Natural Disasters Exam Review
Lecture 13: Geomagnetic Hazards
Magnetotelluric Sounding: Estimates the electrical conductivity in the subsurface.
Electromagnetic Surveying: Estimates the depth, shape, and electrical conductivity of subsurface ore bodies.
Internal Geomagnetic Field: Magnetic lines of force acting as a small magnet (theoretically). 
External Geomagnetic Field: Driven by solar activity- any disturbances  
Solar Wind: Stream of charged particles flowing away from the sun’s corona in all directions. 
· Gusts: Caused by coronal holes (violent explosions) and coronal mass ejections (charged particles). 
· Magnetic Storm: Caused by large scale perturbation of the external geomagnetic field due to high solar activity. 
Earth’s Magnetosphere: Region around the Earth shielded from the solar wind by the internal geomagnetic field. 
Interaction between Solar Wind and Earth’s Magnetosphere: Charged particles from solar wind create currents in ionosphere and charged particles from solar wind are guided by the magnetic field lines toward the poles. 
Space Weather: CAN be predicted using satellite observations of the sun, geomagnetic data, and knowledge of solar cycles. 
Consequences of Technological Systems: 
· Bombardment by charged particles: Problems affect satellites
· Disturbances in Ionosphere: Problems affecting GPS system.
· Electromagnetic Induction Effects: Extreme variations in external geomagnetic field induce telluric currents along networks. 
Lecture 14: Plate Tectonics and Volcanoes 
The Rock Cycle: Describes processes by which older rocks are made into new rocks.
· Inner Core- solid Iron- very dense
· Outer Core- liquid Iron- very dense
· Mantle- iron and magnesium- dense
· Crust- silicon and oxygen- less dense
· Silicone and oxygen account for 75% of the crust, 8 other elements complete the other 25%. 
Minerals: Naturally occurring inorganic solid with orderly internal structure and individual characteristics. 
Rock: Solid aggregate of one or more minerals.
Silicates: Group of minerals containing silicon and oxygen combined with one or more other elements.
Igneous Rocks: form by cooling and solidification from molten liquid called magma. Crystallization is the process of mineral formation in cooling magma. 
Magma: Partially molten rock below the earth’s surface. Lava is magma that reaches the surface. 
3 Components to Magma:
1. Liquid Portion (melt)
2. Solids (minerals crystallized from the melt)
3. Volatiles (gases dissolved in the melt). 
Viscosity: Most important property controlling magma behaviour. 
What Controls magma viscosity? 
· 1. % of SiO2: magma with this has more silicate chains, sheets, and 3D structures.
· 2. Temperature: atoms vibrate more vigorously at high temperature, bounds between atoms tend to break, decreasing viscosity. 
· 3. Amounts of solids in the melt: more solids =high viscosity. 
Low viscosity magma tends to reach earth’s surface erupts peacefully- high viscosity magma tends to form intrusive bodies when reac121hing the surface, erupts explosively. 
Volcanism: Process by which magma rises into the crust and is extruded onto the Earth’s surface and into the atmosphere. 
Plate Tectonic Setting of Volcanoes
4 Tectonic Environments:
· 1. Spreading Center- large volume of magma extruded at mid-ocean ridges, peaceful eruptions
· 2. Convergent zone 
· Subduction Zone- intense volcanic activity
· Continent- Continent collision zone – no volcanic activity
· 3. Transform Fault
· 4. Hot spot- very localized, long lived, aligned in the direction of plate motion, age increasing with distance from hot spots. 
Lecture 15 and 16- Eruptive Style and Landforms
Internal Heat: Volcanoes are a mechanism by which Earth expels internal heat quickly, internal heat increases with depth. 
Volcanic Eruption: Sudden occurrence of a violent discharge of volcanic materials.
· Step 1: Hot solid rock from the asthenosphere rises closer to the surface.
· Step 2: Volume increases induces fractures.
· Step 3: Volatiles gradually come out of the melt.
· Step 4: Magma fragments are projected into atmosphere.
Three V’s factors controlling volcanism and volcanic landforms
1. Viscosity
2. Volatiles
3. Volume of Magma
Peaceful – viscosity low/medium, volatile low/medium, volume small-large
· Includes Icelandic:  Flood Basalts = very large Icelandic eruption from geological past.
· Hawaiian: Shield Volcano= volcano in the shape of a flattened dome.
· Strombolian: Scoria Cone- Volcano shaped like a conical hill formed by pyroclastic debris.
Explosive- viscosity medium/high, volatile medium/high, volume small/large
· Includes Vulcanian: Stratovolcano= a large volcanic cone built of alternating layers of lava and pyroclastic debris.
· Plinian: Lava Dome= Volcanic cone with a highly vicious blob of lava forming a half-ball shape over the vent.
· Caldera: Largest explosive volcanic eruptions. 1. Volcanic collapse of existing stratovolcano into partially emptied magma chamber. 2. Cataclysmic Explosion blows the existing volcano apart completely. 
Eruptive Sequence: 
· Early Phase: Vulcanian-type eruption
· Major Phase: Plinian-type eruption
· Final Phase: Plinian-type Eruption OR caldera-type eruption
Primary Hazards of Volcanoes : hazards that occur during the eruptive phase.
· Pyroclastic Flows: Responsible for the largest number of fatalities related to volcanism.
· Volcanic Gases: Main driving force for explosive eruptions. 
· Lava Flows: Destroy everything in their path and relates to speed of advance.
· Pyroclastic Fall: Volcanic ash destroys vegetation and contaminates surface water. Leaving people with respiratory problems and damages buildings. 
Secondary Hazards of Volcanoes: result from environment created by the volcano.
· Floods: Lava flows can dam rivers and modify drainage relationships
· Lahar: Type of mud flow that originates on the slopes of volcanoes.
· Atmospheric Dust: Affects the global climate. 
Tertiary Hazards of Volcanoes: Results from destabilizing long-term effects of the volcanic eruption on society.
· Famine: Extensive crop damage and loss of farm animals 
· Diseases: Breakdown of sewage and water systems. 
Volcanic Explosivity Index (VEI)- Metric established to quantify the hazards posed by volcanoes
· 1. Volume of material extruded
· 2. Height of eruption column 
· 3. Duration of major eruptive blast.
Active: Volcano which has erupted in historical times
Dormant: Volcano that has not erupted in historical time but is capable of erupting in the future.
Extinct: Volcano that is not expected to erupt again. 
Lecture 17 and 18- Extreme Weather
Climate: Meteorological Elements and Phenomena averaged over a long period of time for a region of the earth’s surface. 
Meteorological Elements: Precipitations, temperature, humidity, etc. 
Phenomena: hail, frost, fog, etc. 
Factors influencing climate: Long-term trends in heating and cooling of the Earth’s surface, circulation of the atmosphere and oceans. 
 Energy Balance between Sun and Earth: must be maintained at a certain point in time, energy coming in must equal energy leaving earth. Most energy is absorbed by the earth’s surface. 
At the top of the atmosphere: 
· Irradiation: Incoming solar energy. 
· Albedo: Amount of energy reflected back into space.
On the ground surface: Greenhouse effect- Energy radiated by Earth’s surface and reflected back.
UNEVEN Energy Distribution: Irradiation unequally distributed.
Energy Redistribution: Circulation of heat from equator to poles:
· Process: Exchanging the largest quantity of heat (deep ocean currents) through the quickest possible exchange (global circulation of winds). 
Circulation of Winds: 
· Major Trends: Hot air flows towards the poles—cold air flows towards the equator
· Coriolis Effect: Masses of air moving across latitudes follow curved paths. 
Climate: long-term variations (30 years)
Weather: Short-term variations ( a few days) 
Warm Air: Expands in volume, rises, holds more humidity, molecules move more.
Cold Air: Contracts in volume, sinks, holds less humidity, molecules move less.
Troposphere: Most activity weather occurs here. Warmer air and higher pressure at base and colder air and lower pressure at top.
Tropopause: Boundary between troposphere and stratosphere.
Cyclone: Counterclockwise surface winds, forms in low P zone, air rising…
Anticyclone: Clockwise surface winds,forms in high P zone 
Latent Heat: Energy absorbed or released during a change of state. 
Humidity:  Amount of water vapour in the atmosphere… at 100% humidity, water vapour condenses to rain.
Climate Change in Canada:
· Primary: temperature/precipitations
· Secondary: Extent of sea ice/sea level.
Warmer Ocean= stronger hurricanes and more frequent hurricanes. Warmer Temperatures= more frequent forest fires. Higher Sea Levels= more coastal erosion.
Thunderstorm Development:
· 1. Cumulous Stage: thunderstorms occur when warm and most air is lifter upward. 
· 2. Mature Stage: cloud reaches maximum vertical development, water crystals become too heavy to be supported. 
· 3. Dissipating Stage: Precipitation-induced downdrafts throughout the cloud, cloud sinks and shrinks, light rain. 
Thunderstorm Related Phenomena: gusts of wind, lightening and thunder, hail, tornadoes, flash floods.
Lightening: Charges separate during the development of cumulus. There is an electrical unbalance between positive and negative regions that becomes too strong. 
Development of Lightening Bolt
· 1. Initiation
· Charge-in-balance
· 2. Stepped Leader
· Negative charges move downward in intermittent steps
· 3. Connection
· A positive discharge leaps up from the ground
· 4. Return Stroke
· Connected path flashes bright during charge exchange between cloud and ground.
Where can lightening bolts travel?
· Between points within a cloud
· From a cloud to clean air
· From a cloud to an adjacent cloud
· Cloud to ground and ground to cloud= Danger to people
Thunder: high temperature lightening bolt causes surrounding air to expand explosively… explosion creates sound waves.
Hail: Forms when updrafts carry water droplets high into extremely cold regions of the troposphere. 
Tornadoes: Funnel cloud coming out of cumulonimbus and extending towards the ground with air spinning at high speed. 
Tornado Formation:
· Regional scale: 3 air masses moving in a different direction spin a developing thundercloud (low altitude cold air [mexico] mid altitude cold air (Canada) high altitude (jet stream).
· Supercell thunderstorm scale: vertical updraft movement OR updraft movement tilted by strong winds might lead to thunderstorms (most tornadoes are associated with supercell thunderstorms)
Cumulonimbus Cloud: 
· Larger than cumulus cloud- abundant ice crystals in top region.
· Most tornadoes are produces within cumulonimbus clouds during supercell thunderstorms.
Fujita Scale: Ranks tornadoes by:
1. Damage: after the fact.
2. Wind speed- 6 levels of increasing activity. F0, F1, F2, F3, F4, F5
· Enhanced Fujita Scale
· More precise description of infrastructure and degree of damage.
· 6 levels of increasing activity. EF0, EF1, EF2, EF3, EF4, EF5
Chilling Ice Storms
· Freezing Rain: precipitation that falls in liquid form and freezes upon contact with the ground or a cold object. Layer of warm air sandwiched between two layers of cold air. 
Ice Storm 1998
· Long episode of freezing rain, 1 million homes without power, second most costly natural disaster in Canadian history 5.4 B.
Lecture 19- Floods
The Hydrological Cycle: Describes the constant exchange of water between oceans, atmosphere, and continents.
Process:
· 1. Evaporation and Precipitation: condensation and precipitation
· 2. Runoff and infiltration: more infiltration= less flooding hazard. A portion flows across the surface into streams= runoff. A portion soaks into the ground=infiltration.
· 3. Transpiration: Water is critical in photosynthesis. Plants absorb water within roots, and release water vapour through transpiration.
· 4. Volcanism: Water incorporated into marine sediments. Sediments are transported on subducting plates. 
Surface Water:
· Infiltration happens when – soil porosity, vegetation cover, and the duration of precipitation increases.
· Runoffs happen when the amount of precipitation, soil, saturation, and slope steepness increases.
Drainage Basin: 
· Area of land that convey all runoff into a particular body of water.
· Acts as funnel evacuates water through single outlet. 
Drainage Density
· Streams occupy <1% of the Earth’s surface but capture all the runoff.
· Drain density = length of all stream segments \ area of basin
· Low drainage density is lower flooding hazard. High drainage density is higher flooding hazard.
Stream Hydraulics:
· Discharge- volume of water flowing in a stream channel per unit time
· Load- Sediments transported by a stream
· Channel Gradient- Channel slope
· Equilibrium- Stream seeks equilibrium between the different variables controlling flow.
· Excess Discharge- When discharge increases, stream has excess energy (flooding occurs)
Mechanisms decreasing flow velocity
1. Downcutting: eroding the stream bed
2. Increasing the load
3. Increasing sinuosity.
Flooding:
· Hydrometerological floods- related to weather phenomena
· Snow-melt Runoff Floods- in the spring, flooding occurs when the amount of melt water runoff exceeds the capacity of streams to contain the flow. Soil conditions and snowpack conditions determine this.
· Storm-Rainfall Floods: During torrential rains, rate of precipitation exceeds infiltration capacity.  Develops rapidly. Compounding factors- torrential rains with hurricane surges and high tides.
· Flash Flood: Flood that rises and falls rapidly with little or no advance warning, usually a result of an intense rainfall over a relatively small area. 
· Thames Flood Barrier: Tectonic forces tilting the British Isles downwards to the southeast.
· Rain on Snow Floods: Combination of snowmelt runoff and storm rainfall floods. Controlling factors= temperature, wind speed, amount of precipitation. 
· Ice-Jam Floods: Resulting from the temporary obstruction of river flow by ice buildup. Coincedence with spring melt. Controlling factors= channel morphology, presence of bridges and structures, constricting channel and ice conditions.
· Natural Dam Floods: Floods due to ponding. Outburst flood= flooding when a dam fails
· 2013 Alberta Floods- most expensive in Canadian history- 6 B
Mitigation Flood Control Structures:
· Dams: Control discharge by holding flood water in reservoirs and releasing it at a set rate.
· Levees: Dikes that confine flood water by increasing the height of the channel. 
· Channel (improvements): digging a dredging to deepen or widen a channel.
· Floodway: Artificial channel open to waterflow at peak discharge to handle excess volume.
Lecture 20- The Red River of Manitoba
Basic Red River Flood Recipe
1. Wet autumn (saturates ground)
2. Severe frost before snowfall (seals ground)
3. Heavy snowfall during late part of winter (stores water)
4. Late and sudden spring melt (generates runoff)
5. Above normal rainfall during melt period (generates more runoff)
Fundamental Reasons for Flood Characteristics
· Low Slope 
· Red river gradient
· Effects how fast water flows
· Shallow River Valley
· Flat Landscape
Coping with Floods
· Emergency dyking (sandbags)
· Building on pads
Lecture 21- The 1996 Saguenay Flood
Problems at run-off-the-river-dams- inadequate spilling capacity at the dams
· Flood exceeded maximum operating spilling capacity of 6 or 7 dams.
· Maximum operating spilling capacity not available at 7 of 7 dams.
Chicoutimi- Sables river conclusions
· Older small dams may have insufficient maximum spilling capacity.
· Maximum spilling capacity may not be available during an extreme flood.
· Uncontrolled overtopping of abutment areas can result in reservoir breaching and loss of dam function.
· Erosion and overtopping flows can cause collateral damage to nearby buildings even where these are situated above flood levels.
Mars River Conclusions:
· Storm runoff cause large scale called bottom erosion.
· Pre-flooding channel represents a meandering river 
· Flood changed the channel pattern from meandering to braiding.
· Expected that there would be a post-flood recovery of the channel close to its original state. 
Ha! Ha! river Flood
· Most severe flooding in region occurred along Ha! Ha! River
· Flood accentuated due to dyke beach at Lake Ha! Ha!Hall
· 25km of valley effected by resulting flood.
· Important to consider breach from the context of the problems with dams along Stables nd Chicoutimi rivers.
Mitigation: A future disaster
· Many area dams were replaced or upgraded to accommodate more extreme discharge.
· Changes were made to the operating procedures of individual dams
· Legislation passed that improves the regulation, operation, and maintenance of dams in quebec. 	
Lecture 22 Hurricanes
Hurricanes: Atlantic and East Pacific
Cyclones: Indian Ocean, South pacific, Australia
Typhoons: West Pacific
Birth of a Hurricane:
1. Water temperature >27C
2. Warm, humid, unstable air
3. Significant coriolis effect to sustain rotating surface winds
4. In the northern hemisphere, surface winds rotating counterclockwise
5. Weak high-altitude winds
Hurricane Surface Winds: Four forces control the circulation of hurricane surface winds.
1. Pressure gradient
2. Coriolis force
3. Centrifugal force
4. Friction
Surface winds:
· Horizontal Movement- eye of hurricane.
· Rotation: in the northern hemisphere.
Tropical disturbance: Poorly organized cluster of thunderstorms usually near the equator
Tropical Depression: Organized wind circulation is initiated. Vertically: strong vertical winds lift the warm and moist air upwards. Laterally: counterclockwise.
Tropical Storm: Classic hurricane but has no EYE
Naming: Names reused every 6 years unless its an extremely large hurricane the name is then retired (Katrina).
Structure of Hurricane: Classical hurricane structure with well-developed eye. Rainbands: dense clusters of thunderstorms spiraling slowly counterclockwise (strongest rains). Eye: Similar to a chimney (strongest winds).
Hurricanes decline rapidly after they make landfall.
North Atlantic Ocean Hurricanes: Formation and path.
1. Cape Verde- Type Hurricanes
· Thunderstorms forming in the Sahel
· Intensity increases above Atlantic
· Approaching North America, path curves to the right.
2. ITCZ Hurricanes
· Intertropical convergence zone (itcz): zone near the equator where northern and southern hemisphere trade winds converge.
[bookmark: _GoBack]Post-tropical transition- Hurricanes experiencing post-tropical transition might merge with an existing depression and regain strength ex. Hurricane Hazel. 










