Natural Disasters Midterm Review 
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Natural disaster
· An extreme natural event in which a large amount of energy is released in a short time with catastrophic consequences for life and infrastructure in the vicinity
· triggered when society ignores natural hazards
· Its impact on society 

Attributes
· Significant casualties
· Destructive impact on infrastructure
· Disruption to society
· Large economic losses
· Call for exterior help
· Media coverage
· Government involvement

Natural hazard
· source of danger that exists in the environment and that has the potential to cause harm
· Natural hazards are going to happen but natural disasters avoidable 
· Disasters occur when hazards meet vulnerability
· Low magnitude things happen more offend then high 
· Hazard levels described by:
· frequency 
· period 
· magnitude – Amount of energy fueling a natural event

· Vulnerability 
· likelihood that a community will suffer (damage or deaths)


Sources of energy fuelling natural disasters
· Earth’s internal energy 
· Solar energy
· Gravity
· Impact energy 





Global Trends 
· Number of natural disaster is increasing with time
· Geological – constant 
· Weather related – increasing 
· Number of deaths due to natural disasters is increasing 
· Globally, communities are increasingly vulnerable
· Population growth
· Development in risky areas 
· Degradation of natural ecosystems 
· Over-reliance on technology
· More stuff reported 
· The number of human-made disasters has been decreasing in recent years
· Health and safety precautions made 
· Money losses from disasters is increasing 
· Rich countries have insurance …. Poor don’t 

Canadian Trends 
· Number of natural disaster increasing …^same reasons 
· Number of deaths from natural disasters is decreasing 
· Improved engineering 
· Long-term prevention 
· Extensive disaster education 
· Better warning systems 
· Rapid response
· Most economic losses are from weather related disasters 
· Climate change 

Risk and Mitigation 
· Risk = vulnerability * hazard
· Four pillars of emergency management
· Response 
· Recovery 
· Mitigation 
· Preparedness
· Adaptation (New term added)
· Response 
· Immediate action after a disaster has occurred 
· Recovery 
· Middle term actions to put things back to normal 
· Mitigation 
· Long term actions to eliminate risk 
· Adaptation 
· Long term to lower risk 
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Aspects of a Disaster
· DISASTER = HAZARD x VULNERABILTY
· Sudden onset 
· Increase vulnerability 
· Aging built infrastructure
· Critical infrastructure interdependencies 
· Environmental degradation
·  Unsustainable land-use planning 
· Urbanization

Emergency Management 
· Originally it’s an emergency and decide later if it’s a disaster 
· Components of emergency management 
· Prevention/Mitigation
· Preparedness
· Response
· Recovery

About Canada 
· Disaster cost triple every decade 
· 15th economically exposed county 
· 1.76% of Canadians exposed to hazards yearly 
· Albert flood 
· 6 bill in losses 
· 60,000 evacuated 
· 4 deaths 

international situation 
· developed countries saw deaths decrease but costs go up 
· less developed countries deaths up economical losses up 

Environmental change 
· climate change 
· greenhouse gases 
· earth’s orbit

Summary 
· Emergency Management in Canada is a well-established, complex discipline.
· The international community is increasingly joining efforts to recognize and address disaster risks.
· climate change hazards are driving the increase of disasters.
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Distribution of earthquakes and volcanoes 
· Plate Tectonic theory 
· Earthquakes and volcanos are not random 
· Occur at plate boundaries 

Earth and stuff 
· Differentiation 
· The process where gravity causes denser material to move to the center
· Based on density and strength 
· Crust / mantel / outer core / inner core 
· Density layers 
· Earth crust is thicker and less dense than ocean crust 
· Crust rick in silicone and oxygen  
· Mantle is rich in iron and magnesium 
· Core is iron 
· Strength layers 
· Gas – atmosphere 
· Liquid – hydrosphere 
· Rigid – lithosphere 
· Soft plastic – asthenosphere 
· Stiff plastic – mesosphere 
· Tectonic plates 
· Lithospheric plates floating on top of asthenosphere 
· Boundary at ≈ 100km 
· 
Convection: the tectonic engine 
· Convection 
· Heat transfer by fluid circulation 
· Warm low density water rises / cool high density water sinks 
· Large convection cell in the asthenosphere and mesosphere
· Can drag tectonic plates bec friction 

The Tectonic cycle 
· Tectonic
· related to the deformation forces acting on the Earth’s surface
· Tectonic cycle 
· episode of large-scale deformation of the Earth’s surface
· one cycle 250 Ma (million years)



· Plate tectonics 
· Rigid lithospheric plates slide over the plastic asthenosphere
· Lithosphere: continental and oceanic crust, and rigid upper mantle
· Asthenosphere: plastic upper mantle
· Convection in the asthenosphere and mesosphere sets plates into motion
· Divergent zone 
· The center of where rock spreads from 
· Convergent zone 
· Where plate collides with another plate 
· Denser plate dives down 
· Subduction 
· Where one lithospheric plate goes under another 
· Less dense plate - overriding plate 
· Denser plate – subduction plate 
· Descends at about 45 degrees 

Evidence for plate tectonics 
· Paleomagnetism
· As lava cools minerals align in direction of earth’s magnetic field 
· Different polarities at different times of cooling 
· Seafloor spreading 
· New sea floor is being created mid ocean
· Age of basin 
· No oceanic crust older than 200Ma
· Crust constantly recycled 

Bathymetry 
· Bathymetry 
· Depth measurements at different place in body of water
· Deeper water is due to plates re-entering asthenosphere 
· Shallow water due to mid ocean ridges 
· 
Earthquake hypocenters and epicenters 
· Hypocenter
· Point of origin of an earthquake 
· Hypocenter distribution 
· Relation between hypocenter location and subduction process
· Deep earthquakes in subduction plate only 
· Shallow earthquakes in both overriding and subduction plate 
· Epicenter 
· Point of surface directly above hypocenter
· Outline plate boundaries 

Tectonic environments 
· Tension 
· Force that pulls apart 
· Compression
· Force that pushes together 
· Shear 
· Force applied parallel to surface causing slippage 
· Divergent zone 
· Force = tension 
· Two plates are being pulled apart 
· Convergent zone 
· Force = compression 
· Where plates come together 
· Denser plate goes down 
· Subduction zone 
· Denser plate always subduction plate 
· Continent – continent collision zone 
· Two continental plates collide plates compress and crumble 
· Transform fault 
· Force = shear 
· Horizontal movement of tectonic plates against each other 
· Major infrequent shallow earthquakes 
· Hot spot 
· Force = tension (mainly)
· Force = compression
· Slow rising hot rock 
· Frequent strong and shallow earthquakes 
· Largest plate 
· Pacific plate 
· 80% earthquakes 
· 75% active volcanos 
· Ottawa if located in center of North American plate 
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Tectonic environments and earthquakes

· Tectonic environments 
· Earthquakes are more common in certain tectonic environments 
· Most coincide with plate boundaries 
· No earthquakes below 700 km 
· Material is not rigid enough to break apart 
· Shallow – 100km 
· Intermediate 100km - 300km 
· Deep 300km - 700km

Divergent zone earthquakes 
· Frequent strong and shallow earthquakes 
· Rift 
· Valley created in pull apart of plates 
· Young divergent zone 
· Rifting started 25 Ma ago

Convergent zones and earthquakes 
· Two plates collide 
· Infrequent and big earthquakes 
· Can happen at any depth 

Subduction zones 
· Subduction zones below 30 km 
· Crustal earthquakes due to compression in overriding and subduction plates 
· subduction zones at 30 km
· Megathrust earthquakes 
· due to shear stress of rubbing between plates 
· Megathrust faults 
· Boundary between subduction and overriding plate 
· Subduction zones below 100 km 
· Intra-slab earthquakes 
· Cold rock meeting hot asthenosphere 
· Biggest earthquakes are megathrust earthquakes 
· 16/17 are biggest 
· shallow hypocenters




Cascadia subduction zone
· off west coast 
· highest risk from crustal earthquakes 
· every 30 years 
· magnitude 6-7 
· catastrophic risk from megathrust earthquake
· average every 600 years 
· magnitude 9 

Other stuff 
· Charlevoix seismic zone 
· In St Laurence 
· St Laurence is a failed rift 
· Canadian shield compressing 
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Faults 
· Fracture across two blocks of rock that move relative to each other
· Faults are usually complex zones of breakage
· Earthquakes are caused by sudden movements along faults 
· Magnitude of earthquake 
· amount of energy released during an earthquake
· Fault rupture 
· Starts in the hypocenter (point of origin)
· Slip 
· Displacement between two rock blocks 
· Rupture area 
· Surface where rocks have moved 

Seismic waves 
· Wave
· Oscillation in space and time 
· Seismic wave 
· Waves caused by release of energy from the earth 
· Seismometer 
· Sensor that detects ground motion 
· Seismograph 
· Instrument that records ground motion
· Invented by Zhang Heng (132A.D)
· 30000 in progress
· Seismogram
· Paper or digital record of motions 
· Body waves 
· Through whole body of the earth 
· Fast >1hz
· P waves 
· Vertical motion
· Compressional energy 
· Small amplitude 
· Travel fast 
· Liquid solids gas 
· S waves 
· Sideways motion
· 1.7 times slower than p waves 
· shear energy 
· larger amplitude 
· solids only 

· Surface waves 
· Only near surface 
· Slow <1hz
· Rayleigh waves
· Love waves 
· Low frequency / long duration
· Slow 
· Very large amplitude 
· Arrival time 
· Time in which seismic wave reaches seismometer 
· P waves first / S waves second / Surface waves last 

Locating the epicenter of an earthquake
· Requires info from 3 seismographs 
· Calc the time between p and s waves and get distance 

Estimating the magnitude of an earthquake
· Richter magnitude scale 
· Max amplitude in body waves 
· Right column plot 
· Difference between P and S arrival time 
· Plot on left 
· Middle is magnitude 
· Log scale 
· 10* is +1 magnitude 
· 2.5 smallest people feel 
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Intensity 
· Intensity 
· Measure of the effect of an earthquake on people and infrastructure 
· Mercalli intensity scale 
· Descriptive and subjective to eye witnesses and damage to buildings 
· Scale 1 - 12 bigger = bigger 
· Intensity vs magnitude
· Can be several intensity values but only one magnitude 
· Intensity requires an audience, magnitude only need a machine

Intensity maps 
· Shakemap 
· Intensity map generated automatically in near real time 
· Inputs: ground motion data from seismograph 
· Output: computed intensity 
· After the fact intensity data 
· Based on input from public 
· Intensity reports 	
· Maps of georeferenced intensity data 
· Uses postal codes 
· State-of-the-art
· Isoseismal maps 
· Intensity contour maps
· Classic display 
· Felt area 
· Area you could feel earthquake 

Earthquake damage - Factors effecting earthquake damage 
· Earthquake magnitude
· The higher the magnitude the worse it is 
· Epicenter location
· More damage if in populated area 
· Distance from the epicenter 
· Closer=higher intensity 
· Size of felt area is not good indicator of magnitude 
· Hypocenter depth
· Shallow earthquakes are worse 
· Megathrusts are usually about 30km



· Duration of shaking
· Longer shaking the more potential for destruction 
· Aftershock 
· Small earthquakes that follow the mainshock 
· Foreshock 
· comes before main shock 
· larger mainshock 
· More aftershock
· Stronger and longer aftershock (weeks months years)
· Local soil conditions
· Natural frequency 
· Soils < 1 Hz
· Surface waves 
· Hard rock > 1 Hz
· Body waves 
· Resonance 
· Things will experience bigger oscliations when force is equal to natural frequency 
· Liquefaction
· Strength of soil reduced by rapid and violent shaking 
· Building style
· Elastic limit 
· The amount of deformation a building can take 
· Buildings away at 10Hz / # of stories 

Mitigation against seismic hazards 
· We can’t predict the exact time of earthquake 
· Historic seismicity 
· Distribution of past earthquakes in space and time 
· Canada has 160 seismographs 
· 6 cities have ¾ of countries seismic risk 
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Causes of tsunami 
· Tsunami
· Harbour wave (jap)
· Triggered by earthquakes on sea floor
· Most over 7.5 magnitude with epicenter under water 
· Less common but can be caused by volcanos 
· Can also be caused by landslides 
· Vertical motion of sea floor acts as piston making waves 
· Most happen in Pacific Ocean 

Tsunami: a wave phenomenon 
· Wave moves in forward moving circles 
· Shoaling starts when depth is <L/2 (wave breaks bec friction with sea floor)
· Wind causes waves confined to first 100m of water 

Tsunami waves 
· Amplitude 
· Open ocean <1m
· Near shore 6-15m
· Period 
· 10-60 mins 
· 2nd or 3rd is biggest 
· Wavelength 
· Very long L=100km
· Always interacting with sea floor 
· Speed 
· 232 m/s 
· speed of jumbo jet 
· No break shape 
· Bays and inlets can focus energy and make bigger waves 
· Early warning signs = causes of tsunami
· Monitoring instruments 
· Pressure sensor on sea floor 
· 
2004 Indian Ocean tsunami 
· No one was prepared
· Lack of awareness 
· Don’t have many tsunamis in Indian Ocean 
· Epicenter 250 km offshore 
· Megathrust
· Magnitude 9 
· Vertical slip 10m

2011 Tohoku tsunami
· Extremely prepared wasn’t enough 
· Height of waves was underestimated 
· Megathrust 
· Magnitude 9 
· 70km offshore 

Landslide caused tsunami
· Canadas most devastating 
· 1929 Grand Banks tsunami
· Earthquake triggered large submarine landslide 
· 28 people drowned 

Tsunami hazard in Canada 
· Should have several hours’ notice 
· North American plate could cause earthquake with tsunami following 
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Magma 
· Composition of the crust 
· 8 elements 
· silicon and oxygen = 75%
· Magma
· Partially molten rock below surface 
· 3 components:
· liquid: molten rock 
· solids: minerals in the melt 
· volatiles: gasses dissolved in the melt
· trapped in magma have to burst out to escape 
· mainly H2O 
· Lava 
· Magma that reaches the surface 
· Igneous rock 
· Rocks formed by cooling of magma 
· Intrusive igneous rock
· Slow cooling 
· Large grains 
· Extrusive igneous rock (volcanic)
· Fast cooling 
· Small grains
· Viscosity 
·  Internal resistance of a liquid to flow 
· higher = slower it flows
· important in controlling magma behavior 
· low = peaceful eruptions 
· high  = explosive
Volcanic Materials 
· Ejecta
· Volcanic material extruded onto the Earth’s surface and into the atmosphere
· Pyroclastic material
· Material formed by volcanic explosion 
· Classified based on size 
· Ash <2mm
· Lapilli 2-64mm
· Scoria >64mm
· Bombs 
· Semi molten when in air 
· Blocks 
· Solid fragments 
· Aa
· Viscous lava
· Flows slow
· Jagged upper surface 
· Pahoehoe 
· Flow wrinkles / smooth upper surface 
· Flows quick and over large areas 

Plate-tectonic setting of volcanoes 
· 90% of volcanos on edge of plates 
· Divergent zones 
· 80% magma volume 
· Peaceful eruption 
· Subduction zones
· 10% magma volume 
· explosive 
· Hot spots
· 10% magma volume 
· Both peaceful and explosive 
·   Hot spot volcanos 
· Aligned in direction of plate motion 
· Age increasing farther from hot spot
· Oceanic hotspot volcanos 
· Rising magma doesn’t mix well with ocean crust
· Continental hot spot volcanos 
· Magma mixes well with lands crust
·  Jokulhlaup 
· Outburst flood 
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How do volcanos erupt 
· Solid rock melts because decreasing pressure 
· Decompression melting 
· 2 types of eruptions (volcanos can change eruption types)
· Explosive 
· Peaceful 
· Three V’s of volcanism and volcanic landforms
· Viscosity 
· Volatiles 
· Volume of magma 

Types of volcanos 
· Peaceful eruptive style 
· Viscosity
· Low/medium magma viscosity 
· Volatiles
· Volatiles escape easily from magma • Low/medium volatile content
·  Volume of magma 
· Small to large volume
· Icelandic type eruption 
· Viscosity 
· Low, lava flows like water 
· Volatile 
· Low, escape easily 
· Volume 
· Small 
· Lava plateau 
· Small area covered by layers of solid lava 
· Fissures 
· Linear fractures (<25 km)
· Hawaiian type eruption 
· Viscosity 
· Low, lava flows like water 
· Volatile 
· Low, escape easily 
· Volume 
· Large 
· Shield volcano 
· Volcano in the shape of a flattened dome 
· Built from numerous flows of very fluid lava 



· Strombolian-type eruption 
· Viscosity 
· Medium  
· Volatile 
· Medium pours out central vent  
· Volume 
· Small 
· Scoria cone 
· Volcano in the shape of a conical hill 
· Formed by debris piled up by central vent 
· Only erupt once 
· Grow fast 
· Vulcanian-type eruption 
· Viscosity 
· Medium/high 
· Alternate between   
· Volatile 
· Medium   
· Volume 
· Large  
· Stratovolcano
· Large volcanic cone 
· Biggest volcanos 
· Plinian-type eruption 
· Initial eruption 
· Vertical eruptions with pyroclastic flows 
· Viscosity 
· Medium/high 
· Volatile 
· High   
· Volume 
· Large  
· Final phase 
· Viscosity 
· High  
· Volatile 
· low  
· Volume 
· Small   
· Lava dome 
· Half ball shape forms over the vent 
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[bookmark: _GoBack]Explosive eruptive style 
· Caldera-type eruption 
· Viscosity 
· high 
· Volatile 
· high 
· Volume 
· Very  
· Largest explosive volcanic eruption 
· Calderas 
· Are created by collapsed volcanos
·  Eruptive sequence 
· Early phase: 
· Vulcanian-type eruption
· Formation of stratovolcano
· Major phase:
· Plinian-type eruption 
· Continued development of stratovolcano
· Final phase: 
· Plinian-type eruption
· Formation of lava dome
· Caldera-type eruption
· Formation of a caldera

Volcanism in Canada 
· Associated with crustal rifting 
· Volcanos in divergent zone
· Stikine volcanic belt North BC
· Canadian hot spot volcanos 
· BC coast 
· About 14Ma years old 
· Pyroclastic flow 
· Hot gasses rocks and ash moving don outside of volcano 
· Responsible for the largest number of fatalities related to volcanism 
· Volcanic gas 
· Main driving force of explosive eruptions 
· Lahar 
· Mudflow that originates on the slope of volcanos when ash and debris become saturated with water 
· Flow rapidly down volcano 
· 
Mitigation against volcanic hazards 
· Volcanic explosively index (VEI)
· Metric to quantify the hazard of specific volcano
· Volcanic activity classifications 
· Active 
· Volcano has erupted in historical times 
· Dormant 
· Volcan that has not erupted in historic time 
· Still capable of erupting in future 
· Extinct 
· Not expected to erupt again

