Chapter 3: sea state
1. Introduction
Sea state refers to the overall condition of the surface of a large area of open ocean or sea
resulting from the combined effects of wind-generated waves, swells, and surface currents.
It is described in terms of how rough the waters are based on wave height.
Taking sea state into consideration is of primary importance to mariners, as high waves and
confused seas can easily swamp a vessel or cause it to capsize. Each year, rough seas cause
many tragic losses on Canadian waters, with large waves identified as the highest risk factor in
recreational boating deaths by drowning and immersion hypothermia between 1991 and 2008.1
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Figure 3a – The World Meteorological Organization’s codes for sea state include wave heights and descriptive
characteristics.

Since wind is the main factor affecting sea state—the general rule of thumb being “the
stronger the wind, the rougher the seas”—the information contained in the previous
chapter on Wind is key to understanding the concepts covered in this section. Other factors
also affect sea state, however, including some that are locally driven and influence smaller
areas.
This chapter will help boaters understand how and why rough seas commonly occur, so they
can anticipate and avoid hazardous conditions, where possible. It will also teach them how
to use current wind speeds and wind forecasts to predict the wave conditions they are likely
to encounter on the open sea, while taking into consideration other factors at play.
Transport Canada and the Canadian Red Cross Society. Boating Immersion and Trauma Deaths in Canada: 18 Years of Research
(1991-2006), 2010
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2. The Anatomy of a Wave
2.1 How Waves Form
Wind-waves (or “sea”, as they are also known) are created by the force of the wind on the
water. They are generated fairly quickly (often within an hour or so) in the immediate area
where the wind is blowing, and they usually subside shortly after it dies down.
The size of the waves that develop is determined mostly by a combination of wind speed and
duration and fetch length; however, the height and motion of the existing swell also has an
influence.

2.1.1 Wind
Generally speaking, the stronger the wind and the longer it persists in the same direction
without changing speed, the larger the waves.
While it is no longer used for modern forecasting, the Beaufort Wind Scale—developed in
the 19th century by the British Navy—is a simple tool for estimating wind speed based on
sea state and vice versa.

2.1.2 Fetch
Fetch is the horizontal distance over
which wave-generating winds blow
from a single, constant direction. A
fetch of at least 320 kilometres or 200
miles is usually required for waves to
develop to their maximum potential
height on the open sea.
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Figure 3b-1 – As the length of fetch increases, so too does the
height of the waves.

Mariners’ Tips
The length of time the wind blows consistently from a single direction can give
boaters an idea of the size of the waves that will develop.
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2.1.3 Swells

Depending on the direction they travel
and how they interact with windgenerated waves, swells can amplify
existing surface conditions or cause
heavy, confused seas.
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Swells are the remains of wind waves
that have moved away from the area
where they were generated. Because
they are long waves that contain a lot
of energy, swells can travel vast
distances and take days to subside.
The period between swells usually
ranges from 5 to 30 seconds.
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Figure 3b-2 – Wind speed and fetch length can be used to
calculate wave height.

Mariners’ Tips
An approaching storm usually causes swells to increase within 24 hours of its
arrival. If swells increase when the winds are light, it is a strong indication that a
storm is near.

2.2. Wave Characteristics
Waves are described by four main
characteristics: height, length, period,
and frequency.

Wave Characteristics
Travel Direction
Calm sea level

A

Wave Length

B

Wave height

Wave height is the vertical distance
Crest
Trough
between the crest and trough of a
Wave frequency
Wave period
Number of wave crests
Time required for the wave
wave—or its highest and lowest points.
passing point A, each second
crest at point A to reach B
The term significant wave height or
“sig-wave” is used to describe deepFigure 3c-1 – The four characteristics by which waves are typically
water waves, and is estimated by
described are height, length, period, and frequency.
averaging the height of the highest
one-third of the waves in the area.
When Environment Canada forecasts 2-metre seas, for example, it is forecasting the
sig-wave height. Sig-waves can be used to estimate average wave height and the highest
waves likely to occur over a period of up to 24 hours.
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Wave length is the horizontal distance
between consecutive crests (or
troughs) of waves in the direction
they are moving.

Significant Wave Height
Sample wave pattern of 9 waves

Wave period is the time interval
between the passage of successive
crests (or troughs) of waves at a fixed
position.

Wave pattern with the highest one-third
of the waves “checked off”

X

Wave frequency is the number of
wave crests that pass a fixed point
each second.

Highest one-third of the waves
and their average height

Average wave height

.625 X Sig Wave

Highest wave likely over a 10-minute period

1.6 X Sig Wave

Highest wave likely over a 3-hour period

2.0 X Sig Wave

Highest wave likely over a 12-hour period

2.25 X Sig Wave

Highest wave likely over a 24-hour period

2.35 X Sig Wave

Figure 3c-2 – The relationship between the sig-wave and other
wave heights. While the average wave height is only a fraction that
of the sig-wave, extreme waves can be over twice as high.

2.3 Understanding Wave Forecasts
2.3.1 Data Collection
Environment Canada collects wave
data from approximately 50 buoys, just
under half of which are seasonal and
active only during ice-free conditions.
Strategically located in open water,
the buoys collect wave-height and
wave-period data for 30 to 35 minutes
per hour. The data are transmitted
hourly by cellphone or satellite
signal to Environment Canada
forecasters, who combine them with
other meteorological information to
assess current and future sea-state
conditions. For more information on
marine weather data visit this link.

Figure 3d – Environment Canada buoys collect and transmit data
on wave heights and wave periods to forecasters on an hourly
basis.
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2.3.2 Forecasting
Wave forecasts, like wind forecasts,
reflect only open-water conditions.
Near the shoreline and around
islands, waves can be difficult to
predict and may be stronger or weaker
than expected because of the shape,
orientation, or steepness of the nearby
land and underlying sea floor.
Currents and tidal flow can also have
a significant impact on the size and
steepness of waves, especially around
headlands, where dangerous seas
can occur even in moderate winds.
As waves encounter shallower water,
they also tend to slow down and build
in height—and may even change
direction to run more parallel to the
shoreline.
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Figure 3e – Operational model forecasts provide local information
on peak periods, wind sea height, ice wash, and the height, period,
and direction of swells.

The effects of the interactions between winds, tides, currents, and other local conditions are
not included in marine forecasts. Boaters are strongly advised to learn about these effects
(covered in the next section of this chapter) so they can more accurately assess the sea states
they might encounter after leaving port.
As explained in Section 2.2, Environment Canada’s forecasts are based on significant wave
height. To estimate the maximum wave height for the next three hours, multiply the sigwave by two; to determine the average wave height, multiply it by two-thirds. In other
words, with a forecast of 2-metre seas, mariners should expect waves that average 1.3 metres
in height and the possibility of a wave as high as 4 metres.

Environment Canada – national marine weather guide – Chapter 3 – sea state

49

3. Other Influences on Waves
3.1 Water-Related Effects
3.1.1 Currents
A current is the steady flow of surface
water in a certain direction. Lake, river,
and ocean currents occur at many
different scales, but most flow in the
same direction all the time. Currents are
affected by wind, gravity, atmospheric
pressure, underwater topography, the
temperature and salinity of the water,
and the rotation of the earth.
The Labrador Current—a cold-water
current in the North Atlantic Ocean—
and the Alaskan Current—a warmwater current off the coast of British
Columbia and the Alaska Panhandle—
are large-scale, permanent currents
that are well known to mariners. Much
smaller-scale currents, however, can also
interact with other conditions to cause
dangerous waves, both at sea and on
inland waters such as the Great Lakes.
How do currents affect waves?
The strength and direction of
the current and the strength
and direction of the wind have
a combined effect on sea state.
When wind-driven waves flow
against an opposing current, their
wave length decreases and their
height increases dramatically.
This rapid steepening can cause
them to break, creating choppy
and hazardous seas.

Waves vs Current
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Trough

Wave length
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Wave length

Direction
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Figure 3f-1 – A three-metre high wave almost doubles in height
when flowing against an opposing current of five knots, causing it
to steepen to the breaking point.
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Figure 3f-2 – Wind-driven currents often override regular currents
and tides. For example, after persistent easterly or north-easterly
winds, a north-going current with a rate of one knot may flow from
the vicinity of St. Ann’s Bay to near Cape North. There, it meets
the current flowing southeast from the Gulf of St. Lawrence. The
direction of the currents, combined with the direction of the winds,
can cause very choppy seas.

On the East Coast, wave-current
interactions are common in the Northumberland Strait, off the southern tip of Nova
Scotia, and along the northern edge of the Gulf Stream. On the West Coast, mariners often
encounter them at Cape Mudge, Nawhitti Bar, and Scott Channel in British Columbia.
50
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Longshore Currents
When waves approach the shoreline at
an angle, the drag effect of the ocean
or lake floor amplifies their angle of
approach such that it runs almost
parallel to the shore. This creates a
“longshore current” that flows in the
same direction as the coastline.
If the beach floor is irregular, waves
may concentrate in some areas more
than others. Longshore currents
are weaker where there are large
breakers and stronger where the
waves are smaller. The water that has
accumulated in the surf zone eventually
flows back out to sea, often in strong,
narrow currents known as “rip
currents”.

Longshore Current
Longshore
current
direction

Incoming
waves

Beach

Swash
Backwash

Rip Currents

Rips, as they are commonly known,
often form in low areas such as
trenches between sandbars, under
piers, or along jetties. These areas offer
an easier route for the water carried in
with the surf to retreat back out to sea.
Because the strong surface flow of a
rip current tends to dampen incoming
waves, what may appear to be a
particularly calm area of water may,
instead, be very dangerous.

Figure 3f-3 – When waves approach the shoreline at an angle, they
cause a “longshore current” that flows in the same direction as the
shoreline.
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RIP
Current
Current
Long Shore

RIP
Current

Surf Zone

When two tidal streams converge or
a strong current flows out to sea over
a shallow, irregular stretch of lake or
ocean floor, a boiling action occurs
at the surface. This area of churning,
choppy water is called a “rip current”
(also a “rip tide” or “tidal rip”).

Beach

Figure 3f-4 – Water that has accumulated in the surf zone as a
result of incoming waves and the longshore current eventually
flows back out to sea, often in strong, narrow currents known as
“rip currents”.

Rip currents range from a few metres
to several hundred metres in width

Environment Canada – national marine weather guide – Chapter 3 – sea state

51

and, while they usually extend just beyond the line of breaking waves, some can be felt
hundreds of metres off shore. They can reach speeds of up to three knots and break violently
when there are opposing winds.
Rips are particularly common in Atlantic Canada, especially on the north shore of Prince
Edward Island and off the southwestern tip of Nova Scotia. On the West Coast, they
frequently occur at the entrance to narrows and passes, such as Active Pass, Porlier Pass,
and Johnstone Strait. Local Sailing Directions contain information on the location of wellknown rips.
What hazards do rip currents pose?
Every year, drowning deaths occur at popular swimming locations that are prone to
rip currents. Since boaters often drop anchor or moor near beaches to take a leisurely
swim, it is important for them to understand where these powerful currents might form.
Although some beaches post warnings when rip currents are in effect, most do not—
especially in remote areas.
A swimmer being carried out toward the open water by a rip current should not struggle
against it but rather swim across it, parallel to the beach. Once out of the rip, the waves
will tend to carry the swimmer toward shore.
Mariners’ Tips
Signs of a rip current include a channel of churning, choppy water; an area of
water that is noticeably different in colour; a line of foam or debris moving steadily
seaward; and a break in the pattern of the incoming waves.

3.1.2 Tides
Tides are the periodic rise and fall of
sea level as a result of the gravitational
influences of the moon and sun. The
pull of the moon is about twice as
strong as that of the sun, so the tidal
cycle is generally in tune with the
moon’s orbit or a typical day. The
sun’s effect is usually evident only as
an increase or decrease in the lunar
tides.
As the Earth rotates, the moon’s
pull causes shifting “bulges” in the
oceans on opposite sides of the planet.
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Figure 3f-5 – Rip currents range from a few metres to several
hundred metres in width and usually extend just beyond the line of
breaking waves—although some can reach much further.
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The result is that most locations
experience two high tides and two
low tides (known as “semi-diurnal”
tides) every 24 hours and 50 minutes.
Diurnal tides (one high tide and one
low tide) are also quite common. High
tide and low tide are also referred to as
high water and low water.
Tidal Tidbit
Over time, the Earth’s rotation
has been slowing and the moon’s
orbit moving further away. A few
thousand years ago, the tides were
over 100 metres high in some
locations; centuries from now,
they will be even lower than they
are today, even if water levels
remain the same.

Tides
Low Tide

High
Tide
New Moon

The Sun

Full Moon

The Earth

Third quarter moon

High Tide

Low
Tide

The Sun

The Earth

The incoming tide is called the
First quarter moon
“flood”; the retreating tide, the “ebb”.
When the moon and sun are in line
with the Earth, their gravitational
Figure 3g-1 – High and low tides occur because the moon’s pull
causes shifting “bulges” in the oceans on opposite sides of the
attraction combines to produce a
planet.
“spring tide”. These larger-thanaverage tides (also known as “large
tides”) usually occur one to three days after a new or full moon. When the sun and moon are
at right angles to the Earth—that is, the moon is in its first or last quarter—smaller-thanaverage (or “neap”) tides occur.
At the entrance to an estuary or river—where the water tends to be shallower—the low
tide moves more slowly than the high tide. As such, the time between low and high water is
shorter and the time between high and low water, longer.
How does wind affect the tide?
The stronger the wind, the greater its effect on both the height of the tide and the
strength and speed of its flow. As winds and tides change, they can cause dramatic
changes in sea state. When the two collide with swells—especially in shallow water—
surface conditions can deteriorate rapidly.
When the wind has been blowing in the same direction as the tide for some time, it increases
the height of the tide by building up the volume of water flowing in that direction. The
opposite is true when the wind is blowing against the tide.
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When the wind and the tide are moving in the same direction, boaters can expect a smoother
ride, because the distance between the waves will be longer. When they are opposed,
however, the distance will be shorter and the waves steeper. Depending on the strength of
the wind, this could result in breaking waves and highly agitated seas.
When the tidal stream—that is, the mass of water flowing under the influence of the tide—
comes into contact with shallower water or land, it flows more strongly in the middle than
it does near its edges. The tidal stream flows faster when the wind is blowing with it, yet it
slows only slightly when it is faced with even a strong wind.
The combined effects of wind and tide are even greater in areas where the tidal stream
is concentrated by a narrowing of the land or shallow waters. This should be a serious
consideration to boaters navigating in channels and tidal harbours or around headlands.
Mariners’ Tips
Mariners should plan their routes to take advantage of the ebb and flow of the tide
and consider information from weather forecasts, personal observations, and local
sources (e.g., Sailing Directions, see the Local Weather section of this guide) in
order to avoid potentially hazardous sea states.

Tides and Lagoons
Shallow coastal lagoons are uniquely affected by the tides because they are separated from
the open ocean by shoals, reefs, or other features that restrict the flow of water between
them. As a result, water levels in lagoons change more slowly than water levels in the ocean
as the tide ebbs and flows.
Timing is critical when entering or exiting
the channel to a lagoon, as boaters must
ensure that water levels are high enough
and the tidal current slow enough for
safe passage. For example, the entrance
channels to Sechelt Inlet and Seymour
Inlet—two of the largest lagoons on the
coast of British Columbia—are also the
two fastest saltwater rapids in North
America, so an error in timing could have
serious consequences.

Figure 3g-2 – Timing is critical when entering or exiting the
channel to a shallow coastal lagoon, as boaters must ensure
that water levels are high enough and the tidal current slow
enough for safe passage.

Boaters should never enter a lagoon when
the tide is still rising, because the flow
into the lagoon may be too strong and the water level inside it too low. It takes some time
after high water has been reached outside the lagoon for the water level inside the lagoon to
54
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match. This point—known as “high water, slack current” because the height of the water
inside the lagoon has reached its maximum and the entrance current its minimum for that
tidal cycle—is the best time to enter or leave.
For some time after the tide outside the lagoon has reached low water, the water level inside
the lagoon will be higher because it takes longer to drain. If the entrance channel to the
lagoon is deep enough to accommodate a vessel (boaters should consult charts and inspect
channel conditions before proceeding), passage into or out of the lagoon may be possible
during low tide. Since entrance channels are shallowest at “low water, slack current”, when
the levels inside and outside the lagoon are the same, it is best to enter or exit just before this
point in the cycle. Any earlier, and boaters attempting to enter could face a strong outflow of
water from inside the lagoon.
Fisheries and Oceans Canada provides tidal calculations, water-level charts, and other
related information. Additional tidal information is also available.

3.1.3 Seiches
Gravity works continuously to restore
the surface of a body of water to an
even horizontal level. In a fully or
partially enclosed basin, however,
wind, atmospheric pressure, seismic
activity, and other factors cause the
water to slosh back and forth. These
long, rhythmic waves are known as
“seiches”.
Seiches cause water levels to rise and
fall at a given frequency, determined
by the size, depth, and contours of the
basin and the temperature of the water.
Small seiches can occur over a period
of minutes and change water levels by
as little as a few centimetres. Extreme
seiches, on the other hand, can take
hours and cause water levels to rise and
fall several metres.
Seiches move as if hinged at the centre,
like a teeter totter. The simplest
ones have a single central node and
one antinode at each opposing end,
while others have multiple nodes
and antinodes. In general, the fewer

Single-Node and Two-Node Seiche
Single-Node Seiche

Node

Antinode

Single-Node Seiche
Half Period Later

Two-Node Seiche

Figure 3h – With a single-node seiche, one antinode will be at
its peak while the other is at its trough. After half an oscillation,
these positions will be reversed. With a two-node seiche, the
shoreline antinodes are in synch, rising and falling together, while
the mid-lake antinode is in opposition, cresting when the shoreline
antinodes are in trough and vice versa.
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the nodes and the shallower the basin, the more pronounced the difference in water levels
between the crest and trough.
What hazards do seiches pose?
Seiches are difficult to see with the naked eye because they have such long wave lengths.
Wind-driven seiches—which are common in long, shallow lakes—can cause rapid
and unexpected changes in water levels. At their peak, strong seiches may reach boats
and other items thought to be safe on shore. When they recede, they may leave boats
hanging from their docks by their mooring lines.

3.2 Topographic effects
3.2.1 Water Depth
Whether an area of water is considered shallow or not is determined not only by its depth
but also by the length of the waves that are present. When the water depth is equal to or less
than half the wave length, the water is shallow enough for the waves to feel the bottom of the
sea bed.
Long waves feel bottom sooner than short ones, so water that is deep with respect to wind
waves may be shallow with respect to longer swells. When waves come into contact with the
sea bed, their height and direction are affected by two phenomena known as “shoaling” and
“refraction”.

Shoaling
When deep-water waves approach a
shallow area or “shoal” and start to
feel bottom, they slow down—causing
their crests to move closer together
and the waves to become higher and
steeper. When they are about the same
height as the water is deep, they curl
forward and break or tumble into surf.

Shoaling
Steeper

L

Closer
together

Break

1/2 L
Shoaling starts
Bottom

Figure 3i-1 – Shoaling occurs as waves approach a shallow area
— usually at the point when the height of the waves is roughly
equal to the depth of the water.

What hazards does shoaling pose?
Shoaling causes a dramatic increase in wave frequency, making conditions difficult for
small watercraft. Breaking waves can also overturn small boats or drive them into jagged
rocks or shoreline structures. Local sailing directions describe the shape of the sea bed
and any unusual shoaling effects in the area.
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Refraction
When the depth of water beneath a wave varies along its crest, it causes the wave to bend—a
process known as “refraction”. For example, when a line or “train” of waves approaches the
shore at an angle, the end that is over the shallower water slows down and builds in height,
while the part that is over the deeper water continues flowing as usual. As a result, the waves
near the shore turn the direction the shoreline runs.
What hazards does refraction pose?
The old saying “points draw waves” comes from the fact that refraction often occurs
at points, headlands, or capes, where waves bend inward and converge or pile up. This
causes steep, confused seas in the vicinity of the shoreline.

Refraction
Shallows

Steep, confused sea

Figure 3i-2 – Rough seas are common near points
of land, where refraction causes waves to bend
inward and pile up.

Refraction of a Wave Train

Beach

Erosion of
headland

Refraction of a wave train
as it approaches a coast

Figure 3i-3 – When a train of waves approaches the shore at an
angle, the difference in the depth of water beneath it causes the
waves to turn and run in the direction of the shoreline.
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3.2.2 Physical Barriers
Reflection
When waves strike a vertical barrier,
such as a cliff or wharf, they are
reflected back in the direction from
which they came. As they flow out to
sea and meet the incoming waves,
crests cross and wave heights build
quickly. This produces choppy,
confused seas as far out as a few
nautical miles offshore.

Wave Reflection
H3
H1

H2

Figure 3j-1 – Using this formula (where H represents wave
height), it is possible to determine how high waves will build as a
result of reflection.

What hazards does reflection pose?
The rough, high seas caused by reflection not only create an uncomfortable ride for
everyone on board but also can make it difficult for mariners to handle their crafts
safely. This is particularly dangerous near shore, where waves could drive boats into
hazards such as rocky shoals or piers.

Sheltering
Coastal land can also provide shelter
to mariners when waters are rough
or winds strong. Anchoring near
shore minimizes the strength of wind
blowing off the land by creating a
“wind shadow”. A harbour with a
narrow or shallow mouth provides
safer shelter during a storm because it
prevents swell from entering the area
and making the sea state even rougher.

Sheltering

SHELTERED
HARBOUR

OPEN
HARBOUR

SANDBAR

SHALLOWER WATERS

WIND
WIND
AND WAVES
WAVES
AND

Figure 3j-2 – Shallow waters at the entrance to a harbour can help
shelter it from rough winds and waves, creating a safer haven for
mariners.

Mariners’ Tips
Although seeking shelter near shore may provide some shelter from winds blowing
offshore, mariners must pay careful attention to forecasts and anticipate changes
in wind direction caused by small-scale, localized events, such as outflows as
thunderstorms.

58

Environment Canada – national marine weather guide – Chapter 3 – sea state

3.3 Atmospheric Effects
3.3.1 Inverted Barometer Effect
Unusually high or low atmospheric
pressure can cause temporary
changes in sea level, which responds
inversely—or in the opposite way—
to atmospheric pressure. An area
of low pressure, as is often found
at the centre of an intense storm,
causes the water level below to rise or
bulge slightly. By the same token, an
area of high pressure causes a slight
depression in the water level. This
phenomenon is known as the “inverted
barometer effect”.

Inverted Barometer Effect

H

L

High
pressure

Low
pressure

Water level drops

Water level rises

Figure 3k – Figure 3k During periods of high pressure, the
water level tends to be lower than normal. During periods of low
pressure, it tends to be higher than normal.

What hazards does the inverted barometer effect pose?
When an area of low pressure moves toward shore, the combination of high winds and
high water can cause coastal flooding. High water can also pick up loose debris, such as
logs and other material, that could pose a floating hazard to watercraft. In the opposite
situation, boats could come dangerously close to touching bottom in shallow areas when
water levels are further depressed by a high-pressure system.
Mariners’ Tips
Increasing swell ahead of advancing storm clouds usually warns of an approaching
low-pressure system with a large area of strong winds.
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4. Special Types of Waves
4.1 Breaking Waves
When the crest of a wave becomes
unstable, it collapses. The point
at which this occurs depends on a
number of factors, including the
strength and direction of the wind
and tide.
Breaking waves in open seas behave
differently than those near shore or
in shallow water. In open water, there
are many different sets of waves—so
their crests meet, peak, and break
in irregular patterns and patches.
Waves that move into shallow water,
however, contact the sea bottom at the
same time—so they slow down, build
in height, and become unstable as a
whole. This causes them to break in
long, more continuous crests.

Breaking Waves
Wave
Crowding

Wave Height
Increases

Waves slow
down as water
gets shallower.

Wave energy and
the decrease in
water depth
pushes the water
upwards.

Surf Zone

Back of wave moves
faster than the front.
The wave becomes
too high and breaks.

Figure 3l – When waves move into shallow water, they slow down,
build in height, and become unstable, causing them to break in the
surf zone.

What hazards do breaking waves pose?
Breaking waves or “breakers” cause very rough seas, and are a major hazard to boats
of all sizes, depending on their height and frequency. Breakers that cause spray are of
particular concern when temperatures are below freezing, as they can coat decks and
rigging with a slippery layer of ice.

4.2 Crossing Waves
Crossing waves or “crossing seas”
occur when one train of waves
moves at an angle to another—as
often happens when new waves are
generated over swell from an earlier
storm or when storms crossing an area
are accompanied by abrupt wind shifts.
This creates steep seas with short,
sharp wave crests.
When intense cold fronts move
through the northern part of the Gulf of
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Crossing Seas

Figure 3m – Crossing waves or seas occur when two or more
trains of waves move at an angle to one another.
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St. Lawrence, heralded by strong southerly winds, the shifting winds that follow often cause
crossing waves and confused and treacherous seas.
What hazards do crossing waves pose?
Depending on the height and period of the waves, the effects of crossing waves range
from uncomfortable to hazardous for smaller vessels. They can be especially dangerous
when combined with an underlying tidal current.

4.3 Tsunamis
The most destructive and dangerous
of all waves, tsunamis are initiated by
anything that causes a sudden, massive
displacement of water—including
underwater (submarine) earthquakes,
bottom slides, volcanic eruptions, and
landslides.

Tsunamis
Tsunami
direction

Initial
tsunami
mound Tsunami direction

Land

Seafloor

Tsunamis in the deep ocean have
Stuck area ruptures,
wave lengths of some 200 kilometres,
Crust
releasing energy
in an earthquake
making them difficult for ships to
Fault line
detect. Their impact, however, can be
Tsunamis result from
felt at great distances—often, across
submarine earthquakes
Mantle
entire oceans. Tsunamis travel at ocean
depths at speeds of about 400 knots or Figure 3n – Tsunamis move outward in both directions from
740 kilometres per hour (the speed of the point at which they originate as the result of a submarine
earthquake.
a jet plane) and have periods ranging
from 15 to 60 minutes. Even large ocean swells are a fraction of the size, travelling at 30 to 60
knots and having periods of 5 to 30 seconds.
When a tsunami crest reaches shallower, coastal waters, shoaling causes it to slow down and
build in stature. Tsunamis can reach heights of 30 metres or more and often strike as a series
of several enormous waves, each occurring as much as an hour apart.
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Coastal Disasters in Canada
On November 18, 1929, an earthquake measuring 7.2 on the Richter Scale shook
the floor of the Atlantic Ocean floor about 250 kilometres south of Newfoundland’s
Burin Peninsula. The tremors caused some Islanders to speculate that a mining
explosion had occurred, but none were prepared for what would follow. The
wrenching of the sea floor spawned an enormous tsunami that raced landward
at nearly 140 kilometres per hour. A series of massive waves crashed into the
Peninsula that evening, sweeping entire homes from their foundations and killing
nearly 30 people. The shock of the quake broke undersea cables and knocked out the
vital telegraph system, leaving victims isolated and the rest of the world unaware of
the disaster for three days.
Over a century later, on March 27, 1964, a magnitude 9.2 earthquake—the secondlargest reported at the time—triggered a tsunami that killed 130 people in areas
along the Pacific Northwest, Japan, Hawaii, and Australia. In Canada, gigantic
waves struck coastal areas of the Queen Charlotte Islands and Vancouver Island.
The community of Port Alberni was the hardest hit, suffering about $5 million in
damage (nearly $30 million in modern terms); fortunately, no Canadians lost their
lives in the disaster.
Environment Canada, in cooperation with other federal and provincial partners, provides
tsunami alerts for both the East and West coasts on Weatheradio. The Natural Resources
Canada Atlas of Canada has more information on tsunami formation and risk in Canada.
For information on tsunami and earthquake preparations on the West Coast, consult the
Earthquake and Tsunami Smart Manual prepared by Natural Resources Canada, Fisheries
and Oceans Canada, and Emergency Management BC.
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