Long Island Sound
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2022 Hurricane Ian

- 9/23 – 10/2
- landfall Fort Myers 9/28
  during high tide
- > 155 fatalities

9/23 
rapid intensification
Cuba

9/28 
landfall FL

9/25 
New Moon

14

SIO15 2024: Topic 19 - Hurricanes

2024 Hurricane Milton

- 10/5 – 10/12
- 2nd-most intense Atl. hurricane in GoM 
   (behind only 2005 Rita)
- 5th-most intense Atl. hurricane
- 2 weeks after Helene devastated Big Bend 
- 35 fatalities; $85+B damage
- fueled by anomalously warm GoM

10/7 C5
explosive intensification
from C1 10/6 (fastest in GoM)

10/9 
landfall FL 10/8 pressure from 981 mb 

       to 897 mb
  2005 Wilma        882 mb
  1988 Gilbert       888 mb
  1935 Labor Day 892 mb
  2005 Rita           895 mb
  2024 Milton        897 mb
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The Development of a Hurricane

Hurricane Rita 2005 Hurricane Ike 2008

hurricanes lose strength
over land and cold water

hurricanes do not cross equator

STAGES
• tropical disturbance
• tropical depression
• tropical storm
• hurricane (1-5)

Pre-stage: Invest
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News 11/12/20 Do Hurricanes live longer?

Hurricane Harvey 2017

hurricanes dissipate once making landfall
BUT
Can combine with existing storms inland
-> post-tropical cyclone

Post-tropical

longevity/rainfall fueled by
climate change?
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Floods – Hurricane Harvey 2017

unprecedented rainfall leads 
to largest flood in 
Houston – Galveston history

crossing flowing water is
DEADLY

record-breaking 1000-
year flood in LA 
12 months earlier

on top of …
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Floods – Hurricane Helene 2024
fatalities: 233
  FL    26
  GA   33
  SC   51
  NC 102
  TN   18
  VA     2
   IN     1

- 9/24 – 9/29
- 233 fatalities; $88+B damage
- landfall in FL Big Bend
- 9+ ft storm surge

9/26 
landfall FL

NC: 
- nearly 900,000 lost power
- tornadoes
- 19+in of rain in Black Mountains
- French Broad River 24.7 ft
  Swannanoa River 26.1 ft
  both surpassed 1916 record 

GA:
- Atlanta: heaviest 3-day rain in 104 years
- tornadoes

only 11 months after Hurricane Idalia
   hit Big Bend
- 12 fatalities; $3.5B damage
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Far-reaching Hurricanes - Storms
2012 Sandy
late October
merged with winter storm

Hurricane Sandy 2012
Hurricane Dorian 2019

combine with storms
late hurricanes can feed into early winter storms
can ‘ride’ warm ocean currents

2019 Dorian
late August
‘rode the Gulf Stream’
merged with early nor’easter
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Far-reaching Hurricanes - Europe

post-tropical
can affect 
Europe

2024 Atlantic Hurricanes

Ernesto
8/12-8/22
3 fatalities
Puerto Rico: 50% lost power
East Coast: rip currents -> 2 dead in SC
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Far-reaching Hurricanes - Europe

2024 Atlantic Hurricanes

Ernesto
8/12-8/22
3 fatalities
Puerto Rico: 50% lost power
East Coast: rip currents 
                   -> 2 dead in SC
                    1 dead in NC
Galway, IRL: flooding + supermoon tides 
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Far-reaching Hurricanes - Europe

2024 Atlantic Hurricanes

Kirk
9/29-10/13
- very unusual track
- 1 fatality (France)
- little warning in EU as track changed
- record rainfall in F
- 6 tornadoes upon landfall in F
- flooding in F, B, L
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Far-reaching Hurricanes

2023 Dora
July 31 – August 11
Cat 4

Hurricane Dora 2023

can affect weather in Alaska!
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2023 Atlantic Hurricanes
Source: Wikipedia

• hurricane season: Jun – Oct Nov
• peak season: late Aug/early Sep
• 2023 somewhat unpredictable

Ø less Atlantic hurricanes during El Niño
Ø  unusually high SST
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2023 Atlantic Hurricanes
Source: Wikipedia

Franklin: Dom. Rep.

Lee: Canada

calm, late ferocity

2023 East Pacific
Otis:Acapulco

Dora: Alaska

Idalia: NW.Florida

Hilary: San Diego
Lidia: Puerto Vallarta
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Poll
Source: Wikipedia

Cape Verde type
What is the other type?
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Hurricane Otis

Tuesday 10/24:
• expect landfall Wed 10/25
• max strength: H

national hurricane center: https://www.nhc.noaa.gov/ 

M: ≥ cat 3

landfall before 1pm
Wednesday
(less warning time!)

from Sunday 10/22:
• dissipates as D, no landfall
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Hurricane Otis

Wednesday 10/25:
• cat 5
• “explosive development”
     (from TS to cat 5 in 12 h)
• strongest ever to make landfall
     in East Pacific

national hurricane center: https://www.nhc.noaa.gov/ 

Acapulco devastated
27+ fatalities
80% hotels damaged
landslides

EQ-EW: 27 of 100 stations
not communicating

Source: Basler Zeitung, CH; AP

result of warmer-than-normal
tropical ocean
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Poll
Source: Wikipedia

Other Oceans
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Where do Hurricanes Occur? Naming

Image: NASA’s Earth Observatory

30% 15%

12%

12% 12%

12%

hurricanes
hurricanes

typhoons

cyclones

• most hurricanes in W. Pacific (typhoons)
• more hurricanes in E. Pacific than in Atlantic
• Indian Ocean: cyclones

Hurricane paths:
N hemisphere: clockw.
S hemisphere: countercw.
Hurricane winds:
N HS: ccw     S HS: cw
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2024 Atlantic Hurricanes
Source: Wikipedia

Milton: FL

E Pac has more hurricanes than Atlantic

2024 E. Pacific

John: Oaxaca, Guerrero
Acapulco (after 2023 Otis!)
29 fatalities
same time as Helene 

Hone: Hawaii

Helene: FL, GA, SC, NC

Beryl: 
Venezuela -> TX
71 fatalities

not in 2024?

Kristy: from Atl Nadine
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2024 Atlantic Hurricanes
Source: Wikipedia

Milton: FL

W Pac has more hurricanes than Atlantic

2024 Typhoons

* 5th-latest start
* deadliest since 2013
* 4th costliest in Pacific (Yagi) Yagi: 

Philippines -> Thailand
844 fatalities
Vietnam 325; Myanmar 433

Helene: FL, GA, SC, NC

Beryl: 
Venezuela -> TX
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Hurricanes - Politics8/25/17

• Harvey: Category 4
• $70B damage
… 3rd costliest on record
• 84 fatalities

Source: Wikipedia
8/28 12,000 National Guard
Houston, TX

Politics:
TX governor: evacuate Houston!
Houston mayor: shelter in place!
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Politics: 2005 Hurricane Rita
9/21/05 • Houston evacuated 

• total of 2.5 -3.7 Mio people
8/29/05 Katrina

Rita 05: I-45 evacuees from Houston

Source: Wikipedia … no longer available
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Politics: 2005 Hurricane Rita
9/21/05 • Category 5

• stronger than Katrina
• Galveston and Houston, TX
• 4th most intense in Atl
• $12B damage
• ~ 100 fatalities, only
      7 direct

8/29/05 Katrina

53

SIO15 2024: Topic 19 - Hurricanes

2017 Atlantic Hurricanes9/8/17
Source: S.D. Union Tribune

• Category 5
• “2nd strongest on
  record in Atlantic”
 …  in terms of sustained
     wind speed (305 
km/h) …
• $63B damage
… 4th costliest on record
• 124 fatalities (80 U.S.)
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Politics: 2017 Hurricane Maria 
9/19/17 Category 5 … explosive intensification in 24 hours … 

• hit Puerto Rico as Cat 4; worst since 1928
• > $50B damage; 97+37 fatalities (as of 11/16)
• $92B final
• 70% without power on 10/30; power not restored
   until 6 months later
• full death toll (~3000) finalized only in early 2019

Source: NOAA, Wikipedia
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2018 Hurricane Walaka – Hawaiian Nature Reserve

hurricanes and low-lying sandbar
 islands or atolls

Ø2nd Cat 5 in C. Pacific in 2018
Ø2nd-strongest in C. Pacific by central
    pressure (after 2006 Ioke)
ØEast Island (French Frigate Shoals)
   swept away
   majors nesting ground for
   endangered Green sea turtle 
   and critically endangered Hawaiian
   monk seal

Hawaii
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