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Northern Tornadoes Project
The main goals:
• Determine the actual tornado occurrence and 

risk in Canada

• Explore methods for detection of tornado 
damage paths in remote areas (forests, cropland 
and prairie grassland)

Data useful for:

• Climatology / risk analyses, verifying forecasts / 
nowcasts / warnings, meteorology process 
research, engineering standards research, climate 
change studies, and raising public awareness
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The Northern Tornadoes Project
– External Research Team
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• Experts in social science, soil science, tree biology, crop damage, 
3D LIDAR imaging of damage, remote sensing, machine learning, 
wind engineering

• Using NTP data and NTP-related data for research



NTP Classification – Visual Evidence

• Have developed a comprehensive set of criteria based on 
latest science to be applied consistently across Canada

• For NTP to classify an event as a tornado from a photograph, 
video or detailed eyewitness description, should include:
• a well-developed funnel cloud extending fully from the 

storm cloud to the surface, or
• a funnel cloud extending partly to the surface plus an area 

of rotating debris near the ground / 'spray vortex' near the 
water surface.

• Waterspouts are just tornadoes over water



NTP Classification – Wind Damage
• For NTP to classify as a tornado based on detection of wind damage only 

(typically remote sensing imagery):
• Aspect ratio of path length:width approaches or exceeds 10:1
• Path length at least 1 km
• Maximum path width 2 km or less (with rare exceptions)
• Often evidence of confluence



NTP Classification – Wind Damage
• For NTP to classify as a tornado based on detection of wind damage only 

(typically remote sensing imagery):
• Aspect ratio of path length:width approaches or exceeds 10:1
• Path length at least 1 km
• Maximum path width 2 km or less (with rare exceptions)
• Often evidence of confluence

• Aspect ratio much less than 10:1, often evidence of diffluence
• Downburst (Microburst if diameter < 4 km)

• Not enough evidence to classify as tornado or downburst (or gustnado)
• Unclassified Wind Damage

• Combination of both visual evidence AND wind damage makes 
classification much easier



NTP EF-Scale Rating
• NTP strictly follows ECCC’s ‘Enhanced Fujita Scale Damage 

Indicators and Degrees of Damage’ document (Revision 1 – 2014)
• NTP has extensive experience with interpretation and use of EF 

scale (Sills / Kopp led implementation in Canada)
• EF0-Default is used where no damage is detected or damage is to a 

non-DI, assumes at least 90 km/h (lower bound of EF0)



NTP EF-Scale Rating
• NTP strictly follows ECCC’s ‘Enhanced Fujita Scale Damage 

Indicators and Degrees of Damage’ document (Revision 1 – 2014)
• NTP has extensive experience with interpretation and use of EF 

scale (Sills / Kopp led implementation in Canada)
• EF0-Default is used where no damage is detected or damage is to a 

non-DI, assumes at least 90 km/h (lower bound of EF0)
• Ratings most accurate when ground survey conducted
• Forest damage usually limited to EF1-EF2
• Additional engineering data collected to help develop / improve DIs

• Sills / Kopp are helping to develop new EF-scale standard with 
US colleagues, ready in a few years



NTP Investigations and Events in 2020
• NTP conducted 409 investigations, resulted in 339 events ▼

Event Type
Tornado 77
Tornado (experimental) 26
Downburst 117
Non-Tornadic Vortex 98
Unclassified Wind 
Damage

21

• Satellite – 292
• Ground – 31
• Drone aerial – 24
• Aircraft aerial – 4

Surveys



Cutting-Edge NTP Tools / Techniques
• Systematic use of hi-res satellite 

(3 m), aircraft (5 cm) and drone 
(2 cm) imagery – unique 
globally**

• Systematic ‘Fujita-style’ aerial 
analyses for significant 
tornadoes 
– unique globally*

• Ground survey app on tablets –
only US NWS has similar



Cutting-Edge NTP Tools / Techniques

Interactive 
Event 
Dashboard
• Integrated GIS 

back-end



Cutting-Edge NTP Tools / Techniques

Interactive Event Summaries
• Integrated GIS back-end





• Two F4 tornadoes 
(including one in Barrie)

• Two F3 tornadoes
• Seven F2 tornadoes
• One F1 tornado
• One F0 tornado



• Structural, tree and vehicle damage

• 11 injuries

• Damage survey conducted

• 210 km/h max winds

• Preliminary 12km path and 600m 
width

• 71 homes uninhabitable

Barrie EF-2 Tornado



Barrie EF-2 Tornado
• 2:17pm: low-level circulation first observed just east of Angus

• 2:23pm: tornado signature first observed on radar near Hwy 
400

• 2:30pm: tornado in contact with the ground

• ~2:35pm: tornado impacts southeast Barrie

• 2:38pm: tornado warning issued by ECCC

Credit: Mr. Rumsey on Twitter @MrRumseyFDK











Discussion about toe-nails, construction issues, and resilience



What are toe-nails? They are what fasten roofs to exterior walls



Why do they matter?

• Wind causes significant uplift on the roofs of low-rise buildings. Since wood-frame 
roofs are lightweight, it is the toe-nails that hold them down.

• When the roof fails, the walls are vulnerable to collapse. This is a life safety issue!

• Failed roofs like to fly, and they often impact downwind homes, leading to cascading 
damage. This is a life safety issue!

• More than that, if everything is installed perfectly, they are the weak link in the load 
path, weaker than the roof sheathing, and weaker than the walls-to-the-foundation.

(Amini & Van de Lindt, 2013, J. Struct. Eng.; Kopp et al., 2017, Can. J. Civ. Eng.)

• So, what is arguably the most important structural component in a house is the weak 
link

AND IT GETS WORSE THAN THAT!
TOE-NAILS ARE OFTEN NOT INSTALLED CORRECTLY, OR AT ALL.



Discussion about toe-nails, construction issues, and resilience







Why aren’t they installed according to the code?

• Usually, one nail is used to hold the truss in place. Then the sheathing can go on and 
the truss can be aligned easily if needed.

• The framer needs to go back and put the remaining nails in. That seems to be the 
missing step.

• It is also worth noting that toe-nails are prone to split lumber during installation and 
are difficult to install accurately (even in a lab setting)

• Inspections are challenging and tedious since every connection should be checked. 
This requires getting up on a ladder.

• Some municipalities do not allow inspectors to use ladders. Some fasteners are at a 
significant heights, such as in double height entrance foyers.

There is a relatively easy and inexpensive fix: HURRICANE STRAPS



Loss of Roof Structure
• Toe-nailed RTWC with 3 nails per NBCC: 

1.14 kN
(Morrison & Kopp 2011)

• ~ 150 km/h (EF1)
• Hurricane ties: 

3.58 kN H2.5A 
(Simpson Strong-Tie) 

• ~ 210 km/h (EF2)
• Truss screws: 

1.79 kN per screw 
• ~ 180 km/h (EF2)

Recommendations: Vertical Load Path for Wind Loads



Truss-to-wall screw

Additional truss screw improving 
connection between wall stud 
and top plate – recommended if 
wood sheathing does not cover 
this connection on exterior

Site photos of truss screws and sheathing fastener spacing
(Doug Tarry Homes)



Hurricane Straps - installation

• Hurricane straps are easy 
to install and to inspect

• They add about $150 to 
the cost of a new house

• They are strong enough to 
work in an EF-2 tornado.

• These critical reactions 
are no longer the weak 
link, so failure ultimately 
occurs at higher wind 
speeds than if toe-nails 
are used. 

Video courtesy of Doug Tarry Homes



Other fasteners should also work - screws

Video courtesy of Doug Tarry Homes

• The screws will also 
increase the capacity and 
should work for EF-2 
tornadoes

• They are even faster to 
install

• Their colouring should 
allow visual inspections.

• Need to ensure top plates 
are fastened to wall studs 
as well  (not shown here). 



• Roof-to-wall connections are critical to life safety of houses in severe 
windstorms and tornadoes

• Existing requirements – toe-nails – are the weakest link in the load path making 
houses rather vulnerable

• Existing building practice leads to these critical elements often being installed 
improperly or left out

• An inexpensive solution is hurricane straps (or equivalent). These need to be 
mandated in our building code for the safety of all Ontarians.

Recommendations: Vertical Load Path for Wind Loads



Other building performance observations



• First storey collapsed; roof 
damage only shingles and a 
sheathing panel
• Failure occurred out of typical 

sequence for light-frame house 
failures

• Indication of weak first storey wall 
design due to lack of bracing, too 
many openings, or poor anchorage



Wall-to-floor 
nail

No wood sheathing, 
no connection 
spanning across wall-
to-floor

• Wood sheathing on the 
exterior walls contributes 
significantly to rigidity and 
lateral strength. 

• The increasing use of foam 
insulation on the exterior face 
of the house means that a 
different bracing method is 
required.

• The connection at the base of 
the wall is also of concern



Walls removed from 
atop subfloor



• Since 1995, the NBCC requires 
that buildings be anchored to 
the foundation:
• Anchor bolts 

~ 5 kN/m
• The floor structure sits above 

the foundation, with the walls 
fastened atop of it using:
• 82 mm long nails 

@ 150 to 400 mm:
~ 1.07-2.85 kN/m



• Similar failures from the Dunrobin tornado in 2018
• When wood sheathing is present on the outside of the wall, there is often a 

seam at the wall-to-floor connection

Stevenson et al. (2020)



Anchorage with 
embedded bolts as per 
NBCC 9.23.6.1

Improved fastening of 
wall bottom plate to 

anchored floor 
structure

(2 options shown)

Continuous 
connection between 

upper- and lower-
storey walls

(2 options shown)

Roof-to-wall fastener 
capable of 

withstanding 3 kN
uplift

11.1 mm structural roof 
sheathing installed 

with 8d nails @ 150 
mm sp.

Use of engineered 
trusses

If used to connect components of 
the vertical load path, continuous 
structural sheathing should span 
joints between walls, floors, and 
gable end

Hurricane Tie Truss Screw

Inter-Storey Strap

First-Storey Strap

Recommendations: Vertical Load Path for Wind Loads



Wind-Borne Debris



Garages and Garage Doors



Lake Traverse EF2 Tornado

• Tree damage

• No injuries reported

• Satellite imagery review conducted

• 190 km/h max wind speeds

• Preliminary path of 11.9km and 340m width



Photo courtesy of Travis 
Farncombe via Twitter



from ECCC website



Alonsa MB EF-4 – Advanced Treefall Analysis



Image courtesy of Dr. Daniel 
Rhee and Dr. Frank Lombardo

Alonsa MB EF-4 – Advanced Treefall Analysis



Agricultural Land in 
Canada

(Finnigan, 2018)
Tornado Map of Canada

(Sills et al., 2013)

Tornadoes in Crops



What happens 
if no trees / 
structures are 
damaged?

• In the Prairie regions of Canada, 
it is not uncommon for 
tornadoes to travel portions of 
their damage path without 
encountering trees, crops, or 
structures. This can be a 
particularly large problem when 
there is only this visual evidence 
of vegetation scouring, with no 
other damage indicators 
throughout the damage path. 

(Scarth, MB – 2020) ->
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SCARTH, MB, 2020 – Satellite (NDVI)
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Tornadoes in Crops

• We are working on creating a 
Damage Indicator for crops based on 
this approach



• The outbreak on July 15, 2021 with 6 EF-2 
tornadoes was significant., only the 10th

Ontario outbreak with 3 or more EF-2 
tornadoes since 1933

• The damage in Barrie was significant and 
provided an opportunity to learn more about 
the performance of houses in tornadoes.

• Details of resilience-measures need to be 
considered simultaneously with sustainability 
measures for walls with enhanced insulation.

• Roof-to-wall connections (toe-nails) are the 
weak link in the vertical load path, which needs 
to be addressed as a major life safety concern.

Conclusions
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