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Course Layout - Day 1

Hoar frost layer builds under a ridge.

Terminology and Weather Observations
Exercise: Surface Analysis

The ridge weakens.

More Terms, satellite images, clouds
Exercise: Observations vs Satellite and Analysis

Forecasts indicate advancing frontal
system.

Professional and public forecasts
Exercise: Use Professional Forecasts
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Course Layout

Snow layer set by a cold front

Global and Synoptic Circulation and Terms
Exercise: Labelling features on Sat Loop

Metamorphism by a new air

Mass

Air masses, Flow Patterns and Tephigrams

Exercise: Find Flow, Airmass and stability in Sat
Image.

Another front destabilizes the
snow pack further causing

several avalanches.

Mesoscale features and snow pack interactions

Exercise: Find mesoscale patterns and verify via
observations and professional forecasts.

- Day 2
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Course Layout - Day 2

Snow layer set by a stalled warm front =~ W'

Global and Synoptic Circulation and Terms . 8
| Exercise: Labelling features on Sat Loop; Feb 4-5 2006
Metamorphism by a new air mass -

Air masses, Flow Patterns and Tephigrams

Exercise: Find Flow, Airmass and stability in Sat Image.
Feb 11-12 2006

Intense frontal system destabilizes the
snow pack further causing avalanches.

Mesoscale features and snow pack interactions
' Exercise: Find mesoscale patterns and verify via observations and

professmnal forecasts. Feb 19 2006 - level 3 avalanche R '
canadianvalancheassuclatmn




Mountain Weather

Weather Links

inks for British Columbia

P~

Mountain Weather

Services

MAPSTLT Feog ST

\‘n, canadianavalancheassociation



Basic Circulations
(Global Scale)
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Basic Circulations
(Global Circulation)

Intense
Surface Cooling

Palar
eell

Strongest temperature gradient
near 45° Latitude
(sinusoidal heat variation)

Intense
Surface Cooling
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Basic Circulations
(Global Circulation)
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Geostrophic Wind

Pressure gradient Force and Coriolis Force a batHaqual and opposite directions



Basic Circulations

(Global Circulation - Jet Stream)

Equator (warm) Pole (cold)
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Equator (warm)

Basic Circulations

(Global Circulation - Frontal Jet Stream)

Jet Stream
2_50_ hPa
i
soohpa [\ fee____
7(10_h|2a —————— Frontal Zone
ssohpa 0202020 | L= TTT 7

Pole (cold)

Mid-latitudes



High Pressure

High Pressure Ridge

— An elongated area of relatively high
atmospheric pressure; the opposite
of trough.

— An elongated area of high
atmospheric pressure that is
associated with an area of maximum
anticyclonic circulation. The
opposite of a trough.

High:

— The center of an area of high
pressure, usually accompanied by
anticyclonic and outward wind flow.
Also known as an anticyclone.



High Pressure cont’d
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Atmosphere
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L ow Pressure

Low

— Arregion of low pressure
distinguished by a center of
counterclockwise circulation (in the
Northern Hemisphere), and is
surrounded by one or more isobars
or height contours.

Trough

— An elongated area of relatively low
atmospheric pressure, usually not
associated with a closed circulation,
and thus used to distinguish from a
closed low. The opposite of ridge.




| ow Pressure cont’'d
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= Warm Front

Warm Front
- The leading edge of an advancing warm air mass that is replacing a retreating relatively colder

air mass. Generally, with the passage of a warm front, the temperature and humidity

increase, the pressure rises, and although the wind shifts, it is not as pronounced as with a
cold frontal passage. Precipitation, in the form of rain, snow, or drizzle, is generally found
ahead of the surface front.




Cold Front

- Cold Front

The leading edge of an advancing cold air mass that is under running and displacing the

warmer air in its path. Generally, with the passage of a cold front, the temperature and
humidity decrease, the pressure rises, and the wind shifts.



Occluded Fronts

Occlusion

Also known as an occlusion, it is a complex
front formed when a cold front overtakes
a warm front. It develops when three
thermally different air masses conflict.
The type of frontal boundary they create
depends on the manner in which they
meet.

Trowal
- In Canadian weather terminology the acronym

for Trough of Warm air aloft, the
| .

projection on the earth's surface of a
tongue of warm air aloft.




Fronts and Occlusions

Note: Cold occlusion vs
warm occlusion and trowal






February 4-5th 2007

Satellite Loop Features or “Did it all come true?”

Divide into 3 groups: (Visible, WV
and IR) and find a representative

Find your satellite loop and stare for
5 minutes (no chatting ;-)

Now discuss the loop within your
group and try to identify areas of
interest. (note: areas of ‘absence’
are also interesting ;-)

The rep presents (very quickly) the
overall areas of interest found in
each group.

Group discussion: From all three
loops - Which features are the most
important; how do you see/find them
in the loops




February 4-5th 2007

Satellite Loop Features or “Did it all come true?”

|dentify the tools you have that can
confirm your findings professionally
and find them within your group:

— Sfc Analysis

— 250mb Analysis of CMC

— GFA

— UofW analysis

— Other UofW tools?

Attach symbols of features to your

satellite loop.
- For each symbol: discuss its
importance with respect to the

snowpack and the weather history
you now know.




Course Layout - Day 2

Snow layer set by a stalled warm front

Global and Synoptic Circulation and Terms
Exercise: Labelling features on Sat Loop; Feb 4-5 2006

Metamorphism by a new air mass

Air masses, Flow Patterns and Tephigrams

Exercise: Find Flow, Airmass and stability in Sat Image.
Feb 11-12 2006

Intense frontal system destabilizes the

snow pack further causing avalanches.

Mesoscale features and snow pack interactions

Exercise: Find mesoscale patterns and verify via observations and
professional forecasts. Feb 19 2006 - level 3 avalanche




The “Weather Dummy Rule”

“Areas of Intense Gradients are of highest
Importance.”

Temporal gradients.

Spatial gradients.

N No matter what the parameter.
Applies similarly to Avalanche

_




Vertical Temperature Profile

Lapse Rate: The change of
temperature with height; vertical
temperature gradient; ICAO
standard: -6.5 °C per 100m

Inversion: A temperature increase
with height; Lapse Rate > 0.

Stability: The ability of an arbitrary
parcel in the atmosphere to
withstand vertical displacement.

Convection (moist and dry): The
- process by which an unstable lapse
rate (potential energy) is converted

to kinetic energy and turbulence;
vertical upward and downward
motion resulting from a
thermodynamic in-equilibrium

(unstable lapse rate). The basis of
cumulus clouds.




Freezing Level

Freezing Level

Commonly, and in aviation terminology, the
lowest altitude in the atmosphere, over a
given location, at which the air
temperature is 0C; the height of the 0C
constant-temperature surface. This
simple concept may become slightly
complicated by the existence of one or
more “above- freezing layers” formed by
temperature inversions at altitudes higher
than the above-defined freezing level.

Snow Level

The elevation in mountainous terrain where
the precipitation changes from rain to
snow, depending on the temperature
structure of the associated air mass.




Layers of the Atmosphere

Atmosphere : From Greek: Atmos (steam or mist); layer of
gases around the earth; 78% nitrogen; 21% oxygen; variable
up to 1% water vapour and other trace gases. The
atmosphere is subdivided into several sub-layers (according
to their vertical temperature profile); the lowest two of those
layers are most important to meteorology.

Troposphere : From the greek Tropos (to mix and turn) is
defined by it being heated from below via absorbed solar
radiation and its decreasing temperature with height. About
7km at the poles and up to 17km at the equator. Weather
happens here!

Stratosphere : From the greek word Stratos (layer), is defined
by it being heated via UV absorption of Ozone and its
resulting increase of temperature with height. This
temperature profile allows virtually no vertical motion (hence
the name). The temperature at the top of the Stratosphere (at
about 50km height) is near freezing.

Tropopause : Defined as the boundary between Troposph&y

and Stratosphere. Tropopause



Tephigram

Tephigram: A Thermodynamic
diagram depicting
Temperature and Dewpoint
in the vertical column above a
particular location at a
particular time. It usually also
depicts winds (see hodograph)

It shows temperatures,
freezing levels, moisture
layers and wind from surface
to mountain tops (and above).

It aids in the assessment of
- vertical stability , motion,
moisture and winds.




The Static Tephigram and
Hodograph

The name is from T- -gram to
describe the axes of
Temperature and entropy. The
result of such a display is that
any two equally large areas on

the diagram represent equal
TemperatureO energy amounts.

ForTand T

The background shows (among
others) lines of equal
temperature, pressure and
water vapour mixing ratios.

Height in hPa

O

The other lines are dry and
Temperature Profile moist adiabats and are used to
predict vertical motion during
moist or dry ascend of an air

) parcel.

Dew Point Profile




Advection

The horizontal transfer of air mass
properties by the velocity field of the
atmosphere.

(The velocity field needs to be to some degree parallel to the property gradient of
the airmass for the advection to be not null. )

TemperatureCold warm
Moisture:Humid
Jojubes No Jjubes



Alr Masses

An air mass is &arge body of air with generally uniform temperature

and humidity. The area from which an air mass originates iedal
"source region."

The United States is not a favorable source relgeamause of the
relatively frequent passage of weather disturbati@asdisrupt any
opportunity for an air mass to stagnate and takinemroperties of the
underlying region. The longer the air mass stays @8 source region,
the more likely it will acquire the properties aktsurface below.



Alr Masses over North America

2 main source region distinctions: continentalityg a
latitude/temperature:

Maritime (moist)
Continental (dry)

Tropical (~0 - 30° lat - warm and usually moist)
Polar (~30-60° lat - moderate temperature)

Arctic (north of 60 © lat - cold and usually vedily
not very extensive)

Martime Tropical mT

Continental Tropical cT
Martime Polar mP<—
Continental Polar cP4—

Martime Arctic mA /
Continental Arctic c

Most important over BC




Avalanche Climates
|




Avalanche Climates cont'd

Maritime Continental
Deep snow pack Thin snowpack
Warm temperatures Cold temperatures
High loading rates Low loading rates
Weak layers: ice Weak layers:
B crusts, graupel faceted snow, depth
Wet Avalanches hoar
Weak layers persist
much longer




Average Large Mountain
Snowfall

Less precipitation due to colder air

Bulk of Snowfall due to
orographic lifting



Average Coast Mountain
Snowfall

Continental

Maritime
Prevailing Wind

> Maritime

Intermountain

Continental




Flow over Terrain

Upslope Flow

Air that flows toward higher elevation
(by any reason like fronts, terrain
etc.), and hence is forced to rise.
The added lift often results in
widespread low cloudiness and
stratiform precipitation if the air is
stable, or an increased chance of
thunderstorm development if the
air is unstable.

Orographic Lift

Lifting of air caused by its
passage up and over
mountains or other

- sloping terrain

(Orographic) Subsidence
\HH I

Descending of air (usually
caused by its passage
over the lee of mountains
or other sloping terrain -
rain shadow)



Upper Flow

How much moisture is in the air.
What temperature / FzlvI?

Where are upslope areas?

Westerly Intensity (how fast will things change)
How strong are upper winds.
Use flow near mountain tops
Northerly

. Northwesterly Southerly
| H\

Southwesterly




Phase Changes

Condensation

The process by which water vapor
undergoes a change in state from a gas
to a liquid. It is the opposite physical
process of evaporation.

Sublimation

The process of a solid (ice) changing directly
into a gas (water vapor), or water vapor
changing directly into ice, at the same
temperature, without ever going through
the liquid state (water). (Note:
crystallization)

Evaporation

The physical process by which a liquid, such
as water is transformed into a gaseous
state, such as water vapor. It is the
opposite physical process of
condensation







February 4-5th 2007

Airmass and flow patterns

On the last satellite loop try to
identify the direction of the flow

Confirm your choice with the 700mb
Chart of that time

Try to identify as many airmasses
as you can on the satellite loop.

Reflect on the properties of the
airmasses.

Knowing how the airmasses ‘collide
and where they flow - discuss the
changes in weather over BC and
their impact to the snow pack.

How does all of this fit into the
avalanche climates?

Westerly




Course Layout - Day 2

Snow layer set by a stalled warm front

Global and Synoptic Circulation and Terms
Exercise: Labelling features on Sat Loop; Feb 4-5 2006

Metamorphism by a new air mass

Air masses, Flow Patterns and Tephigrams

Exercise: Find Flow, Airmass and stability in Sat Image.
Feb 11-12 2006

Intense frontal system destabilizes the

snow pack further causing avalanches.

Mesoscale features and snow pack interactions

Exercise: Find mesoscale patterns and verify via observations and
professional forecasts. Feb 19 2006 - level 3 avalanche



Boundary Layer

The (Planetary) Boundary
Layer (PBL) is the
lowest part of the
troposphere in which
surface effects (vertical
fluxes of heat, water
vapour and momentum)
are dominant.

Due to this nature any
particles released at the
surface (water vapour,
dust, chemicals etc.) will
not mix well into the
atmosphere beyond the
height of the Boundary

Layer. This height varies
diurmally between a few
hundred meters at night
and several (4?)km
during the day.

(see also: Mixing Height)




Adiabatic Motion

Diabatic effects include
Absorption of radiation by dust
particles; evaporation of
raindrops falling through the
parcel in discussion; external
mixing; cooling or warming
due to contact with other
surfaces

Adiabatic : Without a net
gain or loss of entropy

Adiabatic motion

Movement (usually vertical)
of an ideal gas parcel during
which energy is not
exchanged with its
environment. Internal
parameters temperature,
pressure and
volume/Density may change
according to thermodynamic

laws. (In english: No ‘strange’
energy sources like chemical
reactions or radiation absorption by
dust etc. is part of the motion. The
parcel is rising/falling all by itself).
Note: moist adiabatic and

dry adiabatic



Katabatic and Anabatic

Katabatic Wind: Thermally forced downward motion (Note:
Cold katabatic winds: Glacier Winds, Bora; warm katabatic

winds: Chinook; Foehn)
Anabatic Wind: Thermally forced upward motion (e.g.
mountain wind).




Basic Mountain Circulations

: (Mountain and Valley Circulation)

Anabatic Daytime Circulation

Katabatic nightime circulation




Basic Mountain Circulations

mm (Sea and Land Breeze)

Sea Breeze

Land Breeze




Upper Wind Loading

® Most effective between 20 and
50 knots

® Deceleration in the lee of
ridge/mountain aids the deposition
within 1km of the top.

® Snow packs near ridge/mountain
top on the luv side become very
thin (strong metamorphism: high
temperature gradient.




Basic Mountain Circulations
(Decoupled Upper/Lower Winds)

: g =N

This pattern creates turbulent and slow wind-speeere the two directions meet.
The resulting deposition areas can be upwind, whidht be counter-intuitive.



Basic Mountain Circulations
(Accelerated Valley Winds - The Venturi Effect)

As valley tightens, more mass has
to fit into a smaller opening => It
has to speed up

If no mass/air can escape
vertically (Inversion - Arctic
Air) the effect can become
extreme

Also described as

- “channelling’ or “funnelling”

Supports ‘cross loading’ of the
| .

slopes on either side of the

The more the airmass is valley if wind speed is right.
stable, the more it cannot

escape vertically => Like a lid e.g.: Many Coastal inlets like
that is keeping it in the valley Howe Sound.




Basic Mountain Circulations

. (Topographically forced surface convergence and
divergence)

Channelling of two valley streams into one or
vice versa.

Wind speeds do not necessarily add up.

Especially pronounced if an inversion restricts
the vertical flow below mountain tops.

- ® Thompson Rivers confluence (Kamloops)

® Thompson-Fraser confluence (Lytton)
HH I




Basic Mountain Circulations
(Accelerated Ridge Winds)

Winds blowing perpendicular

to ridges or mountain chains
are accelerated if they are
forced to go over the ridge
and stability restricts vertical
motion somewnhat.

Usually wind acceleration enhances
snow loading of leeward slopes.

BUT: If the wind speed exceeds
~50knots snow will evaporate during
transport (turbulent suspension).

In models: look for ridge-
perpendicular winds near 20 knots to
find max-lee-deposition.




Heat

Latent Heat
Sensible Heat




Basic Mountain Circulations
(Valley Fog and Stratus)

Subsidence due to
High Pressure Ridge

Moisture for Frost

Formation
Subsidence Inversion /

@Iey Stratus@
g OPEN Waterg




Basic Mountain Circulations
(Subsidence Winds: Chinook and F6hn)

(Latent) Heat is released into

the air via condensation
Moisture is being
‘extracted’ by

rain, \ %

Moist Air from Pacific
or Mediterranean

Moist adiabatic ascend: Dry adiabatic descend:
-5°C / km 9.8°C / km

ICAO average standard lapse
rate : -6.5°C / km




Lapse Rates

Moist air: -5.0°C / km

Dry air: -9.8°C / km

ICAO standard: -6.5°C / km




Pre Cold-Frontal Jets
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February 11-12th 2007

It is all happening

Divide into three groups: Coast
Interior and north.

Familiarize yourself with the
synoptic setup:

— Satellite images

— Features

— Flow

— Forecasts

Study your Metars carefully and
determine if you can find any
mesoscale influence in them.

Remembering the last month of
weather how do you judge the
snow pack and its stability?

Compare avalanche risks in the
three regions: North Coast,
South Coast and Eastern
Mountains. Use your knowledge
of air masses and Avalanche
Climates.



Internet Resources

Mountain Weather Services (links to all other Resarces):
www.mountainweatherservices.com

Past Observations from EC:
http://www.climate.weatheroffice.ec.gc.ca/climatédleanada_e.html

Satellite Images at the University of Washington:
http://www.atmos.washington.edu/~ovens/loops/

Surface Analysis from Environment Canada:
http://www.weatheroffice.gc.ca/analysis/index_e lIhtm

Metars and Tafs from NOAA
http://adds.aviationweather.noaa.gov/metars/

Metar encode/decode Help:

http://metar.noaa.gov/table_master.jsp?sub_menusine&=guide.html&dir=./docum
ents/&title=title_helpful

NavCanada Abbreviations (MANAB):
http://www.msc.ec.gc.ca/msb/manuals/manab/htmli/fmaloya abbr_e.html
GFA from NavCanada

http://www.flightplanning.navcanada.ca/cgi-
bin/CreePage.pl?Langue=anglais&NoSession=NS_Inc&iRage=Fore-
obs%2Fgfacn-map&TypeDoc=html




Internet Resources Cont'd

Tephis from UCAR
http://www.rap.ucar.edu/weather/upper/
EC Public Forecasts:
http://www.weatheroffice.gc.cal/forecast/textforecast_e.html
EC Automated “Weather by Phone/Radio” access (ATAD)
http://www.weatheroffice.pyr.ec.gc.ca/atadwxradio_e.html
EC Weather Charts:
http://www.weatheroffice.gc.ca/charts/index_e.html

Cloud Appreciation Society:
http://www.cloudappreciationsociety.org/gallery/index.php?showimage=2980

- Great General Wx Forecast Site from UNBC:

http://weather.unbc.ca/wxv/wxv_index.html
| .




. Educational Internet Resources

University of lllinois Online Courses:
http://ww2010.atmos.uiuc.edu/(Gh)/guides/home.rxml

Jet Stream Online School by NOAA:
http://www.srh.noaa.gov/jetstream/

Manual of Synoptic Satellite Meteorology by the Aus  trian Centre

for Meteorology and Geodynamics:
http://www.zamg.ac.at/docu/Manual/SatManu/main.htm

The Avalanche Encycopedia by the US Avalanche Cente r:

- http://www.avalanche.org/~uac/encyclopedia/index.htm




Books and References

“Mountain Weather”; Jeff Renner; The Mountaineers Books

“Reading Weather”; by Jim Woodmency; Globe Pequot Press (Falcon Guide)

“Staying Alive in Avalanche Terrain”; by Bruce Temper; The Mountaineers Books

“The Avalanche Handbook”; David McClung and Peter Schaerer; The Mountaineers Books

“Aviation Weather Hazards of BC and the Yukon” Published by Enironment Canada
(Author: John Mullock), available free through www.navcanada.ca.

“Weather Information for Backcountry Travel”; David Jones; Mountain Equipment Coop
Avalanche Awareness Series at www.mec.ca

“Winter Weather Patterns in the Mountains”; David Jones; Mountain Equipment Coop
Avalanche Awareness Series at www.mec.ca

“Meteorology Today for Scientists and Engineers - A Technical Companion Book”; Roland
B. Stull; West Publishing Co., St. Paul, MN

“Practical Mountain Weather”; published by Wave Cloud International




