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Definitions

v Earthquakes: The natural response of the Earth crust to global strains, largely
associated to plate tectonics

v'Faults: Discontinuities of the crust moving with repeated earthquakes

v'Magnitude: It measures the size of the quake in terms of ground-shaking amplitude,
but also the size of the fault area and frequency content of the emitted energy

v'Seismic hazard: Probabilistic assessment of the ground-shaking expected as
consequence of future earthquakes (e.g. peak ground acceleration expected to be
exceeded with 10% probability in 50yr, or in the next 475 years). It is the input for the
building code for design of structures agains earthquakes.

v Seismic risk: Probabilistic assessment of the damage expected as consequence of
future earthquakes, expected in terms of casualties, building damage, economic losses.
It is the input for many measures of risk mitigation.
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Crustal Plate Boundaries
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150 My Reconstruction
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Earthquakes and religion

The Bible and all other sacred texts depict
earthquakes as a powerful manifestation of God’s
intervention to help or punish humans
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Earthquakes and religion

ELEMENTUM TER

SALEXIUS Patonus contra terras motu

Greek mythology
Poseidon: God of Sea, Earth-Shaker

Roman mythology
Neptune: God of the Sea and Earthquakes

Islam

Earthquakes are sign of Allah’s anger, or
punishment for some people, or signs for
His creation of the world

Catholic religion

Several patron saints:
St. Alexius
St. Emidius ;
St. Alberto degli Abati

St. Eustachia Calafato
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Earthquakes and philosophy

G.W. Leibniz (1710), in 7heodicee. God created the best possible

world, in harmony, for the good of humans, including also
catastrophic events like earthquakes.

Alessander Pope (1732) wrote in Essay on Man:
“Whatever is, is best”, confirming the idea of a
world in harmony and of a universal good.

- If all is good (Pope) in the best possible world
(Leibniz) nothing can be improved.
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Lisbon 1755
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Earthquakes and philosophy

The French philosopher Voltaire in his Poeme sur le
desastre de Lisbonne, ou examen de cet axiome: tout est
bien (1756) wrote “Would Pope have dared to say that
whatever is, is best, if he himself had been in Lisbon?”.
Voltaire was denying divine providence and optimism.

J.J. Rousseau responded that “if people insist on living in cities,
and building houses six or seven stories high, they have only
themselves to blame, not God”. Coping with earthquakes was not
a question of God and nature, but a human problem to be solved
with better theories of earthquakes and safe constructions.
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The global earthquake threat

v" Among the natural hazards, earthquakes and volcanoes have the highest ratio of
casualties to the affected population, averaging over 0.5% in the past 35 years.

v As the global population exposed to earthquakes continues to rapidly increase, so will
also the number of casualties.

Earthquakes and tsunamis 866,882 158,794,738 737,379 0.546

Droughts 561,540 1,766,356,773 117,612 0.032

Floods 229,080 3,277,580,121 619,190 0.007

Extreme temperatures 166,921 97,822,633 54,327 0.171

Volcanoes 25,539 4,476,906 2,870 0.570

Disaster statistics from the OFDA/CRED International Disaster Database, UCL, Bruxelles (ESF, 2015)
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The global earthquake threat Feb. 6, 2023
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Data was filtered for earthquakes between 1993 and 2023 with over 1,000 deaths. Total deaths measures deaths from the earthquake and those from any secondary
effects of the earthquake, namely tsunamis. (Data accessed on 3/8/2023.)

Map: Benjamin Clary, APM Research Lab - Source: NOAA: National Centers for Environmental Information « Get the data - Created with Datawrapper



The global earthquake threat
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Recovery and reconstruction costs will be much larger, potentially twice as large.
(U.N. Development Programme, March 2023)
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The global earthquake threat

v'In the past 2000 years, global population continued to increase, and is projected to triple
from 1950 to 2050.

v'Economic losses, societal disruption and casualties associated to the occurrence of
catastrophes are largely concentrated in urban areas. The population growth of the future
will take place in megacities, making our society ever more vulnerable.

v In many countries of the world, over 50% of the population and most of the economic
power is concentrated in the capital city. If the capital is hit, the country is lost.

v"As result of the building vulnerability and societal resilience, extreme events may produce
very different impacts on cities and society worldwide.
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Global earthquake threat

cumulative fatalities from earthquakes (millions)
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Bilham, 2009; high and low population data from McEvedy and Jones, 197, and
Thomlinson, 1975; high and low casualty data from Dunbar et al, 1992 and Utsu, 2002.
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In the past 200 years population has
increased by ten times, and in the
past 50 years the growth has
accelerated.

The next 2 billion people will be born
mostly in emerging countries and will
all live in megacities.

Urban population doubles every 15
years, whereas informal settlements
double every 7 years.

Fatalities from earthquakes also
continue to increase, but not as fast
as global population, owing to
improved building practice.



The global earthquake threat

v" The population of the world’s largest cities,
following the earlier megacity of Rome
(900°000, 14 AD), remained stable and
reached again 1°100°000 with Beijing in 1800.

v In developing nations, by 2020 urban

population will surpass rural population, and
by 2050 it will constitute over 80% of global L
population. In developed nations, rural

population will essentially disappear by 2050.
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Bilham, 2009. Data from Chandler and Fox,
1974 and Chandler, 1998.
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The global earthquake threat
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In 1950 thére was just one city with-a po

of more than ten million—New York. In 2015 there will be 21, a
number of urban areas with populations between five and ten
will shoot from7to 37. This growth will occur mainly in develog
" countries, those least equipped to provide transportation, housi

water, and sewers, Asia and Africa, now more than two-thirds
be half urban by 2025. Never have urban populations expanded
“Humanity has not been down this road before," write urbanist
Hall and Ulrich Pleiffer. “There are no precedents, no guideposts

B Country with at least one city of
five million or more residents
Il Country without a city of
five million or more residents

Tokyo
27.2 Population in mitlions

Cities with populations of
five million or more




Global earthquake threat: vulnerability

Empirical Semi-Empirical Analytical
Developing World Developed World
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Human Impact
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Lessons learned: 1985, M8.1 Michoacan

v" Mexico City grew from a small city in 1500 to 25 million
inhabitants today

v Built on the former lake bed, which amplified seismic
waves up to a factor 100, with catastrophic consequences

- The distant quake (d=300km) resulted in 30’000 victims
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Lessons learned: 2011, M9 Tohoku

v" Unexpected high magnitude, unexpected extreme slip on the fault, unexpected size of tsunami,
unexpected cascade failure of critical infrastructures, unexpected failure of tsunami protection

- Even in a well prepared society, mitigation can be insufficient and consequences catastrophic
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Lessons learned: 2008, M8.3 Sichuan, China

v" Event larger than expected, on a known fault
v' Almost total loss in few cities located close to the fault, but overall negligible GDP loss
v' ~80'000 casualties, 1% of the affected population

- New cities in rapidly developing countries can be at risk, if they are not well built
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Lessons learned: 2009, M7 Haiti

v' Devastation in the capital Port-au-Prince, societal collapse

v' ~250'000 casualties, 10% of the affected population
v' Total GDP loss

- In less developed countries, earthquakes are still catastrophic !
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Lessons learned: 1999, M7.6 Izmit, Turkey

v' Expected event on a known fault system
v' ~25'000 casualties, 1% of population affected
v" Negligible GDP loss

- Good building code helps
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Lessons learned: 2023, M7.8 Turkey-Syria

v' Expected event on a known fault system
v' ~60'000 casualties, 0.5% of population affected
v’ Significant GDP loss

- Good building code helps, but still a long way !
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Measures of seismic hazard

Different hazard measures are computed for the long term and short term probability of shaking,
and in the aftermath of the earthquake, serving different mitigation purposes
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