Hazard Risk Analysis

Geological (related to soil and earth)
Dust and Sand Storms
Erosion, Deposition and Desertification
Expansive Soils
Landslides and Debris Floods (Gravitational Mass Movements)
Land Subsidence and Sinkholes
Submarine Slides

Geological
Geological hazards are related to the soil or the earth. These six hazards include: Dust and Sand
Storms; Erosion, Deposition and Desertification; Expansive Soils, Landslides and Debris Floods
(Gravitational Mass Movements); Land Subsidence and Sinkholes, and Submarine Slides. Many
geological hazards can have natural causes and can also be caused by humans.

Dust and Sand Storms
Definition
In the Prairie Provinces (Alberta, Saskatchewan and Manitoba), Environment Canada issues a
Dust Advisory when blowing dust is expected to occur, reducing visibility to 800 metres or less for
one hour or more.
When blowing dust covers a large area, the event is termed a dust storm. Large-scale dust storm
events are often have lasting high winds at the surface that are related to very large-scale wind
storms (of a 1000 km in lenght or more; also called cyclonic or synoptic storms). Dust storms can
last from 3 to 4 hours to 2 to 3 days, and most often occur in spring. Dust storms can also be
related with a looming thunderstorm.

Discussion
Blowing dust (and sand) events are becoming more common. They can affect highway travel due
to a severe drop in visibility. Dust storms in Canada occur in the agricultural prairies. On average
they occur at least once to as often as five times per year and are often linked to serious soil
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erosion. Most dust storms occur in the spring, but some dust storms are also generated in
August.

It Happened Here…
On April 27, 2013 a dust storm hit the First Nations community of Standoff, Alberta. Dust entered
homes, people experienced difficulty breathing and some families lost power. As a result of the
storm about seven or eight families of the Blood Tribe were forced to evacuate.
On May 19, 2001, a dust storm blew through Alberta, near the small town of Bowden (population
1,205), causing a 15-vehicle accident on a major highway. Dust carried by 100 km/h winds
impaired visibility on Highway 2 north of Calgary. Eight were injured in the accident.

Dust and Sand Storms - Natural
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Sand and dust storms are most likely to happen where they have happened in
the past. Is there a history of sand/dust storms in or near to your community?
Sand/dust storms are more likely to occur in a dry area or region which receives
less than 25 cm. of rain per year (arid). Is your community located in or near a
desert or other dry (arid) region?
Periods of drought can increase the chance of sand/dust storms. Is your
community experiencing a drought?
Soil erosion can lead to dust storms. Has there been major erosion activity in or
near your community?
Communities in the southern Prairies are more prone to dust storms than those
in the northern Prairies. Is your community in the southern Prairies?
Are Traditional Knowledge holders in your community aware of past sand/dust
storms in or near by your community?
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Dust and Sand Storms - Human-caused
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Sand and dust storms are most likely to happen where they have happened in
the past. Is there a history of sand/dust storms in or near to your community?
Sand/dust storms are more likely to occur in a dry area or region which receives
less than 25 cm. of rain per year (arid). Is your community located in or near a
desert or other arid region?
Dust storms can be caused by soil erosion. Has your community experienced
significant erosion activity?
Vegetation groundcover can reduce the likelihood of sand/dust storms. Have
large areas of soil been stripped of vegetation?
Agricultural activities such as deep tillage are a major cause of soil erosion in
Canada. Is your community located in an agricultural region that practices deep
tillage?
Scientists have observed that some regions in Canada are receiving less rainfall
than before, which increases the chance of sand and dust storms. Has your
community experienced less rainfall in the past several years?

Erosion, Deposition and Desertification
Definition
Erosion is the wearing away of land by the action of natural forces, such as wind or water. For
example, coastal erosion is marked by the carrying away of beach material by wave action or
tidal currents. Similarly, river bank erosion is the result of river currents removing river bank
material. Deposition, or sedimentation, is defined as the buildup of land by natural or artificial
means. Desertification is the change of the landscape to a more desert-like environment.
Desertification is often human-induced, but likely worsened by climate change in many regions.

Discussion
Desertification, is characterized by the loss of valuable top-soil and by degradation of vegetation.
The process occurs around the world. It causes additional erosion of the earth, in addition to
naturally occurring erosion, and it affects the earth’s ability to produce food.Erosion generally
involves the removal of earth materials from one area with deposition in another and is a normal
and inevitable geologic process.Erosion can be concentrated and quick, for example when land
surfaces are gullied and stream banks are undercut.Erosion can also be widely spread and slow,
for example the wearing down of hillslopes by millimeters or centimeters over hundreds or
thousands of years. Erosion at one place will cause sedimentation (or deposition of earth’s
materials) in another place. This process of erosion and deposition can damage or destroy
geological
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waterway and riparian habitat, clog drainage structures, lakes and reservoirs, and floodplains.
Activities by people, such as grading, frequently fast-track erosion and sedimentation.
For coastal communities erosion of the foreshore for example (the area of the beach that is under
water at high tide, but above water at low tide) is important to monitor. Changes to the shoreline
could indicate changes in sea level and long-term erosion rates. Erosion processes affecting the
coast are a function of things such as sediment supply, tides, waves, and currents, and the
geomorphic character of the coastline (for example a rocky versus a sandy beach).
Erosion processes in other regions are affected by factors such as groundwater conditions,
vegetative cover, land use, subsidence and freeze-thaw cycles.Logging activities that change
vegetation cover can seriously impact erosional processes on hillslopes and lead to landslides. .

It Happened Here…
On March 29, 2021 it was found that the surrounding wooden boardwalk around Low Point
Lighthouse, in Cape Breton, Nova Scotia has been beaten to pieces by wind and waves and as a
result the lighthouse itself is inching close to the cliff edge as soil gives way. It is estimated the
lighthouse is less than 10 metres from the edge of the bank.
On August 6, 2010 a landslide off Mount Meager, BC, provided large amounts of sediment to the
Lillooet River. The river, running through the Mount Currie First Nation and the village of
Pemberton, rapidly began to erode the landslide sediments and transport them downstream. In
some reaches river banks were rapidly eroded, in other reaches large amounts of sediment were
deposited in gravel and sand bars. Rapid build-up of sediment in the diked sections of the river is
a concern to the communities, as it reduces dike freeboard and as such increases the chance
flooding.
In 2006, dredging of the Upper Great Lakes caused an increase in erosion, leading to water
levels dropping 45cm below average. In Georgian Bay (population 1,991), Ontario water levels
were at their lowest in over forty years. Environment Canada scientists speculate that climate
change has also contributed to the water level drop, because of changes in rainfall patterns.

Human-Caused Erosion
In 2000, spring monsoon rains washed away farmers’ seeds and plants in Central Canada. Soil
eroded away because agriculture in the region exposed it to rain. As a result, farmers’ crops were
affected by insects and diseases that bred in the wet conditions, causing a 15% drop in
production from previous years. The small town of Hiller, Ontario (population 100) was among the
many communities affected.

Human-Caused Desertification
In 2018, Canada rejoined the UN Convention to Combat Desertification (it had withdrawn in
2013), a legally-binding agreement. One factor that supported this decision was the expectation
that with climate change, it is expected that the Prairies can expect to see longer and more
intense periods of drought, interspersed with flooding, leading to increased desertification.
Desertification has been a major problem in Northern Saskatchewan since the early 1960’s, due
to deforestation from clear cutting forest practices. Saint Walburg, Saskatchewan (population
4
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672), near Meadow Lake, is among the many communities affected by desertification and left with
unproductive land.

Erosion, Deposition and Desertification - Natural
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FACTORS

Are there areas in your community that receive above average rainfall? The
impact of rain breaks down large pieces of soil into smaller pieces, creating a
finer texture (erosion).
Are there areas in your community with fine-textured soils and smooth
surfaces such as clays and silts? Fine-textured soils produce more runoff than
coarse textured, or permeable sandy soils, which have the ability to let water
pass through more quickly. Fine particles are also more easily swept away by
wind (erosion).
Are there areas in your community where it takes a long time for the soil to
absorb water? This can indicate the soil has low amounts of organic matter
(e.g. dead leaves) and poor structure (it does not clump together).
Are there areas in your community where erosion has occurred in the past?
Past erosion often leads to poor soil structure and lower organic matter (e.g.
dead leaves).
Are there areas in your community with steep slopes? The longer and steeper
the slope the greater the risk of erosion due to more water runoff.
**Are there areas in your community where soil is not protected by vegetation
(e.g., grasses, trees)? Covering plants protect the soil from rain impact and
splash, slow water runoff, and allow the soil to absorb more water. Erosion
and desertification risk increases if the times of the year when rainfall is high
are the same as when plant coverage is low. Lack of vegetation also
increases erosion risk from wind, as plant roots hold the soil together.
Are Traditional Knowledge holders in your community aware of changes in the
landscape as a result of erosion in traditional fishing or hunting territories in or
near by your community?
Are there areas in your community with winds that are fast and last a long
time? These factors increase risk of soil erosion.

geological
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Desertification Human-caused
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FACTORS

Are there agricultural areas in your community that are over-farmed? Farming
without recovery periods can change the chemistry of the soil so that it is no
longer productive.
Are there areas in your community where intensive grazing occurs without
recovery periods? Over-grazing can weaken plant roots, making them more
vulnerable to dry weather.
Are there areas in your community that are overly irrigated? The result of
excessive irrigation may be that the soil accumulates salts as some water
evaporates.
Are there areas in your community that are deforested? When vegetation is
clear-cut from an area, the area is vulnerable to erosion and loss of soil
nutrients.
Are there areas in your community in which toxic chemicals may be building up
(due to heavy pesticide or herbicide use, for example)? Toxic buildup can make
the land no longer productive.
Are there areas in your community where vegetation is changing (for the
worst), or where vegetation used to grow and now does not? These areas are
vulnerable to erosion, because they are no longer protected by vegetation
Scientists have observed that with climate changes areas of forestation are
changing and some areas are experiencing reduced levels of rainfall thus
leading to increased likelihood of desertification. Has your community recently
experienced reduced levels of rainfall and changes in forestation?
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Erosion and Deposition Human-caused
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Are there areas in your community where vegetation has been disturbed by
plowing or other human activities? Decreasing the area that plants cover the
soil, increases the risk of erosion from wind and rain.
Are there areas in your community next to or near a hydroelectric dam? Dams
increase the deposition of sediment in the lake or reservoir behind the dam,
and often lead to erosion downstream.
Are there areas in your community that are deforested? When vegetation is
clear-cut from an area, the area is vulnerable to erosion and loss of soil
nutrients.
Are there areas in your community where vegetation is changing (for the
worst), or where vegetation used to grow and now does not? These areas are
vulnerable to erosion, because they are no longer protected by vegetation.
Are there areas in your community where intensive grazing occurs without
recovery periods? Over-grazing can weaken plant roots, making them more
vulnerable to dry weather.
Are there areas in your community at risk of desertification? (Refer to the
section on Desertification) If your community is at risk of desertification, it is
also likely at risk of erosion.
Are there areas in your community where vegetation has been disturbed by
plowing or other human activities? Decreasing the area that plants cover the
soil, increases the risk of erosion from wind and rain.

Expansive Soils
Definition
Some soils have a potential to swell when they absorb water and shrink when they dry out. These
expansive soils generally contain clays that expand when moisture is absorbed into (the crystal
structure of) the clays. Volume changes, or expansions, of 10% or more are not uncommon.
These changes in volume can exert enough force on a building or other structure to cause
damage.

Discussion
The effects of soil expansion usually involve some vertical movement of the soil/ earth surface.
Few buildings and highways are built to withstand much vertical movement. Houses and one
storey buildings are most at risk of soil expansion but even multi-storey buildings can be
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damaged. Most damage occurs in basements and foundations, but since the process is slow, it
often goes unnoticed for a long time or is thought to be due to poor building design.

It Happened Here…
In 2012, expansive soils were held responsible for damage to civil infrastructure in a semi-arid
area in and around Regina.
Damages to the foundation of homes from expansive soils are extensive in southwestern
Saskatchewan because the ground is comprised of clay sediments that expand. Among the many
communities affected by expansive soils is Sceptre, Saskatchewan (population 99). The damage
occurs when rain or irrigation water gets under the foundation and causes the clay soil to expand.
In November 2004, expansive soils damaged the south approach to the Roger Pierlet Overpass
in Cloverdale, British Columbia. The concrete bridge structure was supported on precast concrete
piles toe bearing in the till-like soils, and the south approach of the bridge was damaged by
foundation soil movement caused by failure beneath a soil stockpile placed adjacent to the east
side of the bridge. The soil failure displaced the pile-supported piers by as much as 425 mm
horizontally. Substantial cracking of pier columns, foundation tie beams, and piles (inspected at
underside of pile caps) resulted. Several deck expansion joints developed large separations. The
cantilevered steel sidewalks and roadway railings were also damaged, resulting in temporary
closure of the sidewalk.

Not Applicable

High Risk

Need More Info

No

Yes

Hazard
Rating

Low Risk

Need More
Info

Not
Applicable

FACTORS

Have expansive clay soils been identified in your community?
Expansive soils are one of the main causes of broken water mains. Have there
been situations where a number of water mains in your community have
broken?
Are Traditional Knowledge holders in your community aware of changes in the
landscape as a result of expansive soils in traditional fishing or hunting territories
in or near by your community?
Material deposited in lake water and later exposed, either by lowering of the
water level or by uplifting of the land, are particularly prone to expansive soils in
Western Canada. Are you aware of situations where there is exposed soil that
used to be covered by lake water in or near your community?
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Landslides and Debris Floods (Gravitational Mass Movement)
Definition
Mass movement events, commonly known as ’landslides’, are
the result of downward movements of slope materials reacting
to the force of gravity.These events cover a wide variety of
land forms and processes. Slide material may be composed of
natural rocks, soils, artificial landfills or combinations of these
components.

Discussion

Figure 1. Rock Slide

Landslides can be classified according to three criteria:
1. rate of movement: While many catastrophic landslides occur in a matter of seconds to
minutes, mass wasting processes can also be very slow (millimeters to centimeters per
year, e.g. soil creep);
2. type of movement: Types of movement are avalanches, falls, topples, slides, slumps,
lateral spreads and flows (or ‘torrents’ when channelized);
3. type of material:Types of material are (bed)rock and soils, including debris, earth and
artifical landfill.
There are several causal factors that play a role in the occurrence of landslides, these are internal
or external factors that reduce the stability of a slope: slope angle, geology (type of material,
structure and layering), and water content. Chassie and Goughnour stated that "water is the
controlling or a major contributing factor in about 95 percent of all land slides." A ‘trigger’ is the
final straw that makes an unstable slope fail. Examples of triggers include: earthquakes, climate
(seasonal contrasts or lack of vegetation), undercutting and oversteepening of slopes (for
example to build roads or railways), weather (local high rainfall events), removal of vegetation
(logging or forest fires), freeze-thaw cycles (repeated freezing and thawing gradually moves a
mass (derbis, sediment) down slope). See below for some more detailed description of five of the
most common triggers:
1. Vibrations from earthquakes, blasting, machinery, traffic, and even thunder have been
known to trigger mass movements. In seismically active parts of the world, some of the
most disastrous of all historic landslides have been triggered by seismic shock.
2. Removal of lateral support by such means as erosion by streams and rivers or waves and
longshore or tidal currents (e.g. eroding of part of a hillside by a river ror stream which
increases the slope angle, making it more unstable); previous slope failure; and results
from construction, especially where cuts, quarries, pits and canals are established or lakes
and reservoirs are created and their levels altered.
3. Loading by such natural or human means as weight of rain, hail, snow; accumulation of
loose rock fragments or accumulated volcanic material; stockpiles of ore or rock; waste
piles; and weight of buildings and other structures.
4. Changes in direct water content and pore pressure and in structure. The relative stability
of a slope in either soil or rock may change radically with changes in ground water level. If
the soil or rock contains narrow but open fractures, minor increase in total water content
through precipitation may produce a large rise of the water level in the fractures and
geological
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markedly decrease the internal stress and shearing resistance. Thus, heavy rainfall has
often been found to trigger landslides.
5. Weathering and other physical or chemical action may decrease the strength of rock and
soil, usually over long periods of time. However, structures and buildings - especially on
slopes - remain at risk from any such action.
When considering the geology of a specific area, it is necessary to consider the composition or
attributes that affect the behaviour of rocks and soils.Some rock types are more easily eroded
than others. Granite for example is a very hard and durable rock (hence its use as kitchen
countertops), but limestone is much softer and will wear away much easier. The structure of the
rocks and soils is also important as faults, folds, joints and layering effects are also known to
affect the stability.

Figure 2 Mass movement types according to material, nature of motion and velocity of movement (Image: unidentified
resource).
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Mass Wasting process

Velocity of movement

Debris Avalanches are terrifying avalanches of mud, rock, brush,
trees and other debris loosened and propelled by torrential rains.
Debris avalanches are very rapid to extremely rapid debris flows.

Fast

Debris flows are a form of rapid mass movement in which loose
soil, rocks and organic matter, combined with air and water, form a
slurry that then flows down-slope.

Moderate

Debris Slides occur when soil and other loose earth materials
slide off a hillside.

Moderate-fast

Earth Creep is the slowest form of mass movement. Soil and rock
very slowly move downslope. The process occurs over periods of
years to centuries and is only visible to people through curved
trees, leaning fences or poles, and broken retaining walls or other
structures.

Slow

Earth Flow is the downslope movement of water-saturated, finegrained soil or weathered rock. It is typically a slow process, but
can occur in time periods varying from minutes to years.

Slow-moderate

Mudflows are special forms of debris flows that are mainly made
of the smallest mud and silt particles. Extremely heavy rain, or a
sudden thaw can trigger these types of flows. Mudflows are often
very fluid and thus can travel with great speed. In the case of
lahars, a sudden thaw of mountain snow and/ or ice due to a
volcanic eruption can send a torrent of mud, ash, and hot water
down the slope of the volcano and over neighboring towns.

Moderate

Rock Avalanches are similar to debris avalanches, and involve
the very rapid to extremely rapid downward motion of broken-up
bedrock.

Fast

Rock Falls occur when masses of rock, or other material, move
down-slope primarily by falling or bouncing through the air. They
commonly occur along steep roads and railroads and along
steeply undercut cliffs in coastal areas. Considerable damage
from large boulders or blocks of rock can occur. Rock falls often
accumulate in a large pile on the bottom of a steep hill.

Fast

Rockslides occur when large blocks or layers/slabs of bedrock
slide down a sloping surface.

Moderate

Rock topples occur when rocks overturn, and unblocked by any
other material, is able to continue to fall or slide to the bottom.
Slides occur due to failure along one or more surfaces. The

Slow onset to very fast

geological

11

CDRP: Hazard Risk Analysis

Mass Wasting process

Velocity of movement

material from the slide can be broken up into a number of pieces
or remain as one intact mass.
Slumps are slides of rock layers or other earth materials that
rotate backwards as they move downward. Thus they are also
called ‘rotational slides’.
Debris avalanches are often triggered by intense autumn
and winter rainstorms, when water infiltrates and saturates
the surface layer of (weathered) soil. Debris avalanches
may temporarily block gullies swollen with runoff water,
thus changing into rapidly moving debris flows. Debris
avalanches, commonly originating in shallow drainage
depressions, begin as large masses that suddenly break
away from the land form, leaving well-marked, semi-circular
head scarps. The high speeds are often leave a trail of
gravel, boulders and mud marked on trees along the area
of the avalanche.

Slow-moderate

Figure 3 Debris Slide

Debris flows or slides are often smaller in area and wider in scope compared to debris
avalanches. The debris slide failure surface often occurs within the upper soil. Today, debris
torrents are often due to poor logging practices. Log jams are created on mountainous streams
and then burst during a storm.
Another emerging factor that contributes to debris floods or torrents occurs on land that has
experienced previous forest or wildfires. Post-fire the soil is often exposed, there has been a loss
of vegetation and there is a lot of loose debris. However, it is unusual for post-fire debris flows to
occur beyond the second rainy season with the largest debris-flow events happening in the first
post-fire storm season. It is important to note that it takes much less rainfall to trigger debris flows
from burned basins than from unburned areas. Any storm that has intensities greater than about
10 millimeters/hour (0.4 inches/hour) poses the risk of producing debris flows.
While multiple factors can affect debris-flow occurrence, post-fire debris flows generally are
triggered by one of two processes: surface erosion caused by rainfall runoff, and landslidings
caused by rainfall seeping into the ground.
The most important factor in determining the likelihood of
landslides is the presence or absence of former landslides, as
this may be the best guide to future behaviour of a slope in a
region.

Figure 4 Rock Topple
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Debris Avalanches, Debris Flows and Torrents
It Happened Here…
On February 5, 2020, residents of 27 properties along the Trans-Canada highway, about 14
kilometres north of Hope, B.C., were ordered out of their homes as the Fraser Valley Regional
District declared a local state of emergency. Heavy rains were causing debris flow and flooding in
the area and the small lake and forested slope above the neighbourhood led to a potential for
damage to structures and personal property.
Mid-June 2013, heavy precipitation in western Alberta lead to several debris flows in the area of
Mount Livingston in Alberta. Preliminary analysis indicated that these debris-flows started at
unusually low slopes in regard to the contributing area. The extreme character of this event, was
attributed to two identified causes: the accumulation and weathering of rock debris in the scree
slopes over time and the variability of permeability between the layers of the scree or at the
interface with the bedrock, including the possibility of karst.
In the fall and winter of 2013, following the extreme wildfires on 2013 in British Columbia, there
were several post-fire debris flows. Post-wildfire landslides have occurred in spring, summer and
fall (autumn); events have been triggered by spring snowmelt, high-intensity summer rainstorms
and low-intensity fall rainstorms. Of a total of 36 documented landslide events, 23 were debris
flows, and the most common initiating mechanism was high peak flow in channels.
On August 6, 2010, a large rock avalanche occurred in the Mount Meager Volcanic Complex in
southwest British Columbia. The landslide started as a rock slide, and the detached rock mass
led into a debris flow. The disintegrating mass travelled down Capricorn Creek at an average
velocity of 64 m s−1, exhibiting dramatic super-elevation in bends to the intersection of Meager
Creek, 7.8 km from the source. At Meager Creek the debris impacted the south side of Meager
valley, causing a runup of 270 m above the valley floor and the deflection of the landslide debris
both upstream (for 3.7 km) and downstream into the Lillooet River valley (for 4.9 km), where it
blocked the Lillooet River river for a couple of hours, approximately 10 km from the landslide
source. Deposition at the Capricorn–Meager confluence also dammed Meager Creek for about
19 h creating a lake 1.5 km long. The overtopping of the dam and the predicted outburst flood
was the basis for a night time evacuation of 1,500 residents in the town of Pemberton, 65 km
downstream. No lives were lost in the event, but direct costs are estimated to be in the order of
$10 million.
On June 13, 2010, the Testalinden Creek debris flow near Oliver, B.C. destroyed or damaged
several homes and covered roughly 15 hectares of agricultural land with debris. A similar area on
the lower part of the fan was inundated with sediment-laden floodwaters. The debris flow was
triggered by the failure of an old earth-fill dam at its headwaters.
On December 4, 2007, a large debris avalanche crashed into Lake Chehalis, BC. The landslide
created 10-meter high (tsunami) waves that traveled across the lake, and caused extensive
damage to the shore line. Fortunately, the landslide happened in the winter when nobody was at
the shore of the lake, as two out of three campgrounds were wiped out and hundreds of trees
were felled. The debris from the landslide however, piled up at the outlet of the lake and formed a
threat to the newly built dike, healing centre and the community of the Chehalis First Nation.

geological
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A significant landslide affected the town of Chilcotin River (population 552), British Columbia on
August 24, 2004. There were no fatalities. The landslide occurred along the banks of the Chilcotin
River and blocked the flow of the river. The blockage was located about 15 kilometres upstream
of the Chilcotin-Fraser junction. The river banks remained unstable.

Landslides
It Happened Here…
On October 31, 2020, a million cubic metre landslide took place in an industrial area on the
outskirts of Williams Lake, B.C.
On June 23, 2019 a huge landslide of over 85,000 cubic metres of rock sheared off a 125 metrehigh cliff and fell in the Fraser River, and created a waterfall that trapped migrating salmon below
the slide. In September 2019, due to decreasing water levels and the efforts of rock scalers,
some migrating salmon were able to pass naturally past the site of the landslide. The Province,
the Government of Canada and First Nations have continued to work together to ease fish
movement past the site. The effort to re-establish fish passage has included blasting rocks and
widening the river channel. The installation of a nature-like fishway, a Whooshh Passage Portal
System and other mitigation measures were undertaken to limit disruption to fish during the 2020
migration season.
On March 28, 2016, an Ontario landslide in the Horton Township, occurred and ten hectares of
land slid into the Bonnechere River downstream from Renfrew, clogging the fast-running river
with trees and clay. With the river blocked by trees and debris, water backed up behind the
blockage. It rose more than seven metres near the landslide, and about five to six metres
upstream in Renfrew. Floodwaters washed away a cottage, damaged a small hunting camp,
poured water seven feet deep into a house, submerged the Renfrew sewage plant and got into
the basement of the hydroelectric plant.
On October 11, 2015, the massive slide on remote Mount Steele in Kluane National Park in the
Yukon, was the equivalent in weight of 33 million pickup trucks and would have gone undetected
if scientists at Columbia University hadn't noticed that some unusual seismic activity had been
reported by an unmanned monitoring station 25 km from the collapse site. The landslide was then
confirmed by a NASA satellite, which zoomed in on the area and discovered an enormous debris
field surrounding the mountain. Had the 45-megaton slide occurred in a populated mountainous
region, it likely would have resulted in casualties.
On July 12, 2012, four people were unaccounted for after a landslide engulfed four homes in
southeastern in Johnson’s Landing (population 35).
On January 19, 2005, following a heavy winter rainfall, the Berkley escarpment in North
Vancouver, B. C. gave way and crashed into homes, A state of emergency was declared after a
mudslide destroyed two homes; one woman was killed when she was trapped under debris in her
home and one person was injured. One section of a wide greenbelt of evergreens gone, washed
away by the mudslide that swept down the mountain. Officials were forced to evacuate more than
80 homes. The slide occurred because of a mixture of weather conditions in recent days as snow
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and cold temperatures froze the ground and then 200 mm of rain fell in less than 48 hours with
nowhere to go.

Debris Avalanches, Debris Flows and Torrents Natural
Debris flows do not occur in flat areas. If your community and the areas in close proximity to it are
flat you can safely state that it is “Not Applicable.”

Not Applicable

High Risk
Need More Info

No

Yes

Hazard
Rating

Low Risk

Need More
Info

Not
Applicable

FACTORS

**Debris torrents and debris flows are most likely to occur where they have
occurred in the past. Has your community experienced debris flows?
Debris torrents and debris flows are likely to occur under similar conditions to
landslides. Is your community susceptible to some or all of the risk indicators for
landslides? (see the section on Landslides)
Debris flows are most likely to occur when loose (unconsolidated) soil and other
ground material becomes saturated with water. Is your community located on
steep slopes which experience intense periods of rain and/or rapid snowmelt? Is
flooding likely or possible in your community? (see the section on Flooding)
Debris flows often occur on slopes with eroded pathways down the (channeled)
slope. Is there evidence of channeling on slopes in or near to your community?
Debris flows can occur if there is a volcanic eruption which suddenly melts large
quantities of snow and ice. Is your community near a volcano with snow and ice
at the peak?
Debris flows can be triggered on the site of a previous landslide. Is your
community near a previous landslide?
Do Traditional Knowledge holders in your community have an oral history of
where debris avalanches, floods torrents have occurred in areas in traditional
fishing or hunting territories in or near by your community?
Fast-moving, highly destructive debris floods are triggered by intense rainfall in
areas that have recently experienced wildfires as a result of vegetation loss and
soil exposure. Has there been a wildfire in sloped areas around your community
since the last rainy season?
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Debris Avalanches, Debris Flows and Torrents - Human-caused

Not Applicable

High Risk
Need More Info

No

Yes

Hazard
Rating

Low Risk

Need More
Info

Not
Applicable

FACTORS

**Debris flows are most likely to occur where they have occurred in the past.
Have there been previous debris flow events in or near to your community?
Are there slopes in or near to your community that are known to be unstable?
Debris flows may occur if there are large forested areas which have been
logged along a steep slope. Is your community near a recently logged slope?
Construction activity on or adjacent to slide-susceptible slopes can increase
the likelihood of debris flows. Does your community allow construction on
slide-susceptible slopes?
Scientists have observed that with increased number of rainstorms and
increased amounts of rain the likelihood of debris flows could increase. Has
your community experienced increased numbers of rainstorms and increased
rainfall?
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Landslides
Landslides do not occur in flat areas. If your community and the areas in close proximity to it are
flat you can safely state that it is “Not Applicable.”

Mass Movements Natural

Not Applicable

High Risk
Need More Info

No

Yes

Hazard
Rating

Low Risk

Need More
Info

Not
Applicable

FACTORS

Landslides are most likely to happen where they have happened in the past.
Have landslides previously occurred in or near to your community?
Landslides occur primarily when slopes are saturated with water as a result of
intense rainfall, and melting snow. Is your community near a steep slope and
does it receive large amounts of rain and/or does your community experience
rapid snow melt along steep slopes?
Landslides can occur when earth dams become saturated with water and fail.
Is your community near an earth dam built along a steep slope?
Earthquakes can cause landslides. Is your community at risk for seismic
activity? (See the section on Earthquakes)
Steep slopes and inward curving (concave) slopes are more prone to
landslide. Is your community near steep slopes and concave slopes?
Are Traditional Knowledge holders in your community aware of changes in the
landscape as a result of landslides in traditional fishing or hunting territories in
or near by your community?
Soils which hold together (cohesive) soils such as clay are more prone to
slide. Is clay a common soil type in your region?
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Mass Movements Human-caused

Not Applicable

High Risk
Need More Info

No

Yes

Hazard
Rating

Low Risk

Need More
Info

Not
Applicable

FACTORS

Landslides are most likely to occur where they have occurred in the past.
Have there been previous landslides events in or near to your community? Are
there slopes in or near to your community that are known to be unstable?
Landslides may occur if there are large forested areas which have been
logged or where vegetation has been burned away along a steep slope. Is
your community near a recently logged slope or where there has recently
been a major fire?
Construction activity on or adjacent to slide-susceptible slopes can increase
the likelihood of landslides. Does your community allow construction on slidesusceptible slopes?
Scientists have observed that with increased number of rainstorms and
increased amounts of rain the likelihood of landslides could increase. Has your
community experienced increased numbers of rainstorms and increased
rainfall?

Land Subsidence and Sinkholes
Definition
Land subsidence, or sinking of land, occurs when a surface (either a flat surface or a hillslope)
has been undermined and change (or ‘deformation’) and ground movement occur.

Discussion
Causes of subsidence can be due to human activities, such as the mining of rocks, minerals and
ores; sub-surface excavations; extraction of underground liquids such as water (ground water
pumping), and oil or gas. However, most subsidence is caused by natural processes such as
groundwater flowing through soluble rocks such as limestone.
Underground mining or the pumping of groundwater, for example, creates a void within the
geological rocks or subsurface (kind of like tunneling a sand castle on a beach, which collapses
easily because of the weight on top). This causes changes and movement of the rocks (or
‘strata’) throughout an area. Depending on the size and depth of the excavation or pumping, the
deformation can reach to the surface. When an excavation or extraction becomes too big, the
roof rocks can break, and cave into the void.
Subsidence can also occur by thawing of permafrost, reduced sedimentation on river deltas,
drainage of organic soils (such as peat), and the shrinking of expansive soils.
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The subsidence processes described above can cause the general lowering or sinking of the
earth’s surface, but can also form (networks of) caves (or karst topography) and sinkholes.
The main hazards related to subsidence are the collapse of sinkholes, ground water pollution and
unreliable drink water supplies. Subsidence can also cause extensive damage to buildings and
infrastructure. Subsidence due to human activities can be avoided or minimized, but natural
subsidence is hard to avoid. A study of the surrounding geology may create awareness of
possible subsidence in an area.

It Happened Here…
On December 25 2018 a large sinkhole (12 m deep and 3.7 m wide at ground level but three time
larger at the base) appeared in the Seawatch neighbourhood of Sechelt on the Sunshine Coast of
British Columbia. Sinkholes had appeared in the area previously, but after the December 25th
sinkhole, the engineers determined there was an unacceptable risk to the public. In February
2019, residents of 14 homes were ordered evacuated and the area became a no-go zone.
Owners of multi-million-dollar homes now have worthless homes that have been assessed as
worth $2.
On August 23, 2018 a large sinkhole opened up in Oxford, Nova Scotia on the Lions Club
property, swallowing trees and picnic tables. It eventually filled up with salty water and is now
approximately the size of an Olympic swimming pool. Just 1.3 km away, a sinkhole under the
Trans-Canada Highway keeps reoccurring, necessitating filling and patching.
On June 8, 2016 a large portion of Rideau Street in downtown Ottawa, Ontario caved in, causing
a massive sinkhole that knocked out power to the majority of the downtown area. The massive
sinkhole formed next to a shopping mall and caused a gas leak and forced the evacuation of all
nearby businesses.
On August 6, 2013 a backhoe was swallowed by a sinkhole in Montreal. It measured about eight
metres long, five metres across, and three metres deep. In June 2012, a sinkhole shut down a
portion of St-Mathieu Street near Ste-Catherine, just a block away. A month before that, a fourmetre square sinkhole opened up on Sherbrooke Street, prompting a traffic detour on a busy
intersection that lasted for nearly a month. The latest road collapse may be linked to a faulty city
sewer pipe.
On April 10, 2010, a family of four died when their home in Saint-Jude, Quebec (population 1100)
was destroyed by a sinkhole. The house became buried in clay mud by the kilometer long, 10meter deep and 500-meter-wide sinkhole.
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Land Subsidence and Sinkholes Natural

Not Applicable

High Risk
Need More Info

No

Yes

Hazard
Rating

Low Risk

Need More
Info

Not
Applicable

FACTORS

Sinkholes and land subsidence are most likely to happen where they have
happened in the past. Is there a past history of sinkhole formation or land
subsidence in or near your community?
Sinkholes may occur in limestone (Karst landscape) formations or other watersoluble rock. Is your community located on or near to limestone formations?
Earthquakes may cause subsidence and sinkholes. Is your community at risk of
seismic activity? (See the section on Earthquakes)
Are Traditional Knowledge holders in your community aware of changes in the
landscape as a result of land subsidence and sinkholes in traditional fishing or
hunting territories in or near by your community?
Water saturated soil may subside or cause sinkholes. Is there a chance of rapid
rainfall or snowmelt, or flooding in your community? (See the section on
Hydrological hazards).

Land Subsidence and Sinkholes - Human-caused

Not Applicable

High Risk
Need More Info

No

Yes

Hazard
Rating

Low Risk

Need More
Info

Not
Applicable

FACTORS

Land subsidence and sinkholes are most likely to occur where they have
occurred in the past. Is there a past history of sinkhole formation or land
subsidence in or near your community?
Groundwater pumping or oil/gas extraction can cause land subsidence or
sinkholes. Do these activities take place in or next to your community?
When minerals have been mined under the surface of the ground, the process
can cause damage to the surface which may not occur for decades after the
mining has been completed. Are there areas near your community that been
subjected to below ground mining?
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Submarine Slides
Definition
Submarine, or underwater, landslides, like their terrestrial counterparts, involve the movement of
slope materials in response to gravity. The gravity-driven movement of slope material consists of
watermixed with coarse-grained material (sands) flowing rapidly on submarine slopes or
channels.

Discussion
Submarine landslides may be triggered by seismic events or by gradual slumping of the
sediments that make up submarine slopes. Changes in the supply and deposition of sediment (by
rivers, dredge and fill, mine tailings etc.) on the submarine slope can increase the risk of failure of
that slope.
Submarine slides are also a common source of small scale coastal tsunamis. Large submarine
landslides volume can generate damaging surface waves..

It Happened Here …
In 2019, a reseach study revealed that large submarine landslides are occurring on the Scotian
Slope south of Nova Scotia. According to the study, huge submarine landslides are happening on
the Scotian Slope south of Nova Scotia at a rate that's 10 times higher than first thought;
however, it's still a large time scale with researchers saying that higher rate means once every
one thousand years instead of every ten thousand.
On April 27, 1975, a submarine landslide occurred in Kitimat Arm, northwest of the Douglas
Channel. The wave that was generated by the slide had recorded wave run up heights of 8.2
meters and damaged the Haisla docks of the Kitamaat First Nations village opposite of the Inlet.
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Submarine Slides - Natural

Not Applicable

High Risk
Need More Info

No

Yes

Hazard
Rating

Low Risk

Need More
Info

Not
Applicable

FACTORS

Submarine slides are most likely to happen where they have happened in the
past. Are submarine slides known to have previously occurred in or near your
community?
Submarine slides occur on steep underwater slopes. Is your community located
on or near waterfront?
Earthquakes can cause submarine slides. Is your community at risk of seismic
activity?
Rapid underwater sedimentation can lead to submarine slides. Has rapid
sedimentation occurred along near to shore?
Do Traditional Knowledge holders in your community have oral history of how
your community, or fishers, have been affected by submarine slides?
Fine-grained sediment is most likely to slide. Is the lake or ocean floor covered
with fine-grained sediment?

Submarine Slides - Human-caused

Not Applicable

High Risk
Need More Info

No

Yes

Hazard
Rating

Low Risk

Need More
Info

Not
Applicable

FACTORS

Submarine slides are most likely to occur where they have occurred in the past.
Do you know of any submarine slides near your community in the past? Are
shoreline areas near your community known to be unstable?
Submarine slides are more likely to occur along shorelines where construction
activity has taken place. Is your community located near the ocean or other
large body of water? Have construction activities changed the shoreline in or
near to your community?
Submarine slides are more likely to occur where there has been river or ocean
dredging. Has dredging taken place near the shoreline near your community?
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Risk Analysis Resources
Landslides
Natural Resources Canada’s “The Atlas of Canada” provides a lot of information about landslides
including areas vulnerable to landslides and major landslides which have resulted in deaths.
Keywords: Natural Resources Canada, Atlas of Canada, landslide, natural hazard)
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