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SIO15: Natural Disasters — Forces&Energy.
https://geowiki.ucsd.edu/sio15

SIO15 2024: Topics 01/02: Nat. Disasters/Forces and Energy

Office Hours/Discussions

Office hours: Canvas/Zoom

» Laske

» Canvas/Zoom starting 9/30

» Mon 5:00 - 5:50 pm

> waiting room!

» no discussion of course materiall

no test/HW due this week
tfomorrow: HW 1 online
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Hurricane Helene

will'be discussed later this quarier

Last update Mon, 30 Sep 2024 18:44:

Top News of the Day... view past news

* NHC issuing advisories for the Atlantic on TD Joyce and TS Kirk

* Last advisory issued on Isaac
* Marine warnings are in effect for the Atlantic
« NHC Cone Heads in a New Direction

Central Pacific Eastern Pacific Atlantic

Tatiantic Tropical Cyclones
and Disturbances

01:50|PM|ED];
[Mon|Sep!302024)

Current Disturbances and Two-Day Cyclone Formation Chance: ~ $3 <40% 83 40-60% % >60%
Tropical or Sub-Tropical Cyclone: O Depression & Storm @ Hurricane
@ Post-Tropical Cyclone or Remnants
Active Storms | Marine Forecasts
2-Day Graphical Tropical Weather Outlook | 7-Day Graphical Tropical Weather Outlook
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OAA eole

Seven-Day Graphical Tropical Weather Outlook
National Hurricane Center Miami, Florida
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Current Disturbances and Seven-Day Cyclone Formation Chance:
Tropical or Sub-Tropical Cyclone: O Depression © Storm @ Hurricane
® Post-Tropical Cyclone or Remnants

NUMEroUS fornadoes
extensive flooding
100+ fatalities

source: NHC/NOAA

3 <40% &8 40-60% ¥ >60%
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NHC/NOAA 7-day forecast - Pacific

Seven-Day Graphical Tropical Weather Outlook

U National Hurricane Center Miami, Florida

e L o .
+Central Pacific t All Disturbances

currently yellow
on front page

110:42JAM|PD]T§
Mon|SepI30/2024)

Current Disturbances and Seven-Day Cyclone Formation Chance: $3 <40% $8 40-60% 3 >60%
Tropical or Sub-Tropical Cyclone: O Depression © Storm @ Hurricane
® Post-Tropical Cyclone or Remnants

source: NHC/NOAA
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Some Not so Obvious Natural Disasters

heat waves

droughts

cold snaps

global climate change
solar storm

pandemics

Why care/discuss?

» humans are increasingly affected
 humans have an increasing impact
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Heat Waves

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

World Meteorological Organization:

“daily max. tfemp exceeds average max. tfemp by
5°C (9°F) for > 5 consecutive days”

typically form near H air pressure system
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The 2003 Europe Heatr Wave

“hottest summer in 500 years”

¢ (last record heat: 1757)

“London hotter than Cairo”

“WWII vessel in Danube”

“record wine!”

Fatalities

35,000

France: 14,000
Germany: 7,000
NelellgH 4230
[taly: 4175

UK: 2045

Temperature Anomaly ('C)

.10 < g P Ll source: Wikipedia
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The 2022 Europe Heat Waves

EUROPE
Extreme Maximum Temperature (C)

2022 Heat waves

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

France:

nuclear reactor shut-down
b/c low river level

-> severe problems with
power generafion (AC?2 EVs?2)

Fatalities - 23,000+
source: Wikipedia France: 11,000
Germany: 8,100
Nelellgk 2,900
Portugal: 1,100
SIO15 2024: Topics 01/02: Nat. Disasters/Forces and Energy

The 2023 Europe Heat Waves (Jun = Sep)

7/10++ 2023 Cerberus Heat wave hottest temps every

recorded in Europe
- particularly SE and SW

N
A 150km

Fatalities:

- "2003: 70,000

| 2022: 61,672
2008 |

source: Wikipedia 17 201 2021 2023 2009 2011 2013 2 23 E 2013 2015 2017 2019 2
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Global Heat Waves

2022 Japan
heatwave

] 2022

“Human impact on
Global warming
doubles likelihood

2021 of such events”

source: Wikipedia
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Northern
Hemisphere

Europe

N Africa

North America
Greenland

=W el

Welile\Wile[SK
source: Wikipedia warmest
month ever

enhanced by El Nino recorded
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Global Heat 2023 - Oceans

DAILY SEA SURFACE TEMPERATURE 60°S-60°N ( Climate

' Change Service
Data: ERAS 1979-2023 « Credit: C3S/ECMWF

198 hottest since 1979
196 excludes Arctic

194
FEB MAR APR MAY JUN JuL AU SEP ocT \[e)% DEC

JAN
source: Wikipedia [
THE EUROPEAN UNION oper

SEC locally: corals
~7 bleach if AT> 1-2°C
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Global Heat 2024 - Oceans

A\ Climate
Extrapolar global ocean (60°S-60°N) Ill Change Service
Data: ERAS 1979-2024 « Last data: 03 Apr 2024 « Credit: C3S/ECMWF
212

/\»,/‘“M2024 2023

204

o Other-years since 1979

Temperature (°C)

Daily sea surface temperature

Apr May Jun Jul Aug

PROGRAMME OF . :
~~
THE EUROPEAN UNION (opemlcus € 'EC MA

locally: corals
7 bleach if AT > 1-2°C
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Fatalities and Losses in the U.S.

Cumulative Billion-$-Losses Average Annual Death Rate
in U.S. (1980-2003) in U.S. (2002-2021)

heat waves/droughts: 144 heat waves: 112
hurricanes (B.K.): 102 floods: 86
floods: tfornadoes: 78
cold-weather storms: : . wind: S1
wildfires: . == hurricanes: 32
tfornadoes: cold snaps: 32
o R i q rip currents: 57
source:NWS/NOAA
2024: CDC says 1000+ heat deaths

et

source: MunichRe™

of all severe weatherin U.S., on average,
heat waves are #1 killer
heat waves lead to highest economical losses
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Fatalities and Losses in the U.S.
Munich RE

Insights  Risks  Solutions  Company Careers

this is only early 2024 ...
... before heat waves
and hurricanes!

Reinsurance

Severe thunderstorms
and flooding drive ',
natural disaster losses
in the first half of 2024

floods: most properties
cannot get flood insurance!

Media Release
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Energy Sources and Forces of Disasters

[Teigres: an average hurricane (10 days)
releases as much energy as the
Mw=9.5 5/22 1960 Chile earthquake

Book chapter 2
watch short
videos!

wikipedia

«from Sun «from Earth/plate tectonics
fusion Es = 5300 * E¢ sprimordial+fission
Jlatent heat *potential energy
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. . TOQUI Or repr

10km Meteorite impact
Meteorite impact
(10 km diameter, 20 km/sec velocity)

10%

Earth's daily receipt of solar energy

102 Earth’s annual internal heat flow

Average hurricane H u rriCO ne

(10-day fetime)

Jaska 1964
:;::ulko ez Alaska 1964

World's largest
nuclear explosion

Chile 1960 chil 1960 sarthquake (M9.5)

I } Average annual seismic
energy release on Earth

IGrGESHNUKEN Momiasi=

o
Hurricane
N (kinetic energy)

Mount St. Helens eruption MT ST Helen

1 megaton nuclear

Average annual
explosion

102 |- seismicity in
continent interors

Energy (Er
(logarithmic s«

The Enérgy
of Disasters

Hiroshima 1945 atomicboms  HIFOSNIMA

T

107 =
Electrical energy of
typical thunderstorm
Average torado (kinetic energy)  TOrNAO
10" I~

||gh’rn|ng bolt Lightning bolt
10"
VAP
20 40 60 80 100 120
_ Equivalent moment magnitude (M) —
SIO15 2024: Topics 01/02: Nat. Disasters/Fg (unifless numbers)
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Forces, Energy and Power

» force: acts on body

e energy: work done on body or
capacity to do work

» power: work done per time

s

~— 5]

F proportional to:

°*mMass m

] “mxa
e acceleration a F=m

Short video 2a
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Potential and Kinetic Energy on a Slope

energy can be fransferred
from one type to another

he Gravitational Force and Potential Energy

top:
pot. energy

middle:
mixed

bottom:
kin. energy

Epot Ekin

Fig. 2.4
example for a mass movement
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Short video 2a Forces - Potential Energy short video 2b

energy that is stored in some
form to be later used

=

Ne\;vfon’s App[‘é 7

‘loading’ potential energy by
exerting a force

| strain

Fig. 2.5

Fig. 2.3

Fig. 2.6
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Force and Deformatfion on an EQ Fauli
Fig. 2.5

Short video 2b

cause:

force <-> stress
' T

e xx [ Consequence: ‘ )

| deformation <-> strain [
| s .

o
poe

Stress
| Strain

strain is a result of stress

example for an earthquake
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Basic Types of Energy.

short Videos on forces, energy (topic 2)

» potential (e.g. landslide, earthquakes, plate tectonics)

* kinetic (e.g. wind storms, landslides, volcanoes)

e rotational (e.g. Earth, Earth-Moon, tornadoes, landslides)
* heat (e.g. volcanoes, plate tectonics, severe weather)

= infernal heat & & external heat
“primordial” + SUN ﬁ
radiogenic .
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Earth’s 4 External Sources of Hea

»>Earth’s surface receives 5300 times more heat from sun
than from inside
»sun's energy produced by nuclear fusion

Sun provides huge amounts of energy to
drive weather disasters
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Earth’s 4 Internal Sources of Heat

» numerous early impacts during formation

» early gravitational compression primordial heat
> differentiation (sinking of heavier elements)

» decay of radioactive elements (fission)

Impact of
— asteroids
~~ and comets

Decay of
radioactive
elements

Gravitational
contraction

Differentiation
into layers

source: P. Abbott “Natural Disasters”
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Latent Heat
“hidden heat”

Heat Capacity: ability to absorb heat while temperature rises slowly

#;,'j'; ;

0.00031
cal/ecm3/°C
Quartz Sand: 0.31
Granite: 0.51
Water: 1.0
Aluminum:  0.215
Copper: 0.0924
Glass: 0.20
Human body: 0.83

Table 2.1

» water has high heat capacity!
* serves as moderator
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The 3 Phases of HQO

T Nellfe!
» Ice

» water
» water vapor «———— gas

e

liquid

o -

any phase change costs or releases energy

water vapor

334 J |
334 J

-
melting (endothermic)
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Latent Heat, Evaporation and Condensation

Evaporation i+ water vapor
..+ loses heat

water vapor

gains heat condensation:
water vapor releases heat

Fig. 2.13 it takes 600 cal to
evaporate 1g water
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4 Ways to Transport Heat

« conduction (energy passed between vibrating atoms)
s radiation  (EM waves, no particle movement)

« diffusion  (migration of single particles)

» convection (mass transport; MOST EFFECTIVE)

Hot, less dense
water rises

%
©
o
Flames
Water cools,
becomes

more dense,
sinks

Source: P. Abbott “Natural Disasters”

Earth’s Infernal Heat and Mantle Convection

* mantle moves/convects over geologic times (a few cm/yr)
* -> plate tectonics on surface

» -> eartfhquakes, volcanoes, uplift and landslides

Atlantic Ocean Mid-Atlantic
Ridge

South
America

Lithosphere Asthenosphere

Ocean
trench

Pacific ™ [ Outer core
Ocean

a little bit like this

of a Planet, 2nd Edition
W. Norton & Company

Source: S. Marshak “Earth, Portrait of a Planet”
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