
Tornadoes in Canada: 

Improving our Understanding 

 

Dr. David Sills 

Cloud Physics and Severe Weather Research Section 

Environment Canada, Toronto 
Neil Taylor 



Page 2  

Outline 

ÅWhat is a tornado? 
 

ÅHow do tornadoes form? 
 

ÅHow are tornadoes rated? 
 

ÅWhere / when do tornadoes occur? 
 

ÅHow does EC provide tornado alerts? 
 

ÅAre tornadoes in Canada increasing in 

frequency and/or intensity? 
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What is a tornado? 

From the AMS Glossary of Meteorology (2012): 
 

ÅTornado ð A violently rotating column of air, in 
contact with the ground surface, either pendant 
from a cumuliform cloud or underneath a 
cumuliform cloud, and often (but not always) 
visible as a funnel cloud. 

 

ï Includes waterspouts 

ïExcludes dust devils and ógustnadoesô 
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What is a tornado? 

Further details: 
 

- Winds spiral inward at surface 
then spiral upward 
 

- Wind speeds generally  
90 km/h to >= 315 km/h 
 

- Average path ~250 m but can 
range between 2 m and 2+ km 
 

- Average length ~10 km but  
can range between 50 m and 
100+ km 

 

 

 

Photo by Justin Hobson 

Elie, Manitoba F5 

Video 

elie.avi
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How do tornadoes form? 

Tornadoes can occur with any storm type: 

ÅSupercells ï tend to produce the most violent and long-tracked 

tornadoes due to sustained, intense updraft 

ÅBow echoes and squall lines ï vertical vortices along leading edge 

are stretched by the updraft and intensified 

ÅóPulseô storms ï brief, weak tornadoes along boundaries 

ÅEven towering Cu over lakes ï non-supercell waterspouts 

ÅKey is co-location of enhanced vorticity with strong, localized updraft 

+ precip 
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Supercell Tornadogenesis 
 

ÅMost supercells are not tornadic 
 

ÅHowever, most significant tornadoes and nearly all 

violent (F4-F5) tornadoes are supercell tornadoes 
 

ÅMany supercell tornadogenesis theories have 

evolved through field and modelling work: area of 

active research 
 

ÅIn the 1970ôs, Doppler radar used to identify a region 

of large cyclonic gate-to-gate shear (TVS) that 

descended from mid-levels over 20-30 min  
 

ÅLed to hope that Doppler radars would rapidly 

advance tornado prediction 
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Å Conceptual supercell 

diagram Lemon and 

Doswell (1979) 

Å óTop-downô tornado-

genesis process: MLM-> 

LLM-> TVS-> tornado 

Å High-resolution numerical 

models appeared to 

support this paradigm 

Å Was thought that the 

VORTEX1 study in 

1994/95 would confirm this 

conceptual modelé 

ñCascadeò Paradigm 

Forms near back of storm 
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Pre-existing Boundary Paradigm 

Å Instead, it was found 

that nearly 70% of 

significant supercell 

tornadoes occurred near 

pre-existing boundaries 

(Markowski et al. 1998)  

Å óBottom-upô tornado-

genesis process 

Å óBoundariesô include old 

outflow boundaries, lake 

breeze fronts, drylines, 

etc. 



Page 9  

VORTEX2 Field Project ï 2009-10 
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18 May 2010 

Dumas, TX 

 tornadic supercell 

Neil Taylor 

VORTEX2 Field Project ï 2009-10 
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5 June 2009 Goshen Co. Tornado 
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5 June 2009 Goshen Co. Tornado 



Page 13  

óBow Echoô Tornadoes 

ÅóBow echoesô tornadoes 
ïbow echoes are likely prodigious tornado producers 

ïunlike supercells, form out front of the storm 

ïmany of the tornadoes likely go undetected (cell 
phone cameras may help here!) 
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óBow Echoô Tornadoes 

Fujita, T.T. (1985). "The Downburst: microburst and macroburst". SMRP Research Paper 210, 122 pp.  
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ÅSo called because the formation 

process, and appearance, are similar 

to waterspouts 

ÅDamage rarely greater than F1 and 

often more brief than supercell 

tornadoes, though can occasionally 

last 30 min+ 

ÅCommonly appear thin and rope-like 

ÅOccasionally occur with atypical 

translational motion e.g. NE to SW 

ÅMany events occur in the vicinity of 

boundaries e.g. lake-breeze fronts 

 

óLandspoutô Tornadoes 

Exeter ON 

F0 2004 
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Adapted from Lee and Wilhelmson (1997) 

óLandspoutô Tornadoes 
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Waterspouts 

ÅAny of the processes mentioned previously can 

produce a tornado over water ï a waterspout! 

Rice Lake F0 ôwaterspoutô, 2003 



How does EC rate tornadoes? 

Å EC conducts both on-site storm damage 

surveys and remote surveys 
 

Å Goal: identify various parameters related 

to the event: 
 

Å Was it a tornado? 

Å Intensity? 

Å When did it occur? 

Å Where did it occur? 

Å Injuries / fatalities? 

Å Property damage? 
 

 Exeter F0, 

13 Jul 2004 



How does EC rate tornadoes? 

From Fujita (1981) 

Å Fujita Scale 
 

Å Developed by Ted Fujita at 

Univ. of Chicago in the 1960s 
 

Å Wind speeds were educated 

guesses 
 

Å Limited number of damage 

indicators 
 

Å Used for tornadic and non-

tornadic wind damage 
 

Å Implemented in the US and 

Canada in 1970s 



 

Å The EF-scale was developed at 
Texas Tech Univ. (McDonald and 
Mehta, 2006) involving many US 
interests 
 

Å Has much improved wind speed / 
wind damage correlation with large 
number of damage indicators while 
consistent with existing US database 
 

Å Adopted for use in the United States 
in 2007 
 

Å Adopted officially at EC on April 1, 
2013 
 

Å First tornado rated using the EF-scale 
occurred on April 18th, 2013, at 
Shelburne, ON ï rated EF1 
 

Enhanced Fujita Scale 



Damage Indicators (DI) 

Farms / 

Residences 

Commercial / 

retail structures 

Schools 

Professional 

buildings 

Metal buildings /  

canopies 

Towers / poles 

New Canadian DIs! 



Degrees of Damage (DoD) 

DODs wind speeds in km/h  



Å Though F-scale and EF-scale wind speeds are 

different, both still have the same damage scales 
 

Å Hence, ratings based on damage will be the same 

for older events rated with the F-scale and newer 

events rated with the EF-scale 
 

Å For example, the roof removed from a framed 

house is F/EF2, and a framed house swept from its 

foundation is F/EF5.  

F-scale vs EF-scale 



F-scale vs EF-scale 

WDTB 

(min) 

F/EF-number 



EC Implementation ï Power Law 

Y = 0.6246X + 36.393 

R2 = 0.9118 

Y = 3.9297 Å X 0.7019 

R2 = 0.9236 

If power law 

regression used 

instead of linear: 

 

Å Slightly better fit 
 

Å Goes through 

origin 
 

Å Lower bound of 

EF0 becomes  

~90 km/h instead 

of 105 km/h 

After McDonald and Mehta (2006) 



EC Implementation - Scale 



EF-Scale Standard 

ÅTeam currently worked on an EF-scale 

óstandardô to be administered by ASCE 
 

ÅCanadian revisions to be considered for 

adoption 
 

ÅHoping to accept annual proposals for 

modifications starting in a couple of 

years 
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Tornado Damage Studies 

Greg Kopp WindEEE Dome 
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Where / when do tornadoes occur? 

Average annual frequency of tornadoes per 10,000 km2 (dashed isopleths have been extrapolated) 

Newark 1984 ï max. frequency just over 2 tornadoes / 10,000 km2 
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Where / when do tornadoes occur? 

Etkin et al. 2001 ï max. frequency 7 - 9 tornadoes / 10,000 km2 
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ÅTornado resilience measures written into National Building 
Code of Canada in 1995 based on forensic studies of Barrie / 
Grand Valley F4 tornadoes of 1985 
 
ÅMeasures include anchors in manufactured and permanent 

structures, masonry ties in permanent structures (schools, 
hospitals, auditoriums) ï relatively inexpensive to implement 
for new buildings 
 
 ÅBUT implementation required clear 

definition of ótornado-proneô regions 

of Canada 

ÅMulti-disciplinary research initiative 

within EC (Auld, Burrows, Cheng, 

Elliott, Klaassen, McCarthy, 

Rousseau, Shephard, Sills, Waller) Barrie F4 1985 
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Methods 

Å Needed to build an updated 30-year national 

database 
 

ï  Last database by Newark 1950-1979 

ï  Period of database for this work 1980-2009 

ï  Five regions all with their own databases, needed 

to be merged and any inconsistencies adressed  
ï  Used TOP approach (see Sills et al. 2004) 
 

Å Needed to develop method to fill known gaps in data 
 

ï  Under-reporting in rural / remote areas 



Tornado Incidence (verified) 
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Seasonal Variation (all) 

N = 1844 


