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Outline 

•  Significance of  high windstorms in southwest BC 

•  Examination of  a westerly windstorm 

•  Examination of  a southeasterly windstorm 

•  Includes a conceptual model of  a secondary cold 
front for the southwest BC region 



Significance of  High Wind Storms 
Windstorm Damage From 1994-2012 

•  Windthrow, including large trees (force amplifiers), 
that results in a variety of  outcomes: 
•  Damage to houses and vehicles 

•  Blocked roads 

•  Power outages, resulting in many                         
potential problems, including: 
•  Disruption of  commerce 

•  Communication failures 

•  Loss of  home heating 

•  Loss of  refrigeration 



Significance of  High Wind Storms 
Windstorm Damage From 1994-2012 

•  An example of  the 
disruption to the 
power grid 

•  For the region 
within a 50 km 
radius of  Vancouver 
International 
Airport (CVVR) 

•  During a strong 
southeasterly 
windstorm on 12 
Nov 2007 



Significance of  High Wind Storms 
Windstorm Damage From 1994-2012 

•  Disruption of  transportation 
systems: 
•  Cancelled ferry and other sailings 
•  Windstorms have sunk boats, 

usually smaller vessels 

•  Disrupted air travel 
•  High winds have been implicated in 

some small plane crashes 
•  Automobile traffic gridlock due to 

blocked roads and traffic signal 
shutdown 

•  Closed bridges 



Significance of  High Wind Storms 
Windstorm Damage From 1994-2012 

•  There is an interrelationship among many of  these 
damage/disruption events: 
•  e.g. Trees topple à Roads blocked and power lines 

disrupted à Traffic signals out à Traffic jams à 
Difficulty of  BC Hydro crews reaching the downed 
lines à Power outage lasts longer à Traffic jams 
intensify… 

•  This is known as systemic risk 



Some Background 

•  Synoptic analysis looks at 
region in the larger map 

•  Mesoscale analysis focuses 
on the inset region 



Some Background 

•  Study looked at eight 
strong to severe 
windstorms 

•  Today I will largely focus 
on just two events: 

•  15 Dec 2006 
•  12 Nov 2007 



Some Background 

•  The multi-layered synoptic 
charts 

0000 UTC 12 Mar 2012 



Some Background 

•  The multi-layered synoptic 
charts 

•  Initial maps were from the U.S. 
National Oceanic and 
Atmospheric Administration’s 
National Center for 
Environmental Prediction and 
Weather Prediction Center 

0000 UTC 12 Mar 2012 
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•  Surface shows basic features, 
such as key lows (sometimes 
highs) and fronts 
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Some Background 

•  Surface shows basic features, 
such as key lows (sometimes 
highs) and fronts 

•  50 kPa heights with 18 dm 
contours and upper lows/highs 

•  50 kPa temperatures in 5ºC 
contours 

•  30 kPa jet stream with wind 
speeds ≥ 45 m s-1 indicated in 
oranges (~10 m s-1 contours) 

0000 UTC 12 Mar 2012 



Some Background 

•  Conditions for rapid surface 
cyclogenesis were good 

•  Pronounced 50 kPa trough with 
a stacked low in the Gulf  of  AK 

•  Extratropical cyclone (ETC) in a 
baroclinic zone 

•  ETC developed in the left-exit 
region of  a strong jet-max (~55 
m s-1) 

•  Upper steering currents were 
zonal 

0000 UTC 12 Mar 2012 



15 Dec 2006 Windstorm 



15 Dec 2006 Windstorm 

•  Had characteristics of  both a southeaster, with peak winds out 
of  the S at Abbotsford (CYXX), followed by peak winds out of  
the W-NW at Vancouver (CYVR) 

•  Here considered a westerly surge event due to the severe 
damage from the west wind in parts of  Vancouver (higher 
speeds than at CYXX) 

•  Overall, the strongest windstorm in the Salish Sea region 
during the 1994-present period (~ 20 yr) 



15 Dec 2006 Windstorm 

•  As with the 12 Mar 2012 
example, conditions for rapid 
surface cyclogenesis were good: 

•  Marked 50 kPa trough 
•  ETC in a baroclinic zone 
•  ETC developed in the left-

exit region of  a jet-max 
•  Upper steering currents 

were zonal 

1200 UTC 14 Dec 2006 



15 Dec 2006 Windstorm 

•  Low shown occluded, appears to 
be around late Stage II (frontal 
fracture) of  the Shaprio & 
Keyser (1990) model, grading 
into Stage III (bent-back warm 
front) 

1200 UTC 14 Dec 2006 

Shapiro, M. A. and D. Keyser, 1990: Fronts, jet 
streams, and the tropopause. Extratropical Cyclones, 
The Erik Palmén Memorial Volume, C. W. Newton 
and E. Holopainen, Eds., Amer. Meteor. Soc. 167-191.  



15 Dec 2006 Windstorm 

•  12 hr later… 

•  Surface low tracking NE toward 
southern Vancouver Island 

•  Low starting to move away from 
main upper support 

•  Low clearly occluded, in Stage 
III of  the Shapiro & Kyser 
(1990) model, and heading for 
Stage IV (warm core frontal 
seclusion) 

•  Low at maximum depth (~97.5 
kPa) just before landfall 

0000 UTC 15 Dec 2006 



15 Dec 2006 Windstorm 

•  Low now well inland 

•  Far from upper support 

•  Steadily filling (though this will 
be arrested as the low drops 
down out of  the Rockies into 
Alberta and gains some 
vorticity) and is at Stage IV 

•  Low has become more-or-less 
vertically stacked (is underneath 
50 kPa trough) 

1200 UTC 15 Dec 2006 



15 Dec 2006 Windstorm 

•  12 hr steps shows track across 
central Vancouver Island—
higher resolution analysis will 
show a track across the south 
end… 

1200 UTC 15 Dec 2006 



15 Dec 2006 Windstorm 

•  Looking at the 85 kPa level 

•  High enough to get above much 
of  the coastal terrain (Vancouver 
Island) to see the situation with 
less disruption 

•  Chart shows the lowest 5 height 
lines, and the -5ºC isotherm for 
each of  the three 12-hr steps 

1200 UTC 15 Dec 2006 



15 Dec 2006 Windstorm 

•  At 0000 UTC 15 Dec 2006, 
good upper support for southerly 
surface winds (CYXX), less so 
for southeasterly (CYVR) 

•  At 85 kPa, Quillayute (Forks) 
(KUIL), reported 31 m s-1 (60 kt) 
out of  210º at this time (at tip of  
blue arrow) 

•  Downdrafts could carry upper 
winds to the surface boundary 
layer, where turbulent mixing 
can then carry some of  the 
momentum to the surface, 
enhancing 10 m wind speed 

1200 UTC 15 Dec 2006 



15 Dec 2006 Windstorm 

•  At 1200 UTC 15 Dec 2006, 
nearly perfect upper support for 
NW winds down the Georgia 
Strait (CYVR) 

•  At 82.2 kPa, Quillayute (Forks) 
(KUIL), reported 22.6 m s-1 (44 
kt) out of  279º at this time 

•  At 85 kPa, Port Hardy (CYZT), 
reported 23.7 m s-1 (46 kt) out of  
305º (tip of  blue arrow) 

•  Main WNW winds at CYVR 
~1030 UTC (1.5 hr before) 

1200 UTC 15 Dec 2006 



15 Dec 2006 Windstorm 

•  Mesoscale analysis 
using ~60 stations, 
NOAA satellite 
photos, and available 
NOAA WPC high-
res surface maps as a 
reference 

0600 UTC 15 Dec 2006 



15 Dec 2006 Windstorm 

•  0600 UTC (2200 
LST): Landfall 

•  Storm has a strong 
secondary cold front 

•  Secondary cold fronts 
were recognized early 
in the development of  
the frontal cyclone 
model (Bjerknes & 
Solberg 1922) 

0600 UTC 15 Dec 2006 

Bjerknes, J. and H. Solberg, 1922: 
Life cycle of  cyclones and the polar 
front theory of  atmospheric 
circulation. Geophys. Norv., 4, 3-18.  



15 Dec 2006 Windstorm 

•  Bent-back, or 
secondary cold 
front conceptual 
model for 
southwest BC 

•  Key concept: 
When a secondary 
cold front is 
present, the entire 
airmass ahead of  
the boundary can 
act as a warm 
sector 

11 Dec 2006 Windstorm Depicted 



15 Dec 2006 Windstorm 

•  Cold air associated 
with secondary 
cold front 

•  Comparing 02-03 
Apr 2010 and 
14-15 Dec 2006 
windstorms 

•  CWEB is Estevan 
Point 

•  46206 is an 
offshore buoy near 
CWEB 



15 Dec 2006 Windstorm 

•  Sudden shift in 
wind direction 
marks the arrival of  
the secondary cold 
(bent-back) front 



15 Dec 2006 Windstorm 

•  02-03 Apr 2010 
bent-back front 
shows had little if  
any temp change 
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15 Dec 2006 Windstorm 

•  02-03 Apr 2010 
bent-back front 
had little if  any 
temp change 

•  14-15 Dec 2006 
had a marked and 
sustained temp 
drop 

•  Max CWEB wind: 
2010 19.5 m s-1 

2006 26.8 m s-1 



15 Dec 2006 Windstorm 

•  Strong SE-SSE winds 
in the leading warm 
sector (CYXX) 

0600 UTC 15 Dec 2006 



15 Dec 2006 Windstorm 

•  Strong SE-SSE winds 
in the leading warm 
sector (CYXX) 

•  Cool easterly flow 
currently shielding 
CYVR (cold air 
damming against the 
North Shore 
Mountains) 

0600 UTC 15 Dec 2006 



15 Dec 2006 Windstorm 

•  Strong SE-SSE winds 
in the leading warm 
sector (CYXX) 

•  Cool easterly surface 
flow currently 
shielding CYVR (cold 
air damming against 
the North Shore 
Mountains) 

•  Intense NW winds 
behind secondary cold 
front and low center 

0600 UTC 15 Dec 2006 



15 Dec 2006 Windstorm 

•  2 hr later: Low further 
inland and weakening 

•  CYVR now with SSE 
winds, but actually did 
not feel the warm 
sector 

0800 UTC 15 Dec 2006 



15 Dec 2006 Windstorm 

•  2 hr later: Low further 
inland and weakening 

•  CYVR now with SSE 
winds, but actually did 
not feel the warm 
sector 

•  Westerly surge now 
moving down the 
Strait of  Juan de Fuca, 
and the northern Strait 
of  Georgia 
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15 Dec 2006 Windstorm 

•  2 hr later: Low further 
inland and weakening 

•  CYVR now with SSE 
winds, but actually did 
not feel the warm 
sector 

•  Westerly surge now 
moving down the 
Strait of  Juan de Fuca, 
and the northern Strait 
of  Georgia 

•  Extreme pressure 
gradient behind front 

0800 UTC 15 Dec 2006 



15 Dec 2006 Windstorm 

•  3 hr later: Low well 
inland, filling 

•  Pressure slope over the 
region now fully in 
favor of  W to NW 
winds 

•  The Georgia Strait and 
Strait of  Jaun de Fuca 
now experiencing 
extreme W-NW 
winds, including 
CYVR 

1100 UTC 15 Dec 2006 



15 Dec 2006 Windstorm 

•  Tracking the 
secondary (bent-back) 
cold front via pressure 
tendencies 

•  Pressure surge 

•  KOLM = Olympia 
•  KSEA = Seattle 
•  KPAE = Everett 
•  KBLI = Bellingham 

•  A northward 
progression reflects the 
NE track of  the storm 

0800 UTC 15 Dec 2006 



15 Dec 2006 Windstorm 

•  Calm winds at 
Arlington 

•  Puget Sound 
convergence zone 

•  Temp of  airmass post 
frontally is now 
roughly uniform 

•  Strong W flow 
through the Strait of  
Juan de Fuca acts as 
an air dam for the 
SSW flow up the 
Puget Sound 

0800 UTC 15 Dec 2006 



15 Dec 2006 Windstorm 

•  Brought hurricane-
force wind gusts (≥33 
m s-1 or 65 kt) both 
north and south of  the 
track, a somewhat 
unusual situation 

•  Peak gust of  51 m s-1 
at Estevan Point is 
among the highest 
gusts reported for any 
windstorm 1994-2012 

•  Record wind speeds 
around Seattle 

Peak Gusts (m s-1) Red = High Wind Criteria (≥25 m s-1) 
 



12 Nov 2007 Windstorm 



12 Nov 2007 Windstorm 

•  Southeaster with a landfall on North Vancouver Island 

•  Caused a major power outage event with approximately 200 K 
customers out, just below15 Nov 2006 (215 K) and 15 Dec 
2006 (250 K) 

•  Overall, perhaps the second strongest windstorm in the Salish 
Sea region during the 1994-present period (~ 20 yr) 



12 Nov 2007 Windstorm 

•  Surface low began in the right 
entrance region of  the jet max 

•  At this time, the extratropical 
cyclone is at Stage I (incipient 
low or frontal wave) 

•  Other details: 

•  ETC in base of  a broad 50 
kPa trough 

•  In a baroclinic zone 
•  Upper steering currents 

were zonal 

0000 UTC 12 Nov 2007 



12 Nov 2007 Windstorm 

•  12 hr later… 

•  Surface low low moved to the 
left exit region of  the jet 

•  Deepened 20 hPa in 12 hr—
explosive cyclogenesis 

•  At Stage II (frontal fracture) 

•  With good upper support, still 
deepening even as low nears the 
rough coastal terrain 

•  Low tracking with upper 
steering currents 

1200 UTC 12 Nov 2007 



12 Nov 2007 Windstorm 

•  12 hr later… 

•  Surface low well inland and 
moving away from upper 
support 

•  Low filling fast due in part to 
loss of  upper support and also 
terrain-foreced ageostrophic 
flow (minimum central pressure 
96.6 kPa just before landfall) 

•  Low has become vertically 
stacked, near a 515 dm 50 kPa 
low center 

0000 UTC 13 Nov 2007 



12 Nov 2007 Windstorm 

•  Low is near landfall 
and has clearly 
reached Stage III 
(bent-back warm 
front / frontal T-
bone)—near peak 
intensity 

•  A strong secondary 
cold front (bent-back 
front) has developed 
in part due to low 
tapping into cold air 
from the BC interior 

0600 UTC 12 Nov 2007 



12 Nov 2007 Windstorm 

•  Southeasterly winds 
dominate over the 
region 

0600 UTC 12 Nov 2007 



12 Nov 2007 Windstorm 

•  Southeasterly winds 
dominate over the 
region 

•  There is a tendency 
for the airflow to 
follow the mean 
orientation of  the key 
mountain ranges and 
waterways (orange 
arrows) 

0600 UTC 12 Nov 2007 



12 Nov 2007 Windstorm 

•  Lee troughing to the 
north of  the Olympic 
Mountains 
•  Sometimes 

contributes to 
intense winds 
over the north 
Puget Sound 

•  Also, earlier, a strong 
foehn developed in 
the same vicinity 
(north slope 
Olympics) and struck 
Port Angeles 

0600 UTC 12 Nov 2007 



12 Nov 2007 Windstorm 

•  2 hr later… 

•  Low now tracking 
inland 

•  This is the typical 
peak wind phase for 
southeasters—right 
around landfall 

0800 UTC 12 Nov 2007 



12 Nov 2007 Windstorm 

•  The secondary cold 
front is sweeping 
inland behind the 
low, marked by sharp 
wind direction shifts 
and the arrival of  
colder air 

•  This field of  cold air 
is not as large as with 
15 Dec 2006, and the 
front does not reach 
as far south 
•  The Lower 

Mainland will 
not be struck 

0800 UTC 12 Nov 2007 



12 Nov 2007 Windstorm 

•  The surface warm 
front is plodding 
along, with the 
primary cold front 
closing in, making for 
a very narrow leading 
warm sector 

0800 UTC 12 Nov 2007 



12 Nov 2007 Windstorm 

•  2 hr later… 

•  The low, after 
slowing down upon 
landfall, has now 
resumed a faster 
speed 

•  The warm front is 
now moving inland 
over Vancouver 
Island and, slowed by 
the terrain, will 
occlude over the next 
few hours 

1000 UTC 12 Nov 2007 



12 Nov 2007 Windstorm 

•  Winds, still SE, are 
already beginning to 
diminish over much 
of  the Georgia Strait, 
including CYVR 

•  W-NW winds 
arriving to much of  
the coast as the 
primary and 
secondary cold fronts 
sweep ashore 

1000 UTC 12 Nov 2007 



12 Nov 2007 Windstorm 

•  Those stations 
exposed to SE winds 
tended to experience 
the strongest gusts 

•  30 m s-1 at inland 
stations, such as 
CYXX, is fairly 
unusual, and 
especially for a track 
so far north (in the 
case of  CYXX) 

Peak Gusts (m s-1) Red = High Wind Criteria (≥25 m s-1) 
 



That is All For Today 

•  Thank you 



•  The following slides were removed from the original 
talk to keep it within the allotted time window… 

Appendix 



Conceptual Model of  a Lower Mainland / 
Greater Victoria Windstorm 

•  Based on the 8 detailed 
windstorms, plus an 
additional 10 Vancouver-
Island landfalling storms 
during the 1994-2012 
period 

•  SVI = South Vancouver 
Island 

•  NVI = North Vancouver 
Island 

•  Uses the Mass & Dotson 
(2010) framework 

Mass, C. F. and B. Dotson, 2010: Major extratropical 
cyclones of  the Northwest United States: Historical 
review, climatology and synoptic environment. Mon. 
Wea. Rev., 138, 2499-2527.  



Prelim Results: Windstorm Synoptic 
& Mesoscale Analysis Paper 

•  12-variable output 
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Prelim Results: Windstorm Synoptic 
& Mesoscale Analysis Paper 

•  12-variable output 

•  Gray-dashed lines are 
the pressure traces for 
the three stations, 
showing trends and any 
errors 

•  Dark blue and black 
lines are 0.25 and 0.40 
of  calculated Mg 



Prelim Results: Windstorm Synoptic 
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•  Black dotted line is the 
pressure slope—the 
orientation of  the 
pressure gradient 

 



Prelim Results: Windstorm Synoptic 
& Mesoscale Analysis Paper 

•  Black dotted line is the 
pressure slope—the 
orientation of  the 
pressure gradient 

•  Light blue and gray line 
are Mg adjusted 
downward to reflect 
how far the pressure 
slope deviates from the 
ideal Georgia Strait 
orientation (~125º 
bearing) 
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Prelim Results: Windstorm Synoptic 
& Mesoscale Analysis Paper 

•  Black dots are the 
measured 6-station 
average wind speed (km 
h-1) for that hour 

•  Blue dots are the 
highest wind speed 
among the 6 stations 

•  Orange diamonds are 
the measured wind 
speed at YQQ 

•  Orange dashed line is 
YQQ wind direction 

 



Prelim Results: Windstorm Synoptic 
& Mesoscale Analysis Paper 

•  Now, a quick 
examination of  3 
windstorms: 

•  12 Mar 2012 
•  11 Dec 2006 
•  29 Sep 2013 

•  In an attempt to 
constrain some of  the 
variables, all three of  
the chosen storms had 
very similar tracks 
across Northern 
Vancouver Island 

 



Prelim Results: Windstorm Synoptic 
& Mesoscale Analysis Paper 

•  Depicted is the 12 Mar 
2012 windstorm 

•  This event I consider 
largely “well-behaved” 
in terms of  pressure 
gradient: 

•  Wind speed largely 
follows gradient 
magnitude 
(reflected in Mg) 

•  Max wind occurs 
at time of  max 
gradient 

 



Prelim Results: Windstorm Synoptic 
& Mesoscale Analysis Paper 

•  Depicted is the 12 Mar 
2012 windstorm 

•  This event is considered 
largely “well-behaved” 
in terms of  pressure 
gradient: 

•  Wind speed largely 
follows gradient 
magnitude 
(reflected in Mg) 

•  Max wind occurs 
at time of  max 
gradient 

 

It would be nice if  all storms behaved this way! 



Prelim Results: Windstorm Synoptic 
& Mesoscale Analysis Paper 

•  It appears that, for the 
12 Mar 2012 event, the 
surface pressure 
gradient magnitude 
largely controlled the 
wind speeds in this 
region  

 



Prelim Results: Windstorm Synoptic 
& Mesoscale Analysis Paper 

•  The 11 Dec 2006 
windstorm is not so 
clear-cut 

•  Peak winds occur near 
the maximum gradient, 
but fall off  dramatically 
even as the gradient 
remains strong 

•  Frontal dynamics—i.e. 
the front moved 
through around 0000 
UTC with a more stable 
situation in its wake—
are likely the cause 

 



Prelim Results: Windstorm Synoptic 
& Mesoscale Analysis Paper 

•  The 29 Sep 2013 storm, 
a significant wind 
forecast bust for the 
Lower Mainland, 
behaved “poorly” 

•  Peak winds occur not 
quite at maximum 
gradient and, in fact 
due to a 60º pressure 
slope (NE!), happen at 
the time of  minimum 
“effective gradient” 

 



Prelim Results: Windstorm Synoptic 
& Mesoscale Analysis Paper 

•  There is a sharp V-trace 
at YYJ: Frontal passage 

•  This appears to be a 
strong case of  frontal 
dynamics supporting 
higher wind speeds 

 



Prelim Results: Windstorm Synoptic 
& Mesoscale Analysis Paper 

•  There is a sharp V-trace 
at YYJ: Frontal passage 

•  This appears to be a 
strong case of  frontal 
dynamics supporting 
higher wind speeds 

•  Note how wind follows 
the gradient more 
predictably in a 
favorable pressure-slope 
environment post-front 

 
•  This is the time that the ETC is tracking inland to the NW and N, with the front 

well inland and out of  the picture 

 



Prelim Results: Windstorm Synoptic 
& Mesoscale Analysis Paper 

•  This type of  analysis 
drives at ferreting out 
the reasons why 
correlations between 
measured wind and sea-
level pressure gradients 
tend to be so low 


