and Unuted States Army archuves (Hansen and Condon, 198%). Building
information is also available. While incomplete, this information may
possibly be used to generate some structural performance-
morbidity/mortality correlations. Other potential sources of historical
data can be found in Jones et al., (1990a).

SOME IMPORTANT ISSUES IN EARTHQUAKE
INJURY EPIDEMIOLOGY

It is clear from the above discussion that despite recent efforts to
collect more detailed data on earthquake injuries, a better database of
statistical information relating injuries to mechanism of injury is stiil
required. It is appropriate, therefore, to dedicate some of this chapter to a
discussion of research issues associated with casualty data collection, and to
an identification of some of the unresolved issues that remain to be
investigated, both in general and relative to a central or eastern United
States event.

Data Collection Methodology

One of the most important tasks researchers face is how to develop
sound methods to collect reliable and accurate data in the aftermath of a
disaster. Specifically, the definition and organization of the research
questions to be asked, when to ask them, of whom, and by whom all need
to be addressed before the fact. The following recommendations and
cbservations can be made.

It is clear from past events that the existence of a defined set of
focused yet comprehensive questions is critical. The questions must serve
to test particular hypotheses. Each relevant discipline should contribute its
knowledge to the development of a comprehensive, integrated survey
instrument. If standarized questions, or sets of questions, can be
developed, then comparative studies of the effects of different earthquakes
will be facilitated. A standardized instrument does not now exist;
developing such an instrument should be an important goal of earthquake
injury researchers.

The time periods studied (i.e., the pre-event, event, and post-event
phases of an earthquake) as well as the time period(s) when the data are
actually collected are important to consider in research design. Most
previous investigations have employed a retrospective design, collecting
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information on hazards and injuries after the earthquake has occurred. A
potential problem with this approach includes recall bias of the injured
with respect to the risk factors of interest. Another problem is that data on
the event phase are highly perishable and may not be available by the time
the investigators begin their studies. In some instances, information on risk
factors (e.g.. structural factors) is available hefore the event occurs,
making it possible to employ a prospective research design (usually an
historical cohort.) Prospective studies eliminate recall bias and ameliorate
the problems caused by perishability of the data (at least for those factors
measured before the event.)

The source of the information in many cases will determine the level
of detail and ultimate application of the data. For example, in the event or
post-event phases, with regard to emergency medical response, questions
addressing "needs"” will certainly yieid different responses depending on
whether health departrnents, hospital administrators, individual physicians
and rescue or EMT's are asked. Each group has its own view and
assessment of the situation.

The priorities for data collection must be established @ priori. In the
event and post-event phases, for example, data collection personnel must
not be burdened with requirements to collect what may be termed archival
information: records, reports or data which are not immediately available,
at the expense of perishable data which may be available only in the context
of the impact phase, or data which are critical in terms of mobilization of

response.,

Tracking victims through the response system is an important
potential source of information. Qutcomes can be related to the
circumstances and timing of injury, on-site treatment, extrication,
transportation, and hospital treatment.

Carefully designed, comprehensive follow-up, surveys of building
occupants should be conducted. Data should be collected on occupants of
damaged structures, whether injured or not. Data on the uninjured are
potentiaily of great use in understanding which features of structure
performance cause injuries and which do not.

Data collection is not always simply a matter of having the questions
defined, and being there to the collect the data. Political problems,
internationally, nationally, and even between organizational or responding
departments can often hinder collection processes, and restrict information
flow. In many cases, sources are simply not prepared to release, or allow
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access to, critical data. Researchers or journalists are often particularly
suspect. Damage to facilities, e.g.. hospitals, can result in loss of
information. As noted above, another challenge is how to collect
perishable data in the critical hours before it disappears as a results of the
rescue efforts. The psychological responses of an affected population (e.g.,
those who are in mouming or shock) should be assessed, particularly when
using interviews.

{dentification of Critical Risk F for Physical Ini

It is important that the appropriate measures of risk factors for
physical injury and their interactions are identified in the generation of a
multivariate model of outcome. The risk factors to be studied depend, of
course, on the focus of the study. The risk factors explored must reflect
what is known aiready, to avoid collection of unnecessarily repetitive data
and improve the level of detail and quality. At the very least, researchers
should include the variables found in past studies to be associated with
earthquake casualties (see earlier).

Injury Issues

The classifications of earthquake-related non-fatal and fawal injury
must be defined precisely and standardized (Pollander and Rund, 1989;
Wagner et al., 1992). Physical injuries should be clearly distinguished
from medical conditions, such as heart attacks and mental heaith ailments
thought to be associated with earthquakes. The definition of whether or
not injuries are earthquake related should also be clearly stated. Here,
knowing when the injury occurred (i.e., during or after the earthquake)
and whether it was directly or indirectly associated with the earthquake is
critical.

While it has been suggested that injury could be defined by
utilization of medical services, such as "requiring medical care” or
"requiring hospital care,” rather than by using diagnoses, these definitions
will vary across cultures, perhaps making them unreliable. To correlate
building types and damage with the total number and distribution of the
types of injury, and injury severity 1s important. Both types and numbers
of injuries are important for the estimation of supplies and personnel
needs. Such a classification system must be field applicable. More work
needs to be done to develop simple severity measures (Noji et al., 1989).
However, distinctions should be made between those requiring hospital {or
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emergency 24-hour care) and those treated as outpatients or not seen at all
by trained medical personnel. At present, this represents the best simple
indicator of severity available.

Assessment of the number of out-of-hospital deaths is extremely
difficult. Also, backtracking injuries from hospitals to specific buildings
potentially poses major problems. The concept of tracking victims, the
determination of time trends for morbidity and mortality, and
determination of the precise cause of death is critical for evaluation of
intervention strategies.

The use of injury severity scoring as a means of providing detailed
quantitative injury data is strongly advocated. Two different types of injury
may generate identical injury severity scores, but the interventions they
demand may be quite different. In addition, there needs to be a larger
database of detailed descriptive data on earthquake injuries. How do
victims of collapsed structures differ from standard trauma victims? Can
the findings generated from motor vehicle injury studies be extrapolated
to trapped earthquake victims?

FUTURE RESEARCH NEEDS

While individual scientific and technical disciplines are making
major advances in their research, there is clearly an important role for a
multidisciplinary approach to the study of injuries and casuaity estimation.
Epidemiology can pilay a useful role in 1dentifying risk factors relating to
building design and construction but collaboration with engineering and
other disciplines is essential. An important new research agenda is to study
the detailed relationships between building design and building
performance in earthquakes and how these then result in - or are
independent of - injuries. Just as the interface between engineering,
vehicle design and epidemiology have led to large improvements in
automobile design, so can similar studies linking together engineering and
epidemiology potentially lead to improvements in building structural and
nonstructural design. However, before such actions can be taken, a number
of important research issues must be addressed. These are outlined below
using a basic epidemiologic framework of studying injury pattemns in time
and place: How, where, when and why do people get injured in
earthquakes. These basic questions provide a useful framework for
defining future research needs.
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1) How are people killed or injured in a building subjected to an

earthquake?

Understanding of the mechanism by which people are killed or
injured is essential to developing prevention strategies. Injunies are caused
by the transfer of energy to the body in amounts or at rates that exceed the
bodies threshold or ability to withstand the energy transfer (Haddon,

1973).

The majority of injuries are caused by the building or its
components. Seaman. et al. (1984) found a direct linear relationship
between mortality and the number of houses destroyed for 19 earthquakes
in Turkey during the period 1912-1976 (approximately 8.5 people killed
per 100 houses destroyed or badly damaged). Few studies, however, have
looked at exactly what components of a building cause the injuries,
particularly in those situations where some people are killed and others
only injured or escape without injury. To dare, most aseismic building
designs have been engineered to preserve the integrity of the building with
variable attention to the effects of non-structural components on injury
risk. Falling light fixtures, other equipment such as wall-mounted x-ray
machines or even overhanging verandas, may become lethal weapons even
when the building remains intact. Analysis of previous building failures in
the context of injury studies can lead to the development of simple but
effective retrofit prevention strategies design to mitigate injury or death.

As noted above, in most earthquakes, people are injured by
mechanical energy as a direct result of falling building materials or
contents. However, surprisingly little is known about the exact
mechanisms. For example, anecdotal evidence from Armenia suggests that
suffocation from dust inhalation may be a significant factor in many people
who die without other apparent injury. Autopsy information has provided
invaluable data for analyzing automobile crashes and making appropriate
modifications to automobile interiors: There is a need for detailed autopsy
data on 2 sample of earthquake cases to determine the exact cause of death,
especially for those with litle evidence of external trauma.

In some earthquakes, few people may be killed by the building
collapse but die due to complexities produced by aftershocks and significant
secondary effects such as post-earthquake fires. In the 1923 earthquake in
Kanto, Japan, more than 143,000 peopie were killed; most did not die due
to the earthquake directly, but from the post-earthquake fire that swept
rapidly through the damaged area immediately after the earthquake
(Seaman, et al., 1984). Similarly the large fire that occurred after the 1906
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San Francisco earthquake was responsible for much of the death toll
resulting from that event. Some carthquakes produce large flood waves
from tsunamis and have caused a proportion of the deaths in the five
largest United States fatal earthquakes. Another factor that may affect the
number of people killed is exposure to cold. In Armenia, for example, it is
believed that some of the people who could otherwise have been rescued
may have perished due to the intense cold.

2} Where are victims located?

Is there a difference in the locations in a building between the
survivors and those who are fatally or nonfatally injured? Determining
where people are located when they are injured or killed can provide
valuable information to both assist in locating potential survivors, and in
making recomnmendations to building occupants as to what to do during an
earthquake. Anecdotal evidence from search and rescue personnel describe
situations where survivors are located many days after the earthquake
trapped in small protected spaces where water was available. Individual
rescues such as these raise a number of epidemiologic questions that
require future quantitative study.

The study of injury pattems from previous earthquakes also may
help predict those characteristics that are related to survivability of
building collapse or damage. It may not be cost-effective (or possible) to
strengthen all older buildings to prevent collapse, but relatively siumple
modifications may increase the probability that severe damage will cause
fewer injuries; for example. strengthening stair wells or creating "safe”
corridors. Research efforts such as these will require the cooperation of
engineers, architects, search and rescue personnel, medical staff, and
epidemiologists.

3} How is behavior related to death and injury in earthquakes?

The behavior of building occupants during an earthquake is another
area for research. No comprehensive guidelines exist for what is the best
plan of action for an occupant. Foreshocks may provide valuable warnings
that can affect behavior, although they cannot be counted on. For example,
the Montenegro earthquake of 1979 came in two shocks with enough time
between them for people to get outside their houses (Tiedemann, 1989).
Studies from the 1980 Italian earthquake suggest that those who
immediately ran outside were less likely to be injured or killed (de
Bmuycker, et al., 1985). However, while running ocutside may be good
advice in rural areas, it may not necessarily be the best thing in densely
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populated urban areas. Narrow streets provide no protection and can
rapidly fill with debris falling from damaged walls or roofs of buildings,
whereas inside the building major parts of the building may be left standing
and provide protection. Reports from the 1985 Chilean earthquake suggest
that a number of people were killed from falling building overhangs as
they tried to escape (Aroni, personal communication, 1989). Stories of
people surviving under desks or beds suggest that such behavior may
prevent injuries. However, only by developing reliable data on the location
of injured and non-injured persons can sound advice be developed as to the
best behavior to reduce the likelihood of injury. The advice is likely to be
specific for certain types of buildings and will be different for densely
populated urban areas and rural areas.

4) How long after bulding collapse do people die?

Understanding when people die following building collapse can
provide important information for planning rescue efforts. However, little
is known conceming the effectiveness and appropriateness of the different
levels of search and rescue, because no formal evaluauons of these efforts
have been carried out. Evidence from the few studies that exist suggest
that most people who are successfully rescued are excavated by local
survivors immediately after the quake occurs.

Studies of acute blunt trauma, as represented by motor vehicle
trauma, have shown that rapid extraction, resuscitation, and ransportation
to hospital can dramatically affect survivability following injury (Sacco, et
al., 1984), In fact, much is made of the importance of the "Hour of
Survival.” This concept suggests that the probability of survival is greatly
increased if persons can be transported to definitive care within one hour
of injury. Such rescue times are unachievable in most earthquake
situations. Even if they could be achieved for limited numbers of people,
the patients would rapidly overcome available medical resources, which
themselves are probably heavily affected by the earthquake. However, the
limited earthquake rescue literature to date suggests that rapid rescue is
essential to increase survivability.

Olson (1987) defined the "Golden 24 Hours" as the period of time
during which the victim in a collapsed building has the greatest chances of
surviving if rescued. However, few data are available to support this
concept. A study of the 1976 Tangshan earthquake in China (Sheng, 1987)
however, found that 99.3% of those extracted by rescue squads within one-
half hour survived, whereas only 81% of those extracted between one-half
hour and one day survived. Only 7.4% of those who were extracted on the
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fifth day survived. Similar findings of rapidly declining probability of
being alive at extraction were found in the 1980 Southern Italian
carthquake (de Bruycker, et al., 1985). However, these rather crude
calculations do not taken into account that the less severely injured may be
rescued earlier or that those people showing signs of life are easier to
locate, and thus will be extracted earlier. Future studies need to consider
factors such as the severity of injury (Noji et al., 1989),

Information also needs to be collected on those who are extricated
dead so that the time of death can be estimated. This may help predict the
potential for rescue. The predictive models for survival time are based
largely on blunt trauma such as that due to motor vehicles. Some people
may be trapped in voids in the building, but may be relatively uninjured.
Thus, the severity score and other models used for classical blunt trauma
injuries may not be appropriate for use in disaster situations. More
research is needed to develop tools for assessing severity of injuries related
to earthquakes.

In planning research on the efficacy of search and rescue, the
distinction must be made between light search and rescue conducted
immediately following an earthquake, and heavy urban search and rescue.
Most people are rescued with light rescue methods using untrained,
uninjured survivors who use simpie tools such as shovels and axes. In the
1980 Italian earthquake it was estimated that about 97% of the trapped
survivors taken to one medical center were extracted using primitive tools
such as shovels or bare hands, and only 3% were rescued using tractors or
cranes (de Bruycker, et al., 1983). More research is needed to determine
the needs for expert outside assistance with search and rescue. Often such
help can only be of assistance for heavy urban rescue where there is a
likelihood of survivors trapped in voids within buildings.

5) Can casualty prediction models be improved?

As noted earlier, there is a need to develop betier methods to
predict the number of people killed and injured following an earthquake.
This information is essential for both rapidly assessing the magnitude of the
problem and for planning rescue and other relief effons. In the absence of
such data, the relief effort may not always be appropriate for the needs (de
Ville de Goyet, et al., 1976; Zeballos, 19835).

In one earlier model, Lechat (1979) proposed using a ratio of

injuries to deaths as a useful guide to predict the number of injuries. This
information could then be used to assess medical needs after earthquakes,
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and predict the amount of supplies and personnel needed in a disaster relief
effort. However, the ratio of 3:1 injuries to deaths only applies to the
sample of 3 earthquakes used in the initial analysis, and a limited number
of other earthquakes (de Bruycker, et al., 1985). A more comprehensive
analysis by Alexander (1985) found it was not a useful predictor when
studying other carthquakes. Such estimates are coarse at best, and even if
they couid be refined 10 take into account varicus other factors such as
building type, intensity of earthquake, etc., accurate estimates of fatalities
are often not available. It may take days or weeks before reasonable
estimates of the number of fatalities become available. There are often
large discrepancies in the number of fatalities reported by different sources
for the same earthquake. For example, three different estimates are
available for the number of people killed in the Nicaraguan earthquake in
1972 (Coultrip, 1974; OFDA, 1988; Whittaker, et al., 1974).

Another possible approach is to develop a predictive model based on
earthquake risk. While geologic maps that outline the earthquake prone
areas are available, they do not relate to risk of death or imjury. A
predictive model could pessibly be developed based on a combination of
factors such as risk of earthquake of defined magnitude, the particular
building construction of the area at risk, and the population likely to be
affected. To be able to develop such a model, there is a need to develop
simple measures of the lethality of the injury producing potential of
different types of buildings, particularly as they relate to different
severities of earthquake. A simple classification system for building types
should be based on their potential to both cause injury, and also with
regard to their potential for creating void spaces upon collapse. This task,
however, while sounding simple, is indeed extremely complex and requires
significant effort to accomplish.

6) Can data quality be improved with other considerations?

It is impossible to compare injury patterns for different disasters
without establishing common definitions. Even if broad definitions are
availabje it is essential to have more exact measures of severity in order to
enable more detailed comparisons to be made (Noji et al., 1989). It is
essential to develop simple scoring systems to quantify the extent of
trauma. These are usually based on prediction of survivability. However,
detailed medical information is often not available in the acute disaster
situation.

There is a need to develop standardized definitions since
there is a huge difference between minor contusions and life-
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threatening injuries requiring hospitalization. As discussed earlier
there may be problems counting the number of people killed. However,
the problems of measurement are even more acute when trying to measure
the number of injured. There is no standardized definition of injury in
use. Most studies to date have only classified injuries as fataiities and non-
fatalities (persons injured). Others have used uninformative terms such as
minor, serious, or critical. Future developments of earthquake injury
severity scores will greatly assist in this but may be difficult to use in all
siruarions (Noji et al., 1989). The practicality of a simple definition which
separates injuries into those that require inpatient hospitalization (if
available), and those that can be managed safely as outpatients or do not
need professional medical attention needs to be determined. This
definition would at least allow separation of minor from serious injuries.
The low ratio of people injured to killed in Tangshan is probably due to
their only recording cases of "severe injury” (Tiedemann, 1989).

The data needed for comparative studies are often lacking even for
such basic information as the magnitude of the earthquake, the number of
deaths, number injured {(using standard definitions) or the size of the
affected population. In most areas of the world where major earthquakes
have occurred official census records are poor. Qther problems include
uncounted urban migrants, or other groups such as refugees.

Even when good census data are available, as in California, other
factors such as the proportion of people commuting te and from the
affected area may greatly affect the population present at the actual time of
the earthquake. Thus, even to estimate the population at nsk may be
difficult. The initial very high estimates of those on the collapsed Cypress
structure of the Nimitz Freeway in Oakland in 1989 1s such an example.
The risk of injury may vary greatly by the type of building a person 1is
occupying, which changes depending on the time of day that an earthquake
occurs. For exampie, the 1933 earthquake in Long Beach, California
caused significant damage to school buildings, but no deaths because it
occurred at a time when school was not in session (Jones, 1989). Wooden,
single family homes, such as suburban houses in California, are reasonably
earthquake resistant. Even if they did collapse their potential to cause
injury is much less than that of a non-earthquake-resistant old stone
building, like those often used for businesses, offices, or schools.

Time of day can also affect the ability to escape. In Guatemala, the
1976 quake occurred at 3:05 in the momumg while everyone was asleep. If
the same quake had occurred later in the day many more people would
have been outside and thus uninjured. The 1988 Spitak, Armenia
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earthquake occurred at 11:41 in the moming, and thus many people were
trapped in schools, hospitals, office buildings, or factories. If it had
occurred at another time of day, very different patterns of injury and
places of injury would have occurred.

IMPLICATIONS FOR THE CENTRAL AND
EASTERN UNITED STATES

The preceding section has given a rather broad overview of the
problem of casualty assessment and estimation in earthquakes.
Conspicuously absent is 2 section entitled "Revised Casualty Estimates for
the Central and Eastern United States.” This omission, however, is
deliberate. It is clear from the discussion that earthquake casualty
researchers are still struggling with the development of robust estimates
for the regions of the country (and the world) where the earthquake
process, the construction types, and their interactions are reasonably well
understood. For much of the Central and Eastern United States, none of
the above is rue. Existing studies are based on data of marginal quality
and relevance to this region.

Nevertheless, significant effort is being made to more fully
understand the phenomenon of intraplate earthquakes, and engineers are
learning more about the performance of marginaily resistant or unresistant
{in the seismic context} structures. As more morbidity and mortality data
are collected and analyzed, using the techniques outlined and exemplified
above, and general casualty and loss estimation procedures are developed,
realistic estimates for the central and eastern regions will be forthcoming.
Indeed, in some respects the lack of realistic estimates for the Central and
Eastern United States does not place them too far behind the Western
States, where casualty estimation procedures are also not highly developed.

More research is clearly necessary, however, to enable a more
complete understanding of the problem. The issues raised in this chapter
are relevant to not only the Central and Eastern United States, but also the
remainder of the country and beyond. In addition, specific research needs
include the developmeut of an appropriate structure inventory for these
regions which will both enabie the possibie usage of risk-factor data from
other events and form the basis for comprehensive modeling capability.
This inventory probiem alone is not a trivial task and needs to be addressed
as early as feasible.

51



Solutions to the problems faced by the Central and Eastern States as
they attempt to plan for future earthquakes may well serve as a model for
other parts of the country and the worid if done effectively. Casualty
assessment and estimation not only forms an integral part of the process,
but also can be used to influence and guide the allocation of the resources
needed to face these challenges.

CONCLUSIONS

Despite the inherent difficulties in conducting smudies of injuries
following earthquakes, a number of studies have already shown that it is
possible to collect valuable information that can be used for prevention of
health care probelms. However, more refined methodologies will need to
be developed (Armenian, 1989). These will include the development of
appropriate sampling frames, the use of case-control and cohort studies,
and the use of multivariate techniques for analysis. Case-control studies
are the usual method of studying health and injury risks and have had
widespread use. The use of epidemiology techniques to study injury risks
from earthquakes is rapidly gaining the acceptance of earthquake
researchers. Only through the application of such techniques can we
develop better casualty estimation data and methods and provide advice as
to which engineering solutions or other methodologies are the most
effective for reducing casualties in earthquakes.

The integration of epidemiologic studies with those of other
disciplines such as engineering, architecture, the social sciences and
medicine is essential to the provision of suitable variables for analysis. Just
as epidemiology and other public health principies have provided important
new insights into the study of disease processes, so the integration of
epidemiologic techniques to other disciplines involved in earthquake
research is likely to lead to better methods to reduce casualties in fumure
carthquakes. Interdisciplinary studies are necessary if we are to develop
improved understanding of injuries following earthquakes and the
development of effective strategies for reducing injuries from earthquakes.

Reliable casualty estimates for the Central and Eastem United States
are not yet available. This is not a problem peculiar to these regions,
however, as few (if any) meaningful estimates have been developed for the
more seismically active regions of the country. This deficiency is still
cause for some concern. It is well known that the central and eastern
regions are both susceptible and vulnerable to earthquakes. Because of the
relative lack of preparedness, reasonable efforts should be directed towards
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DOCUMENTO ORIGINAL EN MAL ESTADO

: preparation of these models as planning tools to develop both short-
m and long-term strategies for reducing earthquake risk.
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