
FINAL EXAM NOTES 

GEOGRAPHY OF HAZARDS 

Lecture Seven: Earthquakes

They result from the rupture of rocks along a fault.

Energy from an earthquake is released in the form of seismic waves.

They are mapped according to the epicenter; the focus is located directly below the epicenter.

They are measured by seismographs and compared by magnitude 

Earthquake Magnitude

The magnitude of an earthquake is expressed as a number to one decimal place.

This type of measurement was first developed by Richter in 1935

The Richter Scale was a measure of the strength of a wave at a distance of 100 km from the epicenter

Since then, more accurate methods have been developed and the Richter scale is no longer in use

The Moment Magnitude Scale

Today, earthquakes are measured using the Moment Magnitude scale (M).

The scale is determined by:

· an estimate of the area ruptured along a fault 

· the amount of movement along the fault

· the elasticity of the crust at the focus 

Similar to the Richter Scale, it is a logarithmic scale.

Example: An M7 earthquake represents 10 times the amount of ground motion as an M6 earthquake

Magnitude and Frequency of Earthquakes

Except for very large earthquakes, the magnitude on the Moment Magnitude Scale is similar to the Richter Scale.

The strongest earthquake to ever occur is M9.5 in chile in 1960. In canada it is M8.1 in BC 1949

There are only a few M9+ earthquakes each century.

Earthquake Intensity

The Modified Mercalli Intensity Scale is a qualitative scale based on damage to structures and the affect on people.

It is based in 12 categories

Maps are produced showing the differences in Modified Mercalli intensities over broad areas 

Earthquake Processes

Earthquakes are most common at or near plate boundaries.

Motion at plate boundaries is not usually smooth or constant.

Friction along plate boundaries exerts force (stress) on the rocks, exerting strain or deformation

When the stress exceeds the strength of the rocks there is a sudden movement along a fault 

The movement (or rupture) starts at the focus and propagates in all directions, called seismic waves.

Thus, faults are considered seismic sources

Identifying faults is necessary to evaluate the risk of an earthquake in a given area 

Not all faults reach the Earth’s surface, Blind faults are located below the surface

Earthquake Distribution Fault Types

There are two basic types of geologic faults distinguished by the direction of the displacement of rocks or sediment.

Strike-slip faults: displacements are horizontal 

Dip-slip faults: displacements are vertical 

Strike-Slip Faults

The San Andreas Fault is the best example of this type.

Dip-Slip Faults

There are three types: reverse faults, thrust faults, and normal faults 

They are comprised of two walls on an incline defined by miners:

footwall (where the miners placed their feet)

Hanging wall (where miners placed their lanterns)

** more likely to cause a tsunami

Reverse Fault:

The hanging wall has moved up relative to the footwall incline at an angle steeper than 45 degrees 

Thrust Fault:

These are similar to reverse faults except the angle is 45 degrees or less

Normal Fault:

The hanging-wall has moved downward relative to the footwall

Fault Activity

In terms of activity, faults can fall into one of three categories:

Active: movement during the past 11,600 years

Potentially Active: movement during the past 2.6 million years  

Inactive: no movement during the past 2.6 million years 

Tectonic Creep

Definition: The slow movement of rock or sediment along a fracture 

It is also referred to as fault creep.

This can damage roads and building foundations (i.e. movement of a few cm per decade).

Along these faults, periodic sudden displacements producing earthquakes can also be expected 

Seismic Waves

Some seismic waves generated by fault rupture travel within the body of the Earth and others travel along the surface.

Body waves: these include P waves and S waves

P waves: Primary or compressional waves 

· They move fast with a push pull motion and can travel through solids or liquids

S waves: Secondary or shear waves

· They move more slowly , in an up and down motion and can only travel through solids 

Surface Waves

Definition: Seismic waves that form when P and S waves reach Earth’s surface and move along it

These waves move more slowly than body waves.

They are responsible for damage near the epicenter 

Two types of surface waves:

Love waves:  cause horizontal shaking 

Rayleigh waves: rolling waves that travel in an elliptical motion 

Earthquake Shaking

Factors that determine the shaking people experience during an earthquake:

· magnitude

· distance to the epicenter 

· focal depth 

· direction of rupture 

· local soil and rock conditions 

· engineering and construction practices of local buildings 

Seismographs record the arrival of waves to a recording station.

Because P waves travel faster than S waves, they appear first on a seismogram.

Earthquake shaking with decreases with distance from the epicentre 

Distance to the Epicentre

The difference between the arrival times of the first P and S waves at different locations determine the distance to the epicentre.

The distance to the epicentre is calculated at 3 different seismic stations

A circle wit radius equal to that distance is drawn around the station 

Locating an Earthquake

The epicentre is located where the circles intersect; this process is called triangulation.

Focal Depth

Seismic waves lose some of their energy before they reach the surface.

The greater the focal depth, the less intense the shaking at the surface     This loss of energy is referred to as  attenuation 
Direction of Rupture

Earthquake energy is focused in the direction of rupture.

This is known as directivity and contributes to increased shaking.  

Radiated waves are sometimes stronger in one direction along the fault 

Local Soil and Rock Conditions

The local geology influences the amount of ground motion.

Dense rocks (bedrock) transmit earthquake energy quickly 

Seismic energy slows down in areas with heterogeneous, folded, faulted crust.

Implication: Earthquakes in eastern North America are felt over larger areas than those in western NA

Amplification

Definition: An increase in ground motion during an earthquake - intensifies 

P and S waves slow as they travel through alluvial sand, gravel, clay, soil, etc.

As P and S waves slow, some of their energy is transferred to surface waves 

Amplification has historically enhanced damage in San Francisco area earthquakes.

Shake Maps

The combination of these effects results in widespread variation of the shaking felt in the vicinity of an earthquake.  

Therefore , earthquakes that have the same magnitude may have much different impacts

The Earthquake Cycle

Definition: A hypothesis that explains successive earthquakes on a fault 

It is based on the idea that elastic strain drops abruptly after an earthquake and then slowly accumulates until the next earthquake.

As stress continues to increase, the deformed material will eventually rupture

A typical cycle has several stages:

· an inactive period

· a period where elastic strain produces small earthquakes

· a period of foreshocks prior to a major release of stress (this stage does not always occur)

A typical cycle has several stages:

· a period where the main shock occurs allowing the fault to release built-up stress

· a period of  aftershocks with epicentre in the same general area as the main shock

· The time between each stage varies.

· A typical cycle has several stages:

· an inactive period

· a period where elastic strain produces small earthquakes

· a period of foreshocks prior to a major release of stress (this stage does not always occur)

· a period where the mainshock occurs allowing the fault to release built-up stress

· a period of aftershocks with epicenters in the same general area as the main shock

· The time between each stage varies.

Geographic Regions at Risk from Earthquakes

· Earthquakes are not randomly distributed.

· Most earthquakes occur along plate boundaries: 

· Pacific ring of Fire

· Himalayan Mountains

· Middle East

· North American cities at high risk of earthquakes:

· Anchorage 

· Vancouver

· Victoria

· Seattle

· Portland

· San Fran

· LA

· Mexico City

· Pacific plate subducts the north American plate

· However, not all areas at risk of earthquakes are near plate boundaries.

Plate Boundary Earthquakes

· Definition: earthquakes that occur on faults separating lithospheric plates

· There are three types:

· Strike slip earthquakes

· Thrust earthquakes

· Normal fault earthquakes

Strike Slip Earthquakes

· These earthquakes occur on transform faults where plates slide horizontally past one another.

· They are common in California along the San Andreas Fault

· The best known strike-slip earthquake is the Loma Prieta earthquake that disrupted the 1989 World Series in Oakland.

Thrust Earthquakes

· These earthquakes occur on faults separating converging plates.

· They are also called subduction earthquakes.

· They are common off the coast of BC, Washington and Oregon 

· These earthquakes are the strongest on Earth (some are larger than M9) and can produce tsunami 

Normal Fault Earthquakes

· These earthquakes occur on faults associated with divergent plate boundaries.

· They are common along the Mid-Atlantic ridge 

· Most are located under oceans and are generally smaller than M6

Intraplate Earthquakes

· Definition: an earthquake on a fault in the interior of a continent, far from a plate boundary 

· These earthquakes are typically smaller than plate boundary earthquakes.

· However, damage could be considerable due to lack of preparedness 

· Because of dense continental rocks, these earthquakes are felt over large areas.

· There are two relatively active intraplate zones in North America: Central Mississippi River Valley and St. Lawrence Valley 

· The New Madrid earthquakes in Missouri (1811-12) were over M7.5 and felt over the entire continent.

· The recurrence interval in this area is likely several hundred years 

Effects of Earthquakes 

· Several different effects related to earthquakes contribute to deaths and property destruction.

· Primary effects: ground shaking, surface rupture 

· Secondary effects: liquefaction, land-level change, landslides, fire, tsunami, disease 

Ground Rupture

· Displacement along faults causes cracks in the surface.

· During strong earthquakes, fault scarps can be produced that extend for hundreds of kilometers

· Ground rupture can uproot trees, collapse buildings and destroy bridges, tunnels and pipelines 

Liquefaction

· Definition: the transformation of water-saturated sediment from solid to liquid 

· This may occur during strong earthquakes when water pressure becomes high enough to suspend particles of sediment. 

· Once the pressure decreases, the sediment compacts and regains its strength

· Watery sand and silt may flow upward along fractures in the overlying solid material.

· This effect can cause extensive damage

Landslides

· Ground motion produced by an earthquake can cause rock and sediment to move downslope.

· A single earthquake in a mountainous area can cause thousands of landslides 

Fires

· Shaking and rupture can sever power and gas lines, starting fires.

· Appliances may topple over causing gas leaks that ignite

· 80% of the damage during the 1906 San Fran earthquake was caused by fire 

Natural Service Functions of Earthquakes

· Faults provide paths for the downward flow of surface water.  

· They can channel groundwater to surface discharge points (springs) 

· New mineral resources can be found – some minerals are preferentially deposited in veins along faults. 

· Scenic landscapes (hills, valleys) can develop in fault zones over millions of years

Earthquakes caused by Human Interaction

· Several human activities are known to trigger small to moderate earthquakes.

· The weight from water reservoirs produced by dams can create new faults

· Injecting liquid waste deep in the Earth can increase pressure and cause slippage along fractures.

· Testing nuclear weapons leads to explosions that may release some natural strain within the Earth

Minimizing the Earthquake Hazard

· Earthquakes cause death and destruction because they often occur with little warning.

· At present, we can forecast the likelihood that an earthquake will occur in an area, but not when.

· The geological surveys of Canada and the US are developing programs to erduce the hazard from earthquakes 

Earthquake Hazard Reduction Programs

· The programs have 5 goals:

· Operate national seismograph networks

· Develop understanding of earthquake sources

· Determine earthquake potential

· Predict effects of earthquakes on buildings

· Communicate research to educate the public 

Planning for Earthquakes

· The Denali earthquake in Alaska (2002)

· Deomstrated the value of planning for earthquakes 

· Where the Trans-Alaska oil pipeline crossed the Denali fault, its construction was altered to withstand a large earthquake.

Estimating Seismic Risk

· Hazard maps identify areas of risk associated with earthquake effects.

· They include areas prone to liquefaction, zones of possible ground rupture, and historic epicenters 

Precursors to Earthquakes 

· If accurate predictions are possible, they will most likely be based on precursors:

· 1. The pattern and frequency of earthquakes

· Based on foreshocks and micro earthquakes (M3 and less)

· 2. Land-level change

· uplift or subsidence may precede earthquakes 

· GPS stations can recognize small changes

· 3. Seismic gaps along faults

· areas along a fault that have not seen recent earthquakes may be more likely to experience one

· gap of time

· 4. Physical and chemical changes

· Changes in Groundwater levels and chemistry may occur when rocks expand prior to an earthquake 

Earthquake Forecasting

· There have been modest incidences of successfully forecasting earthquakes.

· All forecasts must be scientifically reviewed 

· Research projects along the San Andreas Fault aid in understanding the conditions that occur before an earthquake. 

· Current earthquake warning systems provide 15 – 30 seconds of warning and only warn of an earthquake that has already occurred

Perception of the Earthquake Hazard

· Survivors of strong earthquakes often report traumatic stress.

· Typically one community’s experience with an earthquake has not stimulated other communities to enhance their preparedness 

· Earthquakes have exposed shoddy construction practices.

Community Adjustment to the Earthquake Hazard

· It is not possible to prevent people from living in earthquake prone areas.

· Therefore, we must take a number of steps to minimize seismic risk:

· Critical facilities should be located as safely as possible

· Buildings must be designed to withstand vibrations 

· Retrofitting is required 

Seismograph – instrument that recoards earthquakes 

Liquefaction – transformation of solid material to liquefied state

S wave – travels in snake like motion, secondary wave

Epicenter - 

Intensity – measure of severity and shaking

P Wave – travels in a push pull motion

Focus – where the rocks first rupture underground

Tectonic Creep – slow continuous movement

Amplification – transfer of enegeyr to surface waves

Thrust fault – the low angle reverse fault

Question: to locate the epicenter of an earthquake what is the minimum number of seismograms needed? THREE 

Lecture Eight 

Volcanoes

Most volcanoes are located near plate boundaries.

2/3 of all volcanoes are found on the ‘Ring of Fire’ surrounding the Pacific Ocean.

Subduction zones and mid ocean ridges allow molten rock to reach the surface 

Types of Molten Rock

Magma: It is found deep within the crust and upper mantle  

Lava: It is found flowing from an erupting volcano 

Essentially, lava is magma on the Earth’s surface.

Magma

The most abundant elements in magma are silicon and oxygen; when combined they are referred to as silica.

Volcanic rocks are named based on the amount of silica present 

Types of volcanic rocks:

Basalt, Andesite, Dacite, Rhyolite

low silica ----->high silica

Basalt is the most common. 

Viscosity

Magma also contains small amounts of gases (water vapour and carbon dioxide).

Volcanoes have different shapes based on the chemistry and viscosity of their magma.

Magma viscosity is determined by silica content and temperature 

Magma

Magma with high silica content:

cooler, more viscous, more gases

Magma with low silica content:

hotter, less viscous,  fewer gases 

Volcanoes with high silica magma produce the most explosive eruptions.

As magma approaches the surface, the pressure lowers allowing gases to bubble up and escape 

Magma

Therefore, rhyolitic and dacitic magmas produce explosive eruptions.

Basaltic and andesitic magmas produce eruptions that tend to flow rather than explode 

Types of Volcanoes

Volcanoes are classified into 4 different types.

The classification is based on their shape, appearance, and style of eruptions.

Types of volcanoes:

-Shield 

-Composite

(most common above) 

-Volcanic dome 

-Cinder cone 

Shield Volcanoes

These are the largest volcanoes on Earth and are shaped as broad arcs (like warrior shields) built from lava.

They are associated with basaltic magma 

Eruptions are non- explosive and consist of gentle flows 

Some eruptions can contain tephra. Tephra is a general term for fragmented (pieces) volcanic material 

Accumulations of tephra are referred to as pyroclastic deposits.

If compacted together, these deposits are called pyroclastic rock. 

These volcanoes are common in Hawaii, Iceland, and around the Indian Ocean 

Composite Volcanoes

These volcanoes are cone-shaped and are built from a combination of lava flows and pyroclastic deposits.

They are also called stratovolcanoes; this term comes from the layers of lava and deposits.

The magma is andesitic or dacitic 

Eruptions are more dangerous and explosive but less frequent than shield volcanoes 

These volcanoes are common along the west coast from Alaska to Oregon.

Mt St. Helens is the most famous composite volcano in North AMerica 

Volcanic Domes

These volcanoes contain highly viscous rhyolite magma.

Theya re steep sided mounts that form around vents 

Cinder Cone Volcanoes

These are relatively small volcanoes composed of small pieces of tephra.

They are round to oval shaped and typically contain a crater at the top. 

These are found in Mexico. 

Maars

Definition: a circular volcanic crater produced by an explosive eruption and filled with water 

They are caused by groundwater coming in contact with magma creating an explosion.

Maars derive from the Latin “mare” and resemble large lakes

Ice-Contact Volcanoes

Some volcanoes erupt beneath or against glaciers.

These eruptions melt huge quantities of ice producing floods known as jokulhlaups 

When lava contacts glaciers, it quickly cools to form pyroclastic rock.

Ice contact volcanoes are found in Iceland and British Columbia 

Evidence of the Mt. Garibaldi eruption 12,000 years ago in British Columbia is preserved in currently exposed rock.

Volcanic Features

Crater: A depression formed by the explosion or collapse of a volcano top.  They can be up to 2 km in diameter.

Volcanic Vent: an opening on the surface through which lava and pyroclastic debris erupt 

Most vents are circular but some are elongated cracks called fissures. Cracks where magma can escape to become lava. 

Volcanic Features

Caldera: a circular to oval depression formed during the collapse of a volcano 

They can be up to 25 km in diameter.

Eruptions that form caldera are the largest and most deadly eruptions on Earth. 

Formation of Calderas

Calderas form by the collapse of a magma chamber below a composite volcano during an explosive eruption.  

Hot Springs and Geysers

Heated groundwater can discharge at the surface as a hot spring. 

Groundwater that boils in an underground chamber to periodically produce a release of steam or water is called a geyser.  

There are approximately 1000 geysers on Earth and nearly half are located in Yellowstone National Park

Old Faithful

This is the most famous geyser in the world.

It erupts to a height up to 50 m with eruptions lasting for 2-3 minutes

The average interval between eruptions is 70 minutes.

Super Eruptions

These are the products of supervolcanoes and are extremely rare events.

They occur when a large volume of magma rises to shallow depths in the crust over a hot spot 

The magma is unable to break through the crust; pressure builds until the crust can no longer contain it

Super eruptions occurred about 600,000 years ago in Yellowstone National Park and about 700,000 years ago in California.  

Super Eruptions

A massive amount of land is covered by ash fall from super eruptions.  

Yellowstone Supervolcano

Yellowstone National Park sits on a massive caldera created from the last eruption of the Yellowstone Supervolcano.

The area is located over a continental hot spot 

Super eruptions occurred 2.2 mya, 1.3 mya and 640 000 years ago. 

A super eruption could last for weeks and spread ash over half of the United States.  Ash fall would be over 1000 times that released by Mt. St. Helens.

Millions of people would die from ash suffocation and the US agriculture economy would be destroyed

The park is continuously monitored for geologic activity.

Volcanoes and Plate Tectonics

Volcanism is directly related to plate tectonics.

Subduction Zones: The dominant volcanic rock is andesite that originates from a melting tectonic plate.

Over 80 percent of volcanic eruptions are above subduction zones 

Ex. Cascade Mountains 
Mid-Ocean Ridges: these are composed of basaltic magma originating in the asthenosphere

Shield volcanoes are found at these locations.

Ex:  Iceland
Hot Spots beneath Oceans: Chains of shield volcanoes containing basaltic magma form as a plate moves over a hot spot 

ex. Hawaiian Islands 

The island of Hawaii is still near the hot spot and contains active volcanoes.

Volcanoes on Oahu and Maui are no longer active. 

Hot Spots beneath Continents: these produce explosive eruptions composed of rhyoltic and dacitic magma 

Eruptions often result in the formation of calderas.

Ex: Yellowstone National Park

Volcanoes and Canada

Volcanoes in Canada are generally restricted to British Columbia and southern Yukon.

Mt Baker in Washington State provides the greatest actual risk to Canada 

Mt. Baker

An eruption of Mt. Baker would eject large amounts of ash over a densely populated region of Canada.

It would also cause landslides and melt glaciers thus causing floods and lahars 

Effects of Volcanoes

On average, 50 to 60 volcanoes erupt each year. About one per week. 

Over the past century 100 000 people have been killed by eruptions. About 1000 people per year. 

Primary Effects: lava flows, lateral blasts, pyroclastic flows and surges, ash fall, poisonous gases, sector collapse 

Secondary Effects: lahars, landslides, floods, fires, tsunami 

Volcanic eruptions are measured using a scale called the Volcanic Explosivity Index (VEI). Goes up in multiples of 10. 

Effects of Volcanoes

Powerful eruptions can impact global climate.

Ash and gases reflect solar radiation causing a cooling.

Notable eruptions impacting climate:

Mt Tambora (1815) Indonesia

1816: known worldwide as the year without a summer 

Mt Pinatubo (1991) Philippines 

1992: one of the coolest years worldwide in the 20th century 

Lava Flows

These occur when magma flows out of a central crater or a fissure on the side of a volcano.

Pahoehoe lava: low viscosity (a few km per hour), high temperature. When hardened it has a smooth texture. 

Aa lava: high viscosity ( a few meters per day), lower temp. When hardened it has a block texture 

Lava Flows

Lateral Blasts

Definition:An eruption directed away from a volcano where materials are blown parallel to the surface.

Example: a lateral blast from mt st helends flattened forests for over 20 km 

Pyroclastic Flows

Pyroclastic flows are avalanches of ash, gas, and rock fragments that travel down the slopes of a volcano during an explosive eruption.  

Most deadly features of an eruption. 

Speeds can reach 150 km and the flow can travel up to 40km from the source 

More people have been killed by pyrcolcastic flows than any other volcanic phenomenon 

Ash Fall

Particles of ash can be carried downwind hundreds of kilometres from an eruption site.

Hazards of ash fall:

-destroys vegetations 

-contaminates surface water 

-health hazard to people and animals 

-causes aircraft engine failure 

Poisonous Gases

Volcanoes emit numerous gases at high quantities.

Eruptions containing sulphur dioxide lead to the formation of acid precipitation.

A tyype of smog known as vog can be produced; this can induce asthma attacks and respiratory problems. 

High amounts of carbon dioxide released at once can kill animals and vegetation.

Sector Collapse

The flank of a volcano can collapse at any time.

As magma travels up the channel the volcano can inflate and its slopes can become oversteepened 

Lahars

Definition:An Indonesian word for a large amount of material that becomes saturated with water and moves downslope.  

They are also referred to as mudflows.

Explosive eruptions can destroy nearby vegetation therefore enhancing the risk from lahars 

Knowledge of local topography and history of past events can aid in determining recurrence intervals. 

Mt. St. Helens

Before its eruption, the volcano had been dormant for 120 years.

In march 1980, small explosions were evident due to groundwater contacting magma

A bulge began growing on the flank of the mountain.

On May 18, 1980 a M 5.1 earthquake caused the area of the bulge to break off and fall downslope.

A lateral blast occurred from the area of the former bulge and the entire north slope was destroyed.

Ash was ejected from the central crater, reached heights on 19km and travelled around the world 

Mt. St. Helens Eruption

The eruption left behind a barren landscape that was once forested.

Linkages to Other Hazards

Vegetation and buildings commonly catch fire when impacted by lava flows.

Earthquakes commonly accompany eruptions as magma rises through Earth’s crust to the surface.

Landslides are a common aftermath of eruptions 

Johulhapus cause severe flooding 

Sector collapses can trigger tsunami 

Natural Service Functions

Ancient volcanoes provided the gases that now form the atmosphere and sustain life on Earth.

Internal heat from volcanoes can produce renewable geothermal energy.

Volcanic landscapes attract tourism and recreation. 

Eruptions have created new land (Hawaii, Iceland) 

Minimizing the Volcanic Hazard

An eruption forecast is a statement of the probability that a volcano will erupt within a defined time.

They are based on information provided by:

1. Monitoring seismic activity 

· shallow earthquakes can precede eruptions 

· short warning times from this information remains a concern 

2. Thermal and hydrologic monitoring

· an accumulation of magma changes properties of the rock and soil

· increased heat may also melt snow or glaciers 

3. Land surface monitoring

· involves monitoring for growth of buldges, swelling, and opening of cracks 

4. Monitoring volcanic gas emissions

· increases in carbon dioxide or sulphur dioxide may indicate magma is moving toward the surface 

5. Understanding local geologic history

· mapping of volcanic rocks

· dating of pyroclastic deposits 

Adjustments to Volcanic Hazards

Most adjustments involve attempts to deflect lava flows.

Bombing: involves blocking a channel to force lava to take an alternate route

Hydraulic chilling: water is used to chill the lava

Wall construction: used to redirect lava flow 

LECTURE NINE

Diseases

Of all hazards, large scale diseases affect human populations most directly.

These hazards are different than others since they only impact people rather than property.

Communicable disease are the leading cause of mortality in developing countries. 

Disease Terminology

Outbreak: A simultaneous, related occurrence of several cases. (On a smaller scale usually)

Epidemic: An uncontrolled outbreak of communicable (contagious) disease.

Pandemic: International or wide traveling simultaneous epidemics of the same condition 

Epidemiology: the study of the distribution and determinants of health related events in the human population 

Agent: The actual cause of the disease (ie virus,, bacteria, toxin, fungus, etc.) 

Host: The infected individual.

Disease in Developing Countries

They are the direct result of poor hygiene and indirectly related to socio-economic situations.

Spread of disease is enhanced by the limited preventative programs. Developing countries don't have good prevention (such as immunizations).

The water system is a common source for disease agents.  Over 60% of people in developing countries have limited access to clean water.

Spread of Disease

What conditions will lead to a rapid spread of disease?

- a population lacks immunity

- a population includes carriers (somebody who has the disease inside them and pass off to offspring, may not show symptoms but sons and daughters might) 

-an increase in susceptibility due to some external factor (ie. malnutrition) 

-contamination of water supply 

-lack of programs for disease control 

-overcrowding and close human contact 

-poor sanitation

Bubonic Plague

8This is also known as Black Death and is spread by rodents.

Characteristics:swelling of lymph nodes, infection, pneumonia, high fever, delirium, vomiting

It has not reached the level of pandemic for over a century 

Pandemics of Bubonic Plague

Over the last 2000 years, plague has become widespread three times.
1st Pandemic: from 542 Ad to 546 Ad, plauge in Asia , Africa and Europe claimed nearly 100 million victims. 
2nd Pandemic: from 1347 to 1350 AD, plague claimed 50 million people.  Half were in Asia and Africa while the other half were in Europe. In Europe 1/4 the of the population succumbed to this pandemic. 

3rd Pandemic: This event began in Hong Kong in 1894 and rapidly spread around the world. It was carried by rats aboard steamships. Within 10 years it entered 77 ports on 5 continents and cause over 13 million deaths. It was discovered at this time that rats spread plague and a rat flea was the common vector.

Cholera

It is a water-borne disease that originates in sewage and contaminated streams within an urban or rural water supply.

It is caused by infection of the intestine by a bacterium.

This disease is extremely rare in industrialized countries. 

It is still common today in India and sub-Saharan Africa. 

Early Mapping of Cholera

When cholera struck in London, England in 1854 the source was unknown.

At this time it was not known that cholera was spread by drinking contaminated water. 

Each reported case of cholera was mapped and the source was then traced to a specific water source.

This is the first example of using mapping to identify the source and spread of a disease.

The map was produced by John Snow and is one of the first examples of modern epidemiology.

HIV/AIDS

The Human Immunodeficiency virus (HIV) leads to AIDS (Acquired Immune Deficiency Syndrome).

It first surface in 1980 and became a major pandemic of the 20th century. 

It is transferred through exchange of bodily fluids. 

It was originally believed the disease was limited to homosexual activity and intravenous drug use.

When the disease first surfaced, it was somewhat ignored because it was not affecting the mainstream population.

It has claimed over 30 million lives.  It is estimated that 40 million people are currently infected. It is not the death sentence it once was. 

95 % of current cases are found in developing countries. 

There is no cure but antiretroviral drugs are extending life thus turning it into a chronic disease. 

Percentage on Antiretroviral Treatment

The data is based on the percentage of those on treatment relative to those in need.

Influenza

Since they were first documented in the 1500s, flu pandemics have occurred once every 10 to 50 years.

Occurrences typically spread globally within a year and are highly contagious.

The global population appears to be universally susceptible. 

Spanish Flu

In 1918 and 1919, the Spanish Flu killed 40 million people (this was 5 times as many as World War I).

It was spread by soldiers traveling through Europe to North America. 

It caused the death of over 30,000 people in Canada.

Asian Flu and Hong Kong Flu

These were less severe epidemics occurring in 1957 (Asian) and 1968 (Hong Kong).  

By this time, there was better coping mechanisms such as vaccinations. 

Education and communication was coordinated by the World Health Organization (WHO)

Mortality was lower and vulnerability was greater in the elderly and infants.

Bird Flu

It is also referred to as avian flu.

It first became evident in 1997 in Hong Kong where there was a large death of poultry with 100% mortality.

It was combated by the killing of all poultry but another outbreak occurred in 2003 

It was mainly in the eastern hemisphere. 

The focus is on the virus strain H5N1 because:

-it is able to transfer from birds to human 

-there is high mortality in humans 

-it has the potential to produce a severe pandemic 

The disease is caused by a virus that occurs naturally among birds.

The spread of the H5N1 virus from person to person is rare and presently the spread has not continued beyond one person.

Humans infected have been those who work daily in close contact with poultry.

70% of people who become infected die from the virus.

To date there have been over 300 human deaths from the bird flu.

Swine Flu

In 2009, there was a pandemic involving the H1N1 virus that spread around the world.

This was a new strain of a virus that resulted from a mix of bird, swine, and human flu viruses that combined with a Eurasian pig flu virus.

This led to the term swine flu to describe the pandemic 

It did not disproportionately infect the elderly or very young.

It is spread from person to person by transmission through respiratory droplets 

It could not be spread through consumption of pork.

Treatment was through antiviral drugs (tamiflu) 

The end of the pandemic was announced in August 2010 by the World Health Organization. 

Since it first appeared in April 2009, the virus claimed the lives of over 18,000 people worldwide.

Malaria

Malaria is an infectious disease transferred by mosquitoes.

It results from the multiplication of parasites within red blood cells.

Malaria kills nearly 800 000 people every year. 

90% of malaria related deaths occur in sub Saharan Africa. 

Malaria is best controlled by eliminating mosquitoes through the draining of wetlands and insecticides.

DDT was a powerful insecticide that was formerly used to control mosquitoes but was banned in the 1970s due to its potentially harmful effects on humans and the environment.

As climate changes, concern is growing that malaria will spread as more regions on Earth experience hot, wet conditions. 

West Nile Virus

This virus mainly affects birds but it can affect many different animals as well as humans.

It infects humans through the bite of a mosquito.

The human causality rate from the disease is 4% 

So far in 2012, Ontario has reported 189 cases (the most of any province) 

Most people exposed experience symptoms of fever and weakness that are resolved after two weeks.

Over the past decade 50 people in Canada have died from the West Nile Virus. 

Prediction and Warning

Research on diseases has led to a number of observations that can help in the warning and prediction of the next pandemic.

Characteristics of pandemics:

- the disease is unpredictable in its severity, mortality, and pattern of spread

-there is a rapid surge with a quick exponential increase that overcomes a populations capacity to cope. 

Characteristics of Pandemics

- while quarantine and restricted travel has little effect, reduced crowding and public gatherings may limit the spread

-delaying spread is a desirable strategy since it helps reduce stress on the health care system 

Technological Hazards

These have a wide and varied interpretation.

They can vary from a single toxic chemical accident to an entire industry (i.e. nuclear energy).

Other examples may include exposure to pollutants or hazardous waste 

Hybrid disasters fit into this category.

Ex: An earthquake that causes an oil or chemical spill from a pipeline 

Technological disasters involving the environment are included in this category as well.

Ex: Sinking of the Titanic, explosions of the Challenger and Columbia Space shuttles 

Vulnerability to Technological Hazards

Typically, the death toll from technological hazards is relatively low

Vulnerability is greatest for those involved in industry or transportation systems.

Workers in resource industries in the hinterlands are at higher risk ex. miners

Types of Technological Hazards

Extreme Hazards:

· wide spread and long term (nuclear accidents) 

· cumulative effects (pesticides) 

Rare Catastrophes:

· airplane crashes

· mine collapses

· shipwrecks 

Common

· automobile accidents

· poisons 

Cumulative Effects

These are conditions that worsen slowly over time as concentrations increase.

Eventually, they will reach a threshold critical to human health.

Situations related to this include pesticide use, acid precipitation, groundwater contamination and ozone depletion 

Calculating Risks of Technological Hazards

Large-scale structures (buildings, bridges, dams):

Risk is defined as the probability of failure during the lifetime of the structure.

Transportation (road, sea, rail):

Risk is the probability of death or injury per km travelled 

Industry (manufacturing, power production):

Risk is the probability of death or injury per person per number of hours exposed 

Radon

The primary source of radon gas is from the natural decay of uranium in rock and soil.

When radon is inhaled it then decays to polonium and lodges in the lungs where it damages tissues.

It is the 2nd leadings cause of lung cancer in North America 

Radon becomes a hazard when it is released into our living space.

It is difficult because the gas is odorless , colorless, and tasteless 

5-10% of homes have potentially high radon levels

Radon detectors are commercially available in areas where it is of greater concern.

The gas can move quickly through non-saturated soil and can seep into homes.

Basements are at higher risk especially in winter due to reduced air circulation 

Radiation

The pathways of radiation include inhalation and, ingestion (food, water).

The impact can be direct (effects are evident within days of exposure) or delayed and chronic (leukemia, cancer).  

The impact could also be indirect in the form of genetic effects 

A person may not experience effects but they pass them on in the form of chromosomal changes or birth defects.

Sources of Radiation
Mining of Uranium
In Canada, uranium is mined in northern Saskatchewan and northern Ontario.
Mines produce waste known as tailings that can be a radioactive hazard 
Production of Electricity

Uranium is used in nuclear reactors 

Nuclear Reactors

Most nuclear reactors in North America are located in the eastern half of the continent.

They must be near sources of coolant (rivers or lakes) 

They must be located near a market for electricity (eastern North America is much more populated).

Nuclear is considered a clean source of energy because it does not emit greenhouse gases 

Nuclear Accidents

A nuclear meltdown is an informal term for an accident that results in damage from overheating.

It occurs when the heat generated by a nuclear reactor exceeds heat removed by cooling systems.

In a meltdown, fuel rods turn to liquid and the walls of the reactor core could melt from extreme heat 

The hot liquid could melt through the bottom of the reactor and seep into the soil

Three Mile Island Accident

This is the worst nuclear disaster in US history; it occurred on mar 28, 1979

One of the two reactors on Three Mile Island in central Pennsylvania experienced partial meltdown.

It was caused by a failure of a valve that controlled cool water entering the reactor core.

There were no direct injuries; minor amounts of radiation were released around the site 

Chernobyl Accident

This is the worst nuclear disaster in world history; it occurred on Apr. 26, 1986.

The accident was a result of a flawed design operator error, and disregard of safety regulations 

An explosion at the plant caused the deaths of 30 workers

It is estimated that over 2500 deaths have been caused by this disaster , many from thyroid cancer 

Nuclear Energy

The combined concern over Three Mile Island and Chernobyl halted nuclear development for a time.

However, concern over greenhouse gas emissions has created a greater demand for alternative sources of energy.

For example, Ontario is committed to closing all coal power plants in the province by 2017

To meet this objective, the province is investing in refurbishing existing nuclear reactors and will likely build new reactors as well.
Titanic Shipwreck

The Titanic was a passenger liner that struck an iceberg and sank on its maiden voyage (Apr. 15, 1912).

The ship left Southampton, England on April 10th and was bound for New York with 2224 passengers 
The ship was designed using advanced technology and was believed to be unsinkable.

The death toll was 1517; the high toll was mainly due to the lack of lifeboats for all passengers 

The wreckage was found by sonar in 1985 at a depth of 3.8 km

Chronology of the Titanic Shipwreck

A lookout on the ship spotted an iceberg in the ship’s path at 11:40 pm and alerted the captain.

37 seconds later, the ship struck the iceberg.

18 lifeboats were launched and Titanic sank at 2:20 am

The Carpathia arrived at 4:10 am and picked up survivors from the lifeboats 

Oil Spills

Oil spills most commonly occur in marine areas but can also occur on land due to pipeline bursts.

The environmental impact can be devastating and clean-up can take months to years.

Oil penetrates into bird feathers and mammal fur reducing their ability to insulate 

Animals and birds are left vulnerable to temperature changes and become less buoyant in water
Exxon Valdez Oil Spill

This spill was caused by an oil tanker striking a rocky reef off the south coast of Alaska on Mar. 24, 1989.

The region is an important habitat for salmon, deals, sea otters, killer whales, and sea birds

75 million litres of oil was spilled; the remote location made recovery efforts difficult.

It remained the worst oil spill in NA history until the Deepwater Horizon Oil Spill 

Deepwater Horizon Oil Spill

The spill was caused by an oil rig that exploded in the Gulf of Mexico on April 20, 2010.

11 workers died in the explosion that was caused by the methane gas rising up a drill pipe 

Approximately 8.5 million litres of oil escaped from the well every day for 5 months.

After several failed attempts , the well was finally capped with cement on sept19, 2010

The spill caused extensive damage to wetlands and beaches along the Gulf Coast.  

The tourism industry faced severe economic loss during the summer of 2010.

The U.S. federal investigative report ultimately blamed the BP oil company for the disaster.  The report found that the company:

· made a series of cost-cutting on choices on maintenance 

· did not have a proper system in place to ensure safety 

Infrastructure Failure

The most well known example of infrastructure failure in north america occurred in Minneapolis on aug 1, 2007

A highway bridge over the Mississippi River suddenly collapsed during evening rush hour killing 13 people.

Minneapolis Bridge Collapse

This cause was deemed to be excessive weight from vehicles and construction equipment

 The bridge supports were not of proper thickness and an extra 2 inches of concrete added to the roadway also contributed.  

Tacoma Narrows Bridge Collapse

In 1940, high winds caused the collapse of a suspension bridge in Tacoma, Washington.

There were no human casualties from the collapse 

The design of the bridge did not provide any open trusses for wind to pass through.  

This incident has served as a good case study for engineering and architecture students 

Space Shuttle Accidents

There have been two major space shuttle disasters: the shuttles Challenger and Columbia.

The Challenger Space Shuttle

The challenger exploded 73 seconds into its flight on jan 28th 1986

All 7 crew members were killed as the space shuttle disintegrated; its remains were scattered over the Atlantic Ocean. 

The cause was found to be a faulty O-ring seal.

Its failure to seal a joint led to the release of hot gas that led to failure of the rocket booster 

The night before the launch was particularly cold; frost and ice had developed on the rocket.

It is believed the cold weather may have lowered the resiliency of the rubber o-ring.

The Columbia Space Shuttle

The Columbia disintegrated on Feb. 1, 2003 upon re-entry into Earth’s atmosphere after 16 days in space.

During launch, a piece of insulation broke off from the external tank 

It struck the left wing and damaged the system that protects the wing from intense heat produced by atmospheric gases upon re-entry. 

pieces of the shuttles were found in Louisiana 
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Wildfires

Wildfire dates to the time when trees first evolved 350 million years ago.

Many fires start naturally as a result of lightning or volcanic eruptions. 

After a fire, vegetation completes a cycle from early colonizing plants to mature ecosystem.

The ecosystem that evolves adapts to the climate at that particular location and particular time 

Adaptation to Wildfires

Many species have evolved to withstand fire or promote the life of the species after a fire event.

Examples:

-oak and redwood trees have bark that resists fire damage

-some pine trees have seeds that only open after a fire  

Wildfires Through History

The geologic record shows an increase in the amount of charcoal in sediment beginning approximately 10,000 years ago.

This suggests high amounts of wildfire activity at the time.  Why might there be more fire activity?

· a warmer and or drier climate 

· increased use of fire by humans for clearing land and for heat, cooking etc. 

Elements of Wildfires

Wildfire requires three elements: fuel, oxygen and heat. If nay of these are lost, the fire will dissipate

Plants accumulate carbon dioxide and store carbon in their tissues.

During a wildfire, this carbon dioxide is released back into the atmosphere. 

There are 3 phases to a wildfire:  pre-ignition, combustion, and extinction.   

Pre-Ignition Phase
Pre-heating
During this phase, vegetation reaches a temperature at which it can ignite.

As vegetation is heated, it often loses water. 
Pyrolysis
This is a chemical process describing the degradation of large hydrocarbon molecules into smaller ones.

The process occurs in the presence of heat (ie from heat radiating off nearby flames)   

Combustion Phase

The two processes of pre-heating and pyrolysis produce the first fuel gases that ignite.

The combustion phase beings with ignition

Ignition is not a single process, but occurs repeatedly as the fire moves.

Not all ignitions will result in a wildfire (the vegetation must be dry) 

Types of Combustion

Flaming combustion is the rapid, high temperature conversion of fuel into heat.

It is characterized by flames and large amounts of unburned material.

Smouldering combustion occurs in areas with burned material and ash that covers new fuel 

Transfers of Heat

As a wildfire moves across the land, 

three processes control the transfer of heat:

Conduction: transfer of heat by molecule to molecule 

Radiation: transfer of heat in the forms of invisible waves

Convection: transfer of heat by movement of a liquid or gas 

Transfers of Heat by Wildfires

In wildfires, heat transfer is mainly by radiation and convection.

Heat from radiation increases the surface temperature of the fuel.

As air is heated, it becomes less dense and rises 

The rising air removes heat from the zone of flaming and is replaced by fresh air.

This fresh air (oxygen) sustains the combustion. 

Extinction Phase

This is the point at which combustion ceases.

There is no longer sufficient heat or fuel to sustain a fire. 

Fuel

Types of fuel include leaves, woody debris, decaying organic material, grasses, shrubs etc. 

If diseases or storms down large number of trees, the decaying material dries and burns easily.

The density of the forest plays a role:  

In western North America, dense boreal forests contain abundant fuel supply 

Topography

The fuel content can vary by slope orientation.

In the Northern Hemisphere, south facing slopes are relatively warm and dry 

Slopes exposed to prevailing winds are often drier 

Wildfires burning on steep slopes preheat fuel upslope from the flames.

This results in the spreading of a fire upslope 

Weather

Large wildfires are common following droughts.

‘Dry thunderstorms’ with lightning can produce wildfires but the rain evaporates before reaching the ground. 

Wind can help preheat unburned materials 

Wind carries embers that can ignite spot firs ahead of the front 

Types of Fires

Wildfires are classified according to the layer of fuel that is allowing the fire to spread: surface or crown.

Surface fires travel close to the ground and burn shrubs, leaves, twigs, grass, etc. 

They vary in intensity but most move relatively slowly.  

Crown fires move rapidly through the forest canopy by flaming combustion.

They can be fed by surface fires that move up limbs or tree trunks, or they may spread independently of surface fires.

They are driven by strong winds and are common in boreal forests.  

Crown Fires

Intermittent crown fires consume the tops of some trees in an area. 

Continuous crow fires consume the tops of all the trees. 

Regions at Risk

In Canada, the hazard is greatest in British Columbia and in the boreal forests of the Canadian Shield region.

The geographic region most at risk changes annually with the weather and corresponds to areas experiencing drought 

Effects of Wildfires

Fires that burn soil may leave behind a hydrophobic layer at the surface.

This layer is caused by the accumulation of chemicals from burning vegetation.

This layer increases surface runoff and erosion 

It may persist for several years following a fire 

Effects of Wildfires

Wildfires increase the amount of particulates in the atmosphere and these can persist for weeks.

Increases of airborne particles and haze can be observed thousands of km down wind of large fires 

Linkages to Climate Change

Climate change may increase the intensity of wildfires.

Climate change affects both temperature and precipitation, and can lead to severe droughts.

In some parts of the world, grasslands will replace forests.  Current areas of forest will expand poleward.

Insect infestations can cause disease throughout a forest making it more vulnerable to wildfire 

Forest Fires in Canada

The map shows a modelled ratio of fire activity at the end of the 21st century compared to current fire activity. 

Mountain Pine Beetle

The beetle has destroyed forests throughout  western Canada:

At the current rate of spread, 80% of mature mountain pines will be impacted by 2013

The consequences will be felt for decades in BC 

The beetle is posing a threat to Alberta’s pine forests and the Jackpine stands of Canada’s boreal forest lands.

With warmer temperatures, the beetle has been able to survive through the winter in B.C.

Impacts of Wildfires

Fires can lead to evacuations of entire towns, road and airport closures, and severe property loss.

In North America, organized evacuations have minimized the amount of deaths.

Exposure to smoke and haze can affect the ocular and respiratory system 

Impacts on Animals

Most animals are able to escape fires unharmed.

Rodents can take refuge underground and larger animals can outrun the fire.

Fires can produce open areas suited for grazing mammals thus acting as a natural service function 

Aquatic species may be impacted by increased sedimentation from runoff and erosion.

Natural Service Functions

Wildfire temporarily reduces competition for sunlight and moisture in a forest 

It allows both surviving and new species to thrive by allowing sunlight to reach the forest floor.

In some species, it triggers the release of seeds or stimulates flowering.

Lodgepole pine, aspen and fireweed are examples of pioneer vegetation (the first plant to appear after a wild fire) that grow quickly after a fire. 

Ash that is left behind is rich in carbon and can provide nutrients to the soil.

Fires can remove micro-organisms in the soil, some of which are parasites or carry diseases.

Fires remove surface litter (leaves etc) and allows more moisture to infiltrate the soil 

Fires remove weak or diseased trees and can limit the spread of beetle infestations.

Yellowstone National Park Wildfire

A series of lightning strikes caused 50 fires in the park in 1988.  

Park officials have a policy that allows naturally caused fires to burn. 

This became controversial as hot, dry weather that summer allowed the fire to spread.

Officials responded to political pressure and eventually called in nearly 10 000 fire fighters.

The fires were beyond control of the crews and burned for several months.

It is believed that the fire became uncontrollable because many years of fire-suppression policies in the past had allowed fuel amounts in the park to reach dangerous levels.

The fires of 1988 revitalized ecosystems in the park 

Officials remain committed to the natural burn policy today; this is a common policy in national parks 

Fire Management

The objective is to control wildfires for the benefit of ecosystems while preventing them from harming people and destroying property.

In Canada the fires season is from April to October and is managed by provincial/territorial governments.

Good management requires research of the fire regime (the potential for wild fire in an area) of an area.

Satellite imagery is providing insights on fire potential in remote areas. 

Fire Suppression

A strategy in fire suppression is to steer the fire into an area with no fuel (called a fire break). 

Natural fire breaks include things such as rivers or streams, lakes or roads. 

If a natural fire break does not exist, an artificial break can be created by bulldozers clearing land.

Reliance on fire suppression has led to a build up of fuel in forests and a potential for intense fires 

Prescribed Burns

One way to counter the build-up of fuel is through the use of prescribed burns.  

These are controlled fires that are purposely ignited to reduce the amount of fuel in forests. 

Difficulties relate to the predicting the fuel and weather conditions under which the fire can be safely controlled.

Perception of the Wildfire Hazard

Population growth in areas that are prone to wildfires has increased the risk to public safety.

Since 2000 over 50 000 people have moved to locations in California considered high risk areas due to wildfires 

· What is the greatest influence on the spread, intensity and form of a wildfire? Wind 
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Snow Avalanche

Definition: A mass of snow many cubic meters in volume that separates from the snowpack and flows downslope 

Rocks, soil, ice, and debris can travel in a similar motion; however the term ‘avalanche’ is generally reserved for snow.

The intensity of the hazard is dependent on slope steepness, snowpack stability and weather 

There are two types:

-an avalanche traveling as a coherent block 

-an avalanche that fragments into many particles that move independently of each other 

It is likely that over 99% of avalanches are not noticed by anyone

By estimation, there are over 1.5 million avalanches (large enough to kill a person) annually in western Canada alone.

Snowfall in North America

Types of Avalanches
Point-release Avalanches
These begin as an initial failure after a heavy snowfall.

The sliding snow then causes more failures in the adjacent snowpack causing the trough to widen 

Slab Avalanches
A snowpack can fracture along a weak layer parallel to the surface 

The avalanche moves as a cohesive block leaving a steep scarp 

These are the most dangerous avalanches.

Avalanche Potential

New snow that has not been able to bond to the layer below is susceptible to sliding.

Compacted snow is less likely to move than light, powdery snow.

Snow that is above the vegetation level and above large boulders is more likely to slide 

Weak Layers

Slab avalanches require a buried weak layer.  Such a layer can form from wind or from hoar.
Wind
Blowing snow can accumulate on the lee slope of mountains.

Wind van deposit a layer of broke snow crystals on a layer of unbroken crystals 

The unbroken layer may become a weak horizon along which failure could occur 

Avalanche Motion

A rapidly moving avalanche (i.e. speed of over 35 km/h) can generate a cloud of powdered snow.

Fastest avalanches have been measured at speeds of up to 200 km/h 

Some avalanches are powerful enough to climb opposing slopes 

Avalanche Triggers

Most avalanches occur soon after snowstorms.

Some may occur when daytime heating from the Sun warms the upper part of the snowpack.

Avalanches that cause injuries or fatalities are often triggered by people 

Avalanche Paths

Start Zone:The area where the snowpack first fails.

Track: The area along which the avalanche accelerates and reaches maximum velocity 

Run-out Zone: the area of deceleration and snow deposition

Terrain Factors

Slope angle is the most important terrain factor for avalanche formation.

Most avalanches occur at slope angles between 25 and 60 degrees 

At angles below 25°, snow does not easily slide (though wet avalanches are still possible).

At angles above 60 degrees little snow accumulates on the slope 

The orientation of the slope can also be a factor

Deposits of snow on leeward slopes consist of interlayered strong and weak layers.

Slopes facing the sun are more prone to daytime avalanches during sunny weather.

Other factors include the smoothness of the slope the amount of vegetation and the topography of the slope itself 

Regions at Risk

For an avalanche to form, a snowpack of at least 50 cm is typically required.

In north America they are most common in the rock mountains 

Effects of Avalanches

In Canadian history, most avalanche deaths occurred in the late 1800s and early 1900s.

In total over 600 people have died from avalanches in Canada 

Avalanches cause millions of dollars in economic losses in B.C. each year due to closed highways.

Damage to forest is evident each year but annual property damage is relatively minor 

Chilkoot Avalanche

This disaster occurred in 1898 and remains one of the worst avalanches in North American history.

60 People were killed as the avalanche spread over the Chiltook trail 

The trail was heavily used at that time by people heading to Yukon during the Klondike Gold Rush.

The Chilkoot trail travels from Alaska to BC and was the easiest route through the mountains 

Links to other Natural Hazards

Some avalanches can be caused by earthquakes.

Climate change may increase winter snowfall in some areas and increase severity of winter storms.

Some areas will experience more thaws in the winter enhancing the instability of the slope 

Natural Service Functions

Similar to landslides, avalanches act as an ecological disturbance.

This may increase local plant and animal diversity.

Avalanched maintain open areas in otherwise forested regions

This can serve as an important habitat zone fore certain plants and animals 

Minimizing Avalanche Risk

Risk is greatly reduced when buildings, roads, and other infrastructure are located outside dangerous areas.

Hazard maps provide planners with the location of these areas 

Splitting wedges on the sides of buildings can force an avalanche around the structure. Like a tent over a building.

Mounds and berms can be used to slow and deflect avalanches away from populated areas 

Avalanche sheds allow avalanches to travel over roads or railways without disruption to traffic.

Controlled triggers are used to force avalanches to occur in order to prevent build up of the snowpack 

This is performed through the use of explosives 

Strength and Stability Tests

There are 3 major tests used to 

assess the stability of a snowpack.

Shovel Test: It involves assessing any fractures by isolating a column of snow and applying force on the uphill side . It will tell us where the weak layer occurs. 

Compression Test: A vertical force that is used to detect weak layers.

Rutschblock Test: a skier pushes and jumps of a column of snow to detect cohesion of the snow pack 

Avalanche Rescue

The motion of the snow itself kills about 25% of avalanche victims.

Survival depends on the length of time the person is buried and the burial depth 

Over 90% survive if rescued within 15 minutes, 30% within 35 minutes, and 0% within 2 hours.

Less than 10% of victims survive burial in more than 1.5 m in snow.

The best chance of survival depends on effective search by other members of the group, rather than waiting for help.

Chances of finding a buried victim increase when everyone in the group carries standard avalanche safety equitment 

Avalanche Survival Aids

Avalanche Cord: this is a 10 m rope that drags behind a person while skiing, snowboarding or snowshoeing 

Avalanche Transceiver: these are portable devices that emit a radio signal to assist in finding the location of a victim 

Avalanche Dogs: they can detect human scent rising through the snow and can quickly cover large areas. 10 to 15 meters down 

