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In 2011 two significant earthquakes tested the world’s most seismically resilient communities:
the Christchurch earthquake in New Zealand and the Tohoku earthquake in Japan. These events
challenged some of the best enforced, high-quality seismic building codes in the world and shocked
two resilient communities. Although both countries coped extremely well, the concern lies with the
many seismically vulnerable countries that are becoming rapidly industrial and urban centric. This
commentary briefly examines the Christchurch and Tohuku earthquakes and considers what makes
a community resilient and what can be learnt about resilience from ‘disasters’ in the global North.
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T he most damaging natural disasters occur at the
intersection between the world’s poorest citi-
zens and environmental hazards such as earth-

quakes, floods or drought. These hazards have a
disproportionate impact on communities in the global
South where people often lack the financial capacity to
cope with, or be resilient to, the hazards they face
(Kahn 2005).

In 2011 two significant earthquakes tested the
world’s most seismically resilient communities: the
Christchurch earthquake in New Zealand and
the Tohoku earthquake in Japan. These events chal-
lenged some of the best enforced, high-quality seismic
building codes in the world and shocked two resilient
communities. Although both countries coped extre-
mely well, the concern lies with the many seismically
vulnerable countries that are becoming rapidly indus-
trial and urban centric. This commentary briefly exam-
ines the Christchurch and Tohuku earthquakes and
considers what makes a community resilient and what
can be learnt about resilience from ‘disasters’ in the
global North? That is not to say that the global North’s
way is the only path to resilience, but if patterns of

urbanisation continue to be emulated by the global
South, some of the practices regarding built resilience
should also be equally copied.

What is resilience?

Disasters only occur at the interface of society
and nature (Oliver-Smith 1996; Hewitt 1997). For
example, in 2001, the Gujarat earthquake would have
interested only seismologists if it had not killed
20 000 people residing in this highly seismic region of
India (Wisner et al. 2006). As Kelman (2003) notes,
the weak adobe housing and lack of enforced building
codes killed thousands during this earthquake. The
impact could have been greatly reduced if the social
complexities of the region had been considered and
acted upon in collaboration with physical hazard
investigations. A disaster is therefore more than just
the occurrence of a hazard event; it is the preventable
loss of lives and elements of value that cripple a
country and have a global resonance.

As Buckle (2006, 88) suggests, resilience and vulner-
ability are central concepts in understanding disasters;
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despite this, resilience is often poorly defined.
In this commentary resilience is considered as a
complex web of social interactions, characteristics and
capacities that enable a community to live with the
hazards they face. These three multifaceted elements
are inter-linked and each crucial for building resil-
ience. Interaction, or communication, is crucial for
hazard awareness and action (Vogel et al. 2007). At the
same time the characteristics of a community (cultural
or political) will influence their ability to cope. Lastly, a
community’s capacity will be determined by the
resources (financial and skills based). It is therefore
apparent that in order to mitigate the effects of disas-
ters, the scientific community in collaboration with
local governments need to explore both the physical
and social factors that influence resilience.

In a recent effort to engage the physical science
community in resilience research, the UK’s main
agency for funding environmental research, the
Natural Environment Research Council (NERC), has
announced a new interdisciplinary programme for
research that aims to ‘build resilience in earthquake-
prone and volcanic regions’ (see www.nerc.ac.uk).
This opportunity is one of many that have used resil-
ience to bring conventionally disparate realms
together for practical research and action. This con-
structive ‘buzz’ word echoes down the corridors of
universities, humanitarian agencies and governments
across the global North uniting elements of disaster
risk reduction (e.g. England and Jackson 2011; Paton
and Johnston 2006). But when infrequent yet extreme
hazards, such as magnitude 9 earthquakes, strike a

community that is wealthy, prepared, hazard aware
and politically stable, what can we learn about
resilience?

Global earthquake risk

As Figure 1 illustrates, globally averaged, earthquake-
related deaths have increased over the centuries due
to the increased exposure of people to seismic hazard
(Jackson 2006). In the first half of the last millennium,
these disastrous events (defined here as those with
related deaths greater than 10,000) occurred with a
frequency of once in every 20 years, or five a century.
The twentieth century saw 30 events with more than
10 000 dead. In only the first 11 years of the twenty-
first century, seven earthquakes have occurred killing
more than 700 000 in total. Given these trends, and
assuming the first decade of this century is represen-
tative, the rate of more than one earthquake every
other year killing more than 10 000 people is likely to
continue throughout the rest of the twenty-first
century.

During the last century the vast majority of earth-
quakes with high fatalities have occurred along the
Alpine–Himalayan chain between 20–45° N and
15–135° E (Figure 2a). This region is earthquake prone
due to the ongoing northward convergence of the
tectonic plates of Africa, Arabia and India with
Eurasia. Apart from the tsunamigenic Sumatra and
Japan earthquakes, the majority of earthquakes with
high fatalities lie in magnitude range of 6.5–8, and
it is therefore not necessarily the largest magnitude
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Figure 1 Histogram of the number of earthquake deaths in each century between 1000 and present in which >10 000
(grey) or >50 000 people have been killed (updated from Jackson 2006). The increasing number of massively fatal events

correlates with the human race’s increased exposure to earthquakes, primarily through population growth and
densification. This implies our increased knowledge of the cause of earthquakes has had little effect thus far. The number
of events in the first 11 years of the twenty-first century (right hand list) resulting in more than 50 000 and 10 000 deaths

is four and three respectively. If representative, this clearly indicates that the total number of earthquake fatalities will
greatly exceed that of the last century. At this rate, we can expect to be dealing with such deadly events almost

every year
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Figure 2 (a) Distribution and scale of earthquake-related deaths for 1900–2011 with fatalities greater than 5000. The area
of the circles is proportional to the number of deaths and the colour to the earthquake magnitude. Data are from the

USGS compilation (earthquake.usgs.gov/regional/world/world deaths.php). The earthquakes are clustered predominately
along the Alpine–Himalayan orogen, with Italy, Turkey, Iran, Pakistan, India and China suffering a large number of fatal

events. With the exception of the devastating Sumatra earthquake with its many tsunami-related deaths, the vast majority
of deaths have occurred in earthquakes with a magnitude range of 6.5–8. (b) Distribution of the world’s population. A

large density of the world’s population is centred on the Alpine–Himalayan mountain belt with the resulting earthquakes
affecting populations in southern Europe, northern Africa, Turkey and Arabia, India and eastern China. Megacities with

populations over 2.5 million are marked by black circles
Source: Data are the UN-adjusted population count on a half-degree by half-degree grid for 2005 from the Center for
International Earth Science Information Network (CIESIN), Columbia University, United Nations Food and Agriculture

Programme (FAO), and Centro Internacional de Agricultura Tropical (CIAT) (http://sedac.ciesin.columbia.edu/gpw)
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earthquakes that have the greatest human impact
(England and Jackson 2011). This is extremely con-
cerning because the lower the magnitude, the higher
the frequency of events.

Some countries most exposed to earthquake risk are
Turkey, Iran and Pakistan, plus two of the fastest
growing global economies, India and China. Vulner-
ability to earthquakes in these regions is amplified by
the poor standard of building construction. The lax,
deficient or absent building codes and laws within
developing countries results in an elevated number of
fatalities for any given size of earthquake when com-
pared, for example, with that for California or Japan.
This is compounded by poor governance and corrup-
tion, which compromises building quality and results
in any building standards that might exist being
ignored or circumvented. Ambraseys and Bilham
(2011) have found that a disproportionate number of
deaths from earthquake-induced building collapse
occur in countries that are considered corrupt, relative
to what would have been expected given the wealth
of those countries.

With the rise in mega-cities (Figure 2b) and a further
2 billion population increase likely in the next two
decades, urban disasters should be considered the
most significant future risk (Tucker 2004). The distri-
bution of these urban centres is not random, but rather
clustered around water supplies, along trade or stra-
tegic routes and constrained by topographic and geo-
graphic features such as high cold plateaus and barren
deserts. These geological features generally owe their
very existence to the tectonic driving forces that build
up mountain ranges along fault bounded fronts. The
Iranian capital, Tehran, is a case in point – the city
(with a daytime population of 10 million) lies at the
base of the Alborz mountains, which themselves have
been elevated from an active thrust fault (Jackson
2006). The city has built up from smaller towns that
lay along the important trade route and water supply,
and which have been destroyed by earthquakes in the

past. Therefore an uneasy compromise is reached
between serving a population’s immediate needs and
the long-term exposure to seismic catastrophe. The
number of these mega-cities and their individual
exposures unfortunately makes the likelihood of an
earthquake that can instantaneously kill 1 million
people an alarmingly realistic prospect within this
century (Bilham 2009).

Earthquake impact

The Prompt Assessment of Global Earthquakes for
Response (PAGER) is a recently developed system run
by the United States Geological Survey (USGS) to
provide an automated and rapid (30 min preliminary)
assessment of earthquake impact around the world.
PAGER provides an estimate of the number of poten-
tial fatalities and financial loss (Earle et al. 2009). A
key factor in this assessment is the estimation of the
degree of ground shaking and the number of people
exposed. The level of shaking is measured using the
Modified Mercalli Intensity (MMI) scale, where, for
example, a value of VIII is equivalent to severe
shaking, with heavy damage to structures expected.

Calculating the population exposed to at least this
amount of shaking (VIII+) and comparing this to the
number of fatalities, we can crudely assess the resil-
ience of buildings. This system has been applied to a
select number of recent earthquakes (Table 1) and
broadly speaking countries with a good standard of
building codes have very low fatality rates (<1%).
PAGER shows that although the number of fatalities in
the Tohuku, Japan earthquake was large (20 350), this
was a small percentage (<0.3%) of the 6 million
people exposed to severe or greater shaking, and pre-
dominately the deaths were related to the earthquake-
induced tsunami. This is also true of earthquakes that
occur in California, such as the 1989 Loma Prieta
earthquake, magnitude 7.1 and the 1994 Northridge
earthquake, magnitude 6.8, which exposed millions

Table 1 List of recent earthquakes for which a Prompt Assessment of Global Earthquakes for Response (PAGER) estimate
of the number of people exposed to VIII+ shaking on the Modified Mercalli Intensity (MMI) scale is given. An estimate of
the fatality rate from this severe shaking is given by dividing the number of fatalities by the population exposed to at least

this level of shaking

Earthquake Magnitude Date Facilities VIII+ shaking Fatality rate (%)

Tohuku, Japan 9.0 11 March 2011 20 350 6 073 000 0.34
Christchurch, New Zealand 6.3 21 February 2011 181 320 000 0.06
Darfield, New Zealand 7.1 3 September 2010 0 22 000 0.00
Yushu, China 6.9 13 April 2010 2700 12 000 22.50
Baja, Mexico 7.2 4 April 2010 2 801 038 0.00
Maule, Chile 8.8 27 February 2010 521 3 649 000 0.01
Haiti 7.0 12 January 2010 46 000–316 000 3 056 000 1.5–10
L’Aquila, Italy 6.3 6 June 2009 287 10 000 2.87
Wenchuan, China 7.9 12 May 2008 88 000 1 775 000 4.96
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to severe shaking, but killed very few. However, in
countries such as China and Iran, the earthquake-
related fatality rates have been much higher, up to
85% (Jackson 2006).

Furthermore, there are also large contrasts in the
economic impact of earthquakes. Whilst in absolute
terms, the cost of earthquakes in Japan, California and
New Zealand are large, the percentage loss of GDP is
small compared to that suffered by Haiti after the
2010 earthquakes that cost the country an entire
year’s GDP of $8 billion (NOAA Significant Earth-
quake Database). Whilst the Tohuku, Japan earth-
quake is likely to be the most costly earthquake to
date in financial terms, the estimated $300 billion is
just 6% of Japan’s $5 trillion GDP (World Bank 2011).

Despite the statistical evidence for resilience and
recovery of both Japan and New Zealand, there are
elements of vulnerability that appear to be distinctive
to more resilient countries. Post-event Japan is strug-
gling to contain a volatile nuclear plant destroyed by
the tsunami, whilst New Zealand could be facing a
difficult physical and psychological road to recovery
after their ‘everyday’ hazard took them by surprise.

The New Zealand earthquakes

New Zealand has some of the most detailed and
advanced seismic hazard models in the world and the
risk from earthquakes is thought to be relatively well
understood in this region. However, the earthquake in
February 2011 and the preceding main shock in Sep-
tember 2010 (the Darfield earthquake, magnitude 7)
occurred on previously unknown faults within close
proximity to the city of Christchurch (population
330 000).

On 22 February 2011 a moderately sized earth-
quake (magnitude 6.3) occurred directly beneath the

city. The faults were previously unknown because the
Canterbury Plains are covered in gravel deposits
which hide any geomorphic clues to the existence of
infrequently active faults. In contrast, the 2010
Darfield earthquake rupture broke the surface and
laterally offset roads, hedges and fences by up to 4 m
(Plate 1). However, this earthquake occurred 40 km to
the west of Christchurch, and no deaths occurred in
the city or outside.

The Christchurch earthquake occurred less than 6
months after the Darfield event. Despite being 10
times smaller and the fault not rupturing at the
surface, the proximity to the city resulted in severe
ground shaking. Consequently 181 people were killed
and 50% of the buildings within the city centre were
designated for demolition (Stevenson et al. 2011;
Plate 1).

In terms of resilience, the New Zealand public are
arguably among some of the best prepared earth-
quake communities in the world. The New Zealand
government provide comprehensive earthquake pre-
paredness resources for schools (Johnston et al. 2010),
and has enforced strict building code by-laws for
earthquake-prone housing since 1935.

However, in the immediate aftermath of the earth-
quake, 20% of residents (70 000) left the city (Love
2011). Post-disaster outmigration is not unusual due
to the immediate loss of homes and jobs. In terms of
employment, the Central Business District (CBD) was
extensively damaged and as of 1 March 2011 50 000
people were unable to return to work in the CBD
(Stevenson et al. 2011). Although Love (2011) sug-
gests that a permanent outmigration is unlikely, con-
tinuous aftershocks hamper rebuilding programmes
and influence people’s desire to remain in the city.

Despite being a well prepared and relatively weal-
thy society it appears certain social characteristics

Plate 1 (left) The earthquake rupture that cut across a field in the first New Zealand earthquake near Darfield 2010 offset
fences by 4 m. This event was a magnitude 7.1 but occurred 40 km to the west of Christchurch in a sparsely populated

area, resulting in no deaths and only moderate damage to the city. (right) The Christchurch 2011 earthquake was a
magnitude 6.3, so significantly smaller than the Darfield event, but occurred right beneath the city resulting in much

greater destruction and fatalities. However, most of the buildings remained standing and the fatality rate was just 0.05%
of those exposed to severe shaking

Source: Photograph credit: Simon Lamb (left) and Naomi Matthews (right)
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may influence this community’s ability to recover
and then live with hazards. The level of acceptable
risk may cause major issues when rebuilding the city.
As Fischhoff (1984) notes, risk is an ever-present
aspect of life. However, Wisner et al. (2006) suggest
that people die from hazards due to social global
inadequacies. If these social inadequacies are largely
resolved and a community is considered resilient it
may follow that they would have a near zero tolerance
for hazard-related deaths. Unfortunately the impracti-
calities of constructing and retrofitting every existing
building to withstand the ‘worst case scenario’ in
every region, however infrequent and uncertain,
mean that there will always be a degree of risk. The
difficulty in agreeing what is an acceptable degree of
risk could create a large problem in the reconstruction
of Christchurch as the ability to make acceptable risk
decisions is complicated by public opinion. More
generally, if by creating a resilient community you
produce an incapacity for accepting even a small
degree of risk, then how can that community under-
stand and accept the inherent uncertainties of earth-
quakes?

These earthquakes highlight the established seismic
resilience of New Zealand. Despite the surprise loca-
tion, the buildings that had been largely designed to
withstand shaking from larger earthquakes further
away fared very well. Whilst a large number of build-
ings in Christchurch will be demolished, the impor-
tant thing was that they stood long enough for
occupants to safely evacuate (Plate 1). Consequently,
there were zero fatalities from the larger Darfield
event, and a fatality rate of 0.06% from the
Christchurch event in which a third of a million expe-
rienced severe shaking (Table 1). But is this an accept-
able risk for a resilient community in the global
North?

The Tohoku earthquake, Japan

On the 11 March, the largest earthquake to have
occurred in Japan’s more than century-long instru-
mental record occurred 100 km off the east coast of
Honshu (Figure 2). The earthquake was generated
from the slip on a fault where the plate on which Japan
lies moved suddenly over the Pacific Oceanic plate.
The near instantaneous uplift of hundreds of kilome-
tres of the seabed generated a tsunami that struck the
island of Japan within tens of minutes and spread right
across the Pacific Ocean in the following hours.

This event is now listed as the fourth largest earth-
quake to be recorded globally in over a century. It
exposed just over 3 million people to severe shaking
(Table 1) and killed over 20 000 people. The earth-
quake generated a tsunami that tore across the flat
plains of eastern Japan devastating thousands of
communities.

Japan requested that international humanitarian
agencies did not seek to intervene directly in the

affected areas (DEC 2011). Although they accepted
offers of assistance, Japan’s capacity to cope and
therefore its resilience was apparently withstanding
the worst natural hazard to impact the country.

Within 8 seconds of the first earthquake waves
arriving, warnings were issued across the country and
27 high-speed ‘bullet’ trains were stopped without a
single derailment. In addition, tsunami warnings were
issued 20 min ahead of the first damaging waves
(Yamada 2011). This incredible warning system is tes-
timony to two things; firstly wealth and secondly good
governance. Appropriate applications of funding have
meant that Japan is the most technologically resilient
country in the world, with near instantaneous detec-
tion and earthquake warning systems.

Whilst Japan is recognised as a global leader in
seismic hazard assessment, the size and location of
2011 Tohuku event came as a surprise (Kerr 2011).
The greatest probability of seismic hazard was pre-
dicted for the southern coast, involving smaller rup-
tures of fault segments (Kanamori 2011). However, the
preparation and capacity for these expected smaller
events meant that the infrastructure was able to with-
stand the shaking from this massive event, although
the resulting tsunami had a much greater impact on
fatality rates.

The foundation of Japanese resilience not only
relies on extremely strict building codes but on col-
lective coherence. Paton et al. (2010) carried out a
timely study comparing community resilience to
earthquakes in Japan and New Zealand, examining
people’s capacity and willingness to adapt. This
included people’s hazard knowledge, acting upon this
knowledge, their capacity for self-reliance and their
ability to work with their neighbours and the emer-
gency management agencies (Paton et al. 2010; Paton
and Johnston 2006). They concluded that due to the
infrequent nature of earthquakes, both communities
are more likely to take action if hazard preparedness
activities are implemented via or as a result of a
shared endeavour addressing everyday issues.

It appears that social coherence and collective
compliance have enabled Japan to prepare and
recover from extreme events numerous times. Well
rehearsed emergency drills and a predisposition to
trust and obey official orders have created a collec-
tively prepared community. One concern may be that
a society such as this may become entirely dependent
on the government (Palm 1998). Therefore individuals
may not take action to protect themselves or their
families, believing that the government is responsible
for their safety. However, trust in the government has
reportedly wavered since the event, not because of the
earthquake, but because of Japan’s relationship with
nuclear power.

With 80% of its fuel imported, Japan has turned to
nuclear energy to supply its power hungry urban
regions. Presently there are 54 nuclear reactors in the
country and before May 2011 there were plans to
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build eight new reactors by 2020 (Cyranoski 2010).
Yet when the Fukushima Daiichi Nuclear Power Plant
was struck by the earthquake-triggered tsunami, the
impact destabilised four reactors. Valiant efforts by a
small team of employees seem to have saved the
country from contamination, yet the full scale of the
damage is still under investigation by the International
Atomic Energy Agency.

This near catastrophe has sparked renewed anxiety
across the globe on the use of nuclear power (Butler
2011). But the events in Japan should act as a warning
to developing countries such as India and China that
have a high rate of tectonic deformation, or crustal
strain rate, and are also embracing nuclear power.
Figure 3 maps the distribution of all the nuclear power
plants along with the underlying levels of crustal strain
from the Global Strain Rate Map (Kreemer et al.
2003). The higher the strain rate, the higher the level
of tectonic deformation, and broadly speaking, the
earthquake hazard. If a technologically, scientifically
and socially advanced country such as Japan did not
foresee the need to prepare for such an earthquake,
has India or China?

Conclusions

Wealth, advanced earthquake science, strict building
codes and community preparedness have saved thou-
sands of lives in both Japan and New Zealand.
However, even the most advanced science has inher-
ent uncertainties; whether it is the high magnitude of

the earthquake as in the case of Japan, or its location
on an unknown fault as in Christchurch, lessons are
re-learnt about the limits of earthquake forecasting
(Sagiya et al. 2011).

These events have highlighted the near impossibil-
ity of earthquake prediction (in so far as having
unequivocal and timely precursors that permit evacu-
ation) and also the extreme difficulty in accurate
earthquake forecasting (where the probability of
earthquakes occurring of a certain size in different
locations is estimated over a given time span).

These earthquake events have also provided an
opportunity to learn more about social elements of
resilience. They have indicated that the ability to
live with hazards requires a level of acceptable risk
and crucially an understanding of the uncertainties
related to hazards. Additionally, a compliant commu-
nity may lose its individual resilience as it becomes
dependant on government guidance. These factors of
resilience have a common thread – interaction or
communication.

Within many countries, including Japan, there are
laws and protection agencies in place whose very
existence suggests to the general public that it is pos-
sible to reliably detect foreshocks as precursors to
large earthquakes. It has been suggested that these
agencies and laws should be disbanded and revoked
(Geller 2011), as they are dangerously misleading.
Communicating the uncertainties of any hazard
science to decisionmakers and consequently the
public is essential, not only for the safety of those
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Figure 3 The spatial distribution of tectonic strain rate (colours) and current global nuclear power plants (black circles)
Source: This map was produced using data from the Global Strain Rate Map (Kreemer et al. 2003) and the International

Atomic Energy Agency/NASA
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communities, but also for the preservation of hazard
science itself.
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