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Objectives: 

7.1
Learn basic fundamentals of the atmosphere.

7.2
Lecture and discussion on scientific processes, historical perspectives, and impacts of thunderstorms.

7.3  Lecture and discussion on scientific processes, historical perspectives, and impacts of tornadoes.

7.4  Lecture and discussion on scientific processes, historical perspectives, and impacts of windstorms.

7.5  Lecture and discussion on scientific processes, historical perspectives, and impacts of fog.

_________________________________________________________________

Scope:
The instructor will discuss the basic fundamentals of the atmosphere along with weather and climate.  After these basics, the instructor will discuss thunderstorms, tornadoes, wind storms, and fog.  Besides discussing the scientific processes associated with the phenomena, students will learn historical perspectives and impacts through the use of case studies.  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. (2009). Natural Hazards and Disasters (2nd ed.). Belmont, CA, Brooks/Cole. Chapter 15.

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 18,19.

Schmidlin, Thomas W. (2009).  Human Fatalities from Wind-Related Tree Failures in the United States, 1995-2007.  Natural Hazards (50):13-25.

Unauthored (2009). All Tornadoes-U.S. Retrieved March 31, 2009 Tornado Project Online http://www.tornadoproject.com/

Student Readings: 

Ahrens, C.D. and Samson, P. (2011).  Extreme Weather & Climate.  Belmont, CA, Brooks/Cole.  Chapters 1, 7, 11, 12, pp.97-103.

Hyndman, D. and Hyndman, D. (2009). Natural Hazards and Disasters (2nd ed.). Belmont, CA, Brooks/Cole. Chapter 15.

Schmidlin, Thomas W. (2009).  Human Fatalities from Wind-Related Tree Failures in the United States, 1995-2007.  Natural Hazards (50):13-25.

Unauthored (2009). All Tornadoes-U.S. Retrieved March 31, 2009 Tornado Project Online http://www.tornadoproject.com/
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 7.1: Fundamentals of the Atmosphere
A. Composition of the Atmosphere
Pure air is invisible, colorless, odorless, and tasteless

Gases
78% nitrogen

21% oxygen

All others approximately 1%

Includes Argon, Neon, Helium, Methane, Krypton, and Hydrogen

Variable-Amount Gases

Water vapor, Carbon Dioxide, Carbon Monoxide, ozone, Sulfur Dioxide, Nitrogen Dioxide

Solids and Liquids
Liquid water: < 1% by volume

Solids (Ice): < 1% by volume

Particulate Matter: < 1% by volume

(tiny solids such as dust, smoke, soil, ash, salt spray, and pollutants)

Hygroscopic material (absorbs water) as water vapor condenses around particulate matter a affecting cloud formation

Absorbs or reflects insolation (incoming solar radiation) changing amount which reaches the surface

B. Atmospheric Pressure
Atmosphere has weight which pushes downward

Air molecules create pressure through their motion, size, and number

Average force is 14.7 lbs/in.2
Normal pressure is 1013.2 mb (29.92")

Density decreases with altitude in the atmosphere

50% of air molecules are below 3.5 miles and 90% in 10 miles 

C. Thermal Layers of the Atmosphere
Troposphere
Lowest region (surface to 10 miles)

Name implies a vertical mixing of air

Usually a steady decrease of air temperature with an increase in altitude; called Lapse Rate (3.5F/1000' or 6.4C/1000m)

Inversion is an increase of air temperature with an increase in altitude

Most moisture and heat located in troposphere

Most weather occurs in troposphere

Stratosphere
11 miles to 31 miles above surface

Contains ozone (O3) layer to absorb ultraviolet (UV) radiation

Strong inversion exists due to this absorption of UV radiation from the sun

Very little water vapor

Mesosphere
31 miles to 50 miles above the surface

Temperature decreases with height

Cools due to distance from ozone layer

Thermosphere
50-300 miles above the surface

Dramatic decrease in heat energy content BUT very high temperature (2200F) due to lack of mass

Absorbs cosmic rays, gamma rays, x-rays, and shorter wavelengths of UV radiation

Aids communication by reflecting radio waves back to Earth

Known for auroral displays

Exosphere
300 miles to 20,000 miles above the surface

Rarefied atmosphere, practically a vacuum

A few hydrogen and helium atoms weakly bound by Earth’s gravity

Known as outer space

D. Weather and Climate
Ask students what is weather.

Weather
Short term atmospheric conditions that exist for a given time in a specific location

Can be a sum of variables such as temperature, cloud conditions, humidity, precipitation, wind, pressure, and storms

Temporal parameters can be moment, day, week, season, year, or decade

Ask students what is climate.

Climate
Aggregate of day-to-day weather conditions over a long period of time

Normally 30 years or longer

Climate includes both average characteristics along with the variations and extremes

Major Elements of Weather and Climate
Temperature

Pressure

Wind

Moisture

Principal Climate and Weather Controls
Latitude
Influences temperature due to positional relationship between the Sun and the Earth

Due to varying amounts of solar energy from Sun’s rays

Land and Water Distribution
Affects moisture content and temperature

Oceans heat and cool slower than landmasses

Difference between maritime and continental climates

Water provides source of moisture

Land and water is not evenly distributed on the Earth

General Circulation of the Atmosphere
There are semipermanent patterns of wind and pressure systems in the troposphere (Trades, Westerlies, Bermuda High)

Can affect local wind to regional patterns

Winds in the tropics from the east while in the midlatitudes, winds are from the west

General Circulation of the Oceans
Oceans provide heat transfer with current

Temperature seeks equilibrium (surplus to deficit)

Warm water travels towards Poles while cool water travels from Poles to Equator

Warm currents located off the east coast of continents (Gulf Stream)

Cool currents located off the west coast of continents (California Current)

Elevation
Temperature, moisture, and pressure content decrease with increase in elevation

Lapse rate

Influences weather in mountainous areas

Topographic Barrier
Hills and mountains impact weather and climate elements

Lake effect precipitation (rain and snow)

This can be in locations such as Buffalo, New York or Northeast Ohio

The rain shadow effect is on the windward and leeward side of mountains as in Hawaii and the Wyoming/Idaho border

Storms
Can range in scale from local to regional

Tornado

Thunderstorms

Hurricane

Monsoon

Midlatitude Cyclone

Blizzard

Objective 7.2: Thunderstorms
Ask students what are characteristics of thunderstorms.

Thunderstorms can have:

Heavy rain

Lightning

Heavy winds

Hail

Tornadoes

May cause flash flooding

Ask students what is a severe thunderstorm.

Severe thunderstorm (defined by the National Weather Service)

Any or all of these variables:

Winds > 50 knots (58 mph)

Hail  1"

Tornado

Life Cycle of a Thunderstorm
Three main stages (Initial, Mature, and Dissipation)

Initial Stage

Also known as the Towering Cumulus Stage

Persistent updraft and rapidly growing vertical cloud

Cloud diameter expands

Mature Stage

Updraft strength reaches maximum height

Some storm tops range from 20,000' to 60,000' agl (above ground level)

Lightning at beginning of mature stage

Gust front associated with mature stage (pool of cool air at surface) usually noticed before heavy rain

Microbursts (strong downbursts) and hail associated with mature stage

Dissipation Stage

Dome of cool air from rain cuts off updraft at surface and causes storm to die out (lack of fuel)

Edge of dome is now in outflow boundary (exhaust) and potential exists for new thunderstorm to form

Also possible tornado formation due to enhanced low-level horizontal shear (wind from different directions)

Thunderstorm Types
Single Cell

Warm, moist air rises vertically, forms rain, which fails through the cloud cooling it down

Supercell

Tilted thunderstorm which has rain and hail on leading side with tornadoes on trailing side

Forms of Thunderstorms
Squall Line

Organized line of individual thunderstorm cells

Characteristics include downbursts and straight-line winds

Multicell Clusters (MCCs)

Strong updrafts

Hail, heavy precipitation

Storm complex can last for hours

Supercells

Strong updrafts and vertical wind shear

Anvil is distinctive in shape

Potential for mesocyclones and tornadoes

Large hail, downbursts, heavy precipitation

Case Studies
Nashville, TN May 1 & 2, 2010

13+” of rain

Many fatalities (29 in south)

Heavy flooding

http://www.srh.noaa.gov/ohx/?n=may2010epicfloodevent
http://www.fema.gov/news/event.fema?id=12789
http://www.msnbc.msn.com/id/36891589/
http://abcnews.go.com/WN/nashville-flooding-29-dead-flash-flooding-south/story?id=10555626

http://www.huffingtonpost.com/2010/05/03/tennessee-flooding-photos_n_561436.html

Ouachita National Forest (Arkansas) June 11, 2010

5+” of rain

Flash flood in remote campground

River estimated to rise 8'/hour

20 fatalities

http://arkansasmatters.com/floodingtragedy (Many articles and images)

http://www.msnbc.msn.com/id/37655531?utm_source=twitterfeed&utm_medium=twitter

Objective 7.3: Tornadoes
Definition: Rapidly rotating column of air that extends from cloudbase to ground

Invisible

Primarily produced by mesocyclones

Tornado Formation
Usually with mesocyclones

Wind shear near surface and aloft start horizontal rotation

Rotating vortex (similar to a “slinky”) picked up in thunderstorm

Can be where warm and cool air masses converge

Life Cycle
Dust Whirl Stage: dust swirling upward from the surface marks the tornado’s circulation on the ground, short funnel downward from base of thunderstorm

Organizing Stage: Condensation funnel takes more form, more debris seen

Mature Stage: Most severe damage, funnel quite easy to see, tilt to funnel

Weakening Stage: tornado begins to dissipate, wind speeds less

Rope Stage: final stage of tornado, rope-like condensation funnel, usually a “contorted” shape before final dissipation

Tornado Occurrence
Occur in most parts of the world.  United States is leader as it averages more than 1000 per year.  Have occurred in every state including Alaska and Hawaii.  Most are in “Tornado Alley” which is from Central Texas to Nebraska.  Tornado Alley includes Texas, Oklahoma, Arkansas, Missouri, Kansas, and Nebraska.  There are several tornadoes in the Southeast (some call it “Dixie Alley” which includes Alabama and Mississippi.

Weather conditions are favorable environment for tornadoes in Tornado Alley.

Most tornadoes in the United States form in the Spring (March to July).  May has the most followed by June.

While tornadoes can form at any time of the day, the peak time is around 5:00 pm in the United States.

Measurement Scales
Dr. Theodore Fujita came up with a classification scheme for tornadoes according to rotational wind speed in 1971.  Tornadic wind speeds are estimated base on damage.  Original scale of damage based on a frame house.  

Fujita scale went from F0 to F5.

F0: 40-72 mph, light damage

F1: 73-112 mph, moderate damage

F2: 113-157 mph, considerable damage

F3: 158-206 mph, severe damage

F4: 207-260 mph, Devastating damage

F5: 216-318 mph, Incredible damage

Many types of structures, construction quality, and building techniques, Enhanced Fujita Scale (EF Scale) started in 2007.  This scale takes into account type of structure by utilizing d28 damage indicators.  This gives probable wind speeds.

EF Scale.

EF0: 65-85 mph

EF1: 86-110 mph

EF2: 111-135 mph

EF3: 136-165 mph

EF4: 166-200 mph

EF5: > 200 mph

Show % of Tornadoes in United States.

Fatalities
Average number of tornadoes per decade is higher.  However, number of fatalities per year is decreasing.  Ask the students why.  Could it be more tornadoes are being reported due to population increases and better observations?

	Decade
	Tornadoes/Year
	Fatalities/Year

	1950-59
	480
	148

	1960-69
	681
	94

	1970-79
	858
	100

	1980-89
	819
	52

	1990-99
	1,220
	56

	2000-07
	1,319
	52


Note: 2000-2007 is less than a decade.

Tornado Outbreaks
Usually six or more tornadoes forming over a particular region.

Case Studies
Tristate
Most famous is the Tristate which hit Missouri, Illinois, and Indiana on March 18, 1925.  Nine strong and violent tornadoes resulted in 695 fatalities, 2027 injuries, and approximately $196 million in damage (2007 dollars).

http://www.tornadoproject.com/
Top Ten Lists from the Tornado Project.

Xenia, Ohio Tornado, April 3,1974.  34 fatalities, 1150 injuries, more than 2,000 homes hit.

Moore, Oklahoma Tornado, May 3, 1999.  38 dead, 800 injuries, F5.

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

Objective 7.4: Windstorms
There is both horizontal and vertical motion in the atmosphere.  This section will concentrate on horizontal motion, which is wind.  It has been known as “air in a hurry.”

Ask the students what causes wind?  There will be a variety of answers dependent upon their background.

The ultimate cause of wind is insolation.  Due to the uneven heating of the Earth, temperature and pressure gradients put air in motion.  It is nature’s way to move air pressure to form an equilibrium.

The three main causes of wind direction are pressure gradient, Coriolis effect, and friction.  With a pressure gradient, in order to reach an equilibrium, high pressure want to move to low pressure.  In other words, from a surplus to a deficit.  It is like water rolling down a hill.  The gradient is the degree of difference, much like the steepness of a slope.  It the gradient is large, the wind speeds will be higher.

When discussing the Coriolis Effect, it takes into account the rotation of the Earth and the deflection of the wind.  An example is how hurricanes in the North Atlantic Ocean generally deflect towards the right as they come to the eastern United States.  Friction refers to the type of surface on the Earth.  Smooth surfaces such as water or grasslands will not create as much interference with the wind as hills, mountains, or other obstructions.  These three variables all combine to cause the direction of the wind.

Wind direction is measured by the direction it is blowing.  For instance, northerly winds are coming from the north.

Wind Measurements
Wind speeds are commonly measure in miles per hour in the United States.  There are also measurements in knots which are in nautical miles.  One nautical mile equals 1.15 mph.  The average wind speed in the United States is 6.9-13.8 mph.

Severe Winds
There are several types of events associated with severe winds.  These can be winter storms, blizzards, tornadoes, hurricanes, monsoons, mountain winds, and the most common cause, thunderstorms.  A lot of property damage can occur with winds.  Fatalities often occur from trees and limbs falling on people, their vehicles, or structures.

A study by Schmidlin (2009) found 407 fatalities from wind-related tree failures in the United States from 1995-2007.  The majority of these were from thunderstorms (41%) followed by nonconvective winds (35%) which includes extratropical cyclones, gradient winds, and downslope winds.  Tropical cyclones (hurricanes and tropical storms) were at 14%, tornadoes accounted for 7%, and snow and ice at 3%.  Most of the victims were in vehicles (44%) which either struck a tree or crashed into a tree while those outdoors were at 38%.  Fatalities occurring in mobile homes and frame houses were both at 9%.  He further found that the season made a difference for the cause.

Case Study Reading 

Schmidlin, Thomas W. (2009).  Human Fatalities from Wind-Related Tree Failures in the United States, 1995-2007.  Natural Hazards (50):13-25.

Santa Ana Winds have created dangerous conditions during wildfires in Southern California.  In October, 2003, wildfires were driven by Santa Ana winds burned more than 740,000 acres, destroyed more than 2800 homes, caused over $1 billion in damage, and 20 fatalities.  In Oakland, California during October, 1991, wildfires burned around 2000 acres, damaged over 3000 buildings, killed 25, and caused around $5 billion in damage.

Other events can be found on the 

Winds came combine with another hazard to make dangerous conditions.  Some examples include thunderstorms, drought, wildfires, hurricanes, and tornadoes.

Objective 7.5: Fog
Fog is a cloud close to the ground.  It usually forms in two ways.  One is by cooling and the other is by evaporation and mixing.

One of the most common is radiation or ground fog.  It often forms on clear nights when a shallow layer of moist air is topped by dry air.  This process involves radiational cooling of the surface (land cools quicker than water).  Besides the cooling, there needs to be little or no wind.  Strong wind conditions prevent fog formation due to the mixing of the moist and dry air.

Another type of fog is advection fog, which is common in the San Francisco, California area.  Advection fog can occur when moist, cool air flows over dryer, warmer land.  It can also form when the wind moves moist air over a cooler surface such as snow.

Upslope fog occurs when moist air slowly rises which then cools, especially over elevated terrains such as mountains.

Fog Hazards
One of the biggest problems associated with fog is reduced visibility.  This makes a major impact on the transportation sector: vehicles, ships, and aviation.

Another hazard is fog that forms in polluted air.  This not only reduces visibility, but can cause smog.  Also, acid fog is a threat to people’s health, especially those with respiratory ailments.

Case Studies
Maritime disaster: MS Stockhom struck the Andrea Doria off Nantucket, Massachusetts on July 25, 1956.  It was struck on the side which left half of the lifeboats unusable.  46 fatalities, 1660 passengers and crew rescued.  Boat sank the next morning.

Aviation disaster: 

July 28, 1945, a B-25 bomber crashed into the Empire State Building.  It crashed in between the 79th and 80th stories.  One engine went through the building and landed around a block away on a roof, starting a fire.  There were 14 deaths.

December 3, 1990, two Northwest Airlines jets collided when a jet taxied down an active runway while another jet was taking off in Detroit, Michigan.  There were eight fatalities.

The worst case in commercial aviation history was in Tenerife,  Canary Islands.  Two 747s collided on a runway resulting in 583 fatalities.

Vehicle disasters:

December 11, 1990: Calhoun, Tennessee (in between Chattanooga and Knoxville; 99 vehicles, 12 deaths, 42 injuries.

November 5, 2002: near Fresno, California, Highway 99, 100+ vehicles, two fatalities, dozens of injuries.

January 9, 2008: I-4 near Polk City, Florida.  Thick, unexpected fog mixed with smoke from a controlled burn reducing visibility to zero.  70 vehicles, two deaths, 38 injuries.

There are more than 40,000 fog-related crashes per year with over 600 fatalities and 19,000+ injuries (Ahrens and Samson, 2011).

Other data sources include the National Traffic Safety Board and National Climatic Data Center Storm Event Database.

Remind students of the readings for the next class and the material that will be discussed.  We will continue with other atmospheric hazards that include heat waves, winter storms, and hurricanes.  After this next session, we will start with Topic III (Anthropogenic Non-Intentional Hazards).

