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Objectives: 

8.1
Additional fundamentals of weather and climate.

8.2
Lecture and discussion on scientific processes, historical perspectives, and impacts of heat waves.

8.3       Lecture and discussion on scientific processes, historical perspectives, and impacts of winter storms.

8.4       Lecture and discussion on scientific processes, historical perspectives, and impacts of hurricanes.

_________________________________________________________________

Scope:
The instructor will continue the discussion of the basic fundamentals of weather and climate.  After these basics, the instructor will discuss heat waves, winter storms, and hurricanes.  Besides discussing the scientific processes associated with the phenomena, students will learn historical perspectives and impacts through the use of case studies for these hazards and disasters. 

Recommended Instructor Readings:
Students have been assigned chapters or portions of books along with information from other sources.  It is recommended that the instructor be familiar with these readings in its entirety.

Hyndman, D. and Hyndman, D. (2011). Natural Hazards and Disasters (3rd ed.). Belmont, CA, Brooks/Cole. Chapter 10, 14.

Ahrens, C.D. and Samson, P. (2011). Extreme Weather & Climate. Belmont, CA, Brooks/Cole. Chapters 3, 13.

Rauber, R.M., Walsh, J.E., and Charlevoix, D.J. (2008). Severe and Hazardous Weather, An Introduction to High Impact Meteorology (3rd ed.). Dubuque, IA: Kendall/Hunt Publishing Company. Chapters 9, 10, 11, 12, 13, 14, 15, 16, 24, 27.

Student Readings: 

Hyndman, D. and Hyndman, D. (2011). Natural Hazards and Disasters (3rd ed.). Belmont, CA, Brooks/Cole. Chapter 10, 14.

Ahrens, C.D. and Samson, P. (2011). Extreme Weather & Climate. Belmont, CA, Brooks/Cole. Chapters 3, 13.

Rauber, R.M., Walsh, J.E., and Charlevoix, D.J. (2008). Severe and Hazardous Weather, An Introduction to High Impact Meteorology (3rd ed.). Dubuque, IA: Kendall/Hunt Publishing Company. Chapters 9, 10, 11, 12, 13, 14, 15, 16, 24, 27.

Note to Instructor:
A Power Point presentation is available for the instructor.  This course is not dependent on these visual aids but are a tool if the instructor wishes to use them.  Also, if there are any handouts, they should be given to the students.

Objective 8.1: Additional Fundamentals of Weather and Climate
A. Air Masses
Definition: Large body of air (usually > 1000 miles +/- in diameter) that exhibits relatively homogeneous properties of temperature and moisture

Source Regions: Locations where air masses develop

Classification from temperature and characteristics of the ground surface

Temperature can be Arctic, Polar, or Tropical

Surface type can be Continental or Maritime

Source Region Types

Maritime (ocean) surface (m); provides moist air

Continental (land) surface (c); provides dry air 

High (polar) latitudes; source of cold air

Low (tropical) latitudes; source of warm air

Letter Designation

Lower case=nature of the surface

Upper case=temperature

Basic Air Mass Types

Maritime

Continental

Maritime

Maritime Polar (mP)

High latitudes

Cool and moist

North Pacific, Northwest Atlantic

Maritime Tropical (mT)

Low latitudes

Warm and moist

Gulf of Mexico

Continental

Continental Polar (cP)

High latitudes

Cold and dry

Interior Canada

Continental Arctic (cA)

Polar and Arctic latitudes

Extremely cold and extremely dry

Arctic Basin and Greenland Ice Cap

Continental Tropical (cT)

Lower latitudes

Extremely hot and extremely dry

New Mexico, Arizona

B. Fronts
Definition: Boundary between dissimilar air masses

Includes different densities, temperature, and moisture (humidity)

Ask students why are fronts important.

Answer: marks the beginning of a potential major change in the weather

Types of Fronts

Determined by thermal change in air mass character

Four major types

Cold front

Warm front

Occluded front

Stationary front

Cold Front

Marks colder air mass moving into a region

Usually found in a low pressure trough

Drawn as a solid blue line with the triangles along the front showing its direction of movement

In Northern Hemisphere, winds at the surface ahead of front (warm sector), generally from a southerly (SE to SW) direction and shift to a more westerly (W to N) behind the front (in the colder air)

One of the best ways to determine the time of frontal passage is recognizing the abrupt wind shift

Warm Front

Marks warmer air mass moving into a region

Usually found in a trough

Drawn as a solid red line with semicircles pointing in the direction of movement

In the Northern Hemisphere, winds at the surface ahead of the front (cold sector) are generally from an easterly direction and shifting to a more southerly direction behind the front in the warm air

Occluded Front

Occurs when a cold front catches up and merges with a warm front

Drawn as a purple line with alternating cold front triangles and warm front semicircles pointing in the direction toward which the front is moving

Two types of occluded fronts (also known as an occlusion)

Cold occlusion

Cold front takes over a warm or stationary front (cold air in back)

Warm occlusion

Warm front overtakes a cold or stationary front (cold air in front)

Stationary Front

Boundary between dissimilar air masses that moves very slowly back and forth so that over a relatively long period of time, it appears not to move at all

Drawn as alternating red and blue lines with semicircles facing the cold air on the red line and triangles facing the warm air on the blue line

Winds generally from the south ahead of the front (warm side) while northerly behind the front on the cold side

Objective 8.2 Heat Waves
Ask students what has recently been one of the leading causes of weather related fatalities?  Expect answers like tornadoes, floods, and hurricanes.  Look at fatalities associated with heat waves.  While these are all substantial, lightning is the leading cause.

A. Definitions
What is a heat wave?  According to the National Weather Service, it is “A period of abnormally and uncomfortably hot and unusually humid weather. Typically a heat wave lasts two or more days.”

A lot depends on the location.  It is obvious that areas like Arizona and Florida have higher temperatures at various times compared to other states.

Heat Advisory: Issued within 12 hours of the onset of the following conditions: heat index of at least 105°F but less than 115°F for less than 3 hours per day, or nighttime lows above 80°F for 2 consecutive days.  A more generic description is threshold value is expected or has been present for two or more consecutive days.

Excessive Heat Warning: Prolonged periods are expected or extremely high indices are expected for a single day.

Note: Threshold values for previous two definitions are geographically dependent.

Heat Index: The Heat Index (HI) or the "Apparent Temperature" is an accurate measure of how hot it really feels when the Relative Humidity (RH) is added to the actual air temperature.  This is how it really feels like to an individual.

Heat Exhaustion: A mild form of heat stroke, characterized by faintness, dizziness, and heavy sweating.

Heat Stroke: A condition resulting from excessive exposure to intense heat, characterized by high fever, collapse, and sometimes convulsions or coma.

B. Heat Index Categories
Four categories IV-I (highest number is lower apparent temperature.

IV: Apparent temperature is 80E-90EF; Symptoms include fatigue possible with prolonged exposure and physical activity; Should use caution, Exercise causes fatigue more rapidly.

III: Apparent temperature is 90E-105EF; Sunstroke, heat cramps, and heat exhaustion possible with prolonged exposure and physical activity; considered a dangerous situation.

II: Apparent temperature is 105E-130EF; Extreme danger for individual; Sunstroke, heat cramps, or heat exhaustion likely; Heatstroke possible with prolonged exposure and physical activity; Only need brief exposure and activities.

I: Apparent temperature is 130EF or higher; Heatstroke or sunstroke possible with only brief activity; Considered life threatening.

C. Heat Wave Causes
Four factors that cause high summer temperatures in mid-latitude areas of the United States:

1. Absence of polar air masses (jet stream further north of area; strong ridge)

2. Strong heating of the surface (sinking of atmosphere, high pressure, leads to a warm air dome)

3. Dry ground (lack of soil moisture)

4. Amount of vertical mixing of air (vertical mixing near surface is weak or confined to shallow depth, little mixing of drier air aloft to reach surface and mix with warm, moister air near ground)

D. Urban Heat Island
Ask students if they know what the term Urban Heat Island means?

Heat is often worse in cities compared to rural areas.  It can be very noticeable at night and difficult sleeping without air conditioning.

Reasons for this phenomena include:

1. Areas with more vegetation have more cooling.  There is more soil moisture in rural areas than in an urban area.

2. Concrete and paved areas store more heat than vegetated areas.  This heat is slowly released at night into the atmosphere.

3. There are additional heat sources such as vehicles and machinery (including air conditioners).

4. Taller buildings can create a “canyon” effect.  This allows more solar radiation absorbed with a horizontal or vertical surface.

Besides higher temperatures, research has shown there can be higher rainfall amounts downwind of cities.  Some of these cities are Dallas, San Antonio, Nashville, and St. Louis.

E. Case Studies
Chicago, Illinois; July 1995

Estimated fatalities of 500-1000 (many deaths a few days or weeks later from pre-existing conditions)

Many victims were elderly as Chicago ranks behind New York City and Los Angeles for number of elderly

Area beyond Chicago to Midwest, Great Plains, and part of New England

Relatively short period of high temperatures and high dewpoint temperatures resulting in high heat index readings.

http://www.weather.gov/om/assessments/pdfs/heat95.pdf
United States, 2006

Most of the country

Some of the actual temperatures were 117E in Pierre, South Dakota and 119E in Los Angeles.

More than 25,000 cattle and 700,000 fowl died

Milk production declined by 15-20%

More than 150 fatalities in California

http://www.wrh.noaa.gov/wrh/07TAs/ta0705.pdf
Note: There was another long heat wave in the summer of 2011.  It is recommended to check various NWS offices such as Oklahoma City or Dallas for additional information.

http://www.noaawatch.gov/themes/heat.php
Objective 8.3: Winter Storms
Ask students what are characteristics of winter storms.

A. Midlatitude Cyclones
Cause of most stormy weather in the United States (does not include garden variety thunderstorms or hurricanes)

Includes severe thunderstorms, tornadoes, severe winter storms, blizzards, ice storms, heavy snow, high winds, can have flooding)

Cyclogenesis: development or strengthening of a midlatitude cyclone

Source Regions: Major areas in the United States for cyclogenesis

Eastern slopes of the Rocky Mountains

Great Basin

Gulf of Mexico

Atlantic Ocean off North Carolina

B. Forms of winter precipitation
Snow: precipitation composed of white or translucent ice crystals, chiefly in complex branch hexagonal form and often agglomerated into snowflakes

For weather observing purposes, intensity of snow is characterized by visibility (light, moderate, or heavy) and based on distance

Light Intensity: visibility is 1 km (5/8 statute mile) or greater

Moderate Intensity: visibility is less than 1 km but not more than ½ km (5/16 statute mile)

Heavy Intensity: Visibility less than ½ km

Snow Grains: Solid equivalent of drizzle (don’t bounce or shatter on hard surface)

Snow Pellets: White, opaque round to conical ice particles; bounce on a hard surface and often break up

Sleet: Combination of liquid and frozen precipitation (rain and snow).  Raindrops freeze before hitting the surface.

Freezing Rain: Precipitation falls as liquid but freezes upon hitting surface due to below freezing temperatures on surface and warmer temperatures in the atmosphere

C. Winter Storm Outlooks, Advisories, Watches, Warnings
Outlook: Major storm expected in next 3-5 days

Advisory: Mixed precipitation (snow, sleet, freezing rain) expected but not warning in 12-24 hours

Watch: Heavy snow, sleet, blizzard conditions, significant accumulations of freezing rain or drizzle, or combination of types within 24-48 hours

Warning: Winter precipitation expected in 12-24 hours, may include “near-blizzard” conditions

D. Ice Storms
usually freezing rain events.  Can cause significant hazards such as ice on roads, power lines, and fallen trees

Impacts include cold temperatures, reduced or no travel, automobiles, trucks, rail, and air impacted, power outages, trees and limbs fallen, large amounts of debris

E. Blizzards
Definition from National Weather Service: Sustained winds $ 35 mph, falling or blowing snow, visibilities at or below 1/4 mile, and all of these variables lasting a minimum of three hours.

Blizzards occur within circulation of extra-tropical cyclones as the cyclones provide wind and snow.

North American geography has favorable environment for blizzard formation due to north-south orientation of Rocky Mountains.  It keeps the relatively warmer water of the Pacific Ocean (compared to air temperatures) from the Great Plains.  Air masses can come south from the Canadian Arctic carrying very cold air.  Many blizzards form east of the Rockies and mature on the Plains (where the cyclone create the strong winds).  Moisture is generally from the Gulf of Mexico.  These three ingredients (cold air, strong winds, and moisture) are necessary to form a blizzard.

11 blizzards on average per year in the continental United States

40 states in continental United States had at least one blizzard between 1959-2000.

“Blizzard Belt” located in Red River area of North Dakota, South Dakota, and western Minnesota.

Probabilities range from 2%-76% of having a blizzard in a season.

F. Case Studies
1998 Northeast Ice Storm January 4-9, 1998

One of most destructive ice storms in North America

Lake Ontario eastward along United States-Canadian border

Several provinces along with New York, Vermont, New Hampshire, and Maine

Approximately half a million without power and $1.4 billion in damages in United States

Around 40 fatalities

http://www.erh.noaa.gov/btv/events/IceStorm1998/ice98.shtml
January 2007 North American Ice Storm

Three winter storms that began during the second week of January and lasted approximately ten days

Most of the United States east of the Rocky Mountains

Ice accumulations from Texas to Midwest to New York

Large number of fatalities (around 100 traffic-related)

Hundred of airline flights cancelled

Power outages for hundreds of thousands

http://www.srh.noaa.gov/media/tsa/tribune/spring07.pdf
http://www.crh.noaa.gov/lsx/?n=01_12_2007
Midwest Blizzard of 1978

Largest blizzard from 1959-2000

While heavy snow and winter weather in several states, actual blizzard in North Dakota, South Dakota, Colorado, Wisconsin, Michigan, Illinois, Kentucky, Indiana, and Ohio

Affected millions

73 fatalities

Property damage over $4.5 billion (1978 dollars)

http://www.time.com/time/magazine/article/0,9171,945942,00.html
http://www.crh.noaa.gov/dtx/stories/blizzard1978.php
http://www.ohiohistorycentral.org/entry.php?rec=1649
http://yesteryear.clunette.com/blizzard780126.html
http://dept.kent.edu/ksutop_story/archive_98/980121_blizzard_of_78_shmid.html

http://wermenh.com/blizz78a.html
March 1993 Superstorm

Also known as “Storm of the Century”

March 12-14, 1993

Blizzard conditions north and west of low pressure center; High winds, severe thunderstorms, flooding, storm surge in coastal areas south and east of center

Record cold temperatures after storm

Among greatest nontropical weather events to affect United States in modern times

Barometric pressure dropped to 960 mb

Snow, high winds, tornadoes, and storm surge (up to 12' in areas) in Florida

Heavy snow in Appalachians

Blizzard conditions from Georgia to New England

Circulation over 3 million square miles

Closed every airport on Eastern Seaboard (Key West to Maine)

Over 272 fatalities

$3 billion + property damage

Impacted over 100 million people

http://www.rms.com/Reports/1993_SuperStorm.pdf
ftp://ftp.ncdc.noaa.gov/pub/data/techrpts/tr9301/tr9301.pdf
http://www.weather.com/blog/weather/8_15036.html
http://www.popularmechanics.com/science/environment/natural-disasters/4219886

http://www.srh.noaa.gov/bmx/?n=winter_blizzardof1993
Other interesting site

http://www.erh.noaa.gov/aly/Past/WINTER.htm
The instructor may want to look at local news sources or National Weather Service offices in affected states.  Many have stories relating to various winter storms.

Objective 8.4: Hurricanes
A. Definition of Tropical Cyclone
International agreement for all hurricane-type storms

Tropical cyclone consists of low pressure center surrounded by strong rotating winds

Different names in world but all tropical cyclones

Western North Pacific: Typhoon

Indian Ocean, Australia: Cyclone

Eastern Pacific and North Atlantic: Hurricanes

B. Hurricane Impacts
High winds

Storm surge

Heavy rain

Inland flooding

Tornadoes

C. Hurricane Names
Originally in West Indies after specific “Saints Day” in 19th Century

Australians assigned female names in late 19th Century

United States used Phonetic alphabet in 1950

1953: Women’s names in United States

1978: Both genders in Eastern North Pacific

1979: Both genders in areas impacting United States

Individual names on six year cycle from World Meteorological Organization

Severe storm names retired

Go to Greek alphabet if go through names (happened in 2005)

D. Hurricane Season (North Atlantic basin)

June 1-November 30

Peak is mid-September

Possible to have hurricanes before June and in December

E. Hurricane Formation
Sea-surface temperature $ than 80E

Surface layer of warm water must be deep, typically 200' of greater (around 60 meters)

Winds in the atmosphere must not change direction substantially with height (wind shear)

Location 5 degrees north or south of Equator

F. Life Cycle
Tropical Wave: unorganized group of thunderstorms with weak surface circulation

Tropical Disturbance: Slight circulation with organized group of thunderstorms, maintains identity on weather map for 24 hours

Tropical Depression: Several closed isobars (lines of equal pressure) as storm increases in strength with sustained surface winds of 20-34 knots or up to 39 mph; Given a number for identification

Tropical Storm: Sustained winds from 35-64 kts (39-73 mph); Given a name

Hurricane: Sustained winds greater than 64 kts (74 mph)

Decay

Strong vertical wind shear

Reduced source of heat and moisture

Dry, cool air transported into system

High pressure aloft

G. Hurricane Scale
Saffir-Simpson scale was developed in the early 1970s by Herb Saffir (wind engineer) and Bob Simpson (meteorologist) to help alert the public of potential impacts from different intensities of hurricanes.

Scale is Category 1 to Category 5 (weakest to strongest).  The scale was updated in 2010.  A Category or greater is considered a major hurricane.

Category 1: Sustained winds 74-95 mph; Very dangerous winds will produce some damage

Category 2: Sustained winds 96-110 mph; Extremely dangerous winds will cause extensive damage

Category 3: Sustained winds 111-130 mph; Devastating damage will occur

Category 4: Sustained winds 131-155 mph; Catastrophic damage will occur

Category 5: Sustained winds over 155 mph; Catastrophic damage will occur

http://www.nhc.noaa.gov/sshws_table.shtml?large
H. Hurricane Occurrences and Facts
Average United States season has 18 storms consisting of 11 tropical storms, six are hurricanes of which two are major hurricanes

Major hurricanes are Category 3 or higher on Saffir-Simpson Scale

Record Seasons
Named Storms: Maximum 30 (2005)

Named Storms: Minimum One (1914)

Hurricanes: Maximum 15 (2005)

Hurricanes : Minimum Zero (1907, 1914)

Major Hurricanes: Maximum Seven (1950, 2005)

Major Hurricanes: Minimum Zero (several years)

Most Intense Hurricanes to Strike United States
1. Florida Keys, 1935, 892 mb, Cat. 5

2. Camille, 1969, 909 mb, Cat. 5

3. Katrina, 2005, 920 mb, Cat. 3

4. Andrew, 1992, 922 mb, Cat. 5

Note: Wilma set record of 882 mb before landfall

Deadliest United States Hurricanes
1. Galveston, 1900, Cat. 4, 8,000-12,000

2. Lake Okeechobee, 1928, Cat. 4, 2,500-3,000

3. Katrina, 2005, Cat. 3, 1,500+ (1,836?)

4. Louisiana, 1893, Cat. 4, 1,100-1,400

5. South Carolina/Georgia, 1893, Cat. 3, 1,000-2,000

Costliest United States Hurricanes
1. Katrina: LA, MS, AL, FL, several other states, $81.6 billion

2. Andrew: FL and LA, $26.5 billion

3. Wilma: FL, $20.6 billion

4. Ike: TX and other states, $19.3 billion

5. Charley: FL, NC, and SC, $15 billion

6. Ivan: FL, AL, several other states, $14.2 billion

I. Case Studies
Hurricane Katrina

Most expensive natural disaster in United States history, $81.6 billion

Number three in fatalities 1,500+, one source says 1,836

August 25, 2005 landfall in south Florida as Cat. 1 (81 mph)

August 28, 2005: Cat. 5 (173 mph, 902 mb) in the Gulf of Mexico before landfall

August 29, 2005 landfall near Buras, Louisiana as Cat. 3 (127 mph, 920 mb)

Third Landfall near Pearl River (LA/MS border) as Cat. 3 (121 mph, 928 mb)

Extensive damage in Mississippi, New Orleans

Levee breach causes most of damage in New Orleans

Now the “benchmark” hurricane-replaced Camille (Cat. 5 in 1969)

Impacts and Emergency Management Issues (use for discussion)

90% evacuation in New Orleans, still around 100,000 remained in city

Attitudes of some in New Orleans: hurricanes don’t strike and move away at last minute

Levee failure-Corps of Engineers problems?

Rooftop rescues

Late evacuation order by Mayor of New Orleans?

Response: Failure on local, parish, state, and federal levels?

As much looting as media reported?

Changes in FEMA

Michael Brown-heck of a job Brownie, qualification for FEMA Administrator

President Bush flying over in Air Force One

Update NIMS


http://www.katrina.noaa.gov/

http://www.ncdc.noaa.gov/special-reports/katrina.html
http://www.nola.com/katrina/ (Many links on this page)

http://www.mississippiheritage.com/HurricaneKatrina.html
http://www.time.com/time/nation/article/0,8599,1103003,00.html
http://articles.cnn.com/2005-11-03/us/brown.fema.emails_1_international-arabian-horse-association-marty-bahamonde-e-mails?_s=PM:US

http://abcnews.go.com/US/katrina-femas-michael-brownie-brown-defends-years/story?id=11438515

Hurricane Ike

Third hurricane and fourth tropical system to hit Texas in 2008 season

Quick development as Tropical Wave on September 1, hurricane on September 3, and Cat. 4 on September 4.

Made landfalls in Haiti, Dominican Republic, and Cuba

Landfall near Galveston, Texas as strong Cat. 2 on September 13

Remember, Galveston had largest number of fatalities in U.S. history from hurricane in 1900

Ike is a large system

Extensive flooding with 17'-20' storm surge

Impacts from Ike in Midwest and Canada

Cat. 2 was only 1 mph under Cat. 3 at landfall near Galveston

Tropical force winds in Ohio Valley caused major power outages

20 direct fatalities in Texas, Louisiana, and Arkansas

64 indirect fatalities in Texas due to various reasons

23 missing as of May 10, 2010 (16 from Galveston)

At least 28 direct and indirect fatalities in Ohio Valley and other states (Ohio, Indiana, Pennsylvania, Tennessee, Kentucky, Illinois, Michigan, Missouri)

Even with mandatory evacuations, 3500 people needed to be rescued

Damage around $19.3 billion (as of September 2011, #3 in U.S.)

Major gasoline shortages and price increases

Extensive power outages-especially around Houston

Extreme flooding and coastal erosion

Areas like Bolivar peninsula and Crystal Beach had many homes destroyed

Demonstrated effects of a large medium-strength hurricane

Better performance of FEMA post Katrina?

Some areas yes, others no

Ice, water, and food distributed in PODs around Houston

Some areas not as well

Better use of temporary shelters such as hotels for survivors and evacuees

Reentry issues in Galveston with no water, sewer, or electricity

Traffic backed up on interstate to Houston

http://www.nhc.noaa.gov/pdf/TCR-AL092008_Ike_3May10.pdf
http://www.fema.gov/hazard/hurricane/2008/ike/index.shtm
http://topics.nytimes.com/topics/reference/timestopics/subjects/h/hurricanes_and_tropical_storms/hurricane_ike/index.html

http://www.centerpointenergy.com/newsroom/stormcenter/ike/
http://www.chron.com/news/hurricanes/article/Ike-victims-claim-pressure-to-leave-trailers-1732977.php

http://www.boston.com/bigpicture/2008/09/the_short_but_eventful_life_of.html

If there is time, a hurricane video is recommended showing impacts from an major event.

Remind students of the readings for the next class and the material that will be discussed.  We will start with Topic III (Anthropogenic Non-Intentional Hazards).


