Chapter 4: fog
Fog is a double threat to boaters. It not only reduces
visibility but also distorts sound, making collisions
with obstacles – including other boats – a serious
hazard.

1. Introduction
Fog is a low-lying cloud that forms at or near the surface of the Earth. It is made up of tiny
water droplets or ice crystals suspended in the air and usually gets its moisture from a
nearby body of water or the wet ground.
Fog is distinguished from mist or haze only by its density. In marine forecasts, the
term “fog” is used when visibility is less than one nautical mile – or approximately two
kilometres. If visibility is greater than that, but is still reduced, it is considered mist or haze.
It is important to note that foggy conditions are reported on land only if visibility is less than
half a nautical mile (about one kilometre). So boaters may encounter fog near coastal areas
even if it is not mentioned in land-based forecasts – or particularly heavy fog, if it is.
Fog Caused Worst Maritime Disaster in Canadian History
The worst maritime accident in Canadian history took place in dense fog in the early
hours of the morning on May 29, 1914, when the Norwegian coal ship Storstadt
collided with the Canadian Pacific ocean liner Empress of Ireland. More than 1,000
people died after the Liverpool-bound liner was struck in the side and sank less
than 15 minutes later in the frigid waters of the St. Lawrence River near Rimouski,
Quebec. The Captain of the Empress told an inquest that he had brought his ship to
a halt and was waiting for the weather to clear when, to his horror, a ship emerged
from the fog, bearing directly upon him from less than a ship’s length away.
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Fog poses a double threat to watercraft. By reducing visibility to as little as zero, it can cause
boaters to lose their direction and wander off course into hazardous waters or commercial
shipping lanes. The possibility of colliding with another boat is a real and serious danger
in such conditions. Fog also distorts sound, which travels faster through moist air than it
does through dry air, making it easy to become disoriented and underestimate speed and
distance.
Mariners should treat fog with caution and be aware that visibility can change suddenly
when approaching a fog bank. “If you can’t see, don’t go” is the best advice of all; however,
even experienced boaters may be caught unaware by a sudden change in the weather.
To help mariners identify and avoid potentially hazardous situations, this chapter explains
the various conditions that cause fog to form and dissipate. It also provides tips on how
to navigate as safely as possible in fog, should the need arise. The International Maritime
Organization’s Convention on the International Regulations for Preventing Collisions at Sea
also contains valuable information on this subject.1

2. Navigating in Fog
“Lights on, sound your horn, slow down, and post a lookout.”
Boaters must be on full alert when navigating in fog. At the same time, they should be
prepared to have their senses play tricks on them, as both sight and sound are affected by
the presence of fog. It is very common, when staring out into shifting clouds, to see vague
shapes—known as “fog gremlins”—that appear to be ships, islands, or lighthouses.
Although it is safest to stay on shore when fog is present or expected, mariners who are
already on the water and find themselves in foggy conditions should follow these safety tips:
•
•
•
•
•
•
•
•
•

1

Return to port, if possible.
Slow down.
Put on your fog lights and use radar reflectors if there is any possibility of shipping
traffic.
Use a horn or whistle to signal your presence.
Don’t distract yourself with music and conversation; stay alert for clues of land,
buoys, or other boats.
Make sure that all aboard are wearing a personal flotation device (PFD).
Transmit your location and check for other traffic on your VHF radio.
If you are lost, use the Canadian Coast Guard’s online direction-finding service.
Use a global positioning system (GPS), if you have one, and other means (e.g.,
compass, charts) to keep track of your speed, time, direction, and location.

International Maritime Organization website at http://www.imo.org/ourwork/safety/navigation/pages/preventing-collisions.aspx.
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3. How Fog Forms
The dew point is the temperature at which the air reaches its saturation point with respect
to water vapour. This can happen when moisture is added to the air or the air temperature
drops.
Water vapour is added to the air in many different ways. Heat from the sun causes it to
evaporate from bodies of water and wet land. It falls from above in the form of precipitation.
It is given off by plants. It can be drawn up into cool or dry air that passes over warmer
water. And it can be injected into the atmosphere through human activities, such as
manufacturing and transportation.
When the air temperature approaches the dew point, some of the moisture in the air
condenses into liquid form and attaches itself to particles in the air, such as dust, smoke, ice,
or salt. This causes fog, mist, dew, or clouds to form.
Generally speaking, fog forms when the air temperature is less than 2.5 degrees Celsius
warmer than the dew point. However, even when the air temperature and dew point are the
same—that is, the relative humidity is 100 percent—fog will not necessarily occur. At the
same time, it can form at much lower levels of humidity under certain circumstances. For
example, near the coastline and in rough seas, salt spray from breaking waves can cause fog
to form even in relatively dry air.
The thickness of fog—that is, how high its top extends above ground level or water level—is
largely determined by the height at which the layer of cooler air near the Earth’s surface is
capped by a warmer or drier air mass. This varies depending on the pressure of the air above
it. For example, a fog bank may be “squashed” when the pressure above it is high but expand
upwards if it starts to drop.

4. How Fog Dissipates
Any significant change in the conditions that caused fog to form will cause it to thin out or
dissipate. As a general rule, fog tends to burn off in prolonged sunlight, thin out in stronger
or more turbulent winds, or wash out in precipitation.
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5. Fog and Precipitation
Fog commonly produces precipitation in the form of drizzle or very light snow. Drizzle often
occurs when humidity reaches 100 percent and the tiny water droplets in the fog start to
combine into larger droplets. Freezing drizzle occurs when the air temperature drops below
zero degrees Celsius.
Precipitation can also induce fog. When warm rain falls through cooler air, some of the
water in the rain evaporates and condenses in the cool air, forming fog. This kind of fog can
be quite dense and generally persists until the rain moves out of the area.
When rain falls into pre-existing fog, it often improves visibility by washing out the high
concentration of tiny droplets that make it hard to see. It is rare for visibility to be less than a
kilometre when moderate rain and fog occur together. While heavy rain has the same effect,
it can cause visibility problems because of its own intensity. On the other hand, visibility is
often poor when drizzle and fog happen at the same time, likely because drizzle droplets are
smaller and greater in number than raindrops.

6. Types of Fog
There are many different types of fog found in the marine environment. Fog that forms over
land is only found relatively close to shore when there is an offshore wind blowing. Fog that
forms over water, however, can be a hazard just about anywhere boats are found.
Being aware of the conditions under which different types of fog form helps mariners make
informed decisions about whether or not it is safe to travel.

6.1 Fog that Forms Over Land
6.1.1 Radiation Fog
Radiation fog is a shallow fog (usually
1 to 10 metres deep) that forms over
land but can drift over the water if
light offshore winds develop at night.
It usually extends no further than
one kilometre from the shoreline. It
is most common in late fall and early
winter, when the nights are longer and
the ground is moist.

Radiation Fog
Clear sky, light winds
thin fog layer over land, forms
before dawn

Figure 4b-1 – Radiation fog forms overnight when the ground is
moist and the weather is relatively calm and clear.
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How does radiation fog form and dissipate?
Radiation fog occurs over land—most commonly inland—on clear, moist nights when
the wind speed is less than about five knots. It forms after sunset as the wet ground
begins to cool, producing condensation in the nearby air.
The earlier radiation fog forms,
the longer it lasts into the day;
however, it usually burns off not
long after sunrise as heat from
the sun or an increase in wind
speed causes the air to dry. On
calm winter days, radiation fog
can sometimes persist all day—
especially in areas surrounded by
high ground.
When radiation fog over water starts
to lift, it often forms a layer of low
stratus clouds that may quickly clear.
If higher-level cloud cover moves in, it
may take longer for the fog to dissipate;
however, radiation fog is usually only
a concern for morning boaters in
harbours and at the mouths of rivers.

Radiation Fog
Further radiational
cooling at top of fog
layer, deepens it

Heat radiating from the surface
Fog forms first at the
at night, cools the bottom air until surface, thickening as
it reaches saturation
cooling continues

Figure 4b-2 – Thermal radiation plays a key role in the formation of
radiation fog.

Mariners’ Tips
Since radiation fog is generally quite shallow, climbing a mast may provide a clearer view of
the surrounding area.

6.2 Fog that Forms Over Water
6.2.1 Advection Fog
Advection fog usually forms out at
sea, although it can also occur over
areas of ice and snowpack. It is
generally thicker over water than it is
over adjacent land masses and often
covers a large area.

Advection Fog
Moderate winds
thick fog bank,
thins inland
Moist flow

Figure 4c-1 – Advection fog typically forms at sea on breezy days.
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How does advection fog form and dissipate?
Advection fog forms when warm, humid air moves over a cold surface, such as a large
body of water. As the air cools, some of the moisture it contains condenses to form
fog. Advection fog is generally associated with moderate winds (approximately 8 to 17
knots); lighter winds produce less dense fog and stronger ones create low stratus clouds.
Advection fog usually occurs at sea
when relatively warmer air passes
over cooler waters, but it can also
form when a warm front moves over a
significant snowpack. It often occurs
on the east coast of Canada where the
cold, south-flowing Labrador Current
meets the warm, moist air of the Gulf
Stream.

Advection Fog

Fog forms
Warmer, moist air moves
over a colder surface and
its temperature drops

Colder Surface

Advection fog is particularly common
Figure 4c-2 – As warm, humid air passes over a colder surface, its
in areas where currents force
temperature decreases, causing some of the moisture it contains
deeper, colder water to the surface: a
to condense into fog.
phenomenon known as “upwelling”.
Upwelling is common at the mouth of the Saguenay River and along the entire west coast of
North America. It can also be highly localized, so it is important for mariners to know about
the physical properties of the areas in which they travel.
Sea-surface temperature charts or the presence of cold water currents show where advection
fog is most likely to occur.
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Figure 4c-3 – The movement of warm, moist air from the Gulf Stream over the much
colder waters of the Labrador Current creates ideal conditions for the formation of
advection fog.
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Advection fog tends to be persistent and often lasts throughout the day over the water,
although it may burn off closer to shore. It usually dissipates if the fog moves over a warmer
current of water or after the passage of a cold front. Daytime heating and an increase in wind
speed (18 knots or more) can also help dry up the air mass.

6.2.2 Steam Fog
Steam fog—named for the fact that it looks like steam rising from the water—is also known
as sea smoke, Arctic sea smoke, or evaporation fog. It occurs during the cooler months of the
year, when the air is much colder than the water below it.
Steam fog can be several metres thick. When it is heavy and the temperatures are below
freezing, it is common for it to cause icing on boat surfaces, especially cables and runners.

Steam fog over Lake Superior - Air temperature:6 below zero
Figure 4d – Formed through evaporation, steam fog is more common during the colder months, when the air is much
colder than the water below it.

How does steam fog form and dissipate?
Steam fog forms as a result of evaporation when cold, dry air passes over warmer water.
When the cold air makes contact with the warmer water, the lower layer of air near the
surface of the water warms. Some of the water evaporates into this layer of warmer air,
which then rises and mixes with the colder air above. This mixing cools the air enough
that some of the newly added water vapour begins condensing into tiny droplets.
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Steam fog forms more easily when there is a greater temperature difference between the
air and the water. As such, it is most common in the early morning and in the fall. It is
also more likely to occur when there is high humidity and the winds are relatively light.
In the winter, steam fog often appears over open waters near the coastline and openings
in the Arctic sea ice.
Steam fog usually dissipates once the wind exceeds five knots or the temperature
difference between the air and water narrows to less than 15 degrees Celsius as a result
of solar heating or wind blowing in from a warmer area.

6.2.3 Ice-Edge Fog
Ice-edge fog is a band of fog that forms near the edge of sea ice.

Figure 4e-1 – Ice-edge fog is particularly hazardous to boaters because it can hide the presence of sea ice and icebergs.
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How does ice-edge fog form
and dissipate?
Depending on the direction the
wind is blowing, either advection
fog or steam fog will form on a
small scale within about 30 metres
of an ice edge.
Advection fog occurs when the
moist, warmer air over the ocean’s
surface encounters the much
colder air near and over the ice.
This causes some of the moisture
in the air to condense, forming a
localized patch of fog. Conversely,
when the cool air over the ice
blows over the open water, the
temperature of the air over the
water drops to the dew point,
forming localized patches of
steam fog.

Ice Edge Fog

30 metres distance

Figure 4e-2 – Ice-edge fog form two ways: when the cooler air
that was over the ice blows over the warmer ocean; and when the
warmer air from over the ocean blows over the colder ice.

In order for ice-edge fog to occur, the dew point of the air over the water must be higher
than the temperature of the air near the surface of the ice. Favourable conditions for the
formation of this type of fog are extremely light wind (or no wind) and a strong difference in
temperature between the air over the ice and the ocean.
Ice-edge fog dissipates if the wind speed increases to even a few knots or if the water
temperature drops to near the ice temperature.
Mariners’ Tips
A telltale sign of sea ice in an area of open water is the presence of a thick band of fog, which
often forms near the edge of the ice.
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6.3 Fog that Forms Over Land or Water
6.3.1 Stratus Build-Down Fog
Stratus build-down fog is actually the base of a very low stratus cloud. It is not as common as
advection or radiation fog.

Figure 4f-1 – When the base of a stratus cloud reaches the surface, it is called stratus build-down fog.

How does stratus build-down
fog form and dissipate?
The process that causes stratus
build-down fog to form usually
begins at night, when there are
clear conditions above a low
stratus cloud. As its heat radiates
out into space, the top of the cloud
begins to cool and some of its
moisture condenses into tiny water
droplets. These additional droplets
cause the base of the cloud to
extend downward, until
it reaches the surface.
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Stratus Build-Down Fog
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Figure 4f-2 – Radiative cooling plays a key role in the formation of
stratus build-down fog.
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Stratus build-down fog is most likely to form when the air near the surface of the
Earth is cold and the atmosphere in very stable. Ideal conditions are when the marine
inversion boundary layer is less than 400 metres high.
Stratus build-down fog dissipates when a cold front passes through and destabilizes
the atmosphere or when solar heating or warm winds cause an increase in the air
temperature near the surface.

6.3.2 Precipitation Fog
As its name suggests, this type of fog is formed by precipitation. It is also known as frontal
fog because it often occurs ahead of warm fronts and behind cold fronts. If the rain moves
away, so does the fog.
How does precipitation fog form and dissipate?
As precipitation falls from a cloud into the drier air below, some of its droplets evaporate
into water vapour, increasing the moisture in the air. When the air reaches its saturation
point, some of this vapour condenses into fog.
Precipitation fog is more likely to develop in drizzle than heavy rain, because the smaller
droplets evaporate more easily and are also less likely to wash out the fog, once it has
formed. The lighter the winds and the longer the duration of the precipitation, the more
likely it is for the fog to occur.
When this type of fog is associated
with a warm front, it is created
mainly by the precipitation falling
ahead of the front. This is known as
“pre-frontal fog”. Because the rain
originates higher in the atmosphere,
where the air is warmer, it evaporates
more quickly than usual as it falls
through the much cooler air below.

Pre-Frontal Fog
Cloud development because of
frontal lifting of warm moist air
Nimbostratus Clouds

Warm air mass
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Cold Air Mass

Direction of frontal movement

Precipitation fog can also form behind
a cold front. As the precipitation falls
Figure 4g – When precipitation fog occurs ahead of a warm front,
it is known as “pre-frontal fog”.
into the cold, stable air, it gradually
increases the humidity until the air
is saturated. Fog forms when the moisture in the air condenses. This “post-frontal fog” is
similar to radiation fog because it also occurs when the sky is clear, the wind is light, and the
surface is moist.
Precipitation fog dissipates when wind speeds increase, after the warm or cold front has
passed by, and when the air in the lower layer of the atmosphere warms up.
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Mariners’ Tips
When a warm front is approaching and stratus fractus clouds (small, ragged fragments of
cloud) develop in the precipitation, it is a good sign that pre-frontal fog is going to form.

6.3.3 Ice Fog
Also known as “frozen fog”, ice fog is made up of tiny ice crystals. It occurs only in the cold
winter months and most often in northern regions, as very low temperatures are required
for it to form. In the Arctic, it is not uncommon for ice fog to reduce visibility to almost zero.
The tiny crystals in ice fog can create slippery conditions when they settle on the decks of
ships and other surfaces. Ice fog can also cause sparkling pillars of light to appear in the
air directly over a source of light. This unusual phenomenon is caused by the light being
reflected and refracted by the ice crystals in the fog.
How does ice fog form and dissipate?
Ice fog occurs when extremely cold temperatures freeze tiny water droplets into ice
crystals in midair.
Although different threshold temperatures apply at different locations, ice fog is very
rare at temperatures warmer than -10° Celsius and is quite common when the air
temperature is below -30°C. It can only form when there is a source of moisture nearby
and the winds are light.
In the Arctic, sources of water vapour include cracks and other openings in the sea ice.
Moisture also comes from internal combustion engines used for transportation, heating,
and power generation.
Ice fog can be extremely dense and can persist night and day until the temperature
warms up sufficiently. Ice fog also dissipates when surface winds increase to more than
five knots or the lower atmosphere becomes unstable.
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