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A natural history of earthquakes

Earthquakes can produce many human casualties among vulnerable groups through collapse of
structures and secondary hazards such as !re, landslide and tsunami. Earthquakes also can bring
heavy economic loss. They can be destructive over large areas. People living in zones a"ected by
frequent earthquakes have learned to live with them in a variety of ways. For example, in Japan
there are neighbourhood-based volunteer !re-!ghting groups dating from the 1700s, and tra-
ditional architecture in Japan tends to use light, #exible materials. Following the catastrophic
earthquake that destroyed Lisbon, Portugal in 1755, the prime minister commissioned Europe’s
!rst city master plan. Lisbon was rebuilt with mandatory clearance between buildings to prevent
the spread of !re, wide avenues and maximum building heights (Mullin 1992). Thus people have
been learning experientially and adapting their way of life to sudden release of seismic energy in
the Earth’s crust. However, it was only recently that contemporary approaches to earthquake
have taken shape.

The twin disciplines of seismology and earthquake engineering began to take their modern
form after the 1906 San Francisco earthquake. Engineering had grown in sophistication during
the period of rapid industrialisation in the latter half of the nineteenth century. Seismology did
not yet know the precise cause of earthquakes, but it did have detailed knowledge of the kinds
of ground motions (accelerations) that manifested on the surface (Howell 1990). It was assumed
that homes and other buildings were destroyed by earthquakes because they were built to resist
only the downward force of gravity, not lateral shaking. In the late 1920s and early 1930s Japan
and California codi!ed in building codes resistance to a horizontal (side-to-side) design force of
ten per cent of the force of gravity. Engineered structures would have to be built to withstand a
push from any direction amounting to ten per cent of the force of gravity. In 1967 a revolution
occurred in understanding of the geological causes of earthquakes. This was the discovery of
plate tectonics, following the general idea of continental drift put forward by Alfred Wegener.
Previously it was believed that continents did not move. However, the position of continents
was, in fact, the result of slow drifting in di"erent directions over millions of years. The Earth’s
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outer layer, known as the lithosphere, is like a puzzle of plates !tting together and moving away
from or under each other at a rate of centimetres per year. About seventy-six per cent of all
earthquakes are caused by relative motion (friction) between adjacent plates. Nevertheless, there
are also intra-plate earthquakes that take place far from the edges (Stein and Mazzotti 2007).
Examples of intra-place earthquakes include ones in Kenya and as far south as Malawi and
Mozambique in the region of the Great Rift Valley, and the very large earthquakes associated
with the New Madrid fault that a"ected a large area surrounding the Mississippi and Missouri
Rivers in the USA in 1811–12 (Gunn 2008: 90–94).

Plate tectonics also explains how convection or temperature-driven circulation in the Earth’s
mantle causes upwelling of hot material at mid-ocean ridges and drags the plates along the
ocean #oor until they are forced downward (subducted) under the continents. There are !fteen
major plates and many smaller ones (microplates), but by far the largest is the Paci!c Plate,
which underlies most of the Paci!c Ocean. The active plate boundary around this plate and
some of the adjacent plates is known as the ‘Ring of Fire’, which generates about ninety per
cent of the world’s earthquakes, including eighty per cent of the largest ones (USGS 2010a).

Coincidentally, about the time of the plate-tectonic revolution there was a serious worldwide
reversal in the trends of earthquake disasters. The rate and severity of these disasters had been
diminishing for half a century. Now they started to climb again. The reinsurance company
Swiss Re calculates that more than 1 million people died in 360 major earthquakes in the
period 1960–2010, with the decade 2000–09 being the deadliest, accounting for 450,000
fatalities (Swiss Re 2010: 10). Since the 1990s there have been some of the most expensive and
deadly events in recent history: the 1994 Northridge, California earthquake (Magnitude (M)6.7,
US$44 billion loss, although only seventy-two dead), the 1995 Kobe, Japan earthquake (M6.8,
US$100 billion, 6,434 dead), the 2004 Sumatra-Andaman earthquake and tsunami (M9.3,
damage estimates in the range of several billion US dollars, 229,866 dead), the 2005 Kashmir
earthquake that killed 79,000 in Pakistan and 1,400 in India-administered Kashmir (M7.6), the
2010 Haiti earthquake (M7.0, 200,000 dead) and the 2010 Chile earthquake (M8.8, around
1,000 dead). Reported damage !gures for these last two earthquakes run in the billions of
dollars. Table 26.1 provides a worldwide overview of earthquake impacts.

Coinciding with this increase in deaths and !nancial loss was a worldwide rapid increase of
the rate of urbanisation due to migratory movements from the countryside to large cities. How
is this recent challenge being met (Castaños and Lomnitz 2011)? One approach is betting on
signi!cant advances in seismology and earthquake engineering. The other main approach has to
do with new understanding of social systems. These two approaches are complementary, and
are discussed in the following section.

Complementary natural and social science approaches

Advances in seismology and engineering

There have been important discoveries in earthquake physics. It was realized that plate motion
must be driven by huge convection currents in the Earth’s mantle. This discovery poses many
unsolved questions, such as: Does convection involve the entire mantle, or only the outer part?
How does plastic #ow in the mantle induce brittle fracture in the crust? Why does brittle fracture
take place at depths of up to 700 km below the surface? Why can’t we predict earthquakes?

The problem is that we do not have direct access to the Earth’s interior. Indirect knowledge
of the interior comes from what seismic waves can tell us. The deepest holes drilled into the
Earth go to a depth of 13 km – less than 0.3 per cent of the way to the Earth’s centre.
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Table 26.1 Signi!cant earthquakes, 1910–2010 (by alphabetical order of countries)

Location Year Magnitude People killed

El Asnam, Algeria 1980 7.5 2,590
Spitak, Armenia 1988 7.0 25,000
Chillán, Chile 1939 8.3 28,000
Southern. Chile 1960 9.5 5,700
Haiyuan, China 1920 7.8 200,000
Tangshan, China 1976 7.8 242,000
Wenchuan, China 2008 8.0 69,227
Chayu, China 1950 8.5 4,000
Napo, Ecuador 1987 6.9 1,000
San Salvador, El Salvador 2001 7.6 1,167
Kefalonia, Greece 1953 7.2 476
Motagua, Guatemala 1976 7.5 22,778
Port-au–Prince, Haiti 2010 7.0 220,000
Bihar, India 1934 8.4 10,653
Assam, India 1950 8.7 1,526
Latur, India 1993 6.4 30,000
Bhuj, India 2001 7.7 20,000
Flores, Indonesia 1992 7.5 2,500
Sumatra, Indonesia 2001 9.0 226,898
Sumatra, Indonesia 2005 8.6 1,313
Yogyakarta, Indonesia 2006 6.3 5,749
Sumatra, Indonesia 2009 7.6 1,100
Bou´in-Zahra, Iran 1962 7.1 12,225
Dasht-e-Bayaz, Iran 1968 7.3 7,000
Tabas, Iran 1978 7.8 15,000
Manjil-Rudbar, Iran 1990 7.4 40,000
Bam, Iran 2003 6.6 30,000
Messina, Italy 1908 7.5 83,000
Avezzano, Italy 1915 7.5 29,978
Irpinia, Italy 1930 6.5 1,883
Friuli, Italy 1976 6.9 989
Irpinia, Italy 1980 6.9 3,114
L´Aquila, Italy 2009 6.3 307
Tokyo, Japan 1923 8.0 130,000
Sanriku, Japan 1933 8.9 3,064
Tottori, Japan 1943 7.2 1,083
Nankaido, Japan 1946 8.1 1,462
Fukui, Japan 1948 7.3 3,895
Kobe, Japan 1995 6.8 4,034
Chhim, Lebanon 1956 6.0 136
Al-Marj, Libya 1963 5.6 290
Skopje, Macedonia 1963 6.0 1,070
Orizaba, Mexico 1973 7.1 539
Michoacan, Mexico 1985 8.1 10,000
Agadir, Morocco 1960 6.0 13,100
New Guinea 1976 7.1 6,000
Managua, Nicaragua 1931 5.5 2,450
Managua, Nicaragua 1972 6.0 5,000
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Earthquakes originate mostly at a greater depth – up to 20 km is a normal depth along the San
Andreas Fault in California, where earthquakes close to M8 can occur. Structural inferences
from seismic waves must supply the missing direct evidence, mostly through re!nements in data
processing. A major advance was the use of precise satellite Earth measurement (geodesy) that
employed a global positioning system (GPS). This has enabled us to observe plate motion in real
time, thus con!rming the predictions of plate tectonics (NRC 2003).

Yet such new knowledge has not slowed the increase in severe damage from earthquakes. In
the USA and Japan direct economic losses have been rising exponentially since 1970. During
the same period there have been major earthquake disasters in developing countries (see Table
26.1). Secondary hazards such as tsunamis, liquefaction and landslides account for a rising share
of casualties. Thus the 1970 Peru earthquake (M7.8) killed 66,800 people. Almost one-half of
these were due to an avalanche of ice and snow dislodged from the Mt Huascarán glacier,
which buried the town of Yungay. There were no survivors in the direct path of the avalanche,
and altogether there were only a few hundred survivors in the town (Oliver-Smith 1986;
Castaños and Lomnitz, 2011).

Secondary hazards

Tsunami, landslide and liquefaction are common secondary earthquake hazards. Tsunamis are
large ocean waves generated by major subduction earthquakes. A tsunami wave can travel

Table 26.1 (continued)

Location Year Magnitude People killed

Quetta, Pakistan 1935 7.5 35,000
Makran, Pakistan 1945 8.5 4,000
Muzafarrabad, Pakistan 2005 7.6 80,000
Quiches, Peru 1946 7.3 1,400
Santa Valley, Peru 1970 7.8 66,800
Mindanao, Philippines 1976 7.9 3,564
Dagupan, Philippines 1990 7.0 1,660
Vrancea, Romania 1977 7.0 1,387
Chi-chi, Taiwan 1999 7.6 2,416
Erzincan, Turkey 1939 7.9 32,740
Ladik, Turkey 1943 7.7 4,013
Gerede, Turkey 1944 7.3 3,959
Yenice, Turkey 1953 7.3 1,070
Varto, Turkey 1966 6.9 2,394
Gediz, Turkey 1970 7.2 1,086
Lice, Turkey 1975 6.7 2,370
Muradiye, Turkey 1976 7.3 3,626
E. Anatolia, Turkey 1983 6.9 1,346
Izmit, Turkey 1999 7.6 17,217
Ashkhabad, Turkmenistan 1948 7.3 110,000
Anchorage, USA 1964 9.2 131
Loma Prieta, USA 1989 7.1 68
Northridge, USA 1994 6.7 72
Caracas, Venezuela 1967 6.5 236
North Yemen 1982 6.0 2,800
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thousands of kilometres across an ocean and preserve its shape (see Chapter 27). Tsunamis have a
wavelength of more than 100 km and a wave height of about 1 m so they are hard to detect in
the open ocean. As they approach a coast they grow and may attain amplitudes of more than 20 m,
depending on the shape of the coastline.

Landslides and avalanches are failures on unstable slopes of soil, snow or ice (see Chapter 25).
They may be triggered by earthquakes. Rivers blocked by landslides will dam up the #ow for
weeks and then suddenly release a large water wave that may #ood the downstream area. The
2008 earthquake in Sichuan, central China triggered more than 15,000 landslides and debris
#ows, and some of these accounted for many deaths (Petley 2008).

Liquefaction is also often a result of deforestation and mismanagement of the environment.
Soils are intermediate materials between solids and liquids: they may #ow like liquids when
vibrated, as in an earthquake. In the 2010 Chile earthquake some brand-new apartment blocks
sank into the ground and broke apart due to liquefaction. Similar problems were experienced in
the 2010 Haiti earthquake. Large-scale damage due to liquefaction was !rst documented in the
1964 Niigata, Japan earthquake (M7.5), but is now understood to be extremely common
(Scawthorn 2008). It is one of the main causes of structural damage and fatalities in earthquakes.
Since about 1850 a number of bayside cities, including San Francisco, Tokyo and Kobe, have
expanded by way of land!lls into their respective bays. The recent !lls in the Bay Area and in
Kobe (e.g. Port Island) have been better compacted and rolled with heavy machinery using clay
or mashed rock so that they held better in the earthquakes. However, the old (1906) Marina !ll
in San Francisco and some of the older !lls in Kobe fared poorly.

Understanding social systems and earthquakes

New thinking on disasters and sustainability is increasingly in#uential in shaping policy, parti-
cularly in seismic hazard analysis and risk reduction. This may be attributed to the insight that
social systems are not only vulnerable but contribute to risk in mostly unintended ways. Some of
these ways include land use and the management of natural resources. For example, deforestation
may increase slope instability and hence hazards secondary to earthquakes. Approaches inspired
by development studies focus on access to living space close to livelihoods and access to the
natural resources and other requirements for making a living. From such points of view, marginal
people with little political or economic power are forced by the functioning of the space
economy and social system to live in marginal places – that is, sites that are often prone to the
worst shaking by earthquakes or to the hazards associated with this shaking. The poor and
marginalised live in homes that are usually not professionally engineered (Wisner et al. 2004).

Social science also provides insight into the perception of risk. A programme intended as
protection against earthquake hazard may unwittingly increase risk by encouraging a feeling of
false security. An example is provided by the 2010 Chile earthquake. Most of the casualties
were caused by the tsunami, even though a system of tsunami alerts was in operation along the
coast. People had a false sense of security because of the existence of the warning system.
However, the system was either disabled by the massive power failure immediately following
the earthquake, or it had been disconnected by an error of judgement.

The dominant free-market philosophy that has existed since the early 1980s tends to cause
governments to decline responsibility for disaster risk management in view of rising costs. Risk
management has been partly transferred to private enterprise such as insurance companies, and
the role of government is limited to regulation and emergency response (see Chapter 5). In
many countries a large part of lifeline infrastructure (water, electricity, telecommunications), as
well as many social services (education, health care), have been privatised, and citizens are
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expected to take care of their own needs. The private sector is tacitly assumed to be more
e$cient than state organisations.

Economics and the role of insurance

Earthquake insurance has been available since before the 1906 San Francisco earthquake.
Worldwide earthquakes accounted for about forty-two per cent of economic losses from natural
hazard events from 1950 to 2008. This amounts to US$819 billion (Gao 2010). Since about 1960
the average cost of earthquake disasters has been increasing exponentially all over the world. This
applies to both insured and uninsured losses (Wisner et al. 2004: 62–64). Swiss Re estimated that
the world economy lost US$230 billion in 2005 due to disasters, but only US$83 billion were
insured. Disasters triggered by natural hazards contributed by far the largest share. Hurricane
Katrina accounted for US$135 billion of the losses in that year, yet the disastrous Pakistan/
Kashmir earthquake cost only US$5 billion because of low asset values (Swiss Re 2006). Almost
none of this damage was insured. In another example, the 1985 Mexico earthquake, the worst
disaster triggered by a natural hazard in Mexican history, killed more than 10,000 people but
caused only US$4 billion in damages in Mexico City (see Chapter 54).

Prevention of earthquake risk

An engineer’s design budget for the capacity of a given structure to resist earthquake forces is
usually a function of resistance to a given percentage of the acceleration of gravity in the
horizontal direction. In principle, all structures could be made earthquake-resistant as the peak
horizontal ground acceleration rarely attains twice the acceleration of gravity. Thus there are
design and engineering contributions to be made to the reduction of earthquake risk. In addition,
there are contributions by planning, regulation, warning technologies and community-based
action.

Performance-based engineering

After the 1994 Northridge earthquake, which caused US$20 billion of economic loss, there was
increased awareness of the need to improve building practices in order to prevent surprises such as
the failure of brittle welds in steel structures, especially in the joints between beams and columns.
In 1997 the Federal Emergency Management Agency (FEMA) published guidelines known as
FEMA 273 in which a new approach known as ‘performance-based engineering’ was proposed
and developed (Building Seismic Safety Council and Applied Technology Council 1997). This
means that engineering calculations, which earlier had relied on designing a structure to resist
some static lateral force, would henceforth have to be subjected to computer simulations driven
by an actual earthquake input derived from a seismogram. Also, input would be selected to drive
the building in this computer simulation to the breaking point. If the engineer !nds that the
building is underperforming s/he must go back to the drawing board.

Hazard assessment

Forecasting earthquake hazard is ‘still in a primitive stage’ (National Research Council 2003).
Earthquake-resistant design means additional investment, depending on whether it is planned at
the outset or incorporated at some later stage. Seismic retro!tting is more expensive; therefore,
adequate earthquake provisions may involve signi!cant savings when taken at the right moment.

Earthquake
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However, predicting the peak ground acceleration input at a site, and the vulnerability of a
structure to this input, involves a wide range of assumptions. In the USA, FEMA designed a
public-domain software package and database called HAZUS, built on a geographic information
system platform (FEMA 1999). This system classi!es a speci!c earthquake hazard computation
according to thirty-six building types and twenty-eight occupancy classes, and it provides a
database of populations and lifelines based on census !gures. Critical facilities such as hospitals are
provided separate treatment, and so are secondary hazards such as #ooding and !re. Casualties and
costs for repair and loss of business are also assessed. This approach is still being developed,
expanded and improved (see Chapter 56).

Earthquake zonation and micro-zonation are established approaches for hazard assessment in
urban areas where soil conditions may vary greatly from one location to another (Ansal and
Slejko 2001). In Mexico City, for example, the downtown area was formerly occupied by a
shallow lake, which was gradually drained. The mud layer is now totally paved over and built
up (Zone III), while construction on the surrounding hillsides rises from more solid rock (Zone
I). Shaking will be greater over the former lakebed, and the location of the former lakeshore is
precisely known. In this way, it is possible to determine in advance where a prospective struc-
ture will be located in relation to likely seismic forces and appropriate building code provisions
can be enforced.

Planners in both the private sector (e.g. insurance companies) and the public sector have tools
available to help them. Probabilistic seismic hazard analysis (PSHA) was developed in the 1970s
as a methodology for dealing with uncertainty in earthquake risk for extremely rare events
(Algermissen and Perkins 1976). Hazard curves showing the relationship between seismic
energy and structural damage for various kinds of assets are computed by extrapolating available
earthquake catalogues and observed peak ground accelerations. These results are used as a
basis for interactive guesses by a panel of experts (Krinitzsky 1993). PSHA has been useful in
providing quantitative hazard estimates where none had been available before.

Records of earthquake disasters have been kept for more than 2,000 years. These provide the
basis for treating earthquake impacts statistically. Another method of hazard assessment used by
the insurance industry is based on extreme-value theory, a branch of statistics dealing with rare
events. Extreme values of hazardous events are not necessarily less predictable because their
distribution has a regular behaviour in many geophysical systems (Chavez-Demoulin and
Roehrl 2004).

Building codes

Building regulations are nearly as old as engineering, but building codes evolved rapidly after the
1933 Long Beach, California earthquake which destroyed 230 school buildings. The Field Act of
the California State Legislature prevented future damage in K-12 schools and community col-
leges in the state. No buildings of this type were severely damaged after 1940. The Japanese and
US codes were !rst issued in 1924 and 1927, but have been updated regularly, as have other codes
that were often inspired by Japanese and US codes. There have been recent attempts to work
toward an international building code that would incorporate best practices (see International
Code Council, www.iccsafe.org/GR/Pages/adoptions.aspx).

Building codes represent minimum standards for the engineering profession (see Box 26.1),
and enforceability varies from country to country. Earthquake provisions in building codes are
generally enforced by local authorities or by national governments. However, the quality of
engineering service is usually maintained by the engineering profession itself, and building codes
are regarded as guidance. Innovative engineering would be expected to exceed these standards.

Cinna Lomnitz and Ben Wisner
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Box 26.1 Boumerdes (Algeria) earthquake of 21 May 2003

Djillali Benouar
University of Bab Ezzouar, Faculty of Civil Engineering, Algiers, Algeria

This earthquake affected a densely populated, industrialised region of 3,500,000
people. It was one of the strongest recorded seismic events in North Africa. The depth
of the focus was about 10 km. The magnitude of the earthquake was calculated at
M = 6.8. Some 2,278 lives were lost (plus 1,240 missing, not con!rmed), and more
than 11,450 were injured. Some 182,000 people were made homeless as at least
19,000 housing units and about 6,000 public buildings were destroyed or seriously
damaged. Economic loss was approximately US$5 billion. The severity of these events
con!rmed that Algerian buildings are highly vulnerable to earthquakes.

The province of Boumerdes, including the coastal cities of Boumerdes and Zemmouri
and the eastern part of the capital city of Algiers, were most affected. Most cities and
villages along the coast were damaged, from Algiers to Dellys, a zone 150 km long and
40 km wide. The epicentre was located at 36.89N–3.78E, about 10 km offshore from
Zemmouri, located 50 km east of Algiers. Widespread liquefaction, rock falls, landslides,
ground cracking and lateral spreading were reported in the surroundings of Zemmouri.
The earthquake triggered a tsunami which was observed on the southern coast of the
Balearic Islands (Spain). Seawater in coastal zones of Algiers and Boumerdes retreated
by 200 m.

In Boumerdes civil protection teams began search and rescue operations six hours
after the earthquake. However, efforts to search for victims were !rst attempted by the
local population. Several countries sent rescue and !rst aid teams within twenty-four
hours. The Algerian Red Crescent provided food, water, sanitation and health care to
the victims within twelve hours.

Civil protection authorities, the Algerian Red Crescent, the armed forces and foreign
non-governmental organisations (NGOs) established of!cial ‘tent-camps’ a week after the
earthquake. Some affected people refused at !rst to move into the government-
supplied tents. Families displaced from damaged multi-story buildings preferred to
stay in camps, but only those close to their buildings, for fear of looters. They also pre-
ferred to remain within their neighbourhoods, where they could support each other.
Later, families slowly moved to of!cial campsites where conditions were better than in
makeshift camps. Schools and other educational institutions were closed for four months
and only reopened after safety inspections by engineers and repairs. The earthquake
occurred little over one month before the end of the school year, thus authorities
closed the schools and postponed examinations. Final-year high school students who
were preparing for the Baccalaureate were redirected to high schools in unaffected
zones.

This earthquake raised the awareness of the government and the whole population.
In its wake, the government improved the Algerian seismic building code (RPA99/
revised in 2003), made compulsory the implementation of the seismic code for public
and private construction, introduced a compulsory natural hazard insurance scheme,
made standard teaching about disaster risk reduction at all education levels, adopted a
disaster prevention law (Law 04/20) and encouraged informal disaster education by the
Algerian Red Crescent and the civil protection agency.
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Rigid prescriptive regulations tend to be replaced by performance regulations, leaving it up to
the engineer to ensure the desired performance of the structure in an earthquake. In Japan
standard earthquake provisions are enforced by law since after the 1923 Tokyo earthquake.
Partly as a result of strict earthquake regulations, the professional degree of architect-building
engineer (kenchikushi) is a uni!ed degree in Japanese universities. Thus a single professional
individual is certi!ed to be in charge of application of building code provisions, while civil
engineers are trained mainly in the design of infrastructure and lifelines. Nevertheless, non-
compliance with codes and outright corruption in construction practices are still present in
many countries (Transparency International 2005).

Earthquake early warning systems

Some early warning systems for earthquakes are based on the delay time between the occurrence
of the earthquake at the epicentre and the arrival of the seismic wave at an inland location. They
usually rely on recording an earthquake in the epicentral area and transmitting the information to
a target location by satellite, internet or radio. It takes longer for the energy of the earthquake to
be transmitted through rock and soil than for the electronic warning to reach its destination.
Utilising that small amount of time, warning signs on major roads can #ash, telling drivers to pull
over, !re !ghters and ambulance teams can drive their vehicles outside depots that might collapse,
gas and other in#ammable pipelines can be shut o" by automatic valves, etc. All this required a
reliable automated system (see Chapter 40).

An early warning system based on an array of twelve stations along the Paci!c coast of
Mexico exploits the lag of around !fty seconds between the time of occurrence and the arrival
time of the seismic signal in Mexico City. An experience of almost twenty years suggests,
however, that the reliability of this system depends on the automatic identi!cation of the signal
as an earthquake. Spurious signals at a single station must be discarded. This means waiting ten
to twenty seconds for other stations to record not only an initial pulse but some of the later
wave train as well. Because of the inevitable trade-o" between the risk of missing the alarm, as
happened in the Chile tsunami, or emitting a false alarm as occurred several times in Mexico, it
was !nally decided to entrust the decision to a human operator. The trade-o" represents a
serious limitation of the overall utility of the system by adding delay.

Community-based loss prevention

While engineering and governance are important to earthquake loss reduction or even pre-
vention, vital community-based and community-led activities are also required (see Chapter 59).
One is citizen engagement in policy formation and implementation. There need to be demands
from citizens for enforcement of adequate seismic building codes. This goes hand in hand with
broader, cross-cutting issues of democratisation of decision-making, exposure and elimination of
corruption, as well as the need for a well-educated citizenry, the existence of a legal framework
that discourages malpractice and deviance from professional standards, and a government that
respects the rule of law. An example of such activism is a group in Vancouver, Canada, called
Families for School Seismic Safety (FSSS, at fsssbc.org). Awareness of earthquake hazard among
lay people in Vancouver grew in 2002–03 after the Nisqually quake that rattled Seattle in the US
state of Washington to the south, and the deaths of children in a school collapse in Italy in 2002.
Families, high school students and teachers became concerned that many multi-storey, nineteenth-
century schools in Vancouver were hazardous. They formed FSSS in June 2003, and teamed up
with a seismic engineer at the University of British Columbia, further informed themselves, and
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launched a lobbying campaign at city, province and eventually national level in Canada. In the
end, funds were appropriated to assess the safety of 864 schools and to retro!t or raze and rebuild
311 schools found to be unsafe (Monk 2005).

Communities in areas exposed to earthquake hazard also can do a good deal to prepare
themselves. Neighbourhood teams can be formed and trained. Water, emergency supplies and
tools can be stockpiled, rotated and maintained for use in emergencies. Volunteers in neigh-
bourhoods can be trained in !re !ghting, light search and rescue, !rst aid, transportation of the
injured and communications. Many earthquake-prone cities have such trained neighbourhood
groups. These include several cities in Japan, several on the west coast of the USA, and in
Turkey. The national Red Cross or Red Crescent societies in many earthquake-prone countries
train volunteers to respond and also provide education for children in school about earthquakes
(IFRC 2010a; Mayer 2008).

Public awareness is also critical. This includes teaching school children and youth about
earthquakes and what they and their families can do (see Chapter 62). Schools can become
centres for di"using innovative ideas and practices throughout communities. So, for example,
there have been successes in having school children encourage their parents to develop family
plans for earthquakes, to secure objects and furniture that could move, fall or shift and injure
people, etc. (Wisner 2006a). The media are also an important vehicle for building public
awareness (see Chapter 63).

Preparedness is essential in many venues. Not only homes, but public buildings such as
schools and hospitals, and also factories, need non-structural measures to reduce earthquake risk
in addition to having adequate structures. These include institutional plans and drills for earth-
quake, attention to objects and furniture that should be anchored, potential sources of !re or
chemical spills in the case of violent shaking (FEMA 2004b) (see Chapter 41). Guidelines to
non-structural mitigation have been developed, for example, for hospitals (SEARO 2006).

Conclusions

The challenges for earthquake risk reduction implied by the foregoing are well exempli!ed in the
contrast between the 2010 earthquakes in Haiti and Chile.

Haiti

An earthquake of Magnitude 7.0 destroyed the capital, Port-au-Price, and two neighbouring
cities, Jacmel and Léogâne, in Haiti on 12 January 2010. The epicentre was only 23 km away
from Port-au-Prince. The population in the epicentral area was about 3 million. Casualty !gures
were highly unreliable, but the loss of life was unusually high, on the order of 220,000–230,000
dead (USGS 2010b). The Enriquillo Fault on which the earthquake occurred de!nes a micro-
plate in the Caribbean–North America plate boundary. An earlier destructive earthquake on this
fault had been in 1770. Unfortunately, social memory of this event was weak. Large earthquakes
on this plate boundary are su$ciently rare to make the region especially vulnerable, as several
generations may go by without having experienced a damaging earthquake. Lack of awareness of
earthquake risk partly explains the absence of local earthquake regulations and resultant
destruction of structures of every kind, especially on soft ground. There was no building code
and no licensing requirements for engineers or builders. Fierro and Perry (2010) found that
thousands of collapses were caused by the absence of earthquake detailing in con!ned masonry
construction, which performed essentially as if reinforcement were absent, even in multi-storey
buildings.
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At the time of writing, discussions in Haiti about reconstruction and recovery includes pro-
posals to disperse the formerly dense population of Port-au-Prince to a number of cities that
would be expanded or built as ‘new towns’. Such top-down visions #y in the face of years of
experience of earthquake reconstruction and recovery summarised by such institutions as
ALNAP (2008) and the World Bank (2010b), which !nds that people are very reluctant to
resettle far from their original homes and that jobs and livelihood considerations trump safety in
the decision to relocate (see Chapter 46). In fact, it is the lack of viable livelihood opportunities
that had caused so many people to congregate in Port-au-Prince in the !rst place. Obstacles to
rapid provision of temporary housing in safe locations with the potential for transition to per-
manent settlements include:

! Lack of clear tenure to land.
! Insu$cient consultation with either the potential host communities or the a"ected people,

despite the fact that Haitian civil society is highly organised.
! Shortage of quali!ed engineers to inspect existing structures for damage.

Chile

The case of the Chile M8.8 earthquake of 27 February 2010 was apparently the opposite of that
of Haiti. Chile had seismologists, seismic monitoring stations, building codes, an active and well-
managed programme of earthquake research and, more importantly, a solid economy and an
excellent educational system. Yet there were still around 1,000 fatalities. The economic losses
may have been of the same order as in Haiti.

The coastal segment which ruptured in the Chile earthquake had been identi!ed as a seismic
gap, but the rupture was much more extensive than expected. The emergency response after
the Chile earthquake was adequate, but the massive communication failure produced signi!cant
delays in terms of search and rescue and medical assistance in general. The tsunami warning
system was not activated on time, which contributed to the loss of life in coastal localities. The
response of the coastal population was complicated by massive power failures that plunged
the entire region into darkness. With few exceptions, the building code ensured an acceptable
performance of modern housing and other buildings. Two hospitals and one clinic in Santiago
were evacuated because of structural damage.

Severe damage and casualties occurred in the coastal zone, which su"ered the impact of the
tsunami. This extended coastline has a low population density. A tentative explanation for
Chile’s death toll being two orders of magnitude smaller than Haiti’s despite su"ering an
earthquake with an order of magnitude more energy is as follows. Consider the four basic rules
of disaster prevention:

! Have a robust economy.
! Have an appropriate seismic building code and enforce it.
! Have a quality educational system.
! Don’t neglect social and environmental factors.

The lesson of the Chile disaster is that a robust economy, acceptable enforcement of an
appropriate building code and a quality educational system are not enough to guarantee seismic
safety. Equally important is a balanced system of regional development with attention to pockets
of poverty and social stress. The 4,000 km of coastline, and particularly its southern sector, is an
unevenly developed, partly impoverished region. A major resource in this region was !shing, but

Cinna Lomnitz and Ben Wisner

320
6=I F B 6= = =I 2E = A :E F :A P? E I A E A R 0AI E IA  A =G  =RG =I?E 5 P  & 8 9PA 3 F 1AI =G 

D , A F?AI =G PA ? H GE I EICD=H A =EG =? E I. ? 2-
1 A= A B H I EICD=H I & & , ,

1
R

EC
D

T
&

=R
G

=I
?E

5
P

/
GG

EC
D

A
A

QA



the !shing industry, once involving many small !shing boats, is now dominated by a handful of
large concerns that contribute little to creating local jobs or preserving biotic resources. Over-
!shing and joblessness are the results. To fully grasp the connection between uneven develop-
ment and vulnerability to the earthquake and tsunami, one needs to delve into the history of this
southern coastal region.

For three centuries the indigenous Mapuche people were able to keep !rst the Incas and later
the Spanish out of their ancestral lands. The Maule River in the epicentral region of the 2010
earthquake represented the natural frontier. Fierce Mapuche warriors waged intermittent guer-
rilla warfare against the white settlers. However, in 1881 the Indian Wars ended with defeat and
the shift of the native population to reservations. Agricultural lands were turned over to Eur-
opean immigrants while systematic discrimination reduced the indigenous population. At present,
fewer than 230,000 Mapuche are holding fast onto the remaining tribal land.

The Allende administration (1970–73) sought to restore tribal lands to the original owners,
but under the Pinochet regime (1973–90) these policies were reversed. Many Mapuche were
persecuted as leftists. The legacy of the dictatorship among the Mapuche was an extreme dis-
parity of incomes, alcoholism, joblessness and new health problems such as diabetes, plus con-
tinuing racial discrimination. This process of marginalisation was not just a spatial and economic
process, but a political one. The Mapuche have practically no voice and in#uence with central
government, and the resources and infrastructure available in depressed coastal areas are much
less than elsewhere in Chile. Young Mapuche emigrate from the former tribal territory and
attempt to merge with the poor in the coastal villages and in the major cities.

Dozens of small beaches between Pichilemu and Bucalemu to the north and Puerto Saavedra
to the south proved to be vulnerable to tsunami because of the #at topography and the shape of
the bays. Originally, these were Mapuche !shing villages, which now cater to seasonal tourism.
There were some casualties because of the erroneous information that the earthquake had not
caused a tsunami. There was severe tsunami damage in housing made of materials that included
wooden planks, zinc roo!ng and scavenged materials: these fragile structures were swept away
by the tsunami. In the small coastal community of Dichato near Concepción there were !fty
dead. The proportion of fatalities from the tsunami was 3:5 as compared to fatalities from col-
lapsed homes in Concepción and cities inland. While some of these fatalities were tourists, no
doubt economic development among the minority Mapuche population would have reduced
the death toll.
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