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ABSTRACT: Recent climatology and basic physics provide new incite into how major westerly
wind bursts contribute to avalanche cycles. A more complete understanding of these westerly
wind events can help improve our weather forecasting for winter seasons in western Canada.
This study examines the role the major storm events in the years 2006-2008 played in mountain
snow accumulation, snow redistribution, freezing level fluctuations and snow stability across
western North America. Severe weather systems that deepen rapidly are the focus of this paper.
These storms produced unusually heavy snowfalls and have recently been linked to strong
westerly wind bursts (WWB’s). Our analyses show that a quasi 40-60 day oscillation
circumnavigates the globe and is associated with westerly wind bursts at 500 mb (for mid
o
o
latitudes between 35 N and 55 N). These mid latitude WWB oscillations at 500 mb occur in a
fashion similar to the well known Madden-Julian Oscillations (MJO) oscillations which occur at
850 and 200 mb. Preliminary results suggest the a Wheeler–type (phase, longitude strength)
diagram for the entire globe (or the pacific segment) may allow better tracking of these WWB
impulses. The 500 mb wind anomalies may be derived from both model forecasts and direct
observation (such as satellite cloud motion data). Using this information we can better
understand factors controlling recent major avalanche cycles in western Canada, and better track
WWB cycles that appear to be related.
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1. INTRODUCTION
The physics of anomalous westerly wind
bursts (WWB) and the role they appear to
play in triggering major avalanche cycles are
examined in this paper. We study the
example of several notable major storms
from 2006 through 2008 to better
understand the role that WWB’s have in
generating severe winter weather over the
Pacific Northwest – and around the globe.
2. COMPARING MODELS AND
OBSERVATIONS FOR STORMS 2006-08
Setting the stage for the winter across
southern British Columbia and nearby
regions was the remarkable storm from
st th
December 1 -5 , 2007. This storm was a
major factor in creating a major persistent
weak layer (PWL). This widespread and
reloadable sliding surface plagued
forecasters through the 2007-08 winter.
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Figure 1) GOES-West satellite derived
winds for December 3rd 2007 at 1200 UTC
over the eastern North Pacific and western
North America. Image Courtesy of CISMM
U. Wisconsin.
The westerly (zonal) winds in Figure 1 were
observed to be 150 knots (about 300 km/hr)
or more at 500 mb. These very strong winds
are often associated with very intense winter
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storms like the one which hit Southern BC
from December 2nd-5th, 2007. The cloud
motions are interpolated by using model
data for various cloud temperatures (i.e.
derived altitudes) by the CIMSS Cooperative
Institute for Meteorological Satellite Studies.
These storms are closely related to
bursts of westerly winds (or WWB) and are
associated with severe weather – especially
heavy snow and rain events in areas prone
to strong upslope/onshore flows, rapidly
changing snow levels, unusual hydrometeor
drift or “spill over”, record setting freezing
rain events, and damaging strong winds.
Intense mid latitude storms such as those
associated with these wind bursts typically
lead to heavy snowfalls often followed by
rain and wind that causes high avalanche
nd
danger. The December 2 storm in
particular created long lasting dangerous
avalanche conditions, widespread highway
closures and led to several avalanche
related deaths in the region. The storm
created a major sliding surface that was
regularly reloaded with heavy snow.
The associated CISM-GOES-West
divergence values for this storm were very
high (similar to Hurricane Katrina) and are
consistent with very heavy rainfall and
intense snowfall rates of 10 cm/hr and total
water equivalent values of more than 100
mm even east of the coast range. During the
storm, temperatures rose dramatically from
o
a low of minus 2 C in Vancouver BC on
nd
December 2 to a high of plus 12oC on the
3rd. Many other areas saw a temperature
rise of 16oC in about 25 hours. Meanwhile
coastal areas received 7cm of snow which
were followed by 54 mm of rainfall. More
snow fell in the mountains and in eastern
sections of the province as shown in table
1A) and B) as well as tables 2 A) and B).
This type of intense storm behavior is similar
to that observed during WWB arriving at
120W longitude on November 15th, 2006
and December 15th 2006. These storms
were all accompanied by strong westerly
wind bursts of 150 to 200 knots aloft. These
storms constituted the major storms on the
planet at the time and affected circulations
from the north pole to the equator and
around the globe as shown by satellite
derived data and NCEP reanalysis data.
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Table 1A) 24 hour precipitation amounts
(00Z-00Z water equivalent in millimetres) for
selected BC locations ending on December
3rd, 2007, forecast by the Canadian
Operational GEM Regional (day 1-2) and
GEM Global (day 3-5). Amounts from runs
th
th
th
st
on November 28 , 29 , 30 , December 1
nd
and 2 , 2007 are compared with the actual
observed precipitation.
Model
Start Time
00Z 28th

Sqm
WSK
116

Van
YVR
105

Abbt
YXX
96

Vic
YYJ
57

Hope
YHE
56

00Z 29th

175

141

135

72

110

th

00Z 30

121

102

117

57

98

00Z 1

st

98

85

85

56

70

00Z 2

nd

144

68

75

17

91

119

54

43

81

69

Observed

Table 1B) Model results compared with
observations of total precipitation for the BC
Interior from December 3rd to 4th, 2007. 00z
forecasts are shown for model start times
from November 28th, 29th, 30th and
December 1st and 2nd (GEM Regional model
(10 km resolution) was used on day 1 and
day 1-2 totals, GEM Global model (25 km
resolution) was used for day 3 to 5 for the
time period December 3rd and 3rd to 4th.)
Model
Start
Time
00Z
th
29
00Z
th
30
00Z
tst
1
00Z
nd
2
Obs
Dec
rd
3
Obs
Dec
3-4

Lytton

Revelstoke

Creston

Fernie

1 day

Lytton
2
days

2 days

2 days

2 days

58

92

59

101

40

45

87

59

68

31

39

75

57

95

54

14

40

54

65

36

70

-

79

45

33

119

99

57

59
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The GEM model is the Global
Environmental Multi Scale model used by
the Meteorological Survey of Canada. The
Global and the Regional are the main
operational models used by Canadian
forecasters. Additionally, a 1 kilometre scale
local area model is used but not discussed
here as it is not used operationally beyond
about the 12 to 24 hour period.
During the storm, hydrometeor drift
or “spill-over” carried precipitation into
regions that typically remain dry. Heavy
precipitation reached from the eastern side
of the Coast Ranges in places like Lytton all
the way to the Interior Wet-belt ranges
including Golden. Other nearby areas
reported rainfalls and snow amounts near or
exceeding model amounts as shown in
Table 1A. Several century long records were
broken.
About 80% of the event’s total
nd
precipitation fell between December 2 and
rd
3 , 2007 as shown in Table 1A) and B). For
example, 26 mm (water equivalent) of snow
fell on December 2nd at Revelstoke and 4
cm fell on the 5th making the storm total 139
mm w.eq. for Dec 1-5 event (see ww.climate
weatheroffice.ec.gc.ca/climateData for
further details)

Table 2B) Summary of 2007-08 Early
Winter Weather for BC and Vicinity
•
•

•
•
•
•

Oct 1-16: Early season snowpack
built up in the Rockies.
Oct 16-20: Warm with occasional
rain to high elevations in Rockies –
Development of early season
“polished” sliding surface where
significant snowfalls had built up
already.
Nov 20-Dec 2: Unseasonably cold
and dry – increasingly colder
Dec 2-4: Intense winter storm (snow
and rain storm created Pacific
Northwest sliding surface).
Dec 5-10: More snow, cooling and
formation of hoar frost leading to
development of buried weak layer.
Dec 11-Jan 9: Frequent heavy
snowfalls and strong westerly winds
aloft. A parade of storms built
snowpacks across BC and the
Pacific Northwest by another meter.

Table 2A) Critical Success Index Warning
Verification BC Interior Dec 1-5. 2007
51 Warnings Issued (4th highest since ‘98).
CSI = proportion of HITS forecast+observed
CSI for entire storm cycle = 0.70
CSI for snow = 0.75
CSI for rain = 1.0
CSI for freezing rain = 0.5
CSI for wind chill = 0.67
LOCATION
Creston
Revelstoke
Lytton
Golden
Fernie
Lytton
Revelstoke
Golden
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AMOUNT
27cm sn
37cm sn
48cm sn
44cm sn
59mm ra
50mm frz ra
7mm frz ra
3mm frz ra

Verified?
HIT
HIT
HIT
HIT
HIT
HIT
MISS
MISS

Figure 2) Plot of NCEP Reanalysis surface
precipitation average daily rates for the
month of December 2007.
There are two main tap points where
abundant equatorial moisture flowed into
mid-latitudes from the Pacific Ocean in
December 2007 (Figure 2). One tributary is
seen to lie just southwest of Hawaii near the
Marshall Islands, and the other is over the
far westerly Pacific along the track of most
major East Asian Typhoons. Both the Pacific
and the Atlantic oceans show two tributaries
for moisture to reach mid latitudes (one in
the far southwestern portion of the northern
oceans and one in the central portion. The
central pacific tap point is where the MJO

89

International Snow Science Workshop

ceases to follow an equatorial path and
diverts its energy and flux northwards. This
is also the location where the cold/warm
tongue of the El Nino Southern Oscillation
(ENSO) typically extends from the east. The
Walker circulation tracked by the Southern
Oscillation (SOI ) operates to the west of this
moisture connection to the tropics near 170
W. During weather forecasting changes in
the Pacific along these regions can signal
the movement of a westerly impulse and it I
s useful to track how well the models are
simulating these changes even though they
are way upstream out in the Pacific. They
advect towards North America typically
hitting western British Columbia in NovDecember. This is a typical fall pattern for
precipitation. The west coast of North
America receives an abundance of moisture
in late fall /early winter – especially during a
moderate to strong La Nina year such as
2007-08.
The NAEFS ensemble Meteogram
(see Appendix Figure A1) provided online at
MSC weatheroffice also gave remarkably
good results out to 10 days in advance for
this storm (Dec 2-5, 2007).
3. MID-LATITUDE 40-DAY WESTERLY
WIND BURST CYCLES NAVIGATE THE
GLOBE
In this section we will examine evidence
of WWB’s cycles as shown by the 500 mb
NCEP reanalysis data using Hovmoller
diagrams. There appears to be a general
continuation of these impulses around the
globe with a time scale of 40 days (see the
th
45 day cycle from November 10 , 2007 to
th
December 25 , 2007). As this cycle moved
from 170 past 120W from Nov. 27th to Dec.
5th, a striking anomaly occurred which was
associated with a strongly meridional
impulse that reached across the Eastern
Pacific from the equator to the pole (Figure
3). This disturbance culminated with the
early December major precipitation event
along the west coast of North America and
mainly affected southern and central
sections of BC and WA. A similar plot is
provided in the Appendix for the same time
periods during the previous year as in A2.
Several impulses appear to circumnavigate
(or “girdle”) the globe at the same time but
with different phases. The strongest
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westerly wind bursts anomalies appear
where the WWB impulses collide with the
major continents. The westerlies pick up
again once they have crossed the coast and
progress around the globe. A strong
connection between the mid-latitudes and
equatorial regions was detected (diagonal
lines on the Hovemoller plot), with a less
obvious – but still observable relationship
with arctic latitude upper winds. Both can be
explained with basic atmospheric flow and
gravity wave theories. These Figures (3 and
A2) are for mid-latitude averages of daily
westerly wind anomalies from 35 to 55N at a
pressure level of 500 millibars (where 1 mb
= 1 hPa). This height approximates the
tropopause which is the top of the weather
making atmosphere (about 11 km above
seal level). This is also where the satellite
wind and divergence anomalies were
tracked visually using the CIMSS data
during intense storm cycles.
The strongest storms described
earlier in this paper appear to be linked with
a westerly wind impulse that moves around
the globe in about 40 days during the fall
seasons in 2006 and 2007. A stronger
oscillation was observed during the 2006-07
fall and early winter with roughly the same
th
period. A similar storm from November 15 ,
2006 is shown for reference in Figure 3 of
the appendix. These WWB anomalies have
a striking similarity to the well studied
Madden Julian oscillation (“MJO” as per
Madden and Julian, 1971; Wheeler and
Hendon, 2004). A plot of the Hovmoller from
November 2007 to January 2008 is included
in the Appendix (Figure A4). The unusual
intensification of these recent major fall
storms as well as the closely timed arrival of
westerly wind burst cycles suggests the two
phenomena may be related physically as
well as climatologically.
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Figure 3. This shows the westerly wind
anomaly at 500 mb for mid latitudes (35 N to
55N) for Nov 1 to Jan 10 2007-08. The
major storms of 2007-08 produce the major
breaks and strongest wind speed shown on
this wind pattern. Note the overall diagonal
pattern as the WWB oscillations girdle earth.
4. CONCLUSION
A close examination of westerly
wind burst (WWB) anomalies and related
severe storms that caused significant
avalanche cycles for fall and early winter of
2006-07 and 2007-08 indicates a close
relationship is occurring that can be tracked
at 500 mb. A cycling of about 40 days is
implied by the data from NCEP reanalysis
data for 30 to 60 mb during these years from
November 1 to January 10, and implied by
other periods as well(not shown). Weather
systems triggered through collision or
interaction with such wind bursts accelerate
the impulse further downstream in mid
latitudes (in a “westerly” direction which
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means” to the east”) and also in Equatorial
regions.
These features move rapidly around
the globe guided by the westerly mid-latitude
jet stream aloft. They appear to be cyclical
with an intra-seasonal frequency in harmony
with the MJO that affects areas near the
equator (10degrees north and south) and in
the tropics. It is the authors’ opinion that
the two are driven by the same general
mechanism – and that both may be used to
improve long range forecasting of major
storm cycles, west coast NA blocking
patterns and related avalanche activity. All
latitudes appear affected to some degreeprobably through locally enhanced
meridional transport especially near major
storm systems. Also, detected gravity-like
wave induced oscillations may be leading to
the close beating between MJO and Mid Lat
WWB. Discernable interactions of this flow
between major continents and the main
North Pacific basin affect along the west
coast of North America near major mountain
ranges, but large equatorial convective
complexes and typhoons play an important
role in modulating these oscillations as well.
In conclusion, the Westerly Wind Bursts in
mid latitudes appear to track around the
globe in a roughly 40 day oscillation, and
with close interaction with major weather
producers. A better understanding of these
westerly wind burst anomalies at all latitudes
may help us track severe weather, focus our
medium and long range model improvement
efforts, and ultimately forecast high impact
weather events and avalanche cycles
around the globe with greater accuracy.
(Special thanks to Pat Wong, Jim Goosen,
Gary Geng and Ruping Mo of PSPC for their
valuable discussions and input).
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Figure A1) NAEFS 14 day forecast issued on Nov 24, 2007 12 days prior to the major
precipitation event and 10 days prior to the greatest cooling – record breaking cooling that was
forecast and did occur
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Figure A2) Hovmoller plots for zonal 500 mb U or zonal wind velocity for 2006-07, (as for Figure )
where the normal wind is westerly in this region of earths atmosphere. This figure is for average
daily winds at latitude 35 to 55 N, and circling the earth. The vertical scale is time and extends
from the top of the plot at Nov. 1 2006 to the bottom of the plot at Jan 10 2007. The horizontal
scale extends from 0 longitude (near England) to 180 W (central Pacific Ocean), and then past
120W (west coast North America) and continues along the horizontal axis back across the
Atlantic ocean (near 80 W to 0W) and back to Europe again.
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Figure A3) Hovmoller plot for north south (along the meridian) anomaly V (meridional or north
south wind velocity) for 500 mb pressure level (Tropopause), and latitude 35 N to 55 N for
November 1st 2006 to January 10th 2007 (on the left) and 2007-08 (on the right). Red on this
diagram is for the strongest northward velocity anomaly, and blue (left on the scale) is for the
strongest southwards anomaly. Basically the WWB oscillation is a wave phenomena, and it is
also reflected in a north south deviation, most notably during major storm cycles- but not always.
Note that the scales differ so it is difficult to compare magnitudes without a close examination.
Note that the couplets of weak and strong meridional velocities track westward with time in a
similar pattern as the WWB for zonal velocities. The pattern is fascinating and is best seen in
color, although the general trends can be captured in a grey tone rendition.
The events from November 5th to the 15th, 2006 show up on the left plot as north-south couplets
moving as a wave. These mid latitude Rossby waves are likely guiding this anomaly eastward.
The most notable feature on the right plot for 2007-08 is the storm at the end of November and
early December. A notable couplet of north-south 500 mb wind anomalies is clearly discernable.
These appear linked with the strong southward anomaly at 500 mb over the west coast probably
due to cold air moving southwards. An associated strong positive V (northward or warm) anomaly
over the Eastern Pacific appears soon after as warm air streams northwards feeding heat and
moisture into the dramatic system and leading to strong warming over southern BC on December
3rd and 4th, 2007.
.
westerlies or strong easterlies. These red
Footnote on Hovmoller Plot for Wind
interpretation: “Westerly winds” are defined
and blue colors have been reduced to grey
as winds coming from a west direction and
tone for the ISSW printed proceedings
these are shown in red on the original plot.
(Figure A2 of the appendix). To identify
“easterly winds” are from the east and are
Blue (weak westerlies or easterlies) versus
shown as blue on the original plot. On the
Red (Strong westerlies) we have changed
original Hovmoller plots dark Red is for
this plot so that the weak value of -17.5 is
strong westerlies and dark blue is for weak
indicated by white on figure A2. This
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produces a circle on the plot for an area
where the westerlies did not exist – yet to
the right of this weak westerly (or easterly)
anomaly we have a very strong round area
of strong westerlies. Most of the dark
portions of this plot (A2) are for stronger
than normal westerly winds. The stronger
westerly wind anomalies (WWB) combine to
produce a general diagonal pattern from
upper left to lower right with about a 40 to 60
day duration on the Y axis for 360 degree
latitude on the horizontal X axis. The
exceptions are several couplets – of which
one is highlighted.
The most significant westerlyeasterly (Red-Blue) wind anomaly couplet at
500 mb occurred on Nov 15, 2006 when a
strong negative anomalies developed west
of near 180W ((160E to 160W) outlined in a
white circle longitude). This occurred at the
same time as very strong westerlies
occurred at 140 to 120W longitude. This is
also accompanied by an intense storm
colliding with the BC south coast on Nov 15,
2006 that caused tremendous wind damage
in southern British Columbia. The vertical
scale is time and extends from the top of the
plot at Nov. 1 2006 to the bottom of the plot
at Jan 10 2007. The very strong storms of
th
th
November 15 and December 15 , 2006 at
120W longitude disrupt the diagonally
direction westerly wind burst oscillation
track.
The wind bursts are riding the Jet
stream and interact closely with large storms
– as well as are integral in the rapid
intensification of these storms. On Nov 15
2006 very strong easterlies (blue on the
original plot) . The distinctive 40 to 60 day
cycles (shown by the diagonal lines) are
basically stronger winds - or wind bursts that are carried in an overall westerly flow
direction (the east) and thus are WWB.
These are averaged daily winds for about 30
degrees of latitude, so it is rather remarkable
that this oscillation girdling the earth with
wind bursts actually shows up this well. This
is overprinting the general Rossby wave
migration around the globe, and strongly
suggests that this is the driving force for the
40 to 60 day oscillations in the tropical
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regions of the same nature – or that they are
closely linked – at least for the years this
was examined (2006-08 in the fall and early
winter).. This remarkable data was obtained
from the terrific NCEP reanalysis data site
and the 500 mb surface level was chosen
because it was found form observation to
track these wind bursts around the globe.
The better data set is satellite derived winds
from CIMWW which originally showed the
close relationship between the winds of 150
to 200 knots at 200 to 500 mb and the rapid
intensification of the major storms impacting
BC and nearby regions in 2006-08. and was
prepared using their online archive and
plotting programs. On these Hovmoller plots
the WWB oscillations generally progress
evenly in a westerly direction across the
oceans, and are interrupted when
encountering major storms, and continents.
But the oscillation can be tracked further
eastward beyond these features continuing
in a diagonal pattern. The most notable
westerly wind anomalies in 2006-07
occurred during the high impact events of
th
November 15 (southern BC wind storm and
heavy precipitation). This was a
tremendously strong storm.
Another very strong storm is the high
impact event of December 14th-15th 2006
dubbed the “Hanukah Eve Storm” slamming
the Pacific Northwest and southern BC. On
the Hovmoller this appears as a westerly
wind event -- similar in appearance to the
early January intense wind and precipitation
events affecting southern BC, and the BC
Interior.
Several other high impact events
are also evident such as the November 6th,
2006 deluge. This storm was an “epic”
Pineapple Express event impacting mainly
Washington State. The frontal band brushed
southwestern BC as it slumped southwards
and progressed steadily across the Skagit
valley of Northern Washington. The storm
then stalled over central Washington with its
southwesterly “fire hose” aimed directly at
Mount Rainier causing heavy rain to high
elevations and inflicting tremendous
damage to the park roads and infrastructure.
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