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The Weather of Ontario-Quebec
Graphic Area Forecast 33 Ontario-Quebec

Preface

For NAV CANADA’s Flight Service Specialists (FSS), providing weather briefings
to help pilots navigate through the day to day fluctuations in the weather is a critical
role. While available weather products are becoming increasingly more sophisticated
and at the same time more easily understood, an understanding of local and regional
climatological patterns is essential to the effective performance of this role.

This Ontario-Quebec Local Area Knowledge Aviation Weather manual is one of
a series of six publications prepared by Meteorological Services of Canada for NAV
CANADA. Each of the six manuals corresponds to a specific graphic forecast area
(GFA) Domain, with the exception of the Nunavut — Arctic manual which covers two
GFA Domains. This document forms an important part of the training program on
local aviation weather knowledge for F'SS working in the area and a useful tool in the
day-to-day service delivery by FSS.

Within the GFA domains, the weather shows strong climatological patterns con-
trolled either by season or topography. This manual describes the Domain of the
GFACN33 (Ontario-Quebec). This area offers beautiful skies and landscapes for fly-
ing but can also provide harsh flying conditions. As most pilots flying the region can
attest, these variations in weather can take place quiet abruptly. From the cold shores
of Hudson Bay to the lush hills of the Eastern Townships, local topography plays a
key role in determining both the general climatology and local flying conditions in a
particular region.

This manual provides some insight on specific weather effects and patterns
in this area. While a manual cannot replace intricate details and knowledge of
Ontario-Quebec that FSS and experienced pilots of the area have acquired over the
years, this manual is a collection of that knowledge taken from interviews with local

pilots, dispatchers, Flight Service Specialists, and MSC personnel.

By understanding the weather and hazards in this specific area, FSS will be more
able to assist pilots to plan their flights in a safe and efficient manner. While this is
the manual’s fundamental purpose, NAV CANADA recognizes the value of the
information collected for pilots themselves. More and better information on weather
in the hands of pilots will always contribute to aviation safety. For that reason, the
manuals are being made available to NAV CANADA customers.

NAV CANADA
nar AP



Acknowledgements

This manual was made possible through funding by NAV CANADA, Flight
Information Centre project office.

NAV CANADA would like to thank The Meteorological Service of Canada
(MSC), both national and regional personnel, for working with us to compile the
information for each Graphic Area Forecast (GFA) domain, and present it in a user-
friendly, professional format. Special thanks also go to meteorologists Ross Klock,
Mountain Weather Centre, Kelowna and Gilles Simard, Environmental Weather
Services Office —East, Rimouski, Quebec and John Mullock, Mountain Weather
Centre, Kelowna. Ross’s and Gilles’s regional expertise has been instrumental for the
development of the Ontario-Quebec GFA document while John’s experience and
efforts have ensured high quality and consistent material from Atlantic to Pacific to
Arctic.

This endeavour could not have been as successful without the contributions
of many people within the aviation community. We would like to thank all the
participants that provided information through interviews with MSC, including
flight service specialists, pilots, dispatchers, meteorologists and other aviation groups.
Their willingness to share their experiences and knowledge contributed greatly to the
success of this document.

Roger M. Brown
January, 2002

Readers are invited to submit any comments to:

NAV CANADA
Customer Service Centre
77 Metcalfe St.

Ottawa, Ontario

K1P 5L6

Toll free phone line: 1-800-876-4693-4
(within North America disregard the last digit)

Toll-free fax line: 1-877-663-6656

E-mail: service@navcanada.ca

NAV CANADA
RS-y



LAKP-Ontario and Quebec | v

TABLE OF CONTENTS

PREFACE e e iii
ACKNOWLEDGEMENTS ... it cieie e v
INTRODUCTION ..ttt et et et ettt et e ix
CHAPTER1 BASICS OF METEOROLOGY ........ccoivun.. 1
Heat Transfer and Water Vapour ................... 1

Lifting Processes .. .......... ... . 2

Subsidence .......... ... .. 3

Temperature Structure of the Atmosphere ............ 4

Stability . ... ... .. 5

Wind ... e 6

Air Massesand Fronts . ... ....................... 6

CHAPTER 2 WEATHER HAZARDS TO AVIATION ........... 9
Introduction ........ ... .. ... . ... . ... 9

Icing ... ..o 9

Types of AircraftIee ....... .. ... ... ... 10

Meteorological Factors Affecting Icing .. .......... 11

Aerodynamic Factors Affecting Icing ............. 14

Other Forms of Icing . ........ ... .. ... ... ... 15

Visibility .. ........ .. .. 16

Types of Visibility ......... ... .. .. .. ... 16

Causes of Reduced Visibility ................... 17

Wind, Shear and Turbulence . ... ................. 20

Stability and the Diurnal Variation in Wind ... ... .. 20

Wind Shear . ............ .. . 20

Relationship Between Wind Shear and Turbulence . . .22

Low Levels Jets - Frontal . ..... ... ... . ... ... 22

Low Level Jets - Nocturnal .................... 23

Topographical Effects on Wind ................. 23

LeeWaves .. ... . i 29

The Formation of Lee Waves . .................. 29

Characteristics of Lee Waves .. ................. 29

Clouds Associated with Lee Waves . ............. 31

Fronts . ... ... .. .. .. 32

Frontal Weather . ........... ... ... ... ...... 33

Frontal Waves and Occlusions . ................. 33

Thunderstorms . ........... ..., 35

The Life Cycle of a Thunderstorm .. ............. 36

Types of Thunderstorms . .. ........ ... ... .. ... 38

Severe Thunderstorms ........................ 39

Thunderstorm Hazards ....................... 40

Cold Weather Operations .. ..................... 43

VolcanicAsh .. ... ... .. 44

DeformationZone ............... ... ... .. .. ... 45

NAV CANADA
nar AP



vi

CHAPTER 3

CHAPTER 4

WEATHERPATTERNS ... 49
Introduction ......... ... . . .. ... .. 49
Geography of Ontario and Quebec . ............... 49
The Mean Atmospheric Circulation System ......... 60
Upper Troughs and Upper Ridges . ................ 61
Semi-Permanent Surface Features .. ............... 62
Migratory Systems . ...l 63
Winter Storms .. ... ... 64
Summer Storms ... ... 65
Alberta Lows . . . ..o ot 65
Colorado Lows . ....... ... ... .. ... .. .. ... . .... 66
Great Lakes Lows . ........... ... ... ... .. ..... 66
Hudson Bay Lows .......... ... .. ... .. ... .. 66
Polar Lows . ... ... . . . 66
Hatteras Lows . .. ... ... i 67
Highs .. ... 67
Tropical Depressions, Tropical Storms and Hurricanes . .67
Cold Lows .. 69
Seasonal Migratory Birds . ... ... ... L o oL 70
REGIONAL WEATHER & LOCAL EFFECTS ....73
Introduction ......... ... . . ... ... .. 73
ONtario . ... 74
Local Effects ....... ... ... .. . . . . .. 76
Hudson Bay Coast and Lowlands Fort Severn -
Moosonee . ........ .. 76
Fort Severn — Cape Henrietta Maria ............. 77
Cape Henrietta Maria — Moosonee .............. 78
Northwestern Ontario ...........ccovieierennen... 80
Red Lake — Pickle Lake - Sandy Lake —
BigTrout Lake . . ... 81
Kenora — Fort Frances — Dryden -Sioux Lookout —
ThunderBay ....... .. .. .. i, 82
Northeastern Ontario .. ......coovivienenennnnnnnn. 84
Kapuskasing — Timmins - Geraldton ............. 85
North Bay — Sudbury - Sault Ste. Marie —
Wawa —Marathon ........................... 86
Southern Ontario .........cciviiiiernenennnnnnn. 88
Windsor — London — Hamilton — St Catharines —
Buttonville = Muskoka .. ...................... 90
Peterborough — Trenton — Kingston — Ottawa ... ... 92
TheGreatLakes ........covviiiiiiiininnnn... 94
Lake Superior .......... .. .. .. .. . ... 96
Lake Huron ........ ... ... .. .. .. . . . ... 97
Lake Erie ... ..o 99
Lake Ontario . ............0 ... 100

NAV CANADA
RS-y



LAKP-Ontario and Quebec | vii

Quebec ... e 102
Nunavik ... .. 102
Kangiqsualujjuaq to Kuujjuaq . ................. 105
Labrador Trough (also called Schefferville Trench) ..106
Riviere aux Feuilles (Leaves River) .............. 107
Tasivjuag Area ... .o 107
Aupaluk Area . ... i 107
Kangirsuk ...... ... ... . o i 108
Area from Quaqtaq to Salluit to Ivujivik ... ..... .. 109

Akulivik and Puvirnituq
(northern section of the east shore of Hudson Bay) . .111

Inukjuak . ... o 112
Umigjag .. ..o 112
James Bay Region . ............ .. ... ... ... .. 113
Local effects - Coastal Area . ........coovveenn... 115
DamsArea . ..., 117
Northwestern Quebec . ...................... 119
Chibougamau Mistassini Area ................. 120
Abitibi Area .. ... .. 121
Otis Range and White Mountains Areas ......... 122
Saguenay, Lake Saint-Jean, and surrounding
MOUNTAINOUS tEITAIN & v v vt v e v e e e e eiee e e e 123
Local effects - Saguenay River Valley .............. 124
Lake St.Jean Area .. ........ ... ... .. ... .... 126
Laurentides Wildlife Reserve .................. 128
Mount Valin Highlands ................... ... 129

Saint Lawrence river valley and surrounding terrain .131

Local effects - Greater Montreal and Monteregie . . . .132

Lower Laurentians .. ........................ 135
Quebec City - Trois-Rivieres - Drummondville Area 136
Greater Quebec City Area .. ...t 136
Drummondville ............................ 137
Trois-Rivieres . . ... .ot 137
Middle Saint Lawrence Estuary Area ............ 138
South Shore Area . ........ ... . ... oo, 138
North Shore Area . ........ ... ... ... 139
Eastern Townships and Beauce ................ 139
Eastern Townships Area ........ ... ... ... .... 140
Beauce Area . ... ... ... 141
CHAPTER 5 AIRPORT CLIMATOLOGY .................. 145
GLOSSARY e 205
TABLE OF SYMBOLS ... i et ici e 211
APPEND X e 212
MAP INDEX Chapter4 Maps .................. .. Inside back cover

NAV CANADA
nar AP



viii




LAKP-Ontario and Quebec | ix

Introduction

Meteorology is the science of the atmosphere, a sea of air that is in a constant state
of flux. Within it storms are born, grow in intensity as they sweep across sections of
the globe, then dissipate. No one is immune to the day-to-day fluctuations in the
weather, especially the aviator who must operate within the atmosphere.

Traditionally, weather information for the aviation community has largely been
provided in textual format. One such product, the area forecast (FA), was designed to
provide the forecast weather for the next twelve hours over a specific geographical
area. This information consisted of a description of the expected motion of significant
weather systems, the associated clouds, weather and visibility.

In April 2000, the Graphical Area Forecast (GFA) came into being, superceding
the area forecast. A number of MSC Forecast Centres now work together, using
graphical software packages, to produce a single national graphical depiction of the
forecast weather systems and the associated weather. This single national map is then
partitioned into a number of GFA Domains for use by Flight Service Specialists,
flight dispatchers and pilots.
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This Ontario-Quebec Local Area Knowledge Aviation Weather Manual is one of
a series of six similar publications. All are produced by NAV CANADA in partner-
ship with the MSC. These manuals are designed to provide a resource for Flight
Service Specialists and pilots to help with the understanding of local aviation weath-
er. Each of the six manuals corresponds to a Graphical Area Forecast (GFA)
Domain, with the exception of the Nunavut - Arctic manual which covers two GFA
Domains. MSC aviation meteorologists provide most of the broader scale informa-
tion on meteorology and weather systems affecting the various domains. Experienced
pilots who work in or around it on a daily basis, however, best understand the local
weather. Interviews with local pilots, dispatchers and Flight Service Specialists, form
the basis for the information presented in Chapter 4.

Within the domains, the weather shows strong climatological patterns that are
controlled either by season or topography. For example, in British Columbia there is
a distinctive difference between the moist coastal areas and the dry interior because
of the mountains. The weather in the Arctic varies strongly seasonally between
the frozen landscape of winter and the open water of summer. These changes are
important in understanding how the weather works and each book will be laid out so
as to recognize these climatological differences.

This manual describes the weather of the GFACN33 (Ontario-Quebec). This area
often has beautiful flying weather but can also have some of the harshest flying
conditions in the world. As most pilots flying in the region can attest, these variations
in flying weather can take place quite abruptly. From the Northern Ontario to the
Eastern Townships of Quebec, local topography plays a key role in determining both
the general climatology and local flying conditions in a particular region. Statistically,
approximately 30% of aviation accidents are weather related and up to 75% of delays
are due to weather.

This manual is “instant knowledge” about how the weather behaves in this area but
it is not “experience”. The information presented in this manual is by no means
exhaustive. The variability of local aviation weather in Ontario and Quebec could
result in a publication many times the size of this one. However, by understanding
some of the weather and hazards in these areas, pilots may be able to relate the
hazards to topography and weather systems in areas not specifically mentioned.
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Chapter 1

Basics of Meteorology

To properly understand weather, it is essential to understand some of the basic
principles that drive the weather machine. There are numerous books on the market
that describe these principles in great detail with varying degrees of success. This sec-
tion is not intended to replace these books, but rather to serve as a review.

Heat Transfer and Water Vapour

The atmosphere is a "heat engine” that runs on one of the fundamental rules of
physics: excess heat in one area (the tropics) must flow to colder areas (the poles).
There are a number of different methods of heat transfer but a particularly efficient
method is through the use of water.

Within our atmosphere, water can exist in three states depending on its energy
level. Changes from one state to another are called phase changes and are readily
accomplished at ordinary atmospheric pressures and temperatures. The heat taken in
or released during a phase change is called latent heat.

. LATENT HEAT ABSORBED

. LATENT HEAT RELEASED

SUBLIMATION Q

DEPOSITION

Fig. 1-1 - Heat transfer and water vapour

How much water the air contains in the form of water vapour is directly related to
its temperature. The warmer the air, the more water vapour it can contain. Air that
contains its maximum amount of vapour, at that given temperature, is said to be sat-
urated. A quick measure of the moisture content of the atmosphere can be made by
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2 | CHAPTER ONE

looking at the dew point temperature. The higher (warmer) the dew point tempera-
ture, the greater the amount of water vapour.

The planetary heat engine consists of water being evaporated by the sun into water
vapour at the equator (storing heat) and transporting it towards the poles on the
winds where it is condensed back into a solid or liquid state (releasing heat). Most of
what we refer to as “weather,” such as wind, cloud, fog and precipitation is related to
this conversion activity. The severity of the weather is often a measure of how much
latent heat is released during these activities.

Lifting Processes

The simplest and most common way water vapour is converted back to a liquid or
solid state is by lifting. When air is lifted, it cools until it becomes saturated. Any
additional lift will result in further cooling which reduces the amount of water vapour
the air can hold. The excess water vapour is condensed out in the form of cloud
droplets or ice crystals which then can go on to form precipitation. There are several
methods of lifting an air mass. The most common are convection, orographic lift
(upslope flow), frontal lift, and convergence into an area of low pressure.

Fig. 1-2 - Convection as a result of Fig.1-3 - Orographic (upslope) lift
daytime heating
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Fig.1-4 - Warm air overrunning cold air along a warm front

onveTyence

Fig. 1-5 - Divergence and convergence at the surface and aloft
in a high low couplet

Subsidence

Subsidence, in meteorology, refers to the downward motion of air. This subsiding
motion occurs within an area of high pressure, as well as on the downward side of
a range of hills or mountains. As the air descends, it is subjected to increasing
atmospheric pressure and, therefore, begins to compress. This compression causes
the air’s temperature to increase which will consequently lower its relative humidi-
ty. As a result, areas in which subsidence occurs will not only receive less precipita-
tion than surrounding areas (referred to as a “rain shadow”) but will often see the

cloud layers thin and break up.
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Fig.1-6 - Moist air moving over mountains where it loses its moisture and sinks
into a dry subsidence area

Temperature Structure of the Atmosphere

The temperature lapse rate of the atmosphere refers to the change of temperature
with a change in height. In the standard case, temperature decreases with height
through the troposphere to the tropopause and then becomes relatively constant in the
stratosphere.

Two other conditions are possible: an inversion, in which the temperature increas-

es with height, or an isothermal layer, in which the temperature remains constant with

height.

NORMAL

A

L 3°C

T

' ISOTHERMAL
T LAYER

u

D o

E 3°C

INVERSION

Fig. 1-7 - Different lapse rates of the atmosphere
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The temperature lapse rate of the atmosphere is a direct measurement of the
stability of the atmosphere.

Stability

It would be impossible to examine weather without taking into account the stabil-
ity of the air. Stability refers to the ability of a parcel of air to resist vertical motion.
If a parcel of air is displaced upwards and then released it is said to be unstable if it
continues to ascend (since the parcel is warmer than the surrounding air), stable if it
returns to the level from which it originated (since the parcel is cooler than the sur-
rounding air), and neutral if the parcel remains at the level it was released (since the
parcel’s temperature is that of the surrounding air).

The type of cloud and precipitation produced varies with stability. Unstable air,
when lifted, has a tendency to develop convective clouds and showery precipitation.
Stable air is inclined to produce deep layer cloud and widespread steady precipitation.
Neutral air will produce stable type weather which will change to unstable type
weather if the lifting continues.

(@) (b)

™ r’;}
f'

(©

"

—— ——

Fig. 1-8 - Stability in the atmosphere - (a) Stable (b) Unstable (c) Neutral

The stability of an air mass has the ability to be changed. One way to destabilize
the air is to heat it from below, in much the same manner as you would heat water in
a kettle. In the natural environment this can be accomplished when the sun heats the
ground which, in turn, heats the air in contact with it, or when cold air moves over a
warmer surface such as open water in the fall or winter. The reverse case, cooling the
air from below, will stabilize the air. Both processes occur readily.

Consider a typical summer day where the air is destabilized by the sun, resulting
in the development of large convective cloud and accompanying showers or thunder-
showers during the afternoon and evening. After sunset, the surface cools and the air
mass stabilizes slowly, causing the convective activity to die off and the clouds to
dissipate.
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On any given day there may be several processes acting simultaneously that can
either destabilize or stabilize the air mass. To further complicate the issue, these com-
peting effects can occur over areas as large as an entire GFA domain to as small as a
football field. To determine which one will dominate remains in the realm of a mete-
orologist and is beyond the scope of this manual.

Wind

Horizontal differences in temperature result in horizontal differences in pressure. It
is these horizontal changes in pressure that cause the wind to blow as the atmosphere
attempts to equalize pressure by moving air from an area of high pressure to an area
of low pressure. The larger the pressure difference, the stronger the wind and, as a
result, the day-to-day wind can range from the gentlest breeze around an inland air-
field to storm force winds over the water.

Pressure difference
from A to B is 4 hPa
in 70 miles

Pressure difference
from Cto D is 4 hPa
in 200 miles

Fig. 1-9 - The greater pressure changes with horizontal difference, the stronger the wind

Wind has both speed and direction, so for aviation purposes several conventions
have been adopted. Wind direction is always reported as the direction from which the
wind is blowing while wind speed is the average steady state value over a certain
length of time. Short-term variations in speed are reported as either gusts or squalls

depending on how long they last.

Above the surface, the wind tends to be relatively smooth and changes direction
and speed only in response to changes in pressure. At the surface, however, the wind
is affected by friction and topography. Friction has a tendency to slow the wind over
rough surfaces whereas topography, most commonly, induces localized changes in
direction and speed.

Air Masses and Fronts

Air Masses

When a section of the troposphere, hundreds of miles across, remains stationary or
moves slowly across an area having fairly uniform temperature and moisture, then the

NAV CANADA
RS-y



LAKP-Ontario and Quebec | 7

air takes on the characteristics of this surface and becomes known as an air mass. The
area where air masses are created are called "source regions" and are either ice or snow
covered polar regions, cold northern oceans, tropical oceans or large desert areas.

Although the moisture and temperature characteristics of an air mass are relatively
uniform, the horizontal weather may vary due to different processes acting on it. It is
quite possible for one area to be reporting clear skies while another area is reporting
widespread thunderstorms.

Fronts

When air masses move out of their source regions they come into contact with
other air masses. The transition zone between two different air masses is referred to
as a frontal zone, or front. Across this transition zone temperature, moisture content,
pressure, and wind can change rapidly over a short distance.

The principal types of fronts are:

Cold Front - The cold air is advancing and undercutting the warm air.
The leading edge of the cold air is the cold front.

Warm front - The cold air is retreating and being replaced by warm
air. The trailing edge of the cold air is the warm front.

Stationary front - The cold air is neither advancing nor retreating.
These fronts are frequently referred to quasi-stationary fronts although
there usually is some small-scale localized motion occurring.

Trowal - Trough of warm air aloft.

R I N
R N N

Table 1-1

NAV CANADA
nar AP



	Cover
	Copyright
	Preface
	Acknowledgements
	Table of Contents
	Introduction
	Chapter 1
	Basics of Meteorology
	Heat Transfer and Water Vapour
	Lifting Processes
	Subsidence
	Temperature Structure of the Atmosphere
	Stability
	Wind
	Air Masses and Fronts
	Air Masses
	Fronts




