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Preface

Why Study Natural Disasters?

Natural disasters occur every day and affect the lives of
millions of people each year. Many students have been
affected by earthquakes or tornadoes or hurricanes or floods
or landslides or wildfires or other events. They are interested
in lectures that explain these processes, and lively discus-
sions commonly ensue.

During decades of teaching courses at San Diego State
University, I found that students have an innate curiosity
about “death and destruction”; they want to know why natu-
ral disasters occur. Initiation of a Natural Disasters course
led to skyrocketing enrollments that now exceed 5,000 stu-
dents per year. Some of these experiences are described in a
Journal of Geoscience Education article by Pat Abbott and
Ernie Zebrowksi [v 46 (1998), pp. 471-75].

Themes and Approach

This textbook focuses on explaining how the normal pro-
cesses of the Earth concentrate their energies and deal heavy
blows to humans and their structures. The following themes
are interwoven throughout the book:

o Energy sources underlying disasters

« Plate tectonics

o Climate change

« Earth processes operating in rock, water, and atmosphere
« Significance of geologic time

o Complexities of multiple variables operating simultaneously
o Detailed and interesting case histories

New to This Edition

o Many of the Tables and Figures have been updated and
more than 60 new ones have been added.

o Chapter 1: Extensive updating of all disaster and demo-
graphic data.

o Chapter 2: Isostasy coverage expanded with new figure.

Chapter 3: New In Greater Depth section compares seis-
mic waves of earthquakes versus nuclear bomb blast waves.
Chapter 4: Expanded text on 2011 Japan earthquake;
added the 2015 Nepal earthquake; rewrite earthquakes
in the Holy Land.

Chapter 5: New section on earthquake early warning
system; expanded section on human-triggered earth-
quakes, fracking and the U.S. economy; added Side
Note explaining trial of Italian scientists over lack of
warning before L’Aquila earthquake.

Chapter 6: Major expansion of flood basalts to include
their role in mass extinctions; major rewrite of Side
Note How a Geyser Erupts with new data from Old
Faithful, new photo and new figure.

Chapter 7: Describe surprise eruption and deaths on
Mount Ontake, Japan; Add new In Greater Depth
explaining new understanding of the rapid assembly
and rise of magma bodies.

Chapter 8: Expand description of 2011 Japanese tsunami.
Chapter 10: New images of tornadoes, hail, lightning.
Chapter 11: Expands on Hurricane Sandy and trans-
formation to a post-tropical cyclone. Adds In Greater
Depth on How to Build a Home Near the Coastline.
Chapter 12: Covers IPCC Assessment Report 5.
Expanded discussion of Arctic Ocean sea ice. Added
21st-century sea-level rise, ocean acidification and
fisheries.

Chapter 13: Major rewrite of Red River of the North.
Increased discussion of runoff reduction.

Chapter 14: Adds information about houses as fuel.
Chapter 15: Adds coverage of Oso, Washington land-
slide and debris flow. Expanded discussion of landslide
mitigation: reshaping topography; strengthening slopes;
draining water.

Chapter 16: Adds deaths by shark bite. Building of mas-
sive structures to protect U.S. cities from sea-level rise
versus Maldives protected by Mother Nature.

Chapter 17: Cover Chelyabinsk meteor explosion. First
landings on planets, their moons; asteroid; comet.
Epilogue: Expansion of causes of mass extinctions.
Added text on Australia and New Zealand.
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Prologue:
Energy Flows

LEARNING OUTCOMES

Earth is a planet with varied flows of energy that can cause problems
for humans. After studying the Prologue you should

know the main flows of energy on Earth.
comprehend how internal energy creates land.
understand how external energy destroys land.
be familiar with the rock cycle.

D isasters occur where and when Earth’s natural
processes concentrate energy and then release it,
killing life and causing destruction. Our interest is especially
high when this energy deals heavy blows to humans. As
the growth of the world's population accelerates, more and
more people find themselves living in close proximity to
Earth’s most hazardous places. The news media increasingly
present us with vivid images and stories of the great losses
of human life and destruction of property caused by natural
disasters. As the novelist Booth Tarkington remarked: “The
history of catastrophe is the history of juxtaposition.”*

To understand the natural processes that kill and maim
unwary humans, we must know about the energy sources
that fuel them. Earth is an active planet with varied flows
of energy from: (1) Earth’s interior, (2) the Sun, (3) gravity,
and (4) impacts with asteroids and comets.

Internal energy flows unceasingly from Earth's interior
toward the surface. The interior of the Earth holds a tremen-
dous store of heat accumulated from the initial impacts that
formed our planet and from the heat released by the ongoing
decay of radioactive isotopes. Over short time spans, internal
energy is released as eruptions from volcanoes and as seismic
waves from earthquakes. Over longer intervals of geologic
time, the flow of internal energy has produced our continents,
oceans, and atmosphere. On a planetary scale, this outflow of
internal energy causes continents to drift and collide, thus con-
structing mountain ranges and elevated plateaus.

External energy is delivered by the Sun. About a quarter
of the Sun’s energy that reaches Earth evaporates and lifts
water into the atmosphere. At the same time, the constant

Earth, the Blue Marble as seen from Apollo 17 in 1972.
NASA.

pull of gravity helps bring atmospheric moisture down
as snow and rain. On short timescales, these processes
bring us hail, lightning, tornadoes, hurricanes, and
floods. Solar energy is also stored in plant tissue to
be released later as fire. On a long timescale, the Sun
and gravity power the agents of erosion—glaciers,
streams, underground waters, winds, ocean waves and
currents—that wear away the continents and dump
their broken pieces and dissolved remains into the seas.
Solar radiation is the primary energy source because it
evaporates and elevates water, but gravity is the imme-
diate force that drives the agents of erosion.

Gravity is an attractional force between bodies.
At equal distances, the greater the mass of a body,
the greater its gravitational force. The relatively great
mass of the Earth has powerful effects on smaller
masses such as ice and rock, causing ice to flow as
avalanches and hillsides to fail in landslides and
debris flows.

An energy source for disasters arrives when visi-
tors from outer space—asteroids and comets—impact
Earth. Impacts were abundant early in Earth’s history. In
recent times, collisions with large bodies have become
infrequent. However, asteroids and comets traveling at
velocities in excess of 30,000 mph occasionally slam into
Earth, and their deep impacts have global effects on life.

The sequence of chapters in this book is based on
energy sources, in the following order: Earth’s internal
energy, external energy supplied by the Sun, gravity,
and impacts with space objects.
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Earth’s internal energy fuels volcanism, as well as providing the energy for earthquakes. Here, lava flows from the
Pu'u O'o-Kupaianaha eruption in Hawaii meet the ocean, 18 August 2010.

Michael Poland/U.S. Geological Survey.

External energy from the Sun fuels tornadoes, as well as hurricanes, floods, and wildfires. Here, a powerful tornado spins
down from a supercell thunderstorm and travels along an Oklahoma road.

© 2010 Willoughby Owen/Getty Images RF.
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The pull of gravity brings down hillsides. This earthquake-
triggered debris flow destroyed homes and killed 585 people in
Santa Tecla, El Salvador on 13 January 2001.

Ed Harp/U.S. Geological Survey.

Processes of Construction
versus Destruction

Another way to look at energy flow on Earth is by under-
standing the rock cycle and the construction and destruc-
tion of land (continents). Energy flowing up from Earth’s
interior melts rock that rises as magma and then cools and
crystallizes to form igneous rocks; they are plutonic rocks
if they solidify at depth or volcanic rocks if they cool and
harden at the surface. These newly formed rocks help cre-
ate new land. Igneous-rock formation is part of the internal
energy—fed processes of construction that create and ele-
vate landmasses.

At the same time, the much greater flow of energy from
the Sun, working with gravity, brings water that weath-
ers the igneous rocks exposed at or near the surface and
breaks them down into sediments. Physical weathering
disintegrates rocks into gravel and sand, while chemical
weathering decomposes rock into clay minerals. The
sediments are eroded, transported mostly by water, and
then deposited in topographically low areas, ultimately the

High-velocity comets and asteroids can impact the
Earth and kill life worldwide. Here the Comet Lovejoy nears
Earth’s horizon behind airglow in the night sky.

Photo by NASA astronaut Dan Burbank from the International Space
Station on 22 December 2001.

ocean. These external, energy-fed processes of destruction
work to erode the lands and dump the debris into the oceans.

These land-building and land-destroying processes
result from Earth’s energy flows that create, transform,
and destroy rocks as part of the rock cycle. Think about the
incredible amount of work done by the prodigious flows
of energy operating over the great age of Earth. There is
a long-term conflict raging between the internal-energy-
powered processes of construction, which create and
elevate landmasses, and the external-energy-powered pro-
cesses of destruction, which erode the continents and dump
the continental debris into the ocean basins. Visualize this:
If the interior of Earth cooled and the flow of internal
energy stopped, mountain building and uplift also would
stop; then the ongoing solar-powered agents of erosion

Processes of Construction versus Destruction 3
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The rock Cycle. Follow the cycle clockwise beginning in the lower left. Magma cools and solidifies to form igneous rocks.
Rocks exposed at Earth’s surface break down and decompose into sediments (e.g., gravel, sand, clay), which are transported,
deposited, and hardened into sedimentary rock. With increasing burial depth, temperature and pressure increase, causing
changes (or metamorphosis) of rocks into metamorphic rocks.

would reduce the continents to sea level in just 45 million Terms to Remem ber

years. There would be no more continents, only an ocean-

covered planet. asteroid 1 igneous rock 3
Think about the timescales involved in eliminating aLmos.phlere L 3 lightning 31
the continents. At first reading, 45 million years of ero- chemica weathering magma .
. . . clay minerals 3 physical weathering 3
sion may seem like an awfully long time, but the Earth .
i han 4.5 billion years old. The great age of Earth comet 1 plutonic rocks 3
1S moret an .o biiion y ’ g g continent 1 processes of construction 3
1ndlcate§ that erosion is p(.)werful epough to have leveled debris flow 1 processes of destruction 3
the continents about 100 times. This shows the power of earthquake 1 radioactive isotope 1
the internal processes of construction to keep elevating old erosion 1 sand 3
continents and adding new landmasses. And woe to human glacier 1 sediment 3
and other life-forms that get too close to these processes gravel 3 seismic wave 1
of construction and destruction, for this is where natural gravity 1 tornado 1
disasters occur. hail 1 volcanic rocks 3
hurricane 1 volcano 1
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Natural Disasters
and the Human Population

“Mankind was destined to live on the edge of perpetual

disaster. We are mankind because we survive.”
—JAMES A. MICHENER, 1978, CHESAPEAKE., RANDOM HOUSE

LEARNING OUTCOMES

The human population is growing rapidly. Natural disasters are
causing great numbers of deaths and economic losses. After
studying this chapter you should

recognize the differences between a natural hazard, a
natural disaster and a great natural disaster.

be familiar with the processes that cause the deadliest
natural disasters.

understand the relationship between frequency and
magnitude of natural disasters.

know the size of the human population.
understand the significance of exponential growth.

recognize the demographic transition of human
populations.

be able to explain the concept of carrying capacity.

OUTLINE

Great Natural Disasters

Human Fatalities and Economic Losses in Natural
Disasters

Natural Hazards

Overview of Human Population
Future World Population
Carrying Capacity

The world population of humans continues to increase
exponentially. Photo of shopping area in New Delhi, India.

© Dr. Parvinder Sethi



I n 2013, there were 150 natural disasters that claimed
20 or more human lives. They were primarily caused by
earthquakes, hurricanes (= cyclones = typhoons),
floods, winter storms and heat waves; they killed more
than 20,000 people. The 16 deadliest events are listed in
table 1.1. As horrible as the 2013 death total is, it is mark-
edly less than in 2010, when about 286,000 people were
killed in two events alone (Haiti earthquake: 230,000;
Russian heat wave: 56,000). All these disasters were the
result of natural processes operating at high energy levels
for brief times in restricted areas.

Great Natural Disasters

The Japan earthquake and tsunami in 2011, the Haiti
earthquake in 2010 and the Myanmar cyclone and China
earthquake in 2008 combined to kill almost 500,000 peo-
ple. They are examples of great natural disasters: these
events so overwhelm regions that international assistance is
needed to rescue and care for people, clean up the destruc-
tion, and begin the process of reconstruction. Great natural
disasters commonly kill thousands of people, leave hun-
dreds of thousands homeless, and overwhelm the regional
economy.

Today, in earthquake-active areas of the world, several
hundred million people live in buildings that will collapse
during a strong earthquake. An earthquake killing more than
100,000 people could happen any day in Teheran, Iran; in
Istanbul, Turkey; or in other large cities. Today, people by
the millions are moving to the ocean shores, where they can
be hit by tsunami, hurricanes, and floods. We need to learn
how to build disaster-resistant communities to lessen the
human fatalities and economic losses resulting from natural
disasters.

Human Fatalities and
Economic Losses in Natural
Disasters

The 40 deadliest disasters in the 44-year period from 1970
to 2013 are shown in table 1.2. The most frequent mega-
killers were earthquakes (25) and hurricanes (8). Notice that
27 of the 40 worst natural disasters occurred in a belt run-
ning from China and Bangladesh through India and Iran to
Turkey. Nine happened in the Americas but none were in the
United States or Canada.

What is the correlation between human population den-
sity and the number of natural-disaster deaths? The data
of table 1.2 paint a clear picture: densely populated Asia
dominates the list of fatalities. The Asian experience offers
a sobering view of what may befall the global population
of humans if we continue our rapid growth. Where humans
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TABLE 11
The 16 Deadliest Natural Disasters in 2013
Fatalities  Date Event Country
7,345 11 Aug Typhoon Philippines
Haiyan
5,748 14 Jun Floods India
760 6 Aug Heat wave United Kingdom
531 1 Apr Heat wave India
399 24 Sep Earthquake Pakistan
388 1 Jan Cold wave India, Bangladesh
275 24 Aug Cold wave Peru
246 17 Jan Floods Mozambique,
Zimbabwe
234 1 Aug Floods Pakistan
230 15 Oct Earthquake Philippines
218 15 Sep Floods Cambodia,
Vietnam
217 20 Apr Earthquake China
200 5Jul Floods China
174 9 Jul Floods India
169 13 Sep Hurricane Mexico
Manuel
162 8 Nov Cyclone Somalia
17,296 Total deaths

Source: Data from Swiss Reinsurance Company (2014).

are concentrated, disasters can kill many more people during
each high-energy event.

THE ROLE OF GOVERNMENT IN
NATURAL-DISASTER DEATH TOTALS

As the global population of humans increases, the number
of deaths by natural disasters is expected to rise, but the
relationship has complexities. Analyses by Gregory van
der Vink and students at Princeton University show that
between 1964 and 1968, about 1 person in 10,000 was killed
by a natural disaster. Between 2000 and 2004, even though
the population of humans doubled, the death rate by natu-
ral disaster dropped to about 1 person in 100,000. Yet, great
natural disasters still result in horrific death totals in some
countries. What relationships, in addition to population
size, explain the locations of great natural disasters? Van
der Vink and students compared natural-disaster deaths to
the levels of democracy and economic development within
133 nations with populations greater than 1 million that



TABLE 1.2

The 40 Deadliest Natural Disasters, 1970-2013

Fatalities
300,000
255,000
245,000
230,000
140,000
140,000

88,000
87,500
66,000
55,630
50,000
35,000
27,000
25,000
25,000
23,000
22,000
20,103
19,184
19,118
18,000
15,000
15,000
15,000
11,000
11,000
10,800
10,000
9,500
8,000
7,345
6,425
6,304
5,778
5,748
5,422
5,374
5,300
5,112
5,000

Date/Start
14 Nov 1970
28 Jul 1976
26 Dec 2004
12 Jan 2010
2 May 2008
29 Apr 1991
8 Oct 2005
12 May 2008
31 May 1970
15 Jun 2010
21 Jun 1990
Aug 2003
26 Dec 2003
7 Dec 1988
16 Sep 1978
13 Nov 1985
4 Feb 1976
26 Jan 2001
11 Mar 2011
17 Aug 1999
15 Dec 1999
19 Sep 1985
1 Sep 1978
29 Oct 1999
22 Oct 1998
25 May 1985
31 Oct 1971
20 Nov 1977
30 Sep 1993
16 Aug 1976
8 Nov 2013
17 Jan 1995
5 Nov 1991
21 May 2006
14 Jun 2013
30 Jun 1976
10 Apr 1972
28 Dec 1974
15 Nov 2001
23 Dec 1972

2,053,643 Total deaths

Source: Data from Swiss Reinsurance Company (2014).

Event

Hurricane (Bhola)
Earthquake (Tangshan)
Earthquake and tsunami
Earthquake

Hurricane Nargis

Hurricane Gorky
Earthquake

Earthquake

Earthquake and debris flow (Nevados Huascaran)
Heat wave and fire
Earthquake (Gilan)

Heat wave

Earthquake (Bam)
Earthquake

Earthquake (Tabas)
Volcanic eruption and mudflows (Nevado del Ruiz)
Earthquake

Earthquake (Gujarat)
Earthquake and tsunami
Earthquake (Izmit)

Flooding and debris flows
Earthquake (Mexico City)
Floods (monsoon rains in north)
Hurricane (Orissa)
Hurricane Mitch

Hurricane

Floods

Hurricane (Andhra Pradesh)
Earthquake (Marashtra state)
Earthquake (Mindanao)
Hurricane Haiyan
Earthquake (Kobe)
Typhoons Thelma and Uring
Earthquake

Floods

Earthquake (West Irian)
Earthquake (Fars)
Earthquake

Floods and debris flows

Earthquake (Managua)

Country
Bangladesh
China
Indonesia, Sri Lanka, India, Thailand
Haiti
Myanmar
Bangladesh
Pakistan
China

Peru
Russia

Iran
Europe
Iran
Armenia
Iran
Colombia
Guatemala
India
Japan
Turkey
Venezuela
Mexico
India

India
Honduras
Bangladesh
India

India

India
Philippines
Philippines
Japan
Philippines
Indonesia
India
Indonesia
Iran
Pakistan
Brazil

Nicaragua

Human Fatalities and Economic Losses in Natural Disasters 7



experienced five or more natural disasters between 1964 and
2004. Democracy is assessed by the World Bank’s Democ-
racy Index, and economic development by gross domestic
product (GDP).

The Princeton researchers state that more than 80% of
deaths by natural disasters between 1964 and 2004 took
place in 15 nations, including China, Bangladesh, and
Indonesia. For these 15 countries, 87% are below the
median democracy index and 73% are below the median
GDP. The correlation between high GDP and low death
totals shows exceptions in Iran and Venezuela, two oil-
rich nations with significant GDP but low democracy
indices. These exceptions suggest a greater importance
for democracy than GDP: the stronger the democracy
index, the lower the death totals from natural disasters.
The mega-killer natural disasters of recent years fit this
trend also: Pakistan earthquake in 2005 (88,000 dead),
Myanmar cyclone in 2008 (140,000 dead), China earth-
quake in 2008 (87,500 dead), and Haiti earthquake in 2010
(230,000 dead).

In a thought-provoking paragraph in their conclusion,
van der Vink and students state: “Deaths from natural disas-
ters can no longer be dismissed as random acts of nature.
They are a direct and inevitable consequence of high-risk
land use and the failures of government to adapt or respond
to such known risks.”

HUMAN RESPONSES TO DISASTER

Decades of social science research help us understand how
most human beings react to natural disasters, and the news
is good. Our behavior in ordinary times changes follow-
ing disasters. In day-to-day life, most people are primarily
concerned with their own needs and those of their imme-
diate families; other relationships tend to be more super-
ficial. After a natural disaster, many people change from
inward-directed concerns to outward-directed actions.
After an initial response of shock and disbelief, our emo-
tions of sympathy and empathy tend to dominate. Per-
sonal priorities may be set aside and humanitarian and
community-oriented actions take over. People reach out to
others; they give aid and comfort to strangers; they make
great efforts to provide help. Following a natural disaster,
people become better connected and cohesive; they expe-
rience a heightened and compelling desire to add to the
common good.

ECONOMIC LOSSES FROM
NATURAL DISASTERS

The deaths and injuries caused by natural disasters grab our
attention and squeeze our emotions, but in addition, there
are economic losses. The destruction and disabling of build-
ings, bridges, roads, power-generation plants, and transmis-
sion systems for electricity, natural gas, and water, plus all
the other built works of our societies, add up to a huge dollar
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cost. But the economic losses are greater than just dam-
aged structures; industries and businesses are knocked out
of operation, causing losses in productivity and wages for
employees left without places to work.

In 2013 there were 308 natural and human-caused disas-
ters with losses greater than US$95 million. The total eco-
nomic losses were around US$140 billion. This is well below
the inflation-adjusted 10-year average of US$190 billion.

Insured Portion of Economic Losses

The 40 greatest disasters between 1970 and 2013 from
the insurance company perspective of dollar losses are
listed in table 1.3. Notice that 39 of the 40 most expen-
sive disasters were due to natural processes. The list of
most expensive events is dominated by weather events
(32 of 40), whereas earthquakes contributed seven. Com-
pare the events on the 40 deadliest disasters list (see
table 1.2) with table 1.3.

The locations of the worst dollar-loss disasters for the
insurance industry (table 1.3) are different from the worst
locations for fatalities (see table 1.2). The highest insurance
dollar losses occurred in the United States (24 of 40), Europe
(7), and Japan (5). Wealthy countries are better insured and
their people live in safer buildings.

The extent of economic and insured losses may take years
to become known. For example, the insured losses from the
January 1994 Northridge earthquake were listed at $2.8 billion
in February 1994, but they grew to $10.4 billion in January
1995 and increased to $15.3 billion in April 1998.

Natural Hazards

Many sites on Earth have not had a natural disaster in recent
time, but are hazardous nonetheless. Natural hazards may
be assessed as the probability of a dangerous event occur-
ring. For example, people migrate and build next to rivers
that are likely to flood, on the shoreline of the sea awaiting
a powerful storm, and on the slopes of volcanoes that will
eventually erupt. Decades, or even centuries, may pass with
no great disasters, but the hazard remains.

Sites with natural hazards must be studied and under-
stood. Their risks must be evaluated. Then we can try to
prevent natural hazards from causing natural disasters.
Remember: Natural hazards are inevitable, but natural
disasters are not.

In the process of mitigation, we make plans and take
actions to eliminate or reduce the threat of future death and
destruction when natural hazards suddenly become great
threats. The mitigating actions taken to protect us may be
engineering, physical, social, or political.

Another need for mitigation occurs after great disasters,
because people around the world tend to reoccupy the same
site after a disastrous event is done. Earthquakes knock cit-
ies down, and then the survivors may use the same bricks



TABLE 1.3

The 40 Costliest Insurance Disasters, 1970-2013

Losses in Millions
of 2013 US$

80,373
37,665
36,890
27,594
25,664
22,857
22751
17,218
16,519
16,142
15,570
12,510
11,594
10,313
10,031
8,924
8,876
8,648
8.426
7,856
7,587
7,112
6,602
6,593
6,400
6,274
5,909
5,869
5,548
5,240
4,925
4,872
4,593
4,250
4216
4,134
4,100
3,979
3,926
3,406
© $512 Billion

Fatalities
1,836
19,184
237
43
2,982
61
136
181
815
181
35
34
123
24
51
71
562
95
110
354
155
54
22
38
63
55
64
26

600
41
3,034
45
135
45

25

70

59
6,425
25

38,096 Total deaths

Source: Data after Swiss Reinsurance Company (2014).

Date/Start
29 Aug 2005
11 Mar 2011
24 Oct 2012
24 Aug 1992
11 Sep 2001
17 Jan 1994
6 Sep 2008
2 Sep 2004
27 Jul 2011
22 Feb 2011
16 Oct 2005
20 Sep 2005
15 Jul 2012
11 Aug 2004
27 Sep 1991
15 Sep 1989
27 Feb 2010
25 Jan 1990
25 Dec 1999
22 Apr 2011
20 May 2011
18 Jan 2007
15 Oct 1987
26 Aug 2004
17 Oct 1989
22 Aug 2011
26 Feb 1990
22 Sep 1999
4 Sep 2010
20 Sep 1998
5 Jun 2001
13 Sep 2004
6 Sep 2004
26 Aug 2008
2 May 2003
27 July 2013
10 Sep 1999
4 Oct 1995
17 Jan 1995
24 Jan 2009

Event

Hurricane Katrina
Earthquake and tsunami
Hurricane Sandy
Hurricane Andrew
Terrorist attack
Earthquake (Northridge)
Hurricane Ike
Hurricane Ivan

Floods (monsoon)
Earthquake

Hurricane Wilma
Hurricane Rita
Drought (corn belt)
Hurricane Charley
Typhoon Mireille
Hurricane Hugo
Earthquake

Winter Storm Daria
Winter Storm Lothar
Tornadoes (Alabama)
Tornadoes (Missouri)
Winter Storm Kyrill
Storm

Hurricane Frances
Earthquake (Loma Prieta)
Hurricane Irene
Winter Storm Vivian
Typhoon Bart
Earthquake

Hurricane Georges
Tropical Storm Allison
Hurricane Jeanne
Typhoon Songda
Hurricane Gustav
Tornadoes

Floods

Hurricane Floyd
Hurricane Opal
Earthquake (Kobe)

Winter Storm Klaus

Country

USA

Japan

USA

USA

USA

USA

USA

USA
Thailand
New Zealand
USA

USA

USA

USA

Japan

USA

Chile

Europe
Europe

USA

USA

Europe
Europe

USA

USA

USA

Europe

Japan

New Zealand
USA, Caribbean
USA

USA, Haiti
Japan

USA

USA

Europe

USA, Bahamas
USA

Japan

France, Spain
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