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Abstract

The subject of large-scale disasters is broadtpdhiced in this article. Both the art and scierfce o
predicting, preventing and mitigating natural andnmade disasters are discussed. A universal,
guantitative metric that puts all natural and madendisasters on a common scale is proposed.
Issues of prediction, control and mitigation ofasttophes are presented. The laws of nature
govern the evolution of any disaster. In some casggor example weather-related disasters, the
first-principles laws of classical mechanics cobkd written in the form of field equations, but
exact solutions of these often nonlinear differ@nggquations are impossible to obtain particularly
for turbulent flows, and heuristic models togethéth intensive use of supercomputers are
necessary to proceed to a reasonably accuratefiréc other cases, as for example earthquakes,
the precise laws are not even known and preditt@momes more or less a black art. Management
of any type of disaster is more art than scieneeitheless, much can be done to alleviate the
resulting pain and suffering. The expansive predant of the broad field of large-scale disasters
precludes a detailed coverage of any one of theynagpics touched upon. Three take-home
messages are conveyed, however: a universal nfetriall natural and manmade disasters is
presented; all facets of the genre are described;aaproposal is made to view all disasters as
dynamical systems governed for the most part byetve of classical mechanics.

Introduction

In this article, the subject of large-scale disaste broadly introduced. Both the art and
science of predicting, preventing and mitigatingunal and manmade disasters are discussed. A
universal, quantitative metric that puts all natuad manmade disasters on a common scale is
proposed. Issues of prediction, control and mitigatof catastrophes are presented. The
expansive presentation of the many facets of disassearch precludes a detailed coverage of
any one of the many topics covered. We merely slerdite surface of a broad subject that may
be of interest to all those who view the world neeuktically. The hope is that few readers of the
Journal of Critical Incident Analysiswho are not already involved in this aspect cladier
research, would benefit from this particular viempowvhose practical importance cannot be
overstated. The article is excerpted from ChapiairtBe book edited by Gad-el-Hak (2008).
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Are Disasters a Modern Curse?

Although it appears that way when the past few y@ae considered, large-scale disasters
have been with us sinddomo sapiensset foot on this third planet from the Sun. Freque
disasters struck the Earth even before then, abaiek as the time of its formation around 4.5
billion years ago. In fact, the geological Earthttive know today is believed to be the result of
agglomeration of the so-called planetesimals amdesyuent impacts of bodies of similar mass
(Huppert, 2000). The planet was left molten aftachegiant impact, and its outer crust was
formed on radiative cooling to space. Those weee“tfood” disasters perhaps. On the bad side,
there have been several mass extinctions througheuEarth’s history. The dinosaurs, along
with about 70% of all species existing at the tirnhecame extinct because a large meteorite
struck the Earth 65 million years ago and the tegukirborne dust partially blocked the Sun,
thus making it impossible for cold-blooded aninmalsurvive. However, if we concern ourselves
with our own warm-blooded species, then startind,@00 years ago, ice ages, famines,
infections, and attacks from rival groups and atsmaere constant reminders of human
vulnerability. On average, there are about thregelscale disasters that strike the Earth every
day, but only a few of these natural or manmadanciies make it to the news. Humans have
survived because we were programmed to do so. Wenrt this point later in the paper.

Outline

Because of the nature of the subject, few of tipgctodiscussed are not mainstream for
this journal, for example the mechanistic aspeétdigasters. The mechanics of disasters are
more extensively covered, but even here we begirctimversation rather than actually solving
specific problems. Appropriate references are madegver, to close the gap.

The article is organized as follows. We begin bgposing a metric by which disasters
are sized in terms of the number of people affectiedior the extent of the geographic area
involved. The different facets of large-scale disesare described. The science, particularly the
mechanics, of disasters is outlined. The lattetiguos of this article cover the art of disaster
management, a bit of sociology, and few recentstisa as examples.

Disaster Scope

There is no easy answer to the question of whethmarticular disaster is large or small.
The mild injury of one person may be perceived asastrophic by that person or by his or her
loved ones. What we consider herein, however, & dlverse effects of an event on a
community or an ecosystem. What makes a disaslaga-scale one is the number of people
affected by it and/or the extent of the geograpinéa involved. Such disaster taxes the resources
of local communities and central governments. Unther weight of a large-scale disaster, a
community diverges substantially from its normalkiab structure. Return taormalcy is
typically a slow process that depends on the sigydsut not the duration, of the antecedent
calamity as well as the resources and efficienajefrecovery process.

The extreme event could be natural, manmade,con@ination of the two in the sense
of a natural disaster made worse by humans’ pasinac Examples of naturally occurring
disasters include earthquakes, wildfires, pandemudcanic eruptions, mudslides, floods,
droughts, and extreme weather phenomena such asges, hurricanes, tornadoes, and
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sandstorms. Human foolishness, folly, meanness,mamnagement, gluttony, unchecked
consumption of resources, or simply sheer misf&tonay cause wars, energy crises, economic
collapses of a nations or corporations, markethessfires, global warming, famine, air/water
pollution, urban sprawl, desertification, deforéista, bus/train/airplane/ship accident, oil slicks,
or terrorist acts. Citizens suffering under theatyry of a despot or a dictator can too be
considered under the duress of a disaster, anchwfe, genocide, ethnic cleansing and other
types of mass murder are gargantuan disasterofieat test the belief in our own humanity.
Although technological advances exponentially iasesl human prosperity, they also provided
humans with more destructive power. Manmade disaigve caused the death of at least 200
million people during the twentieth century, a drage without equal in the history of man (de
Boer & van Remmen, 2003).

In addition to the degree or scope of a disattterg is also the issue of the rapidity of the
calamity. Earthquakes, for example, occur over eemésly short time periods measured in
seconds, whereas anthropogenic catastrophes sgtibas warming and air and water pollution
are often slowly-evolving disasters, their duratioeasured in years and even decades or
centuries, although their devastation, over they ltarm, can be worse than that of a rapid,
intense calamity (McFedries, 2006). The painfuwsbteath of a cancer patient who contracted
the dreadful disease as a result of pollutionss @&s tragic as the split-second demise of a human
at the hands of a crazed suicide bomber. The latper of disaster makes the news, but the
former does not. This is quite unsettling because death of many spread over years goes
unnoticed for the most part. The fact that 100 gesdie in a week in a particular country as a
result of starvation is not a typical news storpwéver, 100 humans perishing in an airplane
crash will make CNN headlines for days

For the disaster's magnitude, how large is larg@’ch the same as is done to
individually size hurricanes, tornadoes, earthgealkand, very recently, winter storms, we
propose herein a universal metric by which all sypédisaster are sized in terms of the number
of people affected and/or the extent of the gedgcaprea involved. This quantitative scale
applies to both natural and manmade disasterssti@pgested scale is nonlinear, logarithmic in
fact, much the same as the Richter scale used &sure the severity of an earthquake. Thus,
moving up the scale requires an order of magniindesase in the severity of the disaster as it
adversely affects people or an ecosystem. Notesatlisgaster may affect only a geographic area
without any direct and immediate impact on hum#&us. example, a wildfire in an uninhabited
forest may have long-term adverse effects on tbal land global ecosystem, although no human
is immediately killed, injured, or dislocated aseault of the event.
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Disaster Scope
Scope I Scope 1 Scope 111 Scope IV Scope V

Small Disaster Medium Disaster Large Disaster Enormaus Disaster WGargamiuan Disasier

<1i} persons 10100 persons 100—1,000 persans 1000-104 persons =1 persons
<1 km* 1-11 km? 10-100 km* 101,000 km?* =100 km*

Figure 1. Classification of disaster severity.

The scopeof a disaster is determined if at least one of tmiteria is met, relating to
either the number of displaced/tormented/injurdldiipeople or the adversely affected area of
the event. We classify disaster types as beingcop&s | to V, according to the scale pictorially
illustrated in Figure 1. For example, if 70 persavsre injured as a result of a wildfire that
covered 20 ki) this would be considered Scope llI, large disagtee larger of the two
categories Il and Ill). However, if 70 persons wkileed as a result of a wildfire that covered 2
km?, this would be considered Scope I, medium disagta unusual example, at least in the
sense of even attempting to classify it, is theselto 80 million citizens of Egypt (area slightly
larger than 1 million sq. km) who have been torradrfor more than a half-century by a virtual
police staté. This manmade cataclysm is readily stigmatizedheyhighest classification, Scope
V, gargantuan disaster.

The quantitative metric introduced herein is casiied to the conceptual scale devised by
Fischer (2003a; 2003b), which is based on the @egfesocial disruption resulting from an
actual or potential disaster. His ten disastergmaies are based on the scale, duration, and scope
of disruption and adjustment of a normal socialdure, but those categories are purely
qualitative. For example, Disaster Category 3 (DGs3ndicated if the event partially strikes a
small town (major scale, major duration, partiad®€), whereas DC-8 is reserved for a calamity
massively striking a large city (major scale, majoration, major scope). The recent article by
Gad-el-Hak (2010) provides further discussion andbntinuing debate of defining, scoping and
categorizing disasters and their impact.

The primary advantage of having a universal clession scheme such as the one
proposed herein is that it gives officials a quatiie measure of the magnitude of the disaster
so that proper response can be mobilized and adjuss warranted. The metric suggested
applies toall types of disaster. It puts them on a common segakch is more informative than
the variety of scales currently used for differeiigaster types; the Saffir—Simpson scale for
hurricanes, the Fujita scale for tornadoes, thént@icscale for earthquakes, and the recently
introduced Northeast Snowfall Impact Scale (notasignificant, major, crippling, extreme) for
the winter storms that occasionally strike the Imgastern region of the United States. Of course,
the individual scales also have their utility; Bample, knowing the range of wind speeds in a
hurricane as provided by the Saffir—Simpson scaleaicrucial piece of information to
complement the number of casualties the proposale scpplies. In fact, a prediction of wind
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speed allows estimation of potential damage to leeapd property. The proposed metric also
applies to disasters, such as terrorist acts augihts, where no quantitative scale is otherwise
available to measure their severity.

In formulating all scales, including the proposew, a certain degree of arbitrariness is
unavoidable. In other words, none of the scalestatadly objective. The range of 10 to 100
persons associated with a Scope Il disaster, fameie, could very well be 20 to 80, or some
other range. What is important is the relative cangon among various disaster degrees; a
Scope |V disaster causes an order of magnitude oe@meage than a Scope Il disaster, and so
on. One could arbitrarily continue beyond five gmtges, always increasing the influenced
number of people and geographic area by an orderaghitude, but it seems that any calamity
adversely affecting more than 10,000 persons d¥OLKBIT is so catastrophic that a single Scope
V is adequate to classify it as a gargantuan disadthe bookCatastropheis devoted to
analyzing the risk of and response to unimagindblenot impossible calamities that have the
potential of wiping out the human race (Posner420Curiously, its author, Richard A. Posner,
is a judge in the U.S. Seventh Circuit Court of Ag[s.

In the case of certain disasters, the scope cammdubcted in advance to a certain degree
of accuracy; otherwise, the scope can be estinsdtedly after the calamity strikes with frequent
updates as warranted. The magnitude of the disabtaunld determine the size of the first-
responder contingency to be deployed; which holspitamobilize and to what extent; whether
the military forces should be involved; what resms; such as, food, water, medicine, and
shelter should be stockpiled and delivered to theken area, and so on. Predicting the scope
should facilitate the subsequent recovery and aratel the return to normalcy. The proposed
metric is systematically applied to the thirteesadiers used as prototypical examples.

Facets of Large-Scale Disasters

A large-scale disaster is an event that adverséBcta a large number of people,
devastates a large geographic area, and taxessberces of local communities and central
governments. Although disasters can naturally gcdwmans can cause their share of
devastation. There is also the possibility of huraations causing a natural disaster to become
more damaging than it would otherwise. An examgleuxh an anthropogenic calamity is the
intense coral reef mining off the Sri Lankan coastich removed the sort of natural barrier that
could mitigate the force of waves. As a result aths mining, the 2004 Pacific tsunami
devastated Sri Lanka much more than it would haverwise. A second example is the soil
erosion caused by overgrazing, farming, and defaties. In April 2006, wind from the Gobi
Desert dumped 300,000 tons of sand and dust om@ehina. Such gigantic dust tempests—
exasperated by soil erosion—blow around the gloiaking people sick, killing coral reefs, and
melting mountain snow packs continents away. Examplich as this incited the 1995 Nobel
laureate and Dutch chemist Paul J. Crutzen tott@mpresent geological period@asthropocene
to characterize humanity’'s adverse effects on ¢lecbmate and ecology, http://www.mpch-
mainz.mpg.de/air/anthropocene/.

What could make the best of a bad situation idbd¢oable to predict the disaster’s
occurrence, location, and severity. This can hegpare for the calamity and evacuating large
segments of the population out of harm’s way. Fertain disaster types, their evolution
equations can be formulated mostly from a mechanigtwpoint. Predictions can then be made
to different degrees of success using heuristic alspdempirical observations, and super
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computers. Once formed, the path and intensitytafracane, for example, can be predicted to a
reasonable degree of accuracy up to 1 week inuheel. This provides sufficient warning to
evacuate several medium or large cities in the pathe extreme event. However, smaller-scale
severe weather such as tornadoes can only be @medip to 15 minutes in the future, giving
very little window for action. Earthquakes cannet fredicted beyond stating that there is a
certain probability of occurrence of a certain nmagie earthquake at a certain geographic
location during the next 50 years. Such predictaresalmost as useless as stating that the Sun
will burn out in a few billion years.

Once disaster strikes, mitigating its adverse cedfebecomes the primary concern,
particularly: how to save lives, take care of thevevors’ needs, and protect properties from any
further damage. Dislocated people need shelteematod, and medicine. Both the physical and
the mental health of the survivors, as well astireda of the deceased, can be severely
jeopardized. Looting, price gouging, and other lawaking activities need to be contained,
minimized, or eliminated. Hospitals need to priagtand even ration treatments, especially in
the face of the practical fact that the less sshoinjured tend to arrive at emergency rooms
first, perhaps because they transported thems#tees. Roads need to be operable and free of
landslides, debris, and traffic jams for the unkiredl flow of first responders and supplies to the
stricken area, and evacuees and ambulances fronsaime. This is not always the case,
especially if the antecedent disaster damages ihost all roads, as occurred after the 2005
Kashmir Earthquake. Buildings, bridges, and roaelsdnto be rebuilt or repaired, and power,
potable water, and sewage needs to be restored.

Figure 2 depicts the different facets of largelesalisasters. The important thing is to
judiciously employ the finite resources availaleimprove the science of disaster prediction,
and to artfully manage the resulting mess to miméoss of life and property.
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Computers

Prevention

Figure 2. Schematic of the different facets of laye-scale disasters.
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The Science of Disaster Prediction and Control

Science, particularly classical mechanics, cap pe¢dict the course of certain types of
disasters. When, where, and how intense would arseweather phenomena strike? Are the
weather conditions favorable for extinguishing atipalar wildfire? What is the probability of a
particular volcano erupting? How about an earthqustkiking a population center? How much
air and water pollution is going to be caused leydtdition of a factory cluster to a community?
How would a toxic chemical or biological substamigperse in the atmosphere or in a body of
water? Below a certain concentration, certain dasgéstances are harmless, and “safe” and
“dangerous” zones could be established based odispersion forecast. The degree of success
in answering these and similar questions variesndtaally. Once formed, the course and
intensity of a hurricane (tropical cyclone), whigfpically lasts from inception to dissipation for
a few weeks, can be predicted about one week iara#v The path of the much smaller and
short-lived, albeit more deadly, tornado can bedisted only about 15 minutes in advance,
although weather conditions favoring its formateam be predicted a few hours ahead.

Earthquake prediction is far from satisfactory isuseriously attempted nevertheless. The
accuracy of predicting volcanic eruptions is somexehin between those of earthquakes and
severe weather. Patané, de Gori, Chiarabba andcBors® (2006) report on the ability of
scientists to “see” inside Italy’s Mount Etna amddcast its eruption using seismic tomography,
a technique similar to that used in computed tomlgy scans in the medical field. The method
yields time photographs of the three-dimensionaleneent of rocks to detect their internal
changes. The success of the technique is in nd paudldue to the fact that Europe’s biggest
volcano Mount Etna is equipped with a high-quattgnitoring system and seismic network,
tools that are not readily available for most valoes.

Science and technology can also help control gwerdy of a disaster, but here the
achievements to date are much less spectaculattibaa in the prediction arena. Cloud seeding
to avert drought is still far from being a routim@actical tool. Nevertheless it has been tried
since 1946. In 2008, Los Angeles county officiaded the technique as part of a drought-relief
project that used silver iodide to seed clouds d¢kerSan Gabriel Mountains to ward off fires.
China employed the same technology to bring somearad clear the air before the 2008 Beijing
Summer Olympics. Despite the difficulties, clougdag is still a notch more rational than the
then Governor of Texas George W. Bush’s 1999 aathe midst of a dry period to “pray for
rain.”

Slinging a nuclear device toward an asteroid omedeor to avert its imminent collision
with Earth remains solidly in the realm of scierfegion (in the 1998 filmArmageddon a
Texas-size asteroid was courageously nuked fromtgsior!). In contrast, employing scientific
principles to combat a wildfire is doable, as is tevelopment of scientifically based strategies
to reduce air and water pollution, moderate urlgaawsl, evacuate a large city, and minimize the
probability of accident for air, land, and waterhides. Structures could be designed to
withstand an earthquake of a given magnitude, wina given speed, and so on. Dams could be
constructed to moderate the flood—drought cyclesvefs, and levees/dikes could be erected to
protect land below sea level from the vagarieshefweather. Storm drains, fire hydrants, fire-
retardant materials, sprinkler systems, pollutiomtool, simple hygiene, strict building codes,
traffic rules and regulations in air, land and s@aj many other examples are the measures a
society should take to mitigate or even elimindte tdverse effects of certain natural and
manmade disasters. Of course, there are limitshat we can do. Although much better fire
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safety will be achieved if a firehouse is erectgllipped, and manned around every city block,
and less earthquake casualties will occur if evarycture is built to withstand the strongest
possible tremor, the prohibitive cost of such @ffarearly cannot be justified or even afforded.

At the extreme scale, geoengineering is definedpéisns that would involve large-scale
engineering of our environment in order to combatcounteract the effects of changes in
atmospheric chemistry. Along those lines, Nobetdate Paul Crutzen has proposed a method of
artificially cooling the global climate by releagirparticles of sulfur in the upper atmosphere,
which would reflect sunlight and heat back into cgaScientists are taking the controversial
proposal seriously because Crutzen has a provekrteaord in atmospheric research. Sponsored
by the U.S. National Science Foundation, a scientifeeting was held in 2008 to explore far-
fetched strategies to combat hurricanes and toesado

In contrast to natural disasters, manmade onegearerally somewhat easier to control,
but more difficult to predict. The war on terrorigmma case in point. Who could predict the
behavior of a crazed suicide bomber? A civilizediesty spends its valuable resources on
intelligence gathering, internal security, bordentrol, and selective/mandatory screening to
prevent (control) such devious behavior, whose dyos (i.e., time evolution) obviously cannot
be distilled into a differential equation to be \v@&u. However, even in certain disastrous
situations that depend on human behavior, predistean sometimes be made; crowd dynamics
being a prime example, where the behavior of a drowan emergency can to some degree be
modeled and anticipated so that adequate escapeaouation routes can be properly designed
(Adamatzky, 2005). Helbing, Farkas, and Vicsek @08rite on simulation of panic situations
and other crowd disasters modeled as nonlineamaigad systems. All such models are heuristic
and do not stem from the first-principles laws lafssical mechanics.

The tragedy of the numerous manmade disastdnatishiey are all preventable, at least in
principle. We cannot prevent a hurricane, at leastyet, but using less fossil fuel and seeking
alternative energy sources could at least slowailaarming trends down. Conflict resolution
strategies can be employed between nations to weest Speaking of wars, the lragi-American
poet Dunya Mikhail, lamenting on the many manmasagiers, calls the present period “The
Tsunamical Age.” A bit more humanity, commonserssdflessness, and moderation, as well as
a bit less greed, meanness, selfishness, and Beaod the world will be a better place for
having fewer manmade disasters.

Modeling the Disaster's Dynamics

For disasters that involve (fluid) transport pheema, such as severe weather, fire, and
release of toxic substance, the governing equatwas be formulated subject to some
assumptions, the less the better. Modeling is lisurakhe form of nonlinear partial differential
equations with an appropriate number of initial dodindary conditions. Integrating those field
equations leads to the time evolution, or the dyognof the disaster. In principle, marching
from the present (initial conditions) to the futugéves the potent predictability of classical
mechanics and ultimately leads to the disasterecst.

However, the first-principles equations are typycampossible to solve analytically,
particularly if the fluid flow is turbulent, whichnfortunately is the norm for the high Reynolds
number flows encountered in the atmosphere andnecdaurthermore, initial and boundary
conditions are required for both analytical and auoal solutions, and massive amounts of data
need to be collected to determine those conditiwith sufficient resolution and accuracy.
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Computers are not big enough either, so numerigagration of the instantaneous equations
(direct numerical simulations) for high Reynoldsnmer natural flows is computationally
prohibitively expensive, if not outright impossibée least for now and the foreseeable future.
Heuristic modeling then comes to the rescue, b ptice. Large eddy simulations, spectral
methods, probability density function models, almel thore classical Reynolds stress models are
examples of such closure schemes that are notragutationally intensive as direct numerical
simulations, but are not as reliable either. Tiymetof second-tier modeling is phenomenological
in nature and does not stem from first principlElse more heuristic the modeling is, the less
accurate the expected results are. Together wilsiw@ground, sea, and sky data to provide at
least in part the initial and boundary conditiotiie models are entered into supercomputers that
come out with a forecast, whether it is a predicd a severe thunderstorm that is yet to form,
the future path and strength of an existing hunggaor the impending concentration of a toxic
gas that was released in a faraway location some ith the past. The issue of non-integrability
of certain dynamical systems is an additional @mgé and opportunity that is revisited.

For other types of disasters such as earthquakerecise laws are not even known
mostly because proper constitutive relations ackitg. Additionally, deep underground data are
difficult to gather to say the least. Predictionshiose cases become more or less a black art.

In the next sections of this article, we focustloa prediction of disasters involving fluid
transport. This important subject has spectaculacesses within the past few decades, for
example, in being able to predict the weather adays in advance. The accuracy of today’s 5-
day forecast is the same as the 3-day and 1.54uleg/i0 1976 and 1955, respectively. The 3-day
forecast of a hurricane’s strike position is acteita within 100 km, about a 1-hour drive on the
highway (Gall & Parsons, 2006). The painstakingaambes made in fluid mechanics in general
and turbulence research in particular together thhexponential growth of computer memory
and speed undoubtedly contributed immeasurablydset successes.

The British physicist Lewis Fry Richardson washagrs the first to make a scientifically
based weather forecast. Based on data taken atanQOMay 20, 1910, he made a 6 hour
“forecast” that took him 6 weeks to compute usirgjide rule. The belated resdltsere totally
wrong as well' In his remarkable book, Richardsb®2@) wrote, “Perhaps some day in the dim
future it will be possible to advance the compuotadi faster than the weather advances and at a
cost less than the saving to mankind due to trernmtion gained. But that is a dream” (p. vii.).
We are happy to report that Richardson’s dreamnés af the few that came true. A generation
ago, the next day’s weather was hard to prediatlaypthe 10-day forecast is available 24/7 on
http://www.weather.com for almost any city in thend. While perhaps not the most accurate,
this is far better than the pioneering Richards@atsour forecast.

The important issue is to precisely state therapsions needed to write the evolution
equations, which are basically statements of tlms@wation of mass, momentum and energy, in
a certain form. The resulting equations and the@neual analytical or numerical solutions are
only valid under those assumptions. This seemisgyiightforward fact is often overlooked and
wrong answers readily result when the situationane trying to model is different from that
assumed. Much more details of the science of disagtrediction are provided in a book edited
by Gad-el-Hak (2008).
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The Fundamental Transport Equations

Each fundamental law of fluid mechanics and heahsfier—conservation of mass,
momentum, and energy—are listed first in thaiw form (i.e., assuming only that the speeds
involved are non-relativistic and that the fluid ascontinuum). In non-relativistic situations,
mass and energy are conserved separately and ameterchangeable. This is the case for all
normal fluid velocities that we deal with in eveaydsituations—far below the speed of light.
The continuum assumption ignores the grainy (mawpg) structure of matter. It implies that
the derivatives of all the dependent variablesterissome reasonable sense. In other words,
local properties such as density and velocity agéndd as averages over large elements
compared with the microscopic structure of thedfllbut small enough in comparison with the
scale of the macroscopic phenomena to permit teeotidifferential calculus to describe them.
The resulting equations therefore cover a broadeaaf situations, the exception being flows
with spatial scales that are not much larger tha@nntean distance between the fluid molecules,
as for example in the case of rarefied gas dynamsitwsck waves that are thin relative to the
mean free path, or flows in micro- and nanodeviddsis, at every point in space—time in an
inertial (i.e., non-accelerating/non-rotating), &udn frame of reference, the three conservation
laws for non-chemically reacting fluids, respedyyeead in Cartesian tensor notations

" 1
—+—(ru,)=0 1
ot V) (1)
r M‘*‘UkM :ﬂ “+rg, (2)
it %, X,
PRI LR . L (3)
it %, X, X,
where r is the fluid density,u, is an instantaneous velocity componemyv{y, . is the

second-order stress tensor (surface force perauedt),g. is the body force per unit massjs
the internal energy per unit mass, agdis the sum of heat flux vectors due to conductiod
radiation. The independent variables are timend the three spatial coordinates x, and x,,
or (X,y,2. Finally, the Einstein’s summation convention lggpto all repeated indices. Gad-el-

Hak (2000) provides a succinct derivation of thevmus conservation laws for a continuum,
non-relativistic fluid.

Closing the Equations

Equations (1), (2) and (3) constitute five diffaiieh equations for the seventeen
unknownsr, u., ,€ anddg,. Absent any body couples, the stress tensor isrgtnic having
only six independent components, which reducesitimber of unknowns to fourteen. To close
the conservation equations, relation between thessttensor and deformation rate, relation
between the heat flux vector and the temperatete, fand appropriate equations of state relating
the different thermodynamic properties is needdtermodynamic equilibrium implies that the
macroscopic quantities have sufficient time to adjo their changing surroundings. In motion,
exact thermodynamic equilibrium is impossible beeawach fluid particle is continuously
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having volume, momentum, or energy added or remosad so in fluid dynamics and heat
transfer we speak of quasi-equilibrium. The seclamdof thermodynamics imposes a tendency
to revert to equilibrium state, and the definingus here is whether the flow quantities are
adjusting fast enough. The reversion rate will leeyvhigh if the molecular time and length
scales are very small as compared to the corresmpndacroscopic flow scales. This will
guarantee that numerous molecular collisions waltw in sufficiently short time to equilibrate
fluid particles whose properties vary little ovastdnces comparable to the molecular length
scales. Gas flows are considered in a state of-ggadibrium if the Knudsen number—the ratio
of the mean free path to a characteristic lengttheffow—is less than 0.1. In such flows, the
stress is linearly related to the strain rate, iwed(conductive) heat flux is linearly related be t
temperature gradient. Empirically, common liquidsls as water follow the same laws under
most flow conditions. Gad-el-Hak (1999) providesemsive discussion of situations in which
the quasi-equilibrium assumption is violated. Thes&y include gas flows at great altitudes,
flows of complex liquids such as long-chain molesuland even ordinary gas and liquid flows
when confined in micro- and nanodevices.

For a Newtonian, isotropic, Fourigigdeal gas, for example, those constitutive refetio
read

cmepd e m M T T (4)
ﬂxk ﬂXi ﬂXj
q = -k% + Heat flux due to radiation ()
de=cdT and p=rRT (6)

where p is the thermodynamic pressur@, and / are the first and second coefficients of
viscosity, respectivelyg,, is the unit second-order tensor (Kronecker delka)is the thermal
conductivity, T is the temperature field;, is the specific heat at constant volume, &id the
gas constant. The Stokes’ hypothesis relates tts¢ dind second coefficients of viscosity,

/ +:—§m: 0, although the validity of this assumption has camaally been questioned (Gad-el-

Hak, 1995). With the previous constitutive relasoand neglecting radiative heat transfer,
Equations (1), (2) and (3), respectively, read

r 9 _
T, (ru)=0 @)
r M"'ukM :'E""‘gi
It X X
+l mﬁ+M +C]f(i/B (8)
X > T %
LT LI A LR 9)

M ™ T TX

The three components of the vector equation (8}lreréNavier—Stokes equations expressing the
conservation of momentum (or, more precisely, sgathat the rate of change of momentum is
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equal to the sum of all forces) for a Newtoniandlun the thermal energy equation (9),is the

always positive (as required by the Second Law bérimodynamics) dissipation function

expressing the irreversible conversion of mechamnargy to internal energy as a result of the
deformation of a fluid element. The second termtlmn right-hand side of Equation (9) is the
reversible work done (per unit time) by the pressas the volume of a fluid material element
changes. For a Newtonian, isotropic fluid, the @ist dissipation rate is given by

2 2
PRy VR T U} (10)
2 ﬂXk ﬂXi ﬂxj

There are now six unknowns;, u., p andT, and the five coupled Equations (7), (8) and (9),
plus the equation of state relating pressure, tieremnd temperature. These six equations,
together with sufficient number of initial and baany conditions constitute a well-posed, albeit
formidable, problem. The system of equations (7)4€%n excellent model for the laminar or
turbulent flow of most fluids, such as air and wataeder most circumstances, including high-
speed gas flows for which the shock waves are thadéitive to the mean free path of the
molecules.

Polymers, rarefied gases, and flows in micro- madodevices are not equilibrium flows
and have to be modeled differently. In those cab&ger-order relations between the stress
tensor and rate of strain tensor, and between ¢hé flux vector and temperature gradient, are
used. In some cases, the continuum approximaticab@doned altogether, and the fluid is
modeled as it really is—a collection of molecul&@se molecular-based models used for those
unconventional situations include molecular dynam&mulations, direct simulation Monte
Carlo methods, and the analytical Boltzmann equa(Gad-el-Hak, 2006). Under certain
circumstances, hybrid molecular—continuum formolatis required.

Returning to the continuum, quasi-equilibrium egprgs, and considerable simplification
is achieved if the flow is assumed incompressibgeially a reasonable assumption provided that
the characteristic flow speed is less than 0.3hef ¢peed of sound and other conditions are
satisfied. The incompressibility assumption, diseasin greater detail by Panton (2005), is
readily satisfied for almost all liquid flows andrfmany gas flows. In such cases, the density is
assumed either a constant or a given functionmopegature (or species concentration).

The governing equations for such flows are

M —p (11)
r —+u-— =-—+— m-—+—=*% +rg (12)

rc, —+u — =— k— +f (13)

These are five equations for the five dependentbbasu, , p andT. Note that the left-hand side
of Equation (13) has the specific heat at conspaessurec, and notc,. This is the correct

incompressible flow limit—of a compressible fluid-s-discussed in detail of Panton (2005); a
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subtle point perhaps but one that is frequentlysedsin textbooks. The system of equations
(11)—(13) is coupled if either the viscosity or digyn depends on temperature; otherwise, the
energy equation is uncoupled from the continuity emmentum equations, and can therefore be
solved after the velocity and pressure fields are determineanfisolving Equations (11) and
(12). For most geophysical flows, the density delseron temperature and/or species
concentration, and the previous system of five &gosa is coupled.

In non-dimensional form, the incompressible floguations read

flu,

e _ g 14
M (14)
M'*‘U m :_m+ﬂTqB+l Fn(T) M+ﬂuk (15)

ft  “fx, X RE %X, Re Tx %
r, 9 _ 1 19  Ec

_+uk_ =

F (T)f 1
1t ™. Tx. Pefx, Re (T) (16)

incomp

where F,(T) is a dimensionless function that characterizes vigeosity variation with

temperature, anRe Gr, Pe andEc are, respectively, the Reynolds, Grashof, PécldtEckert
numbers. These dimensionless parameters deteriéneetative importance of the different
terms in the equations.

For both the compressible and the incompressigleatoons of motion, the transport
terms are neglected away from solid walls in timeitliof infinite Reynolds number (i.e., zero
Knudsen number). The flow is then approximated mgscid, non-conducting and non-
dissipative; in other words, it is considered inrfpet thermodynamic equilibrium. The
corresponding equations in this case read (foctimpressible case):

I | _

_t+‘ﬂ_xk(ruk)_o (17)
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The Euler equation (18) can be integrated alondreasiline, and the resulting Bernoulli's
equation provides a direct relation between theaigt and the pressure.

Other Complexities

Despite their already complicated nature, othdece$ could further entangle the
transport equations previously introduced. We listein a few examples. Geophysical flows
occur at such large length scales as to invalittegenertial frame assumption made previously.
The Earth’s rotation affects these flows, and stiihgs as centrifugal and Coriolis forces enter
into the equations rewritten in a non-inertial femf reference fixed with the rotating Earth.
Oceanic and atmospheric flows are more often tlrturbulent flows that span the enormous
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range of length scales of nine decades, from a r@lkmeters to thousands of kilometers
(Garrett, 2000; Mclintyre, 2000).

Density stratification is important for many atmbsric and oceanic phenomena.
Buoyancy forces are produced by density variationa gravitational field, and those forces
drive significant convection in natural flows (L&, 2000). In the ocean, those forces are
further complicated by the competing influencesterhperature and salt (Linden, 2000). The
competition affects the large-scale global oceacutation and, in turn, climate variability. For
weak density variations, the Bousinessq’'s approtionapermits the use of the coupled
incompressible flow equations, but more complesgitie introduced in situations with strong
density stratification, such as when strong heaéing cooling is present. Complex topography
further complicates convective flows in the ocead atmosphere.

Air—sea interface governs many of the importaah$port phenomena in the ocean and
atmosphere, and plays a crucial role in determinivegclimate. The location of that interface is
itself not known a priori and thus is the sourcdusther complexity in the problem. Even worse,
the free boundary nature of the liquid—gas intexfac addition to the possibility of breaking that
interface and forming bubbles and droplets, intoedunew nonlinearities that augment or
compete with the customary convective nonlinea(bavis, 2000). Chemical reactions are
obviously important in fires and are even presaergame atmospheric transport problems. When
liquid water or ice is present in the air, two-pha®atment of the equations of motion may need
to be considered, again complicating even the agiemumerical solutions.

However, even in those complex situations desdrigqareviously, simplifying
assumptions can be made rationally to facilitateiisg the problem. Any spatial symmetries in
the problem must be exploited. If the mean quastisire time independent, then that too can be
exploited.

An extreme example of simplification that surprgly yields reasonable results includes
the swirling giants depicted in Figure 3. Here,caeanic whirlpool, a hurricane, and a spiral
galaxy are simply modeled as a rotating, axisymimetiscous core and an external inviscid
vortex joined by a Burgers’ vortex. The viscous ecdeads to a circumferential velocity
proportional to the radius, and the inviscid vorteads to a velocity proportional thr. This
model leads to surprisingly good results in someawa sense for those exceedingly complex
flows.
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Velocity distribution in three different An oceanic whirlpool
types of swirling flows

A hurricane over the Gulf of Mexico A swirling spiral galaxy
Figure 3. Simple modeling of an oceanic whirlpook hurricane and a spiral galaxy.

A cyclone’s pressure is the best indicator ofiitensity because it can be precisely
measured, whereas winds have to be estimated. rfER@ps simple model yields the maximum
wind speed from measurements of the center prestime@mbient pressure, and the size of the
eye of the storm. It is still important to note ttlitais the difference in the hurricane’s pressure
and that of its environment that actually givetst strength. This difference in pressure is known
as the “pressure gradient” and it is this changpr@ssure over a distance that causes wind. The
bigger the gradient, the faster the winds will denerated. If two cyclones have the same
minimum pressure, but one is in an area of highavient pressure than the other, that one is in
fact stronger. The cyclone must be more intensgetats pressure commensurately lower, and
its larger pressure gradient would make its wiratser.

Earthquakes

Thus far we discussed prediction of the type dfaslier involving fluid transport
phenomena, weather-related disasters being the naostant. Predictions are possible on those
cases, and improvements in forecast’s accuracyeataht are continually being made as a result
of enhanced understanding of flow physics, incréasecuracy and resolution of global
measurements, and exponentially expanded compatezrp Other types of disasters do not fare
as well, earthquakes being calamities that thusdanot be accurately predicted. Prediction of
weather storms is possible in part because the smineve is optically transparent, which
facilitates measurements that in turn provide noly ahe initial and boundary conditions
necessary for integrating the governing equatianisalso a deeper understanding of the physics.
The oceans are not as accessible, but measurethentsare possible as well, and scientists
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learned a great deal in the past few decades a@beuwtynamics of both the atmosphere and the
ocean (Garrett, 2000; Mclntyre, 2000). Our knowkeddterra firma, in contrast, does not fare
as well mostly because of its inaccessibility toedi observation (Huppert, 2000). What we
know about the Earth’s solid inner core, liquideutore, mantle, and lithosphere comes mainly
from inferences drawn from observations at or nkearmlanet’s surface, which include the study
of propagation, reflection, and scatter of seismaves. Deep underground measurements are
not very practical, and the exact constitutive ¢igua of the different constituents of the “solid”
Earth are not known. All of that inhibits us fronmitimg down and solving the precise equations,
and their initial and boundary conditions, for thenamics of the Earth’s solid part. That portion
of the planet contains three orders of magnitudeemrolume than all the oceans combined and
six orders of magnitude more mass than the entin@sphere, and it is a true pity that we know
relatively little about the solid Earth.

The science behind earthquakes basically beganiyshdter the infamous rupture of the
San Andreas Fault that devastated San Francistdeaniore than a century ago. Before then,
geologists had examined seismic faults and everse@\rimitive seismometers to measure
shaking. However, they had no idea what causedjythend to heave without warning. A few
days after the Great Earthquake struck on April 1806, Governor George C. Pardee of
California charged the state’s leading scientigts wmvestigating how and why the Earth’s crust
had ruptured for hundreds of miles with such temd violence. The foundation for much of
what is known today about earthquakes was laid ywars later, and the resulting report
(Lawson, 1908) carried the name of the famed gestidgqndrew C. Lawson.

Earthquakes are caused by stresses in the Eartiss that build up deep inside a fault
until it ruptures with a jolt. Prior to the LawsdReport (1908), many scientists believed
earthquakes created the faults instead of the atlagraround. The San Andreas Fault system
marks the boundary between two huge moving slalibeoEarth’s crust: the Pacific Plate and
the North American Plate. As the plates grind canidy past each other, strain builds until it is
released periodically in a full-scale earthquakefe®x small sections of the San Andreas Fault
had been mapped by scientists years before 1906,dwson and his team discovered that the
entire zone stretched for more than 950 km alomglehgth of California. By measuring land
movements on either side of the fault, the teammbhthat the earthquake’s motion had moved
the ground horizontally, from side to side, rattien just vertically as scientists had previously
believed.

A century after the Lawson Report (1908), its dosions remain valid, but it has
stimulated modern earthquake science to move fgorge Modern scientists have learned that
major earthquakes are not random events—they amham@me in cycles. Although pinpoint
prediction remains impossible, research on fatlitsughout the San Francisco Bay Area and
other fault locations enables scientists to esenthe probability that strong quakes will jolt a
region within the coming decades. Sophisticatedadband seismometers can measure the
magnitude of earthquakes within a minute or twoanfevent and determine where and how
deeply on a fault the rupture started. Orbitingekités now measure within fractions of an inch
how the Earth’s surface moves as strain buildslapgafault lines, and again how the land is
distorted after a quake has struck. “ShakemapsailaiMe on the Internet and by e-mail
immediately after every earthquake, can swiftly thsaster workers, utility companies and
residents where damage may be greatest. Supercerspsimulating ground motion from past
earthquakes, can show where shaking might be rstawiben new earthquakes strike. The
information can then be relayed to the public andrhergency workers.
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One of the latest and most important venturesdeustanding earthquake behavior is the
borehole-drilling project at Parkfield in southdvtfonterey County, California, where the San
Andreas Fault has been heavily instrumented forynyaars. The hole is about 3.2 km deep and
crosses the San Andreas underground. For theting, sensors can actually be inside the
earthquake machine to catch and record the eambquaght where and when they are
occurring.

The seismic safety of any structure depends orstitength of its construction and the
geology of the ground on which it stands—a concluseflected in all of today’s building codes
in the United States. Tragically, the codes in se@aihquake prone countries are just as strict as
those in the United States, but are not enforcefaol¢he most part. In other nations, building
codes are not sufficiently strict or non-existelwgether.

The Butterfly Effect

There are two additional issues to ponder fordaéhsters that could be modeled as
nonlinear dynamical systems. The volume edited bpd®, Kropp, and Schellnhuber (2002) is
devoted to this topic, and is one of very few botikdackle large-scale disasters purely as a
problem to be posed and solved using scientificgipies. The modeling could be in the form of
a number of algebraic equations or, more likelyimary or partial differential equations, with
nonlinear term(s) appearing somewhere within thitefinumber of equations. First, we examine
the bad news. Nonlinear dynamical systems are ¢apdlproducing chaotic solutions, which
limit the ability to predict too far into the futelr even if infinitely powerful computers are
available. Second, we examine the (potentially)dyoews. Chaotic systems can be controlled,
in the sense that a very small perturbation cad teaa significant change in the future state of
the system. In this subsection, we elaborate om issties.

In the theory of dynamical systems, the so-cafledtterfly effect” (a lowly diurnal
lepidopteranflapping its wings in Brazil may set off a futuienado in Texas) denotes sensitive
dependence of nonlinear differential equationsrotial conditions, with phase-space solutions
initially very close together and separating expuaiadly. Massachusetts Institute of
Technology's atmospheric scientist Edward Lorenmgioally used seagull's wings for the
metaphor in a paper for the New York Academy ok8ces (Lorenz, 1963), but in subsequent
speeches and papers he used the more poetic utteof a complex system such as the
weather, initial conditions of infinite resoluti@nd infinite accuracy are clearly never going to
be available, thus further making certain that [getong-term predictions are never achievable.

The solution of nonlinear dynamical systems oééhor more degrees of freedomay
be in the form of a strange attractor whose inicissructure contains a well-defined mechanism
to produce a chaotic behavior without requiringd@m forcing (Ott, 1993). Chaotic behavior is
complex, aperiodic, and, although deterministiqesgss to be random. The dynamical system in
that case is non-integrabl@nd our ability for long-term forecast is severkiydered because of
the extreme sensitivity to initial conditions. Onan predict the most probable weather, for
example, a week from the present, with a narrowdsted deviation to indicate all other possible
outcomes. We speak of a 30% chance of rain 7 days iow, and so on. That ability to provide
reasonably accurate predictions diminishes as fingresses because the sensitivity to initial
conditions intensifies exponentially, and Loren8@1) proposes a 20-day theoretical limit for
predicting weather. This means that regardless hwmsgsive future computers will become,
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weather prediction beyond 20 days will always beamegless. Nevertheless, we still have a
way to go to double the extent of the current 1p{fdeecast.

Weather and climate should not be confused, homwé\e latter describes the long-term
variability of the climate system whose componetwsnprise the atmosphere, hydrosphere,
cryosphere, pedosphere, lithosphere and biosp@direatologists apply models to compute the
evolution of the climate a hundred years or mote the future (Fraedrich & Schonwiese, 2002;
Hasselmann, 2002). Seemingly paradoxical, metegigil® use similar models but have
difficulties forecasting the weather beyond justfesv days. Both weather and climate are
nonlinear dynamical systems, but the former corséne evolution of the system as a function
of the initial conditions with fixed boundary cotidns, whereas the latter, especially as
influenced by human misdeeds, concerns the respoinige system to changes in boundary
conditions with fixed initial conditions. For longme periods, the dependence of the time-
evolving climate state on the initial conditioncbenes negligible asymptotically.

The Art of Disaster Management

The laws of nature are the same regardless of tyipat of disaster is considered. A
combination of first-principles laws of classicakamanics, heuristic modeling, data collection,
and computers may help, to different degrees ofess; the prediction and control of natural
and manmade disasters. Once a disaster strikegjatimy its adverse effects becomes the
primary concern. Disaster management is more art sitcience, but the management principles
are similar for most types of disasters, especiddtyse that strike suddenly and intensely. The
organizational skills and resources needed to atighe adverse effects of a hurricane are not
much different from those required in the aftermatlan earthquake. The scope of the disaster
determines the extent of the required responseavlglevolving disasters such as global warming
or air pollution are different and their managemegjuires a different set of skills, response, and
political will. Although millions of people may bedversely affected by global warming, the fact
that that harm may be spread over decades andliltesd in time does not provide immediacy
to the problem and its potential mitigation. Pobdi will to solve long-range problems—not
affecting the next election—is typically non-existeexcept in the case of the rare visionary
leader.

In his book, der Heide (1989) states that disastee the ultimate test of emergency
response capability. Once a large-scale disagsikest mitigating its adverse effects becomes the
primary concern. There are concerns about how\e bees, take care of the survivors’ needs,
and protect property from any further damage. Resled people need shelter, water, food, and
medicine. Both the physical and the mental healtthe survivors, as well as relatives of the
deceased, can be severely jeopardized. Lootinge gauging, and other law breaking activities
need to be contained, minimized, or eliminated. pitats need to prioritize and even ration
treatments, especially in the face of the pracfiaet that the less seriously injured tend to a&rriv
at emergency rooms first, perhaps because thegpoated themselves there. Roads need to be
operable and free of landslides, debris, and trafims for the unhindered flow of first
responders and supplies to the stricken area, wacliees and ambulances from the same. This
is not always the case especially if the antecedeaster damages most if not all roads, as
occurred after the 2005 Kashmir Earthquake. Bugsjrbridges, and roads need to be rebuilt or
repaired, and power, potable water and sewage todazl restored.
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Lessons learned from one calamity can be appligchprove the response to subsequent
ones (Cooper & Block, 2006; Olasky, 2006). Disastérgation is not a trial-and-error process,
however. Operations research (operational researdritain) is the discipline that uses the
scientific approach to decision making, which seekdetermine how best to design and operate
a system, usually under conditions requiring thecation of scarce resources (Winston, 1994).
Churchman, Ackoff, and Arnoff (1957) similarly ded the genre as the application of scientific
methods, techniques, and tools to problems invgltire operations of systems so as to provide
those in control of the operations with optimumusioins to the problems. Operations research
and engineering optimization principles are skilffwsed to facilitate recovery and return to
normalcy following a large-scale disaster (Altay@&een, 2006). The always-finite resources
available must be utilized so as to maximize thmneficial impact. A lot of uncoordinated,
incoherent activities are obviously not a good afsgcarce resources. For example, sending huge
amounts of perishable food to a stricken areahthatno electricity makes little sense. Although
it seems silly, it is not difficult to find such amples that were made in the heat of the moment.

Most books on large-scale disasters are writtem feither a sociologist’s or a tactician’s
point of view, in contrast to the scientist’'s vievwpt of this article. There are few popular
science or high school-level books on disastegs, Engelbert, Deschenes, Nagal, and Sawinski
(2001) and Allen (2005), and even fewer more adedngcience books, such as Bunde et al.
(2002) and Gad-el-Hak (2008). The other books dealthe most part, with the behavioral
response to disasters and the art of mitigating #feermath. Current topics of research include
disaster preparedness and behavioral and orgamahtiesponses to disasters. A small sample
of recent books includes Pickett and White (1988)jth (1991), Alexander (1993; 2000), Smith
and Dickie (1993), Tobin (1997), Burby (1998), Fisec (1998), Quarantelli (1998), Kunreuther
and Roth (1998), Gist and Lubin (1999), Mileti (899Steinberg (2000), Cutter (2001), Tierney,
Lindell, and Perry (2001), Childs and Dietrich (2)0de Boer and van Remmen (2003), Pelling
(2003), Stein and Wysession (2003), Bankoo, Fregks] Hilhorst (2004), Posner (2004),
Wallace and Webber (2004), Abbott (2005), Dilleyya@, Deichmann, Lerner-Lam, and Arnold
(2005), Vale and Campanella (2005), and McKee anthi@&lige (2006).

A Bit of Sociology

Although it appears that large-scale disastersremes recent when the past few years are
considered, they have actually been with us sirm@achsapiens set foot on Earth. Frequent
disasters struck the planet as far back as the d¢ifvies formation. The dinosaur went extinct
because a meteorite struck the Earth 65 milliorrsy@go. However, if we concern ourselves
with humans, then starting 200,000 years ago, g=s,afamines, attacks from rival groups or
animals, and infections were constant remindensuohan’s vulnerability. We survived because
we were programmed to do so.

Humans deal with natural and manmade disasters ait uncanny mix of dread,
trepidation, curiosity, and resignation, but theften rise to the challenge with acts of
resourcefulness, courage, and unselfishness. Bisagte common occurrences in classical and
modern literature. William Shakespeare’s cométlg Tempestpens with a storm that becomes
the driving force of the plot and tells of recoratibn after strife. Extreme weather forms the
backdrop to three of the bard’s greatest tragediecbeth Julies CaesarandKing Lear In
Macbeth the tempest is presented as unnatural and iegedcby “portentous things”. Men
enveloped in fire walked the streets, lions becaamee, and night birds howled in the midday
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sun. Order is inverted, man acts against man, tlis @nd elements turn against humanity and
mark their outrage with “a tempest dropping firéfi. Julius Caesar humanity’s abominable
actions are accompanied through violent weathees&& murder is plotted while the sea
swells, rages and foams, and “All the sway of eatthkes like a thing unfirm”. IKing Lear
extreme weather conditions mirror acts of humarralgfy. The great storm that appears in Act
2, Scene 4, plays a crucial part in aiding Leawigit decline deeper into insanity.

On the popular culture front, disaster movies itslu in Hollywood, particularly in times
of tribulation. Witness the following sample of th@vie genreSan Franciscd1936);A Night
to Remembel(1958); Airport (1970); The Poseidon Adventur€l972); Earthquake (1974);
Towering Inferno(1974); The Hindenburg1975);The Swarn{1978);Meteor(1979);Runaway
Train (1985);; Outbreak(1995); Twister (1996); Titanic (1997); Volcano (1997); Armageddon
(1998); Deep Impact(1998); Flight 93 (2006);United 93 (2006); andWorld Trade Center
(2006).

Does disaster bring out the worst in people? Td®falass, professor of epidemiology at
the Johns Hopkins University, argues the oppositiags, 2001; 2002). From an evolutionary
viewpoint, disasters bring out the best in us.itast has to be that way. Humans survived ice
ages, famines, and infections, not because we stevag or fast, but because in the state of
extreme calamity, we tend to be resourceful andoetative, except when there is a profound
sense of injustice—that is, when some group has bestreated or the system has failed. In
such events, greed, selfishness, and violence dar.o& sense of breach of fairness can trigger
the worst in people. Examples of those negativenctations include distributing the bird flu
vaccine to the rich and mighty first, and the cap#and crew escaping a sinking ferry before the
passengers. The first of these two examples hagenaiccurred, but the second is a real tragedy
that recently took place (the sinking of Al-SalamcdBaccio ferry on February 3, 2006 in the Red
Sea).

If reading history amazes you, you will find titée bird flu pandemic (or similar flu)
wiped out a lot of the European population in teeeniteenth century, before they cleaned it up.
The bright side of a disaster is the reconstrugbibase. Disasters are not always bad, even if we
think they are. We need to look at what we leard bhow we grow to become stronger after a
disaster. For example, it is certain that the lostdte and federal officials in the United States
are now learning painful lessons from Hurricanerkiat and will try to avoid the same mistakes
again. It is up to us humans to learn from mistadked not to forget them. However, human
nature is forgetful, political leaders are not di&ns, and facts are buried.

The sociologist Henry W. Fischer, Il (Fischer, 989 argues that certain human
depravities commonly perceived to emerge duringgdexs (e.g., mob hysteria, panic, shock
looting) are the exception, not the rule. The comityuof individuals does not break down, and
the norms that we tend to follow during normal tsnfld during emergency times. Emergencies
bring out the best in us and we become much mareistic. Proving his views using several
case studies, Fischer (1998) writes about peoptepulied through a disaster:

Survivors share their tools, their food, their paoent, and especially their time.

Groups of survivors tend to emerge to begin autmaldy responding to the

needs of one another. They search for the injuted,dead, and they begin

cleanup activities. Police and fire personnel siaythe job, putting the needs of

victims and the duty they have sworn to upholdbbetheir own personal needs

and concern. The commonly held view of behavianéerrect (pp. 18-19).
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Fisher’'s observations are commonly accepted amoodem sociologists. Indeed, as stated
previously, we survived the numerous disasters @meved throughout the ages because we
were programmed to do so.

Few Recent Disasters

It is always useful to learn from past disastard to prepare better for the next one.
Losses of lives and property from recent years saaggering. Not counting the manmade
disasters that were tallied, some frightening nusilffl®m natural calamities alone are:

- Seven hundred natural disasters in 2003, whichethdS,000 deaths (almost seven times
the number in 2002), 213 million people adversdigaed to some degree, and $65
billion in economic losses.

In 2004, 244,577 persons killed globally as a teshatural disasters.

In 2005, $150 billion in economic losses, with lcanes Katrina and Rita, which

ravaged the Gulf Coast of the United States, resiptanfor 88% of that amount.

Within the first half of 2006, natural disasterseady caused 12,718 deaths and $2.3

billion in economic damages.

In the following sections of this article, we Wherecall a few manmade and natural
disasters. Thee handful—as compared to the hundtelédghg Earth every year—were chosen
because they either were in the news recently ossggs a certain degree of
generality/universality with similar extreme event3he information herein and the
accompanying photographs are mostly as reportedhén online encyclopediaVikipedia
(http://en.wikipedia.org/wiki/Main_Page). The nuncat data were cross-checked using archival
media reports from such sourcesTd®e New York Timesnd ABC News The numbers did not
always match, and more than one source was codstdtaeach the most reliable results.
Absolute accuracy is not guaranteed, however. Tzem or so disasters sampled herein are not
by any stretch of the imagination comprehensiveretgea few examples that may present
important lessons for future calamities. Rememtieay strike Earth at the average rate of three
per day! The metric developed earlier is applieththirteen disasters.

San Francisco Earthquake

A major earthquake of magnitude 7.8 on the Riclgesle struck the city of San
Francisco, California, at around 5:12 am, WednesAayil 18, 1906. Thesreat Earthquakeas
it became known, was along the San Andreas Fathtitgi epicenter close to the city. Its violent
shocks were felt from Oregon to Los Angeles anéndl as far as central Nevada. The
earthquake and resulting fires would go down iniamisas one of the worst natural disasters to
hit a major U.S. city.

At the time only 478 deaths were reported, a ggooncocted by government officials
who believed that reporting the true death toll \dduurt real estate prices and efforts to rebuild
the city. This figure has been revised to todaysiservative estimate of more than 3,000
victims. Most of the deaths occurred in San Framgidbut 189 were reported elsewhere across
the San Francisco Bay Area. Other places in the Aaa such as Santa Rosa, San Jose, and
Stanford University also received severe damage.

Between 225,000 and 300,000 people were left hesaelout of a population of about
400,000. Half of these refugees fled across thetbayakland, in an evacuation similar to the

126



Journal of Critical Incident Analysis, Spring 2( Gac-el-Hak — Large-Scale Disaste

Dunkirk Evacuation that would occur years laterwdpapers at the time described Golden Gate
Park, the Panhandle, and the beaches between ittegglaad North Beach as covered with
makeshift tents. The overall cost of the damagmftiee earthquake was estimated at the time to
be around $400 million. The earthquake’s notorreists in part on the fact that it was the first
natural disaster of its magnitude to be capturegihgtography. Furthermore, it occurred at a
time when the science of seismology was blossonfiiggure 4 and 5 depict the devastation.

Eight decades after the Great Earthquake, anbtherne struck the region. This became
known as the Loma Prieta Earthquake. At 5:04 pm,Qatober 17, 1989, a magnitude 7.1
earthquake on the Richter scale severely shoolS#re Francisco and Monterey Bay regions.
The epicenter was located at 37N4atitude, 121.88V longitude near Loma Prieta peak in the
Santa Cruz Mountains, approximately 14 km northe&Stanta Cruz and 96 km south—southeast
of San Francisco. The tremor lasted for 15 secami$ occurred when the crustal rocks
comprising the Pacific and North American Platesuptly slipped as much as 2 m along their
common boundary—the San Andreas Fault system. Uteine initiated at a depth of 18 km and
extended 35 km along the fault, but it did not kriee surface of the Earth.

Figure 4. San Francisco after the 1906 earthquake.
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Figure 5. Fires erupted over many parts of the cit shortly after the tremor.

This major earthquake caused severe damage as 140 km away; most notably in San
Francisco, Oakland, the San Francisco Peninsuld,irarareas closer to the epicenter in the
communities of Santa Cruz, the Monterey Bay, Watslen and Los Gatos. Most of the major
property damage in the more distant areas restribadl liquefaction of soil used over the years
to fill in the waterfront and then built. The matyde and distance of the earthquake from the
severe damage to the north were surprising to ghotdogists. Subsequent analysis indicates
that the damage was likely due to reflected seismaices—the reflection from well-known deep
discontinuities in the Earth’s gross structure, b km below the surface.

There were at least 66 deaths and 3,757 injusesrasult of this earthquake. The highest
concentration of fatalities, 42, occurred in thélajzse of the Cypress structure on the Nimitz
Freeway (Interstate 880), where a double-decketiqroof the freeway collapsed, crushing the
cars on the lower deck. One 15 m section of the Bamcisco—Oakland Bay Bridge also
collapsed, causing two cars to fall to the decloweind leading to a single fatality. The bridge
was closed for repairs for 1 month.

Because this earthquake occurred during the egemish hour, there could have been a
large number of cars on the freeways at the tint@chvon the Cypress structure could have
endangered many hundreds of commuters. Very fartlypaand in an unusual convergence of
events, the two local Major League Baseball teahesOakland Athletics and the San Francisco
Giants, were about to start their third game of Werld Series, which was scheduled to start
shortly after 5:30 pm. Many people had left worklgar were participating in early after work
group viewings and parties. As a consequence, shally crowded highways were experiencing
exceptionally light traffic at the time.

Extensive damage also occurred in San Francisbtdsina District, where many
expensive homes built on filled ground collapsemed-raged in some sections of the city as
water mains broke. The San Francisco’s fireliladenixwas used to pump salt water from San
Francisco Bay using hoses dragged through thetstbgecitizen volunteers. Power was cut to
most of San Francisco and was not fully restoredéveral days. Deaths in Santa Cruz occurred
when brick storefronts and sidewalls in the hisgtalowntown, which was then called the Pacific
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Garden Mall, tumbled down on people exiting theldings. A sample of the devastation is

shown in the photograph in Figure 6. The earthqualke caused an estimated $6 billion in

property damage, the costliest natural disasted.®. history at the time. It was the largest

earthquake to occur on the San Andreas Fault simeeGreat Earthquake. Private donations
poured in to aid relief efforts, and on October 2886, President George H. W. Bush signed a
$3.45-billion earthquake relief package for Califiar.

Figure 6. Land break near the Loma Prieta quake’'sepicenter. The man taking a
photograph provides a length scale for the width othe hole.

Hyatt Regency Walkway Collapse

The Hyatt Regency Hotel was built in Kansas Citysdduri, in 1978. A-state-of-the-art
facility, this hotel boasted a forty-story hotelwex and conference facilities. These two
components were connected by an open-concept atwiihin which three suspended walkways
connected the hotel and conference facilities ensdtond, third, and fourth levels. Due to their
suspension, these walkways were referred to aatffig walkways” or “skyways”. The atrium
boasted 1,580 mand was 15 m high. It seemed incredulous that sacharchitectural
masterpiece could be involved in the United Stataeest devastating structural failure (not
caused by earthquake, explosion, or airplane ciaglkyms of loss of life and injuries.

It was July 17, 1981, when the guests at KansgsHBjatt Regency Hotel withessed the
collapse of a main walkway. Approximately 2,000 pleowere gathered to watch a dance
contest in the hotel lobby. Although the majoritytbe guests were on the ground level, some
were dancing on the floating walkways on the sectimdd, and fourth levels. At about 7:05 pm,
a loud crack was heard as the second- and fow#i-lgalkways collapsed onto the ground
level. This disaster took the lives of 114 peopid &ft more than 200 injured.
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What did we learn from this manmade disaster? Phgect for constructing this
particular hotel began in 1976 with Gillum—Colacoternational, Inc., as the consulting
structural engineering firm. Gillum—Colaco Enginegr (G.C.E.) provided input into various
plans that were being made by the architect andegvand were contracted in 1978 to provide
“all structural engineering services for a 750-robotel project.” Construction began in the
spring of 1978. In the winter of 1978, Havens St&empany entered the contract to fabricate
and erect the atrium steel for the project understandards of the American Institute of Steel
Construction for steel fabricators. During constiaut in October 1979, part of the atrium roof
collapsed. An inspection team was brought in tesgtigate the collapse and G.C.E. vowed to
review all steel connections in the structure,udaig that of the roof.

The proposed structure details of the three wajlkweere as follows:

Wide-flange beams were to be used on either sideeofvalkway, which was hung from

a box beam.

A clip angle was welded to the top of the box beaimich connected to the flange beams

with bolts.

One end of the walkway was welded to a fixed plateije the other end was supported

by a sliding bearing.

Each box beam of the walkway was supported by d&e&rasnd a nut that were threaded

onto the supporting rod. Because the bolt connedtiothe wide flange had virtually no

movement, it was modeled as a hinge. The fixedoéde walkway was also modeled as

a hinge, while the bearing end was modeled asler rol

Due to disputes between the G.C.E. and Havensgrdehanges from a single- to a
double-hanger, rod-box beam connection were imphete Havens did not want to have to
thread the entire rod in order to install the wasdred nut. This revised design consisted of the
following:

One end of each support rod was attached to therasrroof cross-beams.

The bottom end went through the box beam wheresh&raand nut were threaded on to

the supporting rods.

The second rod was attached to the box beam 1@aamthe first rod.

Additional rods suspended downward to support #eeisd level in a similar manner.

Why did the design fail? Due to the addition ob#rer rod in the actual design, the load
on the nut connecting the fourth-floor segment waseased. The original load for each hanger
rod was to be 90 kN, but with the design alteratio@ load was doubled to 181 kN for the
fourth-floor box beam. Because the box beams wangitudinally welded, as proposed in the
original design, they could not hold the weighttleé two walkways. During the collapse, the
box beam split and the support rod pulled through hox beams resulting in the fourth- and
second-level walkways falling to the ground level.

The following paradigm clarifies the design faduwf the walkways quite well. Suppose a
long rope is hanging from a tree, and two peopé harlding onto the rope, one at the top and
one near the bottom. Under the conditions that @achon can hold their own body weight and
that the tree and rope can hold both people, thetsire would be stable. However, if one person
was to hold onto the rope, and the other personhaaging onto the legs of the first, then the
first person’s hands must hold both people’s bodyghts, and thus the grip of the top person
would be more likely to fail. The initial designsgmilar to the two people hanging onto the rope,
while the actual design is similar to the secons@e hanging from the first person’s legs. The
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first person’s grip is comparable to the fourthdehanger-rod connection. The failure of this
grip caused the walkway collapse.

Who was responsible? One of the major problemb thié Hyatt Regency project was
the lack of communication between parties. In patfar, the drawings prepared by G.C.E. were
only preliminary sketches but were interpreted lawéhs as finalized drawings. These drawings
were then used to create the components of thetsteu Another large error was G.C.E.’s
failure to review the final design, which would lea@llowed them to catch the error in increasing
the load on the connections. As a result, the emgsremployed by G.C.E., who affixed their
seals to the drawings, lost their engineering besnin the states of Missouri and Texas. G.C.E.
also lost its ability to be an engineering firm.

An engineer has a responsibility to his or her leygr and, most important, to society. In
the Hyatt Regency case, the lives of the publicemMeinged on G.C.E.’s ability to design a
structurally sound walkway system. Their insuffitieeview of the final design led to the failure
of the design and a massive loss of life. Casels aadhe Hyatt Regency walkway collapse are a
constant reminder of how an error in judgment cesate a catastrophe. It is important that
events in the past are remembered so that engimekralways fulfill their responsibility to
society.

Izmit Earthquake

On August 17, 1999, the Izmit Earthquake with agniade of 7.4 struck northwestern
Turkey. It lasted 45 seconds and killed more th&®a0 people according to the government
report. Unofficial albeit credible reports of matean 35,000 deaths were also made. Within 2
hours, 130 aftershocks were recorded and two tsisnaere observed.

The earthquake had a rupture length of 150 km fthencity of Dizce to the Sea of
Marmara along the Gulf of Izmit. Movements along tlupture were as large as 5.7 m. The
rupture passed through major cities that are anthegmost industrialized and urban areas of
Turkey, including oil refineries, several car comigs, and the navy headquarters and arsenal in
Golcik, thus increasing the severity of the lifel gmoperty loss.

This earthquake occurred in the North AnatoliamlFZone (NAFZ). The Anatolian
Plate, which is comprised of Turkey primarily, isitlg pushed west by about 2 to 2.5 cm/yr,
because it is squeezed between the Eurasian Riatgeaorth, and both the African Plate and
the Arabian Plate on the south. Most of the largghguakes in Turkey result as slip occurs
along the NAFZ or a second fault to the east, thetén Anatolian Fault.

Impacts of the earthquake were vast. These indlunléhe short term, 4,000 buildings
destroyed, including an army barracks, an ice sgatink, and refrigerated lorries used as
mortuaries; cholera, typhoid, and dysentery wereaji homelessness and post-traumatic stress
disorder were observed in around 25% of thosediwinthe tent city set up by officials for the
homeless. An olil refinery leaked into the watergymnd I1zmit Bay and, subsequently, caught
fire. Because of the leak and the fire, the alrelhijly polluted bay saw a two- to three-fold
increase in polycyclic aromatic hydrocarbon levadsnpared to 1984 samples. Dissolved oxygen
and chlorophyll reached their lowest levels in Eang. Economic development was set back 15
years, and the direct damage of property was estinat $18 billion, a huge sum for a
developing country. A curious scene of the damagéhe town of Golcik, 100 km east of
Istanbul, is depicted in Figure 7.
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Figure 7. Following the Izmit Earthquake, a mosquestood with few other structures amid
the rubble of collapsed buildings in the town of Glguk.

September 11

A series of coordinated suicide attacks upon thmated States were carried out on
Tuesday, September 11, 2001, in which 19 hijackawk control of four domestic commercial
airlines. The terrorists crashed two planes ine\World Trade Center in Manhattan, New York
City, one into each of the two tallest towers, aldiminutes apart. Within 2 hours, both towers
had collapsed. The hijackers crashed the thirdatrato the Pentagon, the U.S. Department of
Defense headquarters, in Arlington County, Virginiaaie fourth plane crashed into a rural field
in Somerset County, Pennsylvania, 129 km east t$lRirgh, following passenger resistance.
The official count records 2,986 deaths in theckida including the hijackers, the worst act of
war against the United States on its own soil. (Trhperial Japanese Navy’'s surprise attack on
Pearl Harbor, Oahu, Hawaii, on the morning of Delseny, 1941 was aimed at the Pacific Fleet
and killed 2,403 American servicemen and 68 ciugia
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Figure 8. United Airlines Flight 175 goes througlthe southern tower of the World Trade
Center.

The National Commission on Terrorist Attacks Updime United States (9/11
Commission) states in its final report that thee@en hijackers who carried out the attack were
terrorists affiliated with the Islamic Al-Qaeda argzation. The report named Osama bin Laden,
a Saudi national, as the leader of Al-Qaeda, anth@gerson ultimately suspected as being
responsible for the attacks, with the actual plagnbeing undertaken by Khalid Shaikh
Mohammed. Bin Laden categorically denied involvemén two 2001 statements, before
admitting a direct link to the attacks in a subseguaped statement.

The 9/11 Commission reported that these hijackensed the planes into the largest
suicide bombs in history. The 9/11 attacks are gmthe most significant events to have
occurred so far in the twenty-first century in terof the profound economic, social, political,
cultural, psychological, and military effects tHatlowed in the United States and many other
parts of the world.

Following the September 11 disaster, the Globat @aTerrorism was launched by the
United States, enlisting the support of NATO mersbend other allies, with the stated goal of
ending international terrorism and state sponsprsiiithe same. The difficulty of the war on
terrorism, now raging for more than five yearsthat it is mostly a struggle between a super
power and a nebulously defined enemy: thousandsabéless, loosely connected, disorganized,

133



Journal of Critical Incident Analysis, Spring 2( Gac-el-Hak — Large-Scale Disaste

undisciplined religion fanatics scattered arounel gfobe, but particularly in Africa, the Middle
East, South Asia, and Southeast Asia.

Pacific Tsunami

A tsunami is a series of waves generated whenrwata lake or a sea is rapidly
displaced on a massive scale. Earthquakes, lapdsligcblcanic eruptions, and large meteorite
impacts all have the potential to generate a tsun@he effects of a tsunami can range from
unnoticeable to devastating. The Japanese termaisil means harbor and wave. The term was
created by fishermen who returned to port to fihd &rea surrounding the harbor devastated,
although they had not been aware of any wave irogf@n water. A tsunami is not a subsurface
event in the deep ocean; it simply has a much smalplitude offshore and a very long
wavelength (often hundreds of kilometers long), ahhis why it generally passes unnoticed at
sea, forming only a passing “hump” in the ocean.

Tsunamis have been historically referred to aa tkhves because as they approach land,
they take on the characteristics of a violent omings tide rather than the more familiar cresting
waves that are formed by wind action on the ocklmwever, because tsunamis are not actually
related to tides, the term is considered misleadalyl its usage is discouraged by
oceanographers.

The 2004 Indian Ocean Earthquake, known by thensic community as the Sumatra—
Andaman Earthquake, was an undersea earthquaked¢batred at 00:58:53 UTC (07:58:53
local time) on December 26, 2004. According to thé. Geological Survey (USGS), the
earthquake and its tsunami killed more than 283,480ple, making it one of the deadliest
disasters in modern history. Indonesia sufferedwbese loss of life at more than 168,000. The
disaster is known in Asia and the media as the PJiaunami; in Australia, New Zealand,
Canada and the United Kingdom it is known as th&ipDay Tsunami because it took place
on Boxing Day, although it was still Christmas Dmythe Western Hemisphere when the
disaster struck.
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Figure 9. Satellite photographs of an island bef@rand after the Pacific Tsunami. The total
devastation of the entire area is clear.

The earthquake originated in the Indian Ocean nasth of Simeulue Island, off the
western coast of northern Sumatra, Indonesia. darimlues were given for the magnitude of
the earthquake that triggered the giant wave, ranfiom 9.0 to 9.3 (which would make it the
second largest earthquake ever recorded on a sgiapiy, although authoritative estimates now
put the magnitude at 9.15. In May 2005, scientisported that the earthquake itself lasted close
to 10 minutes even though most major earthqualsésiamore than a few seconds; it caused the
entire planet to vibrate at least a few centimetiralso triggered earthquakes elsewhere, as far
away as Alaska.

The resulting tsunami devastated the shores obnesia, Sri Lanka, South India,
Thailand, and other countries with waves up to 3@igh. The tsunami caused serious damage
and death as far as the east coast of Africa, thihfurthest recorded death due to the tsunami
occurring at Port Elizabeth in South Africa, 8,008 away from the epicenter. Figures 9 and 10
show examples of the devastation caused by onbeoti¢adliest calamities of the twenty-first
century. The plight of the many affected people amlintries prompted a widespread
humanitarian response.
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Figure 10. Satellite photographs of a coastal aredhe receding tsunami wave is shown in
the bottom photograph.

Unlike in the Pacific Ocean, there is no organizdert service covering the Indian
Ocean. This is partly due to the absence of majonami events between 1883 (the Krakatoa
eruption, which killed 36,000 people) and 2004.light of the 2004 Indian Ocean Tsunami,
UNESCO and other world bodies have called for dalésunami monitoring system.

Human'’s actions caused this particular naturaedstes to become more damaging than it
would otherwise. The intense coral reef miningtb# Sri Lankan coast, which removed the sort
of natural barrier that could mitigate the forcewdves, amplified the disastrous effects of the
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tsunami. As a result of such mining, the 2004 Radifunami devastated Sri Lanka much more
than it would have otherwise.

Hurricane Katrina

Hurricane Katrina was the eleventh named tropmtatm, fourth hurricane, third major
hurricane, and first category 5 hurricane of th@32@tlantic hurricane season. It was the third
most powerful storm of the season, behind Hurricdfkna and Hurricane Rita, and the sixth
strongest storm ever recorded in the Atlantic ba#infirst made landfall as a category 1
hurricane just north of Miami, Florida, on Augudi, 2005, resulting in a dozen deaths in South
Florida and spawning several tornadoes, which fately did not strike any dwellings. In the
Gulf of Mexico, Katrina strengthened into a formka category 5 hurricane with maximum
winds of 280 km/h and minimum central pressure @ @nbar. It weakened considerably as it
was approaching land, making its second landfalltlee morning of August anIong the
Central Gulf Coast near Buras-Triumph, Louisian&h\200 km/h winds and 920 mbar central
pressure, making it a strong category 3 storm,rftajast weakened from category 4 as it was
making landfall.

The sheer physical size of Katrina caused devastédr from the eye of the hurricane; it
was possibly the largest hurricane of its stremytér recorded, but estimating the size of storms
from before the pre-satellite 1960s era is difficolimpossible. On August #9Katrina’s storm
surge breached the levee system that protected Qldeans from Lake Pontchartrain and the
Mississippi River. Most of the city was subsequgiikboded, mainly by water from the lake.
Heavy damage was also inflicted onto the coastsliesissippi and Alabama, making Katrina
the most destructive and costliest natural disastehe history of the United States and the
deadliest since the 1928 Okeechobee Hurricane.

The official combined direct and indirect deathl taow stands at 1,836, the fourth
highest in U.S. history, behind the Galveston Hame of 1900, the 1893 Sea Islands Hurricane,
and possibly the 1893 Chenier Caminanda Hurricane,ahead of the Okeechobee Hurricane of
1928. As of December 20, 2005, more than 4,000 lpe@pmain unaccounted for, so the death
toll may still grow. As of November 22, 2005, 1,3060those missing were either in heavily-
damaged areas or were disabled and “feared defadll; 1,300 of these were to be confirmed
dead, Katrina would surpass the Okeechobee Hugiead become the second-deadliest in U.S.
history and deadliest in over a century.

More than 1.2 million people were under an evaomabrder before landfall. In
Louisiana, the hurricane’s eye made landfall aD6ain CDT on Monday, August 99 After
11:00 am CDT, several sections of the levee systerNew Orleans collapsed. By early
September, people were being forcibly evacuatedstlpndy bus to neighboring states. More
than 1.5 million people were displaced—a humaratarisis on a scale unseen in the United
States since the Great Depression. The damageviestimated to be about $81.2 billion (2005
U.S. dollars), more than double the previously mespensive Hurricane Andrew, making
Katrina the most expensive natural disaster in UiSory.

Federal disaster declarations blanketed 233,000dfrthe United States, an area almost
as large as the United Kingdom. The hurricane deftestimated 3 million people without
electricity, taking some places several weeks fowgr to be restored (but faster than the 4
months originally predicted). Referring to the lcane itself plus the flooding of New Orleans,

137



Journal of Critical Incident Analysis, Spring 2( Gac-el-Hak — Large-Scale Disaste

Homeland Security Secretary Michael Chertoff démation Septembef®@hat the aftermath of
Hurricane Katrina as “probably the worst catastepr set of catastrophes” in U.S. history.

A small sample of the devastation of Katrina ipideed in Figure 11. The aftermath of
the hurricane produced the perfect political stavhose winds lasted long after the hurricane.
Congressional investigations reaffirmed what maayehsuspected: governments at all levels
failed. The city of New Orleans, the state of Lauis, and the United States let the citizenry
down. The whole episode was a study in ineptituded—a buck-passing that fooled no one.
The then-director of the Federal Emergency Managéwgency, Michael Brown, did not know
that thousands of New Orleans were trapped in tpe@lome with subhuman conditions. In the
middle of the bungled response, President GeorgeBWsh uttered his infamous phrase
“Brownie, you're doin’ a heckuva job”. Several baotwere published in the aftermath of the
calamity, mostly offering scathing criticism of tgevernment as well as more sensible strategies
to handle future crises (Cooper & Block, 2006; ®a006).

Figure 11. Wreckage of cars and homes are mingled a heap of destruction.

On October 23, 2007, slightly more than two yeatsr the Katrina debacle, the new
FEMA Deputy Administrator, Vice Admiral Harvey Eoldnson, held a news conference as
wildfires raged in California. The briefing wentryewell and was carried out live on several
news outlets. Only problem, all present were FEMd#{fers playing reporters! FEMA yet once
again became the subject of national ridicule. IWashington Post column entitled “FEMA
Meets the Press, Which Happens to Be...FEMA” (Kan2®7, p. A19), Al Kamen derided the
notorious government agency, “FEMA has truly ledrtiee lessons of Katrina. Even its handling
of the media has improved dramatically.”
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Kashmir Earthquake

The Kashmir Earthquake—aka the Northern Pakistamth§uake or South Asia
Earthquake—of 2005 was a major seismological distace that occurred at 08:50:38 Pakistan
Standard Time (03:50:38 UTC, 09:20:38 India Statddéme, 08:50:38 local time at epicenter)
on October 8, 2005, with the epicenter in the Rakimdministered region of the disputed
territory of Kashmir in South Asia. It registereds7on the Richter scale, making it a major
earthquake similar in intensity to the 1935 Qué&sathquake, the 2001 Gujarat Earthquake, and
the 1906 San Francisco Earthquake.

Most of the casualties from the earthquake wereakistan where the official death toll
is 73,276, putting it higher than the one massoadesof destruction of the Quetta earthquake of
May 31, 1935. Most of the affected areas were ium@nous regions and landslides that have
blocked the roads impeded access. An estimatedmdl®n people were left homeless in
Pakistan. According to Indian officials, nearly @04 people died in the Indian-administered
Kashmir region. The United Nations (UN) reportedttmore than 4 million people were directly
affected. Many of them were at risk of dying fromldc and the spread of disease as winter
began. Pakistan Prime Minister Shaukat Aziz madempeal to survivors on October™26
come down to valleys and cities for relief. It H@een estimated that damages incurred are well
more than $5 billion US. Three of the five crossmints have been opened on the line of
control between India and Pakistan. Figure 12 de@icsmall sample of the utter devastation.

Figure 12. Homes crumbled under the intense KashmEarthquake.
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Hurricane Wilma

In the second week of October 2005, a large antptex area of low pressure developed
over the western Atlantic and eastern Caribbeah edtveral centers of thunderstorm activity.
This area of disturbed weather southwest of Janmsaaly organized on October 15, 2005 into
tropical depression number 24. It reached tropstafm strength at 5:00 am EDT on October
17" making it the first storm ever to use a “W” nasiece alphabetical naming began in 1950,
and tying the 1933 record for most storms in a @@adloving slowly over warm water with
little wind shear, tropical storm Wilma strengthdreteadily and became a hurricane on October
18", This made it the twelfth hurricane of the seasging the record set in 1969.

Hurricane Wilma was the sixth major hurricane loé trecord-breaking 2005 Atlantic
hurricane season. Wilma set numerous records ftr siwength and seasonal activity. At its
peak, it was the most intense tropical cyclone eseorded in the Atlantic Basin. It was the third
category 5 hurricane of the season (the other t@ingbhurricanes Katrina and Rita), the only
time this has occurred in the Atlantic, and only third category 5 to develop in October. Wilma
was the second twenty-first storm in any seasonthacearliest-forming twenty-first storm by
nearly a month.

Wilma made several landfalls, with the most degive effects experienced in the
Yucatan Peninsula of Mexico, Cuba, and the U.Sestd Florida. At least 60 deaths were
reported, and damage is estimated at between Hidhkand $22 billion, with $14.4 billion in
the United States alone, ranking Wilma among tipetém costliest hurricanes ever recorded in
the Atlantic and the fifth costliest storm in Ul8story.

Figures 13 and 14 show different aspects of HangcWilma. Around 4:00 pm EDT on
October 18, 2005, the storm began to intensifydigpiDuring a 10-hour period, Hurricane
Hunter aircraft measured a 78-mbar pressure dro@.24-hour period from October' &t 8:00
am EDT to the following morning, the pressure 0l mbar. In this same 24-hour period,
Wilma strengthened from a strong tropical stormhvilitO km/h winds to a powerful category 5
hurricane with 280 km/h winds. In comparison, Heerie Gilbert of 1988—the previous record-
holder for lowest Atlantic pressure—recorded a #anpressure drop in a 24-hour period for a
3 mbar/h pressure drop. This is a record for thiamic Basin and is one of the most rapid
deepening phases ever undergone by a tropicalmg@daywhere on Earth—the record holder is
100 mbar by Super Typhoon Forrest in 1983.

During its intensification on October 19, 2005 #ye’s diameter shrank to 3 km—one
of the smallest eyes ever seen in a tropical cycl@uickly thereafter, Wilma set a record for
the lowest pressure ever recorded in an Atlanticidene when its central pressure dropped to
884 mbar at 8:00 am EDT and then dropped agai®2on@ar 3 hours later before rising slowly
in the afternoon, while remaining a category 5 twame. In addition, at 11:00 pm EDT that day,
Wilma'’s pressure dropped again to 894 mbar, astitven weakened to a category 4 with winds
of 250 km/h. Wilma was the first hurricane evertle Atlantic Basin, and possibly the first
tropical cyclone in any basin, to have a centraspure below 900 mbar while at category 4
intensity. In fact, only two other recorded Atlantiurricanes have ever had lower pressures at
this intensity; these two storms being previousaatic record holder Hurricane Gilbert of 1988
and the Labor Day Hurricane of 1935.
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Figure 13. Hurricane Wilma as it is ready to leavehe Atlantic side of Florida. Satellite
image courtesy of The Weather Channel (http://www.wather.com).

Figure 14. Wilma projected path from 5:26 am EDT,Friday, October 21, 2005, to early
morning Wednesday, October 26, 2005. The 5-day farast is reasonably accurate.
Photograph courtesy of The Weather Channel (http:#ww.weather.com).
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Although Wilma was the most intense hurricane.,(eetropical cyclone in the Atlantic,
Central Pacific, or Eastern Pacific) ever recordbdre have been many more intense typhoons
in the Pacific. Super Typhoon Tip is the most iseenropical cyclone on record at 870 mbar.
Hurricane Wilma existed within an area of ambienésgure that was unusually low for the
Atlantic Basin, with ambient pressures below 1,0dl8ar. These are closer to ambient pressures
in the northwest Pacific Basin. Indeed, under nérar@umstances, the Dvorak matrix would
equate an 890 mbar storm in the Atlantic basin—aeo intensity (Cl) number of 8—with an
858 mbar storm in the Pacific. Such a conversibnpimal considerations were in play, would
suggest that Wilma was more intense than Tip. Hewewilma’'s winds were much slower than
the 315 km/h implied by an 8 on the Dvorak scalesp&ed of 280+ km/h may seem incredibly
fast, but for an 882 mbar hurricane it is actuglijte slow. In comparison, Hurricane Gilbert had
a pressure of 888 mbar but winds of 300 km/h. bt,fat one point after Wilma'’s period of peak
intensity, it had a pressure of 894 mbar, but wasaly not even a category 5, with winds of
just 250 km/h. Before Wilma, it had been unheardoofa storm to go under 900 mbar and not
be a category 5. These wind speeds indicate tlealbbth ambient pressure surrounding Wilma
caused the 882 mbar pressure to be less significantunder normal circumstances, involving a
lesser pressure gradient. By the gradient standtaislentirely possible that Hurricane Gilbert,
and not Wilma, is still the strongest North Atlanbiurricane on record.

Hurricane Wilma’s southeast eye-wall passed treatgr Key West area in the lower
Florida Keys in the early morning hours of OctoBdr 2005. At this point, the storm’s eye was
approximately 56 km in diameter, and the north ehthe eye wall crossed into the south and
central section of Palm Beach County as the systgima diagonal swath across the southern
portion of the Florida peninsula. Several citiestiie South Florida Metropolitan Area, which
includes Palm Beach, Fort Lauderdale, and Mianiifesed severe damage as a result of the
intense winds of the rapidly moving system. Theteeof the eye was directly over the South
Florida Metropolitan Area at 10:30 am on Mondaytdber 24". After the hurricane had already
passed, there was a 3-m storm surge from the GWfexico that completely inundated a large
portion of the lower Keys. Most of the streets imdarear Key West were flooded with at least 1
m of salt water, causing the destruction of tenthofisands of vehicles. Many houses were also
flooded with 0.5 m of seawater.

Despite significant wind shear in the Gulf, Huane Wilma regained some strength
before making a third landfall just north of Evexdés City, Florida, near Cape Romano, at 6:30
am EDT, October 24, 2005, as a category 3 hurricihe re-intensification of Hurricane Wilma
was due to its interaction with the Gulf Loop CutteAt landfall, Wilma had sustained winds of
200 km/h. Over the Florida peninsula, Wilma weakkeskghtly to a category 2 hurricane, and
exited Florida and entered the Atlantic at thagrsgth about 6 hours later. Unexpectedly, Wilma
regained strength over the Gulf Stream and oncendggcame a category 3 hurricane north of
the Bahamas, regaining all the strength it loshinitl2 hours. However, on October™23he
storm gradually began weakening and became extpéctl late that afternoon south of Nova
Scotia, although it still maintained hurricane sgh and affected a large area of land and water
with stormy conditions.

Hajj Stampede of 2006

There have been many serious incidents duringH#g that have led to the loss of
hundreds of lives. The Hajj is the Islamic annuiigrpnage to the city of Mecca, Saudi Arabia.
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There are an estimated 1.3 billion Muslims livimglay, and during the month of the Hajj, the
city of Mecca must cope with as many as 4 millislgnoms. The Muslim world follows a lunar
calendar, and therefore, the Hajj month shifts frgear to year relative to the Western, solar
calendar.

Jet travel also makes Mecca and the Hajj moresadde to pilgrims from all over the
world. As a consequence, the Hajj has become istrgly crowded. City officials are
consequently required to control large crowds amovide food, shelter, and sanitation for
millions. Unfortunately, they have not always besdite to prevent disasters, which are hard to
avoid with so many people. The worst of the inctdemas occurred during the ritual stoning of
the devil, an event near the tail end of the Hagudi authorities had replaced the pillar, which
had represented the devil in the past, with an ol with padding around the edges to protect
the crush of pilgrims. The officials had also ilisih cameras and dispatched about 60,000
security personnel to monitor the crowds.

On 12 January 2006, a stampede during the ritoairgy of the devil on the last day of
the Hajj in Mina, Saudi Arabia, killed at least 3giigrims and injured at least 289 more. The
stoning ritual is the most dangerous part of therpnage because the ritual can cause people to
be crushed, particularly as they traverse the massvo-layer flyover-style Jamarat Bridge
(Figure 15) that affords access to the pillars. Tfoédent occurred shortly after 1:00 pm local
time, when a passenger bus shed its load of tn@vatethe eastern access ramps to the bridge.
This caused pilgrims to trip, rapidly resulting anlethal crush. An estimated 2 million people
were performing the ritual at the time. Tragicallge stampede was the second fatal tragedy of
the Islamic month of Dhu al-Hijjah in 2006. On Janu 5, 2006, the Al Ghaza Hotel had
collapsed. The death toll was seventy-six and thaber of injured was sixty-four.

Figure 15. The massive two-layer flyover-style Jaarat Bridge.

There is a long and tragic history for the Hagmspede. The surging crowds, trekking
from one station of the pilgrimage to the next,ssaa stampede. Panic spreads, pilgrims jostle to
avoid being trampled, and hundreds of deaths csultreA list of stampede and other accidents
during the Hajj season follows.

In December 1975, an exploding gas cylinder caaste in a tent colony, 200 pilgrims

were killed.
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On November 20, 1979, a group of approximately 20tant Muslims occupied

Mecca’s Grand Mosque. They were driven out by sge@dmmandos—allowed into the

city under these special circumstances despite tieing non-Muslims—atfter bloody

fighting that left 250 people dead and 600 wounded.

On July 31, 1987, Iranian pilgrims rioted, cauding deaths of more than 400 people.

On July 9, 1989, two bombs exploded, killing onigmin and wounding sixteen. Saudi

authorities beheaded sixteen Kuwaiti Shiite Muslifos the bombings after originally

suspecting Iranian terrorists.

On April 15, 1997, 343 pilgrims were killed and @(6injured in a tent fire.

On July 2, 1990, a stampede inside a pedestriameturAl-Ma’aisim tunnel—leading

out from Mecca toward Mina and the Plains of Araéal to the deaths of 1,426 pilgrims.

On May 23, 1994, a stampede killed at least 274ripils at the stoning of the deuvil ritual.

On April 9, 1998, at least 118 pilgrims were traetplto death and 180 injured in an

incident on Jamarat Bridge.

On March 5, 2001, 35 pilgrims were trampled in @angtede during the stoning of the

devil ritual.

On February 11, 2003, the stoning of the devillitlaimed 14 pilgrims’ lives.

On February 1, 2004, 251 pilgrims were killed amdbther 244 injured in a stampede

during the stoning ritual in Mina.

A concrete multistory building located in Meccas#ato the Grand Mosque collapsed on

January 5, 2006. The building—Al Ghaza Hotel—isddai have housed a restaurant, a

convenience store, and a hostel. The hostel wastexpto have been housing pilgrims to

the 2006 Hajj. It is not clear how many pilgrimsredn the hotel at the time of the

collapse. As of the latest reports, the deathiddde, and the number of injured is 64.

Critics say that the Saudi government should tdore more to prevent such tragedies.
The Saudi government insists that any such madsegagjs are inherently dangerous and
difficult to handle, and that they have taken a banof steps to prevent problems.

One of the biggest steps, that is also controzkrés a new system of registrations,
passports, and travel visas to control the flowitfrims. This system is designed to encourage
and accommodate first-time visitors to Mecca, wilgosing restrictions on those who have
already embarked on the trip multiple times. Pittggiwho have the means and desire to perform
the Hajj several times have protested what theyasegiscrimination, but the Hajj Commission
has stated that they see no alternative if furtitegredies are to be prevented.

Following the 2004 stampede, Saudi authoritiesakdd on major construction work in
and around the Jamarat Bridge area. Additional sssemys, footbridges, and emergency exits
were built, and the three cylindrical pillars wesplaced with longer and taller oblong walls of
concrete to enable more pilgrims’ simultaneous s£¢e them without the jostling and fighting
for position of recent years. The government has ahnounced a multimillion-dollar project to
expand the bridge to five levels; the project snmled for completion in time for the 1427 AH
Hajj (December 2006—January 2007).

Smith and Dickie’s (1993) book is about enginegrior crowd safety, and they list
dozens of crowd disasters, including the recurhiag stampedes. Helbing et al. (2002) discuss
simulation of panic situations from the point oéwi of nonlinear dynamical systems theory.
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Al-Salam Boccaccio 98

Al-Salam Boccaccio 98vas an Egyptian ROPAX (passenger roll on—roll déjry,
operated by al-Salam Maritime Transport that samliEebruary 3, 2006 in the Red Sea en route
from Duba, Saudi Arabia, to Safaga in southern Egyp last known position was 100 km from
Duba, when it lost contact with the shore at at&100 EET (20:00 UTC).

The vessel was built by the Italian company I@lei in 1970 with IMO number
6921282 and named the Boccaccio at Castellammasgadia, Italy. It was originally intended
for Italian domestic service. Its dimensions in@dd130.99-m length overall, with 23.60-m
beam and 5.57-m draft. The main engines were raitd®,560 kW for a maximum speed of 19
knots (35 km/h). The vessel had an original cagazit200 automobiles and 500 passengers.
Five sister ships were built.

The vessel was rebuilt in 1991 by INMA at La Speanaintaining the same outer
dimensions albeit with a higher superstructure,ngiieg the draught to 5.90 m. At the same
time, its automobile capacity was increased to 32@, the passenger capacity was increased to
1,300. The most recent gross registered tonnagel y@99.

The Boccacciavas purchased in 1999 by al-Salam Maritime Trartspeadquartered in
Cairo, the largest private shipping company in Egyd the Middle East, and renanadSalam
Boccaccio 98the registered owner is Pacific Sunlight Marim,., of Panama. The ferry is also
referred to aSalam 98

On the doomed voyage, the ship was carrying 1@@is3engers and 96 crew members,
according to Mamdouh Ismail, head of al-Salaam tae Transport. Originally, an Egyptian
embassy spokesman in London had mentioned 1,31€emgers and 105 crews, while the
Egyptian presidential spokesman mentioned 98 cmavthe Transport Minister said 104. The
majority of passengers are believed to have begptiags working in Saudi Arabia. Passengers
also included pilgrims returning from the Hajj inekta. The ship, pictured in Figure 16, was
also carrying about 220 vehicles.

First reports of statements by survivors indicatet smoke from the engine room was
followed by a fire that continued for some time.efdér were also reports of the ship listing soon
after leaving port, and that after continuing fome hours the list became severe and the ship
capsized within 10 minutes as the crew fought ihe 1n a BBC radio news broadcast, an
Egyptian ministerial spokesman said that the finel Btarted in a storage area, was controlled,
but then started again. The ship turned around amdt turned, the capsize occurred. The
significance of the fire was supported by statemeatributed to crewmembers who were
reported to claim that the firefighters essentiabiyk the ship when sea water they used to battle
the fire collected in the hull because drainage psimere not working.
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Figure 16. The ferry Al-Salam Boccaccio 9®rior to the disaster.

The Red Sea is known for its strong winds andyriocal currents, not to mention killer
sharks. The region had been experiencing high wamdsdust storms for several days at the time
of the sinking. These winds may have contributedh® disaster and may have complicated
rescue efforts.

There are several theories expressed about ppssibkes of the sinking:

Fire: Some survivors dragged from the water reportatttrere was a large fire on board

before the ship sank, and there were eyewitnessuats of thick black smoke coming

from the engine rooms.

Design flaws The al-Salam Boccaccio 9&%as a roll on—roll off (ro—ro) ferry. This is a

design that allows vehicles to drive on one end @uniek off the other. This means that

neither the ship nor any of the vehicles need to &around at any point. It also means
that the cargo hold is one long chamber going thinotlne ship. To enable this to work,

the vehicle bay doors must be very near the waterko if these are sealed improperly,
water may leak through. Even a small amount of wateving about inside can gain

momentum and capsize the ship, what is known akébesurface effect.

Modifications In the 1980s, the ship was reported to have la@ral modifications,

including the addition of two passenger decks, #rdwidening of cargo decks. This

would have made the ship less stable than it wasgyded to be, particularly as its
draught was only 5.9m. Combined with high windg, tall ship could have been toppled
easily.
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Vehicle movemenAnother theory is that the rolling ship could basaused one or more
of the 220 vehicles in its hold to break loose #mbretically be able to puncture a hole
in the side of the ship.

At 23:58 UTC on February 2, 2006, the air—seauesmntrol room at RAF Kinloss in
Scotland detected an automatic distress signayedlay satellite from the ship’s position. The
alert was passed on via France to the Egyptianoaitigs, but almost 12 hours passed before a
rescue attempt was launched. As of February 3, ,2f16e lifeboats and bodies were seen in the
water. It was then believed that there were atilvsvors. At least 314 survivors and around 185
dead bodies have been recovered. Reuters repbdeddbzens” of bodies were floating in the
Red Sea.

Rescue boats and helicopters, including four Egypirigates, searched the area. Britain
diverted the warshigdiMS Bulwarkthat would have arrived in a day and a half, gorts
conflict as to whether the ship was indeed recallgdeli sources report that an offer of search-
and-rescue assistance from the Israeli Navy wasinddc Egyptian authorities did, however,
accept a United States offer of a P-3 Orion maatimaval patrol aircraft after initially having
said that the help was not needed.

The sinking ofal-Salam Boccaccio 98 being compared to that of the 1997S Herald
of Free Enterprisadisaster, which killed 193 passengers, and alsotlter incidents. In 1991,
another Egyptian ferry, th®@alem Expressunk off the coast of Egypt after hitting a snielbili
reef and 464 Egyptians lost their lives. The skhipaw a landmark shipwreck for SCUBA divers
along with theSS Thistlegormin 1994, theM/S Estoniasank, claiming 853 lives. On September
26, 2002, theM/S Joola a Senegalese government-owned ferry, capsizedheffcoast of
Gambia, resulting in the deaths of at least 1,863pfe. On October 17, 2005, tReide of al-
Salam 95a sister ship of thal-Salam Boccaccio 9&lso sank in the Red Sea, after being struck
by the Cypriot-registered cargo shiipbal Ali In that accident, 2 people were killed and anothe
40 were injured, some perhaps during a stampetEate the sinking ship. After evacuating all
the ferry passengers and crew, fabal Aliwent astern and thride of al-Salam 9%ank in
about 3 minutes.

What is most tragic about tre-Salam Boccaccio 98 incident is the utter ineptness,
corruption, and collusion of both the Egyptian awities and the holding company staff,
particularly its owner, a member of the upper chamdf Parliament and a close friend to an
even more powerful politician in the inner circletbe president. The 35-year-old ferry was not
fit for sailing, and was in fact prevented from mipiso in European waters, yet licensed to ferry
passengers despite past violations and other maghyphis and other ships owned by the same
company. The captain of the doomed ferry refusetitio the ship around to its nearer point of
origin despite the fire on board, and a passing shined by the same company ignored the call
for help from the sinking ferry. Rescue attemptstiyy government did not start for almost 12
hours after the sinking, despite a distress siffoat the ship that went around the globe and was
reported back to the Egyptian authorities. Manyic@fs failed to react promptly because an
“important” soccer game was being televised. Resqassengers told tales of the ship’s crew,
including the captain, taking the few lifeboats italgle to themselves before attempting to help
the helpless passengers. The company’s owner anfrily were allowed to flee the country
shortly after the disaster despite a court orddsiflaling them from leaving Egypt. Local news
media provided inaccurate reporting and then igshdhe story altogether within a few weeks to
focus on another important soccer event. Victimdg #meir relatives were left to fend for
themselves, all because they were the pooresegbadlor, insignificant to the rich, powerful and
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mighty. Disasters occur everywhere, but in a el country, inept response as which occurred
in Egypt would have meant the fall of the governtéime punishment of few a criminals and,
most important, less tragic loss of life.

Bird Flu

A pandemic is a global disease outbreak. A fludeamic occurs when a new influenza
virus emerges for which people have little or noniomity, and for which there is no vaccine.
The disease spreads easily from person to persoises serious illness, and can sweep across
countries and around the world in a very short tihhas difficult to predict when the next
influenza pandemic will occur or how severe it wok. Wherever and whenever a pandemic
starts, everyone around the world is at risk. Coesmtmight, through measures such as border
closures and travel restrictions, delay arrivathaf virus, but they cannot prevent or stop it.

The highly pathogenic avian H5N1 avian flu is eidy the influenza A virus that
occurs naturally among birds. There are differemtypes of these viruses because of changes in
certain proteins (hemagglutinin [HA] and neuramasid [NA]) on the surface of the influenza A
virus and the way the proteins combine. Each coatlun represents a different subtype. All
known subtypes of influenza A viruses can be foundirds. The avian flu currently of concern
is the H5N1 subtype.

Wild birds worldwide carry avian influenza virissm their intestines, but they usually do
not get sick from them. Avian influenza is very tagious among birds and can make some
domesticated birds, including chickens, ducks, &mdkeys, very sick and even Kkill them.
Infected birds shed influenza virus in their salimasal secretions, and feces. Domesticated birds
may become infected with avian influenza virus thylo direct contact with infected waterfowl
or other infected poultry, or through contact wstirfaces (e.g., dirt or cages) or materials (e.g.,
water or feed) that have been contaminated witlvities.

Avian influenza infection in domestic poultry cagsswo main forms of disease that are
distinguished by low and high extremes of virulendé&e “low pathogenic” form may go
undetected and usually causes only mild symptornh as ruffled feathers and a drop in egg
production. However, the highly pathogenic formegms more rapidly through flocks of
poultry. This form may cause disease that affeatftipte internal organs and has a mortality
rate that can reach 90% to 100%, often within 48r&o

Human influenza virus usually refers to those gpb$ that spread widely among
humans. There are only three knotrsubtypes of influenza viruses (H1N1, HIN2, and BBN
currently circulating among humans. It is likelyathsome genetic parts of current human
influenzaA viruses originally came from birds. Influen&aviruses are constantly changing, and
other strains might adapt over time to infect apdead among humans. The risk from avian
influenza is generally low to most people because viruses do not usually infect humans.
H5N1 is one of the few avian influenza viruses twé crossed the species barrier to infect
humans, and it is the most deadly of those that lcavssed the barrier.

Since 2003, a growing number of human H5N1 cases been reported in Azerbaijan,
Cambodia, China, Egypt, Indonesia, Iraq, Thailahatkey, and Vietnam. More than half of the
people infected with the H5N1 virus have died. Mafsthese cases are all believed to have been
caused by exposure to infected poultry (e.g., doiosed chicken, ducks, and turkeys) or
surfaces contaminated with secretion/excretions firifected birds. There has been no sustained
human-to-human transmission of the disease, butdineern is that HS5N1 will evolve into a
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virus capable of human-to-human transmission. Tihes\has raised concerns about a potential
human pandemic because it is especially viruléns; being spread by migratory birds; it can be
transmitted from birds to mammals and, in someté&ohicircumstances, to humans; and similar
to other influenza viruses, it continues to evolve.

In 2005, animals perished by the bird flu were Iefthe muddy streets of a village in
Egypt, exasperating an already dire situation. Rigmweere rampant about contaminating the
entire water supply in Egypt, which comes from Nike River. Cases of the deadly H5N1 bird
flu virus have been reported in at least fifteervagonorates, and widespread panic among
Egyptians has been reported. The Egyptian governimeiordered the slaughter of all poultry
kept in homes as part of an effort to stop the apref bird flu in the country. A ban on the
movement of poultry between governorates is inglddeasures already announced include a
ban on the import of live birds, and officials séwgre have been no human cases of the disease.
The government has called on Egyptians to stay,catd not to dispose of slaughtered or dead
birds in the roads, irrigation canals, or the NRieer.

Symptoms of avian influenza in humans have rarfged typical human influenza-like
symptoms (e.g., fever, cough, sore throat, musches) to eye infections, pneumonia, severe
respiratory diseases such as acute respiratoryesisstand other severe and life-threatening
complications. The symptoms of avian influenza nagpend on which virus caused the
infection.

A pandemic may come and go in waves, each of wtachlast for six to eight weeks. An
especially severe influenza pandemic could ledudb levels of illness, death, social disruption,
and economic loss. Everyday life would be disrugiedause so many people in so many places
would become seriously ill at the same time. Impacan range from school and business
closings to the interruption of basic services saglpublic transportation and food delivery.

If a pandemic erupts, a substantial percentagleeofvorld’s population will require some
form of medical care. Health care facilities candverwhelmed, creating a shortage of hospital
staff, beds, ventilators, and other supplies. Seagacity at non-traditional sites such as schools
may need to be created to cope with demand. The foeevaccines is likely to outstrip supply,
and the supply of antiviral drugs is also likelyle inadequate early in a pandemic. Difficult
decisions will need to be made regarding who getiwieal drugs and vaccines. Death rates are
determined by four factors: 1) the number of peayt® become infected, 2) the virulence of the
virus, 3) the underlying characteristics and vudidity of affected populations, and 4) the
availability and effectiveness of preventive measur

The U.S. government site http://www.pandemicflw/general/ lists the following
pandemic death tolls since 1900:

1918-1919; United States 675,000+; worldwide 50iomi

1957-1958; United States 70,000+; worldwide 1—2ionil

1968-1969; United States 34,000+; worldwide 700+000

The United States is collaborating closely withghti international organizations,
including the UN’s World Health Organization (WHQhe Food and Agriculture Organization
also of the UN, the World Organization for Animak&lth, and 88 foreign governments to
address the situation through planning, greateritmamg, and full transparency in reporting and
investigating avian influenza occurrences. The W& iss international partners have led global
efforts to encourage countries to heighten sulavetie for outbreaks in poultry and significant
numbers of deaths in migratory birds and to rapidtyoduce containment measures. The U.S.
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Agency for International Development and the U.&p&tment of State, Department of Health
and Human Services, and Department of Agriculture eoordinating future international
response measures on behalf of the White House aéffartments and agencies across the
federal government. Together, steps are being takeninimize the risk of further spread in
animal populations, reduce the risk of human inéest, and further support pandemic planning
and preparedness. Ongoing detailed mutually coateléhonsite surveillance and analysis of
human and animal H5N1 avian flu outbreaks are bemwgducted and reported by the USGS
National Wildlife Health Center, the Centers forsBase Control and Prevention, the WHO, the
European Commission, as well as others.

Energy Crisis / Global Warming

The energy crisis and its intimately related glokarming problem are two examples of
slowly-evolving disasters that do not get the attenthey deserve, at least until recently. Energy
crisis is defined as any great shortfall (or pric) in the supply of energy resources to an
economy. There is no immediacy to this type of ety despite the adverse effects on the
health, economic, and social well-being of billiawfspeople around the globe. Herein | offer a
few personal reflections on energy, global warmamg the looming crisis, with the United
States in mind. The arguments made, however, mply apith equal intensity to many other
countries.

Nothing can move, let alone survive, without ietyuntil a gallon of gas hit $4, the word
“energy” was rarely uttered during the 2008 presi@e campaign. Promises to effect somehow
a lower price of gas at the pump, or of a Fedeaaltgx break during this summer, are at best a
short-term band-aid to what should be a much bnoadé longer-term national debate. During
two visits to Saudi Arabia that took place on Jagudb, 2008 and May 16, 2008, President Bush
pleaded with King Abdullah to open the oil spigatsiile the Royal told his eminent visitor how
worried he is about the impact of oil prices onwwld economy. The spigots did not open; and
even if they were, such pleas and worries are amiggto solve the energy problem or the global
warming crisis.

Much like company executives, politicians pondevigion and articulate issues in terms
of years, not decades. A four-year horizon is abmint, as this is the term for a president, twice
that for a representative, and two-thirds of a s2merm. The tenure of a typical CEO is even
shorter than that for a senator. But the debatermngy should ideally be framed in terms of a
human lifespan, currently about 75 years. The measdwo folds. First, fossil fuel, such as oil,
gas and coal, is being consumed at a much fadertman nature can make it. These are not
renewable resources. Considering the anticipatgailpion growth (with a conservative albeit
unrealistic assumption of no increase in the ppitaademand) and the known reserves of this
type of energy sources, the world supply of odssimated to be exhausted in 0.5 lifespan, of gas
in one lifespan, and of coal in 1.5 lifespan. Se@iternative energy sources must be developed
to prevent a colossal disruption of our way of.liBut, barring miracles, those cannot be found
overnight, but rather over several decades of gienresearch and development. The clock is
ticking, and few people seem to be listening to ¢berent whisper and, inevitably, the future
thunder.

Uranium fission power plants currently supply ab8% of the U.S. total energy need,
which is about 100 Quad/year or $1Qoule/year. (Total energy consumed is in the fofm
electricity [40%], the burning of fossil fuel tordctly generate heat for buildings and industrial
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processes [30%], and mechanical energy for trategimm systems [30%].) Coal, natural gas and
nuclear power plants respectively generate 50, @0 20% of our electricity need. The
corresponding numbers in France are, respectiely, and 80%. Even at that modest rate of
consumption and with current nuclear reactor tetdgyg the United States will exhaust its
supply of uranium in about two lifespan. Real amégined concerns about the safety of nuclear
energy and depositions of their spent fuel haveidpnbto a halt all new constructions since the
mid-1970s. Happily, 2007 breathed new life into tluelear issue. There are now 7 new nuclear
reactors in the early planning stages for the Wh&rket, and over 65 more for China, Japan,
India, Russia and South Korea.

Fission-based power generation not only can redueeountry’s insatiable appetite for
fossil fuel, but also no carbon dioxide or any otheat-trapping gases are generated as a result
of nuclear power generation. Along with other pthts, a coal-fired power plant, in contrast,
annually releases 10 billion kg of carbon dioxidéoithe atmosphere for each 1,000 MW of
(fully utilized) electric capacity. Nuclear poweermgration must be part of the solution to both
the energy and global warming crises.

Controlled nuclear fusion, also a non-pollutinguis® of energy, has the potential to
supply inexhaustibly all of our energy need, buiere in the laboratory, we are far from
achieving the breakeven point (meaning getting nerergy from the reactor than needed to
sustain the reaction).

With 5% of the world population, the United Statesisumes 25% of the world annual
energy usage, generating in the process a propalt@omount of greenhouse gases. Conservation
alone is not going to solve the problem; it will iely relegate the anticipated crises to a later
date. A whopping 20% conservation effort this yedrbe wiped out by a 1% annual population
increase over the next 20 years. But that doesnmedin it should not be done. Without
conservation, the situation will be that much worse

The energy crises exemplified by the 1973 Arabkeaibargo brought about a noticeable
shift of attitudes toward energy conservation. Dgrithe 1970s and 1980s, governments,
corporations and citizens around the world, buttipaarly in the industrialized countries,
invested valuable resources searching for methodsonserve energy. Dwellings and other
buildings became better insulated, and automolaites other modes of transportation became
more energy efficient. Plentiful fossil fuel sumdi during the 1990s and the typical short
memory of the long gas lines during 1973 have, tafately, somewhat dulled the urgency and
enthusiasm for energy conservation research asasgdractice. Withess—at least in the United
States—the awakening of the long-hibernated gaglguautomobile and the recent run on
house-size sport utility vehicles, a.k.a. land bargrhe $140 plus barrel of crude oil this year
has reignited interest in conservation. But in mpyn@n, the gas at the pump needs to skyrocket
to a painful $10 per gallon to have the requiredckhvalue. The cost is close to that much in
Europe, and the difference in attitudes betweenwoecontinents is apparent.

Conservation or not, talk of energy independescgist that, unless alternative energy
sources are developed. The United States simplg doe have traditional energy sources in
sufficient quantities to become independent. Int,famr energy dependence has increased
steadily since the 1973 oil crisis. The non-tradhtil sources are currently either non-existent or
too expensive to compete even with the $4 per galtdhe pump. But a $10 price tag will do the
trick, one day.

How do we go from here to there? We need to warkboth the supply side and the
demand side. On the latter, consumers need to mtedéneir insatiable appetite for energy.
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Homes do not have to be as warm in the winter @®waded bus, or as cold in the summer as a
refrigerator. A car with a 300-horsepower engingu(ealent to 300 live horses, really) is not
needed to take one person to work via congestgd@itds. Additionally, new technology can
provide even more efficient air, land and sea ekithan exist today. Better insulated buildings,
less wasteful energy conversion, storage and trnasgm systems, and many other measures
save energy; every bit helps.

On the supply side, we need to develop the tecgyaio deliver non-traditional energy
sources inexpensively, safely and with minimum ioigen the environment. The U.S. and many
other countries are already searching for thoseradtive energy sources. But are we searching
with sufficient intensity? With enough urgency?hink not, simply because the problem does
not affect, with sufficient pain, this or the neptesidential election, but rather th& & 106" one
down the road. Who is willing to pay more taxes nimw something that will benefit the next
generation? Witness the unceremonious demise ofefioiPresident Carter’s Energy Security
Corporation, which was supposed to kick off witle itesuance of $5 billion energy bonds. One
way to assuage the energy problem is to increasgeusixes, thus help curb demands, and to use
the proceeds to develop new supplies. Amazinghy, p®liticians are considering decreasing
those taxes.

Let us briefly appraise the non-traditional sosrkaown or even (sparingly) used today.
The listing herein is not exhaustive, and othehmedogies unforeseen today may be developed
in the future. Shale oil comes from sedimentarykroontaining dilute amounts of near-solid
fossil fuel. The cost, in dollar as well as in enerof extracting and refining that last drop df oi
is currently prohibitive. Moreover, the resultinget is not any less polluting than other fossil
fuels. There are also the so-called renewable gnswgrces. Though the term is a misnomer
because once energy is used it is gone forevesethources are inexhaustible in the sense that
they cannot be used faster than nature makes tfhieenSun is the source of all energy on Earth,
providing heat, light, photosynthesis, winds, wauds and its eventual albeit very slow decay
into fossil fuel, etc. Renewable energy sourced allvays be here as long as the Sun stays
alight, hopefully for a few more billion years.

Using the Sun’s radiation, when available, to gateseither heat or electricity is limited
by the available area, the cost of the heat caltect the photovoltaic cell, and the number of
years of operation it takes the particular deveeeicover the energy used in its manufacturing.
The U.S. is blessed with its enormous land, andicgrinciple generate all of its energy need
via solar cells utilizing less than 3% of availaltdéed area. Belgium, in contrast, requires an
unrealistic 25% of its land area to supply its ggemeed using the same technology. Solar cells
are presently inefficient as well as expensive. yThé&so require about 5 years of constant
operation just to recover the energy spent on tihainufacturing. Extensive R & D is needed to
improve on all those fronts.

Wind energy, though not constant, is also inextilles but it has similar limitations to
those of solar cells. Without tax subsidies, getmageelectricity via windmills currently cannot
compete with fossil fuel or even nuclear power getien. Other types of renewable energy
sources include hydroelectric power; biomass; ggsiphl and oceanic thermal energy; and
ocean waves and tides. Food-based biomass is addvon fuel when compared to fossil oil.
Depending on how they are produced, however, bisfoey or may not offer net reduction of
carbon dioxide emissions (Science, DOI: 10.1126fsm®.1153747, published online February 7,
2008). Hydrogen provides clean energy, but hasstonbde using a different source of energy,
for example photovoltaic cells. Despite all the dythe hydrogen economy is not a net energy
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saver, but has other advantages nevertheless. &wem noble cause as hydrogen-fueled or
battery-powered automobiles will reduce pollutiowd alependence on fossil fuel only if nuclear
power or other non-fossil, non-polluting energy m®s are used to produce the hydrogen or to
generate the electricity needed to charge theriete

Are we investing enough to solve the energy ?isée recite some alarming statistics
provided in a recent article (Domenici, 2006) bg then chair of the U.S. Senate Energy and
Natural Resources Committee, Pete V. Domenici. rdending for energy Research and
Development has been declining for years, and o being made up by increased private
sector R & D expenditure. Over the 25-year perioanf1978 to 2004, federal appropriations fell
from $6.4 billion to $2.75 billion in constant 200@llars, nearly 60% reduction. Private sector
investment fell from about $4 billion to $2 billioduring the period from 1990 to 2006.
Compared to high-technology industries, energy B &xpenditure is the least intensive. For
example, the private sector R & D investment isuhib?% of sales in the pharmaceuticals
industry and 15% in the airline industry, while t@mbined federal and private-sector energy R
& D expenditure is less than 1% of total energesal

What is now needed is a visionary leader that iwgpire the nation to accept the pain
necessary to solve its energy problems and in tbeegs help the world slow down global
warming. The goal is to reduce significantly theiotyy’s dependence on foreign and domestic
fossil fuel, replenishing the deficit with renewaphon-polluting sources of energy. The scale of
the challenge is likely to be substantially lar¢fean that of the 1940s Manhattan Project or the
1960s Apollo program. In his ‘malaise’ speech dfy b, 1979, Jimmy Carter lamented, “Why
have we not been able to get together as a natioesblve our serious energy problem?” Why
not indeed Mr. President.

Scope of the Sample Disasters

We evaluate the scope of the thirteen case stiftives earthquakes are discussed in a single
subsection) used as examples of natural and mandisagters. The metric introduced earlier in
the article is utilized to rank those disasterscdfle the scope of a disaster is based on the
number of people adversely affected by the extrewast (killed, injured, evacuated, etc.) or the
extent of the stricken geographical area. The rtesue summarized in Table 1.
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Disastel Date Scope | Descriptor Basis

San Francisco earthqui 18 April 190¢ \Y Gargantua 3,000 death; 300,000 homel

Hyatt Regency walkwa 17 July 198 I Large 114 deaths; 200 injur

collapse

Loma Prieta earthqua 17 October 19¢ \Y% Enormou 66 death; 3,757 injur

Izmit earthquak 17 August 199 \Y Gargantua 17,00(-35,000 deatt

September 1 11 September 201 | IV Enormou 2,993 deaths; 6,291 injur

Pacifictsunam 26 December 20( | V Gargantua 283,100 deatt

Hurricane Katrin 25 August 200 \Y Gargantua 1,836 deaths; 1.2 millia
evacuated

Kashmir earthqual 8 October 20C \Y Gargantua 73,276 deaths; 3.3 millic
homeless

Hurricane Wilmi 18 October 20C \Y Gargantua 63 deaths in US
500,000 evacuated in Cuba

Hajj stamped 12 January 20( [l Large 346 deaths; 289 injur:

Al-Salam Boccaccio ¢ 3 February 20(C \% Enormou 1,094 deatt

Bird flu 200%—preser i Large Number of stricken in th
hundreds

Eneigy crises/globa Since industria \Y Gargantua Cover entire Eart

warming revolution

Table 1. Scope of the disasters described.

For the 1zmit earthquake the number of deathsrteddoy the government differs from
that widely believed to be the case, hence theeahgwn in the table. Either number puts the
disaster at the worst possible category (V) andetbee the number of injured or homeless
becomes immaterial to the categorization; the scap@ot get any higher.

Of note is the scope of the September 11 manmedstdr, which is less than the scope
of, say, hurricane Katrina. The number of peopleally and adversely affected by September
11 is less than those in the case of Katrina (nurobeleaths is not the only measure). On the
other hand, September 11 has a huge after effeabeit/nited States and elsewhere, shifting the
geopolitical realities and triggering the ensuingrwn terrorism that still rages many years later.
The number of people adversely affected by that iwarot considered in assigning a scope to
September 11.

The avian influenza is still in its infancy andtinately has not yet materialized into a
pandemic, hence the relatively low scope. The gnerges and its intimately related global
warming problem have not yet resulted in widesprdadths or injuries, but both events are
global in extent essentially affecting the entirerlid. Thus the descriptor gargantuan assigned to
both is based on the size of the adversely affegtedjraphical area.

Concluding Remarks

The prediction, control, and mitigation of bothtunal and manmade disasters is a vast
field of research that no one article can covearig meaningful detail. In this article, we defined
what constitutes a large-scale disaster, introdwcedktric to evaluate its scope, and described
the different facets of disaster research. Bagicalhy natural or manmade event that adversely
affects many humans or an expanded ecosystemaig@-$cale disaster. Such catastrophes tax
the resources of local communities and central gowents and disrupt social order. The
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number of people tormented, displaced, injured leck and the size of the area adversely
affected determine the disaster’s scope.

In this paper, we showed how science can helpredipting different types of disaster
and reducing their resulting adverse effects. Wedi a number of recent disasters to provide a
few examples of what can go right or wrong with aging the mess left behind by every large-
scale disaster.

The laws of nature, reflected in the science partf any particular calamity, and even
crisis management, reflected in the art portiomusth be the same, or at least quite similar, no
matter where or what type of disaster strikes. Hutgashould benefit from the science and the
art of predicting, controlling, and managing lagsgale disasters, as extensively and thoroughly
discussed in this paper.

The lastannus horribilis in particular, has shown the importance of bgingpared for
large-scale disasters, and how the world can ggdther to help alleviate the resulting pain and
suffering. In its own small way, this article betfgepares scientists, engineers, first responders,
and, above all, politicians to deal with manmade aatural disasters.

The most significant contribution of this artidke perhaps the proposal to consider all
natural and manmade disasters as dynamical sysf@msigh not always easy, looking at the
problem from that viewpoint and armed with the mod®ols of dynamical systems theory may
allow better prediction, control and mitigationfoture disasters. It is hoped that few readers of
the Journal of Critical Incident Analysisvho are not already involved in the mechanistic
viewpoint of disaster research would benefit froms tparticular framework whose practical
importance cannot be overstated.

Notes

1 Of course, the number of residents of Egypt wasefs than 80 million when the disaster
commenced in 1952. Fortunately, tf@uth revolutioncommencing on 25 January 2011, seems
to have lifted the long nightmare.

2 Actually delayed by a few years due to World Wand relocation to France. Richardson
chose that particular time and date because uppané other measurements were available to
him some years before.

% Newtonian implies a linear relation between thess tensor and the symmetric part of the
deformation tensor (rate of strain tensor). Thérggny assumption reduces the 81 constants of
proportionality in that linear relation to two caasts. Fourier fluid is that for which the
conduction part of the heat flux vector is lineayated to the temperature gradient, and again
isotropy implies that the constant of proportiotyailn this relation is a single scalar.

* An assumption that obviously needs to be relapedrbst atmospheric flows, where radiation
from the Sun during the day and to outer spacenduhie night plays a crucial rule in weather
dynamics. Estimating radiation in the presencegyficant cloud cover is one of the major
challenges in atmospheric science.

® The number of first-order ordinary differentialusgions, each of the form /dt = f (el %),
which completely describe the autonomous systewokigon, is in general equal to the number
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of degrees of freedoM. The latter number is in principle infinite fordgnamical system whose
state is described by partial differential equasynFor example, a planar pendulum has two
degrees of freedom, a double planar pendulum has,th single pendulum that is free to
oscillate in three dimensions has four, and a tleriiuflow has infinite degrees of freedom. The
single pendulum is incapable of producing chaot¢iom in a plane, the double pendulum does
if its oscillations have sufficiently large (nondiar) amplitude, the single, non-planar, nonlinear
pendulum is also capable of producing chaos, armlikence is spatiotemporal chaos whose
infinite degrees of freedom can be reduced toitefiout large number under certain
circumstances.

® Meaning analytical solutions of the differentigiuations governing the dynamics are not
obtainable, and numerical integrations of the skaad to chaotic solutions.
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