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Brief Review: When the Sky Kills
The Occurrence and Effects of Tornadoes and High Winds



•  Frequency: Roughly 1,000 
tornadoes in the United States 
each year. Less than 1% of U.S. 
tornadoes account for 2/3 of 
fatalities.

•  Vulnerability: Mobile home 
dwellers account for less than 
10% of population, but 43% of 
U.S. tornado deaths.

•  Casualties: There are around 50 
people killed each year in the 
United States. Roughly 5,000 
people have been killed since 
1950.

Tornadoes
A tornado is a rapidly moving air system that has the ability to destroy 
solid structures and carry heavy debris.



On May 22, 2011, an EF-5 tornado with winds of more than 200 mph struck Joplin 
(pop. 50,000) in southwest Missouri. The tornado killed 150+ people and severely 
damaged the city's hospital, churches, businesses, and residential areas. 

Joplin Tornado

http://www.wunderground.com/blog/JeffMasters/caribbean-disturbance-slow-to-develop-5-ef5-tornadoes-this-year-conf



A Closer Look



Major U.S. Tornadoes Since 1950

http://www.wunderground.com/blog/JeffMasters/caribbean-disturbance-slow-to-develop-5-ef5-tornadoes-this-year-conf



Tornado Deaths



•  Warnings: Warnings can cut fatalities 
in half compared to no warning. In 
the 1990s, the NWS created a 
national Doppler radar network that 
has significantly reduced casualties.

•  Construction Codes: In 1994, HUD 
introduced new wind load 
requirements in coastal areas that 
helped reduce the vulnerability of 
mobile homes.

•  Shelters: Underground and above 
ground shelters can withstand the 
force of tornadoes and are key to 
reducing casualties.

Reducing Harm from Tornadoes 
According to Simmons & Sutter (2010), there are several factors that can 
help to reduce the damage from tornadoes. 

Kevin M. Simmons and Daniel Sutter, Economic 
and Societal Impacts of Tornadoes, (Boston; 
Chicago: American Meteorological Society; 
University of Chicago Press, 2010).



Deadly Weather
Thinking About the Effects of Extreme Weather Conditions

http://images.nationalgeographic.com/wpf/media-live/photos/000/475/cache/science-extreme-weather-haboob-dust-storm_47509_600x450.jpg



•  Causes: Average global 
temperatures have risen 
0.9°F (0.5°C), primarily as 
a result of greenhouse 
gases in the atmosphere. 

•  Casualties: Worldwide 
extreme weather and 
associated hazards (e.g., 
flooding) cause numerous 
deaths and enormous 
damage. 

A Few Words About Extreme Weather
Since 1970, rising temperatures resulting from greenhouse gases have 
increased the chances for severe heat waves, drought, and other forms of 
extreme weather. 



Extreme Weather



Extreme Weather
“46% of deaths from extreme weather in the U.S. from 1993-2006 were 
from excessive cold, 28% from excessive heat, 10% from hurricanes 7% 
from floods, and 4% from tornadoes.”  (Indur M. Goklany)

http://wattsupwiththat.com/2011/08/27/hurricane-fatalities-1900–2010-context-in-these-stormy-times/



Happening Right Now!

http://wattsupwiththat.com/2011/08/27/hurricane-fatalities-1900–2010-context-in-these-stormy-times/



Student Presentation: Hurricane Sandy
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Facts & Figures
•  October 2012
•  Largest Atlantic Hurricane on record
•  Category 3 at peak intensity in Cuba; 

Cat. 2 in New Jersey
•  Killed 286 people in 7 countries(54 in the 

U.S.)
•  Caused $50 Billion in damages in the U.S.



Timeline
•  Oct. 22nd: Landfall in Jamaica; Cat. 2 Hurricane 
•  Oct 25th: Landfall in Cuba; Cat. 3 Hurricane
•  Oct. 26th: Landfall in Bahamas; Cat. 2 Hurricane
•  Oct. 29th: Landfall in New Jersey; Cat. 1 

Hurricane



Aftermath
•  As of July 2013:
•  Total raised: $575 million 
•  Spent: $336 million (58%) for Sandy relief
•  $238 million still in banks (42%)
•  Largest Donor: American Red Cross ($299 

million)
•  Government Response:
•  FEMA placed workers before storm hit
•  Disaster Relief Appropriations Act- $50 billion
•  Hurricane Sandy Rebuilding Task Force



Political Impact
•  Presidential Race 2012 (Romney v. Obama)
•  Gov. Christie & Pres. Obama
•  Election Day
•  Romney and FEMA

•  Role of FEMA
•  “Big storm = big government”

•  Global Warming/ Climate Change



The Dragon’s Breath
Hurricanes, Typhoons, and Tropical Cyclones

news.yahoo.com 



•  Frequency: Year round there are 100s 
of tropical depressions, 70-100 
named tropical cyclones, and 40-60 
hurricane strength storms. 

•  Seasons: May-October in the East 
Pacific and June-November In the 
Central Pacific, Atlantic, Caribbean, 
and Gulf of Mexico

•  Casualties: An estimated 10,000 
people die each year from tropical 
cyclones world wide, with 15,000 
people killed in the United States 
during the past century. 

Tropical Cyclones
A tropical cyclone with a low-pressure center, rains, and strong wind 
storms (over 118 km/hour). Draws energy from warm ocean water.



Distribution of Storm Conditions 
There are three major areas that are subject to cyclical severe storm 
systems, and these conditions reflect dynamics related to the earth’s 
rotation and the movement of warm air and water currents.



Distribution of Atlantic Hurricanes
The Indianola Hurricane of 1886 destroyed the town of Indianola, Texas. It 
was one of the most intense hurricanes ever to hit the United States. The 
town was never rebuilt.

The tracks of all Atlantic hurricanes which formed between 1851 and 2012.



Atlantic Cyclone Measurements
• Saffir-Simpson Wind Scale: A 1 

to 5 rating based on a cyclone’s 
sustained wind speed that is 
used to estimate potential 
property damage. While 
Category 1 and 2 also can be 
dangerous, Category 3 and 
higher storms are capable of 
causing catastrophic loss of life 
and damage. In the western 
North Pacific, the term "super 
typhoon" is used for tropical 
cyclones with sustained winds 
exceeding 150 mph.

The Saffir-Simpson Wind Scale (SSHWS) 
underwent minor modifications in 2012 to 
revise conversions used for wind speed.



Pacific Cyclone Measurements

• Hong Kong Observatory Scale: A 
rating system based on the World 
Meteorological Organization's 
recommendation by the 
maximum average sustained 
wind speeds near the center of a 
storm during a 10 minute period. 
This scale adds a sixth 
classification for “super” 
typhoons.

Tropical Depression
41-62 km/h

Tropical Storm 
63-87 km/h

Severe Tropical Storm 
88-117 km/h

Typhoon
118-149 km/h

Severe Typhoon
149-184 km/h

Super Typhoon
>185 km/h

http://www.hko.gov.hk/aviat/outreach/product/20th/TCclass.htm

Hong Kong Observatory Scale
Typhoon comes from the Chinese tai-fung, or "great wind”



The Effect of Wind Speeds



The Effect of Wind Speeds: Category 1



The Effect of Wind Speeds: Category 2



The Effect of Wind Speeds: Category 3



The Effect of Wind Speeds: Category 3



The Effect of Wind Speeds: Category 4



The Effect of Wind Speeds: Category 5



Timing & Number of Atlantic Hurricanes

http://www.nhc.noaa.gov/climo/images/
cum-average_Pac_1971-2009.gif



When to Expect a Tropical Cyclone?

Source: Annual Tropical Cyclone Report (ATCR) prepared by the staff of the Joint Typhoon Warning 
Center (JTWC), http://www.usno.navy.mil/NOOC/nmfc-ph/RSS/jtwc/atcr/2011atcr.pdf

Average Number of Cyclones in Pacific Northwest (1958-2011)
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Formation of Storm



Four Components
A typical cyclone comprises inflow, rainbands, an eye and an eyewall, and outflow. 
Warm, moist air enters at low levels (large orange arrows), rises through intense 
updrafts in the eyewall (spiral at center), and departs at high altitudes (large blue 
arrow). Due to a weaker downdraft, the eye is relatively calm and clear. Rising air 
also helps create concentric rainbands (short orange arrows) outside the eyewall, 
with cooling air sinking between rainbands  (short blue arrows). 

Warm, moist air  concentric rainbands 

Warm air eparts at high altitudes 
Cooling air sinking 
between rainbands 



A Closer Look



The Coriolis Effect
• Knowing Right from Left: The 

earth's rotation creates a force 
that pulls the winds to the right 
in the Northern Hemisphere and 
to the left in the Southern 
Hemisphere. 
• The Process: When a low 

pressure zone forms north of the 
equator, surface winds flow 
inward to fill in the low and are 
deflected to the right initiating a 
counter-clockwise rotation. The 
opposite occurs south of the 
equator.



Measuring Cyclones
• HURDAT is the official dataset for 

tropical storms and hurricanes 
for the Atlantic Ocean, Gulf of 
Mexico and Caribbean. Its data 
are used utilized for setting 
building codes for coastal zones, 
risk assessment, assessment of 
possible insurance and business 
losses, intensity forecasting, 
verification of predictions of 
path and intensity, and climatic 
change studies.

http://skepticalscience.com//pics/cycloneWinds3.png



History of Pacific Typhoons 1945-2005

http://www.wunderground.com/education/nwpac_cat45.gif



History of U.S. Hurricanes 1851-2009

http://www.hurricanescience.org/images/hss/us-h-landfall_climate%20section.jpg



Storm Deaths (Worldwide)
Storms (including hurricanes, cyclones, tornados, typhoons): Global Deaths 
and Death Rates, 1900–2008.

http://www.thegwpf.org/indur-m-goklany-global-death-toll-from-extreme-weather-events-declining/



Hurricane Deaths (United States)



Areas of Greatest U.S. Vulnerability (Yellow)
2/3 of tropical storm deaths deaths occur inland due to flooding, 
mudslides, and tornadoes. Mapped on a county-by-county basis, the Social 
Vulnerability Index shows inland hurricane effects. 

Lighter colors = 
greater 
vulnerability. 



Deadliest Storm in History?
The death toll in the Bangladesh Cyclone of 1970 the best estimates 
suggest that at least 300,000 people died from the associated storm tide 
surge in the low-lying deltas.

http://curiosity-media.discovery.com/mediaItems/4/d/a/4da359bf25092/most-destructive-storms-5.jpg.jpg?v=1302616989http://i.imgur.com/cph96.jpg
http://all-that-is-interesting.com/the-most-devastating-

natural-disasters-before-the-21st/2http://assets.knowledge.allianz.com/img/bangladesh_flood_50573.jpg



Whatever Happened to Indianola, USA?
The Indianola Hurricane of 1886 destroyed the town of Indianola, Texas. It 
was one of the most intense hurricanes ever to hit the United States. The 
town was never rebuilt.

Indianola, Texas in 1875



Why Don’t You Run, Dude!?!
“For reasons not yet understood, more than 71% of those who die in [US] 
floods during tropical storms and hurricanes are male.”

https://www2.ucar.edu/atmosnews/research/7721/
mapping-hurricane-vulnerability



Costliest Storm in History?
Hurricane Andrew (1992) caused $26.5 billion in damage in the Bahamas, 
Florida & Louisiana. Controlling for inflation & population increases, if the 
1926 Great Miami Hurricane had hit in the 1990s it would have caused over 
$80 billion in damage in Florida & Alabama (Pielke and Landsea 1998).

http://www.prh.noaa.gov/cphc/pages/FAQ/Tropical_Cyclone_Records.php



Atlantic Tropical Cyclones On the Rise?

http://chapelboro.com/wp-content/uploads/2013/06/hurricane-frequency.jpghttp://blog.chron.com/sciguy/2011/09/noaas-seasonal-hurricane-forecasts-do-they-have-any-predictive-value/



Tropical Cyclones On the Rise?

Source: Annual Tropical Cyclone Report (ATCR) prepared by the staff of the Joint Typhoon Warning 
Center (JTWC), http://www.usno.navy.mil/NOOC/nmfc-ph/RSS/jtwc/atcr/2011atcr.pdf

Activity in Pacific Northwest Actually Below Average Over the Last Decade
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Figure 1-1. Annual number of western North Pacific TCs greater than 34 knots intensity. 
 
 

 
Figure 1-2. Annual number of Western North Pacific TCs greater than 127 knots intensity. 



Even Super Tropical Cyclones?

Source: Annual Tropical Cyclone Report (ATCR) prepared by the staff of the Joint Typhoon Warning 
Center (JTWC), http://www.usno.navy.mil/NOOC/nmfc-ph/RSS/jtwc/atcr/2011atcr.pdf

Activity in Pacific Northwest Actually Below Average Over the Last Decade
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Figure 1-2. Annual number of Western North Pacific TCs greater than 127 knots intensity. 



1) The globe is not warming;
2)   The globe is warming, but warming 

does not increase hurricanes 
frequency, duration or intensity;

3)  Warming does increase the 
frequency, duration and intensity of 
hurricanes, but our adaptive capacity 
has increased more rapidly; 

4)  Warming does not increase the 
frequency, duration or intensity of 
hurricanes and our adaptability has 
increased more rapidly.

Discussion Points
If global temperatures have increased and if, according to many warmists, 
warming should have—all else being equal—made hurricanes more 
destructive, why have deaths and death rates declined over the long term?

Indur M. Goklany represented the United States at the 
Intergovernmental Panel on Climate Change (IPCC) and during 

the negotiations that led to the United Nations Framework 
Convention on Climate Change.



Storm Surges and Floods
The Politics of Rising Waters



The Effects of Storm Surging
Tropical Cyclone Mahina struck Bathurst Bay, Australia in 1899, producing 
a surge of at least 13-15 m (about 42-48 ft), leaving fish and dolphins atop 
15 m cliffs.



The Effects of Storm Surging
“Parts of downtown Richmond experienced major flooding on August 30, 
2004, as torrential rains from Tropical Storm Gaston moved inland across 
Virginia.”

https://www2.ucar.edu/atmosnews/research/
7721/mapping-hurricane-vulnerability



Flood Deaths (Worldwide)
Floods: Global Deaths and Death Rates, 1900–2008.

http://www.thegwpf.org/indur-m-goklany-global-death-toll-from-extreme-weather-events-declining/



Typhoon Haiyan
The Human, Economic, and Physical Toll of Haiyan

EPA/Francis R. Malasig



Typhoon Haiyan (Yolanda) 
• Date: November 3-11, 2013
• Type of Storm: Tropical Cyclone 
• Highest Winds: 315 km/h; 
195mph (Typhoon/Category 5 
Hurricane)
• Storm Surge: 16 ft.
• Areas Affected: Micronesia, 
Philippines, and to a lesser extent 
South East Asia (Vietnam/S. 
China)

http://www.washingtonpost.com



The Path of the Storm
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Philippines: Country Background
Socio-Economic Data
• Population (2013): 105 million
• Terrain: Over 7,000 islands 
• Capital:  Manila (11.6  million)
• GDP (2012):  $240 billion
• GDP growth (2012): 6.8% 
• GDP/capita PPP (2012): $2,587 

Note: Fairly strong growth in GDP over 
the previous five years.

http://www.lib.utexas.edu
Population figures from Government of Philippines. GDP figures from World Bank. 
http://data.worldbank.org/indicator/NY.GDP.PCAP.CD



Human Impacts
Philippines (*)
• Deaths: 5,235 confirmed 
• Casualties: >20,000 injured
• Missing: >20,000 missing
• Displaced: >4.4 million

Note: <80 people reported killed in 
Vietnam, Taiwan, China. No fatalities 
reported in Micronesia.

nydailynews.com

* Figures as of November 25, 2013 according to the Philippines 
National Disaster Risk Reduction and Management Council 
(NDRRMC).  Some estimates as high as 20K dead. 




Economic Costs
Estimates of the economic cost of 
rebuilding after Haiyan vary widely, but 
the fact that the storm bypassed major 
production zones may help minimize 
economic losses. 

Philippines
• Total Cost: $5-15 billion
• GDP Growth: ~1% lower forecast
• Workers affected: 5 million



Source: http://www.rawstory.com/rs/2013/11/20/philippines-counts-the-cost-of-typhoon-haiyan/



Damaged Homes in the Philippines

Manila



Source: www.straitstimes.com www.dailymail.co.uk



Source: www.straitstimes.com 



Source: www.straitstimes.com www.thetimes.co.uk



Comparing Haiyan to Other Storms
Haiyan is one of the strongest and 
deadliest storms on record, surpassing 
Thelma, which struck the Philippines in 
1991. 

Other Major Storms
• Thelma (1991): 5,100 dead
• Bopha (2012): 1,000 dead
• Katrina (2007): 1,800 dead, $125 billion
• Sandy (2012): 286 killed, $80 billion 


http://www.ibtimes.com/philippine-gdp-growth-forecast-cut-2013-typhoon-haiyan-rebuilding-efforts-give-2014-economic-boost



Responses & Controversies
Challenges in the Domestic and International Response

http://darkroom.baltimoresun.comhttp://i2.cdn.turner.com/cnn/dam/assets/131114071626-08-haiyan-1114-horizontal-gallery.jpg



Philippines Governmental Response
Government corruption and 
neglect has been widely cited as 
factors exacerbating the Haiyan 
disaster. Inadequate warning 
systems and evacuations in hard 
hit areas like Tacloban (pop. 200k) 
put thousands in harms way. The 
government of the Philippines has 
pledged to help immediate 
rebuilding efforts, committing half 
a billion dollars in immediate 
assistance.

President Benigno Aquino III 



U.S. Government Response
The United States 
government has pledged 
$20 million and deployed 
the USS George 
Washington and its 5,000 
crew members and two 
additional destroyers to 
assist the victims and 
participate in search and 
rescue efforts in the 
aftermath of Typhoon 
Haiyan.  

Source: http://www.navsource.org



Japanese Government Response
The Japanese government 
pledged $30 million and 
deployed 1,000 members 
of its National Defense 
Forces to assist the 
country, more than 60 
years after the Japanese 
occupation during World 
War II.  

Source: http://www.straitstimes.com



Chinese Government Response
The government of China, 
the world’s second largest 
economy, initially pledged 
just $100,000 to aid the 
victims, but later upped its 
offer to $1.6 million, and 
also deployed a  medical 
ship and disaster relief 
team to directly participate 
in search and rescue 
efforts.

Source: http://www.businessweek.com



International Responses
The United Nations has issued a 
call for over $300 million in 
international assistance.
Offers of disaster aid from foreign 
countries and international 
organizations have varied widely, 
causing controversy in some 
cases (e.g., China). Relief efforts 
include medical missions, search 
and rescue aircraft and 
equipment, as well as food and 
other supplies. 

Sources: Unofficial reports from various news reports.

Some Int’l Aid Estimates:
• United Kingdom: $100+ million
• Japan: $50+ million
• Norway: $30+ million
• Canada: $30 million
• United States: $20 million
• Australia: $10 million
• Saudi Arabia: $10 million
• China: $1.6 million




Filipinos Abroad
With an estimated 10 million 
Filipinos living abroad (including 3.4 
million in the United States), the 
nation’s total remittances are the 
third largest in the world. Many 
emigrés have begun to contribute to 
recovery efforts.

Remittances to Philippines
• Estimate (2012): $21 billion
• Share of GDP: ~10%

http://images4.mtv.com

The new guy: Arnel Pineda: Filipino



Disaster Relief Initiatives
Fraud, waste, and corruption are 
frequent problems when 
disaster strikes. When donating 
to disaster relief efforts it is 
important to seek credible 
charities, ideally with a proven 
track record. For example, help 
in identifying reliable charities, 
check out the website for 
Charity Navigator 
(charitynavigator.org). 

http://www.concordmonitor.comhttp://www.slate.com



Torero Fundraising Efforts
The University of San Diego 
has a dedicated 
fundraising page to assist the 
victims of Typhoon Haiyan. 
FUSO is exploring 
opportunities to partner with 
departments on campus, and 
will provide information on the 
FUSO website and on 
Facebook.

Jamba Juice and T-shirt Fundraiser#
Thursday, Nov. 21, 2013

USD Women’s Volleyball vs. BYU#
Saturday, Nov. 23, 2013

USD Rotaract Club T-shirt Fundraiser#
Tuesday, Dec. 3, 2013, Dead hours 

Souplantation#
Thursday, Dec. 12, 2013
More information to come



Concluding Observations
The Politics of Stormy Weather



•  Major Climatological Events Have 
Political Causes & Consequences: 
Human contributions to climate 
change appears to be having a 
considerable effect on ocean 
temperatures and precipitation 
patterns, with major implications 
for human vulnerability.

•  What We Don’t Know Can Hurt Us: 
That said, there is still a need for 
more data on whether extreme 
weather is increasing in frequency 
or severity, and greater analysis of 
how societies can adapt to the 
process of climate change. 

Concluding Observations





El Niño vs. La Niña Years
“In El Niño years, the Atlantic tends to be less active than usual, while 
parts of the central and northeast Pacific is busier than usual. During La 
Niña events, there is a tendency for more activity in the Atlantic than the 
Pacific.”


