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[bookmark: _Toc468734298]Fragile Systems
[bookmark: _Toc468734299]Explain what density is and how it relates to stratification.  
· Density = mass/volume
· How much mass fits into a space
· Unit: kg/m3 
· Density of air > iron > ocean water

· Stratification relation
· Less dense materials float on top of denser materials (in presence of gravity)
· Density increases as you go downward  layering of material
· Therefore  The atmosphere, the ocean and the Earth are all layered in terms of density
· Stratified into layers

· Atmosphere (top  down):
· Exosphere, thermosphere, mesosphere, stratosphere, troposphere

· Ocean
· Surface zone/ mixed layer, intermediate layer(s), deep/abyssal/bottom layer

· Earth (surface to center)
· Lithosphere (solid, crust), Asthenosphere (plastic rock), Mesosphere (solid rock), Outer core (liquid metal), Inner core (solid metal) 

[bookmark: _Toc468734300]Explain why disaster scales are based on the Order-of-Magnitude concept and interpret graphs with logarithmic scales.  
· Disaster scales  Order-of-Magnitude concept
· “order of magnitude” = “power of ten”
· disaster scales use the “power” to indicate intensity of the disaster
· E.g.  an earthquake of magnitude 6 is roughly an order of magnitude more violent than an earthquake of magnitude 5.

· Graphs  logarithmic scales
· Most of the graph is off the scale if we use an exponential curve (too small or too large)
· Log graph displays it much nicer
· The ordinate (the vertical axis of the graph) steps by powers of 10 

[bookmark: _Toc468734301]Relate natural-disaster risk and intensity to frequency, return period, and consequences (costs). 
· Frequency
· Frequency = the number of occurrences of an event in a given length of time
· More intense disasters occur less frequently
· Intense disasters are relatively rare
· Larger magnitude disasters happen less often
· Magnitude is related to the amount of energy fuelling an event
· Less intense disasters occur more frequently

· The frequency and return period are the inverse of one another!! 
· Frequency = 1/period	Period = 1/frequency

· Return period (RP)
· The length of time between similar events
· Quantify how often a disaster has occurred in the past
· Average number of years between disaster events of the same magnitude (M)
· Is an average measurement dividing the time span of the data by the number of cases of the same magnitude 
· RPM= (time span of data) / (# of cases of magnitude M)

· Caveats: must be very careful when you interpret and utilize return-period data
·  average statistics of PAST weather, not certainties of what will happen in the FUTURE
· By no means a prediction of what the next disaster of the same scale will next occur
·  actual time period between any two events could have been less or more than the average calculated
· ALSO additional possibility that the climate might change between the past measurements and your future period of interest.

· Consequences
· Natural Disasters:
· Extreme natural events  large amount of energy is released in short time  catastrophic consequences for life and infrastructure in the vicinity 
· Involves: significant casualties and disruption to society, large economic losses, calls for exterior help
· Key aspect: impact on society

· Natural Hazards:
· Become natural disasters when they intersect with vulnerable communities
· E.g snow avalanche in remote uninhabited areas -> NOT considered natural disaster
· Only declared natural disasters when they kill people or engulf infrastructures 
· Natural hazards are inevitable but natural disasters are not
· Sites with natural hazards need to be studied and understood 
· Risks evaluated
· To prevent natural hazards from causing natural disasters
· Knowing the frequency and return period and magnitude for a given event in a given area provides us with useful information  BUT does not answer all our questions
· Cost-benefit ratios of economics to consider
· Is it wise to spend added money necessary to guarantee that the building will withstand rare destructive event?
· Or do economic considerations suggest: building be constructed to same standards as similar buildings in nearby non-hazardous areas?

[bookmark: _Toc468734302]Explain how recent disasters were associated with the concentration or dilution of energy.  
· It takes time for energy to build up and to be released
· Many disasters involve a sudden release of large amounts of energy, even though the energy supply is initially very slow
· Thus the energy must first be concentrated, but this takes time

· Energy  Causes things to move or change
· Disasters release immense amounts of energy  causing catastrophic change

· Examples (build up time is greater than the release time):
	DISASTER
	BUILDUP
	RELEASE

	Earthquakes
	Years
	Minutes

	Volcanoes
	Decades
	Days

	Hurricanes
	Months
	Days

	Thunderstorms
	Hours
	Minutes

	Rogue waves
	Hours
	Seconds

	Landslides
	Days
	Seconds

	Meteor impact
	Millennia
	seconds


· Some of these disasters inject so much energy in a short time that subsequent events are triggered over longer times that can still be devastating
· Even after spreading or dilution of the initial energy release  the effects can still threaten lives and property
· Examples (build up time is less than release time):
	INITIAL CAUSE
	DISASTER
	BUILD UP
	RELEASE

	Earthquake
	Tsunami
	Minutes
	Hours

	Thunderstorm
	Floods
	Hours
	day



· Concentration of Energy
· In area:
· Many of the energy sources are diffuse (weak, but covering a wide area)
· To create natural disasters  requires concentration of this energy in small area

· E.g. diffuse solar radiation (spread over earth surface)  causes sensible heating of air & oceans  warm, humid air can be concentrated by wind circulations  drawn into hurricanes & released as violent winds, rain, waves, storm surges

· In time
· other energy sources are gradual (weak, but spanning a long time)
· to create natural disasters  requires energy to continually build up  allowing sudden release in a short time

· e.g. movement of tectonic plates are gradual  allow stresses to build to point  strain causes fracture along fault line  sudden earthquake
[bookmark: _Toc468734303]Get the disaster info you need from reliable sources.  

[bookmark: _Toc468734304]List the 1st and 2nd most common elements in the Earth, ocean, and atmosphere. 
· Earth core: 		Iron, nickel
· Earth’s crust: 		Oxygen, silicon, Aluminum, Iron
· Ocean: 			Oxygen, hydrogen
· Atmosphere: 		Nitrogen, oxygen	

[bookmark: _Toc468734305]Describe how viscosity and compressibility relate to the phase of matter.  
· Viscosity
· Measure of how much fluids resist flowing or changing their shape
· The greater the viscosity (thicker)  the more it resists change
· the more force must be applied to make it change
· Depends on temperature and chemical structure
· High  low:  magma (molten rock in earth), water, air

· Compressibility
· The ability to be squeezed or expanded, so that mass fills less or more space
· Results in a change of density (mass/volume) of the object b/c of volume change

· One way to define phases are by their physical characteristics of fluidity and compressibility
· Phases
· Solids: 		not very fluid, not very compressible
* solids are defined as "not very fluid", instead of as "not fluid"
The reason is that over geological time scales, some solids behave like fluids.
e.g. ice (solid form of water)  ice deforms and flows slowly in glaciers
e.g. some rocks can gradually deform and flow deep in Earth (given enough pressure and a long enough period of time)

· Liquids: 		very fluid, not very compressible
· Gases: 		very fluid, very compressible

[bookmark: _Toc468734306]Be able to diagnose the type of strain by the way a material deforms.
· Strain
· Change in shape or size (the deformation) of a solid object 
Types:
· Elastic
· Ability of an object to change shape (deform) when forced to
· Springs back to original when force is released
· E.g. rubber band, spring

· Relation to stress:
· Deforms easily under stress
· Springs back when stress is removed

· Plastic:
· Ability to permanently change shape or deform when forced
· E.g. ice in glaciers, soft metals, some rocks

· Relation to stress:
· Deforms easily under stress
· Remains deformed after stress is removed
Properties of materials based on ability to strain:
· Ductile
· Very plastic (bends and deforms easily)
· E.g. gold
· Brittle
· Not plastic  Fractures/breaks instead of bending
· E.g. ceramic dishes
· An object that does not deform easily can fracture under stress
Stress vs Strain Curve
· Some objects when subjected to increasing amounts of stress:
· First deform elastically  “elastic deformation”
· Strain increases as stress increases
· Strain is proportional to stress
· Once stress is removes (stress=0)  strain = 0

· “yield point”
· boundary between elastic & plastic behavior
· beyond this  stress is much greater  results in increased strain

· Then deform plastically under larger stress
· Takes a small increase of stress  to largely increase strain
· When stress is reduced/removed  material returns to normal very slowly
· Slow response can be interpreted as permanent deformation is response time is too long (thousand to millions of years)

· Finally fracture when stress too great
[bookmark: _Toc468734307]Explain why gravity affects motion and energy.  
· Gravity 
· A force that attracts matter (i.e. masses)  to each other
· Objects of mass (m) near the earth’s surface are pulled with the force (F)
· F = ma		a = g = 9.8 m/s2

· Original sources for the energy that derives disasters on Earth:
· Impacts from space, KE
· Gravitational, PE
· Radioactive decay, nuclear energy
· Solar/Radiative, nuclear energy
· Nuclear reactions create energy by converting mass m into energy E
· E = mc2	*c = speed of light
· Much of this energy is release as or becomes heat in the Earth/Ocean/Atmosphere system
[bookmark: _Toc468734308]List the 5 types of energy, and describe what causes them to vary. 
· Energy  Causes things to move or change
· Disasters release immense amounts of energy  causing catastrophic change

Forms of Energy:
· Work
· Depends on the force F that pushes or pulls an object over the distance d the object moves
· W=Fd
· Unit: 1 J = 1 Nm

· Potential energy
· Work needed to raise an object of mass m a distance z against the pull of gravity g
· PE = gmz	*z=distance

· Kinetic energy
· A moving object posses KE
· KE = ½ mV2

· Sensible heat
· Heat is another form of energy
· heat that we can feel (sense)  in the form measurable by temperature
· ∆QH= mC∆T	*c = specific heat
· specific heat – depends on the material, measure of the capacity of that substance to store heat
· e.g. high to low: water (oceans), air (atmosphere), granite (earth’s surface)

· Latent heat
· Heat is stored/hidden
· Sensible heat is taken from the surroundings and is stored as latent heat
· ∆QE = L∆m	*L = latent heat constant
· LV = latent heat of vaporization
· Change between liquid and vapour
· Lf = latent heat of fusion
· Change between liquid and solid

· Sensible heat  stored (hidden) as latent heat
· Solid melts  liquid
· liquid evaporates  gas
· latent heat  released into sensible heat
· gas condenses  liquid
· liquid freezes  solid

[bookmark: _Toc468734309]Explain (with examples) how energy conservation applies to natural disasters.  
· Energy  Causes things to move or change
· Disasters release immense amounts of energy  causing catastrophic change

· Energy can easily change in form between work, heat, KE, PE
· Energy is conserved when it is changed from form to form
· All natural disasters studied in this course involve motion and KE
· Examples of energy conversions & natural disasters:
· Kinetic energy of an asteroid is converted into sensible and latent heat when it strikes Earth
· Heat causes water to expand into steam in the Earth’s crust which does WORK, pushing magma  some of which rises into volcanoes (increase PE)
· Potential energy of rocks high on the slopes of a volcano are converted to kinetic energy when they fall down a landslide or lahar

· Refer to question D above ^

[bookmark: _Toc468734310]Describe relationships between force, pressure, stress, strain, energy, and power. 
· Energy is related to fore, work, power, pressure, stress etc.

· Power
· Rate of doing work or the rate of consuming energy
· P = Work / time = W/t
· Unit: 1 J/s = 1 watt

· Force (F)
· Pushes or pulls
· Unit: 1N = 1 kgm/s2

· Pressure (P)
· Force per unit surface area
· Applied PERPENDICULAR to the surface
· Unit: 1 Pa = 1 N/m2

· Stress
· Force per unit surface area
· Applied PARALLEL to the surface
· Unit 1Pa = 1 N/m2

· Stress causes strain
· Stress tends to strain or deform objects
· Apply force parallel to surface of an object  object (if not brittle) tends to deform
· How the object is deformed depends on the property of the object – whether it is ductile or brittle
· Refer to question H above ^

[bookmark: _Toc468734311]Describe population growth and explain why it is important for natural disasters.  
· Population Growth rate
· The world population growth was exponential over the past 8000 years
· Exponential growth = population compounds

· World growth rate has been declining from a peak of 2.20% per year in 1962/1963
· Between 1970 – 2005: rate was almost linear – still exponential but rate was quite low
· Currently: Growth rates worldwide are around 1.14% to 1.19% per year (exponential)

· Doubling time = The number of years for population to double 
· DT (years) = 70/ (% growth rate per year)
· Only applies to an exponentially growing population

· Vulnerability and Risk
· Vulnerability = likelihood that a community will suffer (both in terms of fatalities and physical damage) when exposed to hazards in the environment

· Risk = Vulnerability x Hazard
· The same hazard poses a more significant threat to vulnerable communities
· Factors that increase vulnerability + proximity of hazards = high risk of natural disasters

· Factors that increase vulnerability:
· Population growth
· Overreliance on technology
· Overreliance of our modern societies on technology = created new vulnerabilities
· The failure of a network  can cascade in a dangerous domino effect
· Any disruption of vast flows of energy and matter necessary to our modern lifestyle

· Poverty and affluence
· Already struggling to needs basic needs of citizens
· Do not have enough resources to invest in :
· long-term solutions to decrease vulnerability (e.g. safer buildings, early warning systems etc.)
· response infrastructure (e.g. ambulances, pumps, fire trucks etc.)

· Developed countries experience larger economic loss and fewer deaths
· People are better insured, live in safer buildings, warning and evacuation plans

· Social behavior
· Reduce vulnerability to communities  by Raising awareness of general public
· E.g. leaflets, evacuation drills, short courses
· Return periods of natural disasters could be span a long time  people forget the tragedies of the past  repeat same mistakes
· Counterproductive attitude  overreliance on “society” to fix problems in the event of a natural disaster
· Individuals neglect precautions e.g.  a home emergency kit

· Population growth is closely linked to increase of life and economic loss related to natural disasters
· Relating to life:
· Running out of space  Increasing numbers of people in hazardous settings
· Poor land use practices
· Isolated areas
· Where humans are concentrated  disaster kill many more people 
· High population density
· People are less likely to be evacuated successfully  fatalities increase
· Indirect: starvation

· Relating to economic loss:
· Physical damage of structure and infrastructure
· Includes: transportation (delivery of food and supplies), communication (phone, internet), utilities (electricity, water), buildings, bridges, roads, etc

· Property loss will increase b/c increasing number and value of property in the world  as population expands into ever-more-marginal locations

· Industries and businesses
· Out of operation  loss in productivity and wages for employees
· Unemployment, distress, 

· Changing weather patterns (including related to increased global warming  from humans)  may increase frequency of certain natural disasters 

· Effects of overpopulation ALL together  FUNCTIONALITY of human society is in jeopardy

[bookmark: _Toc468734312]Explain how Earth's carrying capacity and overpopulation are related to the fate of the human race, and anticipate your role in it.  
· Carrying capacity
· The population that can be sustainably supported within a given domain (e.g. Earth)
· given the quantity of food, habitat (living space), natural resources (energy/fuel, water, clean air), sanitation, medical care, etc.

· Carrying capacity is limited by the resources available on earth
· With the increase in population density  These resources are quickly depleting
· To a point where all resources are all used up  the human race will have reached carrying capacity b/c there is nothing we can survive on

· Earth’s carrying capacity is dynamic and may increase with technology (such as production of synthetic materials)

· Overpopulation
· Population that exceeds the carrying capacity of an area or environment
· Exponential population growth on earth forever ???  to control population, we need to improve the well-being of people in developing countries

· FATE: If carrying-capacity population is reached (finite Earth)
· Quality of life = extremely unpleasant
· Survival = marginal
· On average: all of us  near starvation, receiving minimum food needed to stay alive
· Atmosphere very contaminated = life spans extremely short
· Strong would kill the weak AKA savage competition for scarce resources
· Stronger countries wage food wars – take what they need at expense of everyone else
· Energy wars (e.g. oil, natural resources)

· Our role:
· Limit population well below holding capacity (to retain our humanity)
· Requires reconsideration of our basic beliefs, traditions, cultures
· Critical component = social
· Not science, engineering, medicine
· Be Proactive
· Start dialogs with others now
· Learn the roadblocks/inertia/resistance to change  and what can be done to overcome them
· Start with individuals – this generation – new way of thinking
· Shift paradigm
· E.g. new land-use planning and regulation
· Engineering and proactive disaster preparedness

· 4 Pillars of Emergency management:
· Response
· Actions taken immediately after an emergency has occurred
· Police, medical teams, firefighters
· Quick and coordinated

· Recovery
· Aim at getting the situation “back to normal” – pre-disaster state
· Extent of physical and psychological trauma
· Takes much longer

· Mitigation
· Involves activities to reduce risk

· Preparedness
· Proactive steps taken to plan for disasters
· Put in place resources need to cope with them
· Stockpiling goods (home emergency kit and plan)
· Conducting regular evacuation drills
[bookmark: _Toc468734313]Earthquakes
A. [bookmark: _Toc468734314]Describe the global distribution of earthquakes and how often quakes of various magnitudes occur 

B. [bookmark: _Toc468734315]Understand the different types of faulting at different plate boundaries, and which plate boundaries produce the largest quakes  

C. [bookmark: _Toc468734316]Describe how the Earth builds, stores, and releases energy in earthquakes (elastic rebound)  

D. [bookmark: _Toc468734317]Understand concepts of (1) stress causing strain and (2) plastic versus brittle deformation  

E. [bookmark: _Toc468734318]Describe how the rupture propagates from the focus and why shaking and damage are not necessarily  

F. [bookmark: _Toc468734319]Describe the different types of seismic waves and how they move through the Earth  

G. [bookmark: _Toc468734320]Describe how an earthquake is recorded and how to locate the epicenter  

H. [bookmark: _Toc468734321]Understand how local ground conditions can affect the duration and amplitude of shaking  

I. [bookmark: _Toc468734322]Compare and contrast the meanings and uses of earthquake magnitude and intensity scales  

J. [bookmark: _Toc468734323]Explain the different magnitude scales, which one is best for large quakes, and why  

K. [bookmark: _Toc468734324]Explain factors that determine earthquake intensity  

L. [bookmark: _Toc468734325]Identify fault zones that could produce an earthquake damaging to Cascadia; Describe the evidence for the  Cascadia subduction zone generating large megathrust earthquakes  

M. [bookmark: _Toc468734326]Understand the basics of how buildings can be designed or retrofitted to better resist earthquakes (and  reduce casualties)  

N. [bookmark: _Toc468734327]Be aware of how earthquakes can be the cause of other natural disasters (e.g., tsunamis, liquefaction,  landslides)  

O. [bookmark: _Toc468734328]Know the difference between forecasting and prediction  

P. [bookmark: _Toc468734329]Explain what we can and cannot predict about large earthquakes  

Q. [bookmark: _Toc468734330]Make informed decisions about earthquake safety - how to act, how to prepare  

[bookmark: _Toc468734331]Volcanoes
1. [bookmark: _Toc468734332]Explain what magma density and magma viscosity are.  

[bookmark: _Toc468734333]List the different categories of volcanic rocks and explain the differences between the magmas they came  from.  

[bookmark: _Toc468734334]Explain why some magmas erupt explosively (as pyroclastic material) and some magmas erupt effusively (as  lava).  

[bookmark: _Toc468734335]Explain the differences between pahoehoe and a'a lavas.  

[bookmark: _Toc468734336]Describe the different types of volcanic eruptions and how they are related to magma properties.  

[bookmark: _Toc468734337]Describe the morphology, dominant rock type and typical eruption style of the different types of volcanoes.  

[bookmark: _Toc468734338]Explain what lava flows, fire fountains, lava bombs, and volcanic ash are and how they form.  

[bookmark: _Toc468734339]Describe the particular hazards associated with lava flows, fire fountaining, lava bombs, and ash fall.  

[bookmark: _Toc468734340]Explain what pyroclastic flows, lahars, volcanic domes, sector collapses, lateral blasts, and toxic gases are and how they form.  
[bookmark: _Toc468734341]Describe the particular hazards associated with pyroclastic flows, lahars, dome collapses, sector collapses, lateral blasts, and toxic gases.  

[bookmark: _Toc468734342]Explain how the size of a volcanic eruption is estimated.  

[bookmark: _Toc468734343]List the different volcano monitoring techniques and the instruments that are used.  

[bookmark: _Toc468734344]Explain what a volcanic hazard map is and why they are useful. 
 
[bookmark: _Toc468734345]Use your knowledge of volcanic processes to map major hazards around different volcanoes.  

[bookmark: _Toc468734346]Evaluate the hazards to Vancouver associated with an eruption from Mount Baker.  

[bookmark: _Toc468734347]Describe the distribution of the world's active volcanoes.  

[bookmark: _Toc468734348]List the three types of plate boundaries and the different types of volcanoes that occur at these plate boundaries.  

[bookmark: _Toc468734349]Describe the type of volcanoes that occur at oceanic and continental hot spots.  

[bookmark: _Toc468734350]Describe the tectonic setting of British Columbia and determine the dominant type of volcano that occurs  here.  

[bookmark: _Toc468734351]Landslides

1. [bookmark: _Toc468734352]Explain how the impact of landslides depends on the affected area's population density, economic infrastructure, and population preparedness.  

[bookmark: _Toc468734353]Distinguish between the different modes of failure (falls, flows, slides, topples, and spreads) and how they are influenced by geology.  

[bookmark: _Toc468734354]Compare and contrast landslide causes and how they differ from landslide triggers. List and describe some external and some internal causes of landslides.  

[bookmark: _Toc468734355]Assess the balance between the strength of the slope and the destabilizing forces due to erosion, vegetation, precipitation, and anthropogenic activity that are acting on it (Factor of Safety).  

[bookmark: _Toc468734356]How do key triggers and causes affect the Factor of Safety?  

[bookmark: _Toc468734357]Describe how groundwater affects shear stress and shear strength, and how it contributes towards the increased likelihood of a landslide.  

[bookmark: _Toc468734358]Outline the different factors, both natural and human, that contributed to the Vaiont landslide disaster.  

[bookmark: _Toc468734359]Differentiate the mechanism by which liquefaction landslides develop in loose sands and sensitive clays.  

[bookmark: _Toc468734360]Explain why British Columbia has the highest frequency of landslides in Canada and what the future holds as the population expands into mountainous regions.  

[bookmark: _Toc468734361]List the different human activities that contribute to increased landslide hazards. 
 
[bookmark: _Toc468734362]Relate the type of landslide damage expected as a function of its velocity.  

[bookmark: _Toc468734363]Identify tell-tale signs of an unstable slope.  

[bookmark: _Toc468734364]Compare and contrast avoidance, prevention, and protection strategies for dealing with landslide hazards.  

[bookmark: _Toc468734365]List the mitigation techniques commonly used for avoidance, prevention and protection strategies.  

Waves

1. Identify key properties of waves  

Use these properties to determine wave speed and behavior in either shallow or deep water  

Explain how waves move matter and energy  

Describe the forces that generate waves, eliminate waves, and return the ocean to a flat, undisturbed surface  

Explain the factors that determine the roughness of the sea  

Describe how waves interact; explain constructive and destructive interference  

Describe wave refraction, seiche (standing waves in enclosed or semi-enclosed bodies), and resonance; how do these affect the coast and people?  

Relate wave interference and resonance to marine hazards  

Describe how tsunami form and how they are detected  

Explain how a tsunami compares with other ocean waves 
 
Discuss why tsunami come ashore so violently  

Identify tsunami warning signs, and know how to respond  

Describe the risks from a tsunami for the coast of British Columbia, especially one resulting from a megathrust earthquake.  

Describe how storm surges are generated  

Identify where and how the maximum surge occur in a hurricane  

Define wave breaking and determine when a wave will break  

Explain differences between surging, plunging, and spilling breakers 
 
Predict the type of breaking wave that will be found on a given beach 
 
Describe how coastlines affect waves, and how waves affect coastlines 

Compare and contrast the effects of artificial barriers such as groins, seawalls, and other structures, on coastal processes  

Relate these changes to risks for coastal communities  

Storms

1. Be wary of the main storm hazards. 

Recognize thunderstorms, be able to identify thunderstorm components, and and explain how they evolve. 

Explain how storms get their energy from the Sun. 

Explain the main characteristics that make a supercell thunderstorm so much nastier than a normal thunderstorm. 

Be able to recognize thunderstorms in radar and satellite images. 

Describe the different types of lightning, how they form, and what happens when they strike something. 

Explain the behavior of downbursts and gust fronts, and identify their associated cloud & dust features. 

Describe why the fact that "cold air holds less water vapour than warm air" is critical in explaining how thunderstorms can extract energy from humid air. 

Recognize mammatus clouds and the flanking line, and describe their relationship to thunderstorms.  

Explain how vertical and horizontal winds are created by heat released in storms.  

Explain what the continuity effect is, and how it ties vertical and horizontal motions into circulations.  

Describe rain and hail hazards of thunderstorms, and state actions you can take to be safe near thunderstorms.  

Be able to recognize tornadoes and wall clouds.  

Explain why supercell thunderstorms spawn the most dangerous tornadoes.  

Relate the Enhanced Fujita scale to different amounts of damage. 
 
Describe safety procedures near tornadoes.  

Identify the times and places for high tornado risk.  

Identify the components of a hurricane.  

Explain how hurricanes get and utilize heat energy, and why hurricanes can exist for weeks.  

List the requirements for hurricane existence, describe how hurricanes evolve, and what causes them to die.  

Describe the risks associated with hurricanes, and appropriate safety procedures.  

Space and mass extinctions

1. Understand the concept of a biosphere and Earth System Science and that the biosphere has evolved over time  

Distinguish between the oldest and youngest portion of a geological section using the Principles of Superposition, Original Horizontality, and Cross-cutting Relationships  

Describe the concept of faunal succession and the use of fossils in correlation and in the subdivision of Earth history  

Recognize the qualities that make fossils useful in biostratigraphy  

Identify important historical figures in the development of stratigraphy and biostratigraphy  

Appreciate the scale of changes that can occur over geological time scales  

List some of the major subdivisions / ages of the geological time scale and appreciate the relative scale between the Phanerozoic and the Precambrian  

Understand how extinction events are linked to the structure of the geological time scale  

List some of the major developments in the history of life on Earth  

Define the characteristics of a mass extinction

List the "Big Five" mass extinction events and their order through time 
 
Distinguish between broad extinction-producing phenomena 
 
Describe the late Ordovician and Permo-Triassic extinction  

Describe the character of extinctions at the K/Pg boundary  

Discuss the evidence used to support the K/Pg impact  

Describe the location and probable nature of the K/Pg impactor 
 
Describe the initial and long-term effects of the impact and their environmental consequences  
Consider other potential causes of the K/Pg environmental collapse 
 
Describe the type and location of potential impactors and rate of meteor influx  

List some of the major impact features preserved on the Earth’s surface and explain why impact craters appear to be rare on Earth  

Describe some of the features and processes of crater formation
  
Provide examples of Canadian Impact Craters  

Describe the hypothesis proposed by Raup and Sepkoski  

List and describe some recent impacts and "near misses"  

Understand the risk associated with an impact hazard  
[bookmark: _GoBack]
List possible mitigation strategies and appraise their relative effectiveness  

