Chapter 6: other
hazardous weather

Figure 6a – In cold, wet conditions, a thick layer of ice can build up on the surface of a vessel’s decks and rigging,
causing a variety of operational problems. Photos : Canadian Coast Guard.

1. Introduction
Mariners caught on the open water when a severe storm hits face a host of hazardous
weather conditions that can make navigation extremely dangerous. High winds can blow
vessels off course and cause rough, choppy seas, while heavy rain can reduce visibility and
create slippery conditions on deck. Lightning is a significant threat not only because water
conducts electricity but also because mariners and their vessels are often the tallest objects
on the open water.
While thunderstorms and tropical storms are serious forces to be reckoned with, hazardous
weather doesn’t just happen during the warmer months. Cold-weather phenomena, such as
snowsqualls, freezing rain, freezing spray, and cold outbursts, also pose major hazards to
boaters by affecting visibility or coating vessels with a solid layer of ice.
Spotting the signs of hazardous weather before it occurs—and taking steps to avoid it—is
the safest tack for mariners to take in such situations. Because minutes matter, this chapter
not only describes how, when, and why these conditions form but also provides boaters with
a quick-reference guide on how to read the stormy sky.
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2. Hazardous Cold-Weather Phenomena
2.1 Vessel Icing
Vessel icing is the process by which all or part of the external surface of a boat becomes
coated with ice. It is a common occurrence in the Arctic and on the East Coast during winter.
What causes vessel icing?
Vessel icing can be caused by freezing rain, freezing spray, Arctic sea smoke, or any
combination of the three (for more information on sea smoke, see Chapter 4, Fog). In
order for these airborne water droplets to freeze on contact, both the air temperature
and the surface of the vessel must be below freezing. As more layers build up, the ice
becomes thicker and heavier. Warnings are issued when icing is moderate (building up
at a rate of at least 0.7 cm/h) or higher.
What hazards does vessel icing pose?
Even mild vessel icing can have serious consequences. Stairs, decks, and railings coated
in a slippery layer of ice can be treacherous for crew members working above deck.
Rigging and other exposed equipment that has become encased in ice can be difficult to
free, especially if it is hard to reach.
Icing not only increases the weight and draft of a vessel but also the drag placed on it by
the wind and water, which reduces speed and increases fuel consumption. If ice builds
up unevenly, it can alter a boat’s centre of gravity, causing it to list and possibly capsize.
A large accumulation of ice can even cause a vessel to sink.
Mariners’ Tips
Even vessels equipped with a de-icing device may experience ice build-up on high,
exposed areas. As such, it is always wise to avoid conditions that cause severe icing.

2.1.1 Freezing Spray
When a boat travels in rough, windy weather, the impact of the bow striking the waves
causes water to spray high into the air. When the temperature is above freezing, spray can
reduce visibility and make decks wet and slippery. When it is below freezing, it can cause
vessel icing. Sixty percent of freezing spray is accompanied by falling snow or freezing rain,
as they create an easier surface for the water to freeze to.
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Figure 6b – The spray encountered by a ship travelling in rough, windy weather can cause significant vessel icing if
the air temperature is below freezing. Photo : Canadian Coast Guard.
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Freezing spray occurs when the
wind is strong, the air temperature
is below freezing (-2°C for sea
water and 0°C for freshwater),
and the sea-surface temperature
is usually between -1.7°C and 5°C.
The wind sets in motion the high
waves that cause the spray and
also give it enough force to reach
the deck of a vessel.
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For most Canadian waters,
freezing spray rarely occurs when
Figure 6c – The severity of vessel icing from freezing spray can be
the sea surface is warmer than
estimated based on air temperature and wind speed.
5°C. One known exception is along
the West Coast, where freezing
spray can occur near coastal inlets during strong Arctic outflow events, even though the
sea surface is usually above 5°C. Freezing spray formation is dampened when the water
itself becomes cold enough to freeze. When air temperatures are very low, droplets of
spray freeze in mid-air, rather than on contact with a surface.
What hazards does freezing spray pose?
Freezing spray is the most dangerous type of vessel icing, as it can build up rapidly to
thicknesses of 25 cm or more. Small fishing vessels are most at risk because they are
relatively low to the water and their hulls tend to create a lot of spray. Freezing spray can
also create serious problems for boats with extensive rigging.
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Mariners’ Tips
Slowing down, running downwind, and travelling close to an ice edge all help to
reduce the amount of freezing spray a vessel will encounter; however, the best tactic
in severe conditions is to seek shelter. If it is safe to do so, clear decks of any gear
and rigging that might accumulate ice, and remove any build-up from the rigging
and superstructure using a blunt (preferably wooden) object.

2.1.2 Freezing Rain
Freezing rain is made up of droplets of water that fall to the Earth when surface temperatures
are below freezing, forming a thin glaze of ice on objects they come into contact with along
the way.
How does freezing rain
occur?
Freezing rain occurs when a
layer of warm air rides up over
a layer of cold Arctic air at the
surface of the Earth. As the
rain falling from the warm air
passes through the lower layer,
it becomes super cooled and
freezes on impact with any solid
object below 0°C—from trees
and power lines to the boat
decks and rigging.
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Precipitation begins as snow
at higher altitude

Warm,
moist
air mass

Snow becomes
rain as it falls
through warmer air
Rain becomes
supercooled as it
falls through sub-zero
layer of air

Colder air
below freezing
The supercooled water droplets freeze on impact

What hazards does freezing
with any object they encounter
rain pose?
Figure 6d – The process by which freezing rain is formed.
While freezing rain generally
forms a much thinner layer
of ice than freezing spray, it can create hazardous footing for crew members who
are working above deck. If the two happen at the same time, vessel icing can be
unexpectedly severe.

2.2 Cold Outbreaks
One of the most challenging weather conditions mariners face during the fall and winter
months is the “cold outbreak”, the bitter blast of Arctic air that blows in behind a fierce
storm. The powerful winds associated with cold outbreaks often cause heavy snowsqualls
over water, as well as freezing spray and extreme wind-chill values.
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What causes cold outbreaks?
The cold, storm-force winds characteristic of a cold outbreak often arise from an
unstable, high-pressure atmospheric system. Outbreaks develop in different ways across
Canada: on the West Coast, an Arctic high over the northern Rocky Mountains is often
the culprit; in other parts of the country, a combination of complex weather patterns can
come into play.
What hazards do cold outbreaks pose?
Crew members working above deck should take precautions to protect exposed skin
from the effects of the extreme wind chill experienced during a cold outbreak. Frigid
winds can also cause the sea state to rise quickly—with waves up to 10 m common—
and magnify the likelihood and intensity of freezing spray. In some parts of the country,
such as Squamish, British Columbia, a funneling effect can cause wind speeds in valleys
to reach up to 60 kt. Strong winds and atmospheric instability also combine to increase
the intensity of snowsqualls (see Section 2.3).

Figure 6f-1 – Lake-effect snow from a cold outbreak, January 22, 2013.

Figure 6f-2 – An Arctic outflow event on January 17, 2012, showing
snowsqualls and streamers forming off the mainland inlets from the BC
Central Coast to the Alaska panhandle. Easterly outflow winds near
inlets were 40-50 kt, air temperature was approximately-15°C and the
sea-surface temperature around 6°C. Freezing spray was reported at the
Green Island lighthouse.
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Figure 6f-3 – A typical west-to-northwest cold outflow,
resulting in streamers over the Gulf of St. Lawrence, the
Newfoundland shelf, and the Labrador sea.

Figure 6f-4 – A low-pressure system that occurred on March
22, 2010, approximately 120 NM southeast of Iqaluit. The
system generated a strong westerly flow and snowsqualls
off the east coast of Labrador and over the Labrador sea.

Mariners’ Tips
It is commonly known that it takes less wind to build the sea state in fall and winter than
it does in summer. This is partly because cold air is denser and heavier than warm air,
so it transfers more momentum or energy to the water as it blows over its surface. This
enables the sea state to grow faster and higher than it would in warmer conditions.

2.3 Snowsqualls
Snowsqualls are sudden, moderately heavy snow flurries accompanied by strong, gusty
surface winds. Although they are most often noticed over land, snowsqualls also form over
large bodies of open water during the late fall and winter.
How do snowsqualls occur over water?
When cold Arctic air passes over a large, relatively warmer body of water, it becomes
unstable, and large cumulus clouds begin to form. These clouds tend to line up with the
wind in long, parallel bands, known as “streamers”, which remain stationary and shift
slowly. As they cool, these moisture-laden clouds release large quantities of snow in the
form of flurries and snowsqualls.
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Snowsqualls are highly localized: while areas beneath them may be buffeted by heavy
snow and gusty winds, those just a few kilometres away may be experiencing fair
weather. They are most intense when the winds are moderate, the fetch is long, and
there is a significant difference between the air and water temperatures.
What hazards do snowsqualls pose?
Snowsqualls are characterized by erratic, gusty winds and sharp, localized reductions in
visibility, sometimes referred to as “whiteouts”.

Figure 6g – A narrow line of cumulus clouds and showers forms in the wind blowing off
the Great Lakes. These intense disturbances often begin over water and extend a great
distance.

3. Severe Storms
3.1 Tropical Cyclones
A tropical cyclone is the generic term given to members of a family of storms that frequent
the middle latitudes from July to October. Many tropical cyclones experienced in Eastern
Canada and central Ontario are spawned off the west coast of Africa and make their way
across the Atlantic before turning northward. One or two tropical storms, on average, affect
Atlantic Canada’s land areas each year.
The different stages of a tropical cyclone are listed below in order of increasing severity:
• Tropical disturbance: A moving area of thunderstorms in the tropics that maintains
its identity for 24 hours or more.
• Tropical depression: A tropical cyclone with maximum sustained winds of less than
34 kt.
• Tropical storm: A tropical cyclone with sustained winds of 34 kt or greater—not to be
confused with a regular “storm”, which is defined as having winds in excess of
47 kt. Tropical storms are identified by name, and detailed, routine bulletins are issued
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on their track and development. A threat to life and property, they are commonly
accompanied by rainfalls of 100-200 mm.
• Hurricane: A tropical cyclone with sustained winds of 64 kt or more, identified by the
same name it had when it was a tropical storm. See Section 3.1.1.
How do tropical cyclones form and dissipate?
Tropical cyclones get their energy from the release of latent heat through
condensation—the process by which invisible water vapour condenses into water
droplets. As a result, they typically develop over very warm, tropical waters. Water
temperatures of over 26oC are needed to spawn a hurricane, which can take up to a week
to develop.
Tropical cyclones need warm water for fuel in order to survive. As they progress north
in a clockwise curve that drives them into the eastern United States and Canada, they
receive less and less energy from the sea. By the time they reach Eastern Canada, the end
usually comes swiftly: colder air penetrates the swirling vortex, cooling the warm core of
the storm and preventing further intensification.
Over land, tropical cyclones break up even faster. Cut off from their source of energy and
slowed by frictional drag, their circulation rapidly weakens and becomes disorganized.
While large hurricanes may travel for days over cold North Atlantic waters, they
eventually dissipate or are absorbed by pre-existing weather disturbances. As in the case
of “Superstorm” Sandy in 2012, however, some receive a new surge of energy as they
move up the East Coast and become extratropical cyclones (see Section 3.2).
What threats do tropical cyclones pose?
At their worst, tropical cyclones are the most dangerous forms of weather a mariner
will ever face, bringing gale-force winds, heavy rainfall, and violent seas capable of
swamping or capsizing even the largest vessels. To help mariners avoid such situations,
the Canadian Hurricane Center issues bulletins up to five days in advance of impending
storms.
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Figure 6h-1 – The primary region in which tropical storms and hurricanes are found
over Eastern Canada and nearby offshore regions, indicating the sum total for both
types of tropical cyclones over a 50-year period.

Anatomy of a Tropical Cyclone
Top view

eye

eyewall

Cross-section
clockwise
winds
decending
dry air
outflow cloud shield

outflow cloud shield

eye

spiral
rainbands

high-level
winds

Figure 6h-2 – By the time a tropical cyclone
reaches tropical storm or hurricane status, the
thunderstorms that were involved in the initial
stages of development are present in greater
number and intensity. Winds at the surface
feed into the interior of the storm and are sent
rocketing skyward through the thunderstorms at
the “eyewall”—where winds of 100 kt or more
rotate counter-clockwise around the centre or
the “eye” of the storm. At higher altitudes, the
winds reverse direction and flow away from the
eye, which averages 50-100 km in diameter.
In the eye itself, a downward airflow produces
clear skies, while a flat pressure gradient brings
calm winds.
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3.1.1 Hurricanes
Hurricanes—meaning “evil winds”, from the Carib Indian word huracan—are arguably the
most powerful storms in the world. These atmospheric heat-engines transform the calm,
stored energy of warm, moist tropical oceans into vicious winds, raging seas, torrential
rains, and widespread flooding.
The Saffir Simpson Scale classifies hurricanes into five categories based on their sustained
wind speed:
• Category 1: 64-82 kt
• Category 2: 83-95 kt
• Category 3: 96-112 kt
• Category 4: 113-136 kt
• Category 5: 137 kt or higher
Although hurricanes of Category 3 or higher have never been documented over land in
Canada, measured wave heights in Canadian waters often exceed those produced in the
tropics for Category 3 or greater hurricanes.

Figure 6i-1 – A satellite image of Hurricane Sandy in 2012.

The Power of a Hurricane
The heat energy a hurricane releases in one day through the process of condensation is
equal to the energy released by the fusion of 400 twenty-megaton hydrogen bombs. If it
were converted to electricity, this single day’s output would meet all of Atlantic Canada’s
electrical needs for decades.
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What hazards do hurricanes
pose?
Hurricanes can pack wind speeds
of well over 100 kt, cause torrential
downpours of 100-200 mm of rain
in a matter of hours, and create
confused and mountainous seas of
eight metres or more. Where they
near land, the combined effect of
the steep waves and storm surge
(the high water level caused by
strong winds and a low-pressure
system) can swamp coastal areas
and batter boats that are docked.
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Figure 6i-2 – An easy way to estimate wave heights (in feet) for
and local geography, also play
a slow-moving hurricane is to divide the wind speed (in knots) by
two. For example, a wind speed of 80 kt would result in 40-ft seas.
a part. For example, coastal
locations and areas surrounded by
open terrain would be more exposed to wind damage, while those that received heavy
rain in the days prior to the storm would be more vulnerable to flooding.
Mariners’ Tips
Winds and waves are both higher in the semicircular zone to the right of a
hurricane’s track. Mariners should avoid this unnavigable area of the storm at
all costs.

3.1.2 Pacific Cyclones
In Canada, most tropical cyclones affect the East Coast of the country; however, the West
Coast is not entirely immune to these powerful storms. Pacific cyclones sometimes occur
in the eastern Pacific Ocean, usually the remnants of typhoons that originated from further
northwest.
In October 1962, the remnants of Typhoon Frieda slammed the southwestern edge of BC
with near-hurricane force winds, toppling a number of large trees and damaging buildings
in Vancouver. More recently, the remnants of a Pacific cyclone pounded the southern
coast of the province and Vancouver Island with torrential rain and strong, gusty winds in
November 2006.
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How do Pacific cyclones form?
Pacific cyclones form in the same way as tropical cyclones, except over the Pacific Ocean
during years when sea-surface temperatures are abnormally warm—such as during
El-Nino events. They are rare in Canada because cooler sea-surface temperatures off the
West Coast usually cause them to die out well before they reach land.
What hazards do Pacific cyclones pose?
Like tropical cyclones, Pacific cyclones produce strong winds, heavy rains, and rough
seas that pose a serious hazard to vessels caught out on the open water.

3.2 Extratropical Cyclones
Extratropical cyclones—or frontal lows, as they are also known—get their energy from the
contrast in temperature between warm and cold air. They typically occur in eastern Canada
when tropical cyclones moving northward transform into a new, equally dangerous entity:
the inner region of their hurricane-force winds diminishing to storm force or lower but
expanding drastically.
This transformation can be rapid and unexpected, with extratropical cyclones developing
into powerful, rejuvenated storms with wild wind, rain, and sea conditions. In 1954,
Hurricane Hazel transformed from a tropical storm to an extratropical storm as it moved
over land. Although no longer a hurricane, it left a wake of destruction, and dozens of lives
were lost as a result of the extreme flooding it caused.

3.3 Thunderstorms
A thunderstorm is, by definition, a cloud that produces lightning. Canada experiences
thousands of thunderstorms each year, hundreds of which become severe. Isolated
thunderstorms, frontal thunderstorms (or cold fronts), supercells, and squall lines are
different types of thunderstorms. Each is described in more detail later in this section.
How do thunderstorms form?
Many isolated midsummer storms grow simply from a cumulus tower into a
thunderhead, which causes a heavy downpour and then slowly dissipates. Others
undergo an evolution whereby new storms continuously form behind older ones as they
progress, usually from west to east.
The anvil—a long cloud plume that extends out ahead of the storm—is the first
indicator that a thunderstorm is approaching. It changes a bright blue sky to leaden
grey, although this is often hidden from view by lower clouds or haze. The anvil may
be accompanied by light rain or distant thunder. With more intense storms and squall
lines, it thickens well ahead (sometimes several hours) of the approaching storm.
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Before the heavy rain and lightning
occur, a very low, dark cloud line—
sometimes with a smooth, banded,
light-coloured forward edge—will
appear ahead of the storm, bringing
strong winds. This is known as the
“gust front”. The more ragged and
low the cloud line is, the stronger
the winds are likely to be.

Anatomy of a Thunderstorm
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A moving downburst
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speed and abrupt change in wind
direction, followed shortly by a
Figure 6j-1 – Weather conditions vary in front of, in the middle
deluge that gradually decreases to
of, and behind a thunderstorm. Faster winds are common in
lighter rain and softer thunder. The advance of the storm, while rain and lightning are heaviest
beneath its core.
gust front sometimes moves out,
away from the storm, where it slows
down and weakens. In this case, the cloud bank may be thin or absent and the winds
lighter. With many gust fronts, the cloud bank grows into new storms separate from the
original one.
Faster winds

The core—the dark area below the storm and behind the gust front—is where the
heaviest rain, hail, and, often, lightning occur. It appears as a smooth, slate-grey or
white wall, usually accompanied by lightning. If the storm is approaching from the
northwest, west, or southwest, boaters should steer away from it to avoid the strongest
winds, which usually occur just ahead of and on the southeast side of the core.
Thunderstorms arrive and peak suddenly, then decrease slowly. This progression is
typical of all squall lines, most cold fronts, and a few isolated storms.
What hazards do thunderstorms pose?
Thunderstorms are a peril to boaters, as they can bring unpredictable and rapidly
changing weather conditions—including fierce winds, blinding rain, damaging hail,
intense lightning, and rough waters. All thunderstorms should be taken seriously and
avoided, if possible, as they can test the limits of even the most seasoned mariner.
Mariners’ Tips
Knowing what to look for and when to expect it can buy mariners valuable time to make
it to safety before a severe thunderstorm strikes. When a storm is near, it is important to
determine the direction it is moving and decide what is likely to occur next.
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3.3.1 Severe Weather Cloud Types

Figure 6k-1 – M, characterized by low, racing clouds and a cold, gusty wind.
1) This gust front has surged a few minutes ahead of the heavy rain at the right. A fast-moving mass
of low cloud with ragged fingers below it marks the leading edge of the wind. 2) A typical gust front
on a hazy, humid day appears very quickly as a low, dark cloud line. When a line of very low, ragged
clouds approaches, winds will suddenly increase. 3) Low clouds represent rising air, which often
means a cool wind is pushing forward. 4) The leading edge of the wind will look like a low cloud bank
or shelf with a turbulent sky beyond it. 5) A low cloud strip is moving out of the rain; the tuft above is
where the rising air is condensing as it enters the storm at the right. Low cloud scraps indicate what
surface winds are doing: if they are rising into a dark base, they are building cloud; if they are moving
forward, they are being pushed by a strong wind.
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Figure 6k-3 – 1) Warm air rises sharply at the lower right, fans out to form an anvil in successive
pulses, then descends with the rain curtain. The storm survives by replacing older parts with new,
maturing updrafts. Separate updraft towers, usually along an axis, grow to maturity in a long-lasting
storm. 2) The diagram shows the structure of these stages. As the tower attains maximum height,
it releases a heavy downpour. While it weakens and drifts downwind (to the right), another takes its
place. In this way, a storm can constantly regenerate for many hours. 3) From the outside looking
north, the newest parts are often at the west or south side, with the anvil and rain spreading northeast
from there. 4) The anvil above some storms spreads out in all directions away from a powerful central
updraft.
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Figure 6k-3 – 1) From underneath, a storm has a grey anvil above, lowering to a dark rain core
(distant here) with a bank of low clouds leading away from it to the south or west. This bank is an
axis of growing towers that will either move up and merge with the storm’s core or develop into new
showers. A wind shift and cooling often accompany this line. 2) A mixed, “messy” sky has clouds at
all levels, with scattered showers but less focus—and, therefore, less risk. 3) Storms that are more
organized have a solid rain curtain with a bank of dark clouds around it, where new development is
underway. 4) The relationship between rising air (dark, flat base) and descending air (with heavy rain)
is pronounced. This contrast can lead to severe weather and high winds. 5) A turbulent sky is usually
harmless. The mottled appearance comes from small downdrafts above a cool flow, a likely sign the
storm is weakening.
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3.3.2 Stormy Sky Quick Reference
Recognizing the signs of an approaching thunderstorm and heading for shore well before it
arrives is essential to avoiding a potentially perilous situation on the water.
A lot can happen in a matter of minutes. When warning signs become apparent—a
darkening sky, the sound of thunder, or increasing cool wind—don’t delay. Particular
attention should be paid to squall lines, which affect a large area and almost always herald
the arrival of a powerful, long-lasting storm (see Section 3.3.5).
If you see…

This means

What to expect…

You should…

a sunny day give way
to a high altostratus
overcast (anvil), then
showers and/or soft
thunder

it will probably only be
a weak thunderstorm

conditions will slowly
worsen but may not
be serious

listen and watch for an
approaching dark area
and frequent bolts or
booms of thunder

thick anvil invades the
entire horizon (may be
obscured), booms of
thunder are heard in
the distance

a strong storm or a
squall line with a gust
front is moving up

expect a storm shortly
with sharp changes in
conditions

take immediate
precautions for wind,
lightning, and heavy
rain

you see a line of low,
dark, ragged clouds
approaching quickly

the gust front will
expect a sudden wind
arrive in a few minutes increase as the gust
front passes, lasting
1-3 minutes. If dark
behind line, heavy rain
squall will follow

take immediate
precautions, and turn
your boat to face the
oncoming squall

a cool wind has set in
and the clouds above
are churning and
turbulent, but no rain
or thunder is present

the gust front has
just passed and the
storm’s core is either
weak or passing you
by

winds will abate and
rain may arrive a little
later

maintain a watchful
eye – waters will
become choppy if the
wind persists

sky goes very dark
there may be new
and calm, with thunder storms developing
heard to your NW/N
overhead or nearby

brief heavy showers,
then breezy, cooler,
and brightening

look to N for a gust
front, and to W-NW for
signs of lightning or
heavy rain

you hear a steady,
soft, rushing sound

could be heavy rain
hitting the water or a
strong wind nearby

if the sound becomes
louder, expect a heavy
downpour and/or a
brief wind squall

if there’s no thunder,
event will be brief but
prepare for sudden
wind change

you see a thunderhead or hear thunder
to your S or E or N
only

storm is passing by or
moving away

no change where you carry on, but watch for
are, but watch for wind any new development
shifts
to the west

stormy weather has
ended and the sky
becomes clear

storm/squall line is
moving away

if it was the front, the
winds will have shifted
and stay that direction;
otherwise, it will
remain fair for several
hours but clouds may
increase again later

keep an eye on the
sky until the cold front
has passed for sure.
Watch for gusty winds
along or behind the
cold front

Figure 6l – This table shows different thunderstorm situations and the conditions they are likely to bring. In all cases, it is
assumed that the storm is in the quadrant from which the weather is moving (usually approaching from the west). Mariners
should constantly check the movement of the storm and the position of its core to ensure that they are not in its path.
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Mariners’ Tips
In stormy weather, it is best to stay away from the windward shore of any islands, as
it is safer to drift into the open water than be pushed onto rocks. Passing on the lee
side buys time and decreases the risk of personal injury and boat damage.

3.3.3 Isolated Thunderstorms
An isolated thunderstorm is a single cumulonimbus cloud that produces lightning. These
storms often form on warm, moist days from late spring to mid-summer—arriving slowly,
peaking, and usually ending within an hour or two.
How do isolated thunderstorms form?
Isolated thunderstorms almost always form over land—sometimes along sea-breeze
fronts or over higher terrain—and weaken if they move over water. This is especially
true early in the spring, when water temperatures are still cold. Later, as they warm, this
weakening effect decreases.
Since thunderstorms approach from the west in most parts of Canada, the eastern
shores of lakes and the western shores of the open ocean are generally unaffected by
them. In British Columbia and other mountainous areas of Canada, storms often move
in the same direction as the valleys below them.
What hazards do isolated thunderstorms pose?
Isolated thunderstorms may be preceded by a weak gust front that causes a shift in wind
direction and a cool breeze. The main part of the storm will remain near shore, bringing
a brief period of heavy rain and lightning. An ominous-looking sky may persist for a
while, bringing light, scattered showers, before it suddenly brightens.
Mariners’ Tips
Boaters can monitor thunderstorm activity by listening to the crackle of static—
caused by lightning discharges—on the AM band of their radio.

3.3.4 Frontal Thunderstorms
In the spring and fall, most thunderstorms accompany cold fronts and are either embedded
in layers of rain cloud or form part of a squall line. This makes them more difficult to detect.
Although they are usually stronger during the day, these frontal thunderstorms, as they are
known, can also happen at night.
In the summer, thunderstorms also accompany cold fronts and are more active from late
afternoon to late evening. When warm fronts are involved, these storms are usually more
active late at night.
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In spring and fall, frontal storms tend to arrive more from the northwest than the west, even
though the clouds themselves move in from the southwest.
How do frontal thunderstorms form?
As a cold front nears, lines or groups of frontal thunderstorms form along and ahead
of it. These storms often need the added heat of the afternoon sun to build up, so are
most intense and widespread later in the day. If the front passes at night or early in the
morning, it may bring only a band of clouds and a few showers.
What hazards do frontal thunderstorms pose?
While there is more advanced warning of frontal thunderstorms because changes in the
sky begin well ahead of their arrival, they are still a formidable hazard to boaters. For
one thing, they affect a vast area, so are difficult to avoid; for another, they can survive
over large bodies of water, where their effect is exacerbated by hazy skies, fast-moving
clouds, and increasing winds. The clouds ahead of a frontal storm can build quickly into
new storms, causing unexpected gusts of wind and lightning. This may also lead boaters
to overestimate their safety margin.

Figure 6m – After sending out a burst of cool air, a distant storm approaches quickly with a line of dark clouds.

3.3.5 Squall Lines
A squall line is a long-lasting line of thunderstorms and strong winds that forms alongside
or ahead of a cold front. As it approaches, it usually appears as a dark band of thunderstorm
clouds stretched out across the western horizon. The term “line squall” is sometimes used to
describe its leading-edge winds.
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How do squall lines form?
As thunderstorms develop along a
fast-moving front, large volumes of
cold air from high above descend
in downdrafts, forming a wedge
of cold air ahead of the system.
This cold wedge lifts the warm,
moist, and unstable air closer
to the surface, causing a line of
thunderstorms to form inside
the air mass several kilometres
in advance of the front. Although
only one squall line typically passes
a given location, a second one may
follow one to three hours later
before the main cold front passes.

Squall Line Stage Development

What hazards do squall lines
pose?
Squall lines are large, fast-moving,
and persistent systems that leave
Figure 6n – As a squall line approaches, a wedge of cold air,
formed by downdrafts from aloft, lifts the warm, moist air in front of
boaters little room for escape out
the system, forming a line of thunderstorms.
on the water. Strong winds may
remain intense at a particular
location for up to half an hour and, combined with sharp shifts in wind direction, cause
sudden, extreme wave conditions. Since new storms often form up to three kilometres
ahead of the main squall line, boaters may get caught in unexpected downpours and
lightning.

3.3.6 Supercell Thunderstorms
A supercell thunderstorm is an extremely intense storm characterized by a large rotating
cloud base with a persistent updraft. In Canada, supercells are most often seen in the
southern Prairies, southern Ontario, and northwest Ontario between the Manitoba border
and Thunder Bay.
How do supercell thunderstorms form?
Supercells display many of the same traits as other thunderstorms as they approach: an
anvil thickens well ahead of the storm, light rain and distant thunder gradually increase.
A shelf cloud may be present, signaling a gust front with strong outflow winds.
As the supercell approaches, the rain will intensify significantly, and may be followed
by golf ball- or even baseball-sized hail. Unlike other storms, supercells usually save the
worst for last. The rain and hail will suddenly stop, and an eerie calm will descend—the
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intense updraft visible nearby
against the dark, rain-free, and
often rotating cloud base. It is at
this point that mariners should be
on the lookout for a tornado.
In the case of the supercell that
spawned an F3 tornado and a
waterspout near Goderich, Ontario,
on August 21, 2011, the worst part
of the supercell hit first. To make
matters worse, the tornado was
hidden behind a shroud of rain
and hail so was not visible until it
slammed into the shore of Lake
Ontario.

Supercell Thunderstorm
Overshooting top
Anvil

Flanking line

Mammatus
clouds

Cumulonimbus

cloud base striations
precipitation-free base

wall cloud

shelf cloud

precipitation

Figure 6o – The components of a supercell thunderstorm.

What hazards do supercell thunderstorms pose?
Supercells are large storms, so they are very difficult to avoid out on the water. They
are capable of producing virtually every type of severe weather, including driving
rain, large hail, damaging winds, intense lightning, waterspouts, and even tornadoes.
The long, flowing anvil that appears ahead of a supercell is a surge sign to seek shelter
immediately, especially if watches or warnings are already in effect.

3.4 Lightning
Lightning is a massive electrostatic discharge that occurs within a cloud (intra-cloud), from
one cloud to another, or between a cloud and either the Earth’s surface or an object on it.
What causes lightning?
The electrically charged regions of the atmosphere temporarily equalize themselves
by emitting a flash of lightning—commonly referred to as a “strike” if it hits an object
on the surface. Most lightning usually occurs in the heavy rain core of a thunderstorm;
however, in severe storms or newly formed cumulonimbus clouds (without much rain
present) bolts may come out of the clouds up to 30 km away.
Lightning is always accompanied by the sound of thunder, which may be heard from
as much as 50 km away. On bright or hazy days, it is difficult to see beyond a short
distance. As with all storms, there is often more happening than meets the eye. As one
storm weakens, towers of developing cumulus clouds (recognizable by their dark, flat
bases) can quickly mature into new storms, with lighting strikes nearby.
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Figure 6p – Lightning flash density (flashes/km2/year) on a 50-km grid for a oneyear period from 1999 to 2008.

What hazards does lightning pose?
Lightning produces voltages so high that even materials that are not normally
considered “conductive”—including the human body—become able to conduct
electricity. Anyone and anything on the water during an electrical storm is a possible
target for a strike.
Even if a person is not struck directly, water is an extremely efficient conductor and
can transport a paralyzing shock from a single lightning strike more than a kilometre
away. Lightning can also puncture the hull of a boat or start a fire. Any vessel that is not
properly equipped to handle a lightning strike should get off the water at the first sign of
a thunderstorm.
Mariners’ Tips
The vast majority of lightning injuries and deaths on boats occur on small vessels
with no cabin or inadequate grounding. If possible, boats should be professionally
grounded and have a 45-degree cone of protection.

3.4.1 Lightning Safety
Paying close attention to the latest weather information is critical to avoiding the possibility
of being struck by lightning. If thunderstorms are forecast, mariners should not leave port.
Those who are already out on the water and cannot get back to land should drop anchor
and get as low as possible. Large boats with cabins, especially those equipped with lightning
protection systems, and metal vessels are relatively safe. Those on board should stay inside
the cabin, away from metal surfaces and any objects or parts of the boat that could conduct
electricity. Stay off the radio unless it is an emergency.
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When someone is struck by lightning,
the strike may shock his or her heart
into stopping. Even if a heartbeat
cannot be detected, don’t give up:
victims of lightning strikes can often
be revived by using cardio-pulmonary
resuscitation.

Faraday Cage

Transport Canada recommends that
all vessels be equipped with a cone
of protection—known as a “Faraday
45
Cage”—that extends 45 degrees
in all directions from the tip of a
metal protrusion above the boat. For
example, if the aluminum mast of
Figure 6q – A 45-degree cone of protection, known as a Faraday
Cage, is recommended as a means of protecting vessels and their
a sailing vessel is properly bonded
crew from the effects of a lightning strike.
to a major metal mass and has a
direct, low-resistance conductive path to ground, the entire boat should be within this
protected zone. Vessels with a wooden or composite mast should have a professional marine
electrician install a metal spike at the top of the mast and run a heavy conductor as directly
as possible to ground, usually through the engine and propeller shaft.
o

Environment Canada publishes information on lightning and lightning safety.
Mariners’ Tips
Mariners caught on the water during a lightning storm can help to protect
themselves by making their vessel a conductor and grounding it. Simply clip one
end of a piece of conductive material (e.g., a chain or jumper cable) to the mast or
shroud and let the other end drag in the water. Stay below, if possible, and avoid
contact with tillers, masts, lifelines, and other parts of the boat that may conduct
electricity.

3.5 Waterspouts
A waterspout is a violently rotating column of air and water that forms over the surface of a
body of water. Although weaker than those that form over land, they are technically a type
of tornado. Waterspouts are sometimes seen in families of two or more—the world record
being 12 that formed in a row over Lake Huron in the 1980s. Waterspouts can move at
speeds of up to 14 kt, span 15-50 m in diameter, and last up to 20 minutes.
Waterspouts are most frequently reported over the Great Lakes; however, they also occur
over other major bodies of water, including the Winnipeg Lakes, Hudson and James bays,
Great Bear and Great Slave lakes, and off both the East and West coasts.

Environment Canada – national marine weather guide – Chapter 6 – other hazardous weather

111

Figure 6r – A family of waterspouts over Lake Huron near Kincardine, Ontario.
Photo: Kincardine Independent, © Environment Canada, 1999.

How do waterspouts form?
Waterspouts form during unstable conditions when cool air moves over relatively
warmer water. They occur any time of day or night throughout the year, but in Canada
they are most frequently sighted during August and September.
The earliest stage of a waterspout consists of a rotating column of spray near the
surface of the water. As it strengthens, a funnel will begin to extend downward from the
cumulus-type cloud directly above it. The waterspout reaches its greatest strength when
the funnel touches the water surface, at which point associated wind speeds can exceed
50 kt.
What hazards do waterspouts pose?
Waterspouts can be strong enough to capsize small vessels and knock people overboard.
Mariners who are on the water when a waterspout is nearby should move away at a right
angle to its path. Those on shore should stay away from tall objects, as waterspouts have
been known to topple large trees along the water’s edge and cause damage to docks.
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