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Foreword
The National Marine Weather Guide is intended to provide mariners of all levels of ability
with practical information and advice on safe navigation on the wide range of weather
conditions they may encounter while travelling in Canadian waters.
While it is not necessary to have prior knowledge of marine weather or local weather effects
to use the Guide, readers are strongly encouraged to familiarize themselves with the contents
of this chapter, which serves as a primer for the rest of the publication.
The Introduction explains the basics of how to read a weather map and interpret forecasts,
provides an overview of the effects of physical geography on local weather conditions, and
discusses the role of mariners in the forecast process. A section on marine meteorology
explains basic meteorological concepts.  
The Guide itself is divided into two sections: Meteorology 101 and Regional Weather. The
first section includes this chapter and five others focused on wind, sea state, fog, ice, and
other hazardous weather. The second section offers detailed information on local weather
conditions in the Atlantic, Pacific, Ontario, St. Lawrence/Quebec, Prairie, and Arctic regions.
The Guide is organized so that readers can pick and choose the topics of interest to them
and integrate the information they need to adapt forecasts to their specific location. It can
be easily printed—either in its entirety or in sections—and used as a reference on the water
whenever the elements present a challenge.
A list of the main subjects in the Guide is provided in the table of contents, and a glossary
of meteorological and oceanographic terms can be found in the appendices. Throughout
the publication, readers will find a large number of web links to useful products, services,
and sites available from Environment Canada (EC), Transport Canada (TC), and the
Canadian Coast Guard (CCG). Before setting out, mariners are encouraged to obtain as much
information as possible about the area in which they will be navigating.

II
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Chapter 1: Marine
Meteorology Primer

1. Convention for Units of Measurement
Although it is standard practice for Canadian publications to use the International System
of Units (SI)—more commonly known as the “metric system”—mariners traditionally use
a mix of nautical and imperial units of measurement. To avoid redundancy, the following
convention has been adopted for this Guide (a conversion table is provided in Appendix A):
• D
 istance: Nautical miles (NM) or miles (mi) for long distances; metres (m) for short
distances (e.g., between waves)
• Speed: Nautical miles per hour or knots (kt)
• Height and Width: Kilometres (km) if at least 1 km (e.g., clouds, mountains,
storms); metres (m) if 1 m or more but feet (ft.) if less than 1 m (e.g., waves)
• Quantity or Thickness: Centimetres (cm) or millimetres (mm) (e.g., rain, ice)
• Rate of Accumulation: Centimetres per hour (cm/h) or millimetres per hour
(e.g., rainfall, vessel icing)
• Atmospheric Pressure: Millibars (mb)
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2. Weather Maps
The weather map is to a meteorologist as the compass is to a mariner: a vital tool of the
trade. Mariners, however, can also benefit greatly by understanding the basic elements of
a weather map, which provides valuable information on the location, strength, and other
characteristics of weather systems. The following is common weather-map terminology:
• H
 igh-Pressure Centre: An area where pressure decreases in all directions outward
from the centre. Central pressure values are expressed in mb. High-pressure centres
(also referred to as “highs”) are often associated with fair weather.
• Ridge: An elongated region of higher pressure in which the pressure decreases in
directions perpendicular to the ridge. Ridges, like highs, are also often associated with
fair weather.
• Low-Pressure Centre: An area where pressure increases in all directions outward
from the centre. Central pressure values are given in mb. Low-pressure centres (also
known as “lows”) are often associated with poor weather.
• Trough: An elongated region of lower pressure in which the pressure increases in
directions perpendicular to the trough. Like lows, troughs are often associated with
poor weather.
• Isobars: Lines joining areas of equal pressure, usually drawn at intervals of 4 mb.
The closer they are together, the stronger the wind. Isobars can be thought of in the
same way as contour lines on a relief map, with highs like hills and lows like bunkers.
As their names suggest, troughs and ridges are also similar to their terrain-based
namesakes.
• Cold Front: The leading edge of an advancing cold-air mass, which usually moves
southeastward.
• Warm Front: The leading edge of an advancing warm-air mass (or the trailing edge
of a retreating cold-air mass), which usually moves northeastward.
• Wind-Speed Flags: The shaft of the arrow indicates the direction the wind is blowing. The
wind speed, given in kt, is represented by the number of barbs and/or flags on the shaft.
• Stationary Front: A front that has no discernible motion. Alternate cold- and warmfront symbols on opposite sides of the front indicate a lack of motion.
• Occluded Front: A front (warm or cold) that has occluded or pulled-away from its
associated low-pressure centre. Alternate cold and warm front symbols on the same
side of the front are used to designate the occlusion.
• TROWAL (trough of warm air aloft): A specific type of occlusion in which the warm
sector has been completely displaced above the earth’s surface. The “hooks” on the
TROWAL point towards the warm air.
• Upper Cold-Front: A cold front in the upper atmosphere that does not reach the
surface. Quite often, this carries the weather of a surface cold-front but not the wind
shifts or pressure changes. It usually precedes a surface cold-front.
• Upper Warm-Front: A warm front in the upper atmosphere, not reaching the
surface. Quite often, this carries the weather of a surface warm-front but not the wind
shifts or pressure changes.
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• Frontogenesis: The formation—or “genesis” stage—of a front.
• Frontolysis: The dying stage of a front.
• Squall Line: A continuous line of significant convective weather (usually
thunderstorms) apart from a cold front.

Weather map of the east coast
of Canada and the United States
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Figure 1a-1 – Weather map of the east coast of
Canada and the United States. A high-pressure
system onshore is indicated by a blue “H”, with a
wavy blue line indicating the ridge of high pressure.
A low-pressure system offshore is indicated by a
red “L”, with a dotted red line showing the trough of
low pressure and a red line with semicircles along
the top indicating the warm front. A blue line with
solid spiky waves indicates a cold front, while a blue
line with spikes outlined in blue indicates an upper
cold-front. Black circles with white numbers are
isobars indicating pressure. Black lines with one to
four diagonal lines coming out of the top on the right
indicate different wind speeds, with more diagonal
lines representing greater speeds.

Centre of low pressure

1016
1020

5

Isobars

10

25

50

75

Wind speed flags

Cold front

Cold frontogenesis

Warm front

Warm frontogenesis

Stationary front

Cold frontolysis

Occluded front

Warm frontolysis

Trowal (trough of warm air aloft)

Occluded frontolysis

Upper cold front

Squail Line

Upper warm front

Environment Canada – national marine weather guide – Chapter 1 – Marine Meteorology Primer

3

Blue “H”

Centre of high pressure

Black curving lines with numbers

Isobars

Wavy horizontal blue line

Ridge of high pressure

Red “L”

Centre of low pressure

Red horizontal dashed line

Trough of low pressure

Vertical lines with barbs and/or flags coming out the top on the right. Each
barb represents a speed of 10 knots, with half a barb representing 5 knots,
and each flag represents a speed of 50 knots. Adding up the barbs and flags
represents the wind speed.

Wind Speed Flags

Blue horizontal line with solid spiky waves

Cold front

Red horizontal line with round bumps

Warm front

Horizontal line alternating between blue line with a spiky wave on top and red
line with a round bump on the bottom

Stationary front

Horizontal line alternating between blue line with a spiky wave on top and red
line with a round bump on top

Occluded front

Repeating blue horizontal lines with a diagonal red line connected to the right

Trowal (tough of warm
air aloft)

Blue horizontal line with spiky bumps outlined in blue.

Upper cold front

Red horizontal line with hollow red bumps

Upper warm front

Repeating blue spikes

Cold frontogenesis

Repeating red semi-circles

Warm frontogenesis

Alternating blue spike and short horizontal blue line

Cold frontolysis

Alternating red semi-circles and short red horizontal lines

Warm frontolysis

Alternating red semicircle followed by short red line and blue spike followed
by short blue line

Occluded frontolysis

Two dots followed by a short black horizontal line, repeated

Squall line

Figure 1a-2 - Weather map symbols and what they represent.
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3. Forecasting
3.1 Marine Weather Services
EC’s regional weather offices produce a variety of forecasts and bulletins aimed at
alerting and informing mariners of current and anticipated weather conditions in marine
environments from coast to coast—24 hours a day, 365 days a year.
The data used to create these products come from many sources, including staffed and
automated weather observing stations, offshore weather buoys, remote-sensing technologies
such as satellites and radar, Automated Volunteer Observing Ships, and a network of
volunteer weather observers.
In recent years, the way in which weather information has been disseminated has changed
drastically, with traditional vehicles—such as EC’s Weatheradio, the CCG’s Marine Radio,
AM/FM radio broadcasts, and alpha-numeric broadcasts—being bolstered by a growing
number of new media.
Television programs and even entire networks are now devoted to the weather—and
the Internet has made worldwide weather information available, at the click of a mouse,
to anyone with a portable computer, notebook, or smart phone. As these and other new
technologies become available, so too does the possibility of implementing more proactive
methods of dissemination—such as enabling users to subscribe to instant cell-phone
messaging for weather warnings and other products.

3.1.1 Forecasts and Bulletins
EC issues a variety of marine-related forecasts and bulletins including the following:
Regular marine forecasts are issued two to four times daily, depending on the region and
program, and provide detailed weather information for the next 48 hours—including wind
speed and direction, weather conditions and precipitation, visibility, freezing spray, and air
temperature.
Extended marine forecasts provide a more general outlook of marine wind conditions,
including speed and direction for the three days after the period covered by the regular
marine forecast. They are issued twice daily.
Technical marine synopses are issued with and cover the same time period as regular
marine forecasts. They provide a brief, generic description of major weather systems
affecting the forecast area, as well as their latitude, longitude, and movement. In some
locations, the potential for a storm surge is included when coastal water levels at least 2 ft.
above normal are expected.
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A marine weather statement is a non-scheduled bulletin issued at the forecaster’s
discretion to describe potentially high-impact marine weather conditions that are expected
to occur beyond the period covered by the regular marine forecast.
Wave-height forecasts are prepared twice daily for most marine areas, and provide
information on significant wave-heights for ocean waters at least 50 m deep. Great Lakes
forecasts are issued for lake centres and where buoys are located. They are typically valid for
24 to 30 hours.
Ice forecasts are issued daily during the ice season and valid for 24-48 hours. They describe
the coordinates of the ice edge, the total concentration of ice, the predominant stage of ice
development, and the concentration of the oldest ice type.
Iceberg bulletins describe the furthest extent of icebergs in Canada’s East Coast waters and,
where applicable, the western limit in the Gulf of St. Lawrence. Their limit is given in latitude
and longitude coordinates. General information on the number of known icebergs within
each marine area is also provided.
MAFOR (Marine FORecasts) is a North American code used to compress meteorological
and marine information for convenience during radio broadcasting. EC issues MAFORcoded forecasts for the Great Lakes and the St. Lawrence and Saguenay Rivers that contain
information on wind speed and direction, weather, visibility, and sea state.
NAVTEX (Navigational Telex) is an international, automated direct-printing service for
the delivery of navigational and meteorological warnings and forecasts—and urgent marine
safety information—to ships at sea. EC issues NAVTEX compatible forecast bulletins
for select marine areas in the Pacific, Arctic, Great Lakes, St. Lawrence River, Gulf of St.
Lawrence, and Atlantic Region.
Marine warnings and watches are issued when forecast conditions warrant, and are
broadcast immediately by all participating radio stations. They include synoptic (largerscale) warnings, which are included in the marine forecast bulletin; localized (smaller-scale)
warnings and watches, which are issued in a special bulletin; and ice warnings, which are
also issued in a special bulletin.
• Synoptic warnings are issued when potentially hazardous winds or freezing spray are
expected to affect a significant part of a marine district or multiple marine districts.
They cover the following conditions:
- Strong winds (20-33 kt) (during recreational boating season only)
- Gale-force winds (34-47 kt)
- Storm-force winds (48-63 kt)
- Hurricane-force winds (64 kt or higher)
- Freezing Spray (moderate or higher)
• Localized warnings and watches are issued for potentially hazardous marine weather
events affecting a localized area of the marine district. Both are issued for tornadoes,
6
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squalls, and special weather-related phenomena, with warnings also issued for high
water levels in coastal areas and watches for waterspouts.
• Ice warnings are issued when ice is expected to pose a potential hazard to vessels (e.g.,
due to strong ice pressure, rapid closing of coastal leads, or other unusual or significant
ice events).
A hurricane or tropical storm statement is issued when a hurricane or tropical storm is
expected to cause winds of gale force or higher in any marine area within 72 hours (and
more frequently if the storm is forecast within 48 hours). Statements contain information on
the location and movement of the storm and reported and forecast wind speeds.
More information can be found on EC’s website under Marine Weather Forecasts and
Marine Forecasts and Warnings for Canada.

3.1.2 Additional Resources
The CCG publishes monthly Notices to Mariners that include important information and
amendments to marine charts and publications. These notices are free and can be obtained
at Fisheries and Oceans Canada website.
The Canadian Hydrographic Service is the top source for information on nautical charts and
tide and current tables. It publishes a number of guidebooks for boaters, including Sailing
Directions, Canadian Aids to Navigation System, Radio Aids to Marine Navigation, List of
Lights, and Buoys and Fog Signals.

3.2 Forecast Tailoring
The notion of an “accurate forecast” is intimately related to the needs of the particular user.
To maximize the value of EC’s forecasts, mariners must take into consideration constraints
related to scale, timing, and format, and adapt the forecast to their own circumstances. This
is known as “forecast tailoring” and is essential to ensure that boaters have a complete and
accurate picture of the weather conditions they might encounter on any given day.

3.2.1 Scale
Meteorologists typically prepare what is known as a “synoptic” forecast, which covers
designated marine areas up to a million square kilometres in size. Mariners, however,
operate in much smaller areas and may experience significant weather differences over a
distance of just a few kilometres.
Meteorologists refer to these local weather effects—which include such things as
thunderstorms, sea breezes, and valley winds—as “mesoscale” effects. Other weather
phenomena—such as steam devils and wind fluctuations across the bow of a boat—occur
at an even smaller scale. Although these “microscale” effects can have major consequences,
they are almost impossible to forecast.
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Although efforts are made to include mesoscale effects in marine forecasts, mariners must
adjust the synoptic-scale forecast to the mesoscale and even microscale by incorporating
their own knowledge and experience of local weather conditions.

3.2.2 Timing
Meteorologists usually treat an entire marine forecast area as if it were a single point. For
example, a forecast might refer to weather changes that will take place in the “afternoon”—
an average time for the entire area. Knowing this, mariners can adjust the forecast to suit
their location in the area. They should also be listening to forecasts for adjacent marine
areas, as the weather may carry over from one area to another.

3.2.3 Format
To provide the most useful service to
mariners, meteorologists must keep
their weather forecasts brief. Providing
detailed information on each and
every change expected to occur would
make forecasts too long and tedious—
in particular, since many are still
broadcast on the radio.
As such, meteorologists use
“significant thresholds” or general
descriptions of the average weather
conditions expected. For example,
wind direction is described in terms of
only eight compass points, so boaters
will hear of winds that are northerly
or northeasterly but never northnortheasterly.

Forecast Tailoring
Noon

After
noon

Early
evening

Centre
Funk Island Bank

Forecast is written for centre point of an area or group of areas

Figure 1b – In this example, a cold front in the Newfoundland
marine area of Funk Island Bank is moving at such a speed that
it enters the western tip of the area at noon and does not reach
the easternmost edge until early evening. It is well known that
significant wind changes take place along a cold front, so a mariner
operating in the extreme western part of Funk Island Bank should
expect the wind change to occur a bit sooner than forecast.

If, as another example, a low-pressure
centre passing just north of a location
was expected to cause winds to shift from easterly gales to southeasterly gales, to light
southerlies, to strong southwesterlies—all within the next three hours—the forecast would
simply talk about easterly gales veering to strong southwesterlies. A non-threatening wind
event expected to last under three hours would likely not be mentioned at all.
Providing brief, generalized forecasts makes it easier for listeners to pick and choose the
information they need to make sound decisions related to their navigational safety. It is
important, however, for boaters to be aware of and account for more specific changes
occurring at the local scale.

8
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3.2.4 Marine Forecast Checklist
Boaters can use the following checklist to tailor forecasts to their situation:
P What is the present weather?
• Listen to reports from along the planned route and keep a “weather-eye” open.
P What is the forecast trend: worse, the same, or better?
• Consider how long you will be at sea.
P What marine warnings are in effect or forecast?
• Interpret weather warnings as they apply to you:
- Are forecast conditions beyond your capability or the limits of your vessel?
-	Will local effects create conditions beyond your capability or the limits of your
vessel, even if no warnings are in effect?
P What is the weather summary?
• Consider the location and forecast movement of fronts and pressure systems
described in the synopsis.
P What forecast areas are important to you (e.g., where are you)?
• Be sure you are listening to the right forecast.
• Listen to the forecast for adjacent areas.
• If you are near one end of a forecast area, you may need to adjust the time at which
the weather will affect you, depending on where it’s coming from.
P Where are you going?
• Monitor reports and forecasts for all areas through which you are going to travel.
P Where is the weather coming from?
• Listen to reports from areas where the significant weather is now.
P Are you offshore or near shore?
• If you are offshore, the forecast may require only a few minor adjustments.
• If you are near shore, you may need to make your own, more significant adjustments
to the forecast based on the features of the land.
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3.3 Other Considerations
3.3.1 Topography and Bathymetry
Topography (the physical shape of the land) and bathymetry (the physical shape of the sea
bed) can have a profound influence on both the general climate and the local weather along
Canada’s coastlines. The combination of rugged landscape and generally cold seas can
produce some of the harshest marine weather conditions imaginable.
Winds are significantly affected by terrain. Mountainous areas in some parts of Canada
produce katabatic winds and lee-wave effects that can cause gale- or even hurricane-force
winds. Fjordic inlets and narrow bays can affect wind speed and direction through processes
known as funneling and channeling.
Bold capes and prominent headlands are subject to cornering effects and wave refraction.
The shape and depth of the sea bed, together with the shape of the adjacent coastline, can
give rise to unusual tides, strong currents, shoaling, and treacherous tidal rips—all of which
are made worse by opposing winds and seas.
The many freshwater rivers flowing into the ocean can create unpredictable wave and
current effects. Freshwater discharges, along with the varying depth of ocean water
throughout a region, affect water temperatures and sea ice cover.
More detailed information on the effects of topography on marine weather conditions is
included in the individual chapters of this guide on Wind, Sea State, and Ice.

3.3.2 Wind
Wind is a unique and complex element that is extremely sensitive to the effects of terrain and
can vary dramatically with even the tiniest changes in elevation. Unlike other elements, it is
measured at different heights, over different surfaces (e.g., land and water), and using different
instruments that may employ different averaging periods. As a result, wind observations may
not give mariners a complete picture of the strength and potential of the wind.
How is sustained wind speed determined from observations?
Unlike temperature, there is no such thing as a “steady” wind. Because wind speed
varies continuously, the “sustained wind” reported in forecasts is estimated by
averaging wind observations over time.
Electronic anemometers typically measure wind speed once per second. For landbased weather stations, the sustained wind is a 2-minute average; for marine buoys, a
10-minute average. As a result, sustained wind-speed reports from a buoy will be lower
than those from a nearby land-based weather station.
Anemometers located in the same area may also produce very different results because
of variations in their respective averaging periods.

10
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Unlike regular forecasts, marine
forecasts report only sustained winds—
not gusts. There are ways, however, for
mariners to estimate the potential speed
of wind gusts by using information on
the sustained wind speed.
The ratio of the gust to the sustained
wind is known as the “gust factor”.
For example, if a weather station or
buoy reports the wind as southeast at
20 kt gusting to 30 kt (SE20G30), the
gust factor is 30/20 or 1.5. The gust
factor varies with the season and is
dependent on many other variables,
including the stability of the air and the
strength and direction of the wind.

Wind Gusts and
Wind Speed Averages
Wind Speed (knots)

How are wind gusts
determined?
A gust is a sudden, brief increase
in the speed of the wind. Gusts are
defined as the highest 5-second
average of 1-second wind-speed
observations.

1-sec (peak wind = 27)
3-sec average (highest 3-sec avg = 23)
5-sec average (highest 5-sec avg = 21)
30-sec average (17)

120-sec average (13)

Time (seconds)

Figure 1c-1 – The dramatic smoothing that occurs when
observations taken every second are averaged over periods of
3, 5, 30 and 120 seconds. In this example, the highest 2-minute
average (13) is 50 percent of the instantaneous 1-second peak
wind (27).

Research has shown that over most
bodies of water in summer, a sustained
wind of 20-30 kt will usually have a
gust factor of about 1.25. This means
that mariners can safely add about 25
percent to the forecast of the sustained
wind to get an idea of the gusts to be
expected on the water.
When gusts are high, mariners can
be certain that they will have to deal
with even higher bursts of peak or
instantaneous winds on the water.
This is particularly critical to sailboats,
because the force on the sail is a function
of the square of the wind speed. As
such, a doubling of wind speed actually
quadruples the force on the sail.

Figure 1c-2 – The force on a sail is a function of the square of
the wind speed, making sudden bursts of wind on the water
particularly dangerous for sailboats and sailboards.
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How are buoy observations different?
Buoys may report significantly lower winds than nearby land-based weather stations
or those experienced by mariners operating in the area. The main reason for this is that
wind speeds are slower at the surface because of the effects of friction, but they increase
rapidly as elevation increases.
Anemometers are typically mounted at 5 m above water level, while land-based
anemometers are usually placed 10 m above ground. As such, buoys may potentially
record much lower wind speeds than land instruments or those mounted on the mast of
a nearby vessel.

35m
30m
25m
15m
10m
5m
30

40

50

wind speed
Figure 1c-3 – A buoy measuring the wind speed at 5 m above sea level may report speeds of 30 kt,
while an anemometer mounted 35 m above sea level on a nearby vessel may report speeds of
50 kt—a difference of more than 60 percent.
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Ultrasound
Ultrasound
anenometer
anenometre

Propeller
anenometer

10m

5m

Figure 1c-4 – Differences in the height at which the instruments used to measure wind speed are
placed affect the sustained winds reported in a particular area.

Buoys may also report lower wind
speeds because they ride huge swells
and waves during stormy weather.
When a buoy “bottoms-out” in the
trough between wave crests, the
anemometer is somewhat protected by
the waves and will record lower wind
values than it would at the wave-crest.
Because the weaker winds experienced
in the trough are averaged with the
stronger winds at the crest, the overall
wind-speed values are lower.

!

Wind Effects on Buoys

Figure 1c-5 – A buoy sheltered from the wind between two waves.
Waves do not have to be as high as the buoy to affect wind
measurement: even those half its height or less could result in
lower wind speeds because of the frictional effects of wind off the
surface.

Mariners’ Tips
Wind directions given in the marine forecast are “true” (that is, referenced to the
actual North Pole) as opposed to “magnetic” (that is, referenced to a compass
heading). For example, in eastern Canada, a forecast westerly would be a true
westerly or a magnetic southwesterly.
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3.3.3 Waves
The sea state is mostly chaotic: a wild
combination of swell from distant
storms and wind-driven waves of
various sizes. Like wind, waves are
continuously changing, so some
averaging must be done in order to
measure them.
Sea state is typically described using
the term “significant wave height”
or “sig-wave”, a value estimated by
averaging the height of the highest
one-third of the waves in the area. It is
essential, in interpreting wave and seastate forecasts, that mariners realize
that the “peak” wave height expected
to occur over a forecast period is twice
the height of the sig-wave. Therefore,
a forecast calling for “seas to build to
3-4 m” implies peak wave heights of
6-8 m.

Average Wave Heights
most of the waves
around this height

Hsignificant
X2

dots represent
individual
waves

Hpeak

highest 1/3 of waves
increasing wave height

Figure 1d – The significant wave height (Hsignificant) of a large
group of waves can be expressed as a mathematical distribution
similar to a Bell Curve. Most of the wave heights in this group are
clustered around the top of the curve. To the right, in darker grey,
is the sub-group composing the highest one-third. Near the middle
is the average of the highest one-third, or the Hsignificant. The
largest wave (Hpeak) is represented by the furthest right dot.

According to models of wave distribution, about one wave in 10 will be the same height as
the sig-wave, and about one in 1000 will be twice that height. For example, if the sig-wave is
5 m, one in 10 waves will be approximately 5m and one in 1000 will be approximately 10 m.
The time between peak waves can be estimated using the wave period, which is the time is
takes for a wave to travel one wave length (that is, the distance between the crests of two
waves). If the wave period is 6 seconds, it means that 10 waves will pass in one minute and
600 will pass in one hour. If peak waves occur every 1000 waves, a mariner might expect a
peak wave roughly once every two hours.
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4. Marine Safety
All small vessels are required to have and maintain safety equipment as specified in the
Small Vessel Regulations (2010 Edition). The regulations cover requirements for life jackets
and personal flotation devices (PFDs), communications equipment and signaling devices,
fire and detection equipment, and emergency first aid kits. Also included are requirements
related to construction standards, equipment maintenance, and the safe operation of
pleasure craft.
The Vessel Certificates Regulations may have additional equipment requirements, depending
on the size of the vessel and its area of operation. The Marine Safety Directorate issues Ship
Safety Bulletins to owners and operators of commercial vessels as updates become available.
Complete information about safety equipment can also be found in the Safe Boating Guide
and the Small Commercial Vessel Safety Guide.
Life Jackets and PFDs
The Small Vessel Regulations (2010 Edition) and the Ship Safety Bulletin: Wearing and Using
Flotation Devices in Small Non-Pleasure Craft and Small Commercial Fishing Vessels 06/2012
require that all vessels carry an approved flotation device for each person on board and that
it be properly sized for the person who will wear it.
Communication Equipment and Signaling Devices
Regardless of its size or where it operates, all vessels must carry some means of
communication, such as a cellular or satellite phone or portable VHF radio if a regular radio
is not fixed or mounted in the boat.
Marine Emergency First Aid Kits
First aid and survival kits must be in a waterproof case, with the inspection checklist inside
the case, and equipped with a breakable seal. The contents of the survival kit are dependent
on the type of the boating activities and the risks associated.
Onboard Marine Radar
Marine radar is an essential piece of equipment for any large boat. In crowded sea lanes,
especially at night or in fog-bound situations, radar is an important tool for tracking the
position of vessels and buoys and the proximity of land. It can also alert boaters to the
approach of adverse weather. User manuals should be read thoroughly to understand
equipment limitations and the possible effects of weather and topography on the quality of
the signal.

Environment Canada – national marine weather guide – Chapter 1 – Marine Meteorology Primer

15

5. Marine Meteorology
Marine meteorology is the study of weather that affects large bodies of water—including
lakes, rivers, and oceans. While the science behind the forecasts may be daunting to some,
having a basic understanding of marine meteorology is extremely useful when it comes
to recognizing when and where hazardous weather might occur. This section is intended
to give mariners an overview of the major forces that drive the weather, so they can better
interpret forecasts and make informed decisions to ensure their safety on the water.

5.1 The Sun
The weather we experience draws its
energy from one basic source: the sun.
The sun heats the surface of the earth,
which, in turn, heats the atmosphere
from below.
This heating is uneven because different
surfaces on the land and water absorb
and reflect the sun’s rays in different
ways. For example, snow and ice reflect
most of the sun’s energy back into
space, while oceans and forests absorb
it. The lay of the land also has an effect
on the angle at which the sun strikes
the earth’s surface: in the Northern
Hemisphere, southern slopes receive
more direct rays, while northern ones
may be entirely in shade. The potential
hours of sunshine in a deep valley may
be greatly reduced by surrounding hills.
The amount of direct sunshine an area
receives also varies by time of day,
season, and latitude. Over the course
of a day, the sun’s rays strike the earth
at different angles, with the intensity of
direct sunshine greatest at “high noon”
when they are vertical. In the morning
and evening, when the sun is lower
on the horizon, less heat is generated
because the rays of the low-angled sun
are spread out over a greater area.
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The Sun
Atmosphere

Orbit
around the
sun
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Figure 1e – Top image: The sun’s rays strike the region near the
equator directly but on an angle as they move toward the poles.
Bottom image: In the summer, the Northern Hemisphere is tilted
towards the sun; however, in the winter, it is tilted away.
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Although the sun is closest to the earth in winter, other factors counteract its heating
potential. In winter and at high latitudes, even the noon sun is at a low angle, while in
summer and at low latitudes, it is almost directly overhead. As well, the earth’s tilted axis
means that it leans toward the summer sun and away from the winter sun.
The clearer the atmosphere, the more direct sunshine reaches the earth’s surface. Dust,
clouds, moisture, and certain gases all reflect, scatter, and absorb the sun’s rays. The further
they travel through the atmosphere, therefore, the more their heat is “filtered” out before it
reaches the surface. This is evident at middle and high latitudes, where the sun’s rays pass
through the atmosphere at a lower angle—and therefore have to travel further—than they
do in tropical latitudes. This effect also varies with the seasons, being greatest in winter
when the sun’s rays are lowest on the horizon and at a shallow angle to the higher latitudes.
Variations in the duration of sunlight due to latitude and season also have an effect, as the
longer the period of sunlight, the greater the heating. At the equator, day and night are
always equal in length—yet, in the Polar Regions, daylight lasts up to 24 hours in summer
and zero in winter. At the summer solstice, when the sun is at its northernmost point, the
North Pole region receives more hours of direct sunshine per day than anywhere else on
earth, but most is reflected back into space by the ice- and snow-covered surfaces.

5.2 Air Masses
Even though air is made up of invisible gases, it still has weight. Colder air is denser or
heavier than warmer air, so it exerts more pressure on the surface of the earth.
Air pressure is simply a measure of the weight of a column of air over a given area and is
directly related to air temperature. The “hot” and “cold” spots around the world—caused by
uneven heating from the sun—generally correspond to areas of low- and high-pressure.
An air mass is a large body of air that has a uniform temperature and moisture content. Air
masses move around the earth trying to even out differences in temperature, usually from
areas of higher pressure to areas of lower pressure. It is this motion that causes wind, which
is covered in greater detail in Chapter 2, Wind.
From vicious hurricanes and pea-soup fogs to gentle sea breezes, all forms of weather are
ultimately linked to differences in air pressure. For example, low-pressure centres travel
thousands of miles to try and balance the difference in temperature between the North Pole
and the equator, shunting warm air northward and allowing cold air to flood south.
Another important characteristic of air is that its temperature and moisture quickly conform
to those of the surfaces over which it travels. When the earth’s surface is heated by the sun,
the air in immediate contact with the surface is also heated. If the earth’s surface loses heat,
the air also cools.
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5.2.1 Lows and Troughs
When the lower layer of air near the surface of the earth is warmed, it becomes lighter and
more buoyant than the air around it. As it begins to rise, and the pressure caused by its
weight decreases, it creates an area of low pressure known as a “low”.
This rising action causes a deficit of air near the surface, and the surrounding air rushes in
to fill the void. If the air warms (and therefore rises) quickly, so too will the air that takes its
place, creating wind. If the central pressure drops, the pressure pattern strengthens and the
system intensifies. If, on the other hand, it starts to rise and the pressure pattern weakens,
the low is said to be “filling”.
Lows vary in intensity but are usually systems that create cloudy skies, precipitation, and
wind. Generally speaking, the deeper the low, the worse the weather associated with it. A
trough is an elongated region of lower pressure that also usually brings unsettled weather
and strong, sharp wind shifts. Troughs on a weather map are like valleys on a contoured
relief map, while lows are like dugouts or bunkers.

5.2.2 Highs and Ridges
As low-level air is cooled by various mechanisms, it becomes denser and heavier than the air
around it. This causes it to sink and become denser, its added weight on the surface creating
an area of high pressure known as a “high”.
As the heavy air builds up at the surface, it spreads outward and moves away from the area.
High-pressure centres typically begin as a “stagnant” air mass that remains over a region
for an extended period of time. These systems tend to be weak and slow moving, with light
winds near the centre and the weather usually quiet, dry, and settled. The generally cloudless
skies associated with highs, however, do make fog or frost more likely (see Chapter 4, Fog).
Highs build if the pressure within them rises and weaken if it falls. A ridge is an elongated
region of higher pressure that is also generally associated with fair weather and usually has
light winds along its axis. Pressure ridges on a weather map are like ridges on a contoured
relief map, while highs are like hills.

5.3 Fronts
Sometimes, when air masses crowd each other, the boundary between them closes up—
and what started as a gradual temperature difference spread out over a very large distance
becomes compacted into a narrow band only hundreds or even tens of kilometres in width.
This elastic, ever-changing barrier—which separates heavy, colder air on one side and
lighter, warmer air on the other—is called a “front”. A cold front occurs when the air on
the cold side is advancing and the warm air is retreating; a warm front, when the opposite
is occurring. When neither air mass is strong enough to replace the other, this boundary is
referred to as a “stationary front” because it tends to stay in the same area for a long time.
18
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At the edge of all fronts, the constant clash between cold and warm air creates unique
weather conditions. The difference in conditions between one side of the front and the other
may be gradual or abrupt, depending on the contrast in temperature and moisture.
A wide variety of weather can be found along a stationary front, but clouds and precipitation
are common and can persist for long periods of time.

5.3.1 Cold Fronts
A cold front is like an advancing wedge
of cold air, with the thin edge of the
wedge arriving first. A cold front’s
slope is usually steep, causing sudden
and sometimes severe weather. Since
a cold front slopes away from the
direction it is travelling, there is little
notice before it arrives.

Cold Front
Air mass moving

Cold air mass
12˚ C

Warm air mass
20˚ C

X

Y

Figure 1f – Cross-section of a cold front. A cold air mass moves
into a warm air mass, pushing the warm air upwards. The
boundary between the cold air and the warm air is called the cold
frontal surface. As the warm air rises along the front of this surface,
it forms clouds and rain. In this example, the warm air ahead of
the warm front is moving in a different direction, so there will be a
significant shift in the wind.

TYPICAL SEQUENCE OF WEATHER WITH A COLD FRONT
Front Approaching

As It Passes

Behind Cold Air

Wind

backs and increases close
to front

sudden veer and often
includes gusts or squalls

can back slightly, then
steady its direction

Cloud

stratus and stratocumulus
thickening to nimbostratus

towering cumulus and/or
cumulonimbus

often total clearance;
cumulus develops

Rain

heavy rain near front

heavy rain, perhaps hail and
thunder

usually fine for an hour or
two, then showers

Visibility

moderate or poor, perhaps
fog

poor in rain

very good

Pressure

falls near front

rises suddenly

rise gradually levels off

Dewpoint

little change

falls suddenly

little change
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5.3.2 Warm Fronts

Movement of a Warm Front

Warm fronts slope in the direction
they are moving, with the highest part
arriving first and the lowest (nearest
the ground) arriving last. As the warm
airovertakes the colder air, it begins a
long, steady climb up and over it.

Y

Surface view
of a warm front
Cold air
12˚ C

Warm front

The wispy cirrus clouds (or “mares’
tails”) at the top of the slope are the first
sign that a warm front is approaching,
and provide advance warning that the
base of the front is on its way but still a
good way off. The slope of a warm front
is usually much shallower than that of a
cold front, extending as much as several
hundred kilometres and bringing
continuous precipitation for up to
24 hours.

X
Warm air
20˚ C

(a)
Vertical section of a warm front
Cloud development because of
frontal lifting of warm, moist air
Nimbostratus Clouds

Warm, moist air
20˚ C

nt
fro
rm
Wa

Fractus Clouds

Fog

Cold air
12˚ C

Direction of frontal movement

X

(b)

Y

Figure 1g – Two different views of a warm front, both moving
from x to y. A long, large cloud is present along the length of the
front, and rain is falling along much of the back end.

TYPICAL SEQUENCE OF WEATHER WITH A WARM FRONT
Front Approaching

As It Passes

Behind Cold Air

Wind

increases and often backs

veers

direction steady

Cloud

sequence of: cirrus,
cirrostratus, altostratus,
nimbostratus, stratus

nimbostratus

stratus, stratocumulus

Rain

becomes heavier and more
continuous

stops or turns to drizzle

occasional drizzle or light
rain

Visibility

deteriorates slowly as rain
gets heavier

deteriorates

moderate or poor, fog likely

Pressure

falls at increasing rate

stops falling

falls if low centre deepening,
otherwise steady

Dewpoint

little change

rises

little change
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Developmental Stages
of a Frontal Low
Cold

Cold

Warm

Warm
2. Wave develops - front begins moving

1. Stationary front

Wave crest

Cold
Warm sector

Warm

4. Wave / Low moves along front

3. Low pressure forms

L

L

Cool

Cold

Occluded
front
( maximum
intensity)

Cold
Warm

Cool

Warm
6. Warm air occludes

5. Mature low

L

Occluded
front

Cold
Warm
7. Low fills - warm air retracts

L
Cold

Cool
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8. Cold low remains

Figure 1h – The different stages of development of a frontal low.

Mariners’ Tips
“Smelling” a change in the weather is a valid part of observing it. The high pressure
that usually accompanies fair weather tends to keep scents and odours dormant.
When it is replaced by a low-pressure system, these scents are gently released,
telling our noses that a storm is coming.
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5.3.4 TROWALs and Upper Cold Fronts
A TROWAL (trough of warm air aloft) is a frontal structure that forms during the occlusion
process of a frontal low. The warm air lifts out of the low and away from the surface. When
this happens and the warm air is forced aloft, it results in a “trough” in the warm air
overhead.
In recent years, satellite imagery
and upper atmosphere studies have
shown that upper cold fronts were
often identified as TROWALs in the
past. The distinction between the two
is significant, however, as TROWALs
indicate a system that is beginning to
die, while upper cold fronts have quite
different implications.
An upper cold front, pushed by higher
winds aloft, moves well ahead of the
surface cold front, carrying most of the
significant weather with it. Meanwhile,
the surface cold front, still lying in a
trough of low pressure, has the usual
wind shifts and pressure changes
expected by the mariner.

Trowal

COOL
AIR

WARM
AIR

Figure 1i – With warm air aloft, a convex wedge of cold air is
separated from a concave wedge of cool air by a trough of warm
air at the surface. The convex wedge of air is being led by a cold
front, while the trough of warm air is being led by a warm front.
Where the two fronts (and the two old air masses) meet, is a
TROWAL.

Vertical Section of an
Upper Cold Front
Cold air

Warm air
Upper
cold
front

Wind
shift

X

Surface cold front

Y

Figure 1i-2 – A wedge of cold air (moving from x to y) curves up
and back from the surface, creating the surface cold front. It then
extends out horizontally, past the surface cold front, curving up
and back again to create the upper cold front. As the upper cold
front meets warm air, it creates clouds and rain well ahead of the
surface cold front.
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5.3.5 The Conveyor-Belt Model
The “conveyor-belt” model, while oversimplified, is another way of looking at mid-latitude
lows. It is based on the concept that air flows through lows on three main airstreams or
“conveyor belts”: a warm conveyor belt, a cold conveyor belt, and a dry airstream. The
model was developed by studying slow-moving frontal lows that had undergone little
development; it should be noted that airflows in rapidly deepening lows are much more
complex.
Warm Conveyor Belt
The warm conveyor belt consists of
air that originates in the south and
moves northward. It rises and becomes
saturated with moisture near or north
of the warm front, then continues
rising until it joins the upper-level
westerlies (the upper prevailing winds)
northeast of the low-pressure centre.
Cold Conveyor Belt
North of the warm front, the air flow
relative to the low’s motion is from the
east. Much of the air on the cold side
of the warm front flows towards the
region north of the low. This stream
of air, called the cold conveyor belt,
originates from the descending air in
an earlier high-pressure system to the
north.
Air in the cold conveyor belt flows
westward beneath the warm conveyor
belt, drawing moisture from the
precipitation falling out of the warm
air. The cold air then ascends as it
turns around the low centre until it also
joins the westerlies at upper levels.

Frontal Low over the East Coast

High
Low

ATLANTIC OCEAN

DRY
AIRSTREAM

WARM
CONVEYOR
BELT

COLD
CONVEYOR
BELT

Figure 1j – A frontal low over the eastern coast of the United
States. A warm conveyor belt of air from the south rises up to
10 km and into a large cloud above a low. A cold easterly conveyor
belt of wind turns clockwise, curving upward to join the cloud. A
dry airstream flows from the northwest, descends, and splits to the
south and the east, the eastern stream also rising up to join the
cloud. At 10 km, winds are blowing to the east; near the surface,
winds are turning clockwise around the low on the coast, where
there is snow. Further north, there is a high over the land, and
there is rain on the eastern side of the cloud, over the Atlantic
Ocean.

Dry Air Stream
The dry air stream originates at upper
levels (10 km) to the west of the
low centre. Some of this air moves
eastward and subsides, reaching the
surface behind the cold front.

Environment Canada – national marine weather guide – Chapter 1 – Marine Meteorology Primer

23

