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Presentation Overview 
•  Brief discussion of windstorm / drought 

•  Windstorms and power outages: Some 
intercomparisons 

•  Drought-wind-tree interactions: Some 
considerations 

•  Further intercomparisons 

•  Conclusions 

Satellite photo courtesy of the US. National Weather Service 
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•  Low pressure center 
developed off of 
northern California in the 
late morning of 28 Aug 

•  In classic fashion, the 
extratropical cyclone 
reached peak intensity 
off of the Oregon coast 

•  Deepened 22 hPa/24 h 

•  Peak depth off of 
southwest Washington 

The 29 Aug 2015 Windstorm 
Storm Track 
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•  Just before the 29 
Aug 2015 
windstorm, 
drought conditions 
in the strike zone 
reached severe to 
extreme 

Summer 2015: Scorching Aridity 
U.S. Drought Monitor 
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•  Trees were 
obviously stressed 

•  Drought 
deciduous 

•  In some areas, a 
high mortality of 
saplings and pole-
sized trees 

•  Standing mature 
trees dead, 
probably aided by 
pathogens in 
many cases 

Summer 2015: Scorching Aridity 
Drought Effects 
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June 29th! 



•  29 Aug 2015 track 
(black) compared to a 
few other storms, many 
of which were early-
season windstorms 

•  12 Oct 1962 (brown) is 
the benchmark 
catastrophic windstorm 

•  11 Dec 2014 (gray) 
followed a similar track 
to 1962, but had less 
intense winds 

The 29 Aug 2015 Windstorm 
Some Intercomparisons 
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•  The 25 Sep 1999 and 
28 Oct 2003 events 
produced strong 
westerly windstorms in 
the Vancouver, BC, 
region 

The 29 Aug 2015 Windstorm 
Some Intercomparisons 
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Some Intercomparisons 

•  Peak gusts for the 
two storms are 
remarkably similar 
for the region 

•  Both were also 
southeasters 

29 Aug 2015 and 11 Dec 2014 

8	



Some Intercomparisons 

•  The similarity in 
peak gusts between 
these two storms, 
and their close 
timing being only 
nine months apart, 
offers a nice 
“laboratory” for 
considering 
seasonal changes in 
vegetation and 
impacts to the power 
grid 

29 Aug 2015 and 11 Dec 2014 
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Some Intercomparisons 

•  Late August: 
Deciduous trees are 
nearly fully foliated, 
soils are likely to be 
dry, and trees may 
be water stressed 

•  Mid December: 
Deciduous trees are 
completely leaf bare, 
soils are moist and 
may be close to 
saturation, and trees 
dormant and/or 
sufficiently hydrated 

29 Aug 2015 and 11 Dec 2014 

10	



Some Intercomparisons 
29 Aug 2015 and 11 Dec 2014 
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•  The outcome (peak customers out)… 
•  29 Aug 2015: 400,000 BC Hydro customers without power 
•  11 Dec 2014: 78,000 customers without power 

•  ~Same peak wind speeds, but an five times the difference in the 
number of customers affected 



Some Intercomparisons 
29 Aug 2015 and 11 Dec 2014 
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•  Power outages, especially for endemic windstorms, are primarily 
the result of tree and branch failures 

•  Therefore, power outages are a decent proxy for tree damage 



Some Intercomparisons 
29 Aug 2015 and 11 Dec 2014 
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•  Were differences in leaf cover, soil saturation and moisture stress 
the primary reasons for the difference in power outage magnitude 
between the two storms? 

•  Probably, but the story is complex 



Tree-Related Factors 
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16 Sep 2014 

01 Dec 2014 



Tree-Related Factors 
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•  Removal of foliage reduces wind drag forces by ~50% (Vollsinger et 
al. 2005) 
–  Likely varies between species, but a good rule of thumb 

•  Rochester, NY: Branch failures are four times more likely during the 
“leafy period” (May-Oct) (Luly et al. 2002) 
–  This despite high winds being more frequent during the leafless period 
–  Eastern trees are planted in the West 

Vollsinger, S., Mitchell, S. J., Byrne, K. E., Novak, M. D. and M. 
Rudnicki, 2005: Wind tunnel measurements of crown streamlining 
and drag relationships for several hardwood species. Can. J. For. 
Res., 35, 1238-1249. 
 
Luly, C. J., Pleninger, A., and S. Sisinni, 2002: The effect of wind 
gusts on branch failures in the city of Rochester, New York, US. 
Proceedings of the Tree Structure and Mechanics Conference. How 
Trees Stand Up and Fall Down, ed. Smiley, E. T., Coder, K. D., 
International Society of Aboriculture, Champaign, Illinois, October 
2001, 103-109. 
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•  Removal of foliage reduces wind drag forces by ~50% (Vollsinger et 
al. 2005) 
–  Likely varies between species, but a good rule of thumb 

•  Rochester, NY: Branch failures are four times more likely during the 
“leafy period” (May-Oct) (Luly et al. 2002) 
–  This despite high winds being more frequent during the leafless period 
–  Eastern trees are planted in the West 

•  Counter-point: Drag reduction on leaf-bare trees means more wind 
forces on evergreens that might be otherwise sheltered by the 
presence of canopies on nearby deciduous trees 

Tree-Related Factors 



October Vs. Early Spring 
•  For Lower 

Mainland, BC 

•  Oct storms 
averaged about 8 
line faults per storm 

•  Feb and Mar had 
about half the 
frequency of Oct 

•  A factor 2 is well 
below 5, suggesting 
other factors than 
leafy canopies were 
at play on 29 Aug 
2015 
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•  Sandy soils can be weaker when very dry (Newson personal 
communication 2015)  

–  Soil strength tends to go up with increasing moisture up to a point (close to field 
capacity) then tends to weaken as soils saturate (in simplified terms) 

•  Soils with high clay content may become stronger as they dry out 

•  Also a given soil has less mass when dry, and may offer less of an 
anchor for trees 
–  This is a wide-open area of scientific inquiry! 

Tree-Related Factors 
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•  Dry wood has a higher modulus of rupture compared to moist wood, 
but it is also more brittle (e.g. bending a dry twig vs. a fresh green 
twig) 

•  Branches and stems of 
drought-stressed trees 
may have been more 
brittle and prone to 
failure under heavy 
wind load 
–  Trees rely on their 

flexibility to shed wind 
load 

–  Dry soils may have 
also contributed, as 
they are less springy 

 

Tree-Related Factors 
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•  Tree-tops seemed 
particularly vulnerable, 
as this example shows 

•  Drought stress tends to 
show in the extremities 
first (furthest away from 
the water supply) 

•  Also, wind loads tend to 
be greater at treetop 
height, but what is 
pictured (selective top-
brach failure) is not a 
typical wind damage 
outcome 

Tree-Related Factors 

Moist wood is more flexible than dry 

• Tops are partially protected in a sway 



Some Intercomparisons 

•  All early season storms: Controlling for presence of foliage 

•  In September, trees retain much of their foliage, and soil is likely to 
remain unsaturated 

•  By the end of October, some trees are completely denuded, while 
many others remain nearly fully foliated (especially native species), 
and soil has likely moistened up considerably 

•  Moisture stress in 2015 was such that some trees had shed part or 
nearly all of their canopy by late August (drought deciduous) 

29 Aug 2015, 25 Sep 1999 and 28 Oct 2003 
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Peak	Gusts	(mph)	

LocaBon	 29	Aug	2015	 25	Sep	1999	 28	Oct	2003	

Vancouver	 49	 56	 59	

Abbotsford	 59	 48	 33	

Victoria	 38	 30	 35	



Some Intercomparisons 

•  25 Sep 1999 and 23 Oct 2003 were westerly windstorms, an added 
challenge to comparisons 

•  Westerly windstorms tend to produce less power outages than 
southeasters in part due to geographical reasons 

29 Aug 2015, 25 Sep 1999 and 28 Oct 2003 
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Peak	Gusts	(mph)	

LocaBon	 29	Aug	2015	 25	Sep	1999	 28	Oct	2003	

Vancouver	 49	 56	 59	

Abbotsford	 59	 48	 33	

Victoria	 38	 30	 35	



Some Intercomparisons 

•  Westerly windstorms tend to produce less power outages than 
southeasters in part due to geographical reasons 

•  The average difference is a factor of 1.5 for circuit failures on the 
distribution grid and 1.35 for totals of customers out 

29 Aug 2015, 25 Sep 1999 and 28 Oct 2003 
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Peak	Gusts	(mph)	

LocaBon	 29	Aug	2015	 25	Sep	1999	 28	Oct	2003	

Vancouver	 49	 56	 59	

Abbotsford	 59	 48	 33	

Victoria	 38	 30	 35	



Some Intercomparisons 

•  Power outage outcomes: 

•  29 Aug 2015: 400,000 customers out 

•  29 Sep 1999 and 28 Oct 2003: ~160,000 each after adjusting 
for differences in customer base and peak wind direction 

•  Summer of 1999 Jul and Aug fairly moist with below average to 
average temps, Sep dry and relatively warm 

•  Summer of 2003 fairly warm and dry, though October had 
above average precipitation, so soils were likely well hydrated 
by the time of the windstorm 

 
•  This suggests a drought influence for 29 Aug 2015 

29 Aug 2015, 25 Sep 1999 and 28 Oct 2003 
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Some Intercomparisons 

•  The Columbus Day Storm (CDS) had much more powerful winds than 
29 Aug 2015, setting all-time records at nearly every weather station 

•  The CDS produced about 2.5 times the outages (67% of customer 
base in 1962 vs. 28% in 2015), but the 2015 storm nevertheless 
produced the largest outage since 1962 

•  Many deciduous trees still have dense canopies in mid-October 

29 Aug 2015 and 12 Oct 1962 
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Peak	Gusts	(mph)	

LocaBon	 29	Aug	2015	 12	Oct	1962	

Vancouver	 49	 78	

Abbotsford	 59	 90	

Victoria	 38	 60	est	

Victoria	Gonzales	 40	 90	

Bellingham	 58	 98	



Some Intercomparisons 

•  Summer in 1962 was somewhat cool, with about average 
precipitation early, a wet August and a dry (~50% avg) but not hot 
September 

•  Given major outages for both storms, one with ~endemic wind 
speeds and the other catastrophic, this also suggests a drought 
contribution for the 29 Aug 2015 event 

29 Aug 2015 and 12 Oct 1962 
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Peak	Gusts	(mph)	

LocaBon	 29	Aug	2015	 12	Oct	1962	

Vancouver	 49	 78	

Abbotsford	 59	 90	

Victoria	 38	 60	est	

Victoria	Gonzales	 40	 90	

Bellingham	 58	 98	



Some Caveats 

•  Caveats include: 

•  The major 29 Aug 2015 power outage could have been partially 
the result of random chance 

•  The storm could have also exposed a heretofore undeclared 
vulnerability to the BC Hydro system 

•  The possibility of an influence internal to the BC Hydro electrical 
grid reduces confidence in concluding a drought contribution 
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Summary 

•  The 29 Aug 2015 windstorm: 
•  Had endemic (and below) peak wind speeds in much of the 

interior 
•  Yet caused the largest power outage in BC Hydro history since 

the catastrophic 1962 Columbus Day Storm 

•  The above outcome, and comparison with other early season 
windstorms, suggests that tree-related factors contributed 

•  The presence of full canopies on many deciduous trees 
•  Antecedent drought and heat waves stressing trees 

•  The possibility that something internal to the BC Hydro grid could 
have contributed weakens confidence in this conclusion 
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Thank You 
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