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· Hurricanes
· Are Large tropical cyclones

· Heat engines converting heat of tropical ocean into winds and waves

· Generate winds over 150 miles/hr
· Force of wind is proportional to velocity squared

· 150 mi/hr wind has 2.3 times that of a 100 mi/hr wind

· Onshore surges, up to 6 m (20 ft) over sea level

· Heavy rains cause dangerous floods well away from coastlines
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Cape Verde-type Hurricanes

· Begin as storms in Sahel Desert in Africa

· strengthen over warm Atlantic Ocean

· change from cold to warm core

· Become tropical storms 

· near Cape Verde Islands

· Blown westward by trade winds

· become stronger

· Move west & north by trade winds in western Atlantic

· Consequently, Central America gets few hurricanes

· Few form in El Niño years

· Hurricanes are different from extra-tropical storms (frontal systems)

· Main movement of energy is vertical, not horizontal, moving energy from the lower atmosphere to the upper atmosphere.
· Weakens rapidly when move onto land

· Weaker high-altitude winds ( stronger hurricane

· Can transition back into cold-core cyclones (extra-tropical storms) once they exit the tropics.

· Extra-tropical storms actually have more energy than hurricanes
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· Often form on east sides of oceans 

· 
Strengthens on west side where warm water is concentrated

· Also form off Pacific coast of Mexico – area of isolated warm water

· No hurricanes in the S. Atlantic - Southern Atlantic Ocean is too narrow in the E-W direction so there is no room to strengthen.

· Form between 5o to 20o latitude, travel to higher latitudes

· Do not form along (or cross) equator – Coriolis effect is zero
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Hurricane Origins

· About 84 tropical cyclones (hurricanes, typhoons, cyclones) form each year

About 10 in north Atlantic Ocean, Caribbean Sea, Gulf of Mexico
· Different names in different parts of the world:

· Indian Ocean & Australia: cyclones

· Western Pacific Ocean: typhoons

· Eastern/Central Pacific: hurricanes

· Atlantic: hurricanes
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Florida 2004

· Low-elevation peninsula surrounded by warm ocean waters

· Crossed by four hurricanes in late summer 2004: Charley, Frances, Ivan and Jeanne

· Jeanne: devastated Haiti, turned out to sea, then continued turning to come back on Florida, crossing with same path as Frances 20 days earlier

Four hurricanes combined to kill more than 110 people in Florida, damaged 20% of Florida’s houses, & caused more than $30 billion in damages
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How a Hurricane Works

· Transports excess tropical heat to upper atmosphere

· Requirements for development of hurricane:

· Seawater at least 27oC (80oF) in upper 60 m

· Unstable, warm, humid air

· Weak upper-level winds (little wind shear)

· Often begins with low-pressure zone over Africa but can spring up in the Gulf of Mexico almost without warning.
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The Eye

· When surface-wind speeds reach about 119 km/hr, none of wind reaches center ( calm clear eye

· Inside eye:

· Cool, high-altitude air sinks, warms, and absorbs moisture

· Eye wall: 

· Cylinder-shaped area of spiraling upward winds around eye

· Location of strongest winds
GEOL 4327
Chapter 11

Hurricanes

· Right side experiences wind speed plus travel speed of hurricane, left side experiences wind speed minus travel speed of hurricane

· The right side of the hurricane is where the most latent heat is released, also causing increased wind speed and larger thunderstorms
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· Strength assessed by Saffir-Simpson scale

· Category 1: wind damages trees and unanchored mobile homes

· Category 2: winds blow down trees, major damage to mobile homes, some roofs

· Category 3: winds blow down large trees, strip foliage, destroy mobile homes, damage small buildings

· Category 4: all signs blown down, heavy damage to buildings, major damage to coastal buildings, flooding extends inland

· Category 5: severe damage to buildings, major damage to buildings less than 5 m above sea level and within 500 m of shoreline, small buildings overturned and blown away
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Recent Major Hurricanes

Location
Name

Year

Category

Deaths

Houston
Carla

1961

4



43

Biloxi MS
Camille  
1969

5



250

Houston
Alicia

1983

2



10-20

Mexico

Gilbert  
1988

2



unknown

SC


Hugo     
1989

4



56

Florida
Andrew

1992

4



27

Hawaii

Iniki

1992

4



6

Alabama
Ivan     
2004

3



110

LA/MS

Katrina
2005

5



1,836

Texas

Rita

2005

3



113

Texas

Ike  

2008

2



≈51
NY/NJ

Sandy

2012

1



74

· On March 20, 2004 the 1st hurricane ever documented in the South Atlantic struck the southern coast of Brazil in the state of Santa Catarina (500 miles south of Rio de Janeiro).  In Oct 2005 tropical storm Vince made landfall in Spain.
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North Atlantic Ocean Hurricanes

· From 1900 to 1992: 

· U. S. Gulf and Atlantic coastlines hit by 153 hurricanes, 

· three category 5 
· 14 category 4
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Huricane Ivan

New Orleans: 1 million people


- half city area at or below sea level


- land subsiding 5 mm/yr

September 2004: New Orleans in path of Hurricane Ivan

Category 4, with winds of 150 miles/hr

Evacuation ordered by governor

Bumper to bumper traffic on highways turned one way

Many sheltered in Superdome

Hurricane Ivan turned to East & hit Mobile Alabama
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· Hurricane Katrina lost strength crossing Florida on Aug 25, 2005 but gained strength quickly

· Katrina winds reached 175 mi/hr (cat 5) and evacuation notices were issued for New Orleans on Aug 28

· Katrina came ashore 35 mi east of New Orleans on Aug 29 with winds of 120 mi/hr

· Because of the false alarm with Ivan most people didn't evacuate

· Levees were breeched and canals overflowed and of the 100,000 who did not evacuate, 1,836 were killed.

· Most costly disaster in U. S. history
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Hurricane Rita

· Tuesday Sept 20, 2005 as Rita reached 100 mi/hr

· Landfall predicted at Freeport Texas.  Mandatory evacuation issued for Galveston Wed. Sept 21. Largest evacuation in U. S. history as 2 million residents of Houston and Galveston fled on Wed. & Thurs. 

· 3rd strongest storm ever in the Atlantic Basin

· Early Sat morning Sept 24, Rita struck SE Texas and west Louisiana as a Cat 3 storm.

· 2 million evacuees returned home on Sunday and Monday

· Hurricane Andrew, August 1992

· Began as thunderstorms over West Africa, August 13
· Intensified into tropical storm by August 17
· August 23: northern Bahamas, wind speeds of 155 mi/hr

· August 24: crossed southern Florida affected homes of 350,000 people, with winds of 155 mi/hr, gusts up to 174 mi/hr

· Killed 33 people, destroyed 80,000 buildings

· Regained energy in the Gulf of Mexico

· Hit Louisiana with 120 mi/hr winds on August 26

· Killed additional 15 people

· $44 billion in damages, most destructive in U.S. history

· Most damage result of poor construction (no tie down straps)
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Hurricane Paths
· Main influences on hurricane paths:

· Trade winds blow cyclone west & curve them north as they approach North America

· Size and position of Bermuda High: high pressure zone above North Atlantic Ocean determines path 

· Main influences on hurricane paths:

· Bermuda High pressure system

· 
Over a decade can shift location
· 1950s: east coast of North America hit by hurricanes

· 1960s, 1970s: Gulf coast hit by hurricanes
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· Caribbean Sea and Gulf of Mexico type Hurricanes

· Form at Intertropical Convergence Zone (ITCZ), where trade winds meet near equator

· Location of ITCZ moves with the seasons

· ITCZ located north of equator in July and south of equator in January
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Hurricane Mitch, Oct 1998

· October 22: tropical depression 13 at ITCZ in Caribbean

· 18 hours later: Tropical storm Mitch

· 36 hours later: Hurricane Mitch

· October 26: one of strongest category 5 hurricanes on record
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· Heading toward Cuba then veered to Central America

· October 27: stalled off coast of Honduras, winds slowed down to tropical storm strength

· October 30: landfall in Central America, dropping tremendous amounts of rain in Honduras and Nicaragua

· Three-day rainfall totals up to 80 inches
· About 6,500 people killed in Honduras, about 3,800 people killed in Nicaragua, many by mudflows

· Second deadliest hurricane in history of Americas
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Forecasting the Hurricane Season

Increased number of storms in North Atlantic region can be forecast based on:

· Wetter western Sahel region

· Warmer sea surface temperatures

· Low atmospheric pressure in Caribbean

· La Niña conditions in Pacific

· Westward blowing La Niña trade winds aid hurricane formation

· Eastward blowing El Niño trade winds disrupt hurricane formation
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· Hurricane deaths are down in second half of 20th century

· Hurricane damages are up

· Larger, more expensive homes on coastlines

· More population along coastlines

· Destruction and deaths caused by:

· Winds

· Storm surges

· Heavy rains and inland flooding
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Storm Surges

· Rise in sea level under storm due to:

· Winds push water ashore to pile up above normal levels, especially on right-hand side of storm – highest wind velocities

· In northern hemisphere, highest storm surge occurs 10-20 miles to right of path of eye
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Heavy Rains and Inland Flooding
· After moving on land, less water vapor is absorbed into hurricane, loses strength

· Precipitation of already massive volume of water in dissipating hurricane can cause massive flooding
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Galveston, Texas, September 1900

· Deadliest natural disaster in U.S. history

· Galveston – wealthiest Texas city – 38,000 residents given warning of hurricane but many did not evacuate

· Category 4 hurricane – at high tide, with 125 mi/hr winds

· Highest point on island flooded to 0.3 m

· 6,000 people killed, but many survived 10 m waves by crowding in lighthouse

· City constructed sea wall, brought in sand to elevate land
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Gulf of Mexico Coast Example: Texas
· Barrier sand islands, river-cut lands drowned by higher sea level, gently sloping sea floor, lower tidal ranges

· Over 6,000 mi2 land lies less than 20 ft above sea level

· Virtually every coastal structure in Texas will experience a hurricane in its lifetime
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Hurricanes and the Atlantic Coastline

Hugo, September 1989

· Charleston, South Carolina experienced 10th strongest U.S. hurricane

· 17 ft storm surge, 140 mi/hr winds at Fort Sumter, Charleston
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The Evacuation Dilemma

· Satellite photos enhance warnings.

· Aircraft reconnaissance required to determine strength of hurricane until it gets within coastal radar range.

· Almost 50 million people live in Atlantic Ocean or Gulf of Mexico coastline counties, population growth faster than construction of new roads or bridges

· Assurance of federal flood and disaster assistance causes construction in harms way
· Evacuation dilemma: estimated 72 hours to evacuate most cities

· Hurricane path not well known 72 hours in advance

GEOL 4327
Chapter 11

Hurricanes

Warning of 1999 Hurricane Floyd hitting South Carolina created massive gridlock leaving people exposed on roads

· Hurricane Floyd hit North Carolina instead

Warning of 1980 Hurricane Allen hitting Houston Texas created massive gridlock leaving people exposed on roads.  Didn’t come.

· Hurricane Alicia in 1983 threatened Houston and many people didn’t evacuate.

· Hurricane Rita in 2005 threatened Houston and massive gridlock ensued.  Many didn't evacuate for hurricane Ike. 
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Building Codes 

· After many manufactured homes destroyed by 1992 Hurricane Andrew, tougher Florida building codes enacted – new manufactured homes survived four hurricanes of 2004. Codes later enacted in many states (Texas included). 

Roofs

· First step in destroying building is often to lift off roof

· Prevention by:

· Strap roofs to walls

· Ban stapled asphalt roofing sheets on plywood

Impact of Wind-borne Debris

· Windows of shatter-proof glass or protected by shutters or plywood (not tape)
· Remove loose objects outside
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Land-Use Planning 

· Low-lying coastal land used for parks, farm fields, golf courses, nature preserves, etc., where flooding is not damaging

Coastal Development Restrictions

· Current building boom on shorelines

· Thousands of new homes built since last hurricane 
· FEMA estimates next 60 years: 25% houses within 150 m of shoreline will fall into water during some hurricane, without mitigating actions
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Global Rise in Sea Level

· Global rise in sea level averages about 0.3 m per century

· Can move beaches inland by 1,000 ft in low-lying areas

· Coastal resident response:

· Build sea wall

· beach narrows and waves and then concentrated over smaller area, eventually undermining sea wall

· Build bigger sea wall
GEOL 4327
Chapter 11

Hurricanes

Hurricanes and the Pacific
· 15% of Earth’s tropical cyclones: offshore southern Mexico, Guatemala, El Salvador in Pacific
· Why is Pacific coastline hit by fewer hurricanes?

· Trade winds blow hurricanes west out to sea

· Cold California current from Alaska drains hurricane energy
· Hurricane Patricia in 2015 was a category 5 
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Hurricanes and the Pacific
Iniki, Sept. 1992
· Hawaiian Islands at northern edge of hurricane-generating warm waters, hit by storms formed to the southeast

· Iniki: category 4 storm tore across Kauai with 130 mi/hr sustained winds and gusts of 160 mi/hr

· Damaged all buildings, destroyed non-native vegetation, cost island economy $2 billion
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Cyclones and Bangladesh

· Seven of world’s nine most deadly weather events in 20th century have been cyclones hitting densely populated Bangladesh – low-lying sediments of deltas of Ganges and Brahmaputra Rivers

· 1970 cyclone during full Moon high tides brought surge of 7 m, winds of 235 km/hr ( 400,000 people killed

· 1991 cyclone with 20 ft surge, 150 mi/hr winds killed 140,000 people

· Population in 2005 was 141 million in an area the size of Wisconsin

Coastline

· Hit hard by hurricane waves

· Sandy coast and low wetlands are natural defense systems against wave attack

· More and more people living near coast

· Almost entire U.S. coastline is losing beach sand

·  often by erosion from land uses
