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ABSTRACT

An usual summer windstorm on 29 Aug 2015 brought advisory criteria and high winds to western Washington and 
Oregon. Though the measured speeds were quite unusual for the month of August, they were generally at endemic 
levels for the region—i.e. the peak wind magnitudes generally had return intervals of one to two years or even less, 
especially for the interior regions. Despite this, widespread tree damage occurred during the storm at a level seem-
ingly disproportionate relative to the observed wind speeds. One key outcome of the windthrow is that some electrical 
utilities, especially those from about Seattle northward into British Columbia, experienced the largest loss of service 
in many years. Indeed, BC Hydro, with power cut to 400,000 customers at peak (21% of its base), experienced the 
largest outage since the 1962 Columbus Day Storm.

The presence of leaves during the summer gale almost certainly contributed to the widespread tree damage and loss of 
electrical service. However, during the preceding three months before the storm, hot and dry weather persisted through-
out the Pacific Northwest. In June and July, parts of western Washington and Oregon received the highest monthly aver-
age temperatures on record. Below to much-below average precipitation (NCEI categories) accompanied the elevated 
temperatures. These conditions continued through much of August, though they are masked in monthly averages due to 
the abundant precipitation and cooler conditions brought by the trough that supported the 29 Aug 2015 windstorm. The 
months of heat and drought stressed area trees, likely making them more vulnerable to strong winds.

1.0 Introduction

On 29 August 2015, a strong extratropical 
cyclone tracked north-northeast along the U.S. 
West Coast and into southwest British Colum-
bia (BC), a rare event in the summer (Figure 1, 
Figure 2). This storm developed in classic fash-
ion in an upper-air pattern more reminiscent of 
November than August (Figure 3). Due to the 
track close to the shore and then inland over 
southern Vancouver Island, the low brought 
an intense pressure gradient into the region, 
reaching 5 to 8 hPa (100) km-1 over much of 
the Cascadia region based on reported hourly 
sea-level pressure observations (NCEI 2016a). 
This triggered a classic windstorm, with near-

surface gusts reaching extremes of 145 km h-1 
at Destruction Island on the Washington coast 
(NDBC 2016). Inland, gusts were not as ex-
treme, with Vancouver, BC, reporting 80 km h-1 
from 140º and Abbotsford 95 km h-1 from 170º 
(EC 2016). Abbotsford reported its highest gust 
for the month of August in the 1957-2015 re-
cord, exceeding the previous maximum, set in 
1969, by a staggering 32 km h-1. Vancouver’s 
gust was the highest since a strong thunder-
storm produced a downburst that reached 85 
km h-1 on 17 August 1980, and is the greatest 
recorded from the southeasterly quadrant in the 
month of August.

The summer windstorm caused a catastrophic 
impact to the BC Hydro power grid in the Low-
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er Mainland. A maximum of 400,000 customers 
(20.5% of the customer base) were without power 
at any one time during the storm, with a grand total 
of 710,000 customers (36.4% of the base) affected 
by the storm (BC Hydro 2015). This represents 
the largest outage since all-time record 125-145 
km h-1 gust speeds during the 1962 Columbus Day 
Storm (“Typhoon Freda”) knocked out power to 

300,000 customers (Bolwell 1962), or 67.7% of 
the customer base at the time.

The catastrophic damage to the power grid dur-
ing the summer windstorm is particularly interesting 
when the wind speeds are put in a climatological con-
text. The peak gusts on 29 August 2015 were rather 
typical for Lower Mainland windstorms in general 
and indeed can be considered “endemic” with a re-

FIGURE 1. Track of the high-wind-generating extratropical cyclone of 28-29 Aug 2015. Times are in PST and central 
pressure in hPa. Faded track indicates the position of a second low associated with the storm of interest. Track based 
on surface analysis maps from the US. Weather Prediction Center, satellite interpretation and mesoscale analysis of 
hourly surface data as the low tracked onto the Vancouver Island coast.



JUNE 2016 R E A D 3

currence interval of roughly 1-2 years (Read 2015). 
Over many decades, the BC Hydro grid has endured 
many endemic windstorms without a catastrophic 
loss of electrical service. Indeed, windstorms with 
higher peak gust magnitudes and therefore longer 
return intervals, such as the 15 December 2006 “Ha-
nukkah Eve Storm” or its precursor on 11 December 
2006, did not cause as much disruption to the power 
grid as the 29 August 2015 event.

2.0 The Leaf Hypothesis

During windstorms, trunk and branch fail-
ures tend to be the largest cause of power grid 
damage (Davidson et al. 2003). Thus, electrical 
outages during strong winds are a reasonable 
if but imperfect proxy for tree damage. At the 
wind speeds that most storms attain, tree fail-
ures tend to be the combined outcome of wind 
load and other factors including stem taper, the 
shape of the root mass and soil moisture condi-
tions (Petty and Swain 1985, Stathers et al. 1994, 
Mitchell 2000, Moore 2000, Scott and Mitchell 
2005, Mitchell 2013). Trees are also be weak-
ened by insects and rot fungi (Hennon 1995, 
Allen et al. 1996, Wong et al. 2004).

When enough outage data is analyzed in 
relation to the available wind record for a re-

FIGURE 2. For Vancouver, Victoria and Abbotsford, 
BC, the monthly frequency of windstorms with peak 1- 
or 2-minute wind ≥63 km h-1 and/or peak gust ≥89 km 
h-1. This is for the 52 years 1964-2015. Total number of 
events is 137. Data for 1964-2012 are from Read (2015), 
with wind records from Environment Canada used for the 
final three years up to 2015.

gion, some patterns emerge. For example, tree-
related outage records supplied by BC Hydro 
for the distribution grid covering the period 
2005-2009 suggest that for a given wind speed, 
there is a greater tendency for tree damage dur-
ing the autumn months, such as October, when 
compared to late winter months, like February. 
Outages appear to be about twice as likely in 
the fall when compared to the late winter. This 
tendency also emerged for totals of customers 
out collected from newspaper reports of 40 high 
windstorms from 1994-2012 . There are prob-
ably numerous reasons for this pattern, includ-
ing: 1) the presence of foliage on deciduous trees 
in the autumn that results in higher wind drag 
forces (Vogel 1989, Vollsinger et al. 2005); 2) the 
addition of new growth during the spring and 
summer that is untested by strong winds until 
the storm season; and 3) disturbance agents like 
fungi and insects may weaken trees and branch-
es over the warm season, making them more 
vulnerable to the first strong storms. Therefore, 
it is tempting to think that the presence of leaves 
on deciduous trees was the major factor in the 
record power outage during the summer wind-
storm—call this the leaf hypothesis.

Lending some support to the leaf hypothesis 
is a windstorm that occurred on 11 December 
2014, just 8.5 months before the summer gale 
(Figure 4). In the Lower Mainland of BC, the 
2014 windstorm produced almost exactly the 
same peak gust speeds as the summer wind-
storm (Figure 5). Wind directions were gener-
ally quite similar, as both storms were south-
easters. During the December storm, some 
78,000 customers lost power at peak, five times 
less than the August windstorm. The same wind 
speeds but with far, far fewer outages. In the 
Lower Mainland, by the middle of December, 
deciduous trees have shed 99% of their leaves, 
in sharp contrast to late August when the same 
trees are likely to retain a large percentage of 
their foliage.

As discussed above, the difference in the fre-
quency of power outages due to the presence 
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verses the absence of leaves on deciduous trees 
(i.e. October compared to February) on average 
appears to be a factor of two. This is less than the 
five-fold difference between the December 2014 
and August 2015 windstorms.

3.0 The Drought Hypothesis

In the Lower Mainland, other early-season 
windstorms occurred on 25 September 1999 

and 28 October 2003. Both of these storms hap-
pened when many deciduous trees still possess 
leaves, and they produced peak gusts in the 
same range as the 29 August 2015 windstorm. 
However, they were westerly windstorms, not 
southeasters. Westerly storms tend to produce 
fewer outages relative to southeasters, mainly 
for geographic reasons (Read 2015). When us-
ing the abovementioned BC Hydro outage data-
set for 40 high windstorms, the average differ-

FIGURE 3. Synoptic chart for 1200 UTC 29 August 2015 (0400 PST 29 August 2015). Orange shading depicts the 300 hPa 
jet stream, with brown italicized numbers labeling isotachs in m s-1. Some radiosonde wind observations are included (in 
black) mainly to show conditions around the region of interests (2.5 m s-1 per half barb and 25 m s-1 per pennant). For the 
500 hPa level black lines denote heights in dm. Upper lows and central heights are also marked in black. Isotherms in ºC are 
indicated with white dashed lines. Surface lows and central pressures in hPa are indicated with dark blue, with tracks in light 
blue. Key surface anticyclones are indicated in red. Upper-air information in this map is from charts by the US. National 
Centers for Environmental Prediction, and surface conditions are from analyses by the US. Weather Prediction Center.
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FIGURE 4. Low-pressure center tracks for the high windstorms discussed in the text. The 29 Aug 2015 windstorm is de-
picted in black, 11 Dec 2014 gray, 12 Oct 1962 brown, and 25 Sep 1999 and 28 Oct 2003 are both blue.

ence is a factor of 1.35. Differences in customer 
base over time can also be accounted for using 
data supplied by BC Hydro for 1925-2015. With 
adjustments, the 1999 and 2003 storms each 
caused outages equivalent to ~160,000 custom-
ers in 2015 terms (Figure 6). This is 2.5 times 
less than the August 2015 windstorm, a fact that 
does not fully support the leaf hypothesis. Giv-
en this, and the large difference in the outcomes 
between the December 2014 and August 2015 
storms discussed above, perhaps something 
other than the presence of leaves on deciduous 
trees contributed to the extreme amount of dam-
age during the summer windstorm.

The warm season of 2015, aside from having 
a rare windstorm, was also unusually hot and 

dry. The heat and drought began early, with tem-
peratures in May approaching those of an aver-
age June and June being equivalent to an aver-
age July (Table 1) (EC 2016). The June monthly 
mean at Vancouver was just 0.1ºC below the 
all-time record set in 1958, and for Abbotsford 
was 0.6ºC above the old record also from 1958. 
The month of June in many Pacific Northwest 
regions had near-record to record high month-
ly average temperatures (NECI 2016b). May 
and June were very dry. Temperatures in July 
and August were well above average. The July 
monthly mean at Vancouver was 1.4ºC above 
the 1981-2010 normal and at Abbotsford 2.4ºC 
above normal. The mean temperature at Ab-
botsford was a mere 0.1ºC short of matching the 
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all-time warmest July, set in 1958. Like June, 
the month of July in many Pacific Northwest 
regions had near-record to record high monthly 
average temperatures (NECI 2016b). A period 
of precipitation visited in late July 2015 that 
contributed to a somewhat above normal total 
at Abbotsford, then dry conditions resumed un-
til the arrival of the trough that helped generate 
the 29 August 2015 windstorm. If the rainfall 
for 29-31 August is removed from the monthly 
totals, then the dry conditions over much of the 
month become evident. Water restrictions were 
enacted in the region (City of Vancouver, 2015).

High heat combined with lack of moisture is 
a double-whammy for trees. As observed by the 
author during the drought, by mid-July certain 
tree species that were prone to shedding leaves 
when subjected to drought stress—known as 
being drought-deciduous—actively dropped 
their foliage. Indeed, some trees had lost most 
of their canopy before August. Evidence of 
stressed trees was found throughout the region 

affected by the drought, including in much of 
western Washington. Dead saplings and pole-
sized trees, some standing mature timber with 
red and brown needles and broadleaf trees with 
wilted foliage were all signs of significant water 
stress. This drought continued up to the time of 
the windstorm. Indeed, the 29 August 2015 ex-
tratropical cyclone heralded the end of the hot 
and dry conditions as it brought cooler tempera-
tures and rainfall, with other weather systems 
following in the windstorm’s wake.

The antecedent heat and drought, more than 
the presence of leaves, could have been the main 
contributor to the unusual level of tree damage 
during the August windstorm. Note that this does 
not exclude a leaf contribution—but instead the 
drought combined with the presence of canopies 
on deciduous trees may have resulted in the ex-
treme power outage. There are a number of ways 
that drought stress could make trees more vul-
nerable to wind, including: 1) though dry wood 
tends to be stronger than moist wood, it is also 

FIGURE 5. Lower Mainland, Georgia Strait and Washington State Northern Waters peak gusts (km h-1) for the 29 August 
2015 (orange) and the 11 December 2014 windstorms.
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more brittle (consider what happens when you 
bend a dry twig verses a green one) and trees 
rely on flexibility to shed wind load (Stephen 
Mitchell, personal communication 15 September 
2015); 2) trees in dehydrated soils may have lost 
fine root structure making them more likely to 
uproot; 3) sandy/silty soils can become weaker 
when they are dried out, depending on other fac-
tors (Timothy Newson, personal communication 
09 September 2015); 4) dry soils have less mass 
than moist soils potentially giving trees less of 
an anchor (this is an area open for research); and 
5) pathogens such as insects may have an easier 
time attacking stressed trees, weakening them 
over the drought period.

The 1999 and 2003 windstorms mentioned 
above did not occur after a long and hot drought. 
Trees during those earlier summers were likely 
not stressed to the point seen in late August 
2015. And the two storms only managed about 
40% of the outages that occurred during the Au-
gust 2015 windstorm. Also consider that during 
the summer of 2015 some deciduous trees had 

shed many of their leaves by late August—this 
would reduce drag forces to some extent. Tak-
ing the outage estimations at face value, based 
on the analysis of the 2005-2009 power out-
age data, had there been no drought during the 
summer of 2015 to weaken trees and branches, 
the 29 August 2015 windstorm probably would 
have produced an outage about twice that of 11 
December 2014, or around 156,000 customers. 
This is in close agreement with the outage mag-
nitudes of the 1999 and 2003 windstorms both 
of which produced similar peak gust speeds to 
the 2015 storm.

4.0 Discussion

The evidence points to a substantial drought 
contribution to the tree damage during the sum-
mer windstorm. Perhaps ~60% of the damage 
occurred due to the addition drought stress 
when 400,000 is set to one and the difference 
between 400,000 and 156,000 is considered, 
with the presence of leaves on deciduous trees 

TABLE 1. The 1981-2010 climate normals for Vancouver and Abbotsford shown against the monthly statistics for 2015. 
Two values are shown for the August 2015 precipitation totals: numbers in italics are monthly totals, and those in brackets 
are for the period before the windstorm, 01 to 28 August. Data are from Environment Canada.

1981-2010 Normals 
      

         Vancouver, BC Abbotsford, BC 
  Temperature (ºC)   Temperature (ºC)   

Month Avg 
Hi 

Avg 
Lo 

Mo 
Mean 

Avg Pcpn 
(mm) 

Avg 
Hi 

Avg 
Lo 

Mo 
Mean 

Avg Pcpn 
(mm) 

May 16.7 8.8 12.8 65.0 18.1 7.8 13.0 99.8 
June 19.6 11.7 15.7 53.8 20.8 10.5 15.7 74.8 
July 22.2 13.7 18.0 35.6 24.0 12.2 18.1 43.2 
August 22.2 13.8 18.0 36.7 24.4 12.0 18.2 45.9 

         2015 Statistics 
       

         Vancouver, BC Abbotsford, BC 
  Temperature (ºC)   Temperature (ºC)   

Month Avg 
Hi 

Avg 
Lo 

Mo 
Mean 

Total Pcpn 
(mm) 

Avg 
Hi 

Avg 
Lo 

Mo 
Mean 

Total Pcpn 
(mm) 

May 18.7 10.6 14.7 4.2 20.5 9.5 15.0 8.6 
June 22.3 13.3 17.9 11.0 25.4 12.0 18.8 12.1 
July 23.4 15.2 19.4 20.8 26.9 14.0 20.5 51.9 
August 22.3 14.5 18.4 67.8 (20.0) 25.7 13.0 19.4 43.3 (8.8) 

	



JUNE 2016ANTECEDENT DROUGHT AND WINDSTORM-RELATED TREE DAMAGE8

contributing ~20%. The remainder is what 
would have occurred from the given peak wind 
speeds during winter tree conditions and with-
out an antecedent drought. This has relevance 
in any region with numerous trees, an exposed 
power grid and periodic summer droughts, not 
just the Lower Mainland of BC.

An important consideration given a substan-
tial drought contribution to the tree damage dur-
ing the 29 August 2015 windstorm involves the 
fact that water restrictions were implemented in 
the region. Reduced watering in parks and yards 
may have weakened some trees that are typically 
nourished during relatively dry West Coast sum-
mers. Thus, water restrictions could have put the 
power grid at greater risk during the first strong 
winds of the storm season. Given modern civi-
lization’s dependence on the power grid, this 
makes for an important management issue dur-

ing droughts: conserve water and make the elec-
trical grid more prone to outages or allow at least 
strategic watering to preserve grid resiliency. 

Another consideration is climate change. 
With average temperatures forecast to continue 
rising well into the 21st century (BC Ministry 
of Environment 2015), extreme summer heat 
waves may become more common. Average 
precipitation is also expected to increase, but in 
combination with a higher frequency of extreme 
precipitation events, which suggests ample op-
portunity for droughts in the warmer regime. 
A pattern of drought-stressed trees and greater 
vulnerability to early season windstorms may 
become more routine until the region’s vegeta-
tion has adapted to the new climate, and this can 
happen only when the long-term secular chang-
es in temperature and precipitation slow down.

FIGURE 6. Peak customers without power for the windstorms discussed in the text. These values are adjusted to account 
for wind direction and also changes in customer base over time. The 2006 Hanukkah Eve westerly windstorm adjusted peak 
customers out is very close to the summer windstorm outcome. Peak winds were well above endemic levels in Vancouver 
during the earlier event, in line with a major power outage outcome despite leaf-bare deciduous trees and a more typical 
summer without extended heat and drought.
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5.0 Conclusion

A long period of high temperatures and dry 
conditions preceding the early-season 29 August 
2015 windstorm appears to have made trees more 
vulnerable to failure. This showed up as cata-
strophic damage to the BC Hydro grid despite 
peak wind speeds that are at an endemic level for 
windstorms. The presence of leaves on decidu-
ous trees at the time of the storm appears to have 
played a secondary but also important role in the 
damage. Given that a drought is capable of mak-
ing trees more vulnerable to wind loading which 
in turn makes the power grid more likely to be 
damaged, and the expectation of a dynamic situ-
ation with increasing temperature over the next 
decades due to global climate change that would 
likely put trees under recurrent stress, the kind of 
damage that occurred during the summer wind-
storm could become a recurring pattern. This pat-
tern would likely continue until some semblance 
of stability returns to the climate system, allow-
ing vegetation to adapt.
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