————

ADVANCES IN- NATURAL AND TECHNOLOGICAL HAZARDS RESEARCH

Robin Spence - Emily So - Charles Scawthorn
(Eds.)

Human Casualties
in Earthquakes

Progress in Modelling and Mitigation

@ Springer




Human Casualties in Earthquakes



Advances in Natural and Technological Hazards Research

Volume 29

For other titles published in this series, go to
www.springer.com/series/6362



Human Casualties
in Earthquakes

Progress in Modelling and Mitigation

Editors

Robin Spence

Emeritus Professor of Architectural Engineering,
Department of Architecture, University of Cambridge,
Director, Cambridge Architectural Research Ltd., Cambridge, UK

Emily So
Director, Cambridge Architectural Research Ltd., Cambridge, UK

Charles Scawthorn

Professor (ret.), Kyoto University, Kyoto, Japan

@ Springer



Editors

Robin Spence Charles Scawthorn

Emeritus Professor of Architectural SPA Risk LLC, San Francisco
Engineering CA, USA

Department of Architecture cscawthorn @sparisk.com

University of Cambridge
Director, Cambridge Architectural
Research Ltd.

Cambridge, UK

robin.spence @carltd.com

Emily So

Director, Cambridge Architectural
Research Ltd.

Cambridge, UK
emily.so@carltd.com

The facts and opinions expressed in this work are those of the authors and not necessarily
those of the Editors nor publisher.

ISBN 978-90-481-9454-4 e-ISBN 978-90-481-9455-1
DOI 10.1007/978-90-481-9455-1
Springer Dordrecht Heidelberg London New York

All Rights Reserved for Chapters 6 and 15

© Springer Science+Business Media B.V. 2011

No part of this work may be reproduced, stored in a retrieval system, or transmitted in any form or by any
means, electronic, mechanical, photocopying, microfilming, recording or otherwise, without written
permission from the Publisher, with the exception of any material supplied specifically for the purpose
of being entered and executed on a computer system, for exclusive use by the purchaser of the work.

Printed on acid-free paper

Springer is part of Springer Science+Business Media (www.springer.com)



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

Cambridge Architectural Research Ltd, 25 Gwydir Street #6,
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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:

e 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.

* 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.

* 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

* 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?

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

* 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?

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

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

e 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 II: 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
e 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.



Part I
A Global Perspective



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 UN. 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
e 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

See 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)
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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.

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 _ <1% 1%

Fig. 2.6 Earthquake damage Oceania
costs (%) by continent <1%
1970-2008

Africa
4%

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
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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 China 99

earthquakes 1970-2008 .
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 45977
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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to proofreading of the text.



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 literature over the years with each discipline
contributing to the definition of variables it works with most frequently. Seligson
and Shoaf (2002) propose a classification scheme that standardises most of the
variables found in the literature of interest to both healthcare professionals and
engineers, with individual, building and hazard level variables. The framework
proposed here modifies building level variables to include built environment
variables, and adds mitigation and response level variables also found in the
literature:

Individual level variables: demographics, injury characteristics, location, activity,
occupant behaviour.

Built environment level variables: construction type, quality of construction, storey
height, building damage, collapse pattern, volume loss, extrication difficulty, non-
structural risks, infrastructure risks, hazardous materials exposure.

Hazard level variables: earthquake source characteristics, local site hazard charac-
teristics (include post-impact data as well as environmental factors such as
temperature).

Mitigation level variables: household preparedness, fastening tall and heavy furni-
ture, having fire suppression tools and knowledge, first response skills and
response provisions.

Response level variables: time of arrival, availability of professional rescuers, length
of time entrapped, response effectiveness, presence of trained community emer-
gency response volunteers.
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Table 3.4 Demographics of deaths and injuries

Event

Variable

Guatemala, 1976

Santa Barbara, CA, 1978
Imperial County, CA, 1979
Southern Italy, 1980
Coalinga, CA, 1983

‘Whittier Narrows, 1987
Loma Prieta, CA, 1989

Northridge, CA, 1994

Hanshin-Awaji, Japan, 1995

Kocaeli, Turkey, 1999

Chi-Chi, Taiwan, 1999

Youngest child safer, penultimate child more at risk.
Risk increasing with age over 45. Females elevated
risk of death and esp. injury [1]

Young, male [4]

A few more women [5]

Ages 5-9 at increased risk [7]

Elderly (especially falls), disabled, slightly more
women [8]

[12b] No significant difference in ages [12]

[14d] Injured older than non-injured (57.9 versus 45.8
years) [14]

[16b] Over 60 years had 6.1 x risk of death than 30-39
year olds. In over 50 relative to 30-39 age groups,
injuries were 2.7 x higher. More treated in 30-39 than
other age groups. No gender association with more
severe injury. [17a] Women, white, younger more
likely to report injury. [16f] Injured younger than non-
injured (37.3 versus 41.3 years)

Over 50 years old. [17b] Due to living on ground floor
and in older, more vulnerable, buildings. Physical
disabilities OR 1.9 [17c] More than 50% of dead
>60 years. Higher rate among females

Women slightly higher rates of deaths and injuries. Not
related to severity, time or activity. Children 7-19
more likely to die. Adults 30—49 more likely to be
injured [18a]

Elderly, fragile minorities, children. Higher rates of death
for those over 20 years. 80 years and older — 0.8 per
1,000, 70-79 years — 0.05; children 0-9 years —0.13
and 10-29 years — 0.07 [19]

The numbers in square brackets refer to events and references listed in Table 3.2. OR'= odds ratio

Table 3.5 Part of body involved in fatal injuries

Event

Variable

Chile, 1985

Northridge, 1994

Kocaeli, Turkey, 1999

Head, multiple trauma [9a]

Thorax (42%), head (39%), abdomen (21%)
[16a]

Neck (67%), head (33%), chest (33%) [19a]

The numbers in brackets refer to events and references listed in Table 3.2

'The odds ratio compares the probability of occurrence between exposed and unexposed groups.
An odds ratio of 1 means that the impact is equally likely for both groups.
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Factors such as time of injury span both hazard and occupant behaviour. Untangling
the interactions of these variables is unavoidably complex. The available data from
those earthquakes so far studied (those in Table 3.2) are summarised in Tables 3.4
through 3.13 below.

3.4 Individual Level Variables

3.4.1 Demographic Characteristics

An emerging and consistent finding is that increasing age is associated with higher
mortality. There are many possible reasons for this: more fragile, less mobility, less
able to avoid falling objects, more prone to falling, living alone and with less
assistance, less will to live.

In several earthquakes women have been found to be more vulnerable than men,
usually attributable to social roles, division of labour and location at the time of the
earthquake and possibly gender-specific behaviour. In the February 2002 Afyon
earthquake which occurred on a Sunday morning and affected rural villages, injury
rates for women attending to animals in the barn, and grandparents and young
children who remained indoors were noticeably higher than those of men, and the
age-group between, who were outside attending to chores (Petal 2009). These and
other observed socio-cultural factors associated with gender and age (including
social division of labour) are of particular importance to public education advice.

Table 3.6 Parts of body involved in survived injuries

Event Variable

Santa Barbara, CA, 1978 Arms, hands, feet [5a]

Imperial County, CA, 1979 Arms/hands, back, head/face [6a]

S Italy, 1980 39% Legs, 23% head, 19% chest, 16% arm [7a]

Coalinga, CA, 1983 Arms/hands, head/face, feet [8]

Whittier Narrows, CA, 1987 41% Minor head injuries [12b]

Loma Prieta, 1989 55% Trunk or torso [14€]

Northridge, 1994 68-82% Extremities [16f] 54% lower or 19% upper
extremities [16a]

Kocaeli, Turkey, 1999 24% Feet, 19% legs, 15% hands, 10% head, 8% back,

7% shoulder, 5% arms, 3% each neck, chest, hips,
3% other. 46% multiple injuries [19a]

The numbers in square brackets refer to events and references listed in Table 3.2
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Table 3.7 Occupant behaviour and deaths and injuries

Event Variable

Peru, 1970 Running out into wide streets protective. Running out into
narrow streets hazardous [1a]

Italy, 1976 Running out crushed by falling masonry. [3a]

Santa Barbara, CA, 1978 Broken glass [5a]

S. Italy, 1980 55% Ran outside; 40% of those who stayed inside were
injured, 28% of those who ran outside were injured [7a]

Coalinga, CA, 1983 Leaving building, falls, hit by objects, 16% glass [8]

Whittier Narrows, CA, 1987 Take cover in doorway, hall or under furniture 43% at home

40% at work. Stayed in place 20%. Going outside 9%
home, 18% work. Pull to side of road if driving 46%.
Run out 50% of those exiting [12a]

Armenia, 1988 Staying in versus running out after first shock OR 4.40%
(2.24-8.71) [13a]
Loma Prieta, CA, 1989 60% of workplace severely injured took protective action

(43% of these attempting to evacuate or move to safer
place, 24% duck cover hold, 14% in doorways) [12a]

Freeze in place or seek protection 72%. 42% of those
with children went to them. Staying in place increases
with age. Running outside associated with males and
fear. Fear associated with seeking protection. More
experienced, stay in place [12b]

Increased injury trying to rescue OR 2.08 (1.36-3.18) and
trying to exit OR 1.93 (1.63-3.82). Decreased injury with
standing under doorway OR .51 (0.33-0.78) and holding
on to something OR 0.58 (0.39-0.86) [12c]

Northridge, CA, 1994 15% jumping out window, catching falling tv etc. Of those
who attempted to move 10.4% inj. versus 6.1% of those
who stayed in place [16f]

Kocaeli, Turkey 1999 76% of injured/dead were sleeping. 20% were in bed awake.
4% were standing or sitting awake. Of the non-injured
84% were sleeping. And 16% were awake. 79% of dead
died during the shaking, 5% running down stairs and
8% while awaiting rescue. 52% of injured were injured
during the shaking, 23% while exiting during, 15% while
exiting after [19a]

The numbers in square brackets refer to events and references listed in Table 3.2
3.4.2 Injury Characteristics

Unfortunately there are very little consistent data on earthquake injuries. Injury
severity can be fairly easily differentiated into four levels: minor (first aid), medical
care required (outpatient), serious (life threatening/hospitalisation required) and
fatal (as the HAZUS methodology does) (NIBS and FEMA 2003). However there
are few results reported for comparison. Injury typology for earthquakes based on
an adaptation of the Abbreviated Injury Scale (AIS) (developed by the Association
for the Advancement of Automotive Medicine) usefully includes: cause of
injury (esp. structural/non-structural relatedness), secondary hazards (e.g. fire,
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Table 3.8 Injuries and deaths: building damage

Event Variable
Spitak, Armenia, 1988 High occupancy collapsed or heavily damaged
buildings responsible for fatalities [13d]
Loma Prieta, CA, USA, 1980 Damage to building components OR 10.36
(3.27-44.9)
Damage to contents OR 2.95 (1.83-4.76) [14c]
Northridge, CA, USA, 1994 Most buildings damaged do not lead to occupant

injury. Areas with highest number of injuries
per building were among areas with least
percent of buildings damaged [16a]

Hanshin-Awaji, Japan, 1995 Increases with damage level of building,
especially with age and disability [17a]
Kocaeli, Turkey, 1999 23% of those in more damaged homes suffered

death or injury. 86% of injured and dead in
buildings damaged beyond repair. 71% of
fatalities were in destroyed buildings and
29% in those with major damage. In less
damaged homes only 5% were injured. High
proportion of moderate injuries occur in less
damaged buildings [18a]

The numbers in square brackets refer to events and references listed in Table 3.2

landslide, tsunami, hazardous materials) as well as mechanism, injury severity and
treatment (Seligson and Shoaf 2002).

Fatal injury characteristics are consistent: head, neck, and thorax injuries are
the most lethal.

Commenting on injuries sustained in the Northridge earthquake, researchers note
that lower extremity injuries were modal and that upper-extremity injuries were
more severe (2.6 times risk of more serious injuries compared to lower extremities).
Falls were also more serious (5.3 times greater than being struck or cut by objects).
There has been little differentiation by severity of injuries. Whereas in three
California earthquakes most injuries were minor (Shoaf et al. 1998) in Kocaeli,
Turkey, 47% were minor, 45% moderate and 8% serious (Petal 2009).

While emotional injuries have not been systematically reported in the epidemiol-
ogy literature, in 1994 in Northridge 32-36% of those seeking care reported emo-
tional injuries (not clinical levels of distress) (Bourque et al. 1997). In Kocaeli,
Turkey, in 1999, 13% continued to seek mental health treatment after 20 months. One
percent were identified as mentally disabled as a result of earthquake. Specific prob-
lems reported were: tension (40%), depression (26%) and fear (25%) (Petal 2009).

3.4.3 Occupant Behaviour

Commenting on occupant behaviour Mahue-Giangreco et al. (2001) note that
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Table 3.9 Building construction type: damage impact on lethality

Event

Lethality & construction type

Bingol, Turkey, 1971

Caldiran, Turkey, 1971
Guatemala, 1976
Bucharest, Romania, 1977
El Asnam, Algeria, 1980
Erzurum, Turkey, 1983

Chile, 1985 [9]

Mexico City, 1985

Spitak, Armenia, 1988
[13e]

Luzon, Philippines, 1990

Northridge, CA, USA, 1994
Kocaeli, Turkey, 1999

5.26% lethality for occupants in destroyed stone
rubble/stone masonry buildings with heavy
rammed roof (Pomonis et al. 1991).

11.07% lethality for occupants in destroyed stone rubble/
stone masonry buidlings [21a]

100% of deaths and serious inj. in adobe. In one village
relative risks much higher than with previous
lightweight bajareque construction (Pomonis et al. 1991)

>70% of 1,500 deaths in reinforced concrete [4a]

>40% of 3,500 deaths including 500 deaths in a single
market/residential complex reinforced concrete [15]

8.32% lethality for occupants in destroyed stone ruble/
stone masonry (Pomonis et al. 1991)

53.6% of deaths and inj. in unreinforced stone

33.3% of deaths and inj. in other masonry

5.8% of deaths and inj. in reinforced concrete

5.8% of deaths and inj. in wood-frame

>90% of all deaths in reinforced concrete. 39-59% of
occupants of three high-occupancy buildings
killed [10c]

2.8% lethality ratio in 38 destroyed stone masonry
buildings, 12% in masonry

84.4% in ten destroyed reinforced concrete buildings

46% in pre-cast concrete — most lethal

87% in frame panel (highest mortality rate per building)

47.5%-97% of pre-cast reinforced concrete frame
buildings = approx 30% of all deaths [13f]

56-61% of occupants of 11 collapsed reinforced concrete
buildings [15] >75% of 1,550 + deaths [15]

Lightweight wood frame predominant type/cause [16b]

Reinforced concrete, moment-frame predominant type/
cause [18a]

1.7% in partially collapsed buildings and

10.7% in totally collapsed buildings (actual rates may be
as much as twice as high) [19a]

The numbers in brackets refer to events and references listed in Table 3.2

Actions such as reaching for or catching objects might leave the upper extremities par-
ticularly vulnerable to more serious injuries. Alternately, people may be more likely to
brace themselves with their arms, exposing them to more environmental hazards.
Traditional recommendations have included instructions to ‘duck, cover, and hold’ which
have been questioned in current studies. How one ‘holds’ might be better described, and
maintaining a compact, tucked position (as recommended for airline crashes) might also
be a more appropriate response, particularly if one is not ambulating. (Mahue-Giangreco

et al. 2001).
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Table 3.10 Injuries: height of building and on which floor

Event Variable

S. Italy, 1980 Increased deaths with greater number of floors [7a]
Spitak, Armenia, 1988  Five floors or more OR 3.65 (2.12-6.33) [13.1]
Floors 2—4 versus 1 OR 3.84 (2.18-6.79)
Floors five or more versus floor 1 OR 11.2 (3.62-37.03)
Kocaeli, Turkey, 1999  1-3 floors account for 31% of households, 0% dead and
18% of injured
4-6 floors account for 52% of households, 62% of dead
and 62% of injured
7+ floors account for 16% of households and 36% of
dead and 20% of injured [18a]

The numbers in square brackets refer to events and references listed in Table 3.2

The authors recommend further study of that question. In California, in the
Imperial County earthquake in 1979 investigations of the behaviour of occupants of
one office building suggest that about half of the people injured may have been
engaging in unnecessary evasive behaviour, bumping themselves on desks and in
doorways. Evacuating unreinforced masonry buildings during the shaking appears
to increase the risk of injury by a factor of 3 (Aroni and Durkin 1985).

One of the human behaviour variables that has been treated by some authors as an
independent variable is “exiting the building”. If occupants exit and are injury-free this
is interpreted as a protective action; if they are injured it is interpreted as dangerous.
In Armenia, for a subgroup of cases and controls who moved after the first shock,
those who ran out were safer than those who stayed within (Armenian et al. 1992).
Others have alluded to exiting being safer as well (Roces et al. 1992; De Bruycker
et al. 1985). In addition to the very limited building types referred to in these studies,
there are methodological problems in the literature to date. The first error is to refer to
this variable as independent. The already injured may not be able to exit during the
shaking to be counted. As is acknowledged in one study, “It’s possible that many of
the cases were unable to run out of the building because of their injury” (Armenian
et al. 1992). In buildings that suffer damage, people may have a much more diffi-
cult time exiting and suffer more injuries inside before eventually getting out.

The second error is that if exiting is really dangerous, then people killed while
exiting are not available as informants. The third error is that the ability and impact
of exiting is likely to be related to distance from epicentre (severity of ground-
shaking), time of exit, number of floors, where exiting from, where exiting to (for
example, construction type, building height, and hazards immediately outside the
building). The question for public education is whether being injured exiting might
be relatively less or more harmful than remaining inside. Peek-Asa et al. (2001)
note that the disparate findings between Armenia and California are “not necessar-
ily contradictory because exiting from a poorly-built collapsing structure may
protect against death while attempts to exit buildings that do not collapse may
increase risk for injury”. It is especially important therefore for authors drawing
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Table 3.11 Causes and types of injury

Event

Variable

Guatemala, 1976
Santa Barbara, CA, 1978

Imperial County, CA, 1979
S. Italy, 1980
Coalinga, CA, 1983

Chile, 1985
Whittier Narrows, CA, 1987

Armenia, 1988

Loma Prieta, CA, 1989

Northridge, CA, 1994

Hanshin-Awaji, 1995

Kocaeli, Turkey, 1999

Adobe blocks (82%) [2a]

Bumped, hit by objects, falling, leaving building,
broken glass [5a]

Lacerations/abrasions, contusions, fractures/sprains,
back injuries, anxiety [6a]

Lacerations (42.4%), contusions (26.5%) fractures
(18.9%) cuts (9.7%) [7a]

Lacerations/abrasions, contusions, fractures/sprains,
head injuries [8]

Non-structural and building contents [9a]

Emotional (23%) Falls (19%) Non-structural
(about half) [12b]

Failure of buildings. Entrapped victims. Being
inside a building. Height five floors or more.
[13a] Being inside a building. Height of
building. Location on upper floor. [13b]
Hypothermia, crush syndrome (9.5%),
asphyxiation. Multiple injuries (13e) (39.7%)
Superficial trauma (24.9%), head injuries (22%),
lower extremities (19%), crush syndrome
(11%), upper extremity trauma (10%) [13a]

Strains, sprains, contusions (60-70%) from falls
and evasive action. Fractures and lacerations
16% [14a] Cuts, bruises and sprains (45%)
Non-structural less than 10% of injuries.

Falls (55%) Car moved and injured (27%) [14d]

Objects fell or broke (54%), own behaviour (15%)
[161] Of hospitalised fell (56%) or hit by
objects or tried to catch something (6%) Falls
associated with more serious injuries than
other mechanisms [16b] Falls or hit by objects,
also motor vehicle and burns. [16¢] Minor
injuries mostly non-structural and falls. [16¢]
Hospitalised injuries hit by objects (15%),
hit by building parts (8%) [16¢] Cuts,
bruises and sprains (83%) [16f]

Hospitalised injuries crushed or pinned (59%) Hit
by falling materials (19%) falls (8%) [17b]
Burns (2%) (esp to older women who were
cooking) [17c¢]

Injuries: struck by falling object (33%), being under
falling object (24%), cutting or piercing object
(11%), fall (8%), other (3%), multiple (20%).
Deaths: being under falling object (71%), struck
by falling object (26%), both (3%) [19a]

The numbers in square brackets refer to events and references listed in Table 3.2
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Table 3.13 Hit by object

Event Variable
Imperial County, CA 1979 Moving desks, filing cabinets and furniture
[6.a] in immediate vicinity
Whittier Narrows, CA 1987 [12b]  Non-structural caused approx. half of injuries
Loma Prieta, CA, 1989 [14a] Tall metal lockers, wine barrels, heavy filing
cabinets, hazardous materials
Kocaeli, Turkey 1999 [19a] Non-structural objects: free-standing cabinet

29%, glass objects 13%, wardrobe 11%,
drawers/buffet 6%, window 6%, 24 other
causes 35%. Structural objects: ceiling or
beam 40%, infill walls 28%, columns 16%,
other 10%

The numbers in square brackets refer to events and references listed in Table 3.2

conclusions about behaviour to be specific about the construction type, number of
floors, and external environment, to avoid unwarranted generalisations.

There are similar problems with other occupant behaviour. For example, the
minor injuries sustained by people diving for cover under a desk, or being hit by
the door as they stand in the doorway, may be tolerable because the victim is in fact
avoiding greater injury. It seems that there is a need for more penetrating and open-
ended interviews with survivors when it comes to exploring the efficacy of certain
protective behaviour.

People’s responses during an earthquake are by now a combination of instinctive
and learned responses that vary depending on where they were at the time, the
intensity of shaking, and probably the behaviour of others present, and prior train-
ing or education received. While in disasters with warnings, panic is rare, the rapid
onset of earthquakes tend to trigger primitive emergency responses, i.e. freeze,
flight and fight. Based on tornado response research it appears that males tend to
assume leadership with males present, and females with children present. Most
people seem to react to help people rather than protect property. However, in the
case of earthquakes it appears that some people move to catch falling objects.

3.4.4 Individual Behaviour — Time of Injury

The question of when people are injured indicates a substantial number of injuries
after the event. Few conclusions have been drawn from this in the literature, but a
reasonable hypothesis is that this is likely to be a combined function of behaviour,
and the impact of aftershocks.

When it comes to non-fatal injuries, 8-39% have been found to occur after the
main shock (mostly within minutes of onset). In Turkey 13% occurred just after,
2% during search and rescue, and 1% each during aftershock and during clean-up
(Petal 2009). While in Turkey virtually all fatalities occurred during the shaking
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(Petal 2009), in two California earthquakes, from 15-18% of fatalities occurred
more than a few minutes later (Durkin et al. 1991; Bourque et al. 1997).

3.5 Built Environment Level Variables

Human casualty estimation in the earthquake engineering literature has been based
on formulae such as K = Ks + K’ + K2 where Ks is fatalities due to structural dam-
age, K’ is due to non-structural causes, and K2 is due to secondary hazards
(Coburn and Spence 1992). The most important variable is building type. Modifying
factors include soil-structure interaction, storey height, location relative to other
buildings. Function and occupancy may also be factors. In addition, construction
quality, location inside or outside, and specific non-structural building elements and
building content hazards are all important.

3.5.1 Building Damage

The use of standard building damage classification schemes such as ATC-13
(Applied Technology Council 1985) would enhance comparability of data. It is
axiomatic that more damage is associated with more fatalities, but just how much
more, and how significant are the incremental benefits of structural safety mea-
sures? In Turkey, data from the prevalent reinforced concrete moment frame build-
ings suggests that the very small proportion of buildings that suffered pancake
collapse were responsible for the vast majority of fatalities. Fatality rates in heavily
damaged buildings were 1.5 per 100 by comparison with 10.7 per 100 in totally
collapsed buildings (Petal 2009). A litany of poor design and construction practices
are implicated in these collapses (Erdik 2001).

Counter-intuitively, in Northridge, areas with the lowest percentage of buildings
damaged had the highest number of injuries. These findings alone bring us a
significant step beyond the ‘rules of thumb’ correlations between buildings damaged
and casualties.

3.5.2 Inside or Outside a Building, Building Function
and Occupancy

Location is characterised mainly as either inside or outside a building. While data from
daytime rural earthquakes indicate that being inside a building is more hazardous than
being outside a building, similar data do not exist for dense urban environments where
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high foot traffic occurs in narrow streets lined with multi-storey buildings and
overhead wires. It would be folly to extrapolate from one setting to the other.

The function of the buildings that are associated with increased morbidity and
mortality depends largely upon the time of day of the earthquake. Earthquakes that
occur during the middle of the night of course take their toll mostly at residences.
During commute hours, roads may account for a large number of deaths. However,
earthquakes that take place during the working/studying/shopping day will take
their toll throughout the urban environment.

The question of location within a building has so far been looked at only in a super-
ficial way, and not with respect to some important variable that may be linked to con-
struction type, such as location by an interior or exterior wall, or location by a column,
in a smaller or larger room, or in rooms with different functions (kitchen, bedroom,
bathroom, office) where the hazards may differ. In Guatemala, location near corners and
doors of adobe houses did not confer greater protection (Glass et al. 1977).

3.5.3 Building Construction Type

During the first half of the twentieth century, most earthquake fatalities were related
to the collapse of masonry buildings (adobe, rubble stone, rammed earth fired-brick
and concrete-block). By the second half of the twentieth century the proportion of
deaths related to concrete-frame houses had risen dramatically.

Concrete-frame houses are generally safer (i.e., less likely to collapse), but they are also
vulnerable, and when they do collapse, they are considerably more lethal and kill a higher
percentage of their occupants than do masonry buildings (Noji 1997c¢).

Evidence of the increasing implication of concrete buildings in earthquake
deaths comes from several urban earthquakes over the last 35 years, just because
this has become the predominant construction type in dense urban areas.

The lethality ratio in collapsed multistorey reinforced concrete structures ranges
between 20% and 97% (Pomonis et al. 1992). While less vulnerable overall, the
lethality ratio of these buildings is much higher than other traditional building con-
struction types. Overall 75% of earthquake deaths are attributed to the collapse of
buildings (primarily masonry but increasingly reinforced concrete) (Spence 2003).

3.5.4 Building Construction Quality and Year of Construction

In Spitak, Armenia, poorly designed buildings constructed in the late 1970s and
early 1980s were heavily damaged. Similarly in Turkey, in 1999, poor design,
materials, and construction quality were responsible for the higher rate of collapse
of newer buildings. Although no study has yet compared impacts of building level
specific seismic safety measures, it is clear that as far as fatality prevention “the
most effective preventive effort ... would have been appropriate structural
approaches prior to the earthquake”. (Armenian et al. 1997)
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Year of construction can usefully be tied to the timing of the introduction or
enforcement of a seismic building codes and general changes in construction
practices as well as to the pressures of in-migration peaks and other time-sensitive
phenomena. In Northridge, in 1994, buildings constructed prior to 1960 had 4.6 x
risk for serious injury compared to those built after 1975 (Mahue-Giangreco et al.
2001). In Turkey, in 1999, buildings constructed after new codes in 1976 suffered
more damage. Spectral characteristics of the earthquake exceeded the design level
indicated in the code. Mean year of construction for uninjured is 1980, for injured,
1983 and for dead 1986. Rapid urbanisation and self-built reinforced concrete
buildings are considered to blame (Erdik 2001; Petal 2009).

3.5.5 Building Height and Floor

Direct correlation has been established between building height and the increased
likelihood of deaths and injuries. There is some evidence from Chile that relative
greater motion on higher floors of apartment buildings may restrict people from
taking protective action (Aroni and Durkin 1985). In Armenia (Armenian et al. 1992)
and Turkey (Petal 2009) upper floors pose greater risks, though it is not clear
whether this is due to ductility, non-structural hazards or the sorry combination of
poor design and construction of taller buildings. In Japan, the first floors of wooden
buildings were found more hazardous than the second (Miyano et al. 1996).

3.5.6 Structural and Non-Structural Causes of Injuries
and Deaths

While engineering studies have almost always estimated deaths and injuries based
on a correlation with structural damage, there is evidence that the picture is consid-
erably more complex.

Although most injuries from falls or from being struck by nonstructural elements are minor
compared with those sustained as a result of building collapse, some physical objects (e.g.,
tall metal lockers, wine barrels, heavy filing cabinets) and some settings (e.g., stairwells)
are particularly hazardous and can cause serious injuries. (Noji 1997b).

In Armenia, where structural damage was clearly responsible for most deaths,
non-structural infill masonry, panels and bricks killed people both inside and
outside. Non-structural elements collapse (e.g. parapets) also caused serious
injuries (Noji 1990a).

In Chile in 1985 many injuries occurred in buildings with no apparent structural
damage, although the causes were not uncovered (Aroni and Durkin 1985). Based
on observations from Imperial County in 1979, where the ratio of building con-
tents-related o other non-structural injuries was 3:1, researchers suggest that
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... in addition to the traditional non-structural abatement measures of securing suspended
ceilings and lighting fixtures, we need to secure or reposition building contents in areas
where people spend most of their time. This finding illustrates the necessary interplay of
engineering and preparedness practices (Aroni and Durkin 1985).

In the Northridge earthquake, too, it was found that while structural damage con-
tinues to be associated with mortality, it is not the only or even the primary factor
associated with morbidity. Being hit by building parts was related to the highest PGA
values, being hit by objects was related to lower PGA areas. Both kinds of injuries
were abundant over a broad range of PGA values. Furthermore, fatal or severe injuries
were reported in 8.8% of the zip codes areas with no damage (Peek-Asa et al. 2000).

Injuries occurred “primarily because objects fell from shelves or walls, because parts of
buildings fell, because of how the injured person behaved during or immediately after the
earthquake, or because the person fell during the earthquake” (Goltz et al. 1992).

One of the most important things this study shows is that structural damage was not associated
with more serious non-fatal injuries. Structural characteristics have been associated with fatal
injuries in many earthquakes. However, our study shows a paucity (1%) of injuries caused by
structural collapse or partial collapse (Mahue-Giangreco et al. 2001).

This finding is attributed to the protection afforded by application of improved
building codes. More than one group of authors note that “Structural reinforcement
of the home is emphasised in earthquake preparedness activities, with only secondary
attention paid to securing non-structural items such as bookcases and heavy furniture.”
Shoaf et al. (1998) suggest that given the strong association of injury with non-
structural hazards, there is a missing emphasis in public preparedness.

Content-related injuries seemed to be higher in concrete and metal structures
and lower in wood buildings in the Loma Prieta earthquake (Jones et al. 1994). This
may well be an effect related to building height.

3.6 Hazard Level Variables

3.6.1 Seismic and Geophysical Factors

In an innovative study, Peek-Asa et al. matched 105 geo-codeable injuries of
victims over age 18, in the Northridge earthquake to age and gender-matched, and
location-matched pairs. While damage to buildings is the strongest predictor of
death and injuries in most studies, this research team noted that multivariate studies
have uncovered other important factors, most notably that “earthquake-related
fatalities and hospitalised injuries extended far beyond the epicentre of the earthquake
and were not equally distributed around the epicentre” (Peek-Asa et al. 2000).
The radius for severe injuries was wider than that for lethal injuries and the radius
for minor and moderate injuries was widest. Most lethal injuries were between 10
and 20 km from the epicentre. “Injury incidence and severity... had strong relation-
ships to ground shaking and building damage, but injuries were widespread
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throughout the region. Most of the linear variation in injury rates were not explained
by ground shaking and building” (Peek-Asa et al. 2000).

3.7 Mitigation Level Variables

3.7.1 The Value of Preparedness

The impact of preparedness on casualty-reduction has been studied very little. In
Northridge, average respondents had done two of 12 preparedness activities, some-
what protective in preventing injuries (Mahue-Giangreco et al. 2001). In Turkey there
was an overall increase of 100% in nine household hazard adjustment measures after,
versus before the earthquake, strongly indicating that survivors themselves consider
these measures to be valuable. Securing tall and heavy furniture increased fivefold.
Prior to the earthquake 18% of these measures were being taken, though not primarily
for earthquake preparedness (e.g. keeping a torch, extra water). In the absence of a
systematic public education programme only 62% of these measures were being
taken 20 months afterwards (Petal 2009). Whereas fire drills and high-rise evacuation
practice are demonstrably important in saving lives, there is also some evidence that
earthquake drills promote orderly evacuation and prevent injuries (Aroni et al. 1982).

3.8 Response Level Variables

3.8.1 Entrapment, Rescue and Medical Response

Whether a person is trapped or not, and for how long has a significant bearing on
mortality and severity of injury (Coburn and Spence 1992). Depending on construc-
tion type, many people are able to extricate themselves, or are helped by other
members of their household. The first day, known as the “golden day”, is when most
live rescues are accomplished. In Italy 93% of those rescued within the first 24 h
survived. There are indications from adobe buildings in Turkey and China that after
2-6 h less than 50% of those entrapped are still alive (De Bruycker et al. 1985).

In Armenia, in an immediate post-earthquake survey of deaths and injuries in
three towns within rural areas (pop. 8,500) death rates were 67 times higher among
trapped victims and injury rates were 11 times higher among trapped victims than
among those who had not been trapped. In a survey sample 58.8% of uninjured
controls were rescued in the first hour, versus 33.8% of the hospitalised injured.
While being trapped is clearly linked to injury and death, it is not yet clear under
what conditions extrication from reinforced concrete rubble has a measurable impact
on survival. Pomonis et al. (1992) tentatively conclude from reviewing earthquake
building collapse studies, that the most important factors are “the collapse pattern or
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the amount of voids created within the debris,” the number of storeys and the quality
and effectiveness of SAR operations. The size and number of void spaces, and
void-to-volume ratio of collapsed buildings affect survivability, and these in turn are
impacted by construction type and design features of buildings. Different construc-
tion types require different lengths of time to penetrate for rescue. The suffocating
dust-producing potential of construction materials increases lethality. Jones et al.
(1994) also looked at “being prevented or slowed from exiting a building due to
earthquake-induced debris” in the Loma Prieta earthquake and found an odds ratio
of 6.00 (1.34-26.91) for increased risk of injury.

In Armenia in one town, 89% of those rescued alive were extricated in the first
24 h (Noji 1990a). The average extrication took 50 man-hours (Noji 1989). It has
been suggested that many deaths might have been prevented had victims received
medical attention during the first 6 h (Pretto and Klain 1992). In Italy, one study
concluded that life-saving first aid might have saved the lives of 25-50% of victims
who died slowly (Safar 1986). Survival modelling reinforces the reality that the
longer it takes to rescue someone, the worse their chances of survival. “Fade-away
time” indicates that entrapment time and death are affected by pre-entrapment
health condition and weather and air supply (Pomonis et al. 1991) (referring to the
Shiono Krimgold SAR model). Air supply is in turn affected by construction type.
A critical mass of injuries may also reduce rescues (mostly performed by uninjured
survivors in the immediate vicinity) (Coburn et al. 1989). In Taiwan, a high number
of casualties (2,000+) were spread out over 12 counties. Even though hospital beds
and physicians per population were relatively high, high demand impinged on the
quality of care, and transportation disruption resulted in many people not getting
medical intention in time to avoid permanent disability or death. Lessons learned in
Taiwan led to the establishment of new modular disaster medical teams with ade-
quate logistic support, more locally based disaster medical teams, and more multi-
disciplinary search and rescue teams (Liang et al. 2001).

In Southern Italy (De Bruycker et al. 1985), Mexico City (Durkin and Ohashi
1989) and Armenia (Noji et al. 1990) it was found that 80-90% of household mem-
bers and neighbours were responsible for rescues. In Armenia, the catastrophic
nature of the event rendered a higher ratio of injured in the local population with
fewer able to participate in rescue (Noji et al. 1993). This reinforces the widely-
known ineffectiveness of international search and rescue response (De Ville de
Goyet 2007) and suggests that making even modest gains in reducing structural
damage and injuries will have a significant multiplier effect when it comes to early
extrication.

In spite of the dramatic drop off rate of live rescues, wherever thousands are
entrapped in collapsed reinforced buildings, the cessation of search and rescue
activities prior to uncovering all survivable void spaces, will mean many people
buried alive and without rescue attempt. While certainly a costly intervention, much
work is still to be done to identify those entrapped alive, sustain them through
extrication, and increase their chances of survival.

The question of whether and where medical treatment was sought has been
little studied, and the vast differences between both casualties and facilities
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offers little opportunity for meaningful comparison. However, an important
collateral finding from the Northridge earthquake has immediate implications
for public education and merits further investigation. People unable to return
inside damaged buildings lost access to their medications for heart disease,
blood sugar, hypertension and other life-threatening conditions as well as mental
illnesses. Not having their prescriptions, knowing their medication and dosages,
and with medical records inaccessible due to structural or non-structural damage
to physicians’ offices, these individuals suddenly presented to emergency rooms
with potentially difficult medical needs.

3.9 Discussion

Over the course of epidemiological and loss estimation research only a few authors
have made recommendations for public education based on their findings, sometimes
diminishing their significance by incorrectly referring to them as ‘common sense’,
before they have become such. The body of research allows us to make several
important evidence-based recommendations for public safety.

Structural safety measures: The evidence for building and maintaining seismic-
resistant buildings is overwhelming. Indeed buildings do kill people. However, equally
important for the self-builder, or for prioritising minimum retrofit is the evidence that
simply by preventing building collapse the worst mass fatalities can be mitigated.
Therefore limited resources can be effectively applied to incremental seismic-resistant
design and construction measures (including minimum retrofit).

Non-structural safety measures: Building non-structural elements and building
contents are implicated in deaths and injuries. Public education can usefully
emphasise knowledge and skills to identify and mitigate items that can slide and
fall, to secure tall and heavy furniture, electronics and appliances, to keep exit
pathways clear, fasten hanging objects, store heavy objects lower down, place beds
away from windows, and use tempered glass and window coverings.

Response skills and provisions: A strong evidence-basis exists for the advice to
avoid potential falling objects and to either stay in bed, or adopt ‘the earthquake
position’ wherever possible. This means to get down low (to prevent falling, and to
allow taller compact objects to catch flying and falling objects — under a table or
next to a low piece of furniture, make yourself small (to be a smaller target and to
avoid injuries to extremities), cover your head and neck (the most vulnerable parts
of the body). Exiting during shaking is advised only when early primary waves can
be distinguished or when on the ground floor of an adobe or stone building with
heavy roof and where there is a safe place to exit. Since family, friends, co-workers
and neighbours immediately on the scene are true ‘first responders’, community-
based programmes teaching incident command systems, light search and rescue
skills (emphasising building triage for rescuer safety), and mass casualty non-
medical triage could have measurable effects in reducing deaths and injuries and
enhancing resilience.
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Earthquakes themselves should be considered as definitive ‘early warning’ signs
of aftershocks and precursors for tsunamis. Instructions to stay in bed during the
shaking (the place least associated with injury), keep flashlight and shoes secured
by the bed, exit carefully, do not re-enter damaged buildings, and avoid hazards
outside are all supported by the evidence presented here.

3.10 Conclusions

The goals of earthquake epidemiology should not be limited to casualty estimation
or fatality prevention. Providing an evidence basis for recommendations to the
public for disaster risk reduction measures to be taken before earthquake onset as
well as guidance for behaviour during the shaking and effective response should all
be explicit outcomes of such research. It is equally the responsibility of casualty
researchers to measure the impacts of the mitigation and preparedness measures
most widely promoted.

A comprehensive and ongoing body of research requires that we study the
impacts of many earthquakes that differ with respect to location, time, secondary
hazards, changes in construction technology and the impact of household mitigation
and community response-preparedness measures. Scientific sampling methods, and
the use of standard classification schemes for building damage and injury typology
are vital to producing credible and comparable findings. People can be trained
ahead of time to more accurately identify building damage levels as well as confusing
distinctions between injuries (e.g. bruises and crush injuries) by selecting from
standard photographs.

The body of research presented provides a strong foundation for a clearer under-
standing of the most effective structural, non-structural, and behavioural measures
that can be taken to mitigate the impacts of earthquakes. Future research will need
to investigate the merits of specific protective actions and safer places that can be
accessed during strong shaking. New issues to be addressed include concerns that
multi-storey buildings will rain down highly dangerous non-structural building
materials on those in the immediate vicinity of buildings, that in high-occupancy
venues such as stadia and theatres, assuming the tucked brace position (as for an
airplane crash) is advised rather than simply ‘drop, cover and hold’, and the extent
to which orderly evacuation is practised is critical to life safety.



Chapter 4
Disaster Casualties — Accounting for Economic
Impacts and Diurnal Variation

C. Scawthorn

Abstract While some progress is being made in the reduction of losses due to nat-
ural hazards such as earthquakes, more progress is needed. Casualty and economic
loss trends for the twentieth century are first examined. As opposed to widely pub-
licised claims of rapidly increasing loss trends, we find decreasing trends for both
casualties and losses, when population growth and urbanisation are accounted for.
In order to provide a single measure of the significance of disasters, the concept
of Economic Adjusted Life Years (EALY) is introduced, which extends Disability
Adjusted Life Years (DALY) as used in the health field to include economic costs
of disasters. EALY's are calculated for a number of major twentieth century earth-
quakes, finding that millions of years of human productivity have been lost in
these events. This equates to, case-by-case, setting back a particular group years
to decades in its development. Lastly, the temporal patterns of twentieth century
earthquake fatalities are examined, finding a significant diurnal variation. That is,
earthquakes that occur at night have relatively more fatalities than they would if
they occurred in daylight. Without accounting for diurnal variation, mortality and
morbidity estimates can be off by a factor of as much as + 34%.

4.1 Introduction

Figure 4.1 is a graph by Munich Re, frequently cited to indicate the increasing trend
of natural disasters. It shows insured losses (lighter, lower portion of each column,
and the lower increasing trend line) and total economic losses (total column height,
and upper increasing trend line) due to earthquakes, floods, wind and volcanic natu-
ral disasters, for the period 1950-2000. Both economic and insured losses are
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Fig. 4.2 Losses by disaster type 1985-1999 (EM-DAT; Damage normalised to $1999)

normalised to current (as of 2000) US dollars. The trend for both economic and
insured losses is a dramatic increase in recent years.

However, Fig. 4.1 doesn’t say anything about casualties. Figure 4.2 provides
another perspective, in which it can be seen that floods affect most people, displac-
ing a total of 1.8 million during the 15-year period 1985-1999 (selected as being
relatively complete for the EM-DAT database). Windstorm accounts for a bit less
than half the fatalities, with earthquake and windstorm about a quarter each, and
earthquake accounts for a bit more than half of the total economic loss, which was
about $409 billion ($1999).

In order to examine this trend in some more detail, for earthquakes, Munich Re
data for the 15 most deadly earthquakes for the period 1900-2004 have been com-
bined with several other, either very costly or deadly, events (1906 San Francisco,
1994 Northridge, 1995 Kobe, 2004 Niigata, Japan earthquakes, and 2004 Indian
Ocean tsunami), as shown in Table 4.1.
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Table 4.1 Selected large earthquake catastrophes (USGS, World Bank, Various)

Econ. loss

Event Year Deaths ($ x 10
San Francisco 1906 2,000 524
Italy, Messina 1908 85,900 116
Italy, Avezzano 1915 32,600 25
China, Gansu 1920 235,000 25
Japan, Tokyo 1923 142,800 2,800
China, Gansu 1927 40,000 25
China, Kansu 1932 77,000

Pakistan, Quetta 1935 50,000 25
Turkey, Erzincan 1939 32,900 20
Chile, Concepcion 1939 28,000 100
Peru, Chimbote 1970 67,000 550
China, Tangshan 1976 242,800 5,600
Guatemala 1976 23,000 1,100
Armenia, Spitak 1988 25,000 14,000
Iran, Gilan 1990 40,000 7,100
Northridge 1994 65 24,000
Japan, Kobe 1995 6,200 100,000
Turkey 1999 17,118 8,500
Taiwan 1999 2,297

India, Bhuj 2001 20,085 2,100
Iran, Bam 2003 31,000

Indonesia, Tsunami 2004 228,000 9,326
Pakistan, Kashmir 2005 86,000 5,200
Indonesia, Jogjakarta 2006 5,749 3,134
China, Wenchuan 2008 87,587

Haiti 2010 222,521

Actual deaths and economic losses (dollars at time of event) arising from these
events are shown in Figs. 4.3 and 4.4. The trend over the last 100 years is that of
decreasing deaths but increasing economic losses, even including the recent Indian
Ocean tsunami mega-catastrophe.

It might be argued that these trends are due to ‘constant lives’ but ‘appreciated’
economic values. To examine these potential biases, Fig. 4.5 ‘normalises’ the data
to current (as of year 2000) population densities, while Fig. 4.6 updates to eco-
nomic losses to current (2000) dollars, and Fig. 4.7 updates economic losses to
current (2000) dollars and ‘normalises’ the data to current (2000) population
densities.

The ‘normalisation’ to current population densities is to account for population
growth — a comparison of say actual 1906 earthquake fatalities versus a current
event fails to account for today’s much greater populations at risk. Treating the data
in this way shows that deaths still maintain a decreasing trend, of similar order of
magnitude. This shows that improvements in construction, emergency response and
medical treatment have truly saved lives.
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Fig. 4.4 Economic losses for events shown in Table 4.1

Economic losses still have an increasing trend, but the trend is significantly
reduced — from a factor of 100 over about the 100-year period, to a factor of about
10 over the period, when only monetary appreciation is accounted for. If that and
population growth is accounted for, however, the trend is seen to have a factor of
about 2 over the period. That is, increasing population growth is a major factor in
increasing earthquake catastrophes.

However, in recent decades population growth has been accompanied with
another trend — that of urbanisation. Urbanisation — the concentration of people and
economic value in large cities — tends to increase the volatility of natural hazards
losses. By concentrating assets in cities, everything else being equal, more natural
hazards such as earthquakes will occur in sparsely populated areas, with less loss.
However, when an earthquake does occur in or near a heavily urbanised area, the
‘direct hit’ will be a much larger loss, compared with the pre-urbanisation situation
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of a more distributed population. The effect is fewer but larger catastrophes.
To examine the effect of urbanisation on economic losses, Fig. 4.8 increases losses
in earlier years by the ratio of average urbanisation in 2000, to the average
urbanisation at the event time. That is, if 27% of the population were urban in 1950,
and 57% in 2000, losses in 1950 are increased by 0.57/0.27 = 2.11 to account for the
increases in losses that would have occurred had the same degree of urbanisation
prevailed in 1950 as prevailed in 2000. Figure 4.8 shows a decreasing trend in
losses with time, by a factor of about 2 over the period.



56 C. Scawthorn

$1,000,000
=
=
o
> $100,000
=
o
[e)
o
5 $10,000 -
he]
[0]
N
g $1,000 -
S
c
&
8 $100
o
S
)]
2]
S $10 -
c
[e)
O
w
$1

Fig. 4.7 Economic losses for events shown in Table 4.1, in $2000 and ‘normalised’ to 2000
population densities

$1,000,000

$100,000 -

$10,000 -

Econ Loss (2000$ normalized for
popul growth AND URBANIZATION

Fig. 4.8 Economic losses for events shown in Table 4.1, in $2000 and ‘normalised’ to 2000
population densities and urbanisation

4.2 Economic Adjusted Life Years (EALY)

In the discussion so far, deaths and economic impacts have been considered sepa-
rately. In the disaster field, these two measures are typically separated, since equat-
ing or converting human lives to a monetary amount is considered problematic and
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involving insoluble issues of morality and equality. However, the health policy field
has for some time employed an approach termed ‘disability adjusted life years’
(DALY) (World Bank 1993), which combine “time lived with a disability and the
time lost due to premature mortality” (Homedes 2000).

Calculation of DALY are based on five factors:

1. Duration of time lost due to a death at each age —based on the potential limit for
life set at 82.5 years for women and 80 years for men.

2. Disability weights — the degree of incapacity associated with various health con-
ditions. Values range from O (perfect health) to 1 (death).

3. Age-weighting function to consider relative importance of healthy life at differ-
ent ages.

4. Discounting function which considers the value of health gains today compared
to the value of health gains in the future.

5. Health is additive across individuals — two people each losing ten DALY are
treated as the same loss as one person losing 20 years.

In effect, “Years lost from premature mortality are estimated with respect to a
standard expectation of life at each age. Years lived with disability are translated
into an equivalent time loss by using a set of weights which reflect reduction in
functional capacity, with higher weights corresponding to a greater reduction”
(Anand and Hanson 1997). While not without controversy in the health policy field
((Anand and Jonson 1995), argue that the “concept is flawed and its assumptions and
value judgements open to serious question”), DALY's have proven useful as a way to
more accurately value the overall impacts of various health policy alternatives.

Herein, we define an analogous concept, which we term Economic Adjusted
Life Years (EALY), in an effort to better value the overall impacts of a natural
disaster. We define EALYSs as:

EALY =DALY +EL/W (4.1)

Where

EALY = Economic Adjusted Life Years

EL = non-recoverable economic loss

W = average annual wage per capita and

DALY is as defined in the medical field.

EALYs in effect extend the concept of DALYs (which measure the effective loss
of total human temporal duration) to include the loss of human time input to capital
creation. It does not equate human life to economic goods, but attempts to measure
the amount of peoples’ lives spent in economic activity, which has subsequently
been destroyed by a disaster (the workers’ lives were not lost, but what they spent
their working lives doing, was destroyed).

In the results presented here, we approximated W by two times gross domestic
product per capita, and for DALY's assume average duration of time lost due to a death
is 40 years (and ignore time lost due to injuries). For example, if a disaster results in
1,000 lives lost, and $1 billion in economic loss, and the per capita gdp is $5,000, then
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EALY = 40,000 + 100,000 = 140,000 lost years of economic productivity, which
consists of 40,000 years lost due to human deaths (1,000 fatalities times 40 years of
productivity per human) + 100,000 years lost due to destruction of property ($1 billion
total divided by average annual wage per capita here approximated by twice $5,000
per capita GDP). If the affected population is 100,000, the EALY is equivalent to
society (i.e., the population) having been set back 1.4 years of economic production.

Using this methodology, Fig. 4.9 shows EALYSs for the events in Table 4.1, as
adjusted for urbanisation. The trend is decreasing somewhat over the period,
although the economic component (i.e., EL/W) is increasing over the period.

It is interesting to examine the EL/W component, adjusted for $2000 but other-
wise not adjusted (e.g., for urbanisation). Figure 4.10 and Table 4.2 show this
information, in which it can be seen that the heaviest toll was the 1988 Spitak event,
due to the large economic loss factored with the low per capita gdp.
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Fig. 4.9 EALYs for events shown in Table 4.1
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Table 4.2 EALYs for selected large earthquakes

Econ loss ($ x 10° EALY normed

Event Year at time of event to $2,000
San Francisco 1906 524 207,015
Italy, Messina 1908 116 73,192
Italy, Avezzano 1915 25 9,934
China, Gansu 1920 25 133,821
Japan, Tokyo 1923 2,800 525,271
China, Gansu 1927 25 32,062
China, Kansu 1932

Pakistan, Quetta 1935 25 77,878
Turkey, Erzincan 1939 20 19,908
Chile, Concepcién 1939 100 50,806
Peru, Chimbote 1970 550 285,974
China, Tangshan 1976 5,600 2,384,807
Guatemala 1976 1,100 470,226
Armenia, Spitak 1988 14,000 3,783,491
Iran, Gilan province 1990 7,100 887,944
Northridge 1994 24,000 473,400
Kobe 1995 100,000 2,408,926
Iran, Bam 2003 500 47,195
Japan, Niigata 2004 30,000 643,777
Indian Ocean Tsunami 2004 6,000 1,111,111

There are a number of caveats to this work, primary of which is probably that
the data on economic losses is extremely sparse, and of variable quality, as noted in
NRC (Litan 1999). However, the overall trend at this time is decreasing life loss,
and mildly increasing economic impacts on a per capital basis. The impacts differ
widely depending on the economic development.

4.3 Twentieth Century Deaths and Diurnal Variation

Using the NOAA Significant Earthquakes database, Fig. 4.11 shows earthquake
deaths during the twentieth C. by decade, while Fig. 4.12 shows their geographic
distribution, quite different from total seismicity (as one would expect).

A dataset similar to NOAA and EM-DAT, of twentieth century earthquake loss
data, was compiled by the author in the late 1970s (Scawthorn et al. 1978), from
which one finding was a diurnal distribution of earthquake fatalities, Fig. 4.13.

That analysis is repeated here, with a more complete dataset. First, we examine
whether there is any diurnal variation in earthquake occurrence, Fig. 4.14, and see
there is virtually none.

Next, we examine total fatalities binned per hour of the day, where hour of the
day (termed LTIM in the 1978 analysis) is the longitude adjusted time of the event,
Fig. 4.15.
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Next we adjust the hour for the length of daylight, based on date and latitude,
Fig. 4.16.

As noted in the 1978 analysis, there appears to be some variation of fatalities,
shifted away from daylight hours. To assess this, the data shown in Fig. 4.16 were
normalised and regressed against a sine wave, as shown in Fig. 4.17.

The best fit sine wave is found to be (r = 0.38, N = 24):

F,=F [1+0.34sin[%(r+3.3)ﬂ 4.2)
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ANALYSIS AND RESULTS A plot of the list‘s earthquakes on a world map (not shown), is

quite different from the usual map of epicenters and strikingiy
reflects the interaction seismicity, population and building pertformance. Fig. 2 is a
plot of LTIM (local time, :
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where GMT is Greenwich Mean

Time) vs the sum of all
fatalities (less than 10°%)
caused by earthquakes occur-
ring at local times nearest
to the LTIM hours. It has o
been well known (27 Lomnitz?)
that a correlation exists between earthquake casualties and local time, but tnis has
never been quantified. From fig. 2, the following relation was determined from all
earthquakes with deaths less than 10°:

Dead = DLTIM[LN(0.8,0.75)] where DLTIM = D (1. + O.GZSin[:{—z—(LTIM +1.7)1}

and Dead is the total dead with [Dead/DLTIM] lognormally distributed about OLTIM {the
mean number of dead, dependent on the LTIM of the earthquake) and LTIM is defined as
above,
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Fig. 4.13 Diurnal distribution of earthquake fatalities (Scawthorn et al. 1978)
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Where
F, = Factor for fatalities accounting for diurnal variation

F = Mean fatalities, estimated not considering diurnal variation

T = Time of day, normalized to an equinox (i.e., considering length of daylight)
That is, it may be inferred that most fatalities have historically occurred in
regions of low strength masonry, as seen in Fig. 4.12, and that fatalities are likely
to be higher when people are caught unawares while sleeping, and therefore do not

quickly evacuate their high collapse potential dwellings.
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Compared with the 1978 analysis, the parameters T and LTIM are different, and
the constants in the best fit sine waves are different, but the finding is basically the
same. The conclusion is that, without accounting for diurnal variation, mortality
and morbidity estimates can be off by a factor of as much as + 34%.



Chapter 5
A Global Earthquake Building Damage
and Casualty Database
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Abstract This chapter presents a preliminary overview of the Cambridge University
Earthquake Damage Database (CUEDD) now the Cambridge Earthquake Impact
Database (CEQID) with emphasis on its human casualty component. CUEDD is
based on earthquake damage data assembled by the Martin Centre at Cambridge
University since 1980, complemented by other more-recently published and some
unpublished data. The database through its organised, expandable and web-accessible
format, summarizes information on worldwide post-earthquake building damage
surveys which have been carried out since the 1960s (www.ceqid.org). Currently
it contains data on the performance of more than 1.3 million individual buildings,
in 600 surveys following 50 separate earthquakes. The database provides total
recorded casualties (deaths, seriously and moderately injured), and casualty rates
as a proportion of population with definitions of injury levels used, and information
on dominant types of injury, age groups affected, etc. It also provides geographi-
cally disaggregated data where possible, and associates them with tables and GIS
maps. Sources of information on other aspects of human casualty information
(epidemiological studies, health care impacts, etc.) are provided. Analytical tools
enable relationships between casualty rates, building classes and ground motion
parameters to be determined.
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5.1 Introduction: Cambridge University Earthquake
Damage Database

To improve the performance of buildings and other structures in earthquakes, it is
essential, in addition to analytical and experimental studies, to observe performance
of structures in real earthquakes. Only by such observations can we gain confidence
that structural design is achieving its aim of providing adequate safety. In addition,
the causes of the failure of specific aspects of structural designs can be identified
by field observations, and the lessons learnt during past earthquakes could poten-
tially help engineers to rectify them. Earthquake damage observations and damage
surveys are also of crucial importance to assess vulnerability of existing buildings,
for application in risk modelling for insurance or for urban mitigation planning.

However, collecting damage and loss data in the aftermath of a large earthquake
presents significant challenges. Large earthquakes are rare and may cause devastating
effects depending upon where they occur, which makes it vital to get the maximum
amount of data from such events. Moreover, the window of opportunity to collect
such data is very limited, as the demolition of damaged structures usually begins
almost immediately after the event; while it takes time to organise and assemble a
team with the skills needed to perform engineering assessments of causes of earth-
quake damage and also to compile the damage observations.

In spite of these challenges, many damage surveys have already been carried out
in the past, some of them by international teams of experts for example, Earthquake
Engineering Research Institute (EERI) from USA, Earthquake Engineering Field
Investigation Team (EEFIT) group in the UK, and some of them by local country-
specific teams of professionals. Much of the data are available in publications of
one sort or another, though some remain in the archives of government departments
or insurance companies. But for best analytical use to be made of the data it is
essential to bring the data together and make this accessible to the research com-
munity, to enable cross-event analysis to take place, and to ensure that lessons
learnt in one country or region can be applied elsewhere.

The Cambridge University Centre for Risk in the Built Environment (CURBE) has
been involved in post-earthquake reconnaissance missions for over 25 years through
the EEFIT UK group (www.eefit.org), and has assembled documents recording dam-
age surveys (its own and those of others) throughout this time. But until now there
has been no readily accessible form or medium through which the collected data-
cum-observations can be archived electronically using a consistent format and also to
facilitate its application at wider scale. Historically the data were made available
through the mission-specific publication reports and through the research articles that
discuss the observed vulnerability of selected building classes (e.g. Spence et al. 2008).
However with the advent of new tools that allow the creation and design of
web-accessible data architecture, a much wider accessibility of the data is now possible.
Moreover, the publication in 2009 of the USGS ShakeMap archive (http://earthquake.
usgs.gov/shakemap/), provides an estimate of the ground shaking at any location in
any past event. This enables cross-event analyses against a consistent set of esti-
mated ground motions and their variable impacts for the first time. The Cambridge
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University Earthquake Damage Database (CUEDD) now the Cambridge Earthquake
Impact Database (CEQID) has now been designed and assembled to take advantage
of these new tools as discussed in subsequent sections.

This paper presents a preliminary overview of the CUEDD. CUEDD is based on
earthquake damage data assembled by the Martin Centre at Cambridge University
since 1980, complemented by other more recently published and some unpublished
data. The database assembles the data pertaining to the worldwide post-earthquake
building damage surveys which have been carried out since the 1960s into a single,
organised, expandable and web-accessible format, with a direct access to
event-specific shaking hazard maps. Analytical tools are available which enable
cross-event relationships between casualty rates, building classes and ground
motion parameters to be determined. This paper explains how these analytical tools
work, and gives examples of the vulnerability data which can be derived from them.
The Database is accessible to all users, and uses a simple XML format suitable
for data mining. Location maps and images of damage are provided for each
earthquake event. The Database links to the USGS ShakeMap archive to add data
on local intensities and on measured ground shaking.

Currently the Database contains data on the performance of more than 1.3 million
individual buildings, in over 600 surveys following 51 separate earthquakes, and the total
is continuously increasing. The database also has a casualty element, which gives total
recorded casualties (deaths, seriously and moderately injured), and casualty rates as a
proportion of population with definitions of injury levels used, and information on
dominant types of injury, age groups affected, etc. Table 5.1 shows the list of events
covered at October 2009. Of the 51 events in the database, 23 were in Asia and the
Pacific (12 of which were in Japan), 17 in Europe, Turkey and North Africa, and 11 in
North or South America. Most of the surveys have been done in events since 1990;
among these 51 events, 18 were prior to 1990, 21 between 1990 and 2000, and 14 since
2000. Of the 1.3 million buildings in the database, 0.45 million do not have a well-de-
fined building or structural typology given; of the remainder, 78% are of timber frame,
14% masonry, 5% reinforced concrete, and 3% are of other structural types. Thus, in
spite of its size, the Database in its current state is patchy in global coverage, and in terms
of building typologies. Further extension to overcome these deficiencies is essential.

5.2 Database Structure

The Database is structured around four levels for web dissemination. At the top
level the homepage (Fig. 5.1) shows a global map indicating epicentres of all earth-
quakes for which data are available, and lists the earthquakes by country and date.
The website uses Google maps, which can be viewed at any desired scale, and
viewed in three modes — road map, terrain map, or satellite image.

At the second level, by clicking on the earthquake name or location the primary
event data for that earthquake becomes accessible (Fig. 5.2). This includes the data
acquired from the USGS National Earthquake Information Center (NEIC) such
as the date, time, magnitude, epicentral location, and the USGS ShakeMap ID.
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Fig. 5.2 Damage database: event main page giving overall event characteristics

In addition, this level provides the event-specific record of the total number of casualties
caused during an earthquake. At this level the web-portal also provides the list of
separate damage and casualty studies that were available within the Database.
Further information can be accessed by clicking on to each of the studies listed
as a part of the third level. This level is specific to a particular study (of damage or
casualties) and it provides a range of information as illustrated in Figs. 5.3 and 5.4.
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Fig. 5.3 Typical map for a particular study, giving reference information, and map of study locations
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Fig. 5.4 USGS ShakeMap overlay for the selected event shown in Fig. 5.3

For each study a map showing the locations of surveys carried out within that study
is provided (Fig. 5.3) and the details of the damage level and building typology clas-
sification systems used during the survey (see Tables 5.2 and 5.3). The survey loca-
tions are also listed for quick assessment of geographic coverage of the study.

An overlay is available showing the USGS ShakeMap (Fig. 5.4) which can be
contoured according to various measures of ground shaking intensity. Selected photo-
graphs (originally taken by the survey team) showing typical damage for that event are
displayed. Documentation and reference material for the study is also provided.

At the fourth (final) level is the detailed survey data for a particular location.
Each survey is defined by a particular location, by a number of separate building
classes and by the number of buildings suffering different levels of damage. It is
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Table 5.2 Typical set of damage levels employed for a particular damage study

Damage levels Damage Description

DO Undamaged No visible damage

D1 Negligible to slight damage Hairline cracks

D2 Moderate damage Cracks 5-20 mm

D3 Substantial to heavy damage Cracks>20 mm or wall material
dislodged

D4 Very heavy damage, partial collapse Complete collapse of individual
wall or roof support

D5 Total or near total collapse More than one wall or more than

half of the roof collapsed

Table 5.3 A typical sub-set of building classifications and descriptions

Building class Description

Residential masonry built before 1920 Load-bearing masonry, mainly
residential, 2-3 storeys built before
1920; some built eighteenth century
and before.

Residential masonry built between 1920 and 1960  Load-bearing masonry, chiefly residential,
2-3 storeys, mostly post war ¢ 1950s,
some 1930s; no chimneys

Residential masonry built since 1960 Modern load-bearing masonry, chiefly
residential; some cavity wall
construction
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Fig. 5.5 The damage data for a typical earthquake study location
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presented in tabular form showing numbers of buildings or as a fraction of total
building stock (Fig. 5.5). The latitude and longitude of the location (and an indication
of its accuracy) and the observed or calculated ground shaking at that location are also
shown. A small map provides a link to the location. The survey data is accompanied
by a strip of captioned images showing examples of the damage at that location.
These can be expanded full screen.

5.3 The Casualty Data

In addition to physical damage surveys from past earthquakes, the Database also
houses casualty information for some events. The difficulties in finding useful and
dependable data from past research and literature have prompted the development
of this casualty database which would promote:

* Sharing of knowledge on earthquake casualties from previous events

e Translations of research from the local language into a common language
whether mathematical or prose in English

» Peer review of posted information

e Development of global casualty estimation models

* Development of guidelines in collecting such information after earthquakes
amongst disciplines

» Standardisation of injury definitions

Despite the differences in the nature of events and the difficulty in conforming individual
events to averages, there have been significant recent events which have informed us of
the ways earthquake ground motions have affected their local inhabitants. Each event has
its own characteristics in terms of amplitude of ground shaking and its spatial distribu-
tion, local time of earthquake occurrence, proximity of population to severe ground
shaking and presence or absence of vulnerable housing stock and human behaviour
during an earthquake. Although there are many factors affecting the scale and therefore
impact on humans, it is nonetheless essential to learn from these earthquakes in order to
understand the degree in which each variable affects the final casualty toll.

In the same format as shown for the damage data, casualty studies for events
appear in the event page (Fig. 5.2). At the fourth (final) level, casualty data are
presented in the form of regional information, where fatalities and injuries are given
for affected districts, towns and villages. The locations of these individual studies
are shown as the population centres of the study areas with corresponding intensities
taken from USGS ShakeMaps.

If casualty surveys are available, where fatalities and injuries are related to housing
types and damage to housing types, the matrix is further divided into rows according
to injury levels, as shown in Fig. 5.6.

For each event, the Database also houses miscellaneous information such as
published casualty literature which includes casualty models for the country or region
and published fatality functions and casualty relationships. Since published models
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Fig. 5.6 Casualty data from the Cambridge survey of the Yogyakarta earthquake of 2006, broken
down into damage and injury levels

relate deaths and most injuries to building damage, damage forms the focus of the
Database. In most loss estimation models, casualty rates are presented as a percentage
of occupants in a particular building at the time of the earthquake. However, when
evaluating the available literature, it was found that many studies do not necessarily
have statistics in this form. A decision was therefore made to present the data in two
forms. The original data are kept in their entirety but where there can be inferences
made on population and occupancy rates based on supplementary local knowledge of
the earthquake, a postulated set of casualty rates are calculated for comparison
purposes. An example of this is shown in Fig. 5.7 for the 1999 Kocaeli event where
the data obtained from Petal’s (2004) field study are compared against published rates
from HAZUS (NIBS and FEMA 2003), ATC-13 and Erdik (2001).

One of the aims of the casualty component of CUEDD is to bring together practi-
tioners from different disciplines involved in earthquake emergency management. In
line with this, the Database also houses medical and public health information from
past earthquakes including studies on medical causes of deaths and injuries. An
analysis of this information may tell us more about the types of injuries associated
with different housing, climatic and cultural environments. For example, none of the
1,502 patients received at the Pakistani military hospital surveyed by Mulvey et al.
(2008) were identified as having either crush injuries or acute renal failure in the first



5 A Global Earthquake Building Damage and Casualty Database 75

% occupants killed vs damage level for RC buildings
Kocaeli earthquake of 17 August 1999

25% ~

—+— Hazus

20% —a— ATC
/ Petal (2004)
15% —o— Erdik (2001)

10%
// Partial Collapse
(Erdik, 2001)
5%
//
0% 2 : 5 T

T

D2 D3 D4 D5
Damage level

Fig. 5.7 Kocaeli earthquake of 17 August 1999; graph comparing percentage of occupants killed
in reinforced concrete housing from a survey in Golciik and rates published by various sources

72 h after the Kashmir earthquake. This compares to 17% of incidences found in the
Kocaeli earthquake (Bulut et al. 2005) and 2-5% suggested for major earthquakes
(Sheng 1987). The lack of crush injury cases may be due to the high mortality rate
from the heavy masonry structures or an indication of the failure of the road net-
work bringing rescuers into the affected area of Kashmir. In addition, only 73% of
the surveyed patients reviewed continued with medical follow-ups which the authors
say could be an indication of cultural beliefs. These pieces of information could be
invaluable for international medical units in training for international disaster
deployments.

As more information is gathered from future earthquakes, the casualty database
will provide a good reference for comparative studies. Differences in the casualty
ratios from one event to another may be partly explained by variations in building
quality, but also by other hazards and causes.

5.4 Analytical Tools

The damage data assembled in CUEDD are derived from a wide range of damage
surveys in many different countries, and conducted for different purposes; not
surprisingly many different approaches are used both for classifying the types of
buildings and structures affected, and also for defining the damage levels. If these data
are to be used to build useful indicators of vulnerability using cross-event analysis, a
means to organise the data into a smaller number of generic classes, both of building
types and of damage levels is needed. However, different users may want to assemble
different groups of structures, and may not all have the same view of which of the
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survey-defined classes should be grouped together. The analytical tools developed in
CUEDD are designed so that this can be achieved by the user of the Database,
providing the maximum flexibility in defining the analyses to be used.

Data are in XML format and can be downloaded using specified URLs and read into
Excel or used directly in software applications. T