Extreme Weather
· Factors influencing climate
· Long-term trends in heating and cooling of the earth’s surface
· Circulation of the atmosphere and oceans
· Hot air flows towards the poles while cold air flows towards the equator
· Long term variations vs. The short term variations of weather
· Influence evolution
· Troposphere – most weather activity occurs here
· Polar jet – a narrow belt of high velocity winds flowing near the polar front
· Flows west to east
· Influences the movement of air masses
· Counter-clockwise flow in low pressure zones, clockwise in high pressure zones
· Hurricane formation
· Ingredients
· Water temperature greater than or equal to 27 C
· Warm, humid, unstable air
· Significant coriolis effect to sustain rotating winds
· Anatomy
· Rain bands – dense clusters of thunderstorms spiralling slowly counter-clockwise
· Eye wall – chimney structure where winds converge and flow rapidly upwards
· Wall has the strongest winds
· When wind velocity is greater than or equal to 119 km/hr, wind cannot reach the center of the storm
· Storm surges – fatalities often caused by these floods
· Thunderstorm development
· Composed of individual cells developing over 20-30 minutes
· 3 stages of development
· Cumulus stage
· Condensation of water vapour > release of latent heat>cloud becomes warmer>updraft of warm, moist air>condens--
· Mature stage
· Cloud reaches maximum vertical development
· Ice crystals and water droplets become too heavy resulting in downdrafts, heavy precipitation, and thunder/lightning
· Dissipating stage
· Precipitation induced downdrafts throughout the cloud
· Cloud sinks and shrinks
· Light rain
· Thunderstorms occur when warm, moist air is lifted upwards
· Thermal lifting – sun heats the earth’s surface
· Mechanical lifting – cold, dense air undercuts warm moist air
· Related weather phenomena
· Gusts of wind
· Hail
· Forms when updrafts carry water droplets high into extremely cold regions of the troposphere
· Hailstones fall when they become too heavy for the updraft
· Lightning
· Charges separate during the development of cumulus with positive at the top and negative at the base
· When the electrical unbalance between positive and negative regions becomes too strong, lightning occurs
· Development of a lightning bolt
· Initiation
· Charge imbalance
· Stepped ladder
· Negative charges move downward in intermittent steps
· Connection
· A positive discharge leaps up from the ground
· Return stroke
· Connected path flashes bright during charge exchange between cloud and ground
· Lightning bolt can travel
· Danger to aviation
· Between points within a cloud
· From a cloud to clean air
· From cloud to an adjacent cloud
· Danger to people
· Cloud to ground/ground to cloud
· Tornadoes
· Vertical updraft movement – single cell thunderstorm
· Updraft movement tilted by strong winds – might lead to the development of a super cell thunderstorm
· Leading side: heavy rain and hail
· Trailing side: tornadoes
· Formation
· Before the thunderstorm – changes in wind direction and increase in wind speed create horizontal spinning effect in lower troposphere
· During cumulus stage – updrafts tilt the rotating air from horizontal to vertical
· During mature stage – are of rotation extends through the storm
· Fujita scale ranks tornadoes by damage; ranges from F0-F5 [least dangerous to most dangerous]
· Flash floods
· Ice storms
· Freezing rain reaches the ground as a super cooled liquid; conditions requires the temperature to hover around zero and a layer of warm air sandwiched between two layers of cold air
· Rising cost of severe weather
· Found an average 211 million people a year are affected by natural disasters
· In 2005, the financial cost of weather-related disasters worldwide was 200$ billion
· Drought and Famine
· Drought can last for different amounts of time, perhaps long term due to continents drifting and closing up access to water or short term based on the changing jet stream
· Drought doesn’t mean that the region will experience desert like conditions, only meaning that the region doesn’t receive the rainfall it typically does on such a scale that it forces people to adapt
· This lack of water can cause crop failure, that results in famine, disease, and death
· Famine is the slowest moving disaster ever and results in conflict
· Heat Waves
· Heat waves kill more people worldwide but are the least noticed 
· In Canada, the biggest loss of life due to a natural disaster actually occurred during a heat wave in 1936
· Mid Altitude Cyclones
· Occurs on a number of scales
· Small scale:  cyclonic airflow characterizes individual thunderstorms within a large frontal cyclone
· Cyclones are linked to jet stream troughs
· Nor’easters – Atlantic Canada
· Witches of November – storms over the Great Lakes
· Volcanism and Weather
· Plinian eruptions can blast fine ash and gas higher than the normal zone of weather
· Franklin determined that the haze and cold weather in Europe [1783-84] was due to massive outpourings of lava and gas in Iceland
· Weather vs. Climate
· Weather is a short term fluctuation while climate is a long lasting state
· Many different aspects of earth allow for the unevenly distributed heat given by the sun to be circulated, such as heated ocean water being carried by currents, etc.
· Climate change can result in the extinction of certain species that cannot adapt
· Solar Radiation Received by Earth
· Solar radiation is absorbed in massive amounts in the equatorial belt
· The energy used to transport warmth to the higher altitudes is often released in severe storms
· Albedo, or the reflecting capabilities of a landmass/ocean, will affect the temperature in that, if it is high in albedo, it will reflect more sunlight and be colder
· When excess heat is reradiated, it is caught by greenhouse gases, with 95% of it being radiated back to earth
· Water and Heat
· Water is capable of retaining the heat it absorbs for longer periods of time
· Humidity measures the amount of water vapour in the air
· Water changing directly from solid to gas is called sublimation
· When relative humidity hits 100%, that is the dew-point temperature for that air mass
· Water is pretty crucial in distributing heat all over Earth
· Vertical Movement of Air
· In order to move to low pressure areas from the high pressure surface, air needs to become heated
· Upon reaching low pressure areas, the adiabatic process occurs and the air mass expands but doesn’t lose heat when cooling
· After cooling, the air begins to sink and compresses with other air masses, making it denser and warmer
· Layering of the lower Atmosphere
· The atmosphere is separated into different layers based on density
· The lowest layer, the troposphere, is where most weather occurs and most moisture exists
· The tropopause exists between the troposphere and the stratosphere where air warms as it travels upwards
· General Circulation of the Atmosphere
· Transports heated air from the equator to the poles and cold air from the poles to the equator
· In its simplest form, this can be accomplished by one large convection cell
· The rotation of earth, however, split up the cells into three types
· Low latitudes – equator – Hadley cells
· Warm air rises in giant columns
· Drops an abundance of rain on the tropics and carries huge amounts of heat to the high latitudes
· Middle latitudes – Ferrel cells
· High latitudes – polar cells
· General Circulation of the Oceans
· The surface and deep ocean waters have different temperatures and different roles to play on circulating heat
· Surface circulation
· Mostly driven by winds
· Carries warm water to the poles
· Deep-ocean circulation
· Oceans are layered bodies segregated by density
· Density is changed by lowering the temperature and increasing the amount of dissolved salts
· These waters flow in an overturning circulation called the thermohaline flow
· Hurricanes
· Large tropical cyclones
· Converts heat energy into wind and waves
· Surges occur when they push lots of seawater onshore
· Called tropical cyclones in the Indian Ocean, typhoons in the Western pacific ocean
· Named for a mythological god and each incarnation is given different names and has its own specific behaviour
· Hurricane Katrina
· Caused a lot of damage and a lot of death
· Hurricane Hazel
· Caused more damage and death than Canada was used to losing
· The life cycle of hurricanes
· Birth
· Heat builds up
· Sea water must be at least 27 C in the upper 60m
· Air must be unstable, warm, and humid
· Upper level winds should be weak and possibly blowing in the same direction
· Must be a Corolis effect
· Varies from other storms in that:
· Latent heat released by condensation is the primary power source
· Hurricanes that move onto land weaken rapidly
· Fronts are not associated
· The weaker the high altitude winds, the stronger the storm
· Centers are warmer than their surroundings
· Winds weaken with heights
· Air in the center sinks
· 84 events per year average
· Development
· Four distinct stages of development
· Tropical disturbance
· Low pressure zone that brings in a poorly organized cluster of thunderstorms
· Tropical depression
· Receives an identifying number at this point
· Tropical storm
· Winds sustained at 63 km/h
· Hurricane
· Winds maintain 199 km/h
· Decline
· Cut when they’re cut off from warm water
· North Atlantic ocean hurricanes
· Horseshoe pattern
· Peak of the season is in mid-August to late October
· Reduction of hurricane damages
· Building codes
· Land use planning
· Levees and other mitigation structures
· Alert systems
Textbook Terms:
Adiabatic Process – the change in temperature of a mass without adding or subtracting heat
Anti-Cyclone – clockwise winds, forms in high pressure zones
Climate – the average weather conditions of a certain place over several decades
Coriolis effect – bodies moving across latitudes follow curved paths
Cyclone – forms in low pressure areas with counter clockwise winds
Dew point temperature – the air temperature where the relative humidity of an air mass reaches 100% and excess water vapour condenses to liquid water
Eye – the center of a hurricane where the air sinks
Eye Wall – chimney-like structure where winds converge and flow rapidly upwards
Front – a boundary separating air masses of different temperature or moisture content
Hadley Cells – a thermally driven atmospheric circulation pattern where hot air rises at the equator, divides, and flows towards the poles
Hail – precipitation of hard, semi-spherical pellets of ice
Haze – fine dust, smoke, water, and salt particles that reduce the clarity of the atmosphere
Humidity – a measure of the amount of water vapour in an air mass
Hurricane – a large tropical cyclonic storm with winds speeds of 119km/h
Intertropical Convergence Zone [ITCZ] – the zone where collision occurs between the trade winds of the northern and southern hemispheres
Irradiation – incoming solar energy
Jet Stream – fast moving belts of air in the upper troposphere that flow east
Lapse Rate – the rate at which earth’s atmosphere cools with increasing elevation
Latent Heat – energy absorbed or released during a change of state
Latent Heat of Condensation – the heat released when vapour condenses
Lifting condensation level – the altitude in the atmosphere where rising air cools to saturation and condensation begins
Microbursts – sudden strong down rushes of wind and water from a thunder cloud
Post-tropical transition – gradual transformation of a hurricane into a post-tropical storm
Rogue Wave – an unusually tall wave created when several waves briefly and locally combine their energies
Surge – a large mound of sea water that builds up within the eye of a hurricane and then spills onto land
Swell – one of a series of regular, long-period, somewhat flat crested waves that travel outward from their origin
Tropical Cyclone – any weather system formed over tropical waters that rotates counter clockwise in the northern hemisphere
Tropical Depression – a tropical cyclone with wind speeds between 37-63 km/h
Tropical disturbance – a low pressure system in the tropics with thunderstorms and weak surface wind circulation
Tropical storm – a tropical cyclone with wind speeds between 64-118km/h 
Typhoon – used in the western pacific for hurricane
Lecture Terms:
Freezing Rain – precipitation that falls in liquid form and then freezes upon contact with the ground or a cold object
Thunderstorm – meteorological event associated with a localized storm cloud producing thunder and lightning
Tornado – funnel cloud coming out of a cumulonimbus and extending toward the ground with air spinning at high speed
