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Foreword

Natural disasters are one of the last remaining public safety issues for society to
manage. Over the past centuries, the big killers of disease and accidents have gradu-
ally been tamed, and the causes of premature death are constantly being reduced by
medical and technological advances.

In the modern world it should not be possible, or acceptable, for large numbers
of people to die in the occurrence of geological processes like an earthquake, a
volcanic eruption or a landslide. These are well understood phenomena and the
science has existed for some time for us to understand their mechanisms, geography
and temporal patterns. And yet sudden manifestations of these forces of nature
continue to kill thousands of people, and in some cases tens of thousands and even
hundreds of thousands of people, at a time.

The forces wreaked by nature are formidable, and yet there are ways that these
forces can be understood, withstood, and accommodated. There are success stories
where the infrastructure has been built strongly enough to withstand the energy
unleashed on it, and the preparation has been sufficient to organise people to protect
themselves when it has happened.

The protection of societies from these forces needs considerable forethought and
planning. It needs a collective effort of will to recognise the threat, and to organise
our social systems to meet this threat. We have to agree to invest in resilient infra-
structure that has redundant capacity to withstand forces beyond those required for
everyday needs. We have to divert resources to cope with exceptional requirements.
We need a coordinated effort to build our buildings strong enough, and to provide
planning resources to prepare for the severity of the extreme threats of nature.

And all this requires a political consent to invest in the safety standards required
for social resilience.

But most importantly of all, we need to understand how casualties occur in these
natural disasters. The underlying science needs to be firmly in place to show how
best to prepare and to combat the destruction and social disruption that can ensue
from geological events.

These collected papers are a welcome compilation of some of the ground-
breaking science in understanding and combating casualties from natural hazards.
They represent a wide range of studies in different countries, and different events
and many different aspects of the causes of human death and injury.



vi Foreword

The studies in this book provide a long-overdue re-examination by some of the
world’s leading practitioners in mass-casualty risk management. The contributors
to this compendium have established a road map for the science, and set the chal-
lenge for society to follow to eliminate the risk of big death tolls from natural
disasters in the years ahead.

Risk Management Solutions, Inc. Dr. Andrew Coburn
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Chapter 1
Introduction

R. Spence, E. So, and C. Scawthorn

1.1 Context

Earthquake and disaster casualties are a matter of serious political and humanitarian
concern. At the time of preparing this book for publication, the world seems to be
experiencing a rising tide of earthquake casualties. The death toll from the recent
12.1.2010 earthquake in Haiti is perhaps 220,000 killed with 500,000 injured. And
this follows the major disasters of Wenchuan, China (88,289 dead), Yogyakarta,
Indonesia (5,749 dead), and Kashmir, Pakistan (87,351 dead) all of which have
occurred in the last 5 years. Just considering these events, the recent annual death
toll has been more than 75,000, higher than in any comparable period in the last
century. Figure 1.1 shows the decade by decade global fatality rate per million global
population from 1900 until the end of 2009, putting the last decade into context.

Unfortunately, this rising trend of earthquake deaths is not a surprise: those
who have examined the relationship between the earth’s most active earthquake
fault zones and their rising populations (Bilham 2009; Jackson 2006; Spence
2007) have, for some time, been warning that more major disasters, and larger
ones, are inevitable. But it tragically demonstrates that we are very far from hav-
ing an understanding of all the factors causing earthquakes to turn into major
disasters, or of how to control these factors.

R. Spence (<)

Cambridge Architectural Research Ltd, 25 Gwydir Street #6,
Cambridge, CB1 2LG, UK

e-mail: robin.spence @carltd.com

E. So
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Fig. 1.1 Total earthquake deaths by decade since 1900. Only the 1970s in which 655,000 people
may have died in the Tangshan earthquake had a higher death toll than the recently concluded
decade. The least estimate generally does not include tsunami-related deaths (Source of data
PAGER-CAT USGS)

Some of the broader causative factors are well known, and these have been again
confirmed by recent earthquakes:

* Poverty: earthquake disasters causing large numbers of casualties almost always
occur in relatively poor countries or regions — none of the ten events in the last
50 years with the largest death tolls occurred in a high-income country.

e Building collapse: the major primary cause of death in nearly every case (the
2004 tsunami being exceptional) was building collapse.

* Construction method: unreinforced masonry buildings remain the greatest danger
to their occupants; but recent events have demonstrated that reinforced concrete
buildings built without proper design or supervision can be as dangerous, and
have the potential to bury and trap many survivors of the initial shock.

* Collateral hazards: even though the weakness of buildings under ground shaking
is the greatest cause of death, other possible causes such as landslides and tsunamis,
may in some cases be of great importance.

e Response: slowness of search, rescue and treatment resulting from the absence or
incapacitation of emergency services, can greatly increase the final death toll.

But from each of the recent major disasters, new lessons have been learnt on the
causes and nature of death and injury, as well as on the factors contributing to
unusually high death tolls. Examining some recent events where additional casualty
studies have been carried out, factors which have had a major impact on the final
casualty number are shown in Table 1.1.

The table highlights particular key factors contributing to deaths that must be
considered in casualty modelling. However, data on the precise causes of death and
injury are in most cases not available. Given that additional work has been carried
out by researchers on this list of events, there are even less data on other events.
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1.2 Motivation and Aims of the Book

It is evident that there are many aspects of earthquake casualties which remain unclear
or uncertain, and this has resulted in an absence of reliable earthquake casualty models.
Earthquake risk and impact modelling is growing in importance; it can contribute to
the development of appropriate building regulations and controls for urban develop-
ment; it is essential for the planning of post-event emergency operations; and it con-
tributes to the development of insurance schemes and to the planning of mitigation
measures in the existing building stock. But for all of these purposes, it is vital to be
able to estimate the number of deaths and the number and type of injuries which may
result from a given pattern of earthquake ground shaking.

Making such estimates requires a more detailed understanding of the causative
factors of earthquake deaths and injuries than is currently available. Some of the
currently undetermined questions are

e What are the precise nature and detailed causes of injuries and deaths in recent
earthquakes?

e What is the quantitative lethality of different types of buildings, and what is the
relationship between levels of building damage and injury?

e What ratios of deaths and seriously injured to overall affected populations can
be expected in different circumstances?

* To what extent is the time of day of the earthquake occurrence a factor?

e To what extent do deaths and injuries have structural and non-structural causes?

e How do injury and death rates differ according to the behaviour of individuals
in response the ground shaking?

e What other factors contribute either to survival or to exceptionally high casualty
rates?

e How effective has search and rescue been in finding and rescuing trapped
survivors?

e How effective has emergency medicine been in identifying and treating earth-
quake injuries?

¢ Can death rates be reduced by affordable improvements in building methods; or
by better public awareness training; or by better communication of public warning
following precursory events?

A series of International Workshops on Disaster Casualties has in recent years been
established in order to promote further investigation of these questions. Two such
workshops have been held, the first in Kyoto in November 2007 and the second in
Cambridge in June 2009 at which a number of papers were presented, with participa-
tion from researchers and practitioners from Japan, Europe, the United States and
elsewhere, and including engineers, architects, health professionals and emergency
managers. The proceedings of these two workshops form the basis of this book.
With this background, the purposes of this book are

1. To present the most important new evidence produced in the two workshops, in
order to summarise current trends in the understanding of the factors influencing
the numbers and types of casualties in disasters
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2. To offer methods to incorporate this understanding in the estimation of losses in
future events in different parts of the world, and

3. To discuss ways in which pre-event mitigation activity and post-event emergency
management can reduce the toll of casualties in future events

The book thus constitutes both a gathering of the evidence on these research ques-
tions, and a presentation and evaluation of the results of some of today’s earthquake
casualty models.

1.3 Scope of the Book

The book is organised into four sections according to the main topic of each chapter,
although there is inevitably some overlap of subject matter between the sections.
Part I: A Global Perspective, assembles four papers which look at data and
information on earthquake and disaster casualties generally, and discuss different
approaches to the analysis of that data. Chapter 2 examines the data on casualties
which has been assembled in the EM-DAT database at CRED, Louvain; Chapter 3
constitutes a comprehensive review of existing research on casualties and public
education; Chapter 4 discusses how to define in economic terms, the impacts of injuries
and deaths in natural disasters, and introduces the concept of Economically Adjusted
Life Years (EALY). It also considers the evidence for a diurnal variation in the
pattern of earthquake deaths, and concludes that such a variation is detectable in
the data. Chapter 5 presents an overview of the casualty components of the
Cambridge University Earthquake Damage Database (CUEDD), now the Cambridge
Earthquake Impact Database (CEQID) which assembles building damage data from
more than 50 worldwide earthquakes, comprising over 1.5 million affected build-
ings, and shows the results of some analysis of the assembled data in relation to
ground shaking and building types.

Part 1I: Casualty Loss Modelling comprises four chapters describing existing
casualty models, and presenting the results of some applications of these models.
Chapter 6 presents the development of casualty models for use in the USGS
PAGER (Prompt Assessment of Global Earthquakes for Response) system which is
widely used to support emergency response and relief efforts, and discusses the
global data sources on which they are based, describing the empirical, semi-empirical
and analytical approaches they use for making casualty estimates. Chapter 7
presents the loss estimation tool QLARM being developed by the World Agency of
Planetary Monitoring and Earthquake Risk Reduction (WAPMERR), also designed
to be used for immediate post-earthquake emergency and relief planning, and
discusses how its components are calibrated on the basis of past events worldwide.
Chapter 8 describes the Extremum loss estimation system developed by the
Seismological Centre of the Russian Academy of Sciences, which is also designed
for immediate post-earthquake response, and is strongly based on losses experienced
in the former Soviet Union countries. Its rapid post-event estimates are compared
with the actual reported data for several recent events. Chapter 9 describes the
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various casualty models which were used to estimate injuries and deaths that might
occur in the M7.8 “Shakeout” scenario in Southern California.

The five chapters in Part IlI: Lessons Learnt from Regional Studies present
significant new data and observations derived from studies relating to particular
countries or regions. Chapter 10 presents some of the earthquake casualty data
assembled by the Russian Centre for Disaster Medicine, which forms a basis for the
casualty estimates of the Extremum system, and for the planning of post-event medical
support of the affected populations in the Russian Federation. Chapter 11 discusses
the seismic vulnerability of buildings in Greece using data prepared to support the
development of the PAGER system; the experience of casualties associated with
building collapse in Greece is summarised, and presented alongside decadal global
earthquake fatality data from 1900. Chapter 12 presents a model for the rapid
estimation of casualties in Italy, and its application to the 2009 L’ Aquila earthquake.
The results of the model run conducted in the first few hours after the event are
presented and are shown to have a surprisingly good agreement with the eventually
recorded numbers of deaths, injured and homeless. Chapter 13 constitutes a detailed
examination of the deaths and injuries which occurred in the L’ Aquila earthquake,
in which 305 people died, and 1,500 were injured. The geographic and demographic
distribution of deaths and injuries are examined, and their relationships to patterns
of collapse associated with the characteristic building types of the region are
investigated, leading to some conclusions on survivability in conditions of building
failure. Chapter 14 presents the results of an extensive questionnaire survey
conducted in Ojiya City, Japan, following the 2004 mid-Niigata earthquake. 4,400
household surveys were collected, making this by far the largest survey of its kind
ever conducted. The nature and causes of injuries were investigated, and relation-
ships between the injury type, location, cause and occupant behaviour are traced.

Part IV: Exploring Approaches to Improved Casualty Modelling brings together
a set of six chapters presenting research on a variety of ways to improve casualty
modelling, through acquisition and analysis of field data, laboratory studies and
social surveys. Chapter 15 presents the approach to casualty modelling which
underlies the development of the PAGER system, and therefore complements
Chapter 6. It looks at the sources of data for the hazard, exposure and vulnerability
components of the PAGER model, and points to other ways in which these datasets
have been and might be used to improve casualty estimation, and to better under-
stand the uncertainties in existing models. Chapter 16 discusses the problems of
acquiring injury and fatality data from the field following an earthquake.
It describes in detail a questionnaire which has been developed and used to capture
the experiences of survivors in three separate events: Kashmir, Pakistan in 2005;
Yogyakarta, Indonesia in 2006; and Pisco, Peru in 2007. Issues of questionnaire
design, sampling, survey management and ethics are discussed.

Also within Part IV, Chapter 17 introduces some general issues concerning the
estimation of numbers of deaths and injuries in earthquake models. Given the signifi-
cance of damage level, it is suggested that a new damage level (D5* meaning
complete collapse) should be introduced. Using evidence from earthquakes in
Portugal and the 2009 L’ Aquila earthquake, the importance of accurate data on resi-
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dent population and on the possible behaviour in response to precursory phenomena
and warnings is emphasised. Chapter 18 discusses the injury/fatality ratio R in
earthquakes. It is shown that R has increased with time, and that it is very different in
the industrialised and developing world. It is suggested that the improvement in R
implies a general improvement of the quality of the building stock globally. It is
proposed that values of R specific to different building classes be used for the estima-
tion of casualties in earthquake loss models.

Laboratory investigation of building performance in earthquakes is a well-established
field; but for human casualty investigation, it is still in its infancy, with the first steps
being taken in Japan. Chapter 19 examines how the impact of earthquakes on the
human body can be systematically investigated. It describes the development, at Osaka
City University, of an instrumented mannequin and its laboratory testing, for use in large
scale shaking-table tests. It also describes the development of a “cyber-mannequin”
suitable for applications to finite element simulations of the collapse of structures.
With these tools a new field of research into the direct causes of human injuries in
earthquakes is facilitated, making possible fresh insights into opportunities for
mitigation. Chapter 20 deals with an alternative, social science, approach to understan-
ding human vulnerability. It presents the results of a social survey of risk perceptions.
Using stratified samples of the population in three earthquake risk cities (Seattle,
Osaka and Izmir), the degree of perception of earthquake risk, and the extent to
which individuals had taken measures to protect themselves from earthquake loss
(seismic adjustments), were investigated. Surprisingly it is found that there is only a
weak correlation between seismic risk perception and seismic adjustment activity.

Several good papers presented at the workshops were unable to be published in
this book either for reasons of space, or because they were destined to be (or have
already been) published elsewhere. From Japan, Professor Aiko Furukawa presented
a paper which showed how computer simulation of the performance of buildings in
earthquakes can be carried out using discrete event simulation (DES) techniques,
and how the results of such simulations can be used for estimation of the casualty
potential resulting from partial and total collapse of small masonry buildings
(Furukawa et al. 2009). Captain Larry Collins of the Los Angeles Fire Department
described the activities of the Fire Department during the 2008 Shakeout Southern
California earthquake simulation exercise (Chapter 9), and lessons learnt from the
experience. This has been published in the journal Fire Engineering (Collins 2009).

In other papers presented at the workshops but not published here, Mary Lou
Zoback and colleagues from Risk Management Solutions described an important
project to address the humanitarian impacts of futures earthquakes on six of the
most at-risk South American Cities; Tomoko Shigaki and Michio Miyano from
Osaka City University presented an investigation of the call-out records of the
Osaka City Emergency Department over the period 1990-2005, arguing that the
areas of greatest intensity of everyday emergency are likely also to be the areas
most impacted by major disasters. Peter Baxter of Cambridge University’s Institute
of Public Health presented an overview of human casualties in volcanic eruptions;
Nabil Achour of Loughborough University presented a discussion of the issues
involved in the planning of hospitals to face a major influx of casualties in a
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post-disaster situation; Professor Yutaka Ohta from Japan’s Tono Institute presented
an overview of earthquake-related research from the medical literature using the
PubMed database; and Akiko Yoshimura from the Earthquake Disaster Mitigation
Centre (EDM) in Hyogo Province, Japan described the design and implementation
of Japan’s first full-time training centre for Urban Search and Rescue. Although
they are not presented here, summary presentations and slides on these topics may
be found on the website of the Cambridge University Centre for Risk in the Built
Environment (www.arct.cam.ac.uk/curbe).

1.4 Research Needs

An aim of the two International Disaster Casualties workshops was to set an agenda
for future research in three separate areas

* Empirical casualty loss modelling
* Development of mechanical and behavioural models
* Emergency management

Consequently, a session at each workshop was devoted to this aim. Short-term and
more long-term research goals were distinguished, as indicated in the following
paragraphs.

For loss modelling, it was agreed that essential short-term goals would include
the creation of a database of all existing empirical data on casualties in past earth-
quakes, with tools for cross-event analysis, and to develop common protocols and
standards for collecting data, including an agreed taxonomy. This implied the need
for close collaboration among disciplines, and involvement with the World Health
Organisation. In the longer term, research is needed to understand the correlation
of casualties with physical observations of the causative factor, to understand the
uncertainties, and to improve casualty estimation models, making use of the data
collected in the proposed database. Better understanding of the global building
stock, and making use of advanced remote sensing techniques, will be an essential
background for such studies. Further development is also needed of methods for
incorporating earthquake-related disability into economic calculations of the costs
of earthquakes, in order to strengthen the economic case for mitigation actions.

For the development of mechanical and behavioural models, new modelling and
simulation techniques such as discrete element modelling (DEM) for building
performance and smoothed particle hydrodynamics (SPH) for modelling of
tsunami-building interaction were recognised to have great potential; a much
greater range of different types of structure need to be investigated, exploring newly
available enhancements in computing power. Eventually it is anticipated that the
interaction between buildings and occupants and their behaviour could also be
explored by such models. But calibration of such models against real observations,
both of building performance and individual behaviour, either in the laboratory or
in the field, was agreed to be vital to give such models credibility. This area of
research has great potential for the longer term.
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For emergency management, key short-term research goals were to find ways to
collect data about what leads to survival in earthquakes, including the activity of
SAR (search and rescue) teams. The need for better international collaboration
among SAR agencies was stressed. A longer term goal would be to create and
analyse a database of SAR activities in a range of events to understand the role of
spatial constraints, building typologies, arrival delay and SAR team composition on
SAR effectiveness. At a national level, it was agreed that much can be done in
many cases to improve communication between governments and the population
about how to behave before, during and after an earthquake, offering an important
field for social research.

Potential users of such research were identified as national emergency manage-
ment agencies, health planners, urban authorities, building standards regulators, as
well as business and private individual owners and occupants of buildings. Research
objectives for each user community would be somewhat different subsets of the
overall research agenda. The planned research activities of the GEM (Global
Earthquake Model) risk and socio-economic impact components will be an oppor-
tunity for many of these shorter- and longer-term research needs to be addressed,
and the workshops addressed prioritisation of GEM’s research agenda.

As engineers and scientists, we know that though the events themselves are
unavoidable, the consequences and the deaths from earthquakes can be mitigated.
Recent earthquakes have been the motivation behind this book which focuses on
understanding, modelling and documenting. Only by such efforts can we gain con-
fidence in improving global loss modelling, disaster preparedness and mitigation in
the future.
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Chapter 2
Earthquakes, an Epidemiological Perspective
on Patterns and Trends

D. Guha-Sapir and F. Vos

Abstract The unpredictable nature of earthquakes and the vast impact they can
have makes them one of the most lethal kinds of natural disaster. Earthquakes have
claimed an average of 27,000 lives a year since 1990, according to the data on
reported deaths compiled by the EM-DAT International Disaster Database, which
is maintained by the Centre for Research on the Epidemiology of Disasters (CRED)
at the Catholic University in Louvain, Belgium. The consequences of earthquake
disasters vary around the globe, depending on the region and its economic develop-
ment. Data shows that the number of earthquakes causing significant human and
economic loss has increased since the 1970s, endorsing research into individual
risk patterns which can provide important information for community-based
preparedness programmes. Epidemiological analysis of earthquake impact data can
be useful for evaluating impact patterns over space and time. However, the lack of
standard definitions of exposure to risk of death or injury from earthquakes is an
ongoing methodological obstacle and contributes to inaccuracies in calculations of
rates and ratios for comparison purposes. Standardised definitions of deaths and
injuries from disasters would improve understanding of earthquake-related risks.
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2.1 Introduction

Earthquakes can have devastating impacts in a matter of seconds. Their unpredictable
nature and the potential scale of their impact make them one of the most lethal of all
disasters, claiming an average of 27,000 lives a year worldwide since the 1990s. If
we look at the science behind the death tolls, earthquakes are caused by faulting, a
sudden lateral or vertical movement of rock along a rupture surface. Accumulated
strain in the earth along faults is released, resulting in radiation of seismic energy
and ground shaking. Earthquakes can also be triggered by volcanic or magmatic
activity or other sudden stress changes in the earth (Stein and Wysession 2003; Bolt
1988). There are more than 1.4 million earthquakes a year around the planet, an
average of almost 4,000 per day.! And yet, of course, if earthquake phenomena occur
in uninhabited areas where they do not have any human impact, they remain hazards
rather than disasters. If, on the other hand, they strike urban areas with high popula-
tion density or communities where buildings are not earthquake-resistant, there is
the potential for major disasters with large-scale human loss, especially in the case
of larger earthquakes.

Scientists and researchers have increasingly focused their attention beyond seismology
and the physics of the earth’s structure and interior, to look at real-time earthquake
damage estimation. It is possible to estimate the seismic hazard or how much an earth-
quake could potentially shake the ground in an area by looking at local seismicity and
seismotectonics and from records of strong-motion accelerographs (Berckhemer 2002).
Computer simulations and experimental designs have been used to investigate the
dynamic response of technical construction elements. Seismic building codes provide a basis
for recommending earthquake-resistant construction. Much has been written on this
(Kanamori and Brodsky 2001; Chen and Scawthorn 2002; Bullen and Bolt 1985;
Coburn and Spence 2002; Aki and Richards 2002; Scholz 2002; Lay and Wallace
1995). However, in this paper we focus on the human impact of disasters. As a result,
we restrict our discussion to analysis of relevant earthquake statistics in the EM-DAT
International Disaster Database maintained by the Centre for Research on the
Epidemiology of Disasters (CRED) at the Catholic University of Louvain in Belgium.

The aims of this paper are to display and analyse the global data on earthquakes
held by CRED’s EM-DAT database, the reference source for systematic global
disaster data, from an epidemiological perspective. Following this introduction,
Section 2.2 provides an overview of the methodological parameters that guide the
way natural disasters are recorded in EM-DAT. It will also discuss the challenges
thrown up by potential ambiguities in disaster data collection. This is followed in
Section 2.3 by a description of global patterns and trends in earthquake occurrence
and their human impact. Finally, in Section 2.4 we will offer some conclusions and
suggestions for future research in this area.

"http://earthquake.usgs.gov/learn/faq/?faqID =69, accessed on 1 December 2009.
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2.2 Recording Natural Disasters in EM-DAT

In this section, we will describe the methodological procedures and parameters
used in the CRED EM-DAT International Disaster Database, which is a unique
public source of information used by a wide variety of scientists, policy makers and
operational organisations.> We will also outline some of the methodological chal-
lenges encountered in disaster data collection.

2.2.1 EM-DAT: Objectives and Methodology

CRED provides standardised data on disaster occurrence and loss around the world.* Its
wider goal is to contribute to information dissemination for disaster management in
order to enhance regional, national and local capacity to prepare for, respond to, and
mitigate disaster events. CRED has maintained EM-DAT since 1988 with the initial
support of the U.N. World Health Organisation (WHO), the U.N. Disaster Relief
Organisation (UNDRO) and the Belgian government, and since 1999 with the sponsor-
ship of the Office of Foreign Disaster Assistance at the United States Agency for
International Development (OFDA-USAID). The main objectives of the database are to:

e Assist humanitarian action at both national and international levels
* Rationalise decision-making for disaster preparedness
* Provide an objective basis for vulnerability assessment and priority-setting

Historical disaster data can help to determine the characteristics of disaster risks
and analyse trends in them. EM-DAT contains essential core data on the occurrence
and impact of more than 18,000 natural and technological disasters around the world
from 1900 to the present. The database is compiled from various sources,* including
U.N. agencies, governmental and non-governmental organisations, insurance
companies, research institutes and press agencies. The data inserted in EM-DAT

2See also: www.emdat.be
3See also: www.cred.be

4This includes U.N. bodies (Food and Agriculture Organisation — FAO, Integrated Regional
Information Networks — IRIN, Office for the Coordination of Humanitarian Affairs — OCHA,
U.N. Environment Programme — UNEP, World Food Programme - WFP, WHO, World
Meteorological Organisation — WMO, Economic Commission for Latin America and the
Caribbean — ECLAC), U.S. governmental bodies (Centers for Disease Control — CDC , Federal
Emergency Management Agency — FEMA, National Oceanic and Atmospheric Administration —
NOAA, OFDA, Smithsonian Institution), official agencies (Asian Disaster Risk Reduction Center —
ADRC, Caribbean Disaster Emergency Response Agency — CDERA, national governments),
NGOs and humanitarian organisations (International Federation of Red Cross and Red Crescent
Societies — IFRC), reinsurance companies and magazines (Lloyd’s Casualty Week, MiinichRe,
SwissRe), inter-governmental organisations (World Bank), press agencies (AFP, Reuters), and
other specialist sources (Dartmouth Flood Observatory — DFO, U.S. Geological Survey — USGS).
This is not an exhaustive list.
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follows a strict methodology using standardised definitions, and the validation
procedure is intensive. Validated data are uploaded to the EM-DAT website at three-
month intervals, and economic loss data are cross-checked and completed with data
from MiinichRe NatCat> and SwissRe Sigma databases.®

For the purposes of EM-DAT, a disaster is defined as: “a situation or event which
overwhelms local capacity, necessitating a request to a national or international
level for external assistance; an unforeseen and often sudden event that causes great
damage, destruction and human suffering”. For a disaster to be entered into EM-DAT,
it must fulfil at least one of the following criteria:

e Ten or more people reported killed

* 100 or more people reported affected
* A declaration of a state of emergency

e A call for international assistance

Each EM-DAT disaster entry conforms to a set of fields that is uniform throughout

the database (Table 2.1).

Table 2.1 Overview of main parameters included in EM-DAT

Field name Content of field
DISNO Eight-digit disaster ID composed of

year +sequential number (e.g. 2009-0037)
Country Country of disaster occurrence

Disaster group
Disaster sub-group

Disaster type and sub-type

Date
No. people killed

No. people injured

No. people homeless
No. people affected

Total no. affected
No. victims
Estimated damage

Geographical information
Additional fields

Natural/technological disasters

Geophysical, meteorological, hydrological,
climatological or biological disasters

Description of the disaster according to a
pre-defined classification

Start/end date of disaster

Persons confirmed as dead and persons missing
and presumed dead

People suffering from physical injuries, trauma
or an illness requiring medical treatment as a
direct result of a disaster

People needing immediate assistance for shelter

People requiring immediate assistance during a
period of emergency, including displaced or
evacuated people

Sum of injured, homeless and affected people

Sum of killed and total affected people

Estimated economic damage in US$ x 1,000
(reported values)

Location, latitude and longitude

E.g. scale/magnitude of disaster, international
status, aid contribution, affected sectors

3See also: www.munichre.com/en/ts/geo_risks/natcatservice/default.aspx

°See also: www.swissre.com
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2.2.2 Finding the Right Definitions and Terminology

One of the major challenges in the field of disaster data today is finding a way to
overcome the limitations that result from not having standardised definitions. The
lack of universal definitions leads to inconsistencies in reported disaster figures and
makes it extremely hard to compare and exchange data between multiple disaster
data compilation initiatives. In response to this, CRED and MiinichRe have recently
led a collaborative initiative on a Disaster Category Classification for Operational
Databases in order to come up with standardised terminology for global and
regional databases on natural disasters (Below et al. 2009). This initiative is an
important step towards standardising disaster databases worldwide, which should
help to improve the quality and interoperability of disaster data.

2.2.3 Challenges in Disaster Data Collection

All global datasets have inherent limitations on their data, and this is certainly the
case for global disaster data sets. Information sources reporting data on disasters
have different objectives, so data may not be gathered and communicated specifi-
cally for statistical purposes. This means that the quality of disaster statistics
depends to a large extent on the reporting sources. There are ambiguities in the
definitions and criteria used to describe the human impact of disasters. Up until
now, there has not been any commonly applied definition of ‘people affected by a
disaster’. The numbers reported for disaster-related deaths sometimes include the
missing, but sometimes do not, so if the reporting is not clear it is easy for mortality
figures to be inflated or deflated.

Likewise, economic losses are often loosely reported or even missing altogether,
because of the complexity of assessing damages. In EM-DAT, economic loss data are
cross-checked with other specialist sources, such as reinsurance companies. While no
database can capture complete information on all events, the statistics compiled in
EM-DAT provide an insight into trends which can be used to appreciate the direction
and comparative impact of different disasters. On a positive note, consensus has been
reached in recent years on definitions and thresholds in reporting disaster statistics, which
makes global data more consistent and easier to compare.

2.3 Global Patterns and Trends in Earthquake
Occurrence and Human Impact

Earthquake disasters are distributed through time and over space with a wide range
of potential consequences. First, we will look at the trends in natural disasters that
we can identify in the EM-DAT database from 1900 until the present day. After this,
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we will draw on the improved quality of data reporting and better coverage of
global events to do further analysis of earthquake disasters between the first day of
1970 and the end of 2008. We will only include disasters that meet the EM-DAT
criteria as described in Section 2.2.1.

2.3.1 Long-Terms Trends in Natural Disasters

EM-DAT has a record of more than 11,000 natural disasters dating back to 1900. Of
these recorded events, 85% took place since 1970. One of the main factors contributing
to this apparent increase in natural disasters is improved reporting, influenced by the
launch of OFDA-USAID in 1964 and CRED in 1973.

The data represented in Fig. 2.1 might lead one to believe that disasters occur
more frequently today than in earlier decades. However, it would be wrong to reach
such a conclusion based solely on this graph. When interpreting disaster data, one
has to take into account the inherent complexity of disaster occurrence and human
vulnerabilities, as well as how statistics are reported and registered. Furthermore,
developments in telecommunications and media, increased humanitarian funding
and improved international cooperation have all contributed to better reporting of
disasters, particularly the smaller-scale ones.
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Fig. 2.1 Reported natural disaster occurrence in EM-DAT (1900-2008)



2 Earthquakes, an Epidemiological Perspective on Patterns and Trends 19

2.3.2 Earthquake Disasters: Patterns and Trends
Jrom 1970 to 2008

In recent decades, data quality and coverage have vastly improved. Media coverage
of global events has expanded widely, and telecommunication costs have decreased.
The increased use of internet and email correspondence has also improved the
timeliness and quality of disaster reporting. In this section we look at some patterns
and trends in the earthquake data since 1970.

An annual average of 21 earthquake disasters has been reported over the last 39
years, according to EM-DAT criteria (see Section 2.2.1). But over the last 9 years,
this average has increased to 30 earthquakes per year. Figure 2.2 shows the
frequency of seismic shocks with significant human impact. The three peak years
for high numbers of earthquake disasters were 1990, 2003 and 2004. In 1990, both
Asia and Europe experienced frequent seismic activity with significant human
consequences. In that calendar year, 13 earthquakes — ranging from 5.8 to 7.7 on
the Richter scale of magnitude — hit Asia, and 12 earthquakes occurred in Europe
with magnitudes ranging from 4.7 to 6.8 on the Richter scale. The rest of the world
also experienced several major earthquakes. By far the most lethal earthquake in
1990 was the earthquake which hit Iran on June 21 with a magnitude of 7.3 on the
Richter scale. It struck Manjil-Rudbar at 00:30 local time, killing 40,000 people
and affecting more than 700,000 others. In the same year, a 7.7-magnitude earth-
quake struck the densely populated island of Luzon in the Philippines on July 16,
killing 2,400 people and affecting more than 1.5 million others.

In 2003, 29 earthquakes occurred in Asia, of which 11 were in China and five in
Iran. The destructive 6.6-magnitude Bam earthquake, which struck Iran on December
26, 2003 at 05:26 local time, killed 27,000 people and affected 270,000 others.
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Fig. 2.2 Number of earthquakes with human impact according to EM-DAT criteria (1970-2008)
(Tsunamis included)
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Fig. 2.3 Earthquake Oceania
occurrence (%) by continent 5%
1970-2008

Fig. 2.4 Earthquake Africa
fatalities per continent (%)
1970-2008

A 6.0-magnitude earthquake struck the Yunnan province of China on July 21, 2003
at 23:16 local time, affecting over 1.3 million people.

Asia was struck again by a series of earthquakes in 2004. In that year, Indonesia
(six) and China (five) were the two countries with the highest individual contribu-
tion to the continent’s total of 26 earthquakes. On the other hand, a single massive
event, the devastating Sumatra-Andaman earthquake and tsunami of December 26,
affected 12 countries, increasing the annual total of human disaster earthquakes in
the region. It killed more than 226,400 people, with a total of 2.4 million affected,
and inflicted damage costing US$10 billion.

Profiles of earthquake occurrence and their impact differ between continents
(Figs. 2.3-2.6). During the past 39 years, Asia is the continent with the highest
number of earthquakes (with an average of 55% of each year’s share), followed by
the Americas (21%). When we look at the human impact, over 80% of earthquake
victims are in Asia. Damage costs from earthquakes are also highest in Asia, partly
due to the high frequency of earthquakes in relatively wealthy Japan and the wide-
spread scope of damage in India. Despite relatively low earthquake numbers,
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Fig. 2.5 Earthquake victims Oceania Africa

per continent (%) 1970-2008 Europe
3%

Fig. 2.6 Earthquake damage Oceania Africa
costs (%) by continent <1% 4%
19702008

Europe accounts for nearly 20% of damage costs, compared to the Americas — another
relatively high-income region — which remain at 15%.

Finally, if we look at how the share of victims has changed over time, Asia’s burden
has increased substantially in recent decades, as shown in Fig. 2.7. The two peaks
in this figure represent the 1988 earthquake which hit India and Nepal at a magnitude
of 7.0 on the Richter scale, with over 20 million victims, and the 2008 Sichuan
earthquake in China (magnitude 7.9), which claimed more than 46 million victims.
Victims, according to EM-DAT terminology, include both the dead and affected.

If we rank individual countries by the number of earthquakes that occurred in
them over the last 39 years, China tops the list, experiencing a total of 99 earth-
quakes that had major human impact. Indonesia comes second, with 80 earthquakes
during this same period. Although China and Indonesia are relatively big countries,
a larger surface area is not necessarily associated with a higher frequency of disas-
trous earthquakes. Other larger countries, such as Brazil, Russia or India, do not
experience more earthquakes due to their size, since earthquake occurrence is not
randomly distributed across the globe. Table 2.2, which compiles the top ten countries



22 D. Guha-Sapir and F. Vos

45
40
25 i

20

15

Number of victims x millions

10

o}ﬂﬂ___ ol -alnllf- IEI III I! ! IIIIB

MmN |
© AN AV A A 9 D oM 5 PR P PP PR PR PGP PP
,\é\\é\\é\\é\é\é\\q .\cS\ ,\q‘b q“’\q‘b RS ,9‘2’ ,\%‘b\q‘b\q@%\q‘b@ ,\q‘b\caq@q’\qq@q S SSS ST
O Americas @ Africa O Europe ® Oceania @ Asia
Fig. 2.7 Trend in number of earthquake victims per continent 1970-2008
Table 2.2 Top ten countries Country No. earthquakes

with highest number of

earthquakes 1970-2008 China . 99
Indonesia 80
Iran 74
Turkey 42
Japan 34
Peru 27
Afghanistan 25
United States 24
Italy 23
Greece, Mexico 22

with the highest number of earthquakes, highlights countries located in high-risk
geographical locations, such as the Pacific’s Ring of Fire.

If we look at the ten most fatal earthquakes of the last 39 years, low- and middle
income countries top the list (Table 2.3). When earthquakes strike, the human
impact can be enormous, killing hundreds of thousands of people in a few seconds.
Earthquake risk increases with population growth and urbanisation, as well as with
poverty. Low-quality building construction and inadequate spatial planning put
people in danger, and we often find that earthquake damage is particularly destructive
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Table 2.3 Top ten most destructive earthquakes in terms of human impact (1970-2008)

Date Country Richter Killed (x 1,000) Total affected (x 1,000)
27 Jul 1976 China 7.8 242 164
26 Dec 2004 Indian Ocean tsunami® 9.0 226 2,432
12 May 2008  China 7.9 88 45,977
08 Oct 2005 Pakistan, India, 7.6 75 5,285
Afghanistan®
31 May 1970  Peru 7.8 67 3,216
21 Jun 1990 Iran 7.3 40 710
26 Dec 2003 Iran 6.6 27 268
07 Dec 1988 Armenia 6.9 25 1,642
16 Sep 1978 Iran 7.7 25 40
04 Feb 1976 Guatemala 7.5 23 4,993

*Affected countries: Bangladesh (two killed, zero affected), India (16,400 killed, 654,500
affected), Indonesia (165,700 killed, 532,900 affected), Kenya (one killed, zero affected),
Malaysia (80 killed, 5,100 affected), Maldives (102 killed, 27,200 affected), Myanmar (71 killed,
15,700 affected), Seychelles (three killed, 4,800 affected), Somalia (298 killed, 105,100 affected),
Sri Lanka (35,400 killed, 1,019,300 affected), Tanzania (ten killed, zero affected), Thailand (8,300
killed, 67,000 affected)

"Pakistan (73,300 killed, 5,128,000 affected), India (1,309 killed, 156,600 affected), Afghanistan
(one killed, zero affected)

in countries with developing economies. Poor people are most vulnerable, being
forced to settle on steep hillsides, flood-prone alluvial land, low elevation coastal
zones and valleys at risk of landslides, or to develop their livelihoods around
terraced agriculture. However, the extent to which each of these factors play a role
is not yet well understood.

The ratio of people killed (mortality) to injured (morbidity) by earthquakes can
provide information that is useful for planning the type and amount of supplies and
personnel needed in a disaster relief effort (Lechat 1979). Earlier research has esti-
mated a ratio of one person killed for every three people injured by earthquakes
measuring 6.5-7.4 in magnitude on the Richter scale (Alexander 1985; De Ville de
Goyet et al. 1976). The magnitude of the earthquake is one of several determinants
of the consequent mortality or morbidity. Many factors in addition to earthquake
severity influence the human consequences. These include the time of the day the
event occurred, distance from the epicentre, secondary events triggered by the earth-
quake, urbanisation grade, building standards and regulations, and access to medi-
cal care, as well as social and behavioural customs (Ramirez and Peek-Asa 2005;
Chou et al. 2004; Liang et al. 2001; Armenian et al. 1992). Unravelling which of
these factors played the predominant role in determining the level of loss is com-
plicated without extensive data on the affected community both before and after
the event. Even more fundamentally, methodological problems faced in compara-
tive analysis of earthquake morbidity and mortality are the lack of standardised
concepts and definitions for the number of ‘injured’ and ‘affected’ people.
Furthermore, estimating the size of the population at risk is challenging due to poor
census data and movement of citizens and relief personnel from and towards the
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disaster site. Under- or overestimation of the number of earthquake-related injuries
and deaths influences the determination of the magnitude of the health impact in
the population. The relationship between causal factors and their outcomes is dif-
ficult to determine, since information on risk factors and injury data are incomplete
and often completely lacking. On a positive note, in the recent years, the impor-
tance of reliable data is increasingly recognised and there are efforts to improve
organised surveillance of injuries and collection of data at medical treatment sites.
Useful analyses from the Sichuan earthquake in 2008 as well as the Kashmir earth-
quake in 2005 based on field data are being published (Zhang et al. 2009; Wen
et al. 2009; Xie et al. 2008; Mulvey et al. 2008), contributing to the evidence base
on risk factors for human impact of earthquakes.

2.4 Conclusions

Annually, since 1970, numbers of earthquakes with major impact on human popu-
lations have increased. Increasing population growth in zones of high seismic risk
or decreasing quality of physical structures may transform a less significant quake
to a major disaster. For example, Asia faces an increasing number of earthquake
events and associated victims and structural losses. The extent to which this vulner-
ability is due to population pressures, unbridled urbanisation and inadequate housing
requires special study. Globally, risk factors that expose a population to loss of life
or major injuries remain inadequately understood whereas, without this knowledge,
it is difficult to put in place an effective preparedness or prevention plan.

Long experience with the EM-DAT international disaster database has con-
vinced us that standardised definitions for human impact indicators — such as
people injured or people affected — would be a significant step forward in improving
understanding of earthquake-related risk. Key concepts such as definitions, even
conventional, that describe the population exposed to death and injury from earth-
quakes have yet to be established. As a result, not only are results from different
studies not comparable, denominators are inadequate even within a study, making
rates and ratios suspect.

It is now widely recognised that the distribution of deaths and injuries caused by
earthquakes varies greatly according to the region and the economic development
of the community in which it occurs. However, individual risk patterns can reveal
information that could contribute to improving community-based earthquake
preparedness programmes. Statistical analysis of earthquake impact data can be
useful for evaluating impact patterns over space and time. Besides, well-designed
case-control studies and, more ideally, cohort studies could significantly contribute
to generating evidence on risk factors for earthquake mortality and morbidity.
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Chapter 3
Earthquake Casualties Research and Public
Education

M. Petal

Abstract The mitigation of deaths and injuries is of primary concern to all disaster
prevention efforts. It is to the specific causes of deaths and injuries that we must look for
fundamental guidance in disaster risk reduction and public education. Disaster epide-
miology provides the important evidence basis for identifying and prioritising effective
structural and non-structural mitigation and environmental protection measures to be
taken at all levels of society, as well as for planning for disaster response and for behav-
ioural guidance during and after onset. Epidemiological data found in the literature
is compared for individual, built environment, hazard, mitigation, and response level
variables. This evidence lends important credibility to several key recommendations to
the public in the areas of structural and non-structural safety, response skills and provi-
sions. Finally, community-based training for disaster response is strongly indicated by
the evidence that ‘the people around us’ are the true first responders.

3.1 Earthquake Epidemiology

It is now widely understood that for disaster mitigation efforts to be effective they
must take place at all levels of social organisation, from the individual and family
(at the micro level) to schools, workplaces, organisations, agencies, neighbourhoods
and local government (at the meso level) and wider government and policy-making
institutions (at the macro level).

While the recurring devastation caused by earthquakes on the built environment
of human inhabitants has called forth vast research on the shaking of the earth and
on the seismic-resilience of buildings, alarmingly little has been learned about the
causes of deaths and injuries. Of the ten deadliest earthquakes of the past 35 years
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Table 3.1 The ten most recent deadliest earthquakes (from PAGER-CAT 2008)

Year  Country Estimated fatalities Year  Country Estimated fatalities
1976  China 242,219 2001 India 20,023

1978  Iran 18,220 2003 Iran 26,271

1989  Armenia 25,000 2004  Indian Ocean 228,000 (incl. tsunami)
1990  Iran 45,000 2005  Pakistan 87,351

1999  Turkey 17,439 2008 China 69,195

(Table 3.1), published scientific studies of the causes of deaths and injuries are
available for only Armenia and Turkey.

Post-hoc extrapolations from the varying official and unofficial estimates of deaths
and building damage have primarily yielded the general finding that ‘earthquakes
don’t cause deaths, buildings do’. This has occasioned a significant body of valuable
research on buildings. However, much less is known about the specific causes of both
injuries and deaths and how to avoid them. This has left us with an unfortunate
disconnect between advice for disaster mitigation and preparedness dispensed in the
name of “public awareness”, and the evidence-basis for this guidance.

Earthquake epidemiology “the study of the distribution of death and injury in earth-
quakes and the causes of fatal or nonfatal injury” (Jones et al. 1994), was born with the
1976 analytic study of the Guatemala earthquake (Glass et al. 1977). This was the
same year that a public health leader made fervent argument to the international health
community that it was important to adopt a wide perspective on the cultural aspects of
disaster and the potential for disaster epidemiology to guide mitigation and to recom-
mend looking at deaths and morbidity across time (Lechat 1976).

In the ensuing decade, in the face of sparse data on the causes of deaths and inju-
ries, engineering-based casualty-modelling and estimation emerged for the purpose
of providing a rational basis for planning relief, and response (Noji 1997b; Seligson
et al. 2002). More than a dozen estimates of the vulnerability of Californians to vari-
ous scenario earthquakes emanated from the National Oceanic and Atmospheric
Administration, the U. S. Geological Survey, the Federal Emergency Management
Agency, and the Division of Mines and Geology. The worst prognosis was FEMA’s
1980 calculation that a rupture of the Newport-Inglewood fault in Southern California
would result in approximately 23,000 deaths and 91,000 injuries (Aroni 1990).

The early studies of risk factors for earthquake injuries found in the engineering litera-
ture did not employ epidemiological methods at all, and from the perspective of social
scientists and health professionals did not accurately or reliably assess risks (Jones et al.
1993). Commenting on the prediction for Southern California, Aroni and Durkin state:

In spite of the potential of buildings for injury and disruption, surprisingly little is known about
(1) how people are actually injured (2) what elements or building types are particularly hazard-
ous, (3) how people behave during and immediately after an earthquake to avoid or induce
injury (4) what effects such as health status, age and prior training have on injury, and (5) what
can be done to mitigate particular dangers. ... more research is needed on the particular aspects
of buildings that have actually caused injury in past earthquakes. (Aroni and Durkin 1985)

Indeed they recognised that:
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...because of the dearth of empirical data, potentially misleading ‘conventional wisdom’ about
how to avoid injury in earthquakes has accumulated. This ‘conventional wisdom, based on
overly general assumptions of building performance in earthquakes and on the capability of
occupants to perform recommended actions, needs urgent reappraisal. For example, although
doorways occasionally survived the collapse of un-reinforced masonry buildings, the
recommendation to stand in a doorway is not sufficiently specific for type of building or type
of doorway to be particularly useful to occupants. (Aroni and Durkin 1985)

In the 1980s, in order to refine our understanding of some of these variables, FEMA
sponsored an Applied Technology Council (ATC) study to develop Modified Mercalli
Intensity-based damage functions related to 70 standardised structures and 35 occupancy
categories (ATC 1985). ATC-13 was used to provide injury and death rates related to
each building classification. In the absence of more refined data, a 4:1 ratio of serious
injuries to deaths, in buildings damaged beyond repair, became the rule of thumb.

When the “Ad Hoc Working Group on Earthquake Related Casualties” met in
1989 (USGS 1990) the three earth scientists contributed the geophysical and geo-
logical factors at work: earthquake source parameters, attenuation of seismic waves,
site response, ground failure and wave/inundation. The six engineers focused on the
definition of lethality (number of fatalities/number of collapsed buildings) and life-
safety ratios (number of fatalities per 10,000) and ratio goals in relationship to build-
ing class. Those from architecture and urban planning looked at optimisation of
search and rescue response (Krimgold 1990) and planning education, and policy
issues (Aroni 1990). The lone sociologist and public health physician contributed
concerns about the epidemiology of injuries following building collapse (Tierney
1990) and concerns about field data collection post earthquake, medical response
effectiveness, injury patterns, association between types of lesions and types of build-
ing materials, and quantitative injury severity scores (Noji 1990b). Tierney noted that
“If over the years there had been even one-tenth the number of persons working on
the problem of earthquake casualties as were working on building effects, real prog-
ress might have been made on casualty estimation” (Tierney 1990).

Offering leadership in research on the relationship between building damage
and casualties, The Martin Centre for Architectural and Urban Studies used a
relatively straightforward quantitative model with parameters of: (1) occupancy of
building class by function (2) occupancy by time of day and season (3) lethality of
collapse of different construction types and (4) search and rescue effectiveness
(Pomonis et al. 1991). Research pointed to the increasing implication of rein-
forced concrete structures in earthquake casualties, especially taller buildings, and
high occupancy buildings (as adobe and stone construction was waning with
urbanisation). They made an important observation that since anti-seismic build-
ing codes assume that buildings will not collapse, the issue of occupancy has been
given short shrift despite there being many regions around the world where anti-
seismic design and construction codes either don’t exist or are not enforced. Also,
neglected are taller RC buildings at risk from long-period seismic waves even from
distant earthquakes. And, they penned the now ubiquitous refrain: “Although evi-
dence from past earthquakes has shown that “L” or “U” shaped buildings are more
vulnerable, or that soft storeys and short columns are significantly increasing the
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vulnerability of the building, in most earthquake countries the lessons have yet to
be passed on to the construction industry.” (Pomonis et al. 1992)

In 1985 one team looked at a series of vulnerability strata (e.g. historical influence
on the physical environment, buildings at risk, density, risk perception, and economic
risk) to try to understand the cause of 5,000 deaths in Mexico City (Durkin 1989).
Subsequent studies, mostly in California, began to try to decipher variables across
human (personal characteristics: age, sex, state of health), physical (local and
regional seismicity and all factors in the built environment including nonstructural
elements and building contents), socio-economic (institutional and cultural factors
including social roles), and circumstantial (date and time of the event) factors in
relationship to the phases of the hazard cycle (Aroni 1990).

In the 1990s GIS began to be applied to estimation of damage and economic
losses to building inventories. The HAZUS methodology (NIBS and FEMA 2003)
expresses damage estimates in terms of probability of a building being in one of
four damage states: slight, moderate, extensive and complete. Injury severity is also
categorised into four levels: (1) requiring basic medical care without hospitalisa-
tion, (2) requiring greater medical care and hospitalisation, but not life-threatening,
(3) immediately life threatening if not treated adequately and expeditiously (4)
instantly killed or mortally wounded. The model relies upon indirect estimates of
the characteristics of the earthquake itself (magnitude, intensity, location), invento-
ries of building stock, occupancy states and estimates of lifeline performance.
However, in the absence of data on deaths and injuries, HAZUS could not provide
for much variation in casualty rates across building types.

More recently, the EPEDAT (Early Post-Earthquake Damage Assessment Tool)
methodology uses more than 40 building damage models varying with height, age
and structural type as well as Modified Mercalli Intensity Scale (MMI), and some
spectral acceleration based damage. While both HAZUS and EPEDAT “represent
advances in the automated application of loss estimation techniques, the focus of
their model development was damage and economic losses, with less emphasis
placed on the modelling of casualties” (Seligson et al. 2002). Absent still from the
models are the presence of secondary hazards, selected socio-demographics, human
behaviour during the event, measures of mitigation and preparedness. Minor inju-
ries treated by self or informally administered first aid are also generally unac-
counted for. In order to refine loss estimation models, actual casualty data would
need to be integrated with post-event damage appraisals. This in turn requires stan-
dardising the way earthquake-related injury data is categorised and collected.

The dearth of casualty research has variously been attributed to lack of funding,
lack of people interested in studying it, the challenges of researching with and
about survivors, and the complexity involved in unravelling causal factors. The
multi-disciplinary demands of this effort call for a variety of social science research
methods, including survey research, public health-based epidemiology, and anthro-
pological observation as well as engineering-based casualty modelling, building
damage and injury classification schemes. Ethical and professional issues around
sharing and coordination have severely impeded progress. As DeVille mourned
recently, while hundreds of surveys and studies have been undertaken in relation to
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recent events, these have been entirely uncoordinated and the results have gone
unshared (De Ville de Goyet 2007).

3.2 Rates of Death and Injury

Major published studies of earthquake deaths and injuries up to 1999 are listed
Table 3.2. Results are compared in subsequent tables with reference to the events
listed in this table. There are some data for 19 earthquakes beginning in 1970.
The most comprehensive data are from the Northridge, Loma Prieta, Armenia and
Turkey earthquakes. Rates and ratios of deaths and injury available for 13 earth-
quakes are shown in Table 3.3.

In earthquakes that cause a large number of deaths, the numbers become notori-
ously unreliable and vary widely. Researchers often depend on official figures that
may simply be inaccurate, or may even be deliberately exaggerated or understated
for political reasons. In spite of earthquake casualty data being beset by tremendous
variation in both data collection and reporting, it seems worthwhile to attempt
comparison to see what patterns emerge, where the gaps are and to formulate some
hypotheses about mitigation.

For the purposes of comparing relative risk, the first measures sought are the
rates of deaths and injuries, often expressed per 10,000 people. Epidemiology and
casualty estimation literature tends to report the ratio of injuries to 100 deaths
(100D:I) though the simple rate of injuries to deaths may be easier for the
layperson to understand (xI:1D). The catchment area used may be a micro-zone,
a village, a district, an area within a particular radius of the epicentre, with a
particular intensity of shaking, or the entire area in which anyone died, or was
injured as a result of the shaking. The wider the catchment area is, the larger the
denominator, and the greater the observed ratio of minor to severe injuries. While
this makes comparisons extremely difficult, it is nevertheless a starting point. A
higher proportion of injuries to deaths are also characteristic of the less lethal
events. Most countries count and officially record deaths, so death rates are
considered more reliable than injury rates. However, in hyper-lethal earthquakes
where deaths number in the tens and hundreds of thousands, and where no relative
may be on hand to identify or claim a body, these numbers depend on data
collected during what may be mass burials.

While data about level of injuries is can be salutary, collection is beset by com-
plicating factors. The two data sources are health service providers and the survivors
themselves. Health service providers may be wide-ranging and in a mass-casualty
event may include convergent health providers present for a temporary period of
time, remote facilities and informal treatment by convergent responders.

The statement of a leading engineer that, “it is generally agreed that in all
vulnerability studies issued to date figures derived for deaths and injuries are of low
credibility” (Lagorio 1990) and that of an architect that “there is very little useful
data available on the mechanism of injury in building collapse” (Aroni 1990) are as
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true today as they were almost 2 decades ago. Notwithstanding the low credibility
of these figures and the wide variation in them, they have been used to yield a 3:1
or 4:1 rule-of-thumb for the rate of hospitalised injuries to deaths in earthquakes
of magnitude 6.7 and above (Bourque et al. 1997).

Standardised injury classification is vital to our ability to understand the wide
range of data and make useful comparisons. Many factors complicate data collection;
services may be provided by multiple providers, moderate injuries often become
serious and even life-threatening when not treated, and presentation at hospital may
depend on the availability of hospitals and the scale of the event. In a smaller event
people with less serious injuries are likely to present themselves at a hospital for a
higher level of service, whereas in larger scale events these may present themselves
to field clinics for a walk-in level of care. Injuries that require medical treatment,
but not hospitalisation are only mentioned in the literature of four earthquakes:
Kobe, Northridge, Armenia, and Chile. Injury severity data, distinguishing between
slight, moderate, severe and fatal injuries are also vital, but such data have only
been clearly differentiated in data from California and Turkey.

3.3 Key Variables and Findings

Key variables have emerged in the literatur