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HUrmrcanes

= ¢ 1c|. large and long-lived

e hurricanes are 100-1500 kmiacross
« strictly: storms of fropical erigin
« form in open ocean between 20° [at.
e summer — early fall
~ * classified into 5 categories

*-Batsirai, Jan 2022
ff-Madagascar

- gt

" Ike, 2008
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The Features of a Hurricane

ak “Earth, Por

e Hurricanes are 100 -1000+ km across

- » eye in center (calm, dry air sinks) (35-60 km across)
» eye wall around eye: most infense winds

= « spiraling arms: rain bands (speed ++ toward center)

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

» evaporation of fropical water -> store lateni:heat; - E
« airrises in L system similar to
==  condensation -> release of latent heaf thunderstorm
= but longer time scale

£ « drives air even higher.

= * enhances surface L
e rapid intensification over warmer oceans




The Saffir-Simpson Scale

Tornadoes Fuijita scale

Scale  Speed Damage

FO <73 mph | Light

F1 73-112 mph | Moderate

F2 | 113-157 mph | Considerable

158-206 mph | Severe

207-260 mph | Devastating

Incredible

261-318 mph

Super Typhoon Tip

2300 kmy

SI015 2024: Topic 1§
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5 cafegories (hurricane: > 70mph)
Until 2009: sustained wind speeds/pressure/surge height
Tropical Cyclone Tracy Since 2010: sustained wind speeds -—- delbated
hurricane winds not as strong as fornadoes
= 2022: may want to add rainfall tofalsg

Hurricanes

The Saffir-Simpson'S;b_éié

Tropical Storm

Category 1 BN _ogompbar
(minimal)

Category 2
(moderate)

>965mbar !

Category 3 (extdnsive) >945mbar

Category 4 (extreme) >920mbar

Category 5 (catastrophic)

1 0 T .
50 100 200
Wind Speed [mph]

What Makes Hurricanes Destructives

§ hurricanes are destructhive:
§ - high wind speeds
* large waves inilopen ecean

* intense rainfall

& * storm surge approdching coast

STORM SURGES
~ (Up fo moere than ém)

* high winds push waves to pile up
* [ow. pressure pulls sea surface up
e concurrent high tide enhances
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Galveston, TX Sep 8, 1900
The Deadliest Natural Disaster in U.S. History

- Galveston lies on barrier island :
_port hurricane surge

- wealthiest TX town at time i (winds, low pressure, high fide)
-38,000 people - waves 1ft hlgher than h|ghesT point

- See Topics 13/14
= (Floods)

Supers’rorm Sandy 2012

R A - 22 - 31 October
- landfall in Atlantic City, NJ §
during spring tide high tide

fron 2012/10/28 - 2042/10/30

\f(\\\ £~
\v / \\ /
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10729 10/29 10730 10/3% 10731
00:00 12100 00:00 12:00 00200

Kings Point, inside Long Island Sound
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2022 Hurricane lan

o
The Sanibel Causeway, the only road connecting Sanibel Island to the Florida
mainland, was shorn apart by the hurricane.

NOAA/NOS/( 'S
Observed Water Levels at 8725520, Fort Myers FL
From 2022/09/26 00:00 GMT to 2022/09/30 23:59 GMT

s
T )
- landfall Fort Myers 9/28 = g B

during high fide
-> 155 fatalities - .

NOAA/NOS/Center for Operational Oceanographic Products and Services

00:00 00:00 00:00 00:00 00:00
9/26 9/27 9/28 9/29 9/30

— Predictions  — Verified — Preliminary

SIO 15 2024: Topic 19 - Hurricanes
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2005 Wilma 882 mb
1988 Gilbert 888 mb
1935 Labor Day 892 mb
2005 Rita 895 mb
2024 Milton 897 mb

10/5-10/12

27d-most intense Afl. hurricane in GoM
(behind only 2005 Rita)

Sth-most intense Atl. hurricane

2 weeks after Helene devastated Big Bend
35 fatalities; $85+B damage

. October5 "= Hurricane Milton
[ 18:00UTC * Octobs , 12:00 UTC

= = e = - = Sea Surface Temperature (°C)
— — z ——

SIO15 2024: Topic 19 - Hurricanes &5 = _ - ‘ _ 278 *iz
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The Development off a Hurricane

Pre-stagesinvest B hurmcanes do Not Cross equaior: &

STAGES & hurricanes lose strength

* fropical disturoance over land and cold wat
« fropical depression

Hurricane Rita 2005 R Hurricane Tke 2008

W RN

16

News 117/12/20'Do Huricanes live longere

STUDY: HURRICANES ARE STAYING _
- STRONGER LONGER AFTER LANDFALL

LEEICERRCE) T St UTICaNEs dissipare once making landfal

more destruction as  weaken ReiSIE
= aresult data show Can combine withrexisting'sterms inland

= -> posi-tropical cyclone
ASSOCIATED PRESS

Hurricanes are keeping Post-tropical
their staying power longer
once they make landfall,
spreading more inland de-
struction, according to a
new study.
Warmer ocean waters
from climate change are

longevity/rainfallfueled by, = - A TSV

= climafe change? , $4
e = ——-— Hurricane Harvey.2017.
SIO 15 2024: Topic 19 - Hurricanes & :~'~"~_> — . — -




Floods — Hurmmcane Harvey: 2017

= BUSINESS INSIDER SCIENCE

Hurricane Harvey is the worst rainfall disaster in US history — this interactive map

shows how bad it was crossing flowing water is

Leanna Garfield, Skye Gould and Rebecca Harrington
OAug. 31,2017,5:43PM 4 25,369 D E A D I_Y
T [OUISIANA

Cedar Bayou
51.88"

On Friday, August 25, Hurricane H
Christi, Texas, and then continued ¢
and towns along the Gulf of Mexico

unprecedented rainfall leads
to largest flood in
Houston — Galveston history

on top of ... == Hover over the flood zones to
Ee— = see the inches of rainfall as of:

= record-breaking 1000- Aug. 24 (8 p.m. CDT) - Aug. 31 (4 p.m. CDT)
=| year flood in LA
12 months earlier

e = e

SIO15 2024: Topic 19 - Hurricanes & .

Floods — Huricane Helene 2024

.

GA:
N R - Atlanta: heaviest 3-day rain in 104 years
-9/24-9/29 - tornadoes
| - 233 fatalities; $88+B damage = e
i - landfall in FL Big Bend
| - 9+ ft sform surge

= - nearly 900,000 lost power
- tornadoes

I N T = - 19+in of rain in Black Mountains
only 11 months after Hurricane Idalia | - French Broad River 24.7 ft

hit Big Bend .
- 12 fatalities; $3.5B damage Swannanoa River 26.1 ft
ey — both surpassed 1916 record

SIO15 2024: Topic 19 - Hurricanes - St
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Far-reaching Hurmcanes - Storms

2012 Sandy, 7 2019 Dorian
lafe October late August
& merged with winter storm S ‘rode the Gulf Stream’
79 : n oo =g merged with early nor'easter

= Hurricane Sandy.2012

= VHurricarvu_a Dorian 2019

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

- ==

SIO15 2024: Topic 19 - Hurricanes

post-tropical
can affect
Europe

Francine (C2) Rafael (C3)
Gordon (TY
1 Helene
Isaafl (C2)
4= Hovge (TS)
raralities I ik (C4)

£ RuerioiRico: 507 lost power: " September October T November

= East Coast: fip currents -> 2 dead in SC GRS I category 5 157 meh (2252kmn)

3= 111-129 mph (178-208 km/h) i
Category 1= 74-95 mph (118153 kvh) I Gategory 4= 130-156 mph (209-251 kmih) {From fie Safif~Simpson scele)

SIO 15 2024: Topic 19 - Hurricanes & =
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Farrreaching Huricanes - Europe

Ernesto
8/12-8/22
3 fatalities
| PUerio Rico: 50% |ost power
| Ecst Coastirip currents
| > 92 deadin SC
| deadin N€
Galway, IRL: flooding + supermoon tides

Lesiie (C2)
[ Miton (C5)
Nadine (1S)
Oscar (1)
Paty (TS)
Francine (C2) Rafael (C3)
Gorden (TS)
| (C4)
Isaac (C2)
e (TS)
Kirk (C4)

June July ) August " September October ) November
Tropical Depression < 38 mph (<62 km/h) Category 2= 96-110 mph (154177 kmvh) W Category 5> 157 mph (2252kmih)
Tropical Stom = 39-73 mph (63-117 kmh) Category 3= 111-129 mph (178-208kmih)
Category 1= 74-85 mph (118-153 kmvh) I Category 4= 130-156 mph (209-251 kmih)

(From the Saffir-Simpson scale)
SI015 2024 Topic 19 - Hurricanes & S

Kirk
9/29-10/13
- very unusual frack
8 - | faiality (France)
- litfle warningin EU as frack changed
- record rainfallin k
8 6 iornadoes upon landiallin
- floedingin k, B, L

Rafael (C3)

June Juy

Tropical Depression < 38 mph (<62 km/h)

Tropical Storm = 39-73 mph (63-117 knvh)

Category 1=74-85 mph (118-153 kmvh)

Category 2= 96110 mph (154-177 kvh) B category 52 157 mph (=252km/h)
Category 3= 111-129 mph (178-208 km/h)

I Category 4= 130-156 mph (209-251 km/h) {From fie Safif~Simpson scele)




Far-reaching Hurrcanes

2023 Dora

? July 31 — August 11

Cat 4

can affect weather in Alaskal ==

2023 Atlantic HUmcanes

B Source: Wikipedia

Januay  Febrary  March April
Tropical Depression = <38 mgh (<62 km/h)
Tropical Storm = 39-73 mph (63117 kmvh)
Category 1=74-95 mph (118-153 knvh)

May June July August September  October November  December

Category 2= 96~110 mph (154-177 knvh)

Category 3= 111-129 mph (178-208 km/h)
I Category 4= 130-156 mph (209-251 km/h)

* hurricane season: Jun —
» peak season: late Aug/early Sep
y - 2023 somewhat unpredictable

M category 5= 2157 mph (2252km/h)
(From the Saffir-Simpson scale)

Nov

11/8/24
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2023 Atflantic Hurricones

Source: Wikipedia

calm, late ferocity =
Frarklin (C4)
/ (TS)
/ | Katia (1)

January February March April May June August September  October
CatagolyZ 96-110 mgh (154-177 kmvh) M category 5= 2157 mph (2252km/h)
178-208 km/h)
' (From the Saffr |dO|IO NW. F\ondo

December

| Tropical Depression = sasnu.(«zmm
I cotonon o 111-129

Oftis:Acapulco

[0 Lida (C4)
Max (TS)
| (C4)
I otis | C5)
Pilar (TS)

tober ’ November
Category 5= 2157 mph (=252km/h)
Lidia: Puerto Vallarta

' June
e
= o7 Dora: Alaska
|| Categoty4 130-156 mph (209-251 kmvh)

Category 1=74-85 mph (118-153 kmvh)

= Cape Vérde type
What is the other type?
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Hurricane Ofis

E [Uesday 110y24; (O SUNG G 10/22:
8 © expectilandfallWed 10/25 = dissipares as B, nolandiall
‘ e : e e

ote: The cone contains the probable path of the storm center but does not show
the size of the storm. Hazardous conditions can occur outside of the cone.

ZCZC MIATCUEP3 ALL
-~ TTAA0@ KNHC DDHHMM

Hurricane Otis Tropical Cyclone Update
NWS National Hurricane Center Miami FL EP182023
1100 PM CDT Tue Oct 24 2023

«+.POTENTIALLY CATASTROPHIC CATEGORY 5 HURRICANE OTIS STILL
STRENGTHENING AS IT NEARS THE COAST OF SOUTHERN MEXICO...

Recent satellite data indicate that Otis continues to strengthen.
The maximum sustained winds are now estimated to be near 165 mph
(270 km/h) with higher gusts. Otis is a category 5 hurricane on
the Saffir-Simpson Hurricane Wind Scale. Otis is forecast to
remain a category 5 hurricane through landfall overnight.

"', SUMMARY OF 1100 PM CDT...0400@ UTC...INFORMATION

LOCATION...16.3 99.7W
ABOUT 45 MI...70 KM SSE OF ACAPULCO MEXICO
MAXIMUM SUSTAINED WINDS...165 MPH...270 KM/H
&% PRESENT MOVEMENT...NNW OR 345 DEGREES AT 9 MPH...15 KM/H
5 MINIMUM CENTRAL PRESSURE...923 MB...27.26 INCHES

— - 2 Hurricane Otis Current information: x Forecast positions:
—landfaitbefore- Ipm A DY Advaon 0 Kiimosssaainod wid 725 o St~ s
—We dr}egday / NWS Na‘(io,@ Hurricane Center Movement NNW at 8 mp.h $39-73 mph H 74»1 10 m.ph M> 1.10 mph
flesswarning fimet)- om0 e o+ Miorons B Top s Mricgn BT 30 M BT

Hurricane Ofis

W eelpieselely 1€)/29; === ==

s cand ~ result of warmer-than-normal
“explosive. development’ — fropical ocean
(fromiISTiercar s5in 12 h)
SIroNgESst everie:make: landia
in East Pacific 15

AcapUlco devasiaied

27+ fatalifies

807 horels damaged
£ landslides

= EQ-EW: 2701 100,sIaliofs,
€ nof communicaling

Source: Basler Zeitung, CH; AP
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typhoons

0, 5
12% S

12%

cyclones

O [0 (] 2] 30 @ .

Safflr Simpson Hurricane Inten5|ty Scale

NASA's Earth Observatory

. mos’r humcones in W. Pocmc (Typhoons)
» more hurricanes in E. Pacific than in Atlantic
¢ Indian Ocean: cyclones

- Hurricane paths:

N hemisphere: clockw.

S hemisphere: counfercw.

Hurricane winds:
N HS: ccw S HS: cw.

11/8/24
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2024° Atlantic HUMIC@NES
=5

:. Beryl:
& Venezuela -> TX
71 fatalities

June Juy fotembe
I Topeal Depresson <38 mpn <62 k) Catgory 2=96-119ffh (154-177 ki) B Gategory 52 157 mph (2252kmih)
Tropical Storm = 36-73 mph (6 G208 kmih)
Catgory 1-74-65 mh (116- 4 He|ene FL, GA, SC, NC o Ui MIHOV’\ FL

= 2004 Pocmc

for (TS), 2 S
MITS . not in 2024
Carlotta (C1) (C3)
Daniel (TS) ElevenE (TD)
S e Kristy: from ATI Nodme
Fa;io(TS) Lane (TS)
(C4) 1! Fourteen-E (TD)
Hom(Cﬁ

iy ) August smm John: Oaxaca, Guerrero

I"] Tropical Depression = <38 mph (<62 km/h) Category 2 |
T e e Hone Hawaii Acapulco (after 2023 Ofis!)

Category 1= 74-esm(ne-|5anmu I Category 4= 130-156 mph (20-251 kmih) Gy 29 fatalities
e = : same time as Helene

46

2024" Atlaniic HUmcanes

Venezuela -> TX

June July i August
| TmpcalDep'assm<Im(<82mm Catagmyz 96-110/p (154_177kmrm I category 5 157 mph (2252kmih)
Tropical Storm = 39-73 mph (6 e 208 km/h)
Catogory 1= 74-65 mph 116-14 Helene FL GA SC, NC & 5|kmm) TR I\/\I|TO tFL

—= 2024 Typhoohs

e

Malksi

* 5ih-|atest start
*deadliest since 2013
* 41 costliest in Pacific (Yagi)

I Tropical Depression = <62 km/h (<39 mph) Severe Tropical Storm = 89

| Philippines -> Thailand
Tropical Storm = 62-88 kmh (39-54 mph) Typhoon = 118-156 kmih (ECYIV R TQ I T@ LN I[= 1)
$1015 2024 Topic 19 < Hurrican =y VVIeTnom 325; Myanmar 433

14
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HUrricanes - PolifiEs

s Harnvey: Category 4

+ $70B damage

... 3@ costliest on record
» 84 fatalities

 8/28 12,000 National Guard
Houston, TX I

Politics:
TX governor: evacuate Houston!
Houston mayor: shelter in place!

SIO15 2024: Topic 19 - Huricanes S

51

n evacuated
tal of 7 Mio people

15



Polifics: 2005 Hurcane Rii@

9/21/05 » Cafegory 5
s .. 4 * stronger than Katrina
# » Galveston and Houston, TX
g . 41 most infense in Afl
-1+ $12B damage
- * ~ 100 fatalities, only
! 7 direct

9/8/17 2017 Atlantic Hurficanes

MONSTER STORM IRMA™
HEADS TOWARD FLORIDA

Cofegory 5
“2nd stfrongest on
record in Atlantic”
. in tferms of sustained
wind speed (305
= km/h) ...
=+ $63B damage
& ... 4! costliest on record
= « 124 fatalities (80 U.S.)

PSR
GERBENVANSA

the Dlltch terrlwry of 8t. Murten
able e

[ergency zone

11/8/24
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Politics: 2017 Hutcane Moror

9/19/17 Cafegony 5... explosive intensification in 24 hours ...
« hif'Puerio Rice as Cali 4; worst since 1928
+> $50B damage; 97+37 fatalities (as of 11/16)
+ $92B final
» 70% without power on 10/30; power not restored
unfil 6 months later

ot
Source: NOAA, Wikipedia s 24 JULY 2017

POST HURRICANE MARIA - 24 SEPT. 2017 —

2018 Hurricane Waloka — Hawaiian Nafure Reserve

»2"d Cat 5 in C. Pacific in 2018

»2"9_strongest in C. Pacific by central
pressure (after 2006 loke)

»East Island (French Frigate Shoals)
swept away
majors nesting ground for
endangered Green sea turtle
and critically endangered Hawaiian
monk seal

g hurricanes and low-lying sandbar
2 islands or atolls

RTINS

May, 2018 - East Island
French Frigate Shoals

October, 2018 -
Following Hurricane
Walaka
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