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NATURAL

The new revised fifth edition of Natural Hazards re-
mains the go-to introductory-level survey intended for
university and college courses that are concerned with
earth processes that have direct, and often sudden and
violent, impacts on human society. The text integrates
principles of geology, hydrology, meteorology, clima-
tology, oceanography, soil science, ecology, and solar
system astronomy.

The textbook explains the earth processes that drive
hazardous events in an understandable way, illustrates
how these processes interact with our civilization, and
describes how we can better adjust to their effects.
Written by leading scholars in the area, the new edition
of this book takes advantage of the greatly expanding
amount of information regarding natural hazards, di-
sasters, and catastrophes. The text is designed for learn-
ing, with chapters broken into small consumable
chunks of content for students. Each chapter opens
with a list of learning objectives and ends with revision
as well as high-level critical thinking questions. A
Concepts in Review feature provides an innovative
end-of-chapter section that breaks down the chapter

content by parts: reviewing the learning objectives,
summary points, important visuals, and key terms. New
case studies of hazardous events have been integrated
into the text, and students are invited to actively apply
their understanding of the five fundamental concepts
that serve as a conceptual framework for the text.
Figures, illustrations, and photos have been updated
throughout.

The book is designed for a course in natural hazards
for nonscience majors, and a primary goal of the text is
to assist instructors in guiding students who may have
little background in science to understand physical
earth processes as natural hazards and their conse-
quences to society.

Edward A. Keller is a professor in the Environmental
Studies and Earth Sciences Departments at University
of California at Santa Barbara, USA.

Duane E. DeVecchio is a research professor in the
School of Earth and Space Exploration (SESE) at
Arizona State University, USA.
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Preface

Natural Hazards: Earth Processes as Hazards, Disasters,
and Catastropbes, Fifth Edition, is an introductory-level
survey intended for university and college courses that
are concerned with earth processes that have direct, and
often sudden and violent, impacts on human society.
The text integrates principles of geology, hydrology,
meteorology, climatology, oceanography, soil science,
ecology, and solar system astronomy. The book is
designed for a course in natural hazards for nonscience
majors, and a primary goal of the text is to assist instruc-
tors in guiding students who may have little background
in science to understand physical earth processes as
natural hazards and their consequences to society.

In revising the fifth editdon of this book we take
advantage of the greatly expanding amount of informa-
ton regarding natural hazards, disasters, and catastro-
phes. Since the fourth edidon was published, many
natural disasters and catastrophes have occurred.
Becoming the wettest tropical cyclone in U.S. recorded
history, Hurricane Harvey in 2017 produced peak accu-
mulations of rainfall of more than 1.5 m (~60 in.) over a
three-day period causing catastrophic flooding in the
Houston metropolitan area; earthquakes killed more
than 8,000 people in Nepal in 2015, and were responsible
for widespread destruction in Mexico in 2017; wildfires
in northern and southern California in 2017 destroyed
more than 7,000 buildings and killed 46 people; and the
deadliest U.S. landslide on record
killed 43 people in Washington
state in 2014. Most of these disas-
ters have a common denominator—
they were not unexpected and the
effects of these catastrophes could
have been minimized had the popu-

primarily the burning of fossil fuels, which releases vast
quantities of carbon dioxide and other gases into the at-
mosphere each day. The interaction between humans
and earth processes has never been clearer, nor has the
need for understanding these processes as hazards for our
economy and society ever been greater. This edition of
Natural Hazards seeks to explain the earth processes that
drive hazardous events in an understandable way, illus-
trate how these processes interact with our civilization,
and describe how we can better adjust to their effects.

A central thesis to this text is that we must first
understand that earth processes are not, in and of them-
selves, hazards. Earthquakes, floods, volcanic eruptions,
wildfires, and other processes have occurred for
millennia, indifferent to the presence of people. Natural
processes become hazards when they impact humanity.
Ironically, it is human behavior that often causes the
interactions with these processes to become disasters
or, worse, catastrophes. Most important is the unprec-
edented increase in human population in the past
50 years linked to poor land-use decisions.

In addition to satisfying a natural curiosity about
hazardous events, there are additional benefits to study-
ing natural hazards. An informed citizenry is one of our
best guarantees of a prosperous future. Armed with in-
sights into linkages between people and the geologic
environment, we will ask better questions and make

the 5 fundamental concepts

2]

ladon been better prepared and the
warnings from the scientific com-
munity been heeded. In other
words, they were largely, in terms of
lives lost and property damaged,
disasters caused by humans.

On a global scale, climate change
is causing glaciers, ice caps, and per-
mafrost to melt; the atmosphere
and oceans to warm; and sea levels
to rise more rapidly than ori-
ginally forecast. These changes are
caused in part by human activities,
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Science helps us predict hazards.

Natural hazards, such as earth-
quakes, volcanic eruptions,
landslides, and floods, are natural
processes that can be identified and
studied using the scientific method.
Most hazardous events and
processes can be monitored and
mapped, and their future activity
predicted, on the basis of frequency
of past events, patterns in their
occurrence, and types of precursor
events.

Knowing hazard risks can help
people make decisions.

Hazardous processes are amenable to
risk analysis, which estimates the prob-
ability that an event will occur and the
consequences resulting from that event.
For example, if we were to estimate
that in any given year, Los Angeles

has a 5 percent chance of a moderate
earthquake, and if we know the conse-
quence of that earthquake in terms of
loss of life and damage, then we can
calculate the potential risk to society.
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better choices. On a local level we will be better pre-
pared to make decisions concerning where we live and
how best to invest our time and resources. On a na-
tional and global level we will be better able to advise
our leaders on important issues related to natural haz-
ards that impact our lives.

Major New Material in the
Fifth Edition

The fifth edition benefited greatly from feedback from
instructors using the previous edition, and many of the
changes reflect their thoughtful reviews. New material

for the fifth edition includes the following:

= Active, Modular Learning Path. The fifth
edition of Natural Hazards is designed for learning
with each chapter broken into smaller, more
consumable, chunks of content for students. Each
chapter opens with a list of learning objectives
and students can check their mastery of these
objectives with new Check Your Understanding
questions at the end of each section. Each chapter
concludes with a new Concepts in Review section:
an innovative end-of-chapter section that breaks
down the chapter content by section—reviewing
the learning objectives, summary points, important
visuals, and key terms. All chapters end with high-
level critical thinking questions.

= Applying the Fundamental Concepts. Every
chapter begins with a captivating hazard story that
applies the five fundamental concepts that serve as a

o

Linkages exist between natural
hazards.

Humans can turn disastrous
events into catastrophes.
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conceptual framework for the text. We then close each
chapter by recapping this hazard story and, through
assessment, invite the students to actively apply their
understanding of the five fundamental concepts.

= Current hazard coverage on the Tohoku, Japan earth-
quake and tsunami in 2011, Hurricane Sandy in New
Jersey and New York City in 2012, the tornado in
Moore, Oklahoma in 2013, historic flooding in Hous-
ton in 2017, and the 2017 fire season in California.

= New in-chapter case studies and chapter openers
that highlight hazardous events have been inte-
grated into the text, providing coverage of the most
recent natural disasters on earth.

= Updated art program showcases new figures,
illustrations, and photos throughout. Each image
has been reviewed for accuracy and relevance,
focusing on its educational impact.

Distinguishing Features of the
Fifth Edition

We have incorporated a number of features designed to
support the student and instructor.

A BALANCED APPROACH

Although the interest of many readers will naturally fo-
cus on natural hazards that threaten their community,
state, or province, the globalization of our economy,
information access, and human effects on our planet
require a broader, more balanced approach to the study

5

Consequences of hazards can be
minimized.

Hazardous processes are linked in
many ways. For example, earth-
quakes can produce landslides and
giant sea waves called tsunamis,
and hurricanes often cause flooding
and coastal erosion.

The magnitude, or size, of a hazard-
ous event as well as its frequency,
or how often it occurs, may be
influenced by human activity. As a
result of increasing human popula-
tion and poor land-use practices,
events that used to cause disasters
are now often causing catastro-
phes.

Minimizing the potential adverse
consequences and effects of natural
hazards requires an integrated
approach that includes scientific
understanding, land-use planning
and regulation, engineering, and
proactive disaster preparedness.
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of natural hazards. A major earthquake in Taiwan af-
fects trade in the ports of Seattle and Vancouver; the
economy of Silicon Valley in California affects the price
of computer memory in Valdosta, Georgia, and Halifax,
Nova Scotia. Because of these relationships, we provide
examples of hazards from throughout the United States
as well as throughout the world.

This book discusses each hazardous process as both
a natural occurrence and a human hazard. For example,
the discussion of earthquakes balances the description
of their characteristics, causes, global distribution, esti-
mated frequency, and effects with a description of engi-
neering and nonstructural approaches to reduce their
effects on humans, including actions that communities
and individuals can take.

The five concepts introduced in Chapter 1 and
revisited in every chapter are designed to provide a
memorable, transportable, and conceptual framework
of understanding that students can carry with them
throughout their lives to make informed choices about
their interaction with and effect upon earth processes.

CASE STUDIES: SURVIVOR STORIES,
PROFESSIONAL PROFILES, AND
CLOSER LOOKS

Many of the chapters contain personal stories of some-
one who has experienced the effects of a hazardous event,
such as a flood, earthquake, or wildfire, a profile of a sci-
entist or other professional who has worked with a par-
ticular hazard, and Closer Look boxes that use life events
and data to enhance the understanding and comprehen-
sion of not only the hazard but also the mitigation that
coincides with the hazard. Most of us in our lifetimes will
experience (directly or indirectly) a flood, wildfire, volca-
nic eruption, tsunami, or major hurricane, and we are
naturally curious as to what we will see, hear, and feel.
For example, a scientific description of wildfire does not
convey the fear and anxiety when a fire is rushing toward
your home. Likewise, the stream gauge records for the
Rio Grande River do not give us the sense of excitement
and fear felt by Jason Lange and his friends when their
spring-break canoe trip in West Texas nearly turned to
tragedy (see Case Study 6.1: Survivor Story). To fully
appreciate natural hazards we need both scientific
knowledge and human experience. As you read the survi-
vor stories, ask yourself what you would do in a similar
situation, especially once you more fully understand the
hazard. Knowledge from reading this book could save
your life someday, as it did for Tilly Smith and her family
on the beach in Phuket, Thailand, during the Indian
Ocean tsunami (see Case Study 4.2: Indonesian Tsunami).

People study and work with natural hazards for many
reasons—scientific curiosity, monetary reward, excite-
ment, or the desire to help others deal with events that
threaten our lives and property. As you read the

professional profiles, think about these people’s motiva-
tion, the type of work that they do, and how that work
contributes to increasing human knowledge or to saving
people’ lives and property. For example, for many years
Bob Rasely worked as a geologist with the U.S. Natural
Resources Conservation Service studying what happens
to hillslopes after wildfires in Utah (see Case Study 7.5:
Professional Profile). For Bob, geology had long been
both a vocation and an avocation. He maintains an intel-
lectual curiosity as to how Earth works and a practical
goal of predicting the likelihood and location of debris
flows following a fire. Working with other state and
federal scientists, Bob develops plans for hillslope recov-
ery and helps communities downslope from burned land
establish warning systems to protect lives and property.
Nearly all the survivor stories and professional profiles
are based on interviews conducted exclusively for Natural
Hazards by Kathleen Wong, a science writer from
Oakland, California, and Chris Wilson, a former
journalism student at the University of Virginia.

For the Instructor

The Instructor Resource Center provides a collection
of resources to help teachers make efficient and effec-
tive use of their time. All digital resources can be found
in one well-organized, easy to access place. The IRC
(download only) includes:

= Pre-authored Lecture Outline PowerPoint
presentations, which outline the concepts of each
chapter with embedded art and can be customized
to fit instructors’ lecture requirements

= The test bank includes over 1,000 multiple-choice,
true/false, and short-answer test questions on the
science of natural hazards and their effects on the
world and humankind. Questions are correlated
against chapter-specific learning outcomes and
Bloom’s Taxonomy to help teachers better map the
assessments against both broad and specific teach-
ing and learning objectives. TestGen software for

both PC and Mac.

The Instructor Resource content is available online
at www.routledgetextbooks.com/textbooks/ 978113805
7227/#instructors.

For the Student

This title has recently been acquired by Taylor &
Francis. Due to rights reasons, any multimedia re-
sources will not be available from Taylor & Francis.
Mastering Geology incorporating Hazard City will still
be available for purchase from Pearson.
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Nearly 190,000 homes were
destroyed or damaged,
killing nearly a
quarter of a million
people




Introduction to
Natural Hazards

One of the primary principles emphasized in this book is that, as a
result of increasing human population and poor land-use choices,
what were once disasters are now catastrophes in many cases. Haiti
has been recognized for many years as an environmental catastrophe
waiting to happen. Haiti's population has increased dramatically in
recent decades, and about 90 percent of this mountainous country
has been deforested (Figure 1.1). The country is extremely vulner-
able to hurricanes and other high-intensity storms, causing frequent
runoff flooding and landslides on bare slopes. Haiti is also vulnerable
to large earthquakes, with three major earthquakes occurring there
since 1750.

On January 12, 2010, an earthquake killed more than 200,000
Haitians and injured over 300,000 more. This was an appalling loss of
life for an earthquake of magnitude 7.0 (see chapter-opener photo-
graph). For example, the magnitude 7.1 Loma Prieta earthquake that
struck the San Francisco area in 1989 caused 63 deaths and injured
about 4,000. Why did two earthquakes of about the same magnitude
cause such vastly different casualty counts?'?

The poorest country in the Western Hemisphere, Haiti's annual
income per person is only a small fraction of that in the United
States. Two years before the 2010 earthquake, within a span of about
a month, four tropical storms and hurricanes struck in 2008. Land
denuded of trees responded quickly to torrential downpours, and
hillslopes went crashing into homes. By September 2008 when a
hurricane hit, Haiti was devastated. Nearly 800 people had died, and
much of the country’s harvest of food crops had been destroyed.

The situation was grim.

< Collapsed buildings in Port-au-Prince, capital of Haiti, resulting from
the January 12, 2010, earthquake that killed more than 200,000 people. The
extensive damage and loss of life were in part a result of the high population
density in the capital and poorly constructed buildings unable to withstand the
earthquake shaking. (Jorge Silva/Reuters)

Natural processes such as volcanic
eruptions, earthquakes, floods,
and hurricanes become hazards
when they threaten human life and
property. As population continues to
grow, hazards, disasters, and catas-
trophes become more common. An
understanding of natural processes
as hazards requires some basic
knowledge of earth science.

After reading this chapter, you
should be able to:
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LO:1 Explain the difference
between a disaster and a
catastrophe.

L0:2 Discuss the role of history in the
understanding of natural hazards.

L0:3 Discuss the components and
processes of the geologic cycle.

L0:4 Apply the scientific method to a
natural hazard of your choice.

L0:5 Synthesize the basics of risk
assessment.

L0:6 Explain how much of the damage
caused by natural hazards is often related to
decisions people make before, during, and
after a hazardous event.

L0:7 Explain why the magnitude of a
hazardous event is inversely related to its
frequency.

L0:8 Summarize how natural hazards are
linked to one another and to the physical
environment.

LO:9 Give reasons why increasing
population and poor land-use practices
compound the effects of natural hazards
and can turn disasters into catastrophes.

L0:10 Explain how events we view as
hazards provide natural service.

L0:11 Summarize links between climate
change and natural hazards.
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(a)
A FIGURE 1.1 Deforestation in Haiti

(b)

(a) Steep mountain slopes in southern Haiti where trees have been removed to burn and make charcoal as a
cooking fuel. About 30 million trees were planted in the 1980s at a cost exceeding $20 million, paid for with U.S.
aid, but by 2008, nearly all of them had been cut down. Without the trees, soil erosion accelerated, damaging
farmland and making slopes more vulnerable to landslides (especially when linked to earthquake shaking) and
floods (water runs off more quickly and in greater quantities than from forested land). (©Getty Images/Robin
Moore) (b) A small shack at the base of a deforested slope in the same area as (a). There are a few banana trees,
but agricultural opportunity is severely limited by soil erosion. (Julio Etchart/Alamy)

Prior to the earthquake, about 85 percent of the
people in the capital of Port-au-Prince lived in slum
conditions in concrete buildings that could not with-
stand intense earthquake shaking. Half the people did
not have toilets, and only about 30 percent had access
to clean water. When the earthquake struck, nearly
190,000 homes were destroyed or damaged, killing
nearly a quarter of a million people and leaving over
2 million more homeless with poor sanitation and water
quality. In the immediate aftermath of the quake, about
1.5 million people lived in camps exposed to storms
and flooding.? The city was covered in 19 million cubic
meters (25 million cubic yards) of rubble and other de-
bris (enough to fill about 4 million dump trucks) where
homes, government buildings, and schools once stood.
The result was a humanitarian disaster with too many
untreated injuries, too little food, and a predictable out-
break of infectious diseases, including cholera (causing
nearly 6,000 deaths) and diarrhea.

Once the damage from the 2010 earthquake was
surveyed, it was found that some buildings that had
not collapsed were evidently designed and built to
withstand earthquakes and had functioned adequately.
If more of the buildings in Haiti had been constructed
properly, incorporating earthquake-resistant design and
construction, there would have been much less damage.
Problems observed ranged from construction of heavy,
unsupported block walls to a lack of rebars (thin steel
rods that strengthen concrete). Concrete that was poorly

compacted and utilized substandard materials, such
as marine sands that corroded more easily than river
sands, was another problem. Because of these poor
construction practices, buildings in Port-au-Prince and
other areas could not withstand the shaking from the
magnitude 7.0 event.*

Thus, the answer to our question of why there
were so many deaths from the earthquake is easy to
find. A very heavy human footprint can be seen in the
catastrophic loss of life. Had the buildings been con-
structed properly, many more lives would have been
spared. If the population of Haiti had not grown so fast,
with so many young people (thousands of schools col-
lapsed during the earthquake), there would have been
fewer deaths.

During the seven years since the earthquake, Haiti
has not recovered, and in October of 2016, Hurricane
Matthew hit the island, killing about 1,000 people and
causing extensive destruction in many communities in
more rural southern Haiti. People killed by the storm
had to be buried in mass graves. A cholera outbreak
occurred as people consumed contaminated water. The
earthquake set the stage for extensive damage and loss
of life as many people were living in poorly constructed
shelters at risk from high winds and flooding. The land
was vulnerable to erosion as a result of deforestation,
and the hurricane destroyed crops and damaged the
ability of the land to produce food.Thus, the cata-
strophic earthquake and lack of recovery rendered the



country more liable to damage from the hurricane in a
cascade of declining conditions.

As Haiti rebuilds with international support, ways
must be found to cost-effectively build the next genera-
tion of structures to better withstand seismic shaking
and the high winds of storms.The consequences of
another damaging earthquake or hurricane is painful to
contemplate. Haiti must be assisted to take appropriate
steps and be proactive in hazard preparation.*

1.1 Why Studying Natural
Hazards Is Important

Since 1995, the world has experienced the deadliest tsu-
nami in recorded history, caused by a massive Indian
Ocean earthquake; another devastating tsunami in Japan
caused by one of the largest and costliest earthquakes in
recorded history; catastrophic flooding in Pakistan,
Venezuela, Bangladesh, Thailand, and central Europe; a
volcanic eruption that shut down international airports
for more than a week; and deadly earthquakes around the
world. At the same time, North America has experienced
catastrophic hurricanes on the Gulf Coast, along the
Atlantic Coast, and in Guatemala and Honduras; record-
setting wildfires in western Canada, Arizona, Colorado,
Utah, California, and the high plains of Kansas and
"Texas; the worst outbreak of tornadoes in U.S. history; a
record-matching series of four hurricanes within six
weeks in Florida and the Carolinas; a paralyzing ice
storm in New England and Quebec; record-setting hail
in Nebraska; and a rapid warming of the climate, espe-
cially (but not limited to) Alaska, northern Canada, and
Arizona. These events are the result of enormous forces
that are at work both inside and on the surface of our
planet. In this book, we will explain these forces, how
they interact with our civilization, and how we can better
adjust to their effects. Although we will describe most of
these forces as natural hazards, we can at the same time be
in awe of and fascinated by their effects.

PROCESSES: INTERNAL AND EXTERNAL

In our discussion of these natural hazards, we will use
the term process to mean the physical, chemical, and bio-
logical ways by which events, such as volcanic erup-
tions, earthquakes, landslides, and floods affect Earth’s
surface. Some of these processes, such as volcanic erup-
tions and earthquakes, are the result of internal forces
deep within Earth. Most of these internal processes are
explained by the theory of plate tectonics, one of the
basic unifying theories in science. In fact, rectonic plates,
large surface blocks of the solid Earth, are mapped by
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identifying zones of earthquakes and active volcanism
(see Chapter 2).

Other processes associated with natural hazards re-
sult from external forces that are at or very near Earth’s
surface. For example, energy from the sun warms
Earth’s atmosphere and surface, producing winds and
evaporating water (see Chapter 9). Wind circulation
and water evaporation are responsible for forming
Earth’s climatic zones and for driving the movement of
water in the hydrologic cycle. These forces are in turn di-
rectly related to hazardous processes, such as violent
storms and flooding, as well as coastal erosion. Still
other external processes, such as landsliding, are the re-
sult of gravity acting on hillslopes and mountains.
Gravity is the force of physical attraction to a mass—in
this case, the attraction of materials on Earth’s surface
to the entire mass of Earth. Because of gravitational at-
traction, objects on hillslopes or along the bed of a river
naturally tend to move downslope. Gravity results in
water that falls as precipitation on mountain slopes,
moving downhill on its way back to the ocean.

Thus, the processes we consider to be hazards result
from natural forces such as the internal heating of
Earth or external energy from the sun. The energy re-
leased by natural processes varies greatly. For example,
the average tornado expends about 1,000 times as much
energy as a lightning bolt, whereas the volcanic erup-
tion of Mount St. Helens in May 1980 expended ap-
proximately a million times as much energy as a
lightning bolt. The amount of solar energy Earth re-
ceives each day is about a trillion times that of a light-
ning bolt. However, it is important to keep in mind that
a lightning bolt may strike a tree, igniting a tremendous
release of energy in a forest fire, whereas solar energy is
spread around the entre globe.

Events such as earthquakes, volcanoes, floods, and
fires are natural processes that have been occurring on
Earth’s surface since long before it was populated by
humans. These natural processes become hazardous
when human beings live or work in their path. We of-
ten use the terms hazard, disaster, and catastrophe to
describe our interaction with these natural processes.

HAZARD, DISASTER, OR CATASTROPHE

A natural hazard is a natural process and event that is a
potential threat to human life and property. The process
and the events themselves are not a hazard but become
so because of human use of the land. A disaster is a haz-
ardous event that occurs over a limited time span within
a defined area. Criteria for a natural disaster are (1) 10 or
more people are killed, (2) 100 or more people are af-
fected, (3) a state of emergency is declared, and (4) inter-
national assistance is requested. If any one of these
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maps is available for Canada. (From the U.S.
Geological Survey)
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applies, an event is considered a matural disaster’® A | deaths, and another hurricane that struck Bangladesh in

catastrophe is a massive disaster that requires signifi- 1991 claimed 145,000 lives (Figure 1.3). Hurricane
cant expenditure of money and a long time (often years) | Katrina in 2005 destroyed much of the coastal develop-
for recovery to take place. Hurricane Katrina, which | ment in Mississippi and Louisiana and caused the flood-
flooded the city of New Orleans and damaged much of | ing of New Orleans. Katrina killed more than 1,600
the coastline of Mississippi in 2005, was the most damag- | people and inflicted about $250 billion in damages, mak-

ing, most costly catastrophe in the history of the United | ing the storm the largest financial catastrophe from a
States. Recovery from this enormous catastrophe has | natural hazard in U.S. history. An earthquake in Pakistan
taken years and still continues in parts of New Orleans. in 2005 claimed more than 80,000 lives, destroyed many

Natural hazards affect the lives of millions of people, | thousands of buildings, and caused extreme property
and all areas of the United States are at risk from more | damage (Figure 1.4). These catastrophes, along with the
than one hazardous Earth process (Figure 1.2). Not | Hait earthquake introduced in the chapter opener, were
shown in Figure 1.2 are the areas prone to blizzards and
ice storms; the coastlines that have experienced tsuna-
mis during the past century; the areas regularly affected
by wildfires; the regions that have experienced drought,
subsidence, or coastal erosion; or the craters made by
the impacts of asteroids and comets. No area is consid-
ered hazard-free.

From 1996 to 2015, natural disasters such as earth-
quakes, floods, and hurricanes have killed about 1.3 million
people worldwide, an average of about 65,000 people per
year. Earthquakes and tsunamis accounted for 57 percent
of the deaths, storms 18 percent, extreme temperature
(hot or cold) 12 percent, and floods 11 percent.” Financial
loss from natural disasters now exceeds $50 billion per
year, with individual years capable of being much higher,
and that figure does not include social losses such as loss of
employment, mental anguish, and reduced productivity.
Two individual disasters, a hurricane accompanied by | A FIGURE 1.3 Killer Hurricane
flooding in Bangladesh in 1970 and an earthquake in Flooded fields and villages adjacent to a river in Bangladesh the
China in 1976, each claimed well over 300,000 lives. The day after the 1991 hurricane struck the country, killing approxi-
Indian Ocean tsunami in 2004 resulted in at least 230,000 mately 145,000 people. (Defence Visual Information Center)




A FIGURE 1.4 Devastating Earthquake

People searching for victims in a 10-story building that collapsed
in a major earthquake in Islamabad, Pakistan, in 2005. By

the onset of winter, more than 87,000 people had died and

more than 3 million were homeless. (©Getty Images/FAROOQ
NAEEMY/Stringer)

caused by natural processes and forces that have always
existed. Hurricanes are caused by atmospheric distur-
bance, and Earth’s internal heat drives the movement of
tectonic plates, which causes earthquakes and, sometimes,
tsunamis. The impact of these events is directly connected
to human population density and land-use patterns.
During the last few decades, there has been a signifi-
cant increase in the number of catastrophes and disas-
ters worldwide (Figure 1.5: Disasters and catastrophes
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from 1980 to 2015; also shown are the events, by name
and location, with the largest economic damage).
Although there are several hundred disasters from nat-
ural hazardous events each year, only a few are classified
as a great catastrophe—one that results in deaths or
losses so great that outside assistance is required.® Of
disasters since the 1990s, flooding and storms caused
about 61 percent of disasters and about 56 percent of
the total number of people affected by disasters, while
earthquakes caused about 57 percent of the deaths, and,
over the same period, countries with medium to low
income suffered most from floods and storms. High-
income countries suffered some of the greatest eco-
nomic losses but the lowest number of deaths. The
losses could have been even greater were it not for im-
provements in warning systems, disaster preparedness,
and sanitation following disasters.>'? Nevertheless,
economic losses have increased at a faster rate than
have the number of deaths. Figure 1.6 shows the disas-
ters in 2015. Notice that about half of the total disasters
(44 percent) occurred in Asia where about two-thirds of
the people (4.44 billion) on Earth live. By contrast, the
United States, with about 0.33 billion people, experi-
enced about 6 percent of the disasters.®!?

DEATH AND DAMAGE CAUSED BY
NATURAL HAZARDS

When we compare the effects of various natural haz-
ards, we find that those that cause the greatest loss of
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A FIGURE 1.5 Disasters and Catastrophes 1980 to 2015 by Number of Events and Economic Losses
Several examples of events with very large economic costs are listed by date, type of hazard, and location.
(Center for Research on the Epidemiology, 2016. Disaster data: A balanced perspective. Cred Crunch Issue No. 41)
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A FIGURE 1.6 Number and Locations, by Continent and Country, of Natural Disasters in 2015
Notice that about half are in Asia. (Center for Research on the Epidemiology, 2016. Disaster data: A balanced

perspective. Cred Crunch Issue No. 41)

human life are not necessarily the same as those that
cause the most extensive property damage. The largest
number of deaths each year is associated with tornadoes
and windstorms, although heat waves, lightning, floods,
and hurricanes also take a heavy toll. Loss of life from
earthquakes can vary considerably from one year to the
next because a single great quake can cause tremendous
human loss. For example, in 1994, the large, but not
great, Northridge earthquake in the Los Angeles area
killed some 60 people and inflicted at least $20 billion
in property damage. The next great earthquake in a
densely populated part of California could inflict $100
billion in damages while killing several thousand
people.!!

Natural disasters cost the United States multibillion
dollars annually; the average cost of a single major di-
saster may exceed $500 million. The cost in 2104 was
about $25 billion. About 200 weather-related disasters
and catastrophes have occurred in the United States
since 1980. The total economic losses were about $1.1
trillion (an average of about $33 million per year).
Hurricane Katrina cost about $250 billion (damages
and other economic losses). Table 1.1 lists deaths (476)
and economic loss (about $4 billion) from U.S. weather-
related disasters in 2015. Floods claimed the most lives
(176), but other hazards, including several types of
storms, extreme temperature, and coastal beach rip cur-
rents, all were consistent killers. Because the population
is steadily increasing in high-risk areas, such as along
coastlines, we can expect this number to continue to
increase significantly.!?

V TABLE 1.1 Deaths and Damages from Weather-related
Natural Disasters in the United States for

2015
Event Deaths Total Damages
(millions of dollars)
Lightning 27 16
Tornado 36 320
Thunderstorm 41 268
(wind)
Extreme cold 53 3
Extreme heat 45 0
Flood 176 2,748
Rip current 56 0
(coastal)
Hurricane 14 52
Winter storm 20 530
Ice 0 59
Avalanche 8 0

Source: www. nws.noaa.gov.

An important aspect of all natural hazards is their po-
tental to produce a catastrophe, which has been defined
as any situation in which the damages to people, prop-
erty, or society in general are sufficient that recovery
and/or rehabilitation is a long, involved process. Natural
hazards vary greatly in their potential to cause a catastro-
phe (see Table 1.2). Floods, hurricanes, tornadoes,



V TABLE 1.2 Potential for Humans to Influence Selected
Natural Hazards in the United States

Hazard Occurrence Potential to
Influenced by Produce a
Human Use Catastrophe
Flood Yes High
Earthquake Yes High
Tsunami No High
Landslide Yes Moderate
Volcano No High
Coastal erosion Yes Low
Expansive soils No Low
Hurricane Perhaps?® High
Tornado and Perhaps? High
windstorm
Lightning Perhaps? Low
Drought Perhaps? Moderate
Frost and freeze Perhaps? Low
Heat wave Perhaps? High
Wildfire Yes High
!Extraterrestrialb No Low
impact

2Weather-related hazards are listed as perhaps being influ-
enced by human processes because the role of climate change
is not well understood.

b Extraterrestrial impact is in a separate class because small
impacts are frequent, and a rare large impact may produce the
largest catastrophes possible on Earth.

Source: Based on White, G. F, and Haas, J. E., Assessment of
Research on Natural Hazards. Cambridge, MA: MIT Press, 1975.

earthquakes, volcanic eruptions, large wildfires, and heat
waves are the hazards most likely to have a high potential
to create catastrophes. Landslides, because they gener-
ally affect a smaller area, have only a moderate potential
to produce a catastrophe. Drought also has a moderate
potential to produce a catastrophe because, although
drought may cover a wide area, there is usually plenty of
warning time before its worst effects are felt. Hazards
with a low potential to produce a catastrophe include
coastal erosion, frost, lightning, and expansive soils."?
The effects of natural hazards change with time be-
cause of changes in patterns of human land use, as well
as climate change. Urban growth can influence people
to develop on marginal lands, such as steep hillsides and
floodplains. This trend is a particular problem in areas
surrounding major cities in developing nations where
urbanization is proceeding rapidly. In addition to in-
creasing population density, urbanization can also
change the physical properties of earth materials by in-
fluencing drainage, altering the steepness of hillslopes,
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and removing vegetation. Changes in farming, forestry,
and mining practices can affect rates of erosion and
sedimentation, the steepness of hillslopes, and the na-
ture of vegetative cover. Climate change in the United
States and the world is affecting natural hazards. As the
world warms, warming oceans feed more energy into
storms, causing an increase in storm intensity. Rising
sea levels and larger waves from more intense storms
associated with global warming are flooding land and
increasing coastal erosion. Climate change is also caus-
ing drought to become more common and more ex-
treme in the arid and semiarid regions of Earth (see
Chapter 12). Overall, damage from most natural haz-
ards in the United States is increasing, but the number
of deaths from many hazards is decreasing because of
better prediction, forecasting, and warning.

1.1 CHECK your understanding

1. Differentiate between natural hazards, disasters,
and catastrophes.

2. Which natural hazards in the United States take
the most lives each year, and which are most
costly from an economic perspective?

3. Which hazards have taken the most of the lives
worldwide and in the United States in the past
two decades?

4. How and why are land-use change and global
warming influencing natural hazards?

1.2 The Role of History in
Understanding Hazards

A fundamental principle for understanding natural haz-
ards is that they are repetitive events, and, therefore,
the study of their history provides much-needed infor-
mation for any hazard reduction plan. You read in the
chapter opener that poor building practices in Haiti led
to the great loss of life when the earthquake struck.
Whether we are studying earthquakes, floods, land-
slides, or volcanic eruptions, knowledge of historic
events and the recent geologic history of an area is vital
to our understanding and assessment of the hazard. For
example, if we wish to evaluate the flooding history of a
particular river, one of the first tasks is to identify floods
that have occurred in the historic and recent prehistoric
past. Useful information can be obtained by studying
aerial photographs and maps as far back as the record
allows. In our reconstruction of previous events, we can
look for evidence of past floods in stream deposits.
Commonly, these deposits contain organic material



