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Learning Objectives (Lecture 1)
Be wary of the main storm hazards.
The main hazards of a thunderstorm are: 
· Lightning 
· Tornadoes 
· Hail
· Downpours of rain / local flooding
· Downbursts of air / gustfronts 

Describe the different types of lighting, how they form, and what happens when they strike something. 
Two different types of lightning:
1. Intracloud (IC) Lightning
· Occurs 10 times more frequently than GC 
2. Cloud-to-Ground (GC) Lightning 
· Can be (+) or (-) 
· Negative (-) strikes are more frequent  come from the cloud base
· Positive (+) strikes are less frequent  come from the anvil of the storm (requires more voltage to occur) 

Recognize thunderstorms, be able to identify thunderstorm components and explain how they evolve. 
Thunderstorms are thick clouds with lightning and thunder. The cloud top is near the top of the troposphere and the cloud base is near the ground. Thunderstorms contain strong updrafts and downdrafts. Thunderstorms are characterized by the long, oval shaped, anvil cloud at the top of the storm. The storm derives its energy from temperature and humidity. 
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Explain how storms get their energy from the sun. 
The sun provides atmospheric heat. Solar energy is absorbed at the thermosphere, stratapause and at Earth’s surface. This energy is stored as latent heat (increases humidity) and sensible heat (increases temperature). Temperature and humidity fuel storms. 

Learning Objectives (Lecture 2) 
Explain the main characteristics that make a supercell thunderstorm so much nastier than a normal thunderstorm.
There are three types of supercell thunderstorms:
1. Low Precipitation (can produce lots of hail)
2. Classic (rainy downdraft, and rain-free updraft) 
3. High Precipitation
The supercell is long lasting, giving the storm plenty of time to further build strength by taking in humid air to provide more energy. These storms are characterized by the slow rotation of the updraft – mesocyclones.  

Be able to recognize thunderstorms in radar and satellite images.
In a satellite image: Anvil as an oval from above. You can also see lightning.  
For weather radar: Sees precipitation, NOT cloud droplets. The radar can see through the cloud. dBZ is used to measure this. 

Doppler effect  speed of raindrops toward or away from the radar 
Explain the behaviour of downbursts and gust fronts, and identify their associated cloud and dust features.
Downbursts are cold (dense) air sinking. Thunderstorms can create dense air where rain falls due to precipitation drag and evaporative cooling. They are often invisible and therefore a hazard to aircrafts. 

A gust front is the leading edge of straight-line winds. Downburst air hits the ground and spreads out. They are visible as a haboob/sandstorm (if dry ground) or as an arc cloud (in moist air). Gust fronts can destroy structures such as mobile homes, and can blow down large trees. They are a hazard to aircrafts during takeoff and landing. 

Describe why the fact that “cold air holds less water vapor than warm air” is critical in explaining how thunderstorms can extract energy from humid air. 
Storms have special organization and capability to draw in humid air. Storms cause this air to condense before it releases heat into the storm. This results in precipitation and violent winds. 

Learning Objectives (Lecture 3) 
Be able to recognize tornadoes and wall clouds.
Tornadoes are violently rotating columns of air, in contact with ground. All violent tornadoes come from supercell thunderstorms. Most tornadoes are made visible by cloud water droplets (funnel cloud) and/or dust and debris from the ground (the debris cloud). Some tornadoes are invisible.

Explain why supercell thunderstorms spawn the most dangerous tornadoes.
Supercell thunderstorms are long lasting, providing more time to generate a tornado. 

Relate the Enhanced Fujita Scale to different amounts of damage.

	Scale
	Rotation (km/hr)
	Expected Damage
	Evidence
	% of Tor. in Canada

	EF 0
	105 - 137
	Light or Gale
	
	45%

	EF 1
	138 - 177
	Moderate
	Minor damage to house
	29%

	EF 2
	178 - 217
	Significant
	Roofs blown off
	21%

	EF 3 
	218 - 266
	Severe
	Inner walls intact
	4%

	EF 4
	267 - 322
	Devastating
	Inner walls down
	1%

	EF 5 
	> 322
	Incredible
	Debris is scattered
	Almost 0 




Describe safety procedures near tornadoes.
Tornadoes are short lived, usually in minutes. Their damage path is typically narrow (the width of a house to a city block) and their paths are often one to tens of kilometers long.
The safest places to be, if indoors:
· Below ground in a basement or storm cellar
· Get out of mobile homes, they are the WORST place to be during a tornado
The safest places to be, if outdoors:
· In a ditch or hole
· Place your body below the “line of fire” of fast moving debris
The safest thing to do, if in a car:
· Drive away from the tornado on best convenient road
· Preferable to the right or left of translation direction of tornado
· Do not hide under highway bridge or overpass

Identify the times and places for high tornado risk. 
Tornado outbreaks are when there are 6 tornadoes in one day and one region, or many tornadoes during a week approximately. Warm and humid areas are places for high tornado risk. Late afternoon and early evening is times for high tornado risk because the most heat accumulates near sunset. 

Learning Objectives (Lecture 4)
Recognize mammatus clouds and the flanking line, describe their relationship to thunderstorms. 
Mammatus are most often associated with the anvil cloud and also severe thunderstorms. They often extend from the base of a cumulonimbus. When occurring in a cumulonimbus, mammatus are often indicative of a particular form.

Explain how vertical and horizontal winds are created by heat release in storms.
Forces in the atmosphere are:
1. Buoyancy Force (vertical) causes up and downdrafts
2. Pressure-Gradient Force (horizontal/vertical), which causes horizontal winds
Forces create winds. The relationship between forces and motion is described as F = (m)(a), or Newton’s Second Law. 

Temperature alters buoyancy to drive vertical winds, based on the principal that warm air rises (updrafts) and cold air sinks (downdrafts). This is because temperature affects the density of air and the density affects buoyancy. The buoyancy of an air parcel depends on the difference between the parcel’s temperature and the temperature of the surrounding air.

Explain what the continuity effect is and how it ties vertical and horizontal motions into circulations.
Continuity links vertical and horizontal winds in circulations. Air molecules tend to spread themselves smoothly and evenly; they don’t leave any gaps/vacuums. They don’t get bunched together. Air is continuous. 

Describe rain and hail hazards of thunderstorms and state actions you can take to be safe near thunderstorms.  
Thunderstorm rain can be heavy, covering a small area, very large raindrops, very transient, moving with the storm. Downpours can cause flash floods and reduced visibility while driving and can trigger landslides. For safety, move to high ground and don’t drive through water of unknown depth.

Hail is hazardous because it can damage crops, livestock, injure/kill people and damage property. They can come from a large thunderstorm, but are most common in low-precipitation supercells.

Identify the components of a hurricane. 
Hurricanes and typhoons are tropical cyclones, with surface winds turning counterclockwise (in N. Hemisphere) and spiraling in. 
The eye is the center of the hurricane. It is relatively clear, relatively calm and pressure is low at sea level. Hurricanes are made of thunderstorms:
	Eye wall is the ring of thunderstorms around the eye
	Spiral bands are the bands of thunderstorms extending out from the eye wall

Explain how hurricanes get and utilize heat energy and why hurricanes can exist for weeks. 
Hurricanes and their thunderstorms are long lasting because they manipulate the environment to continually create new fuel from heat stored in the ocean. Fuel is created by the low pressure in the eye in boundary-layer (BL) air. As air gets closer to the eye, it moves faster. Faster winds create larger ocean waves. Evaporation from ocean surface is enhanced with spray from waves, which adds significant amounts of moisture into the boundary layer air. Finally, when boundary-layer air reaches the base of the eye wall, it is warm, exceptionally humid, and contains tremendous amounts of sensible and latent heat fuel. 

Hurricanes can last for weeks because heavy condensation and precipitation from thunderstorms in the eye wall cause the hurricane core (eye + eye wall) to become very warm relative to its surroundings. The worm core creates high pressure at the core top and low pressure at the core bottom. The result is vertical circulation. 

List the requirements for hurricane existence; describe how hurricanes evolve, and what causes them to die.
Hurricanes can persist only if:
· Central pressure in the eye remains low (to create wind, waves and to suck in fuel from warm humid air)
· The hurricane remains over the warm ocean
· Coriolis Force 
Hurricanes weaken and die if:
· Cannot generate sufficient fuel of warm, humid air (this happens when hurricanes move over colder water or land) 
· Larger scale weather systems interfere 

Describe the risks associated with hurricanes and appropriate safety features. 
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