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SIO15: Natural Disasters
https://geowiki.ucsd.edu/sio15

• all lectures will be recorded 
via UCSD podcast
• check your UCSD emails regularly
for announcements

SIO15 2024: Topic 01 - Natural Disasters 

Francis Nguyen

George LeeAnusha Goswami Caitlin Lee

Teaching Assistants

Tatiana Sihpol Chloe Weeks
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Gabi Laske
Professor of Geophysics
Structural seismologist

Instructor

IGPP (Institute of Geophysics and Planetary Physics)
SIO (Scripps Institution of Oceanography)
Email: glaske@ucsd.edu

!!! Use your UCSD email address
- subject line SIO15
- sign with your FULL NAME

SIO15 2024: Topic 01 - Natural Disasters 

FQ 2024

https://geowiki.ucsd.edu/sio15

video #1 on logistics and class website

Watch all videos – they are test material!
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FQ 2024
https://geowiki.ucsd.edu/sio15

Homeworks – HW1 10/1 – due 10/8

wrong course entry code

SIO15 2024: Topic 01 - Natural Disasters 

FQ 2024

Canvas: 
Mondays - weekly for-credit test

first one 10/7

no final exam!
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Office Hours/Discussions
Office hours: Canvas/Zoom

Ø TAs
Ø optional/no-credit; starting 10/7
Ø York 3030, Mondays 4:00 – 4:50 pm
Ø discussion of course material
Ø mostly recap of previous week

Ø Laske 
Ø Canvas/Zoom starting 9/30
Ø Mon 5:00 – 5:50 pm
Ø waiting room! 
Ø no discussion of course material!

Discussion sessions:

SIO15 2024: Topic 01 - Natural Disasters 

Obvious Types of Natural Disasters

• earthquakes
• volcanoes
• landslides
• floods
• hurricanes 
• tornadoes
• storms
• wildfires
• impacts of space objects

Most frequent
Many causes
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2024 Atlantic Hurricanes

Source: Wikipedia

only two C2 so far
Helene C3 this week?

2024

Helene
- GoM type
- M = cat 3 
- FL landfall 9/27

Source: 
NOAA/NHC
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2024 Hurricane Helene – Power Outages
Source: poweroutage.us over 4 million 

customers!
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2024 Atlantic Hurricanes

Source: Wikipedia

Season: Jun – Oct
Peak: late Aug
• 2024 “quiet so far” 

2023

2024
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2024 Atlantic Hurricanes

Source: Wikipedia

Season: Jun – Oct
Peak: late Aug
• 2024 “quiet so far” 

2023

2024

Hurricane Beryl
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2024 Sea Surface Temperature
Source: NOAA

Sep 24 SST
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2024 Sea Surface Temperature
Source: NOAA

Sep 24 SST

Sep 24 
anomaly

typically:
more Atl hurricanes 
during La Niña

… but winds are 
different this year
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2024 Atlantic Hurricanes

Source: Wikipedia

only two C2 so far
Helene C3 this week?

2024

Ernesto
- Puerto Rico
- 700,000++ lost power
- 3 fatalities on East Coast ???

rip currents!

also affected 
Ireland/UK
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2024 Atlantic Hurricanes

Source: Wikipedia

only two C2 so far
Helene C3 this week?

2024

Francine
- GoM type
- short warning time!!
- formed 9/9 – landfall LA 9/11
- $1.5B damage
- rain: 12” in AL! 13” FL

knocked out 39% oil/gas production
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2023 Pacific Hurricanes - Otis

• cat 5
• Oct 22 – 25
• extremely short warning!
• strongest landfalling Pac hurricane
• devastated Acapulco
• > 52 fatalities
• $12-16B damage 
• costliest in MX history,

incl. GoM hurricanes

Source: Wikipedia

more hurricanes in E Pacific 
than in Atlantic!
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2023 Pacific Hurricanes - Otis
Sources: 
weather channel
Al Jazeera
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2023 Pacific Hurricanes - Hilary

• cat 4
• Aug 16 - 21
• 4 fatalities/Mexico
• nearly $1B damage ($15M in MX)
• landfall S.D. as TS (first since 1858)

Source: Wikipedia

• more hurricanes than in Atlantic
• usually dissipate before reaching U.S.

(b/c cold California Current)

epic flooding in Death Valley
$900 M damage in Inyo countypredicted
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2023 Wildfires - Canada
Source: wikipedia

• started in March 2023
• lasting into fall 2023
• 43.5M acres
• most-area-burned in CAN history
• 6,400 fires
• 6 fatalities
•155,856 evacuated
• bad air along East coast/Europe
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2023 Wildfires – Maui, HI
Source: wikipedia

• pushed by strong trade winds
• 97+
• deadliest in modern U.S. history
• 2000 buildings in Lahaina
• cause: powerline
• lack of warning/communication
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2024 Wildfires – SoCal 
Source: wikipedia

quiet until September
(NorCal had burned 400k acres by then)
then 3+ at once:
9/5 Line Fire (San Bernardino), 40k acres
9/8 Bridge Fire (LA/San Bernardino), 55k acres
9/9 Airport Fire (Orange), 25k acres
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2024 Wildfires – SoCal 
Source: wikipedia

cause:
9/5 Line Fire:     arson
9/8 Bridge Fire: under investigation
9/9 Airport Fire: equipment sparks

Ø evacuations
Ø buildings destroyed (1+81+160)
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2024 Wildfires – U.S.

Source: wikipedia

to date:
CA nearly 1M acres
AK  6.6M acres 
(701 fires, 426 human = 61%)
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2024 Wildfires – U.S.

Smokehouse Creek Fire

SIO15 2024: Topic 01 - Natural Disasters 

2024 Wildfires – U.S.

earth.nullschool.net

Surface Winds
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2024 Wildfires – U.S.

earth.nullschool.net

Surface Winds

3.5 days earlier …
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2019 Wildfires: Indonesian Rainforest

Borneo
Feb – at least Oct
cause: 
‘illegal’ slash-and-burn
for oil palms/timber/paper pulp
-> industrialized nations

source: Wikipedia

Borneo: deforestation 
increasing since 2010 
despite 2011 moratorium

2007 WWF:
“Borneo has unique
species”
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2019 Wildfires: Indonesian Rainforest
source: yaleE360
global forest watch

link to YaleE360 Malaysia

Indonesia 
deforestation:
world’s 3rd-worst 
contributor to CO2

after China, US

Borneo (Kalimantan)

Sumatra lost 1/3 of its 
forest between 1990 
and 2010

Sumatra and Kalimantan 
forests sit on peat 
-> more CO2 released
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2019 Wildfires: Indonesian Rainforest

Burning rainforest
² extinction of unique species
² displacement of indigenous

people -> conflicts

source: Wikipediatropical rainforests have most biodiversity on Earth

orangutans live only in
Borneo and Sumatra

Borneo orangutan 
critically endangered 

Oil Palm nursery - source: Greenpeace

https://e360.yale.edu/features/despite-government-pledges-ravaging-of-indonesias-forests-continues
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2019 Wildfires: Indonesian Rainforest

displacement of indigenous people -> conflicts

source: Wikipediatropical rainforests have most biodiversity on Earth

Dayak vs Madurese migrants

fights in 2001 claimed 1000s of lives

SIO15 2024: Topic 01 - Natural Disasters 

2019 Wildfires: Indonesian Rainforest

Kuala Lumpur, Malaysia

source: Wikipedia

Countries also burning:
Thailand (for rubber trees)
Vietnam
Malaysia

Countries affected:
Malaysia
Singapore
Brunei
Philippines
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• cold snaps
• heat waves
• droughts
• global climate change
• solar storm
• pandemics

Some Not so Obvious Natural Disasters

• humans are increasingly affected
• humans have an increasing impact

Some other time
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COVID-19
SARS-COV-2
dec 2019 - ???
infected: (9/29/20) 33.5 M
fatalities: 1 M
fatality rate 3.0% 

infected: (1/2/22) 289 M
fatalities: 5.4 M
fatality rate 1.9% 

Pandemics

normal flu: 0.1%

corona virus: SARS; common cold

depends on hospital 
capacity/social

distancing/vaccine/
mutation

infected: (9/22/22) 614 M
fatalities: 6.5 M
fatality rate 1.1% 
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COVID-19
SARS-COV-2
dec 2019 - ???
infected: (9/22/22) 614 M
fatalities: 6.5 M
fatality rate 1.1% 

Pandemics

normal flu: 0.1%

Historic
Plagues more 

deadly!
>30% of 

population

1918 Spanish flu:
H1N1 influenza A
Feb 1918 – Apr 1920 (4 waves)
infected: 500 M (1/3 world population)
fatalities: 17-50 M
fatality rate 3-10% (some say 20%)
one of deadliest pandemic in human 
history

2009 Swine flu

SIO15 2024: Topic 01 - Natural Disasters 

definitions vary!
depends on country/state/location/organization

World Meteorological Organization:

“daily max. temp exceeds average max. temp by 
5ºC (9ºF) for > 5 consecutive days”

typically form near H air pressure system

Heat Waves
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Fatalities
35,000
France:      14,000
Germany:    7,000
Spain:           4230
Italy:             4175
UK:               2045

“hottest summer in 500 years”
(last record heat: 1757)

“London hotter than Cairo”

“WWII vessel in Danube”

“record wine!”

104ºF in 
many places

The 2003 Europe Heat Wave

source: Wikipedia
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The 2003 Europe Heat Wave

source: Wikipedia

2022 Heat waves 
and drought 
-> severe problems 
with power 
generation
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“Human impact on
Global warming 
doubles likelihood 
of such events”

The 2003 Europe Heat Wave

source: Wikipedia
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The 2022 Europe Heat Waves

source: Wikipedia

2022 Heat waves 
and drought 

France:
nuclear reactor shut-down 
b/c low river level
-> severe problems with 
power generation (AC? EVs?)

Jun – Sep:
record temps: Portugal - UK
wildfires: Portugal, Spain, 
France, Greece

Fatalities - 23,000+
France:      11,000
Germany:    8,100
Spain:           2,900
Portugal:      1,100
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2021 Pacific Northwest

source: Wikipedia

jun 25 – jul 7
121.3ºF/49.6ºC 
Lytton, BC
> 1400 fatalities

(600 in US)
$9B damages

6/28 Mt. Shasta
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“Human impact on
Global warming 
doubles likelihood 
of such events”

Global Heat Waves

source: Wikipedia

2022 Japan 
heatwave

2003

2022

2021
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Cumulative Billion $ Losses 
in U.S. (1980-2003) 

heat waves/droughts:  144
hurricanes (B.K.):            102
floods:                               55
cold-weather storms:      28
wildfires:                            13
tornadoes:                          7

heat waves:   131
tornadoes:       84
floods:               82
hurricanes:       62
wind:                 53
lightning:          38
rip currents:    53 (2006-2015)

Average Annual Death Rate
in U.S. (1996-2015) 

source: Munich Re

Fatalities and Losses in the U.S.

of all severe weather in U.S., on average,
heat waves are #1 killer
heat waves lead to highest economical losses
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Heat Waves

ØHeat wave
ØDrought
ØWildfires
ØLow air quality

source: NASA Earth Observatory



9/27/24

23

SIO15 2024: Topic 01 - Natural Disasters 

Heat Waves

source: NASA Earth Observatory

June 2020
Verkhoyansk:
First 100ºF 
EVER!

SIO15 2024: Topic 01 - Natural Disasters 

source: Wikipedia

source: NASA Earth Observatory

2020 Wildfires in Siberia – Peat/Turf

Ø accumulation of partially decayed matter
Ø in swamps, bogs, moors, wetlands (slow decomposition)
over geologic times: turns to low-grade coal (P and T!)
peat can be harvested and use as fuel
Ø drought/drainage of wetlands -> peat can burn underground
Ø difficult to extinguish/fight fires
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source: Wikipedia

Moscow in June and 
August

source: NASA Earth Observatory

40ºC = 104ºF

The 2010 Russia Heat Wave and Wildfires

Ø heat waves early June – end of July
Ø controversial previous drainage of wetlands 
Ø dried peat bog on fire for > month
Ø 750,000 acres
Ø SMOG!!! CO 4x normal
Ø 56,000 fatalities (54 in wildfire)
Ø $15 billion damages
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most frequent event:
highest single-event 
fatalities:

area with most fatalities:

floods
hurricanes, EQs (each 
~450,000)

Asia

source: Munich Re

high population density
unfavorable location

Some Numbers: Death Rates (1947-1980)
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• 2021 Texas Freeze ($197Billion)
• 2005 Hurricane Katrina ($125 Billion)
• 2017 Hurricane Harvey ($125 Billion)
• 2017 Hurricane Maria ($92 Billion)
• 2012 Superstorm Sandy ($69 Billion)
• 2021 Hurricane Ida ($65 Billion)
• 2017 Hurricane Irma ($ 65 Billion)
• 1989 N. A. Drought ($53 Billion)
• 2014 N.A. Drought (> $50 Billion)
• 1994 Northridge Earthquake ($49 Billion)
• 2008 Hurricane Ike ($38 Billion)
• 2005 Hurricane Wilma ($27 Billion)
• 1992 Hurricane Andrew ($27 Billion)
• 2004 Hurricane Ivan ($26 Billion)
• 2018 Hurricane Michael ($25 Billion)
• 2018 Cali Wildfires ($24 Billion)
• 2020 Hurricane Laura ($19 Billion)
• 2005 Hurricane Rita ($19 Billion)
• 2004 Hurricane Charley ($17 Billion)
•1993 Mississippi Flood (>$ 15 Billion)
• 2016 Hurricane Matthew ($15 Billion)

The Costliest Disasters in U.S. History

… NEVER 
MENTIONED
IN ANY OFFICIAL 
LIST

Source: wikipedia

Prolonged Floods:
underappreciated 
less newsworthy
no flood insurance
-> less insured losses

Not inflation-adjusted
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1) Japan: Tohoku EQ 2011              
(360/35)

2) USA: Hurricane Katrina 2005    (125)
3) USA: Hurricane Harvey 2017    (125)
4) Puerto Rico: Hurr. Maria 2017    (92)
5) USA: Superstorm Sandy 2012    (69)
6) USA: Hurricane Irma 2017         (65)
7) USA: Drought 1988/89               (53)
8) USA: Drought 2012/13               (53)
9) Thailand: Flood 2011                  (46)
10) USA: Hurricane Andrew 1992    (27/43)  
11) USA: Northridge EQ 1994           (49/21)
12) USA: Hurricane Ike 2008            (38/21)
13) USA: Hurricane Ivan 2004          (26/15)
14) USA: Hurricane Wilma 2005       (27/15)

country with 
largest 
(insured) 
losses:
USA

Pakistan Flood (2010)
$42B

•Swiss Re: insured 
losses
•updates from 
wikipedia

Mississippi Flood (1993)
$12B

Numbers: Insured Losses in $B (1970-2017)
Wiki:
2) 1995 Kobe EQ 197
3) 2008 Sichuan EQ 148
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source: Munich Re

64% of world’s losses in North America

Numbers: Insured Losses (1980-2012)
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76 yrs ave: 123
30 yr  ave:   48
10 yr ave:    27  

Lightning has a 
downward trend

76 yrs ave:   44
20 yr  ave:    62
10 yr  ave:    9.1 (!) 

hurricane statistics dominated 
by single events

Some Weird Statistics: U.S.
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Marked decrease in fatalities up to late 1900s
But decline not continuing !?

More new homes with less tornado shelters !!

Some Weird Statistics: U.S.
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30 yr  ave: 130
10 yr ave:  101 

Typical Year – Last 20 Years
Hurricanes:    30
Heat Waves: > 100

Heat waves are currently #1 killer 
and cost most!

Some Weird Statistics: U.S.


