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Executive Summary

eather disasters kill or injure
hundreds of Americans each
year and cause billions of dol-

lars in economic damage. The risks
posed by some types of weather-related
disasters will likely increase in a warming
world. Scientists have already detected
increases in extreme precipitation events
and heat waves in the United States,
and the Intergovernmental Panel on
Climate Change recently concluded that
global warming will likely lead to further
changes in weather extremes.

Since 2006', federally declared
weather-related disasters in the
United States have affected coun-
ties housing 242 million people - or
roughly four out of five Americans.
The breadth and severity of weather-
related disasters in the United States
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— coupled with the emerging science
on the links between global warming
and extreme weather — suggest that the
United States should take strong action
to reduce emissions of global warming
pollution and take steps to protect com-
munities from global warming-fueled
extreme weather events.

Weather-related disasters are com-
mon in the United States, affecting
people in every part of the country.
However, the number of people af-
fected by weather-related disasters
in 2011 was unusually high, and the
number of extremely costly disasters
was unprecedented.

* Since 2006, weather-related disas-
ters have been declared in every
U.S. state other than South Caroli-
na. During this period, weather-re-



lated disasters affected every county in
18 states and the District of Colum-
bia. (Alabama, Arkansas, Connecti-
cut, Delaware, Hawaii, Iowa,
Louisiana, Maryland, Maine, Massa-
chusetts, Missouri, North Dakota,
Nebraska, New Hampshire, New
Jersey, Oklahoma, Rhode Island and
Vermont.) (See Figure ES-1.)

More than 15 million Americans

live in counties that have averaged
one or more weather-related disas-
ters per year since the beginning

of 2006. Ten U.S. counties — six in
Oklahoma, two in Nebraska, and one
each in Missouri and South Dakota

— have each experienced 10 or more
declared weather-related disasters
since 2006.

More Americans were affected by
weather-related disasters during

2011 than in any year since 2004.
The number of disasters inflicting
more than $1 billion in damage (at
least 14) set an all-time record, with

total damages from those disasters of
at least $55 billion.

Record-breaking extreme weather
events were responsible for many of
2011’s worst weather-related disas-
ters.

¢ Texas experienced the hottest
summer (June through August)
ever recorded in any U.S. state,
smashing the previous record set by
Oklahoma during the Dust Bowl
summer of 1934 by an astonishing
1.6 degrees. The high tempera-
tures, combined with Texas’ driest
12-month period on record,
triggered an exceptional drought that
ruined crops and led to the state’s

Figure ES-1. Number of Declared Weather-Related Disasters Since 2006 by County
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Figure ES-2. Declared Weather-Related Disasters in 2011 by Type of Incident
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worst wildfire season in history.
Wildfires claimed the lives of 10
people in Texas, while more than
20 people in Texas and Oklahoma
perished from extreme heat.

¢ Parts of the upper Plains experi-
enced their wettest spring on
record, contributing to massive
flooding along the Missouri
River. The Missouri basin topped
its all-time record for monthly
runoff, while the nearby Souris River
overwhelmed defenses that had been
designed to withstand a 100-year
flood, inundating much of Minot,
North Dakota, and forcing cancella-
tion of the North Dakota State Fair.
At least five people died in flooding
in the upper Plains.
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Much of the Ohio River Valley
experienced its wettest spring
on record, causing the Mississippi
River to approach a 74-year high at
Memphis, inflicting more than $6
billion in damage, and resulting in
at least seven deaths.

New Jersey experienced its
wettest month in its history
(August 2011), punctuated by heavy
rains from Hurricane Irene that sent
rivers to historic highs and damaged
more than 2,000 homes.

Chicago experienced its third-
biggest snowfall in history, while
much of the Northeast experienced
its heaviest October snowfall in at
least two centuries.



Some types of extreme weather
events have become more common in
recent years in the United States and
worldwide, while science projects that
global warming will likely fuel further
changes in extreme weather in the
years ahead.

¢ The United States has experienced
an increase in heavy precipitation
events, with the rainiest 1 percent of
all storms delivering 20 percent more
rain on average at the end of the 20™
century than at the beginning. The
trend toward extreme precipitation is
projected to continue, even though
higher temperatures and drier
summers will likely also increase the
risk of drought in between the rainy
periods and for certain parts of the
country.

¢ The United States has experienced
an increase in the number of heat
waves over the last half-century.
Scientists project that heat waves
and unusually hot seasons will likely
become more common in a warming
world.

* Hurricanes are expected to become
more intense and bring greater
amounts of rainfall, even though the
number of hurricanes may remain
the same or decrease.

* Global warming may also increase
the danger posed by extreme weather
events. Rising sea level, ecosystem
changes, and changes in the form of
precipitation could reduce the ability
of natural and man-made systems
to withstand even “normal” weather
events.

The United States should reduce
global warming pollution now, and
begin planning for a future in which
many types of extreme weather events

are more severe and occur more fre-
quently.

¢ The United States - including
federal, state and local govern-
ments — should adopt clean energy
solutions that reduce our depen-
dence on fossil fuels and reduce
global warming pollution. Among
the most important steps are:

o

Adopting enforceable targets,
financial incentives, regulatory
changes, and investment strategies
that increase the use of renewable
energy sources such as wind and
solar power.

Implementing appliance
standards, building codes,
enforceable efficiency targets for
utilities, fuel-efficiency standards
for vehicles and other steps to
promote energy efficiency.

Continuing to develop and
implement the fuels and
technologies of the future —
from electric vehicles to energy
storage devices to “smart grid”
technologies and new renewable
sources of energy — through
government support of research,
development and deployment
of those technologies and the
adoption of technology-forcing
standards where appropriate.

* Federal and state governments
should adopt and implement limits
on global warming pollution
capable of reducing emissions by at
least 35 percent below 2005 levels by
2020 and by at least 85 percent by
2050. These emission reductions are
broadly consistent with what science
tells us is necessary to lessen the
most costly and devastating conse-
quences of global warming.

Executive Summary
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Short of economy-wide caps on
global warming pollution, local, state
and federal governments should
focus on capping and reducing
pollution from the largest sources
- most notably power plants and
the transportation sector. Regional
programs such as the Northeast’s
Regional Greenhouse Gas Initiative
can help to achieve this goal.

Federal, state and local officials
should take steps to better protect
the public from the impact of

extreme weather events — steps
that save costs compared to suffer-
ing the full brunt of these extreme
events. Government officials should
explicitly factor the potential for
global warming-induced changes in
extreme weather patterns into the
design of public infrastructure, revise
policies that encourage construc-
tion in areas likely to be at risk of
flooding in a warming climate, and
continue to support research on the
implications of global warming.



t was the wettest of years. It was the
driest of years.

If you lived in Cincinnati, Phila-
delphia or most places in between, the
best word to describe 2011 was “wet.”
Both cities posted their wettest year in
recorded history as part of a deluge of
precipitation in the northern United
States that triggered disastrous flooding
of the Missouri, Mississippi and Susque-
hanna rivers — inundating portions of
cities from Minot, ND, to Memphis, TN,
to Binghamton, NY. So much precipita-
tion fell that public officials were faced
with the difficult decision of whether to
deliberately swamp hundreds of square
miles of farmland or put important cit-
ies along the Mississippi River at risk of
catastrophic flooding.

While the north was being drenched,
"Texans were praying for rain. The Lone

Introduction

Star State endured its driest 12 month
period in recorded history, while post-
ing the hottest summer (June through
August) ever recorded in a U.S. state
— hotter even than the Dust Bowl sum-
mer of 1934. Just as 2011’ floods devas-
tated parts of the north, so did the 2011
drought devastate parts of Texas, ruining
crops, sparking intense wildfires that de-
stroyed property and claimed lives, and
depleting water supplies.

If there was any year in U.S. weather
history that defined the word “extreme,”
it was 2011. An incredible 56 percent of
the country experienced either extremely
wet or extremely dry conditions during
the first 11 months of 2011.2

Last year’s astonishing weather was a
product of a naturally variable climate
system that is increasingly influenced by
human-caused global warming. Short-

Introduction
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term phenomena —such as 2011’s La Nifa
event — played a critical role in shaping
the year’s bizarre weather patterns, as they
will likely continue to do in a warming
world. But 2011 also provided a window
into the future — one in which extreme
downpours and record-breaking heat be-
come increasingly frequent occurrences
in the United States and worldwide as a
result of global warming-induced shifts
in the baseline conditions from which
weather events emerge.

Global warming is already having
an impact on extreme weather patterns
and the impact is likely to continue and
intensify in the years ahead. It is not too
late, however, to prevent the very worst
impacts of global warming from becom-
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ing reality. Nor is it too late to prepare
ourselves and our communities for the
changes that are already underway.

Science cannot tell us exactly how
extreme weather will change in the
years to come — particularly when it
comes to complex weather events like
hurricanes and tornadoes. But it is al-
ready telling us that change will come,
and in fact, has already begun to arrive.
The hardship and damage caused by
weather-related disasters in 2011 should
serve as a reminder of the stakes at play
in the fight against global warming,
and further motivate the United States
to shift quickly away from polluting
energy sources that put our climate and
our health at risk.



Extreme Weather and

Weather-Related Disasters

that certain types of extreme weath-

er events will likely become more
frequent and more severe as a result of
global warming — potentially triggering
an increase in the number and impact
of weather-related disasters in the years
to come.

Not every extreme weather event
causes a disaster, however. Nor are all
weather-related disasters caused by
extreme weather events. To explore
the links between global warming and
weather-related disasters, it is first im-
portant to define our terms.

Strong scientific evidence suggests

Defining Extreme Weather

The Intergovernmental Panel on
Climate Change (IPCC), the world’s
leading scientific authority on climate
change, has defined a “climate extreme”
as follows:

The occurrence of a value of a
weather or climate variable above
(or below) a threshold value near the
upper (or lower) ends of the range of
observed values of the variable.}

Weather or climate events are consid-
ered “extreme” in relation to a particular
bistorical record at a particular location.
A storm that brings 12 inches of snow
to Buffalo in January is not extreme. A
storm that brings 12 inches of snow to
Buffalo in early October — or 12 inches
of snow to Washington, D.C., at any time
of year — is extreme.

The IPCC’s definition of “climate
extreme” combines both weather events,
which are of short duration, and climate
events, which take place over a longer
period of time.* In this report, we use
the more common and colloquial term
“extreme weather” as equivalent to the
IPCC’s definition of “climate extreme.”

Extreme Weather and Weather-Related Disasters
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Why Extreme Weather
Matters

Extreme weather events have the po-
tential to inflict massive damage to human
life, the environment and the economy.
In some cases, these impacts are intense
enough to be considered a “disaster.”
Other impacts may be less dramatic, but
still significant. Impacts include:

* Death and injury: Extreme weather
events cause significant loss of life
in the United States each year. In
2010, for example, weather-related
events killed 490 Americans.’ The
number of deaths is certain to have
increased in 2011, with the deadli-
est weather disasters of the year — the
tornado outbreaks of April and May
2011 — having resulted in more deaths
than all of 2010’ weather events
combined.b

¢ Permanent changes to ecosys-
tems: Extreme weather events can
also result in permanent changes to
ecosystems. The storm surge created
by Hurricane Katrina, for example,
permanently converted 118 square
miles of wetlands and dry land along
the Gulf Coast to open water.” The
Chandeleur Islands off the Louisiana
coast — part of the nation’s second-
oldest national wildlife refuge and
an important bird habitat — lost 84
percent of their land area following
Hurricane Katrina.®

* Property and crop damage: In
2011, total economic damages from
the nation’s 14 billion-dollar weather
disasters exceeded $55 billion.” The
many smaller, less catastrophic disas-
ters around the country in 2011
imposed additional costs.

e Emergency response expenses:
Deaths, injuries and property damage
from extreme weather events would
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likely be even greater were it not for
the work of emergency responders —
firefighters, workers stacking sandbags
alongside swollen creeks, and police
and National Guard troops called
upon to preserve public order. The
costs of providing emergency response
for extreme weather events are signifi-
cant. The federal government alone,
for example, spends approximately $1
billion per year on fire suppression
efforts.!?

Economic disruption: Natural disas-
ters also cause temporary economic
disruptions by reducing productiv-

ity, rendering transportation systems
and other types of infrastructure
inoperable, and forcing workers

and businesses to expend time and
resources recovering from dislocation
and property damage. The catastroph-
ic 1993 Mississippi River floods, for
example, disrupted east-west transpor-
tation for six weeks in the heart of the
Midwest.!!

Investments in preventive
measures: Another hidden cost of
extreme weather is the added cost of
building structures and settlements
designed to withstand those extremes.
Adoption of stronger building codes
designed to ensure that buildings
withstand high winds and floods, or
relocation or fortification of public
infrastructure such as roads and sewer
systems, imposes major costs.

Broader and longer-term impacts:
The costs of extreme weather events
can persist long after buildings are
rebuilt and things are seemingly
“back to normal.” During a disaster,
schools and health centers may close,
and close-knit communities may

be torn apart through relocation,

all with long-term implications for
health, human development and the
economy.'?



Extreme Weather 2011: Lower Mississippi River Floods

States affected: Obhio, Indiana, 1llinois, Missouri, Tennessee, Arkansas,
Mississippi, Louisiana

The spring of 2011 saw two damaging storm systems hit the Ohio River Valley, spawning
tornado outbreaks and dropping heavy rains on the region. Cities up and down the Ohio Valley
setmonthly records for April rainfall, with Cincinnati breaking its previous April rainfall record
by 38 percent.” All in all, the Ohio Valley experienced its wettest spring on record.'*

The above-normal precipitation — combined with unusually high snowmelt from the upper
Midwest— set up the conditions for massive flooding of the lower Mississippi River beneath
its junction with the Ohio River.

Flooding forced the evacuation of the town of Cairo, lllinois, which sits at the junction of
the Ohio and Mississippi rivers, with water levels along the Ohio River topping the record
levels set during a 1937 flood." To relieve the pressure on the town’s flood control struc-
tures, officials blasted a hole in the Bird's Point levee in neighboring Missouri, inundating
200 square miles of farmland.'

At Memphis, the Mississippi River crested near a 74-year high, with flooding affecting
as many as 3,000 homes.!” In some areas, floodwaters forced tributaries of the Mississippi
to run backwards. Damages in the Memphis area alone were estimated at greater than
$750 million.™

Further downstream, with floodwaters threatening Baton Rouge and New Orleans, the
Army Corps of Engineers was forced to open the gates of the Morganza Spillway for the first
time in nearly four decades and only the second time ever. The opening of the gates relieved
pressure on the Mississippi River, but at the expense of allowing water to pour into the
Atchafalaya River basin, flooding marshes, farmland and homes.!” Roughly 100,000 acres of
farmland were flooded,
while more than 1,300
homes were affected.?’
Ironically, the flooding —
generated by precipita-
tion that fell hundreds
of miles away —came at
a time when Louisiana
itself, like neighboring
Texas (see page 23),
was locked in a severe
drought.

All told, the floods
imposed damages of
between $6 billion and
$9 billion and result-
ed in at least seven
deaths.?!

Photo: Marilee Caliendo, FEMA

Floodwaters inundated portions of Memphis and surrounding
communities in May 2011 as the Mississippi River reached its
highest crest in the area since 1937.

Extreme Weather and Weather-Related Disasters 13



Extreme Weather and
Disaster: Exploring the
Connection

Science can tell us whether a given
weather event is statistically “extreme,”
but not whether the impacts of that
event amount to a “disaster.” Determin-
ing if an extreme event caused a disaster
depends greatly on the context in which
it occurs.

Weather-Related Disasters: A
Definition

The Stafford Act, which governs
disaster response in the United States,
defines a “major disaster” as “any natural
catastrophe ... or, regardless of cause,
any fire, flood, or explosion ... which
in the determination of the President
causes damage of sufficient severity and
magnitude to warrant major disaster as-
sistance ....”%

In short, for an event to be a “disaster,”
three things must occur:

* It must cause damage.

¢ It must “warrant ... assistance”; that
is, it must outstrip a commumnity’s
immediate ability to cope.

* It must be recognized as a disas-
ter. While some have suggested
quantifiable definitions for the term
“disaster” based on the number of
deaths, injuries or economic damage
inflicted, the term remains inherently
subjective.

It does not necessarily follow that an
increase in extreme weather will result
in a proportionate increase in weather-
related disasters. A coastal city that in-
stalls a storm surge barrier, for example,
is better able to weather a major storm
without damage than another city with
no such protections. A town that allows
development in a floodplain will be more
likely to experience a “disaster” than a
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town that prohibits such development,
even if the objective conditions facing the
two towns are the same. Temperatures
over 100° F caused massive loss of life in
Europe in 2003 but not in Texas in 2011
because air conditioning is common in
"Texas and rare in Europe. And a Category
5 hurricane that tracks offshore is far
less likely to cause damage than one that
makes a direct hit on the coast.

Comparing changes in the number
or severity of weather-related disasters,
therefore, is unlikely to yield much use-
tul information about trends in extreme
weather events. However, an under-
standing of the frequency and impact of
extreme weather is essential in order to
develop a realistic understanding of the
trade-offs involved in allowing global
warming — with its likely impact on pre-
cipitation and temperature extremes — to
continue unchecked.

In this report, we define “weather-
related” disasters as presidentially de-
clared major disasters in categories with
a plausible connection to weather or
climate events. For example, we consider
wildfires to be “weather-related” disasters
even if they were started deliberately
or accidentally by humans, because few
forest fires rise to the level of disasters
without the proper weather or climate
conditions to fuel their spread.

As will be discussed in greater detail
below, global warming is likely to bring
about changes in the timing, severity and
number of extreme weather events. All
other things being equal, more frequent
or more severe extreme weather events
will zend to lead to more frequent and
more severe weather-related disasters.
But the degree to which that transpires —
if at all — depends on where the extreme
weather events occur as well as the degree
of flexibility and resilience built in to the
ecosystems and human infrastructure
of a community and the resources that
community possesses to respond when
extreme weather strikes.



Global Warming and the Future

n extreme weather event triggers
Aa disaster when it causes damage

that outstrips a community’s abil-
ity to cope. Global warming is likely
to increase the risk of weather-related
disasters in two ways: first by producing
more extreme events that overwhelm our
existing systems, and second by diminish-
ing the ability of natural or man-made
systems to withstand extreme weather
events, increasing the amount of damage
they cause.

In November 2011, the Intergovern-
mental Panel on Climate Change (IPCC)
— the world’s leading scientific author-
ity on climate change — issued a special
report on extreme weather. The report

of Extreme Weather

summarized the clear scientific agree-
ment about the links between global
warming and future changes in certain
types of extreme weather events, even
as it acknowledged the uncertainty of
future trends in other types of events.

The report found that global warm-
ing is already shifting patterns of
extreme weather worldwide, judging
it “likely” (see “Definitions of IPCC
Uncertainty Terms,” next page) that
human-driven changes have already
led to higher daily high and low tem-
peratures and expressing medium
confidence that climate change has
led to the intensification of extreme
precipitation.”

Global Warming and the Future of Extreme Weather
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Definitions of IPCC Uncertainty Terms

The Intergovernmental Panel on Climate Change uses specific terms to convey the
probability that its conclusions are correct based on the current level of progress in
climate science. Terms such as “likely” and “very likely,” therefore, have specific mean-
ings. As defined in the IPCC’s 2011 report on extreme weather events:

o Statements defined as virtually certain have a 99 to 100 percent probability of

being correct.

o Statements defined as very likely have a 90 to 100 percent probability of being

correct.

o Statements defined as /ikely have a 66 to 100 percent probability of being

correct.?

Each of these measures of probability incorporates an assessment of the confidence
with which scientists have reached their conclusion. In some cases, the scientists
who authored the IPCC report may have lower degrees of confidence in the validity of
a particular finding, leading (for example) to an assertion of “medium confidence” in
a particular conclusion. Unlike the IPCC’s definitions of uncertainty, its declarations of
confidence are qualitative rather than quantitative.”’

The IPCC projected that future
changes in extreme weather could occur
as the world continues to warm. Specifi-
cally:

* Itis virtually certain that extremely
hot days will become both hotter and
more frequent over the course of the
next century.

¢ Jtis very likely that heat waves will
become longer, more frequent or
more intense over most land areas of

the globe.

¢ Itis likely that heavy precipitation
events will occur more frequently
in many areas of the world or that
the proportion of total rainfall that
occurs in the form of heavy rain
events will increase.

In the Path of the Storm

¢ Itis likely that heavy rainfalls
associated with tropical cyclones
will increase and that the average
maximum wind speed will increase.

® There is medium confidence that
droughts will become more intense,
including in central North America.?

There is currently little confidence in
future projections of the impact of global
warming on events such as tornadoes. In
part, this is because global climate mod-
els have difficulty predicting small-scale
weather phenomena. It is also because
there are multiple factors involved in
the formation of tornadoes and similar
events, all of which will be affected by
global warming, with the interactions
among those factors difficult to predict.



Extreme Weather 2011: Upper Plains and Missouri River Floods

States affected: Idabo, Montana, Wyoming, North Dakota, South Dakota, Minnesota, Nebraska,
Towa, Kansas, Missouri

The spring of 2011 saw extreme precipitation throughout the northwestern United States. In the Columbia
River basin of the Pacific Northwest, the level of snowpack remaining on May 1 was nearly double the historical
average.”” And at Donner Pass in California’s Sierra Nevada, 94 inches of snow remained on the ground by early
June, shattering the previous record.?

The impact of the heavy precipitation, however, was greatest in the upper Plains. Wyoming experienced its
wettest spring in more than 100 years of record-keeping, while other nearby states experienced precipitation
levels well above normal.?’ As snow began to melt in late spring, flood conditions quickly arose along the Mis-
souri River, its tributaries, and neighboring rivers, destroying cropland, ruining infrastructure, inflicting billions of
dollars of property damage, and costing at least five lives. 3°

In Montana, floodwaters isolated portions of the Crow Indian Reservation from the outside world and compli-
cated cleanup of a massive oil spill from a ruptured ExxonMobil pipeline, with high waters along the Yellowstone
River allowing oil from the spill to contaminate nearby farmland.’!

In North Dakota, the Souris River flooded the city of Minot, overwhelming a flood control system that had been
builtin the 1970s and designed to contain a 100-year flood.’? More than 4,000 homes in Minot were flooded.’* The
disaster even forced the cancellation of the North Dakota State Fair.

June 2011 saw the Missouri River post its all-time record for runoff for the section of the river above Sioux City,
lowa, with the months of May and July ranking third and fifth all-time, respectively.** At one point in the year, the
Missouri River was in flood stage in every state it passed through.** Unsurprisingly, the swollen Missouri taxed
the region’s network of levees and dams, causing several levees to give way and inflicting as much as $1 billion
worth of damage to the region’s flood control system.*

Dams and levees weren't the only pieces of infrastructure to be harmed. At one point in June, all bridges
across the Missouri along a 100-mile stretch of the river were closed due to flooding. Floodwaters “virtually
obliterated” several miles of Inter-
state 680 between Council Bluffs,
lowa, and Omaha, Nebraska, and
damaged many other major and
minor roads.’”” Floodwaters invaded
the site of the Fort Calhoun nuclear
power plant, forcing the temporary
cutoff of off-site electrical power to
the plant, which remained off-line as
of the beginning of 2012.38

Damage to agriculture was exten-
sive, with the flood estimated to have
affected approximately 450 square
miles of farmland.* The value of crop
losses in western lowa alone was
estimated at $200 million.* The lowa
Department of Natural Resources
estimated that nearly 1 million trees
could eventually die as a result of the
floods.* Damage from the floods is
likely to top $2 billion in all.*

Floodwaters from the Souris River inundated much of Minot, North

Dakota, overwhelming flood control structures designed to protect against
a “100-year” flood.

Global Warming and the Future of Extreme Weather 17



Extreme Weather Is Already
Changing and Is Likely to
Change Further

Changes in extreme weather patterns
have already been detected in the United
States, while climate science suggests that
future changes will likely be in store.

Heavy Rain and Snow

The United States is receiving more of
its precipitation in the form of heavy rain
and snow events. Scientists have linked
the observed increase in heavy precipita-
tion events in the Northern Hemisphere
to global warming pollution and expect
that the trend will likely continue in a
warming world.®

Over the last century, the amount of
precipitation falling over most of the
United States has increased, except for

the Southwest.* The extra rain and snow,
however, has tended to fall during heavy
precipitation events. Research suggests
that there has either been no change or a
decrease in the number of light or average
precipitation days in the U.S. during the
last 30 years.* The amount of precipita-
tion falling in the top 1 percent of rainfall
events, however, has increased by an aver-
age of 20 percent over the course of the
20 century.*

A 2007 Environment America Re-
search & Policy Center analysis found
that the number of extreme precipitation
events had increased by 24 percent over
the continental United States between
1948 and 2006, with the greatest increases
coming in New England (61 percent) and
the Mid-Atlantic region (42 percent).?
(See Figure 1.)

The changing patterns of heavy pre-
cipitation have the potential to contribute

Figure 1. Trend in Frequency of Storms with Extreme Precipitation, 1948-2006*

Trend in the Frequency of Storms with Extreme Precipitation, 1948-2006
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Return Time (e.g., The “100-Year Flood"”):
Its Meaning and Significance

Many engineering and planning decisions are made on assumptions about the likely
“returntime” of extreme weather events. Calculations of return time are typically based
on the historical climate record and rest on the assumption that what has happened in
the past provides us with useful information about the future.

Terms such as “100-year flood” are commonly misunderstood to suggest that such
an event occurs only “once every 100 years.” The proper way to interpret return time
is as an estimate of the probability of an event occurring in any given year, based on the
historical climate record. In other words, a 100-year flood would have an estimated 1
percent chance of occurring in any particular year. The occurrence of 100-year events
in back-to-back years would be improbable, but not impossible.

Because the climate is changing, the historical climate record may no longer be as
useful in helping society to estimate how frequently extreme events will occur in the
future. In addition, as the climate changes, the definition of a “100-year flood” itself
will likely change in some places as the climate record comes to incorporate the more
severe flooding events that could result from global warming-induced shifts in precipita-
tion patterns.

In this report, we make use of terms such as “100-year flood” to illustrate the improb-
ability of specific extreme weather events in the context of the historic climate record,
but caution readers that what may have been judged to be a “100-year flood” based on
historical climate records may now — depending on the changes that have taken place

in the climate in that location — be more or less likely to occur.

to flooding that claims lives and damages
ecosystems and property. They also have
major repercussions for infrastructure
planning and emergency response. Key
decisions about settlement patterns and
infrastructure design are based on the
expected “return time” of large rain and
snow events — for example, “100-year”
storms. (See “Return Time: Its Meaning
and Significance,” above.)

The return time of extreme rainfall
events is already changing, as is the
amount of rain falling during the most
extreme events. Across the United States,
the amount of rainfall expected in 2-year,
5-year and 10-year rainfall events has in-
creased, with the most significant changes
in the Northeast, western Great Lakes,
and Pacific Northwest regions.* In much
of the northeastern United States, a

storm that would have been expected to
occur once every 50 years based on data
from 1950-1979 would be expected to
occur once every 40 years based on data
from the 1950-2007 period.”® The trend
toward more days of heavy precipitation
has even held true in the Southwest,
which has experienced less precipitation
overall.”!

"The same conditions that lead to more
intense rainstorms in a warming world —
including increased evaporation and the
ability of warmer air to hold more water
vapor — can also be expected to contribute
to an increase in extreme snowstorms
in places where it remains cold enough
to snow. Indeed, a study of snowstorms
during the 20% century found that most
snowstorms occurred during warmer-
than-normal years in most of the United

Global Warming and the Future of Extreme Weather
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States.”? Global warming can be expected
to increase the “lake effect” snowfalls
common in the Great Lakes region — at
least for a time — as warmer temperatures
reduce ice cover on the lakes, enabling the
exposed water to contribute more mois-
ture to winter storms. A 2003 study found

that there had been a significant increase
in snowfall at sites receiving lake-effect
snow since the early 1930s, compared
with no trend for comparable areas not
receiving lake-effect snow.”

The greatest increase in intense pre-
cipitation is projected for the Northeast

Photo: NOAA/NASA GOES Project
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Snow fell in 30 U.S. states during the massive Groundhog Day Blizzard in 2011. This satellite image
shows the extent of the snowfall, which ranked as the third-largest snowstorm in Chicago’s bistory.

Extreme Weather 2011: Groundhog Day Blizzard

States affected: New Mexico, Oklaboma, Missouri, Illinois, Wisconsin (declared disasters)

In late January and early February, a massive winter storm roared through the nation’s midsection and North-
east, depositing snow, sleet and ice across a broad swath of the United States from New Mexico to Maine.

The greatest impacts from the storm were felt in the Chicago area, which received 20 inches of snow, mak-
ing it the city’s third-largest snowstorm on record. Coupled with ferocious winds, which reached 70 miles per
hour along the Chicago lakefront, the blizzard paralyzed traffic along Lake Shore Drive — stranding roughly 1,500
vehicles and their occupants in the cold and wind — and piled up two to five foot drifts throughout the city.*

Chicago may have been inthe bull's eye, butit was notthe only area affected. Ten or more inches of snow fell
in an area stretching from northeastern Oklahoma to Michigan to northern New England.’” Sleet and freezing
rain caused dangerous icing conditions in other parts of the country. As much as three-eighths of an inch of
ice accumulated in parts of south Texas near Corpus Christi.’® The Texas border region experienced its coldest
temperatures in decades, with even portions of Mexico receiving a dusting of snow.** The cold temperatures
in the wake of the storm caused malfunctions at several fossil fuel-fired power plants in Texas, triggering roll-
ing blackouts.®®

All'in all, the storm caused approximately $1.8 billion in damage and caused 36 deaths, many of them attribut-
able to automobile accidents or snow shoveling.’! The event led to disaster declarations affecting 169 counties
housing more than 16 million people in five states.

In the Path of the Storm



and Midwest.’* In addition, hurricanes
and other coastal storms are expected to
pack more precipitation — even though
there is little clarity over whether the
number of those storms is expected to
increase or decline.”

Heat, Drought and Wildfire

In 2011, the northern and southern
United States experienced very different
weather extremes, with flooding in the
upper Midwest and exceptional drought
in Texas. As a Canadian climate scientist
told the Associated Press in describing
the rash of extreme weather in North
America during 2011, “Too little water
in the South, too much in the North.
It’s a story we’re hearing more and more
often.”®

Among the paradoxes of a warming
world is the potential for the United
States to experience both more extreme
rainstorms #nd more frequent drought
caused by extended dry spells and higher
temperatures.

There has been a documented increase
in the number of heat waves in the United
States since 1960.** Unlike an earlier
period of extreme heat, the Dust Bowl
1930s, recent heat waves have come with
marked increases in nighttime tempera-
tures — indeed, the share of the United
States experiencing hotter nighttime low
temperatures is greater than the share ex-
periencing hotter daytime temperatures.”
The trend in rising nighttime tempera-
tures has been particularly marked along
the Pacific coast, and in parts of the
Southwest and northern Rockies.*

Parts of the country are also experienc-
ing more and longer dry spells in between
precipitation events. Prolonged dry spells
— periods of little rain lasting a month or
longer in the eastern United States and
two months or longer in the Southwest
—are occurring more frequently, with the
projected period between such episodes

shrinking from 15 years to 6-7 years in
the eastern United States.”” Hot and dry
conditions — particularly when present for
a long period of time — lead to drought.
During the second half of the 20 century,
drought became more common in parts of
the northern Rockies, the Southwest and
the Southeast, and less common in parts of
the northern Plains and Northeast.®

In parts of the United States, especially
the West, water scarcity can be caused not
only by a lack of rain, but also by changes
in the share of precipitation that falls as
rain versus snow and the timing of snow-
melt. Western states often rely on melting
mountain snowpack to supply human and
agricultural needs during the long dry
season. With the notable exception of
2011 — which brought record mountain
snowpack to parts of the West — there has
been a significant reduction in snowpack
in recent years, with earlier melting and
earlier peak streamflows in much of the
West.® The recent decline in snowpack
in the Mountain West has been found
to be nearly unprecedented over the last
millennium, caused by unusual springtime
warming reinforced by climate change.” As
snowpack declines even further, large parts
of the West could find themselves under
severe water stress.”!

These trends are expected to continue
and intensify in a warming world. Heat
waves are projected to be more frequent,
more intense, and last longer, with climate
models projecting that the entire contigu-
ous United States will likely experience a
significant increase in the number of ex-
treme heat days by the end of the century
under a scenario in which global warming
pollution continues unabated.”” By the
end of the century, parts of the nation,
particularly in the West, may experience
a once-in-20-years heat event (based on
the historical record) as frequently as once
every other year.”

Heat waves and unusually hot seasons
are also projected to become more com-
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mon. Research projects that seasons as
hotas the hottest on record for the second
half of the 20" century could occur four
to seven times per decade by the 2030s
in much of the United States.™

Hotter temperatures bring with them
numerous threats to public health. High
temperatures — along with sunlight, ni-
trogen oxides and volatile organic com-
pounds — are necessary for the creation
of ozone “smog,” which damages the
respiratory system, reduces lung func-
tion, and aggravates asthma and other
respiratory diseases.”” As more days each
year meet the threshold for smog forma-
tion, the number of smoggy days could
increase, assuming that the amount of
smog-forming pollution emitted from
cars, factories and other sources remains
the same. The Union of Concerned
Scientists estimates that, by 2020, the
United States could experience more
than 900,000 additional missed days of
school, and more than 5,000 additional
hospitalizations of infants and seniors
due to the additional exposure to ozone
smog resulting from higher temperatures
caused by global warming.”

Nor is air pollution the only health
threat posed by more extreme tempera-
tures. Global warming can be expected
to increase the number of deaths caused
by heat stress (though the impact may
be offset somewhat by a corresponding
decline in cold-related deaths).”” Higher
temperatures may also change the pat-
terns of occurrence of various infectious
diseases. A 2009 study, for example, found
a correlation between warmer tempera-
tures and increased reports of infection
by West Nile Virus.”

Extreme heat, coupled with longer dry
spells and an expected decline in summer
precipitation across most of the United
States, could contribute to increased risk
of drought. Climate models project that
nearly the entire lower 48 states could ex-
perience more dry days by the end of the
century, with strong agreement among

In the Path of the Storm

the models across most of the country.”

Climate models are in strong agree-
ment that the Southwest will likely receive
less annual precipitation, with significant
reductions in soil moisture — primar-
ily from increasing evapotranspiration
— over the course of this century.*® The
Southwest is already prone to drought.
In fact, research into the long-term
weather history of the western United
States suggests that the first half of the
20" century — the period during which
intense settlement of the area began —was
actually an anomalously wet period in the
region’s history.®!

Higher temperatures, prolonged dry
spells, and drought are also expected to
contribute to an increase in wildfire activ-
ity in parts of the country.

One recent modeling effort projected
that California would experience a 12 to
53 percent increase in the probability of
large fires by the 2070-2099 timeframe
under several scenarios of future climate
change.®”” Global warming may also
change the way that fires behave once
started. A 2005 study for the state of
California found that fires in one area of
Northern California could be expected
to spread more quickly under a climate
change scenario, leading to a potential
increase in the number of fires that es-
cape initial efforts at containment.® (The
changes that global warming will impose
on western forests are complex and multi-
faceted, however. In some pockets of the
West, global warming could result in
reduced fire risk, as a reduction in mois-
ture inhibits plant growth, reducing the
availability of fuel.*)

The risk of damaging wildfires extends
beyond the West.® One recent modeling
exercise found that fire potential could
increase across the country, with the
potential for fires moving from “low”
to “moderate” in the southeastern and
northwestern United States, and fire
potential increasing in the Northeast and
Southwest as well.*



Extreme Weather 2011: Texas Drought and Wildfires
States affected: Texas (disasters declared as a result of wildfire)

The state of Texas experienced one of its worst droughts in history during 2011. At its peak in October, nearly
97 percent of the state was in a state of extreme or exceptional drought.®’

The 12 months from October 2010 to September 2011 were the driest on record for Texas since record-keeping
beganinthe late 19" century.’® Atthe same time, Texas experienced not only the hottest June through Augustin its
history —with an average temperature of nearly 87 degrees — but also the hottest three-month period of any U.S.
state in the historical record, beating out Oklahoma’s Dust Bowl summer of 1934 by an incredible 1.6 degrees.®’
Neighboring Louisiana, Oklahoma and New Mexico also experienced their hottest summers on record.”

The extreme heat, especially when combined with humidity to create extremely high heat index conditions,
put the health of vulnerable people in jeopardy. More than 20 people in Texas and Oklahoma perished from ex-
treme heat.’! At least six high school football players and one coach died throughout the southern United States
during the summer of 2011 — most of them following early-season workouts conducted in extreme heat.”? It was
believed to be the worst summer for deaths among high school football players in nearly four decades.”” Hot,
humid conditions have been associated with many of the 58 heat-related deaths of football players between
1980 and 2009.**

The hot, dry weather contributed to Texas” worst wildfire season in history, with fires tearing through nearly 4
million acres of land, destroying more than 2,900 homes and killing 10 people.” The wildfires led to major disaster
declarations in 52 counties in Texas that are home to more than 566,000 people.? Texas Forest Service Director
Tom Boguss told the (Fort Worth) Star-Telegramthat “[w]e had fuel so historically dry that it made fire behavior
very intense ... We had things happening that people who were in the fire business for 50 years said that they
had never seen.””” Damage from the fires was estimated at roughly a half-billion dollars.”

Even greater economic damage was done to Texas’ agriculture industry. As of mid-August, crop and livestock
losses from the drought were estimated Photo: Patsy Lynch, FEMA
at greater than $5 billion, a figure that has
likely since been exceeded.”

The drought affected other aspects of
life in Texas, as well. In October, a massive
dust storm reminiscent of the Dust Bow!
hit the city of Lubbock, dropping visibility ™=
to zero and paralyzing traffic.!®® For the
second year running, a ban on outdoor
fires caused the cancellation of the tra-
ditional bonfire at Texas A&M University
prior to its football rivalry game with the
University of Texas.!°! Electric utilities
and public officials were concerned that
continued dry conditions could force the
shutdown of power plants that rely on

water for cooling, jeopardizing the stabil-
ity of the state's electric grid.!? Historic Residents of Bastrop, Texas, clean up debris from the intense

preservation advocates were preparing Wildfires that struck the area in early September 2011.

for the exposure of previously submerged

shipwrecks, gravesites and other historic artifacts as water levels at the state’s lakes continued to drop.'®
And, as of late November, the city of Groesbeck — home to 6,500 people —warned that it was weeks away from
running out of water entirely.!%
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Hurricanes and Other Coastal
Storms

Hurricanes have become more power-
ful in recent years — a trend that could
continue in a warming world. However,
there remains much uncertainty about
how global warming will affect the num-
ber of hurricanes.

There has been an observed increase
in the number of Category 4 and 5
hurricanes in the Atlantic Ocean since
1980.1 Measurements that aggregate
the destructive power of tropical storms
—in terms of their intensity, duration and
frequency — over entire storm seasons
have shown a marked increase in the
power of hurricanes in the Atlantic since
the 1970s.' Other research has found
that both the energy of and amount of
precipitation in tropical cyclones in the
Atlantic has increased in recent years,
with an abrupt, step-wise increase in cy-
clone energy and precipitation occurring
in the mid-1990s.!"’

An expert team convened by the World
Meteorological Organization (WMO)
concluded in 2010 that hurricane activ-
ity could change in important ways by
the end of this century if global warming
continues unabated:

* The number of tropical cyclones is
projected to decrease globally, by an
estimated 6 to 34 percent, but with
great potential variation in trends for
specific ocean basins.

* Average maximum wind speeds are
projected to increase globally by 2 to
11 percent.

¢ The number of intense hurricanes is
projected to increase.!%®

* 'Tropical cyclones are projected to
bring more rainfall, with a project-
ed average increase of about 20
percent.!”

In the Path of the Storm

These global trends are likely to vary
by region. Five of seven climate models
in one recent study pointed to an increase
in the aggregate power of hurricanes in
the Atlantic by the end of the next cen-
tury, with an average increase in power
across all models of 10 percent."® Another
recent modeling effort projected that
the number of severe Category 4 and 5
hurricanes could be expected to double
in the Atlantic over the course of the 21+
century as a result of global warming.'"

Recent research by scientists at the
Massachusetts Institute of Technology
suggests that global warming could in-
crease the amount of property damage
caused by hurricanes along the Atlantic
Coast in upcoming decades — though,
notably, the study did not factor in the
impacts of higher sea levels or freshwa-
ter flooding from increased precipita-
tion, which was the source of much of
the damage caused by 2011’s tropical
storms.'?> Moreover, the long-standing
trend toward increasing development
of coastal areas suggests that hurricane
damages may continue to increase even
if there is little to no change in hurricane
frequency or severity.

Residents of the West Coast do not
generally have to be concerned with hur-
ricanes, but they do experience intense
winter storms. In the last two years, the
western United States has experienced
two epic winter storms. A storm in 2010
set all-time records for low atmospheric
pressure across a broad section of the
Southwest, bringing with it snow, flood-
ing, hail, tornadoes and heavy winds.!**
Andin 2011, Alaska was hit with a massive
winter storm that brought hurricane-
force winds, snow and storm surge flood-
ing to a large portion of the state.'”’

Parts of the Pacific Ocean off the U.S.
West Coast have experienced increasing
numbers of intense winter storms since
the middle of the 20% century.'”® One clue
to the increase in the power of winter



Extreme Weather 2011: Hurricane Irene

States affected: North Carolina, Maryland, Virginia, Delaware, New fersey, Pennsylvania, New
York, Connecticut, Rbhode Island, Massachusetts, Vermont, New Hampshire, Maine

As Hurricane Irene barreled up the East Coast in August 2011, public officials braced for a potential nightmare
scenario: a strong hurricane making a direct hit on New York City. New Yorkers prepared for wide-scale wind
damage and storm surge flooding, with city officials taking the unprecedented step of closing down the city’s
subway system.

As it turned out, New York City was spared Irene’s worst. But other areas were not nearly as lucky.

Throughout the East, 45 people died as a result of the storm.!* Major disasters were declared for 218 counties
in 13 states housing more than 46.6 million people.!** More than 7 million people in the affected area lost power
during the storm.'”®

Butitwas Irene’s massive size and Credit: Wendell
intense rains — rather than its winds - y - T T
or storm surge — that caused the
greatest damage. Portions of North
Carolina, for example, received as
much as 20 inches of rain from the
storm.!'¢ The massive rains came on
top of near-record Augustrains along
much of the East Coast, setting the
stage for destructive floods.

In northern New Jersey, several
rivers hit record levels, flooding nu-
merous towns and causing major
damage to more than 2,000 homes.!"’
Irene’s rains put August 2011 over the
top to become the wettest month in
New Jersey since atleast 1895 —sur-
passing the previous monthly record
for rainfall by nearly 40 percent.!®

In Vermont, the floods unleashed

Flooding rains from Hurricane Irene destroyed roads and bridges
throughout Vermont. The bistoric Bowers covered bridge (above), built in
by Irene’s soaking rains amounted 1919, was lifted off its abutments and carried 200 feet downstream.

to the state’s second-worst natural

disaster since 1900.!" Parts of Vermont received up to 11 inches of rain, with 4-8 inches common across the
state.'”’ The heaviest rainfall amounts were in the mountains, and because the rains fell on already saturated
soil, the result was roaring flash floods that wiped out key infrastructure across the state.!*!

Rivers in parts of Vermont surpassed their record flood levels — some of them by several feet. Approximately
260 roads, 33 bridges and the state’s main rail lines were closed due to flood damage or downed limbs. Residents
of 13 towns were cut off from the outside world — some for several days — as roads and bridges were washed
away.'”” The National Guard was forced to use helicopters to bring supplies to residents of towns cut off by
floodwaters, including the resort town of Killington, where 400 visitors and staff were left stranded.'?}

Inthe city of Rutland, the supervisor of the city’s water treatment plant and his son were killed when they were
swept away by rising waters while checking the plant’s intake valves.'>* Approximately $500 million in damage
was done to state highways in Vermont alone.!*

Overall, Hurricane Irene caused an estimated $7.3 billion in damage.

Global Warming and the Future of Extreme Weather
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storms has come from the measurement
of wave heights off the coast of the Pacific
Northwest. Researchers have found that
waves off the Oregon coast are higher
than they were 35 years ago, with the
greatest increase coming in the largest
waves.'” As recently as the early 1990s,
scientists estimated that the height of a
“100-year wave” (one expected to occur
only once every century) was 33 feet;
now it is estimated to be 46 feet."** The
study also found that the increases in
wave height have been greatest off the
coast of Washington and northern Or-
egon, and less in southern Oregon. The
study is consistent with other research
that suggests an increase in the height of
the highest waves along the West Coast,
particularly in the Pacific Northwest."!

There is less clarity regarding the
potential impacts of global warming on
extratropical storms — storms that ex-
ist in the mid-latitudes, as opposed to
the tropics, such as the “Nor’easters”
that are common along the East Coast.
Recent studies suggest that global warm-
ing could reduce the total number of
extratropical cyclones in the North-
ern Hemisphere — consistent with the
already-falling number of these storms
as shown by the historical data.””? The
U.S. Climate Change Science Program,
however, concluded that the number of
strong extratropical storms in the North-
ern Hemisphere could increase.””* Other
research, however, suggests that there
may be no intensification of extratropical
storms on the whole."**

One clear conclusion of the research
is that extratropical storms — like tropical
storms — are likely to deliver increased
precipitation, leading to increased poten-
tial for flooding rains and major snowfall
(see page 18).1%

In the Path of the Storm

Global Warming Could
Increase the Destructive
Potential of Weather Events

In addition to its potential to increase
the number or severity of extreme weath-
er events, global warming will likely also
lead to changes that could make extreme
weather events — and even some routine
events — more destructive, increasing the
potential for disaster.

Sea Level Rise

It is hard to overestimate the impor-
tance of America’s coasts to the nation.
More than half of all Americans (52 per-
cent) live in coastal counties (including
those surrounding the Great Lakes).!%
Seven of America’s 10 largest metro-
politan areas — including world centers
of government, finance and culture - sit
along the coastlines or along tidally
influenced rivers.”” Critical highways,
airports, seaports and rail lines all sit in
close proximity to coastal waters.

Global warming has already begun
to accelerate the rise in sea level and is
projected to lead to even greater increases
in the years to come. Sea level has risen
by nearly 8 inches (20 cm) globally since
1870, with the rate of sea level rise in-
creasing in recent years. Sea level rise is
occurring both because of the thermal
expansion of sea water as it warms and
because of the melting of glaciers and
ice caps.'?®

Sea level rise is not experienced the
same way at all points along the coastline.
Land along the coast is rising or falling as
aresult of long-term geological processes
(and, in some cases, such as along the Gulf
Coast, by the drawdown of underground
reserves of fossil fuels or fresh water). In
addition, global warming is likely to cause
sea level to rise more in some locations
than others, due to associated changes in
ocean circulation patterns.



Figure 2 shows the relative rise
in average sea level at various points
along the U.S. coast from the begin-
ning of record-keeping at each station
to 2006. Relative sea level rise has been
greatest in areas that are experiencing
simultaneous land subsidence, such as
in the Mid-Atlantic and along the Gulf
Coast. The combination of land subsid-
ence and rising seas has contributed to
the loss of 1,900 square miles of coastal
wetlands in Louisiana.'*

Global warming will likely bring
higher seas as glaciers and ice caps melt
and sea water continues to expand as it
warms. In 2007, the Intergovernmental
Panel on Climate Change estimated
that sea level could rise by 7 to 23 inches
(18 to 59 centimeters) by the end of the
century. That estimate, however, (as the

Figure 2. Measured Rise in Mean Sea Level Along the U.S. Coast (from the beginning

IPCC acknowledged at the time) did not
include the potential for sea level change
resulting from the potential changes in
the flow of ice sheets in Greenland or
Antarctica.'¥!

Research conducted since publication
of the IPCC’ Fourth Assessment projects
that sea level rise could be significantly
greater than the IPCC estimate. One
recent study projects that sea level rise by
the end of the century could be more than
double that predicted by the IPCC - or
between 2.5 and 6.25 feet (75 centimeters
and 1.9 meters).'*

What would such an increase mean for
America’s coastline? In the Mid-Atlantic
region from New York to North Caro-
lina, approximately 1,065 square miles of
dry land, as well as vast areas of wetland,
are less than 3.3 feet (1 meter) above the

of record-keeping at each station to 2006) in Feet per Century!'*’
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Table 1. Land Area Less than One Meter in Elevation Above Spring High Water, Mid-Atlantic Region

(sq. mi.)
NY NJ PA DE MD DC VA NC TOTAL
Dry Land 63 106 9 49 174 135 528 1,065
Non-Tidal Wetland 4 66 1 12 47 0 57 1,193 1,381
All Land 91 551 13 199 652 2 817 2,212 4,536
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spring high water mark. (See Table 1.)'#

While many of these areas will be at
risk of inundation, rising sea level will also
increase the destructive power of coastal
storms by driving storm surge further
inland. Under a high-emission scenario,
a “100-year” coastal flood in New York
City (a flood of a size expected to oc-
cur once a century based on historical
records), could happen twice as often by
the middle of this century, and 10 times
as often by the end of the century.'*

In the portion of the Gulf Coast
stretching from Galveston, Texas, to
Mobile, Alabama, more than half of the
highways, nearly half of the rail miles, 29
airports and almost all port infrastructure
will be vulnerable to flooding in the fu-
ture due to the combination of higher sea
level and hurricane storm surge. Much of
this infrastructure is at risk even in the
absence of storm surge due to projected
sea level rise.'¥

In the Mid-Atlantic region, a one-
meter sea level rise could result in the
breakup or migration of barrier islands,
and convert vast areas of wetland to open
water. In areas like the New York City
metropolitan area, sea level rise coupled
with storm surge from coastal storms
could resultin severe damage to transpor-
tation infrastructure, including airports,
highways, tunnels, railroads, ports and
public transportation systems.

In the Path of the Storm

Making matters worse for residents
of the northeastern United States is evi-
dence suggesting that sea level rise in that
region could be greater than the global
average, due to global warming-induced
changes in ocean circulation patterns.
The result could be an additional 8 inches
of sea level rise in cities such as Boston,
New York and Washington, D.C., atop
the roughly three feet that could occur
globally, further magnifying the damage

caused by even routine coastal storms.'*

Changes in the Type of
Precipitation

As described above, global warming
is anticipated to make precipitation —
whether it comes in the form of rain
or snow — more intense. However, as
the world continues to warm, a greater
share of precipitation in some parts of the
country is expected to fall in the form of
rain, rather than snow.* That shift could
mean trouble for areas — particularly the
West — that currently rely on snowpack
to store water for gradual release during
the spring months.

A good example of the complicated
connections between precipitation and
flooding is the Columbia River basin of
Washington and Oregon. Climate sci-
ence projects that spring snowmelt will



Extreme Weather 2011: Tornado Outbreaks

States affected: Kansas, Oklaboma, Arkansas, Missouri, lowa, Minnesota, Mississippi,
Alabama, Georgia, Tennessee, North Carolina, Kentucky, Indiana, Obio, New York (states
with declared disasters related to tornadoes in April and May 2011)

There is little consensus among scientists about the effect that global warming will have on small-
scale weather phenomena like tornadoes. But the most devastating weather-related disasters of 2011

—atleast in terms of loss of life —
resulted from an historic outbreak
of tornadoes that swept through
parts of the South and Midwest
during the spring.

April 2011 was the most active
month on record for tornadoes in
the United States since record-
keeping began. The 753 tornadoes
recorded in April were nearly
triple the previous April record.'#
On April 27, a tornado ripped
through Tuscaloosa, Alabama,
killing 78 people and destroying
12 percent of the city, including
more than 1,200 homes.'*® Taken
together, the April tornadoes
killed more than 300 people and
inflicted more than $10 billion in
damage.'¥

Less than four weeks later, a
category EF-5tornado (the stron-
gest possible) packing winds
in excess of 200 miles per hour

Credit: Elissa fun, FEMA

The intensive care unit at St. Jfobn’s Regional Medical Center in Joplin,
Missourti, was damaged in the massive EF-5 tornado that killed 170
people in the area in May. Damage to the bhospital was so extensive that
it will need to be rebuilt.

touched down in Joplin, Missouri. The tornado blew out windows on three sides of St. John's Regional
Medical Center, where five people died, and leveled homes, businesses and apartment buildings.!*°
Another 11 people perished at a nursing home struck by the storm."*' A National Weather Service report

described the destruction:

Numerous, over 15,000, vehicles of various sizes and weight including buses, tractor trail-
ers and vans were tossed over 200 yards to several blocks, and some being crushed or rolled
beyond recognition. ... Main steel roof support trusses were rolled like paper, and main support
beams twisted or curved. [I]t was very common to find various size boards, limbs, and even
small twigs and leaves embedded into wood and stucco walls. Insome cases, even cardboard
was embedded sideways into stucco walls.!>

Atotal of 160 people lost their lives in the storm, making the Joplin tornado the deadliest in the United
States since reliable record-keeping began in 1950. The Joplin tornado, along with other tornadoes that
raked the Midwest during the May outbreak, inflicted more than $9 billion in damage. '’

Global Warming and the Future of Extreme Weather
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likely occur earlier in the Pacific North-
west, while precipitation could increase
in the winter but decrease during the
summer.' The result is projected to be
a shift toward higher river flows during
the winter and spring months."** A 2008
study of the potential for flooding in
major river basins worldwide under an
extreme climate change scenario pro-
jected that the Columbia River could
experience what is now a “100-year
flood” as frequently as once every three
years by the end of the 21* century.'”’

However, the increased risk of ma-
jor flooding in the Columbia basin is
expected to occur at the same time that
the region also becomes more susceptible
to summertime drought, due to reduced
summer precipitation, a reduction in
the availability of water from snowmelt,
and higher temperatures. Indeed, the
same study that projected a dramatic
increase in the frequency of severe floods
also projected that the Columbia basin
could experience triple the number of
drought days and lower total discharge
from the Columbia over the course of
the year under a scenario marked by
dramatic increases in global warming
pollution.'s

Earlier snowmelt in the West may
also contribute to increased wildfire risk.
Large wildfire activity in the Ameri-
can West has increased significantly

In the Path of the Storm

since the mid-1980s, with the greatest
increases happening in northern Rock-
ies forests. The increase in the number
of large wildfires there has its roots in
higher spring and summer temperatures
(resulting either from natural variability
or global warming) that have resulted in
earlier snowmelt, leaving forests devoid
of moisture for longer periods of the
summer. "’

Ecosystem Changes

America’s ecosystems play an impor-
tant role in mitigating the impact of
extreme weather events. Global warming,
however, could make ecosystems less re-
silient and increase the risk that extreme
weather events will trigger disasters.

For example, global warming is expect-
ed to bring major changes to America’s
forests. Tree species are expected to move
toward the north and upslope, while there
are already signs of increasing destructive
impacts from invasive species and insect
pests, some of which may be linked to
rising temperatures.'®

Global warming-induced shifts in pest
populations and invasive species — as well
as shifts in forest species composition —
may further alter fire risk. The invasion of
non-native grassland species in arid por-
tions of the West is expected to increase
fire risk in these regions.!*



Extreme Weather 2011: October Northeast Snowstorm
States affected: Massachusetts, New Hampshire, Connecticut, New Jersey (declared disasters)

The northeastern United States is no stranger to snow. Nor is it a stranger to big storms in October. But a large
snowstorm in October is something new. In fact, such an event hadn’t happened in the region in at least 150 years,
until October 2011.

Two days before Halloween, a major storm dumped up to a foot of snow across a section of the Northeast stretch-
ing from Virginia to Maine. In New York City, the storm represented only the third measurable October snowfall
since 1869 and by far the largest. Hartford, Connecticut, received more than a foot of snow, shattering the previous
record for October snowfall of 1.7 inches.'™ Concord, New Hampshire, posted its second-greatest 24-hour snowfall
total ever—for anyday in anymonth.

Weather historian Christopher C. — o Lhoto: Seth Gardner-Gould, FEMA
Burt of the Weather Underground : '

website suggested that snow totals
from the storm approached, and
perhaps even exceeded, those of
an 1804 “Snow Hurricane,” making
the event the Northeast's snowiest
October storm in at least two cen-
turies.'®

While the snowfall totals were
nothing out of the ordinary for the
Northeast, the timing of the storm
was, coming at a time when many
trees in the region were still in full
leaf. Autumn leaves acted like cups
for the heavy, wet snow, helping to
bring down trees and limbs across
the region, blocking roads and sev-
ering power lines. The most concen-
trated impacts were in southern New
England, where more than three quarters of a million people in Connecticut and half a million in Massachusetts lost
power during the storm — some of them for as long as 10 days."® New York City officials estimated that as many as
1,000 trees in Central Park may have been lost to the storm, 10 times as many as were lost during Hurricane Irene
two months earlier.'® A National Weather Service official, quoted by Britain's The Guardian newspaper, called the
results of the storm in the region “absolute tree carnage.”

At least 27 people lost their lives in the storm.'®” As of January 2012, major disasters had been declared in 26
counties in four states housing nearly 12 million people.™ In New Jersey, eight people died, including one elderly
couple who died from carbon monoxide poisoning from a gas generator and another who died in a house fire
sparked by a kerosene lamp. Both couples were in houses that had lost power.'®

Communities in parts of the Northeast were forced to cancel Halloween observances due to dangerous condi-
tions, while school systems depleted much of their year’s allocation of snow days before fall had even reached its
halfway point. In total, the storm was estimated to have caused more than $3 billion worth of damage.

A massive October snowstorm would not appear to be connected to global warming. However, what was ex-
ceptional about the storm was not the cold but the convergence of cold with a moisture-packed storm of the type
that scientists believe will be capable of holding and dropping more precipitation in a warming world. Weather
Underground's Christopher Burt noted that no weather station in the Northeast broke a low temperature record
on the day of the storm.”

A rare October snowstorm caused massive disruption to power supplies
and transportation in much of the Northeast.
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Weather-Related Disasters Affect
Nearly Every American

weather disasters captures the at-
tention of the media and the public.
There was no shortage of such high-
profile events in 2011, during which the
nation experienced a record 14 individual
billion-dollar weather disasters that col-
lectively inflicted a minimum of $55 bil-
lion in total damage."” However, there
were still other weather-related disasters
that did not attract national headlines.
Weather-related disasters can strike
anywhere in the United States. With
global warming threatening to increase
the severity and frequency of some
extreme weather events — while simul-
taneously weakening the ability of our
infrastructure and ecosystems to cope
with those events — Americans need to

Each year, a series of high-profile

In the Path of the Storm

understand the degree to which extreme
weather puts our public safety and all of
our communities at risk.

Weather-Related Disasters
Are Common in the United

States

Since the beginning of 2006, weather-
related disasters have been declared in
counties housing 242 million people in
the United States — or four out of every
five Americans.

Between 2001 and 2010, weather-
related disasters struck counties housing
an average of 88 million people — or more
than one out of every four Americans —
annually. In other words, in any given



Figure 3. Number of Americans Living in Counties with Declared Weather-Related

Disasters, By Year
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year, federal disaster assistance is required
in counties housing about one quarter of
all Americans.

The year 2011 saw the second-great-
est number of Americans affected by
weather-related disasters since 2001, with
nearly 120 million Americans living in
counties with declared weather-related
disasters. Only 2004 — an extremely active
year for landfalling hurricanes and tropi-
cal storms — saw more Americans affected
by weather-related disasters.

Geographically, weather-related di-
sasters affect every part of the United
States. In 2011, weather-related disasters
affected residents of 41 states and the Dis-
trict of Columbia. Since 2006, the only
state to have not experienced a federally
declared, weather-related disaster was
South Carolina.

Many areas of the country have
experienced more than one weather-
related disaster since the beginning of
2006 — indeed, most Americans live in a
county that has experienced two or more
weather-related disasters. More than 15
million Americans live in counties that
have averaged one or more weather-
related disasters per year since the begin-
ning of 2006.

From 2006-2011, the areas of the
country most prone to multiple weather-
related disasters were the Plains states,
with weather-related disasters also com-
mon in the extreme Northwest and in
New England. Ten U.S. counties — six in
Oklahoma, two in Nebraska and one each
in Missouri and South Dakota — experi-
enced at least 10 declared weather-related
disasters between 2006 and 2011.

Weather-Related Disasters Affect Nearly Every American
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Eastern Oklahoma — home of several
counties that have experienced multiple
weather disasters — is indicative of the
varied impacts of severe weather. In May
2011, eastern Oklahoma experienced
an outbreak of tornadoes, just a month
after torrential rains totaling more than
10 inches in some locations caused some
rivers in the region — which had been
previously experiencing a drought — to
reach record crests.”®! In January 2010,
Oklahoma was hit by an ice storm a little
more than a month after a rare blizzard
on Christmas Eve 2009 paralyzed travel
in parts of the state.'® Before that, the
area suffered through severe storms and
flooding in April 2008, an ice storm in
December 2007, tornadoes and severe
storms in June 2007, another ice storm in
January 2007, and another tornado event
in March 2006. This list does not include

the extreme heat that affected the region
during the summer of 2011, but which
did not trigger a disaster declaration.

A detailed breakdown of the number of
residents of each state living in counties
with declared weather-related disasters
can be found in Appendix A.

Severe Storms Are the Most
Frequent Cause of Weather-
Related Disasters

Severe storms — a broad category of
weather events that includes many types
of non-coastal storms — are the most
common trigger of weather-related
federal disaster declarations, with nearly
two in three Americans living in areas
that experienced a severe storm-related
disaster declaration between 2006 and

Figure 4. Federally Declared Weather-Related Disasters in 2011
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2011. Hurricanes, snowstorms, floods
and fires round out the top five causes of
disaster declarations. (See Table 2, next
page. Note, however, that while severe
weather events may bring several types
of impacts — e.g., a severe storm may
include tornadoes and cause a flood -
only the primary event, as represented
in FEMA’s disaster declaration database,
is included here.)

Figure 7 (page 38) shows the U.S.
counties that have experienced presiden-
tially declared weather-related disasters
since the beginning of 2006 by type of
disaster.

The relationship between global
warming and weather-related disasters is
complex. Some types of disasters — those
in which intense rainfall or extreme
heat are contributing factors — could
reasonably be expected to become more

Figure 5. 2010 Population of Counties with Declared
Weather-Related Disasters by Number of Disasters,

2006-2011
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Figure 6. Number of Declared Weather-Related Disasters by County, 2006-2011
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Table 2. Population (2010) of Counties by Type
of Declared Weather-Related Disaster, 2006-2011

Population (2010)

Incident Type of Counties Affected
Severe Storm(s) 200,068,562
Hurricane 66,094,730
Snow 50,070,842
Flood 42,939,189
Fire 26,530,936
Freezing 22,531,557
Severe Ice Storm 18,906,600
Tornado 7,073,834
Coastal Storm 788,341

frequent and/or more severe in the years
to come. Similarly, global warming may
change underlying conditions — reducing
the resiliency of ecosystems or increas-
ing sea level along the nation’s coasts,

for example — in ways that increase the
amount of damage caused by even routine
events.

In other cases, the implications of
global warming on weather-related
disasters are less clear. There is little
certainty about how global warming will
affect tornadoes, hail, thunderstorms
and other events that are major causes of
weather-related disaster in the United
States. Global warming may even make
some types of weather-related disasters
less likely.

However, the increasing evidence
linking global warming to certain types
of extreme weather events —underscored
by the degree to which those events are
already both a common and an extremely
disruptive fact of life in the United States
—suggests that the nation should take the
steps needed now to prevent the worst
impacts of global warming and to prepare
for the changes that are inevitably coming
down the road.

In the Path of the Storm

What about Drought?

Droughtis a particularly devastating form of weather-related disaster, especially in
its effects on farmers. However, presidentially declared severe disasters for drought
are rare — none have been declared since 1965. Drought “emergencies” — another
category of response, pertaining to ongoing situations — are also rare, with none hav-
ing been declared since 1993.

There have been many declarations of natural disasters for drought, but those dec-
larations are made through a different mechanism than the other disasters discussed
in this report. A natural disaster declaration by the secretary of the U.S. Department
of Agriculture (USDA) is necessary to unlock federal assistance for farmers who have
lost crops due to drought. In 2011, for example, the USDA declared virtually the entire
state of Texas a natural disaster area as a result of the state’s exceptional drought.!s*

Because of these differences in the process for declaring disasters, drought-related
events are largely missing from FEMA's disaster declaration database, with the excep-
tion of disasters declared as a result of wildfire, and are therefore absent from the
tabulations in this section.



Photo: FEMA
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Intense rains
from Tropical
Storm Lee
caused record
flooding along
the Susquebanna
River. Above,

a floodwall
protects a
hospital from the
floodwaters that
inundated parts
of Binghamton,
NY.

Extreme Weather 2011: Tropical Storm Lee

States affected: Louisiana, Virginia, Maryland, New fersey, Pennsylvania, New
York (declared disasters)

Just one week after Hurricane Irene struck the East Coast, a new tropical storm formed in
the Gulf of Mexico. Unlike Irene, Lee never developed into a hurricane. Like the earlier storm,
however, it delivered a tremendous amount of rainfall, causing catastrophic flooding in parts of
Pennsylvania and New York state.

After drenching Louisiana and Mississippi, the remnants of Lee moved north, depositing heavy
rains over the Susquehanna River valley and neighboring portions of Pennsylvania and New York.
Binghamton, NY, reported its second “100-year” rainfall in two years, sending the Susquehanna
River to its highest flood level in more than 150 years of record-keeping, and inundating the city’s
downtown for the second time in five years.'”

Flooding from Tropical Storm Lee forced the evacuation of roughly 100,000 people in the
Northeast and was believed to be responsible for at least 14 deaths.!”* Tropical Storm Lee and its
remnants triggered major disaster declarations in 75 counties in six states that are home to more
than 16 million people.'”” And the impact extended beyond humans — two bison at Zoo America
in Hershey died amidst rising floodwaters, while more than 100 animals at a pet shop in Johnson
City, NY, perished when store workers were unable to reach them during the flood. 17¢

In Pennsylvania, flooding along the Susquehanna surpassed even that of the devastating
flooding brought by Hurricane Agnes in 1972."77 Numerous river and stream gauges in central
Pennsylvania posted record or near-record flood levels.'” Swatara Creek near Hershey set a
new flood record, cresting 10 feet above the previous high water level and nearly 20 feet above
flood stage.'” Economic damages from the storm exceeded $1 billion.'s

Weather-Related Disasters Affect Nearly Every American
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Conclusions and Recommendations

eather-related disasters impose
VVmassive costs on the nation and

threaten the health and survival
both of people affected by those events
and of treasured ecosystems. Recent
scientific findings about the potential
impacts of global warming on extreme
weather patterns provide yet another
reason for the United States and the
world to take action against global
warming.

Among the steps that can be taken
to protect Americans from the threat
of further global warming-induced
extreme weather events are the fol-
lowing:

Federal, state and local govern-
ments should adopt and implement
public policies designed to move the
nation away from our dependence
on fossil fuels while building mo-
mentum for future comprehensive
action to curb global warming pol-
lution. Specifically, federal, state and
local governments should adopt:

Aggressive energy efficiency standards
for buildings, appliances, equipment
and vehicles designed to get the most
out of our current consumption of

fossil fuels.

Expanded renewable electricity
standards and clean fuel standards

to increase the production of clean,
environmentally friendly energy in the
United States.

Increased investment in clean trans-
portation options, such as public
transportation, as well as research,
development and deployment of new
clean energy technologies.

Strong steps to clean up existing
sources of pollution, including strong
regulations on the production of
carbon dioxide and other pollutants by
fossil fuel-fired power plants and the
expansion and strengthening of carbon
cap-and-trade programs such as the
pioneering Regional Greenhouse Gas
Initiative in the Northeast.

Conclusions and Recommendations
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Environment America Research &
Policy Center’s 2011 report, The Way
Forward on Global Warming, found that
these and other policies at the local, state
and federal level could reduce carbon
dioxide emissions from fossil fuel use in
the United States to as much as 34 per-
cent below 2005 levels — even without
adoption of comprehensive climate and
energy legislation in the United States
Congress.

Ultimately, however, federal and state
governments should adopt and imple-
ment limits on global warming pol-
lution capable of reducing emissions by
at least 35 percent below 2005 levels by
2020 and by at least 85 percent by 2050.
These emission reductions are broadly
consistent with what science tells us

In the Path of the Storm

is necessary to lessen the most costly
and devastating consequences of global
warming.

As the United States curbs emis-
sions, we also need to anticipate future
changes in extreme weather that put
the public at risk and take steps to
prepare and protect our communities.
Government officials should explicitly
factor the potential for global warming-
induced changes in extreme weather
patterns into the design of public infra-
structure and revise policies that encour-
age construction in areas likely to be at
risk of flooding in a warming climate.
The nation should support the contin-
ued efforts of scientists to understand
the implications of global warming and
inform the public.



were obtained primarily from the

Federal Emergency Management
Agency’s (FEMA) Disaster Declarations
Summary, updated on December 5,2011.
This dataset contains information on
disasters declared through November 8,
2011. In an effort to provide a complete
picture of weather-related disasters in
2011, we supplemented the dataset by
consulting FEMA’ online disaster in-
formation, which can be found at www.
fema.gov/news/disaster_totals_an-
nual.fema. As a result, this report in-
cludes data on all disasters that began on
or before December 31, 2011 and were
declared prior to January 16, 2012. Due
to delays in the issuance of disaster decla-
rations, there may be additional disasters
that began in 2011 that are not included
in this report.

Disasters were classified by year based
on the date on which the weather event
precipitating the disaster began —not the
date on which the disaster was formally

D ata on federal disaster declarations

Methodology

declared. “Weather-related” disasters
were assumed to include all disasters
whose primary characteristic (“incident
type” in the FEMA database) was listed as
coastal storm, fire, flood, freezing, hurri-
cane, severe ice storm, severe storm, Snow
or tornado. To streamline data processing
and representation, only declarations for
counties and county equivalents (such
as parishes in Louisiana or boroughs in
Alaska) are included in our totals. Dec-
larations listed as being “statewide,” for
Indian reservations, for non-standard
geographies, or for county-level jurisdic-
tions that no longer exist were excluded
from the totals in this report (though
declarations for these geographies are
listed separately in Appendix B.)

All county population totals for 2010,
2011 and 2006-2011 are based on 2010
county population counts from the 2010
U.S. Census. All data for previous in-
dividual years are based on population
estimates for that year from the U.S.
Census Bureau.

Methodology 41
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