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• 
"...how vast is Thy sea, 0 Lord; 

and how small is my boat..." 

—A Fisherman's Prayer 
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From freezing spray to gale force winds, mariners in Atlantic Canada face some 
of the harshest and most unpredictable weather anywhere in the world. Weather 
plays a vital role in the day-to-day activities of the east coast mariner. It also affects 
the thousands of pleasure boaters throughout the region. Indeed the decision of 
a fisherman, weekend sailor or ship's captain to set sail or head for shelter must 
be made quickly and with confidence. 

This manual is designed to help mariners and recreational sailors get the most out 
of Environment Canada's marine weather forecasts, and to help them identify 
conunon marine weather hazards and conditions throughout Atlantic Canada's 
waters. The manual is not intended to be a technical textbook on marine meteor-
ology, but rather a clear, practical guide to the ins-and-outs of marine weather in 
Atlantic Canada. With a greater knowledge of how and where local weather 
conditions occur, and a better understanding of Environment Canada's marine 
weather services, the people who work and play on our waters will be safer, and 
wiser. 
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INTRODUCTION 

HOW TO USE THIS MANUAL 
The first two sections of this manual focus on the marine weather services 
available in the Atlantic region, some of the forecasting problems which exist 
here, and the need for mariners to tailor marine forecasts to their own circum-
stances and needs. 

The remaining sections outline the basics of wind, seastate, vessel icing, fog, ice 
and storms. Within each section, maps and illustrations help to describe general 
and specific marine weather conditions throughout the Atlantic region. 

Mariners can find specific sections and weather conditions by turning to the table 
of contents. Each section is marked with its own symbol on the top of the page, 
for easier reference. 

We recommend that you read the East Coast Marine Weather manual before 
you set sail, and take it along with you for further reference at sea. 

MARINE WEATHER VIDEO SERIES 
A series of entertaining and informative videos on marine weather in Atlantic 
Canada has been developed to supplement the East Coast Marine Weather 
manual. The videos are ideal for individuals and groups who want to learn more 
about local marine weather hazards and conditions. For more information on the 
video series, contact: 

General Weather Services 
Atmospheric Environment Service 
Environment Canada 
1496 Bedford Highway 
Bedford, Nova Scotia 
B4A 1E5 
(902) 426-9164 

Newfoundland Weather Centre 
Atmospheric Environment Service 
Environment Canada 
P.O. Box 370 
Gander, Newfoundland 
Al V 1W7 
(709) 256-6600 

vii 
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An example of a weather map, illustrating the elements explained opposite. 
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INTRODUCTION 

HOW TO READ A WEATHER MAP 
The weather map is as important to the forecaster as a compass is to the mariner. 
Both are vital tools of the trade. But mariners can also benefit from understanding 
the basic elements of a weather map. The numbers and symbols on a map can help 
explain how and where different weather systems will occur. 

To help you read the weather maps in this manual, as well as the actual weather 
maps transmitted on marine facsimile machines, the basic features of a weather 
map are outlined opposite. 
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• 	 INTRODUCTION a 
Centre of high pressure 
An area where pressure decreases in all direc-
tions out from the centre. 

Centre of low pressure 
An area where pressure increases in all direc-
tions out from the centre. 

Isobars 
Lines joining places of equal pressure, drawn at 
intervals of four millibars. The closer the iso-
bars, the stronger the wind. 

Cold front 
The leading edge of an advancing cold air mass, 
which usually moves southward. "Icicles" on 
the map point into warm air. 

Warm front 
The trailing edge of a retreating cold air mass, 
which usually moves northward. "Raindrops" 
on the map face into cold air. 

Wind speed flags 
The shaft of the arrow represents the direction 
from which the wind blows. The wind speed, in 
knots, is given by the number of barbs and /or 
flags on the shaft. 
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1. WEATHER CENTRES AND WEATHER OFFICES e 
e Marine forecasts and warnings for Atlantic Canada are issued by the Environ- 

ment Canada Weather Centres in Halifax and Gander. Professional meteorolo- • 
gists at these centres provide around-the-clock forecasting services, including  • 
marine forecasts, for all areas of Atlantic Canada. The Maritimes and Newfound-  • 
land Weather Centres are located at: e 
MARITIMES 
Maritimes Weather Centre 
Atmospheric Environment Service 
1496 Bedford Highway 
Bedford, Nova Scotia 
134A 1E5 
(902) 426-9191 

NEWFOUNDLAND 
Newfoundland Weather Centre 
Atmospheric Environment Service 
P.O.Box 370 
Gander, Newfoundland 
AlV 1W7 
(709) 256-6600 

e 
e 
e 
e 
e 
e 

The Weather Offices of Atlantic Canada are staffed by specially trained meteoro- • 
logical technicians who produce and distribute forecasts and handle all weather  • 
inquiries. These offices often use their knowledge of local conditions to fine tune . 
the regional or area forecasts, depending on the needs of the end users. Local me  
Weather Offices are located throughout the region at: e 

e 
e 
e 
e 
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e 
e 
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e 
e 
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HALIFAX 	 FREDERICTON 
1496 Bedford Highway 	 P.O. Box 9 ,Fredericton Airport 
Bedford, N.S. 134A 1E5 	 RR#1, N.B. E3B 4X2 
(902) 426-1310 	 (506) 446-6240 

SYDNEY 	 MONCTON 
P.O. Box 670 	 Airport Bag Service # 5006 
Sydney, N.S. B1P 6H7 	 Moncton Airport 
(902) 564-7299 	 Moncton, N.B. ElC 8K2 

(506) 857-6600 

YARMOUTH 	 SAINT JOHN 
P.O. Box 818 	 4180 Loch Lomond Rd. 
Yarmouth, N.S. B5A 4K4 	 Saint John, N.B. E2N 1L7 
(902) 742-8695 	 (506) 648-4939 

CHARLOTTETOWN 	 ST. JOHN'S 
97 Queen St., 2nd Floor 	 P.O. Box 5670 
Charlottetown, P.E.I. CIA 4A9 	St. John's, Nfld. AlC 5W8 
(902) 566-7060 	 (709) 772-5532 
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2. MARINE WEATHER REPORTING NETWORK 

Recent technology has provided marine forecasters with many helpful new tools. Satellite 
imagenf and weather radar have had a significant impact on our understanding of basic 
weather systems. Automatic coastal weather stations and weather buoys send a steady 
stream of information which the forecaster uses to assess the changing weather. rÊ 
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3. MARINE FORECASTS 
The following forecasts are available in support of marine activities through-
out Atlantic Canada: 
MARINE FORECAST Forecasts for the 38 marine areas (see map, inside back 
cover) are issued four times daily (three times for Labrador) from both Halifax 	al 
and Gander. The bulletins are valid for two days with a third day outlook of 	ID 
general wind conditions. Included in the forecasts are: 
WIND - Wind directions are given at eight points of the compass. Wind speeds are 	• 
given in knots. The forecast describes the average wind conditions over a specific 	• 
area. 
VISIBILITY - Visibility is given using the following terms: Good (greater than 6 	• 
nautical miles), Fair (1 to 6 n. miles), and Poor (less than 1 n. mile). 
FREEZING SPRAY - This is included in the forecast when moderate or heavy ship 
icing is expected. 
TEMPERATURE - Forecast values are given when the temperature is near or 
below zero; otherwise, only a warming or cooling trend is given. 

MARINE SYNOPSIS When a forecast is issued, a synopsis is included, and is 
usually broadcast first. The synopsis gives the broad weather picture and tells 
how and where the weather systems are moving. The synopsis also mentions the 
warnings which are in effect. An experienced mariner can fine tune the forecasts 
for an area once the general weather picture is known. 

TECHNICAL SYNOPSIS This bulletin is issued 4 times daily by the Maritimes 
Weather Centre only. It gives the latitude, longitude and movements of all 
weather systems which may affect the Atlantic Region. 
SEASTATE FORECAST Deep water wave height forecasts - valid for 24 hours-
are prepared twice daily for all marine areas except Northumberland Strait, 
Chaleur Miscou and Lake Melville. These forecasts are based on the significant 
wave height forecast charts prepared by the Canadian Meteorological and 
Oceanographic Centre at H.M.C. Dockyard, Halifax. 
ICE FORECASTS During the ice season, forecasts of pack ice and icebergs are 
prepared and issued by Environment Canada's Ice Central in Ottawa. Bulletins 
for Nova Scotia and Newfoundland fishermen are included on Weatheradio 
during the ice breakup in spring. A bulletin is also issued for the Gulf of St. 
Lawrence during the entire ice season, to help aid navigation. Current ice 
conditions and recommended routes of travel are provided separately by Cana-
dian Coast Guard stations. 



Bras d'Or 
Lakes Conception 

Bay 

Hillsborough Bay 

MARINE WEATHER SERVICES 9 
SPECIAL LOCAL FORECASTS 
HILLSBOROUGH BAY and SHEDIAC BAY forecasts are prepared by the local 
weather offices at Charlottetown and Moncton, respectively. These forecasts are 
available during the summer months only, and are intended primarily for 
pleasure boaters and wind surfers. The forecasts are not transmitted on Weathera-
dio, but are available through the local weather offices. 
CONCEPTION BAY forecasts are prepared by the local weather office in St. John's 
four times daily, along with the regular marine forecasts. These forecasts are 
available during the summer months only, and are intended mainly for pleasure 
boaters. These forecasts are available on taped telephone messages or by contact-
ing the office. 
BRAS D'OR LAKES forecasts are prepared by the weather office in Sydney and 
are available from May through November. They are prepared twice daily and are 
part of the regular Weatheradio broadcast, following the marine and seastate 
forecasts. 

HALIFAX HARBOUR forecasts are prepared four times daily, all year long. They 
are included in the regular cycle on Weatheradio between the marine synopsis 
and the regular marine forecasts. 

Areas with special local forecasts 



• 
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4. MARINE WARNINGS 
Marine warnings are issued whenever certain weather criteria are met during the 
valid times of the marine forecast. Special bulletins are issued by the Weather 
Centres and then broadcast immediately by marine radio stations. All warnings 
are mentioned in the appropriate marine synopsis and marine forecast. 

GALE WARNING - issued for winds in the range of 34 to 47 knots. 
STORM WARNING - issued for winds in the range of 48 to 63 knots. 
HURRICANE FORCE WIND WARNING  -  issued when winds exceed 63 knots. 

HURRICANE and TROPICAL STORM WARNING  -  issued when a hurricane 
or tropical storm is forecast to affect any of the 38 marine areas within 72 hours. 
The warning is issued by the Canadian Hurricane Centre in Bedford, N.S. and 
contains general information about the location and movement of the storm, as 
well as the wind speeds reported. When the storm is forecast to affect any of the 
marine areas within 48 hours, a detailed statement is issued. 

The following warnings are not issued as separate bulletins: 
FREEZING SPRAY WARNING - issued when moderate or heavy vessel icing is 
expected due to freezing spray. The degree of vessel icing depends on the size and 
type of vessel, as well as its motion. The freezing spray warning is therefore a 
general statement of the potential for freezing spray. This warning is mentioned 
in both the marine forecast and marine synopsis. 
SMALL CRAFT WARNING  -  issued by the Maritimes Weather Centre for 
Maritime coastal waters when winds are forecast between 20 and 33 knots. This 
warning is mentioned only in the marine synopsis. 
STORM SURGE WARNING - issued in the marine synopsis when unusually 
high water levels are forecast along the coast within two hours of the next high 
tide. 



Sable Island 
161.775 162.550 

MARINE WEATHER SERVICES 9 
5. WEATHERADIO CANADA 
Weatheradio Canada is a public service which transmits up-to-the-minute weather 
information over VHF-FM radio, 24 hours a day, seven days a week. 
Weatheradio Canada transmits a cycle of weather information tailored to the 
interests and needs of mariners and other local users. The program is repeated 
and updated at regular intervals. It may also be interrupted at any time to 
broadcast weather warnings. 
The program cycle averages 15 minutes and includes both public and marine 
forecasts and warnings. It also includes seastate forecasts as well as selected 
weather reports from coastal stations and lighthouses. The contents are adjusted 
seasonally to accommodate the users' changing needs. 
WEATHER WARNINGS 
Weatheradio Canada alerts users to warnings of severe weather automatically, 
provided receivers are equipped with special warning devices which emit a loud, 
continuous tone and/or flashing light to alert listeners to a weather warning. 
Contact your local weather office for more information on Weatheradio services. 

Major Weatheradio transmitters 
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WEATHERADIO TRANSMITTERS 

Moncton and its 8 repeater stations transmit at 162.40, 162.475 and 162.55 mega-
hertz (MHz) on the Very High Frequency (VHF) Frequency Modulated (FM) 
band. Moncton Weatheradio can be received over most areas of New Brunswick 
and western PEI. Broadcasts are provided in both English and French. 
Halifax and its 14 repeater stations transmit at 162.40, 162.475 and 162.55 MHz on 
the VHF-FM band. Halifax Weatheradio can be received over most areas of Nova 
Scotia and PEI. 
Sable Island repeater, broadcasts on 161.775 MHz (Channel 83B), and is a facility 
shared by Environment Canada and the Canadian Coast Guard. It broadcasts 
notices to shipping, marine forecasts and warnings, hourly coastal weather 
reports and appropriate weather and seastate reports from ships in the area. 
Gander and its 15 repeater stations transmit at 162.40, 162.475 and 162.55 MHz on 
the VHF-FM band. Gander Weatheradio can be received over most areas of 
Newfoundland and parts of southern Labrador. 

6. ROLE OF MARINERS IN WEATHER FORECASTS 
Despite the great leaps in forecasting technology in recent years, the weather 
report from the transient vessel at sea still plays a primary role in the production 
of forecasts. 
Indeed the entire marine community is an essential part of the forecasting team. 
Mariners both use the forecasts, and provide the data on which the forecasts are 
based. Without weather information from individuals at sea, the forecast quality 
suffers. 
For example, there may be hundreds of vessels in Atlantic Canada waters at any 
one time. However, forecasters analyzing a weather map at 4 a.m. will find less 
than a handful of reports from within Canadian waters. The early morning 
forecast is regarded by many as the most important, yet that is the time when 
fewest reports are received from vessels at sea. The ability of the forecaster to 
predict the weather hinges in part on knowing what is happening at present - and 
this is only possible by having reports from vessels at sea. 
Weather reports are the result of an international effort. And the diligent efforts 
of the Canadian Coast Guard marine radio get the observations to both forecasters 
and users of weather information - reports which help to fil in many missing 
pieces in the forecasting puzzle. 

8 
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1. INTRODUCTION 
Atlantic Canada has some of the most complex and unpredictable weather in the 
world. The volatile east coast climate is influenced by two very different currents 
of water  -  the warm Gulf Stream, and the cold Labrador Current. Atlantic 
Canadians are treated to an ever-changing variety of weather. And the old quip, 
"If you don't like the weather - wait a minute", is not without foundation - 
especially in the marine environment. 
Forecasting for such a large and unpredictable region is a constant juggling act for 
meteorologists. And once a forecast is made, its value may be lost because the end 
user often does not know how to make the best use of it. This section is designed 
to help the mariner make the best possible use of the marine forecast. By 
understanding some of the limitations placed on the forecaster, mariners can 
learn to tailor forecasts to their own needs and situations. 

2. DIFFERENT SCALES 
Forecasts are prepared by meteorologists who have had extensive training in 
"synoptic-scale" meteorology. This scale deals with weather systems, such as 
high and low pressure areas, which span distances from hundreds to thousands 
of miles. The mariner, however, operates in an environment which may have 
significant weather differences over a distance of less than one mile. 

The job of the forecaster is to try to take the large-scale weather forecast, and 
reduce it to the scale in which we humans live. But the forecasters can only reduce 
the scale so far; the rest is up to the end user. 

It is often thought that the meteorologist and the mariner are in competition to see 
who can make the better forecast. On the contrary, it is only when they work 
together that the best forecast can result. The forecaster tracks and forecasts large-
scale weather systems for many days, as they move through marine areas as large 
as half a million square miles. The mariner knows the signs that accompany large-
scale systems, and which create the local weather experienced on a scale of only 
a few miles or less. The mariner also has extensive knowledge of the local areas 
of high winds or choppy seas that develop under certain weather conditions. If 
the mariner fails to participate in the forecasting process, the value of the forecast 
is lost. Therefore, the mariner is expected to make adjustments to the large-scale 
forecast, and reduce it to a more practical, local scale. 

3. FORMAT LIMITATIONS 
The most complete forecast is not always the most useful. Forecasters are often 
forced to leave out some of the conditions they may be aware of, simply for the 
sake of brevity. Because forecasts are verbal, those which include all weather 

a 

10 



An example of a timing problem 

NOON I AFTERNOON I 	EARLY 
EVENING 

\FUNK  ASLAND BANK 

a 
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MARINE WEATHER FORECASTING 

changes are often too long and make the Weatheradio broadcast tedious. Marine 
forecasts must therefore be accurate and concise to provide the most useful 
service to mariners. 
When writing forecasts, the forecaster considers what are called "significant 
thresholds". One example is wind shifts through eight points of the compass: a 
forecast may mention a northerly or northeasterly wind, but never a north-
northeasterly wind. A forecast which tries to incorporate every significant wind 
change would be too lengthy. 

4. MARINE AREAS AND TIMING PROBLEMS 
To be truly useful, a forecast must be tailored to fit designated areas. However, the 
weather does not respect the arbitrary boundaries between these areas. It is 
sometimes necessary to split the areas in half, but even this leaves an area of 
hundreds of square miles which the forecaster must treat as having uniform 
weather. 
An example is given below of a cold front moving through the Newfoundland 
marine area called Funk Island Bank. The front is moving at such a speed that it 
enters the western tip of the area at noon, and does not reach the easternmost edge 
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until early evening. It is well known that significant wind changes take place 
along a cold front, so the timing of its passage is important. However, the 
forecaster will usually treat the area as if it were a single point, for the sake of 
timing and formatting constraints. Therefore, the forecast could make reference 
to the wind changes taking place in the afternoon - an average time for the entire 
area. Knowing this, mariners can make adjustments to the forecast, depending on 
their location in the area. 
For example, if a fisherman is working on the extreme western half of Funk Island 
Bank, he would expect the weather to arrive a bit sooner than forecast. He would 
also be listening to the forecast for the adjacent marine areas since the weather 
may carry over from one area to another. It is minor corrections such as these that 
the forecaster expects the mariner to make. 

Marine Weather Tip 
Once underway, keep monitoring Weatheradio and VHF radio. Up-to-the-minute 
information is vital to safety at sea. 
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MARINE WEATHER FORECASTING L-X- ,-  
5. GETTING THE MOST OUT OF THE FORECAST 
Below is a basic checklist which can help make forecasts more useful, anywhere 
marine forecasts are available: 

O What is the present weather? 
Listen to reports from along the route you are planning. Keep a 
"weather-eye" open. 

O What is the forecast trend - worse, the same, or better? 
Consider how long you will be at sea. 

D What marine warnings are in effect or forecast? 
What is the general interpretation of the warning? 

J What is the weather summary? 
Consider the location of fronts and pressure systems as described in 
the marine synopsis. 

CI What forecast areas are important to you... 
...where you are? 
• Make sure you listen to the right forecast. 
• Also listen to the forecast for adjacent areas. 
• If you are near one end of the area, you may need to adjust the time 
when the weather is going to affect you, depending on where it's 
coming from. 
...where you are going? 
• All areas you travel through should be monitored on VHF radio. 
...where the weather is coming from? 
• Listen to reports from areas where the significant weather is now. 

O Are you offshore or near shore? 
• If offshore, you can probably use the forecast with only a few minor 
adjustments. 
• If near shore, you may need to make your own small-scale adjust-
ments to the forecast. To learn how to do this, keep reading through the 
rest of the manual. This will help you to identify potential small-scale 
variations in your area. rw 
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"No weather is ill, If the wind be still." 
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1. OFFSHORE WATERS 
la. Pressure 
Wind is simply air in motion. Air is set in motion to compensate for differences in 
barometric pressure between different areas. Whether on the grand scale of the 
globe, or on the smaller scale of the mariner, wind results from air moving from 
a higher to a lower pressure area. 

Whenever there is a pressure gradient - a difference in pressure between two 
points - there is a wind whose strength corresponds to the gradient. Lines of 
constant pressure called isobars are the "contour" lines seen on weather maps. 
When the isobars are closely spaced, the pressure gradient is stronger and thus the 
wind is equally as strong. 

Just as contour spacing on a topographical map shows ground height differences, 
isobar spacing shows pressure differences. We know that the speed of a ball rolling 
down a hill depends on the steepness of the slope. If the hill is steep  -  with closely 
spaced contour lines - the ball rolls quickly. If the hill is shallow - widely spaced 
contour lines - the ball rolls slowly. Similarly, wind speed changes with the 
spacing of the isobars. 

If the earth did not rotate, the wind would blow directly "downhill" from high to 
low pressure. However, because the earth does move, the wind turns to the right 
(in the northern hemisphere) with the rotating earth and the wind appears to blow 
around the hill  -  parallel to the isobars. This effect is caused by the Coriolis Force. 
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Marine 
Weather Tip 
If the wind is 
blowing at 
your back,the 
lower pres-
sure is on 
your left-
handside,and 
higher pres-
sure is  on 
your right. 
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lb. Friction 
A few thousand feet above the earth's surface, the wind blows parallel to the 
isobars. Closer to the surface, friction between the earth and the wind creates a 
drag on the wind which slows it down. When this happens, the wind no longer 
has enough momentum to stay parallel to the isobars, so it cuts slightly towards 
lower pressure, or the path of least resistance. This results in the wind spiralling 
down the "pressure hill", rather than blowing directly down or around the hill. 
The rougher the surface, the slower the wind moves, and the more it spirals 
towards lower pressure. 
An example of this friction effect is seen when comparing land to water. The land 
is a much rougher surface than the open water. Therefore, it follows that the wind 
is stronger over a smooth ocean than it is over a rough land surface. As well, the 
wind over the land is "backed" more in direction than it is over the open ocean. 
Because of this friction effect wind reports from coastal land stations are not 
always representative of winds over the water. 



e-  WIND 

lc. Stability 
When cold air sits over warmer air, the cold air sinks to the surface because it is 
heavier. On the other hand, when warm air lies over cooler air at the surface, the 
warm air remains where it is. The air in the first case is said to be unstable, and in 
the second case it is  stable.  
What does stability have to do with the wind? As noted earlier, winds alo ft  are 
stronger than surface winds because air moving over the surface is slowed down 
by friction. When the air is stable, the "frictionless" winds aloft slide easily over 
the cooler blanket of air at the surface, leaving it undisturbed. When the air is 
unstable, updrafts and downdrafts occur as the colder air replaces the warmer air 
below. Strong downdrafts reach the earth's surface as gusts; surface wind gusts 
are "samples" of the winds aloft  that have plunged to earth. Forecasters can 
predict maximum possible gusts at the surface from the speed of winds as high 
as a mile up. 
Ehiring sunny days the land heats up air near the surface. The air becomes 
unstable and gusty winds can be expected on land and very close to shore. The 
sea, however, does not heat up as much as as the land. References to coastal gusts 
in the forecast are usually due to this daytime heating of the land. Reports of clear-
weather squalls in the Northumberland Strait are often the result of such instabil-
ity and can be dangerous to small cra ft . 
Stability over open water is largely determined by the temperature difference 
between the water and the air. If the air is colder than the water, the water warms 
the air near the surface and the air becomes unstable. If the air is warmer than the 
water, the water cools the air near the surface and the air remains stable. When the 
air becomes warmer with height, it is called a temperature inversion, or simply, 
an inversion. 
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Example Of The Importance of Stability 
The pressure lines on a weather map only partially explain the real wind 
experienced by mariners. Stability also plays an important part, as the following 
example illustrates. 
On the weather map below, there is a low pressure system with a cold front and 
a warm front. The "X" , located behind the cold front, is in air which is about 10°C 
colder than the water below it. The "Y" , located between the cold front and the 
warm front, is in air which is about 5° C warmer than the water below it. 
Therefore, the air at "X" is unstable , and the air at "Y" is stable . The pressure 
gradient wind at both locations is 50 knots, however the actual winds at the sea 
surface are quite different. Stability is the reason. 

Example of the importance of stability 
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ld. Squalls 
Thunderstonn Squalls 
Individual thunderstorms are impossible to forecast over large marine areas. 
However, violent winds called squalls often accompany these storms and are of 
considerable concern to the mariner (see STORMS: Thunderstorms). Cold air 
within a thunderstorm rushes down from great heights, picking up speed and 
spreading out at the base of the storm cloud. The resulting gusty winds can extend 
2 or 3 miles in advance of the cloud and rai area. These squalls or gust fronts are 
less severe with isolated thunderstorms than with cold front thunderstorms or 
squall lines. Each squall is usually followed by heavy rai showers lasting up to 
15 minutes. Absence of swell waves, a slow fall in pressure, and a lack of high 
cloud combined suggest a temporary squall of less than half an hour. 

Marine Weather Tip 
A good rule of thumb in guessing maximum gusts in an approaching thunderstorm 
is to add 15 knots to the estimated speed of the cloud; add another 10 knots i f the cloud 
base is very low over the water. For example, assume a thunderstorm is moving in 
from the southwest: if the lower cloud approaches on a prevailing wind of SW 10 
knots, then the expected first-gust speed is 25 knots, or 35 knots if the cloud base 
is low and black. 
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The satellite picture below shows an exceptional case of a series of squall lines ahead 
of a fast moving cold front. 

WIND e- 
• Squall Lines And Cold Front Thunderstorms 
• Thunderstorms are mainly summertime events, although they have been known 
• to occur in the heart of winter. Thunderstorms o ften form in organized lines 
• which last for long periods. These thunderstorm lines are usually associated with 

cold fronts. They can form along the front itself or else form in an independent line 
le 	about one hundred miles ahead of the front. These independent lines of thunder- 
• storms are called squall lines, and are often detectable on navigation radars. 
• A typical squall line advances at a speed of about 25 knots, so the thunderstorms 
• that can be seen nosing above the horizon can be expected in about an hour and 
• a half. During these storms, gusts of 40 to 60 knots are common. Squalls typically 
• are short-lived, and once one has been weathered, another one is usua lly unlikely 
• for four to six hours. Remember, "The sharper the blast, the sooner she's past." 
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2. NEAR-SHORE WATERS 
Marine forecasts are designed primarily for use in offshore waters; however, 
much of the mariner 's operations take place near shore. The mariner therefore 
needs to be aware of the large variety of added effects which can alter the winds 
near the coast. The marine forecast is a good starting point when trying to gauge 
coastal wind effects because local winds are influenced by open-ocean winds. 

For most of the effects discussed in this section, a specific local example 
is given for illustration. If your own situation is similar to one of those 
described, you should expect similar wind or weather effects. 

2a. Winds Blowing Offshore 
When the wind blows from the land, it usually veers and picks up speed as it 
moves out over the water. This is due to the lower friction over the water, com-
pared to the land. This effect is very pronounced in unstable conditions, and 
within 10 miles of shore. 

• 
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2b. Coastal Convergence / Divergence 
11 When the wind is at your back and the coast is on your right, the different angles 
• of the surface winds over land and water (created by friction) cause the airstreams 

to converge.This convergence creates a band of wind which is about 25 percent 
stronger within two or three miles of the shore. Friction along the shoreline keeps 

coastal wind speeds 
• CONVERGENCE 	 DIVERGENCE 	lower than those just 11, 	 offshore. In addition, 

LAND 	 LAND 	 this convergence of 
airstreams forces the 
air upwards, often 

a  - 	 , 	
– 	, _ causing increased 

cloud or a band of . thicker cloud along 
• Lime, 
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2c. Corner Effects 
Convergence and divergence can occur on a smaller scale, known as the corner 
effect. Rough land areas slow down air flow more than the relatively smooth sea 
surface does. Looking downwind towards a land mass, one can always expect 
stronger winds at the left corner of the land obstacle. Lower pressure occurs to the 
left, and a wind that is slowed down by the rough land area will swerve towards 
lower pressure - the path of least resistance. This movement causes a convergence 
of airstreams, or "piling up" of the winds to the left of the obstacle. If the land mass 
is an island, and the wind can also flow past the right side, the winds will be 
weaker. These bands of stronger and lighter winds are not limited to the island 
shore, but continue downwind for tens of miles. Winds may also be turbulent to 
the lee of the island. Sometimes a line of cloud or individual clouds suggests the 
position of the stronger wind band, while a line of blue sky or thinner cloud 
suggests a lighter wind band. 

Left-hand cornering, resulting in stronger winds, is common when east or northeast 
winds blow around Cape Race on the Avalon peninsula. 
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2d. Sea and Land Breezes 
The sea breeze is perhaps the best known and most studied local wind condition. 
Sea breezes occur during the daytime in warm sunny weather when the air over 
a land area is heated more rapidly than the air over an adjacent water surface. As 
a result, the warmer air rises and relatively cool air from the sea flows onshore to 
replace it. 
As the day progresses the sea breeze circulation increases in strength and extends 
further both inland and seaward. As the sea breeze gets stronger and covers a 
larger area, the Coriolis force takes effect, causing the breeze to veer. By mid-
afternoon, the direction of the breeze shifts to along-the-shore (a shift of 50 or 60 
degrees from earlier in the afternoon) and the breeze extends from 10 to 20 miles 
seaward. The sea breeze fades away around sunset, although the sea breeze cir-
culation may continue to drift seawards. It can sometimes be found up to 40 miles 
from shore, in the middle of the night. 
Northern  Labrador experiences strong sea breezes where land and sea tempera- 
tures differ greatly. Sea breezes may also be enhanced by local funnelling effects 
resulting in very strong winds, such as those found in fjords of the Labrador coast. 
At night, the air over the land cools faster than that over the nearby ocean, causing 
the air circulation to be in the opposite direction - a land breeze. Land breezes are 
usually weaker than sea breezes and have a less noticeable effect on temperature. 

Dynamics of sea breeze and land breeze 
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Marine Weather Tip 

One of the first clues to the onset of a sea breeze is the sudden dissolving of low cloud 
just offshore. This is a sign of air gently subsiding in preparation for feeding the first 
drift of air onto the shore. 

Sea Breezes With A Prevailing Wind 

Since there is usually a prevailing wind in eastern Canada, the sea breeze cannot 
be fully understood without also considering the prevailing wind. If the prevail-
ing wind is onshore , then a true sea breeze never develops because the onshore 
wind prevents both the land from heating up and the circulation from develop-
ing. If the prevailing wind is offshore , it helps the circulation to develop and 
allows the land to heat to its maximum. If a prevailing wind from any direction 
is 25 knots or stronger, a true sea breeze will not develop. 

Sea Breezes And Irregular Coastlines 
Complicated sea breezes initially develop where the coastline is very irregular. 
However, as the afternoon progresses, the sea breeze develops as if to smooth out 
these irregularities, and acts as if the coastline is straight. For example, if a mari-
ner is sailing close to the shore in a large bay, the sea breeze in the late morning 
will blow at a right angle to the nearest shore. (figure 1) As the day progresses, the 
winds will veer - because of the Coriolis force - and the sea breeze will blow at 
more of an angle. (figure 2) If there is an initial prevailing wind offshore, a calm 
period will develop near the coasts of the bay and gradually drift seawards. 
Mariners in the 
bay will often 
notice the winds 
become calm for 
a period of time 
in the afternoon, 
and then in-
crease again 
from a veered 
direction. (figure 
3) This classic 
pattern occurs 
regularly in St. 
Ma rga rets Bay, 
N.S. 
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2e. Funnelling And Channelling 
Funnelling occurs when wind is forced to flow through a narrow opening 
between adjacent land areas. Inside the opening, wind speed may double, much 
the way a pinched hose spouts water at a higher speed. The effect often occurs in 
straits between two islands, or between an island and the coast. Funnelling can 
also increase the wind speed at the mouth of inlets or harbours when the wind is 

blowing on-
shore. 

Local fishermen 
in the Strait of 
Belle Isle report 
that easterlies 
increase sub-
stantially from 
L'Anse au Loup 
to Blanc Sablon. 
Moving in the 
other direction, 
light westerlies 
can increase to 
almost gale force 
between these 

two locations. Channelling is the tendency of the wind to blow along the axis of 
a channel or to be deflected by the land. Channelling mainly affects the direction 
of the wind. 
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passages are oriented in such a way that they channel northeasterly or northerly 
flows. The topography and geography of this stretch of coastline allows the de-
velopment of almost every type of local wind effect possible, due to the hundreds 
of small islands and narrow passages. 

2f. Katabatic, Anabatic and Drainage Winds 
When air cools over mountainous land on a clear night it becomes heavier and 
drains downwards early in the morning, usually following valleys until it reaches 
the sea. Its momentum carries it a mile or two out to sea, fanning out before it 
warms up and dies away. These cool night winds are called katabatic winds or 
drainage winds , and are often quite gusty. They are common in the fjords of 
Labrador where local mariners refer to them as "Blow-me-downs". A mariner 
who takes shelter in a calm secluded cove overnight may be surprised in the early 
morning by the sudden onset of gusty downslope winds from a valley at the head 
of the cove. 
During the day, an opposite but less dramatic effect takes place. The sides of the 
valleys or slopes become warmer than the valley bottom, and the wind blows up 
the slope and hence up the valley. These daytime, upslope winds are called 
anabatic winds. Katabatic, anabatic and drainage winds all contribute to stronger 
land and sea breezes and increased wind speeds. 

Anabatic and katabatic winds 
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A unique problem associated with drainage winds is found in St. Georges Bay in 
western Newfoundland. Drainage winds here result in northeasterlies during the 
night. These winds will counteract a strong westerly gradient wind during the 
later part of the night causing only light winds in St. Georges Bay. Fishermen 
listening to a marine forecast of moderate or strong westerly winds may question 
the forecast, based on what they observe in St. Georges Bay. The forecast of 
westerly winds will be good just a few miles offshore throughout the night and 
in the bay during daytime hours. This is a prime example of a coastal wind effect 
which cannot be incorporated into the forecast. 

Another form of drainage wind occurs when cold air becomes trapped at higher 
elevations, building up until it eventually drains down the slopes. This usually 
happens with a rush of very strong winds. One of the best known examples of this 
effect is over southwestern Newfoundland between Cape Ray and St. Andrews. 
Cold air becomes trapped between an approaching warm front and high ground 
a few miles inland. East or southeast winds develop as the drainage begins. The 
air is then funnelled through a series of gaps near the coast until it reaches the 
coastal plane. Winds of incredibly high speeds have actually blown rail cars off 
the tracks in this area. 

29 
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2g. Lee Effects 
2g(1). Lee Troughing 
When winds blow from a westerly direction and move over mountains or large 
hills, a trough of low pressure develops on the lee side of the ridge. The lee 
troughing effect usually results in a wind direction which is backed by 60 to 90 
degrees from the pressure gradient wind. The amount of backing and the width 
of the band of shifted winds both depend on the steepness and height of the hills. 

The effects of lee troughing are often felt along the Fundy shore of New Brunswick. A 
moderate west to northwest prevailing wind results in a band of moderate southwesterlies 
within 10 miles of the shore. Beyond 10 miles, winds return to the prevailing wind 
direction. 
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• 2g(2). Lee Waves 
• A wind phenomenon called lee waves occurs when very stable air flows over 
• hills. Lee waves often occur along the western coast of Cape Breton when 

• southeasterly winds blow ahead of an approaching or passing warm front. The 
air is very stable ahead of the front and a frontal inversion (warm air over cold air) 

• causes the approaching airstream to become pinched between the inversion and 
111 	the surface. On the lee side of the hills, the inversion becomes wavy, and the air 
• in turn  fluctuates up and down. Where the air converges near the surface, strong 
• winds are experienced. 

• If the inversion wave "breaks" - just as water waves break - turbulent eddies are 
• created which travel down the hill, bringing very strong gusty winds. These 
le 	winds may extend 10 or 15 miles out to sea and are impossible to forecast. The 

strong gusts may appear in bands over the water and will also have variable 
• directions from the northeast through southeast quadrants. In such conditions, 
• while other Cape Breton sites may experience gale force gusts, locations along the 
• west coast will have hurricane force gusts of 80 to 100 knots. These violent 
• southeasterlies are well-known to Cheticamp residents. Acadians refer to this 

wind as the suête. 

An example of lee effects in Cape Breton 
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2g(3). Smaller Scale Lee Effects 
Wind blowing offshore is altered if the wind first flows over a cliff, and then out 
over the water. Eddies often form downwind of the cliff face which create 
stationary zones of stronger and lighter winds. The zones of strong winds are 
fairly predictable and usually remain stationary as long as the wind direction and 
stability of the airstream do not change. The lighter winds - often called wind 
shadows - vary in speed and can reverse their direction, particularly downwind 
of higher cliffs. 

Above: Beneath the cliffs the wind is usually gusty and the wind direction is completely 
opposite to the wind blowing over the top of the cliff. This effect happens in summer and 
early fall in Conception Bay, Nexfoundland. Moderate southwesterlies there can cause 
turbulent eddies at the head of the bay, giving gale force winds. 
Below: Similar, but reversed eddies may be encountered in onshore winds near cliffs. 
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3. SUMMARY ON WIND FORECASTING 
Using the information in this chapter, we can look at a specific example of how 
mariners can arrive at the best possible forecast for their own local areas. For 
example, imagine your boat is located just north of the Derabies Islands, northeast 
of Canso, Nova Scotia. You are now situated on the boundary between the Eastern 
Shore and Fourchu marine forecast areas. The marine synopsis describes a cold 
front now moving through the Maritimes with strong to gale force northwester-
lies in its wake. You are listening to the 5:30 a.m. forecasts, which are as follows: 

Southwestern Shore, Lahave Bank Eastern Shore, Sable: Winds southerly 15 
to 20 knots increasing to northwesterly 20 to 30 this morning.... Fourchu, Cabot 
Strait, Northern Half of Banquereau: Gale Warning Continued. Winds south-
erly 15 to 25 knots increasing to northwesterly 25 to gales 35 this afternoon.... 

From the synopsis and the forecasts, it is clear that the forecaster is timing the 
onset of northwesterly winds with the passage of the cold front. The question for 
the mariner is this: What time will the cold front pass through my location? The 
forecast for areas west of you says it will pass in the morning. The forecast for 
areas east of you says it will pass in the afternoon. Therefore, you can assume that 
the cold front will pass by your location about noon, give or take a couple of hours, 
at which time the northwesterlies will begin. 
Your position is marked below. 
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You have already made the first adjustment to the forecast for your specific 
location. Now we can look at the smaller scale to see what other adjustments can 
be made. 

The southerly winds ahead of the front may be slightly weaker in your location 
because of coastal divergence and a right-hand corner effect off Canso. Also, the 
southerly winds ahead of a cold front are usually stable - so they should not be 
very gusty. You can therefore expect the southerlies to be steady near the lower 
range of the forecast values -namely Southerly at 15 knots. 
The northwesterly winds behind the front will be stronger in your location 
because of a left-hand corner effect near Canso.The main effect to consider is the 
funnelling of the winds down the Strait of Canso from the Northumberland Strait. 
A stronger band of northwesterlies will carry across the entire length of Chedabucto 
Bay. The forecast values of 25 to gales 35 may be too low since the forecasters are 
unlikely to have pinpointed these two factors. As well, the wind will be cold and 
unstable leading to gustiness. Therefore, you can expect Northwesterlies 35 with 
gusts to 45. 
The final forecast after your adjustments would be: Winds southerly 15 knots 
veering and increasing near noon to Northwesterly 35 with gusts to 45.... 

Both fiinnelling and corner wind effects occur near Canso, N.S. 
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The simple answer is NO! 

AA. 

SEASTATE 
Is every seventh wave the biggest? Oceanographer B. Kinsman says... 

le 	"As I have travelled about, I have found every integer from three to nine enshrined in the 
folklore. If you put your faith in any 'pet integer' and have the temerity to prove your faith 
by sailing in a dinghy, you will sooner, rather than later, be slapped silly by a wave 

• numbered 'pet integer plus one'."  • 
• • • • • • • • • • • • • • • • • • • •  • • • • • 
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SEASTATE FORECASTS 
Over the years many fishermen and mariners have forecast the seas based on a 
wind forecast. Most of the time the wind can provide enough information for a 
seasoned mariner to predict the seas, but sometimes strong currents, wind shifts 
or a significant swell can greatly alter the seastate. 

The Maritimes and Newfoundland Weather Centres began a seastate forecast 
service in May, 1985 to contribute to safer operations for commercial fishermen, 
shippers, recreational boaters, the offshore oil industry and government agencies 
with marine interests on Canada's east coast. 

With adequate and timely seastate information: fishermen can avoid venturing 
out on rough seas and losing or damaging equipment; shippers can reduce the 
risk to ship traffic; weekend boaters, who usually sail smaller more vulnerable 
craft, can effectively plan outings and not get caught in high seas outside a 
harbour 's protection; and, the offshore industry can plan operations for im-
proved efficiency and safety. 

1. DEEP WATER 
la. Wind-waves and Swell 
Seastate forecasts describe only deep water wave heights. In deep water, waves 
are created by the force of the wind on the water. The size that the waves 
eventually reach depends on: 

• The wind speed. 
• The length of time the wind persists without changing direction or speed, 

called duration. 
• The distance the wind has been blowing from the same direction and with 

constant speed, called fetch. 
• The height and motion of the existing swell. 

Wind-waves are generated in the immediate area of a wind blowing on the water 
surface. These waves can be generated very quickly, within an hour or so. The 
time it takes for waves to subside also depends on the wind. 
Swell waves are what remains of the wind waves after they move away from the 
area where they were generated. These long waves, or rollers, contain a great deal 
of energy and can take many days to subside. It is the swell waves that are seen 
as breakers on the shoreline. When referring to deep water wave heights, the term 
"significant wave height" is used. The significant height is defined as the average 
height of the highest one-third of all the waves present. These values correspond 
to what an observer sees when scanning the seas. The maximum wave height can 
be about twice the significant wave height. 
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Marine Weather Tip 
A threatening sky with increasing black clouds and rai is generally not part of a 
large-scale wind system if it is not preceded by swell. Therefore any wind encoun-
tered should only be temporary. However, increasing swell from the direction of ad-
vancing storm clouds suggests an approaching low with a large area of strong winds. 
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Wave heights under certain wind conditions 	Typical seastates for various winds 

Strong Winds. Wind speed 20-33 knots. Sea 
heaps up and white foam from breaking 
waves begins to be blown in streaks along 
the direction of the wind. 

Gale Force Winds. Wind speed 34-47 knots. 
High waves. Dense streaks of foam are 
blown along the direction of the wind. Crests 
of waves begin to topple, tumble, and roll 
over. Spray may affect visibility. 

Storm Force Winds. Wind speed 48-63 
knots. Very high waves form with long 
overhanging crests. The resulting foam, in 
great patches, is blown in dense white streaks 
along the direction of the wind. On the 
whole, the surface of the sea takes on a white 
appearance. The tumbling of the sea be-
comes heavy. Visibility is affected. 



choppy 
seas 
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lb. Cross Seas 
Cross seas form when one train of waves moves at an angle to a second group of 
waves. When this happens seas often become steep with short, sharp wave crests 
and the sea appears confused. Depending on the height of the waves, cross sea 
conditions range from uncomfortable to hazardous for smaller vessels. When 
cross seas combine with an underlying tidal current, the sea surface becomes 
especially hazardous. 
Wave crossing occurs most commonly when new waves are being generated over 
an old swell area, produced by an earlier or distant storm. It also arises when 
storms cross an area accompanied by abrupt wind shifts. 
Intense cold fronts moving through the Gulf of St. Lawrence are heralded by 
strong southerly winds and swells. Winds shifting to northwesterly behind the 
front result in confused and treacherous seas in the northern  part of the Gulf of St. 
Lawrence. This is especially common where the west or northwest winds are 
funnelled, as they are in the Gaspé Passage or at the mouth of the Bay of Chaleur. 

An example of combined wave effects: In westerly winds, wind-waves moving east pass 
to the north of PEI. Meanwhile, in the Northumberland Strait, winds are channelled to 
southwesterly, resulting in waves there moving northeast.  The  two sets of waves meet just 
east of  PE!,  resulting in an area of cross seas. These waves may also interact with tidal 
currents to produce hazardous conditions. 
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lc. Currents and Tides 
An important factor when considering waves is the interaction between winds, 
waves, tides and currents. Tides are the result of the gravitational influence of the 
moon and sun, with the highest tides in the world occurring in the Bay of Fundy. 
Tidal prediction tables are available to mariners and give predicted times of 
astronomical tides for locations throughout the Atlantic Region. 
Ocean currents are affected by wind, water temperature differences, the shape of 
the sea bed, the Coriolis force, gravitational effects and pressure differences. All 
of these factors add together to give the actual current observed at any given 
moment. Currents of 3 to 6 knots are quite common with extreme speeds near 15 
knots in the Minas Channel to the mouth of Minas Basin. 

The Gulf Stream and Labrador Currents along with other local ocean cuirents 

a 
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2. SHALLOW WATER 
The distance between two wave crests, or between two wave troughs, is called the 
wavelength. When the depth of the ocean bottom is half the wavelength of a 
certain part of a wave, that part begins to "feel bottom". This results in profound 
changes in the length, speed, direction and energy of the wave. Consequently, 
long waves begin to feel bottom sooner than shorter ones. 

2a. Shoaling - Breakers and Surf 
The effects of the ocean bottom on waves can be divided into two types: shoaling 
and refraction. Shoaling affects the height of waves, but not the direction. 
Refraction affects both. These two effects depend on the change of wave speed in 
shallow water. The Sailing Directions for your own area will give a description of 
the shape of the local sea bed and unusual shoaling effects. 
When deep-water waves reach a shoal and start to feel bottom, the energy 
between the crests remains the same, but the waves become higher. The wave 
crests also move closer together causing the waves to become steeper, until 
eventually they are as high above the water as the water is deep. When this 
happens, the waves tumble into breakers or surf. 

The channel into Murray Harbour,  PE!, is sometimes impassible in easterly winds 
because a line of breakers sets up across the mouth of the harbour over shallow water. 
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Refraction effects 
are also noticeable 
at the south-
western extent of 
the Magdalen Is-
lands in the Gulf 
of Si.  Lawrence 
where choppy. 
conflicting seas 
develop in strong 
northeasterlies. 

111111 

CHOPPY 
SEAS 

REFRACTION OF A WAVE TRAIN 
AS IT APPROACHES A COAST 

I  DIRECTION OF SWELL IN DEEP WATER 
1 	1 	1 

• 	 SEASTATE • 
2b. Refraction of Waves 
When a wave crest approaches a shoreline from an angle, shoaling affects the part 
of the wave directly over shallow water. This part of the wave begins to slow 
down and build in height, as described previously. However, the part of the wave 
over the deeper water continues at its original height and speed. As a result, the 
waves appear to bend and grow near the shore. This is common along the 
northern coast of Groswater Bay, Labrador, when strong southeasterly winds 

bring in fully 
developed seas. 
The same effect 
can be seen at 
points or head-
la nds where 
waves bend 
towards the 
point and "pile 
up". This ac-
counts for mari-
ners saying that 
"points draw 
waves". 
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2c. Wave-Current Interaction 
Near the coast, waves steepen and break as they run onto an opposing tidal or 
ocean current. When the current is strong or the waves are large due to high 
winds, the breaking may be vigorous. These conditions can be quite hazardous 
depending upon the vessel size and type. The Northumberland Strait, the 
southern tip of Nova Scotia and the northern edge of the Gulf Stream are well 
known areas of wave-current interaction. 
When tides, waves and wind collide, and the water is shallow, conditions at sea 
deteriorate rapidly. Seastate conditions can be quite hazardous just south of 
Yarmouth, Nova Scotia, when a southwesterly wind and waves encounter an ebb 
tide retreating from the Bay of Fundy. And when ebb tides meet off Pointe de l'Est, 
Magdalen Islands, over a shallow sand bar about a mile offshore, the meeting of 
the two ebb streams, together with the shoaling effect, results in heavy breaking 
seas in strong easterly winds. 

Waves moving against a current actually receive energyfrom the current.The wave length 
decreases, while the wave height increases. This results in a rapid steepening which may 
lead to breaking. For example, a 3 metre wind wave would almost double in height on a 
5 knot opposing current and would steepen to the breaking point. 
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Marine Weather Tip 
Mariners are advised to plan routes that take advantage of the stage of tide (ebb-flood) 
and to use weather forecasts along with local observations of wind and sea to avoid 
dangerous spots. Sailing Directions can be of assistance in determining these areas. 

2d. Tidal Rips and Local Current Effects 
When strong currents ride over irregular sea bottoms, the result is a rip - a boiling 
action on the sea surface. Rips can be hazardous if they break violently, which 
often happens in opposing winds. Rips are frequent in Atlantic Canada, espe-
cially in the Northumberland Strait and off the southwestern tip of Nova Scotia. 
Local Sailing Directions indicate the locations of well-known rips. 

Wind-driven currents can often override regular currents and tides. An example 
of this is seen near Cape Breton Island. After continued east or northeast winds, 
a north-moving current with a rate of 1 knot may flow from the vicinity of St. 

Ann's Bay to 
near Cape 
North, where it 
meets the cur-
rent flowing 
southeast out of 
the Gulf of St. 
Lawrence. The 
direction of the 
currents com-
bined with the 
direction of the 
winds can cause 
very choppy 
seas. 

le  ocean 
current 
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Other important factors which influence current or tidal effects are heavy rain and 
ice-melt. Ice-melt causes problems in Saint John, N.B., each spring when the 
"freshet" sends a river of fresh water streaming out into the salt water harbour. 
The fresh water not only changes the water current considerably, it also affects its 
buoyancy. This lasts only a few weeks but it is one of the main factors that the 
Harbour Master and mariners in Saint John must consider. 
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Marine Weather Tip 
Mariners who are sheltering in a bay or cove should always heed a marine forecast 
of heavier winds and waves just outside the bay. Even over short distances the 
seastate can change, and mariners may unwittingly venture from a safe shelter into 
dangerous seas. 

WIND 
AND WAVES 

*ere, 

e 

open 
harbour 

sheltered 
harbour 

•N%  

SEASTATE 

2e. Sheltering 

Coastal land often shelters the mariner from the wind and sea. A harbour with a 
shallow or narrow mouth prevents swell from entering. And anchoring near 
shore when winds blow offshore minimizes wind strengths in a storm - especially 
if there is a wind shadow. 
Noted harbours which provide good shelter in heavy weather are Pubnico 
Harbour in the Southwestern Shore marine area and Country Harbour in the 
Eastern Shore marine area. Another safe mooring is on Anticosti Island where the 
bay at Pointe du Sud Ouest gives shelter in easterly winds. Winds here are 
offshore and thus considerably lighter than westerly winds. As well, the bay is 
completely sheltered from easterly swell waves. 
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VESSEL ICING 
"By the time we sought shelter, there was 30 tons of ice hanging on the ship. 

We would have been lost without the shelter of that island." 

- Jacques Cousteau 
recalling near disaster with his vessel, CALYPSO. 
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VESSEL ICING 

Any vessel operating in eastern Canadian waters in winter has probably experi-
enced icing. The icing of a vessel's structure can hinder shipboard activities, 
making the simplest above-board tasks tedious, exhaustive, and sometimes 
impossible. Icing also increases a vessel's weight and draft and alters its centre of 
gravity. Uneven icing along with increased wind drag can lead to listing. And a 
large accumulation of ice above the waterline can even lead to capsizing. 

Subzero temperatures are required for substantial ice buildup; therefore, vessel 
icing is only a serious hazard from November to April. The following three factors 
can contribute to vessel icing: 
1. FREEZING SEA SPRAY is by far the most serious type of icing, and the only 
one linked to severe structural icing. This form of icing depends primarily on air 
and water temperatures, wind speed, wave height, precipitation and the charac-
teristics of the vessel. 
• Air temperatures must be colder than -2° C (the freezing point of salt water) 

in order to generate freezing spray in salt water. As temperatures grow colder, 
icing conditions usually become more severe. 

• Wind speeds are a factor in the amount of spray produced: the stronger the 
wind, the more the spray. 

An approximate relationship between air temperature, wind speed and freezing spray 
is shown below. Warnings are issued for moderate icing or greater. 
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VESSEL ICING a 
a 
a • • Water temperatures leading to freezing spray must generally be colder than 

5° C. However, freezing spray is possible at temperatures as high as 8° C. 0 
• Wave heights contribute to freezing spray since the splashing of the waves a  

generates much of the spray in the first place. Experienced mariners know that 
• keeping to the lee of heavy pack ice provides effective shelter from freezing 
• spray since the waves are dampened by the ice. 
• • Precipitation such as snow can add to the ice loads formed by freezing spray. 
• More than 60 percent of spray icing events are accompanied by snow squalls 

• or flurries. 

• • Vessel characteristics such as size, hull design, speed and heading are critical 
factors in determining the amount of spray experienced by a vessel, and 

• consequently the icing rate. Small vessels with large amounts of rigging are 
• especially at risk since ice build-up is most rapid on exposed surfaces with 
• smaller diameters, and such vessels have less capacity to handle the extra ice 
• load. •  •  
a •  
a 
a 
a 

Marine Weather Tips 

• A vessel moving slowly or away from the wind experiences far less icing than a 
vessel heading quickly into the wind and waves. 

• When icing conditions threaten, clear deck areas of all gear and rigging which 
could accumulate additional ice. 

a 
• 2. FREEZING RAIN occurs when warm air from the south rides up over cold 
• arctic air at the surface. Rain from the warm air falls through the cold layer and 
lie 	becomes supercooled. Under these conditions the rai freezes when it hits the 

subzero temperatures of a vessel's superstructure, and a clear glaze of ice is 
• formed over the decks, railings and stairways. Less ice usually accumulates with 
• freezing rain than with sea spray. 
a 3. ARCTIC SEA SMOKE can occur when very cold air flows over warm water. 
• This "fog" is composed of minute supercooled water droplets that freeze on 
• contact with a vessel. While this type of icing is often associated with freezing 
• spray events in the Gulf of St. Lawrence and Labrador Sea, it is generally not haz-

ardous. a 
a •  
a 
a •  
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FOG 
"Sometimes out on the Bay of Fundy when the fog comes in thick you can sit on the 

boat's rail and lean your back up agin' it. So that's pretty thick fog out there; but you 
gotta be careful 'cause if the fog lifts quick, you'll fall overboard." 

- a Nova Scotia sailor 
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The mariner caught in fog often operates without the three vital tools of naviga-
tion: sight, hearing and radar. Fog causes obscured visibility, distorted sound and 
reduced radar range. For these reasons, fog is a weather phenomenon worthy of 
caution and respect. There are four main types of fog: 
RADIATION FOG forms over land during the early morning, generally under 
clear skies and light wind conditions. It may drift over the water when light 
breezes develop from land during the night. It is primarily a problem in harbours 
and estuaries. Radiation fog rarely spreads far out to sea and often lifts off the 
water surface to form low stratus clouds. After sunrise, the fog burns off over the 
land, then clears more slowly over the water. 
SEA FOG is formed when warm air moves over colder sea water. The moisture 
in the air condenses into fog, the same way a person's warm breath condenses on 
a cold window pane. The sea surface temperature must be cooler than the 
dewpoint of the air for fog to form. Unlike radiation fog, which requires calm or 
light wind conditions, sea fog may form when winds are moderate, and may even 
persist as winds become strong. And whereas land fog usually burns off during 
the day, sea fog is affected much less by sunshine. Sea fog is of most concern to 
mariners in spring and summer. The waters of Atlantic Canada are reputed to be 
among the foggiest in the world. July is typically the worst month with the Grand 
Banks being foggy almost half the time. 
PRECIPITATION FOG or FRONTAL FOG forms ahead of warm fronts when 
warm precipitation from aloft falls down through a cooler layer near the ground 
to saturate the surface air. 
ARCTIC SEA SMOKE forms when very cold arctic air moves over warmer sea 
water. This is quite different from sea fog. Here, the moisture evaporates from the 
sea surface and saturates the air. The air is very cold and cannot hold all of the 
moisture evaporated, so the excess condenses into fog. The result looks like steam 
or smoke rising from the sea surface and is seldom more than a few feet thick. 
Although sea smoke is normally not a hazard to mariners, under extreme 
conditions the fog may be thick enough and cold enough to create light vessel 
icing. 
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The satellite picture below shows a fog bank south of Nertfoundland. Notice how the 
southern edge of the bank appears to meander northward and southward. 

Now look at the water temperatures in the same location. These temperatures represent 
a three-day average. Notice how the 10° C temperature line meanders the same way. 
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ICE 
"The most intense local hazards to navigation can often be the most picturesque. 

ke at sea is best handled by simple respect and a wide berth." 

- meteorologist P.J. Bowyer 
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1. SEA ICE or PACK ICE 
In the winter months sea ice is an accepted fact in the waters of Labrador and New-
foundland, and in the Gulf of St. Lawrence. Ice inhibits much of the commercial 
fishing industry and is therefore of great concern to mariners and forecasters. The 
extent of the ice varies greatly from year-to-year. The end of March is typically the 
worst time for sea ice, and after this date it begins its annual retreat northward. 
September is generally the most "ice-free" month with sea ice existing only in the 
far north. The shorter days of autumn bring colder air temperatures to Atlantic 
Canada, and freezing conditions develop first along the north shore of the Gulf 
of St. Lawrence in the second week of November. Because a large heat reserve in 
the sea slows the southward spread of colder conditions, the average daily 
temperatures do not fall below 0° C in Prince Edward Island and the Magdalen 
Islands until the end of November. Average sub-zero temperatures do not begin 
until the second week of December in Cape Breton Island and on the Avalon 
Peninsula. 
While sea ice is often a negative factor in the fishing industry, it also has some 
benefits. A large body of sea ice inhibits waves - when the wind is blowing off the 
ice - and thereby provides shelter to the mariner in a storm. Since wave heights 
are reduced, there is also less risk of freezing spray in strong cold winds. 

Maximum and minimum limits of sea ice in late March 
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Marine Weather Tip 
Mariners experiencing smaller waves than expected, should suspect that pack ice is 
close by. Also, the sighting of marine mammals - such as seals - which seem far from 
shore is another indication that pack ice may be near. 

2. ICEBERGS 
Icebergs are by far the most dangerous form of ice. Icebergs slowly make their way 
south each year a fter being calved from the fresh-water glaciers of Greenland. The 
icebergs may take from one to two years to jou rney down to the Grand Banks. 
These chunks of ice are much harder than salt-water ice and come in a vast array 
of shapes and sizes; and each one is a local hazard to navigation. The expression, 
"just the tip of the iceberg" is well founded, for these single chunks of glacial ice 
have most of their mass beneath the water, and out of sight. 

The map below shows the average and extreme maximum limits of iceberg movement 
during the month of  May. In general, icebergs either become caught in the pack ice in the 
Strait of Belle Isle, or become grounded in the shallow waters of the Strait. On the rare 
occasion that an iceberg makes it through the Strait, the current carries it towards 
Anticosti Island where it becomes grounded. 



a ICE 

Greenland glaciers fracture and produce icebergs more readily when temperatures 
are mild. Also, with mild temperatures there is usually less sea ice to hamper 
icebergs in their trip southward. In colder years, fewer icebergs are produced, and 
those that do travel southward often become trapped in the ice. This can be a 
hazard since a small iceberg imbedded in a floe of sea ice may not easily be 
detected. Once the sea ice begins to melt or retreat, the icebergs, which take longer 
to melt, are free to advance into the southern waters. It is not unusual to see an 
iceberg at the mouth of St. John's Harbour during July or August. 

When icebergs enter warmer waters and begin to melt, their stability changes and 
they roll or shift. These sudden movements often result in the icebergs fragmenting 
into smaller pieces. These smaller pieces present the greatest danger to marine 
activities. Growlers are small iceberg fragments which extend only a few feet 
above the water, and in heavy seas they can go unnoticed. 

a 
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STORMS 
"So foul a sky clears not without a storm." 

- Shakespeare, King lohn 
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STORMS 

The term "storm" is used loosely by mariners to describe a weather system or 
event which produces strong winds, high waves or heavy precipitation. In this 
context, there are a variety of storms which affect Atlantic Canada. 

There are four basic types of storms which can be encountered in the waters off 
the east coast; and each one is defined by the way in which it forms. There are 
typical low pressure centres which draw their energy from the ongoing battle 
between warm and cold air masses - these are the frontal storms. There are 
thunderstorms which are often single "cells" of overtu rning air, moving inde-
pendently through the atmosphere. There are the storms such as cold outbreaks 
and polar lows which draw their energy from cold air. And finally, there are the 
tropical storms and hurricanes which draw their energy from warm ocean waters. 
This section discusses this variety of storms. 

1. FRONTAL STORMS 
When  the glass falls low, 

Prepare for a blow; 
When it rises high, 
Let all your sails fly." 
- Anonymous 

la. Air Masses, Fronts and Lows 
Air masses are large bodies of air with similar properties such as temperature and 
moisture. Air masses move about the face of the earth trying to even out global 
differences in temperature and moisture. Colder air masses are heavier and exert 
more pressure on the surface than warmer ones. Air tends to move from areas of 
higher pressure to areas of lower pressure (see WIND section). It is this motion of 
the air that concerns mariners the most. 
The boundaries between different air masses are called fronts. A front is an elastic, 
ever-changing barrier between heavy colder air on one side, and lighter, warmer 
air on the other. A front is called a cold front if the cold air at the front is advancing. 
Conversely, a front is called a warm front if the cold air at the front is retreating. 
Along either type of front there is a constant battle between cold and warm air. It 
is this battle between the air masses that gives fronts their own unique brand of 
weather. 
The typical low pressure centres, or storms, shown on weather maps and referred 
to in marine synopses are those which exist on fronts. The main area of activity on 
fronts is near the low centres which are born, grow to maturity, and then die along 
the fronts. Each low, during its lifetime, travels along the boundary between the 
two air masses. 



stratus & stratocumulus cumulonimbus 
thickening to 
nimbostratus 

often total clearance; 
cumulus develops 

sudden rise 

sudden fall 

rise gradually levels off 

little change 

Pressure falls near front 

Dewpoint little change 

Wind 	increases & backs 

Cloud 	sequence of: 
cirrus, cirrostratus, 
altostratus, nimbo-
stratus. stratus 

Front approaching. As it passes... 

veers 

nimbostratus 

In warm sector... 

direction steady 

stratus, stratocumulus 

Rain 	becomes heavier & 	stops or turns to 
more continuous 	drizzle 

occasional drizzle or 
light rain 

Visibility deteriorates slowly, 	deteriorates 
as rain gets heavier 

moderate or poor, 
fog likely 

Pressure falls at increasing rate 	stops falling falls if depression 
deepening, otherwise 
steady 

Dewpoint little change 	 rises little change 59 
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It is useful for a mariner to know what to expect when a front is approaching or 
when it is passing. A table describing the typical weather sequences that accom-
pany warm and cold fronts is shown below. 

Typical sequence of weather associated with a cold front 

Front approaching... 	As it passes... 

Wind 	backs & increases 	sudden veer 
close to front 	 often with squall  

In cold air behind it... 

probably backs a little. 
then direction steady, 
stronger & gusty 

Cloud 

Rai 	heavy rai near front 

Visibility moderate or poor. 
perhaps fog 

heavy rain, perhaps 
hail & thunder 

poor in rain 

usually fine for an hour 
or two, then showers 

very good 

a 

Typical sequence of weather associated with a warm front 
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lb. Storm Strengths 
Summer vs. Winter Storms 
The strength of a frontal storm in part depends on the time of year. Indeed, winter 
storms are more severe than summer storms. Yet the manner in which they form 
is similar: their strength is drawn from the difference between cold and warm air. 
This difference is greatest in the winter. For example, the average wind speed in 
August for most marine areas is "light". However, the average wind speed in 
those same areas in January is "moderate" or "strong". The percentage of time 
with gales is ten tùnes higher in January than in August. 
Storm force winds, while rare in August, are a definite threat in January, occuring 
from one to four percent of the time. One recent January storm ravaged the Belle 
Isle Bank and Funk Isle Bank areas with sustained storm force winds for more 
than five days. In contrast, the longest storm force wind recorded in August was 
in the southern  Grand Banks waters. It lasted less than 20 hours, and was 
associated with a hurricane - not a frontal storm. 
Explosive Development of a Storm 
The North Atlantic is well known for the explosive development of low pressure 
centres. Anywhere within the waters of Atlantic Canada, a low pressure centre 
can deepen and /or intensify with little notice. The sudden or explosive develop-
ment of low pressure centres has concerned forecasters for some time, and is of 
critical interest to mariners. Forecasters have a special name for lows that develop 
quickly; they are, appropriately, called "bombs". 

a 

a 

60 



a 

• • 
• • 

• 

a 

a 

The most common tracks for frontal storms are shown below. 
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• lc. Storm Tracks 
• For every storm, forecasters predict wind changes in each marine area, depend- 
• ing upon which sector(s) of the storm will pass over that area. Miscalculating a 
• storm track by only 60 miles, 24 hours in advance, is considered an accurate 
• forecast. However, many marine areas are narrower than 60 miles. Therefore it is 
• essential that mariners listen to the forecast for all adjacent areas, and prepare for 
le 	the worst. 
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id.  Typical Winds with a Developing Storm 
Pressure gradient (see WIND section) is one of the key factors in determining the 
wind in a given storm. However, in storms such as the one opposite, there are 
other factors which add to, or subtract from the pressure gradient. 

10 Storm force winds may develop behind the cold front because strong 
instability, rapid pressure rises and sharply veering winds add to the pres-
sure gradient. 
Storm force winds may also develop in the warmer air and a certain 
distance ahead of the warm front because rapid pressure falls add to the 
pressure gradient. 

© Lighter winds may be experienced to the left of the storm's track because 
sharply backing winds, rapid pressure changes and stable air combine to 
reduce the effect of the pressure gradient. 

Note: The following three maps demonstrate the common characteristics in the 
life cycle of a typical Atlantic storm. 
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le. The Death of a Frontal Storm — Trowals 
A storm begins to die when a pie-like wedge of warm air is squeezed out 
completely by heavy cold air pushing down behind the low. The storm centre is 
cut off from its supply of warm moist air and flooded with cold air. It then begins 
to die out quickly, just as a raging fire is squelched by a bucket of cold water. 

The retreating warm air becomes a trowal (short for trough of warm air aloft) when 
the warm air has been pushed completely off the surface. This process signals the 
dying stage of the storm. However, it does not mean that the strong winds and 
other significant weather have ended. 

The trowal is an important feature in eastern  Canada because the significant 
weather moves with it as it pulls away from the low. Gale and storm force winds 
often form ahead of an intense trowal as the pressure gradient packs tightly. Once 
a trowal passes by, the winds can drop considerably. As well, heavy precipitation 
just ahead of the trowal will change abruptly to fog and drizzle just behind it. 



"Dying" Storm 
Time: 1200 hrs 
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1f. The Dead System — Cold Lows 
Once the warm air has completely pulled out of a storm, it will usually sit in one 
spot, spinning slowly - sometimes for days. These systems usually bring mist, 
drizzle and intermittent rain or snow with them. The winds near the centre of a 
cold low are not usually very strong. 

The map opposite shows a typical early winter pressure pattern which develops 
in eastern Canada. A cold low becomes stalled somewhere east of Newfoundland 
or Labrador which may persist for days. A high pressure centre moves in from the 
west during the same time, resulting in a "pressure squeeze" over the Atlantic 
provinces. Although called a "dead low centre", this system is far from harmless. 
The northwesterly winds which result are usually cold and unstable, thereby 
adding to the wind strength. Gale force winds are usually expected and storm 
force winds are also possible. 
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"Dead" Storm 
Time: 2400 hrs 
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wind speed 

20-33 knots 
34-47 kt. 
48-63 kt. 

64 or more kt. 

wave-height in 
exposed locations 

3-6 metres 
6-9 m. 

9-16 m. 
>16 m. 
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1g. Seastates with a Storm 
The worst threat from storms is not the winds, as one might expect, but the size 
and ferocity of the waves that result. The descriptive terms for hazardous winds 
have the following meanings: 

term 

Strong Winds or Small Craft Warning 
Gale Warning 
Storm Warning 
Hurricane Warning 

Marine Weather Tip 

Each warning has the following basic interpretation: 

• SMALL CRAFT WARNING 
Be cautious ; 

• GALE WARNING 
Expect rough weather. Don't get caught in open water unless your boat can 
handle rough weather; 

• STORM WARNINGS HURRICANE-FORCE WIND WARNING 
Stay ashore or try to avoid the storm. 

In many cases, wave steepness is more critical than wave height. A boat can ride 
a long, high wave by climbing up one side and sliding down the other. But serious 
trouble may result when the boat's stern gets hung up on one steep wave crest 
while the bow is driven under the next one. There are several other dangerous 
situations that can develop for a ship in severe seas. 

In beam seas... 
• excessive roll can cause cargo to shift, with the danger of listing and capsizing, 
• broadside breaking waves may exert a force above the vessel's centre of gravity 

that is great enough to result in capsizing. 
In following seas... 
• there may be loss of stability on a wave crest; 
• broaching can happen as a vessel is overtaken by a wave crest. 

In quartering seas... 
• combinations of beam and following sea problems are possible. 
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Wave heights in metres 
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Typical sign ificant wave heights associated with a mature frontal storm passing south of 
the Atlantic provinces 
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2. THUNDERSTORMS 
"I saw the lightning's gleaming rod 
Reach forth and write upon the sky 
The awful autograph of God." 
Joaquin Miller, The Ship of the Desert 

Thunderstorms concern mariners primarily because of the violent winds that can 
accompany them. Lightning can also be a problem at sea since thunderstorms 
seek out tall, free-standing objects such as masts, as focal points for their electrical 
discharge to the earth. 
Thunderstorms are divided into two classes: air mass thunderstorms which occur 
individually and randomly over an area, and line or frontal thunderstorms 
associated with a frontal system or a trough of low pressure. 

Air Mass Thunderstorms 
In summer, air mass thunderstorrns usually form over land and then drift over the 
water, which is colder than the land. The storms are generally individual cloud 
"cells", although a few cells may combine to form a larger thunderstorm cloud. 
These thunderstorms commonly form in the afternoon and disperse in the 
evening. Many of them disperse quickly after moving over cold water; this 
happens frequently when thunderstorm cells move from New Brunswick or New 
England and pass over the Bay of Fundy. It is often possible to avoid these storms 
by altering course. 
In winter, air mass thunderstorms may also form when cold air rushes out over 
warm water; as in the case of a cold outbreak. These thunderstorms are wide-
spread, and altering course will seldom help the mariner to avoid them. 
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• Line Or Frontal Thunderstorms 
• These thunderstorms often form a continuous line of activity and there is little 
• opportunity to avoid the storm by changing course. In addition, frontal thunder- 
• storrns are often embedded in other clouds and the precise area of the thunder- 
. storm activity is difficult to discern from the general cloud and rain accompany-

ing the front. 
All thunderstorms follow the same pattern of development and decay. When a 
storm is growing it consists of a central core of upward moving air. Winds around 
the storm blow towards the storm centre. During the next stage, as the storm 
reaches maximum intensity, a strong downdraft of cooler air develops. Rai be-
gins, accompanied by lightning and thunder. The strong, gusty winds blow down 
from under the cloud and spread outwards - this is called a squall or gust front 
(see the section under WIND dealing with squalls). A dark menacing roll cloud 
often forms at the forward edge of a thunderstorm. But no matter how black and 
menacing a cloud may appear, the weather it brings will not be severe unless it 
reaches well up into the atmosphere for several miles. Cloud heights need to be 
well over 20,000 feet in order to produce strong gusts. But it is not until the thun-
derheads reach up into the 40,000 to 60,000 foot range that the violent squalls of 
50 or 60 knots occur. 

Weather activity around a frontal thunderstorm 
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Waterspouts 

Another phenomenon frequently associated with thunderstorms off the east 
coast is the waterspout. A waterspout associated with a thunderstorm is simply 
a tornado over water; a vertical rotating funnel of cloud that extends down from 
the base of a thunderstorm. The first sign that a waterspout may form is if the 
cloud sags down in one area. If this bulge continues downward to the sea surface, 
forming a vortex beneath it, sea water can be carried a hundred or more feet into 
the air. The average diameter of a waterspout is less than 50 feet, although well 
developed systems may reach a few hundred feet across. Waterspouts can often 
be detected on navigational radars, and unlike tornadoes, waterspouts usually 
last less than 15 minutes. Waterspouts associated with thunderstorms are fre-
quently reported in the Gulf of St. Lawrence and in the Northumberland Strait. 
Another type of waterspout is one which forms in the absence of thunderstorms 
- this is discussed under cold outbreaks, on the opposite page. 

Marine Weather Tip 
Although some immature waterspouts are very small, they should be avoided 
because they can change to more violent systems without warning. 

A dramatic photo of twin waterspouts 
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3. COLD-AIR STORMS 
" Up there in New Brunswick the weather can change awfully quick. One time I was 
watching the trout jump on the lake and a cold squall come down from the north. 
I walked out on the ice and picked up a fine mess of trout." 
- a Nova Scotia fisherman 

3a. Cold Outbreaks 
One of the most difficult weather conditions for mariners is the cold outbreak; the 
blast of cold arctic air which drives in behind a fierce winter storm. Strong 
pressure effects combined with deep instability often give rise to storm force 
winds. Bitter temperatures associated with these winds can create severe freezing 
spray and wind chill conditions. And the instability and winds combine to create 
very heavy snowsqualls, especially in onshore locations or places directly under 
one of the "snow streamers". 
Waterspouts may even form in the absence of thunderstorms, existing simply as 
"cold-air funnels". This is a common event in cold outbreaks over the warm Gulf 
Stream waters and the Gulf of St. Lawrence. Seastate is also important under these 
conditions because waves grow quickly and can easily reach 10 metres or higher. 

Weather map showing a cold outbreak over the southern Atlantic provinces. 
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3b. Polar Lows 

Arctic instability lows or "polar lows" are examples of small-scale storms that are 
by no means small in impact. They are low pressure areas which form when cold 
Arctic air moves offshore in a cold outbreak and moves over relatively warm 
water. Although they are small in diameter - usually less than 60 miles - they can 
pack winds of hurricane force. Their small size means they often escape detection, 
and they are currently impossible to predict. Forecasters have discovered through 
satellite photography that these lows form much more frequently than previously 
believed. They can easily go undetected unless they come into contact with a 
reporting station or vessel, or show up clearly on a satellite picture. 

Satellite photo showing a polar low south of Newfoundland 
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4. WARM-AIR STORMS 
Hurricanes and Tropical Storms 
Tropical storms can be the most dangerous of all storms faced by the mariner. 
These storms are vastly different from the normal low pressure centres typically 
experienced in eastern  Canada. And fortunately they are rare in our waters. 
Tropical storms develop at various stages. When the storms first start to form, 
they are called tropical disturbances and are quite weak. Once a definite rotation 
develops and the winds become strong, they are called tropical depressions. After 
the sustained winds reach a maximum speed of 34 knots they are explicitly called 
tropical storms and are given a name. Should the winds reach a strength of 64 
knots or more, it becomes a hurricane . At any stage, these systems are character-
ized by gusty winds - with gusts being 50 percent greater than the steady, or 
sustained winds. 

Hurricanes can pack winds well above 100 knots and are accompanied by 
confused and mountainous seas. If a hurricane comes close to a shoreline, storm 
waves and abnormally high tides may cause coastal flooding. As well, hurricanes 
are usually accompanied by torrential rains which can bring a 100 to 200 mm 
downfall. 

HURRICANE - from the Carib Indian word huracan meaning "evil wind" 
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Tropical storms only develop over very warm tropical waters; consequently, the 
"Hurricane Season" in Atlantic Canada is limited to June through November. But 
there are always exceptions. Most of the hurricanes experienced in Atlantic 
Canada are spawned off the west African Coast. They make their way across the 
Atlantic and occasionally turn northward. In 1969, five hurricanes and 3 tropical 
depressions hit Atlantic Canada. On the average, however, only three tropical 
storms threaten the waters of Atlantic Canada each year. 
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TABLE CONVERTING HEIGHT OF WAVES IN METRES TO FEET 

1 metre 	.-. 	3 feet 	 7 metres 	= 	23 feet 
2 metres 	= 	7 feet 	 8 metres 	= 	26 feet 
3 metres 	= 	10 feet 	 9 metres 	= 	30 feet 
4 metres 	- 	13 feet 	 10 metres 	- 	33 feet 
5 metres 	= 	16 feet 	 15 metres 	= 	49 feet 
6 metres 	= 	20 feet 	 20 metres = 	66 feet 

8,- APPENDICES 

METRIC CONVERSION 

TABLE SHOWING VARIOUS PRESSURE CONVERSIONS 

millibars 	 kilopascals 	 inches 

950 	 95 	 28.1 
970 	 97 	 28.6 
990 	 99 	 29.2 

1000 	 100 	 29.5 
1013* 	  101.3* 	 29.9* 
1020 	 102 	 30.1 
1040 	 104 	 30.7 
1060 	 106 	 31.3 

* average atmospheric pressure 

TABLE SHOWING VARIOUS WIND SPEED CONVERSIONS 

descriptive 	knots 	 mph 	 km/h 	Beaufort 

LIGHT 	 14 	 5_16 	 26 
MODERATE 15-19 	17-22 	28-35 	 4-5 
STRONG 	20-33 	23-38 	37-61 	 5-7 
GALE 	34-47 	39-54 	63-87 	 8-9 
STORM 	48-63 	55-73 	89-117 	10-11 
HURRICANE 	_64 	 _.74 	 11E3 	 12 
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• TABLE CONVERTING DEGREES FAHRENHEIT TO DEGREES CELSIUS 

°F 	 °C 
1100 	=430 	 300 	 -1° 
100° 	= 	38° 	 20° 	=-70  

• 90° 	= 	32° 	 10° 	= 	-120  
111 	' 	80° 	= 	27° 	 0° 	= 	-18° 
• 70° 	= 	21° 	 -10° 	= 	-23° 

60° 	= 	16° 	 -20° 	= 	-29° 
50° 	= 	100 	 -30° 	= 	-340  • 40° 	=40 	 -40° 	= 	-40° 

• 
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COLD WATER SURVIVAL 
Hypothermia (or lowered deep-body temperature) can be life-threatening to any 
mariner exposed to Atlantic Canada's cold, coastal waters. This fact adds to the 
importance of making wise weather decisions that could affect marine sa fety. The 
following information on cold water survival is reprinted from  Sailing  Directions, 
Nova Scotia (SE Coast) and Bay of Fundy, Tenth Edition (Fisheries and Oceans,1985). 

Without special clothing such as an immersion suit or Personal Flotation Device 
(PFD) with good thermal protection, even a short period of immersion in cold 
water causes hypothermia, which can be fatal. 

In cold water, the skin and external tissues cool very rapidly but it takes 10 to 15 
minutes before the temperature of the heart, brain and other internal organs 
begins to drop. 

Intense shivering occurs in an a ttempt to increase the body's heat production and 
counteract the large heat loss. 

Once cooling of the deep body begins, body temperature falls steadily and 
unconsciousness can occur when the deep-body temperature drops from the 
normal 37° C to approximately 32° C. When the body core temperature cools to 
below 30° C, death from cardiac arrest usually results. 

In a water temperature of 5° C, persons without normal thermal protection 
become too weak to help themselves after about 30 minutes. Even if rescued, the 
chances of survival after an hour of immersion are slim. 

The body, in almost all weather conditions, cools much faster in water than in air, 
thus the less body surface submerged, the better. The parts of the body with the 
fastest heat loss are the head and neck, the sides of the chest and the groin. To 
reduce body heat loss, protect these areas. Two ways of reducing heat loss are: 

• HELP (Heat Escape Lessening Position): arms held tight against the sides, 
ankles crossed, thighs close together and raised. 

• HUDDLE: two or more persons in a huddle with chests held close together. 

To use these methods successfully a person must be wearing a lifejacket or PFD. 

Survival time is greatly increased by wearing clothing that gives thermal protection, 
including a hood to prevent heat loss through the head. 
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gle 
• Do not swim to keep warm as this causes heat to be lost to the cold water due to 
me  more blood circulation to the arms, legs and skin. Tests show that a person in a 

lifejacket cools 35 percent faster when swimming than when holding still. 

• If you have no lifejacket or other flotation, tread water: remain as still as you can, 
• moving your arms and legs just enough to keep your head out of the water. 

• Although tests show that the heat loss is faster when treading water than when 
• holding still in a lifejacket, this is much better than the "drownproofing" technique 
• with which the heat loss is 82 percent faster, mainly due to the head (a high heat 
• loss area) being periodically submerged. 

le  Rewarming after mild hypothermia  -  If the casualty is conscious, talking clearly 
• and sensibly and shivering vigorously, then: 

• • get the casualty out of the water to a dry sheltered area; 
• remove wet clothing and if possible put on layers of dry clothing; cover the 

• head and neck; • • apply hot, wet towels and water bottles to the groin, head, neck and sides 
• of the chest; • • use electric blankets, heating pads, hot baths or showers; 

• • use hot drinks but never alcohol as it does not warm a person. 

• Rewarming after severe hypothermia  -  If the casualty is getting stiff and is either 

• unconscious or showing signs of clouded consciousness such as slurred speech, 

•
or any other apparent signs of deterioration, immediately (if possible) transport 
the casualty to medical assistance where aggressive rewarming can be initiated. 

• Once the shivering has stopped, there is no use wrapping casualties in blankets 
• if there is no source of heat as this merely keeps them cold; a way of warming them 
me  must be found quickly. Some methods are: 

• • put the casualty in a sleeping bag or blankets with one or two warm 

• persons, with upper clothing removed; 
• use hot, wet towels and water bottles as described previously; • • warm the casualty's lungs by mouth-to-mouth breathing. 

• Caution: 

• Warm the chest, groin, head and neck but not the extremeties of the body; warming the 
• extremeties can draw heat from the area of the heart, sometimes with fatal results. For this 
• reason do not rub the surface of the body. 
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FACSIMILE CHARTS 
A useful form of information to the mariner is the facsimile chart. These charts are 
transmitted by the Meteorological and Oceanographic (MetOc) Centre at H.M.C. 
Dockyard, Halifax, over HF and 
LF radio frequencies. Radio fac-
simile receivers are usually only 
found on larger vessels; how-
ever, owners of smaller vessels 
can greatly benefit from these 
relatively inexpensive devices. 

Below is a sample chart of a 24- 
hour wave heights forecast. This is 
transmitted routinely, and is avail-
able to all vessels with facsimile 
receivers. 
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e 
• GLOSSARY re 	See Table of Contents on page iv for specific marine weather conditions 

a 
• Air Mass - A large volume of air with uniform properties of temperature and 
• moisture. 

• Backing  -  A counterclockwise change in wind direction; opposite of Veering. 
• Bathymetry - The shape of the sea bed. e 	Beaufort Scale - A scale of wind force, based on behavior of the sea under varying 
• degrees of wind speed. 
• Breaker - A swell wave that has broken into foam. a Cold Front - A boundary separating cold and warm air masses at which the cold ue 	air is advancing. 
: 	Coriolis Force - A force exerted on moving objects due to the earth's rotation 
• Dewpoint - The temperature at which the air, at constant pressure, becomes 

saturated with water vapour. a 
• Fetch - The distance over which winds blow from a constant direction and with 

constant speed. a ne 	Fog  -  Minute water droplets suspended in the air that reduce surface visibility. 

•
Fog is cloud on the ground. 

• Front - The boundary between two different air masses. A Cold Front is the leading 

•
edge of an advancing cold air mass, while a Warm Front is the trailing 
edge of a retreating cold air mass. 

ID 
Gale - A sustained wind speed of 34 to 47 knots. a 

• Gust - A sudden, brief increase in wind speed, generally lasting less than 20 
le 	seconds. 

• High - A region of high pressure. Air flows outwards and clockwise around high 

• pressure areas. A high is usually associated with good weather. 
• Hurricane - A storm of tropical origin in which maximum sustained surface 

a 	winds are greater than 63 knots. 

• Hurricane Force Winds - Winds which are greater than 63 knots. 

• Iceberg - A chunk of fresh water ice "calved" from a glacier. Icebergs are harder 
• than Pack ke. 
e 
a 
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Inversion - More fully known as a "temperature inversion". This occurs when 
warm air resides over colder air. Inversions occur in Stable conditions. 

Isobar - Line on a weather map joining points of equal pressure. 

Knot - A unit of speed equal to one nautical mile per hour. 

Land Breeze - A small-scale wind circulation set off by differences in water and 
land temperatures along the coast. The land breeze develops at night and 
always blows from the land. Its counterpart is the Sea Breeze. 

Leeward - Downwind, situated away from the wind; opposite of Windward. 

Light Winds - Wind speeds less than 15 knots. 

Low - A region of low pressure. Air flows inwards and counterclockwise around 
a low. A low centre is usually accompanied by precipitation and strong 
winds. 

Millibar - A unit used to measure barometric pressure. 

Moderate Winds - Wind speeds in the range of 15 to 19 knots. 

Occlusion - The end result of a cold front overtaking a warm front. It marks the 
dying stages in the life of a low. 

Pack Ice - Sea water which freezes and forms into large floes. Also known as sea 
ice, it is different from Icebergs. 

Pressure- The force exerted by the weight of the atmosphere, also known as 
atmospheric or barometric pressure. 

Pressure Gradient - The difference in pressure between two points divided by the 
distance between them. On a weather map, the closeness of the Isobars is 
a measure of the pressure gradient. 

Pressure Gradient Wind - The wind that results solely from the Pressure Gradient. 
The greater the pressure gradient between two points, the greater the 
wind. The pressure gradient wind blows parallel to the isobars with 
lower pressure on the left. 

Refraction of Waves - The change in direction of movement and size of sea waves 
which encounter shallow water. 

Ridge - An elongated area of high pressure. 
Sea Breeze - A small-scale wind circulation set off by differences in water and land 

temperatures along the coast. The sea breeze develops during the day-
time and always blows from the sea. Its counterpart is the Land Breeze. 
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• Seas - Combined Wind-waves and Swell. Mariners often use the term to describe 
wind-waves only; which is not the same meaning used in this manual. 
Forecasters will normally use the term "combined sea" or "combined 

• waves" to avoid this ambiguity. 

• rain or snow. Practically all squalls come from cumulonimbus clouds 
• (thunderheads). 
a 	Squall Line -  Aime of thunderstorms, or other heavy weather, running parallel 
• to, and often ahead of, an accelerating cold front. 

Stable - A non-turbulent state in the atmosphere, induced by a temperature 
• inversion (warm air over cold air). 

Storm Force Winds - Sustained wind speeds in the range 48 through 63 knots. 

Storm Surge - High water levels that result from very low pressure, strong winds 
and high tides. 

Strong Winds - Sustained wind speeds in the range of 20 to 33 knots. 

• Swell - Long waves formed by winds blowing over a distant area of ocean, that 
travel rapidly over the surface. 

• Synoptic Scale - A scale of distance used by meteorologists to describe large 
weather disturbances. Weather systems which span thousands to millions 
of square miles and which exist for several days are on the "synoptic 

• scale". 

Thunderstorm- A local storm, usually produced by a cumulonimbus cloud 
• (thunderhead), and always accompanied by thunder and lightning. 

Tidal Rip - A heavy boil on the sea surface often accompanied by breaking waves. 
Rips are produced by strong tidal currents over irregular sea bottoms. 

Topography - The shape of the land. 

• 
Lie  

• Seastate- A description of the properties of the wind-generated waves on the 
surface of the sea. 

Shallow Water - Water depths less than or equal to one half of the wavelength of 
• a wave. Therefore, water may be "shallow" for some waves, but not for 
• others. 

Shoaling - The process whereby waves coming into shallow water become closer 
• and steeper. 

Significant Wave Height - Average of the highest one-third of the waves present. 

Squall - A brief, violent windstorm, usually, but not necessarily associated with 

85 



8.< GLOSSARY 

Tropical Depression - A closed-circulation low pressure area of tropical origin 
with maximum sustained winds of less than 34 knots. 

Tropical Storm - A storm of tropical origin with maximum sustained winds in the 
range 34 to 63 knots. 

Trough -An elongated area of low pressure, often associated with a wind shift and 
showery weather. 

Trowal - A trough of warm air aloft. The stage in an occlusion process where the 
warm air lifts completely off the surface. The significant weather stays 
with the trowal as it pulls away from the parent low pressure centre. 

Unstable - A turbulent state in the atmosphere, often caused by cold air moving 
over warm air. 

Veering - A clockwise change in wind direction; opposite of Backing. 
Warm Front - A boundary separating cold and warm air masses at which the cold 

air is retreating. 

Waterspout - A small whirling storm over water which can either be spawned 
from the base of a thunderstorm, or form in a cold outbreak of Arctic air. 
They are similar to, but generally not as severe as tornadoes. 

Wave Steepness - The ratio of wave height to wave length. 
Wind - The horizontal movement of air relative to the earth's surface. 
Wind-waves - Waves produced by the wind blowing in the area where the waves 

form. 

Windward - Upwind, or the direction from which the wind is blowing; the . 
opposite of Leeward. 
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Questionnaire: EAST COAST MARINE WEATHER MANUAL 

• To help us determine the success and usefulness of this manual, please fill in the 
a  brief questionnaire below, and return this card to our Weather Centre in Bedford. 

• 
• 1. Which of the following best describes you? 

• J Full-time fisherman 	 0 Part-time fisherman 	J  Educator 

• J Commercial seaman 	 J  Pleasure Sailor/Boater 
0 Other : 

• 2. Where did you obtain a copy of the East Coast Marine Weather manual? 

• 3. How did you first hear about the manual? 

• 4. Did the manual help you to better understand marine weather forecasts and 
local effects? 	 J  Yes 	0 No 

5. How easy was the information to understand? 
a  J Very easy 	0 Somewhat easy 0 Somewhat difficult CI Very difficult 

• 
• 6. Is there anything missing from the manual that you think should have been 
a 	included? 	 CI Yes  U No 

• Explain. 	  

•  
• 
• 7. Are there any corrections that you think should be made? U  Yes 0 No 

• Explain: 



a 

a 

a 

Questionnaire: EAST COAST MARINE WEATHER MANUAL 

8. If there are any MARINE 
WEATHER HAZARDS or LOCAL 
EFFECTS that you would like to 
bring to our attention, please mark 
the locations(s) on the map below 
and explain them in the space 
provided. 

Explain: 

a 
Thank you for filling out this questionnaire, and "Safe Sailing!" 

General Weather Services 

Atmospheric Environment Service 

1496 Bedford Highway 

Bedford, N.S. 

B4A 1E5 

To mail this card: please fold it along the dotted line, and tape it closed (Do not staple!) 
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• 
ii 
il 
• East Coast 	 MARITIMES 

1 	FUNDY • Marine Weather 	 2 GRAND MANAN 

• Forecast Areas 	 3 	LURCHER 
4 	BROWN'S BANK ID 5 	GEORGE'S BANK 

• 6 	SOUTHWESTERN SHORE 
• 7 	LAHAVE BANK 

• 8 	WEST SCOTIAN SLOPE 
9 	EASTERN SHORE 

• 10 SABLE 
• 11 	EAST SCOTIAN SLOPE 

• 12 FOURCHU 
13 	BANQUEREAU 

II 	 14 	LAURENTIAN FAN 
• 15 CABOT STRAIT 
• 16 NORTHUMBERLAND STRAIT 

17 	GULF-MAGDALEN ii 	 18 	CHALEUR-MISCOU 
• 19 ANTICOSTI •  
111 	 NEWFOUNDLAND 

20 	BELLE ISLE 
• 21 NORTHEAST GULF 
• 22 GULF-PORT AU PORT 

• 23 SOUTHWEST COAST 
24 SOUTH COAST ID 	 25 EAST COAST 

• 26 NORTHEAST COAST 
• 30 SOUTHWESTERN GRAND BANKS 

31 	SOUTHEASTERN GRAND BANKS a 	 32 NORTHERN GRAND BANKS 
• 33 FUNK ISLAND BANK • 
• LABRADOR 

35 NORTHWEST LABRADOR SEA 111 	 36 	EAST LABRADOR SEA 
• 37 SOUTH LABRADOR SEA 111 	 41 	LAKE MELVILLE 

55 	BELLE ISLE BANK 
• 66 SOUTH LABRADOR COAST 
• 67 MID LABRADOR COAST 
• 68 NORTH LABRADOR COAST 

a 	 0 MAJOR WEATHERADIO 
• TRANSMITTERS 
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