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By Stephen M. Strader and Walker S. Ashley

W eather hazards such as tornadoes and hurricanes affect thousands 
of people annually, often resulting in casualties and billions of dol-
lars in damage. These extreme weather events can lead to disas-
ters, which are a product of both hazard risk and societal expo-

sure. Hazard risk describes the frequency and magnitude of a weather hazard, 
while societal exposure is defi ned as who and what is affected by an event. 
The NOAA reports that there have been nearly 180 weather and climate
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Aerial image of the Moore, Oklahoma, 2013 EF5 tornado path damage.
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disasters in the United States since 1980 that 
have cost a $1 billion or more, with the total cost 
of these events exceeding $1 trillion! The num-
ber of billion dollar events has been increasing 
over time, begging the question: Is this trend due 
to more extreme events, or are changes in society 
to blame for the alarming increase? In this article, 
we will assess the latter factor by exploring popu-
lation increase, intensifying development, and 
the extensive history of rural-to-urban migration, 
placing these demographic shifts in the context 
of increasing disasters in the United States. Since 
1940, developed land represented only 2.5% of 
the total land area in the United States, but, by 
the end of the 21st century, urban and suburban 
development could make up as much as 18% of 
the conterminous land area. Could future growth 
in the number of people and their assets exposed 
to these hazards lead to increased disaster fre-
quency and magnitude? How many people could 
potentially be affected if a violent tornado struck 
Atlanta, Georgia; Chicago, Illinois; or Dallas, 
Texas, in the future? What if a potentially cata-
strophic hurricane made a direct hit on Houston, 
Texas; Miami, Florida; or New York, New York? 

Weather Hazards
Tornadoes and tropical cyclones are some 

of nature’s most powerful and impressive phe-
nomena. While a majority of thunderstorms do 
not produce severe weather, when atmospheric 
conditions are favorable, massive hail, damag-
ing winds, and even long-lived tornadoes can 
occur. Throughout the United States, roughly 
5% of all storms result in severe weather with 
less than 1% of storms producing a tornado. 
Approximately 1,200 tornadoes occur across 
the conterminous United States each year, with 
roughly 20% rated as significant (EF2+ on the 
Enhanced Fujita Scale) and 1% recorded as vio-
lent (EF4+). Historically, long-track (≥ 5 miles 
in length) significant tornadoes have caused 85% 
of all fatalities and 75% of the recorded damage. 
Although relatively infrequent, violent tornado 
events have been responsible for over two-thirds 
of tornado deaths since 1950. 

In the last few years, tornadoes such as the EF5 
that hit Joplin, Missouri, on May 22, 2011, and 
the EF5 that struck Moore, Oklahoma, on May 
20, 2013, have resulted in large numbers of fa-
talities and economic loss. Specifically, the 2013 
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The 2013 Moore, Oklahoma, tornado moves through a neighborhood that was recently undeveloped farmland.
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media attention associated with Katrina focused 
on political and governmental response, with the 
effects of mismanagement and poor relief efforts 
well documented. 

Hurricane Sandy was the second-costliest 
United States hurricane on record, with greater 
than $68 billion in damage and 148 confirmed 
deaths. Lower Manhattan experienced a storm 
surge of 14 feet that led to the flooding of seven 
subway tunnels under the East River. As a result, 
the New York City Metropolitan Transportation 
Authority commented that the flooding associ-
ated with Hurricane Sandy was the worst disas-
ter in the 108-year history of the city’s extensive 
subway system.

Given these recent tornado and tropical storm 
disasters, one begins to ask, “Is this the new nor-
mal? Will tornado and tropical storm disasters 
become more frequent in the future?” These are 
questions that emergency managers, policy mak-
ers, researchers, media, and, of course, the public 
are asking. Global climate change and its possi-
ble “weirding” of weather are often suggested as a 
potential driver in the amplification of economic 
losses and impacts from weather disasters over 
the last half century. However, disaster frequen-
cy and magnitude increases may be, at least in 
part, attributable to the surge in people and their 
assets exposed to hazards, not necessarily due 
to changes in the climatology of hazard events 
themselves. That is, growing population, devel-
oped landscapes, and wealth are likely important 
factors in the increasing trends in disaster counts 
and impacts.

The Expanding Bull’s-Eye Effect
The expanding bull’s-eye helps to explain the 

amplification in disaster frequency and magni-
tude throughout time. As seen in Figure 1, the 
expanding bull’s-eye can be thought of as an ar-
chery target, where inner rings are made up of 
people and their possessions, and arrows symbol-
ize hazard events. Unlike real archery, the ex-
panding bull’s-eye target rings enlarge over time. 
This amplification results in a greater likelihood 
of arrows hitting an inner ring on the target. 
Accordingly, as population continues to grow 
and expand, the chance that a hazard impacts 
developed land, resulting in a disaster, increases. 
When combined with a hazard landscape that is 
possibly being reshaped by climate change, the 
expanding bull’s-eye effect suggests the potential 
for more and greater disasters in our future.

The expanding bull’s-eye effect is best dem-
onstrated when examining two regions of the 
conterminous United States—the area east of 
the Continental Divide, where most tornadoes 
occur, and the Atlantic and Gulf Coasts, where 

Moore tornado killed 24 people and caused an 
estimated $2 billion in damage. The Joplin tor-
nado resulted in 158 total deaths, making it the 
single deadliest tornado in the United States 
since modern tornado recordkeeping began in 
1950. In addition, the Joplin tornado is the costli-
est tornado on record, with nearly $3 billion in 
damage reported. These recent two events high-
light the devastating consequences that can result 
when a violent tornado moves across a developed 
landscape. Imagine, for a second, if the infamous 
2013 El Reno, Oklahoma, EF3 tornado—an un-
believably wide, erratic, and terrifying multiple-
vortex tornado that traversed largely undevel-
oped land—had formed just 25 miles further east? 
This horrific hypothetical would have placed the 
tornado across the heart of densely populated 
Oklahoma City during Friday evening rush hour! 

While tornadoes do their share of damage, 
tropical cyclones are the most destructive weath-
er hazards on Earth. Many developed landscapes 
around the world are affected by these events, 
sometimes resulting in significant injury, death, 
and economic loss. When these swirling storms 
make landfall, they may produce strong winds 
that can destroy personal property and infrastruc-
ture; historically storm surge and inland flood-
ing have been responsible for a large majority 
of deaths associated with these cyclones. Since 
1851, 290 hurricanes have made landfall on ei-
ther the United States Gulf or Atlantic Coasts. 
Of these 290 storms, 97 of them have been rated 
as major hurricanes (Category 3+ on the Saffir-
Simpson Scale). Greater than 85% of all ma-
jor hurricanes to strike the United States have 
done so on the shores of just three states—Texas, 
Louisiana, and Florida. Florida alone has been 
hit by 40% of all landfalling United States hurri-
canes in the past 160 years. Overall, historical re-
cords indicate that the Gulf and Atlantic Coasts 
are subject to approximately two landfalling hur-
ricanes per year, with a major hurricane making 
landfall approximately once every other year. 

Recent tropical cyclone events such as 
Hurricanes Katrina and Sandy have created bil-
lions of dollars in damage and killed thousands 
of people. Hurricane Katrina, which killed over 
1,800 people, is the costliest tropical storm disas-
ter in United States history, with an estimated 
$125 billion in damage reported. Over 1 million 
people were displaced by Katrina, leaving hun-
dreds of thousands of New Orleans, Louisiana, 
and central Gulf Coast residents unemployed 
and homeless. Apart from the monetary and hu-
man consequences, Katrina also had a profound 
impact on the environment. The extreme storm 
surge resulted in significant beach erosion that 
stretched hundreds of square miles. Much of the 
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United States hurricanes landfall. Many ma-
jor United States cities and urban areas subject 
to the expanding bull’s-eye effect are located 
within these regions. For example, cities such 
as Atlanta, Georgia; Chicago, Illinois; Dallas, 
Texas; Houston, Texas; Miami, Florida; and New 
York, New York, exemplify an expanding bull’s-
eye given that they have developed rapidly over 
the last century and are forecast to continue this 
extreme growth over the next century. Figure 
2A illustrates the amplification of developed 
land area and total number of homes east of the 
Continental Divide from 1940 to 2100. The 
uncertainty in future population and housing 
growth is captured in Figure 2 by including the 

Intergovernmental Panel on Climate Change’s 
(IPCC) projections of potential climate and soci-
etal changes. In 1940, a large majority of land east 
of the Continental Divide was considered rural 
or sparsely populated. By 2010, rural land had de-
creased by 20%, transitioning to urban, suburban, 
and exurban development types. Specifically, to-
tal urbanized land area east of the Continental 
Divide has increased 540% over the past 75 years. 
The total number of homes in this region of the 
United States could increase as much as 94 mil-
lion, or 92%, over the next 85 years. 

Figure 2B shows the same concept, except for 
those counties that border the Atlantic and Gulf 
Coasts. These coastal locations are more densely 

Figure 1. The expanding bull’s-eye effect illustrated with the 2013 Moore, Oklahoma EF5 tornado footprint overlaid atop A) a theoretical metropolitan region 
and B) Wichita, Kansas, for the years of 1950 through 2100.
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Figure 2. The percentage of urban, suburban, exurban, and rural land use A) east of the Continental Divide and B) Atlantic and Gulf Coast counties from 
1940-2100. The black line indicates the total number of homes within the region in millions.  The shaded area represents the potential number of homes in 
the region throughout the 21st century based on various climate and societal scenarios.  
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populated compared to development east of the 
Continental Divide. In 1940, 90% of the land 
bordering the Atlantic and Gulf Coast was con-
sidered rural. By 2100, as much as 60% of this 
land could be considered developed. The United 
States Census Bureau found, that in 2010, ap-
proximately 39% of the United States popula-
tion resided in coastal counties, yet these coun-
ties only account for 10% of the conterminous 
United States land area. In addition, more than 
16 million people were living within the coastal 
floodplain in 2010. Since 1970, coastal shoreline 
county population has increased 40%, indicating 
that approximately 35 million more people and 
their homes are in the direct path of potentially 
devastating storm surges. As of 2010, the coastal 
shoreline county population density is approxi-
mately four times greater than that of the average 
United States county population density.

How many more homes in Houston, Texas; 
Miami, Florida; New York, New York; or your 
favorite coastal community would be affected 
in 2100 by a Category 5 hurricane compared to 
one that occurred in 1940? How will the expand-
ing bull’s-eye alter tornado disaster potential in 
Chicago, Illinois; Wichita, Kansas; Kansas City, 
Missouri; Dallas, Texas; or any number of cities at 
high risk to severe thunderstorm hazards over the 
next 85 years? These questions can be answered 
by taking historical weather events and overlay-
ing them on locations of interest. For example, a 
model representing Hurricane Andrew’s extreme 
winds and intensity can be placed over New York 
City to examine potential hazard impacts on 
The Big Apple in 1940, 2000, 2050, and 2100. 
This “what if” scenario method can be used to 
illustrate how the expanding bull’s-eye effect is 
changing the disaster landscape across both space 
and time. To provide examples of this method, 
the 2013 Moore EF5 tornado damage survey 
path and 1992 Hurricane Andrew wind swath 

path have been placed near or over major cities 
(Figure 3).

Figure 3 highlights the difference in the 
number of homes that would be potentially af-
fected by the same tornado event from 1940 to 
2100 for all path locations. Similar to Figure 2, 
the uncertainty in future total number of homes 
impacted is illustrated by the shaded areas from 
2010 to 2100. The Atlanta tornado path scenario 
represents the greatest change in the number of 
homes impacted: In 1940, only 36 homes would 
have been struck by the tornado, but in 2100, 
as many as 22,500 homes would be affected by 
a similar event! This demonstrates how sprawl-
ing development, which characterizes Atlanta 
and many other American cities, can amplify 
potential disaster effects. Similar to the tornado 
path scenarios, the Hurricane Andrew path loca-
tions also demonstrate the expanding bull’s-eye 
effect through the swelling number of people and 
homes affected throughout the 160-year period. 
Figure 3B suggests that if a Category 5 hurricane 
made landfall on the Houston, Miami, or New 
York coasts in 2100, greater than 1.9 million 
homes could be potentially affected in each case. 
The Big Apple region could have somewhere be-
tween 11 and 15 million homes affected in 2100. 
The Miami and Houston regions represent the 
greatest expanding bull’s-eye effect from 1940 to 
2100—the number of homes potentially hit by a 
Category 5 hurricane in these metropolitan areas 
is expected to increase as much as 9,000%! This 
represents a change of 3 million homes impacted 
by a Category 5 hurricane in 2100 as compared 
to 1940. 

By examining the expanding bull’s-eye effect, 
emergency managers, city planners, and policy 
makers will be able to appreciate how develop-
ment and shifting demographics shape disaster 
potential. Understanding how the expanding 
bull’s-eye effect influences disaster potential pro-

Figure 3. The total number of homes impacted by sample A) tornado and B) hurricane event scenarios. The shaded area represents the potential number of 
homes impacted throughout the 21st century based on various climate and societal scenarios.
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vides a perspective of disaster consequences that 
may be used to address policy through adapting 
zoning laws, refining state and local building 
codes, and improving infrastructure. For ex-
ample, the implementation of safe rooms or the 
retrofitting of existing structures will help reduce 
fatalities and weather disaster effects. Such dis-
cussion has already taken place in Missouri and 
Oklahoma at the state and local government lev-
els after recent devastating tornadoes. Through 

addressing development patterns, long-term 
strategies at the local level may begin to take 
disaster likelihood into account. Questions such 
as, “Where should a future community housing 
complex be built? What type of development 
(sprawling or compact) should a community un-
dertake? Should this new housing complex man-
date safe rooms?” can be answered by considering 
risk in the context of a community’s expanding 
bull’s-eye effect. 

Washington, IL in A) April 6, 1994 and B) November 18, 2013 with the November 17, 2013 tornado footprint overlaid as an example of the expanding bull’s-eye 
effect.  A majority of the development struck by the tornado path was built within the last 10 years. 
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As global climate change continues to modify 
the weather hazard landscape, growth in popula-
tion and developed land also persists; therefore, 
both risk and societal exposure should be evalu-
ated when examining future disaster potential. 
Disasters only occur where there are people and 
possessions to be affected. Imagine if the stron-
gest and widest tornado on record occurs in the 
middle of a largely undeveloped landscape—
there will be no billion dollar disaster or people 
affected. However, if that same tornado were to 
occur over a city, thousands of people could be 
injured or killed and billions of dollars in damage 
could result! The chance of the latter is increas-
ing as populations swell and more land is con-
verted from undeveloped to developed.	 W

STEPHEN M. STRADER is a Ph.D. candidate in the Department 
of Geography at Northern Illinois University. WALKER S. 
ASHLEY is an associate professor in the Department of 
Geography and Meteorology Program at Northern Illinois 
University.

 
Successful Weather Forecast Company 

for Sale (includes clients) 
This offer is to existing private weather companies that want 
to increase their client base and to those individuals who 
are interested in owning their own weather service. The 
company is located in one of the largest, most densely 
populated, metropolitan areas in the nation (just outside of 
NYC). It has numerous clients. They include many 
companies and government agencies/organizations that 
have weather sensitive operations. The gross income has 
increased through the years and has been increasing in 
sales through the years. It has no debt. 
 
If you have an interest in the company, please send an  
E-mail mail to: snowstormnws@yahoo.com with your title, 
address, telephone number, email address and company 
noted or indicate you are an individual interested in the 
purchase. You will be asked to sign a Non-Disclosure form 
that will be provided. Once I send it to you for your 
signature (no obligation for purchase at that point), you can 
email or fax it back to me. I will then sign and send back to 
you. With the confidentiality in place, I can then send you 
the prospectus and answer and any all questions. 
You will receive an acknowledgement that the form has 
been received. At that point, we can then proceed with the 
details on the company such as the name of the company, 
asking price (willing to hear any and all offers) and details 
on the company, location, etc. Thank you. 

Contact Jeff Leonard @ 215-675-9208, ext. 201
or Jeff@leonardmedia.com
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