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The perils of urban earthquakes



Seismology the study of earthquakes
Four measures of failure:

1. We cannot predict earthquakes.

2. We can indicate precisely had badly your house
will be shaken a few seconds before it happens

. We can estimate the death-toll in a deadly
earthquake within 30 minutes (weeks before ground

crews confirm deathtoll)

. We can guarantee that at least 25,000 people
will die from earthquakes in the next decade.
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30 minute Prediction of Deaths in Earthquake (globally)

Elapsed time

0-2 minutes Earthquake rupture occurs
25 minutes  Magnitude and location determined

by global seismic network
30 minutes  Shaking intensity predicted near epicenter
35 minutes  Death-toll forecast
35 DAYS Death toll confirmed
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WAPPMER (Max Wyss) and USGS (Dave Wald ) predict losses within minutes from seismograms
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World population <500 million.
Slow city growth 1000-1600 AD
Max. City size 0.5-0.75 M

cities a place

to die (mothers

die young, few
children survive)
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Cities now a
place to live.
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cumulative fatalities from earthquakes (millions)

>8 million deaths from
earthquakes in 2500 years
(5 million since 1500)
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Count normalized to global population
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Earthquake deaths per decade since earthquake resistant construction was recognized in ltaly/Japan/ US

The last 15 years are the worst on record (600,000 deaths)
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16 Dec 1857 Mw=7.0 19,000 dead

Italy 1857 building collapse
_, identified as cause of deaths in
"8 earthquakes.

s

=4 The fix- earthquake
g resistant construction

The eye is bewildered by "a city become an
heap". Robert Mallett 1862.

“Earthquakes don’t kill people- buildings do” " %
Ambraseys 1972 v
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2003 Bam, lran, 26k dead
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Bhuj, India 2001, 20k dead




008,Wenchuan,PRC, 85k dead
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Cost vs. deatht-toll: the poor die- the rich pay
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Deadliest earthquakes S. edge of EuroAsian plate

; EuroAs,Jan Plate
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85% of all earthq_ijake deaths inS,OAIpine/

Himalayan/ Indonesian/Pacific collision zone
(where we are now!)



Deadliest earthquakes S. edge of EuroAsian plate
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sit specific studies

How Paleoseismology micro- vulnera subsurface
we historical zonation -bility structure
currently earthquakes l /
i suence
i Seismology Seismic , Seismic | calculations
future Hazards | Risk
earthquakes lr
GPS & InSAR
Money $ Ear'thua.ke
Engineering
plate motions / | \,
skyscapers Schools Bridges
| bilit city halls hospitals Pipelines
vuinerabrity apartment blocks fire-stations Dams
Observations
how future Ten thousand earthquake-resistant structures
earthquakes e
500 million vulnerable

view society . .
family dwellings

ie deaths from earthquakes (=50,000/year) will continue to rise



/\

. . China
Most dangerous earthquake nations since 150

3 -
2 -
1 million —
t : Japan
- Indonesia | ran
% : Italy /
- | Pakistan
. Armenia
8 100,000 Ilgdia Tu rkey
,000 — eru
. Portugal Svria
O . Venez¥1ela
i) Ieqypt Guatemala Algeria
(qV) | Vo Af's\;/lhanistan What do these
- . exico 0rocco . .
g_ Colombia rgent nTaaiwan nations have in
Nepal Balkans Spain common?
5 10,000 _:[G)ree_ce . Phﬂipti_lrlles P
. ntilles
U Tebanon P Tlisrael Ecuador
O i Nicar_agua Chile
(D) |Jamaica
' 2 3 4 5 6 7 8 9uan 20

number of earthquakes with>3k deathtolls ‘



Corruption in the $7,500 billion/year global
construction Industry ( Transparency International 2005).

* greater than in any other sector of the global economy

e corrupt award of construction contracts (bribery & political
pressure).

e corrupt issuance of approvals and permits.
* corrupt inspection process at all stages of construction

* shoddy work concealed by concrete, plaster and cladding.



mean corruption index, CPI (1995-2008)
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mean corruption index, CPI (1995-2008)
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Wealthy nations = strong buildings f
Poor nations = ighorance, corruption

and weak buildings /
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engineering - no impact
in EuroAsian collision
zone construction

CPI Corruption Index (numbers) declines eastward




 The world’s poor often rent or construct
weak dwellings

* Corruption costs the world >15% more —
earthquake resistance costs only 10%

Is there a fix?

Yes-education



Conclusions

Hidden societal factors within the structure of societies act
to thwart the best intentions of seismologists and engineers.

Cities in S. Asia are unexpectedly fragile
1. ignorant construction
2. codes circumvented- earthquake resistance low priority

3. rampant bribery to maximize profits

urban and rural poor especially vulnerable.
---not of interest to the global insurance business.

A Mw27 earthquake close to a city of 12 million could cause 1 million fatalities

The fix for 1-3 is education!
(ICTP to the rescuel!)
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An educated world will

(ICTP to the rescue!)

be a more resilient world




the Haiti Deathtoll: double counts & guesses

from government reports and news media
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1770 Haiti Building Code:

Wooden re-construction mandated.

No masonry walls higher than 60 cm.

No adobe unless plank-lined within.

No perimeter walls higher than 1 m, hedges OK.
"the low buildings of Port au Prince, gave the new
city an aspect entirely different from the old city"

30 yr half-life earthquake awareness: Port au Prince, Haiti

"Villagers remember the lessons of the last earthquake with a half-life of 1.5 generations" Ambraseys 1976

earthquake awareness



