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Lecture 2

Earthquake Hazard and Risk

Valerio Poggi
Seismological Research Center (CRS)
National Institute of Oceanography and Applied Geophysics (OGS)




Natural Hozards
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Global Losses

Natural loss events worldwide 2015 Munich RE ;==f
Geographical overview

Severe storms Hé;%é::;?;r Winter Storm Niklas Earthquake @ Geophysical events
?_81}?] ror Egrﬁpe' . Pakistan, Afghanistan, (Earthquake, tsunami,
Severe storms T ki - Tornado volcanic activity)
USA China,
23-28 May 1 Jun @ Meteorological events

(Tropical storm,
extratropical storm,
' convective storm,
Wildfire

Heat wave |
ocal storm
o Europe, Typhoon Soudelor )
12 Sep—8 Oct Jun—Au i i .
’ Flash floo dj &-‘231‘;’;’3;\13”“3”’ @ Hydrological events
Bg:ol\lght USA (Flood, mass movement)
Jan—Oct 2-6 Oct Typhoon Mujigae

China, @ Climatological events
1-5 Oct
g (Extreme temperature,

H *winfer storm drought, forest fire)
Severe storms Heat wave [ Australia,
USA, India, Pakistan 4°8% ® 49 24 Apr

Flash floods

18-21 Apr May—Jun
Ghana, i -
Landslide 2-5 Jun
1,060 Guatemala, o Loss events
Loss events 1 Oct Earthquake
Flash floods Floods Nepal, ; O selection of
Chile, Malawi, Mozambique 25 Apr
23-26 Mar Jan—Mar ) IS
Source: Munich Re, NatCatSERVICE, 2016

The United Nations estimates natural disasters and hazards in the past 20
years have affected four billion people, claiming 1.3 million lives, with a cost
of around two trillion dollars in economic losses.
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Earthquaoke Hazard

GLOBAL SEISMIC HAZARD MAP

Preduced by the Global Seismic Hazard Assessment Program |
a demonstration project of the UN/International Decade of Natural Disaster Reduction, conducted by the IDNDR
1990 - 2000

GFZ
International Lithosphere Program. 1990 - 2000

e —
Global map assembled by D. Giardini, G. Griinthal, K. Shedlock, and P. Zhang
1999

60% of the world population lives in countries with a significant seismic

hazard
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Where do Earthquakes Occur?

Not a uniform
pattern!
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90% most of the worlds seismicity occurs long the Ring of Fire
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How often do Earthquakes occur?

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

Do earthquakes occur
uniformly in time?
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Why gaps in the record?
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Occurrence in Numbers

Earthquakes occur actually quite often (more than we expect)
However, large magnitude earthquakes are rather infrequent.

é )
Magnitude Description Nurr\w(ber nl One Quake
ear Every

8+ Great <1 1--2 years
- 7.0-79 | Major | 17 | every 20days
~ 6.0-69 | Large | 135 | 3days
-~ 50-59  Strong | 1320 | 9hours
- 40-49  Moderate | 13000 | 90 minutes
- 3.0-39  Mid | 130000 | 11 minutes
- 20-29 Small [ 1300000 | : 2 minutes
_______________________________ e I
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Impact of Earthquakes over Time

(c) 401
from James
35 - red > 50 000; grey > 10 000 Jackson(2006)
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Histogram of the number of earthquakes killing more than 10000
(grey) or 50000 (red) people per century.
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World population growth

“The global population World population o
distribution is changing So2a 9.000.000.000
rapidly as underdeveloped 8.000.000.000

nations continue to grow oy
most rapidly in cities that chle _
are preferentially located in 1999 7'000‘000‘000\. '
seismically hazardous D O0O0000
regions.” (Bilham, 2004, 1987 _
Allan et al 2007). 1960 5-000.000.000 — 2=

3.000.000.000

1804
1.000.000.000

1700 1800

Increased population: increased earthquake risk

Conseqguences:
« Number of people killed in earthquakes continues to rise in

poorer nations
o Cost of earthquakes continues to rise for rich nations
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Destructive Earthquakes

Earthguakes around @The world

0o 6 6P VALDIVIA EARTHQUAKE

m Most powerful earthquake on record, comparable $1 bl"lﬂn
| t01,000-atomic bombs detonating at once

in damage

0 o : ko vamma cnne}
_ ,))‘_.
Triggered tsunamis in Hawaii and Japan ‘
YEAR LOCATION MAGNITUDE ESTIMATED DEATH TOLL . 6’9922 ; 1 165!323 .’ﬁ-\ 294.:2.;22
1 1976 Tangshan,China 7.5 | 255,000 v
2 1920 Gansu, China 8.6 I 200,000
3 1927  Qinghai, China 7.9 I 200,000
4 1923  Kanto, Japan 7.9 B 143,000
5 1948  Turkmenistan 7.3 I 110,000 H.ovx./ever., earthquakes of
6 1908 Messina, Italy 72 [ 70.000 similar size (and energy) do
7 1932 Gansu, China 76 [N 70,000 not often produce
8 1970 Peru 7.9 M 66,000 comparable effects and
9 1990 Iran 1.7 I 40,000 consequences
10 1935  Quetta, Pakistan 7.5 B 30,000
SOURCES: United States Gealogical Survey, Associated Press THE WASHINGTON POST
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Earthquake Risk Controlling Factors

Earthquake Risk

Seismic Hazard|*|Vulnerability * Exposure

Natural: Anthropic:

Strength of Earthquake Population density
Distance from earthquake Quality of  building
epicentre construction and design

o Earthquake depth o Level of development
« Ground type (Soft Soil) « Level of population
« Duration preparedness

Time of disaster
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To Remember!

"Earthquakes don't kill people, collapsed buildings do so"
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Hazard Mitigation Strategies

From the past . To the future
. m i
A ¥
\ A= E
& i E:
—— g; . _
Long-term Long-Term Short-Term : Early ShakeMaps & Aftershock
Hazard mapping Forecasting Forecasting 1 Warning Rapid Loss Hazard
* Assessment
'-
decades years days seconds 0 seconds days years

TO REMEMBER: Earthguakes cannot be predicted (so far)!
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Long-Term Hazard Assessment

European Seismic Hazard Map _ S

ecited by D, Glarding, J, nd L Darciu, Sw wmalogicol Service, ETH Zurich, Augut 2 Commission
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Long-Term Forecasting

SAN FRANCISCO BAY REGION

EARTHQUAKE PROBABILITY EH I ifﬂ!’ﬂia
Earthguake
Probability

' magnitude 6.7 or greater
% earthquakes from 2007 to 2036.

More than 99%

probability in the next
30 years lor one or
moare 5.7 M aarthquakes.

0 + 20 MILES

0 20 KILOMETERS

Probability of magnitude
6.7 or greater quakes
before 2036 on the
indicated fault

Increasing probability )
along fault segments

22-Yaar Earthquake Probekelity
R = -

abf% 0% 1w 16

- Expanding urban areas
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Short-Term Forecast

Wed Nov 15 23:51:41 2006
Northwest Pacific short-term forecast: 1977-Today

Forecast one day after
the recent (2006/11/15)
M8.3 Kuril Islands
earthquake.

-12 -10 -8 -6 -4 -2 0
Log,, probability of earthquake occurrence, M,, > 5.8, eq/day*(100km)?
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Early Warning Systems

Warning time: 20 seconds

Warning time: 10 seconds
Airplanes on approach told to
abort landing
. Alerts sent to mobile phones and
) portable devices; schools sound

/ / earthquake alarm

Sensing 8
shakes

A proposed statewide

earthguake warning system

would use a variety of

methods to alert people of an

earthquake before the seismic The speed of an earthquake
waves reach them. Here are depends on several factors;
several methods that could be during the 1989 Loma Prieta
used in the system: earthquake the waves took
30 seconds to travel to San

\ \ \ Francisco from the epicenter

near Santa Cruz.

:\;/'. Warning time: 30 seconds _/ Vi /
| High-rise elevators stop at nearest Warning time:
¢/ floor and open doars [ — AT

~, 40 seconds

| ) Factories stop and

L +
When an earthquake happens, energy is released through the earth in two forms, a PR ———
fast-moving P-wave, and a slower, more powerful S-wave:

-

__ Sensors positioned

Fault
A about 6-12 miles apart

|
Earthquake
Sensors alert center
|

Epicenter 4
\

NS-wave [\P-wave

= equipment switches off;
} construction site workers
mave to safer areas

Vi g 78 _ """-S-wave SP-wave

pmpression On your screen: ShakeAlert
Expansion
1 Real-time tracking of seismic waves from quake’s epicenter.

Real-time tracking of the fault rupture (updates intensity).
Your current location tracked by GPS.

P-wave S-wave Seconds remaining before seismic waves reach you.
A P- (or compressional) wave compresses and An 5- {or shear) wave physically moves the earth Expected intensity of quake at your current location.
expands the earlh’ as it moves. P-waves move like an ocean wave as it mo:.*es. S-waves carry Estimated magnitude of quake.
fast, but don't cause much damage. more of the quake's energy. Intansiiy scale
Sources: Sclentific American; United States Geological Service The Register Y )
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Early Warning Systems

The most difficult situations
arise in areas located close
to active offshore faults,
where tsunamis arrive so
quickly that there is no time
for a warning.

® First four Deep-ocean Assessment /
_ and Reporting of Tsunamis (DART) q

A network of devices in the open sea
operates to warn coastal communities
about impending tsunamis.

Tsunameters
m Developed for early detection,

[
L
.
L)

measurement and real-time reporting
of tsunamis in the open ocean

 Testing and prototype development
began in 1995

The signal is v
sent to early- %
warning stations .3
on land Y

stations in place by August 2000
¥ Following the December 2004

South-east Asian tsunami, the US
S tsunami warning programme was
expanded from six buoys in the
Pacific Ocean to 39 buoys in the
Pacific and Atlantic oceans and the
Caribbean Sea

Sensor of the bottom
pressure recorder on the
ocean floor measures

water pressure
The measurements
are sent by acoustic
signal to a buoy on
Up to the surface
6km
- = = =3
L

Bottom pressure recorder
—& Monitors water pressure by
taking samples every 15 seconds
= Able to detect tsunamis
as small as lem
® Data transmitted to the surface
75m buoy via acoustic modem
¥ Free-falls to the bottom and can
be used for two years at depths
of up to 6,000m

L3
Anchors

Source:; NATIONAL DCEANIC AND ATMOSPHERIC ADMINISTRATION and NATIONAL DATA BUOY CENTRE

Surface buoy

Consists of a 2.5m diameter fibreglass

over foam disk buoy, with a gross

displacement of 4,000kg

————a Two downward-looking transducers are
mounted 1.5m below the sea surface
The mooring line is 19mm eight-strand
plaited nylon line with a breaking
strength of 7,100kg

¥ Designed to last for one year

TSUNAMETERS IN THE PACIFIC REGION
These are usually placed near the tectonic plate boundaries
where there is high risk of volcanic activity and earthquakes.

STATION OWNERS F
= National Data = Chile

Buoy Centre # Indonesia

Dart (US-owned) & Tp5i1and
« Australia

— Plate boundary

NOTE: lllustration not to scale

TEXT: JEANETTE WANG  GRAPHICS: QUEK HONG SHIN
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Shake Maps

2016 Norcia Earthquake, Italy

USGS ShakeMap : CENTRAL ITALY
Aug 24,2016 01:36:33 UTC M 6.2 MN42.71 E13.17 Depth: 10.0km  ID:us10006g7d

Map Verslon 3 Processed 2016-08-24 03:50:43 UTC

PERCEMEY  |Notfelt| Weak | Light |Moderate| Strong |Very strong| Severe | Violent | Extreme

POTENTIAL

BAMAGE none | none | none | Verylight | Lignt | Moderate | Mod.Meavy | Heavy | Very Heavy

T T T T T T T T o 2011 Tohoku Earthquake, Japan
PEAK VELjenvs) | <0.02 | 0.08 | 0.3 0.9 24 6.4 17 45 >120

g | 1 Do [ w v e

INTENSITY 8 |
Ecale based upon Faenza and W
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Aftershock Hazard

Magnitude
30-39
O 40-49

| B 2011 Christchurch
Urban Area (Approx.} * Mw 6.3 Christchurch earthquake Eorthquqke, New
'.:' * Mw 7.1 Darfield earthquake Ze O | O n d
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. Aftershocks before Feb 22nd
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24-Hour Aftershock Forecast Map Y [=

Forecast for Mon, Mar 7 2011 3:00 pm
through Tue, Mar 2 2011 2:00 pm

141,000,000 1/100,000 110,000 171,000 1."I‘Iﬂl] 1.|"I1EI
Probability of Experiencing Slight Damage(MM VI shaking)

~Vopogsi \ \ \ \ \ Engineering Seismology and SeismicHazard I 4/ /) 2019



Course Message

Earthquake is a complex phenomenon and no hazard mitigation
strategy can be put in place without an appropriate understanding
of its generation and propagation mechanism.

Therefore, the course will focus on the main theoretical and
applicative aspects of seismology, with the goal of providing you
with the necessary knowledge to critically and independently handle
the most common problems in the seismic engineering practice.

However, since our scientific comprehension of the earthquake
phenomenon is “relatively” limited, we will particularly focus on the
concept of uncertainty and the way this is handled in seismic hazard

analysis...
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Resources

These lectures wouldn’t have been available without the contribution of
many people and the numerous resources from textbooks and online
material (see attached file for a complete list)

A special acknowledgment (and a personal thanks) goes to the following
people for their supporting material:

Dr. Dario Slejko - OGS, Trieste, ltaly

Dr. Laurentiu Danciu - Swiss Seismological Service, ETH, Zurich,
Switzerland

Dr. Donat Faeh - Swiss Seismological Service, ETH, Zurich, Switzerland
Dr. Elisa Zuccolo - EUCENTRE Pavia

Dr. John Douglas

Dr. Dave Boore

BT I N | S T———_ /7 { ) ————



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22

