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Summary 
•  Background 
•  Methods 

- BC Hydro distribution grid line faults 
- Vancouver and Abbotsford observations 

•  Phenology of deciduous trees 
•  Details about the storm sample 
•  Power grid wind-speed dose 

response 
- Wind as the dominant variable 

•  Proportion of storms with outages 
•  Frequency of tree-related line 

faults 
•  Summary and conclusions 



Background 
•  There exists among local weather forecasters a common 

wisdom that trees in the autumn are more likely to be 
damaged in strong winds relative to the winter: 
–  “Early season wind storms often damage trees causing downed power 

lines and local power outages,” Environment Canada, Vancouver, 21 
Oct 2014 

–  “Most trees still have their leaves…Which means they are more likely to 
topple in high wind. Power outages are possible tonight…” National 
Weather Service, Seattle, 25 Oct 2014 

•  Removal of foliage reduces wind drag forces by ~50% 
(Vollsinger et al. 2005) 

 
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. 



Background 
•  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 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 failres 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. 
 



Background 
•  During the relatively calm 

warm-season months: 
–  New growth increment is added 
–  Trunk and branch weakening 

from ongoing biological 
disturbance processes can also 
accumulate  

•  These changes are generally 
not “tested” by strong winds 
until the cool season 

      A = CYVR 
      B = CYXX 



Methods 

•  Power outage dataset from 
BC Hydro 
–  Covering Oct 2005-Aug 2009 

•  Extracted all tree-related line 
faults 



Methods 

•  Used hourly and special observations for: 
–  Vancouver International (CYVR) 
–  Abbotsford Airport (CYXX) 

•  Manually extracted all independent storms with peak 
winds >40 km h-1 (22 kt) at either of the two stations 
–  119 independent storms Oct 2005-Aug 2009 

•  Excluded snow events 



Methods 
•  Summed the total 

number of line faults 
for each storm 

•  Reminder: 
–  For Mainland BC 
–  Within 50 km of CYVR 

•  A line fault may or 
may not result in an 
outage 

Maybe not an outage 

Likely an outage 

(Example only: 
The line is likely a communication cable) 



Phenology (Deciduous Trees) 
•  October: 

–  Many leaves retained 
–  A few species/varieties fully 

denuded by month’s end 
•  November: 

–  Nearly all trees leaf-bare by 
the end of the month 

•  March: 
–  Most trees remain effectively 

leaf-bare 
–  Bud expansion and break 

•  Main Takeaway: 
–  A tree’s resistance to wind 

during the Fall steadily 
changes 

–  Dec and later = no leaves 



Results 
•  Monthly average 

peak wind/gust 
climbed to a peak 
in Jan 

•  Monthly average 
storm total 
precipitation 
followed 
climatological 
normals 

•  The average Nov storm was 5-times juicier than the average Sep 
storm and nearly twice that of an Oct storm 



Results 
•  Linear (blue) R2 = 0.55 

•  2nd-order poly (gray) R2 = 0.72 

•  Poisson regression predicted 
(orange) 

•  Is approximately equivalent 
to (Umax)5 

•  For tree-related line faults, 
wind speed will tend to 
overwhelm other signals 

n = 119 



Results 

•  Monthly average peak wind 

•  Moderate relationship with 
average line faults per storm 

•  To help see any “leaf signal” 
this relationship needs to be 
dealt with 



Results 

•  Range of peak wind 
during Oct, the key 
month of interest, was 
41-57 km h-1 

•  When all storms with 
peak winds >57 km h-1 
are removed from the 
other months, the 
relationship is weakened 



Results 

•  With Jan removed, the 
relationship becomes weak 
and negative 

•  Perfect! 



Results 
•  Proportion of 

storms with at 
least one power 
outage 



Results 
•  Nov 100% 

•  Feb 64%, and    
Mar 71% 

•  Looks like a 
downward trend 



Results 
•  A linear fit is 

supportive of a 
downward trend (R2 
= 0.48) 



Results 
•  However… 

•  Oct—the month 
where deciduous 
trees have the most 
leaves—had 85% 
of storms with an 
outage 

•  Not much different 
from Dec or Jan, 
months with 
denuded trees 



Results 
•  Average number of 

line faults per storm 
on a monthly basis 

•  Here Jan is largely 
removed from 
consideration 



Results 
•  Oct storms 

averaged about 8 
line faults per storm 

•  Feb and Mar had 
about half the 
frequency of Oct 



Results 
•  A linear fit supports 

a downward trend 
(R2 = 0.53) 



Results 
•  But both Nov and 

Dec had higher 
average line faults 
per storm than Oct 

•  Deciduous trees 
are denuded in Dec 



Results 
•  A polynomial 

seems to describe 
the data better than 
a straight line (R2 = 
0.76) 

•  Looks like another 
factor may be 
operating 



Results 
•  Soil saturation can 

contribute to tree 
instability (e.g. 
Schaetzl et al. 1989) 

•  Was likely involved 
with tree-related line 
faults in Nov and Dec 

•  Probably had reduced 
importance during 
Feb and Mar 

Schaetzl, R. J., Johnson, D. L., 
Burns, S. F. and T. W. Small, 1989: 
Tree Uprooting: Review of 
Terminology, Process, and 
Environmental Implications. Can. J. 
of For. Res., 19, 1-11. 



Results 
•  Other factors may 

also be at play: 

•  A pulse of broken 
material 
suspended in the 
canopy during 
the Autumn 
shaken loose by 
later storms 

•  Biotic 
disturbance 
agents active in 
the Autumn? 



Summary & Conclusions 
•  Trees do seem more vulnerable to damage during Autumn storms 

relative to the late winter, perhaps by a factor of 2 

•  However, this vulnerability does not appear to be solely the result of 
the presence of leaves on deciduous trees in the Autumn 

•  Soil saturation seems to play what may be a bigger role than 
leafiness 

•  Thus, in rank order: 
1)  Peak wind speed 
2)  Soil saturation 
3)  Canopy mass (leaf retention) 



Thank You 

•  Questions / Comments 


