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A How do tornadoes form?
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A Where / when do tornadoes occur?
A How does EC provide tornado alerts?

A Are tornadoes in Canada Increasing in
frequency and/or intensity?
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What Is a tornado?

From the AMS Glossary of Meteorology (2012):

ATornado 8 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.

I Includes waterspouts
I Excludes dust devils and 0g

i+l

I*I Environment  Environnement Canada

Canada Canada
Page 3




What Is a tornado?

Further detalls:

- 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

Elie, Manitoba F5

Photo by Justin Hobson
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How do tornadoes form?

Tornadoes can occur with any storm type:

A Supercells i tend to produce the most violent and long-tracked
tornadoes due to sustained, intense updraft

. A Bow echoes and squall lines 7 vertical vortices along leading edge
are stretched by the updraft and intensified

A6Pul s e 6 bsef weaktsnadoes along boundaries
A Even towering Cu over lakes T non-supercell waterspouts

A Key is co-location of enhanced vorticity with strong, localized updraft
+ precip
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Supercell Tornadogenesis

A Most supercells are not tornadic

A However, most significant tornadoes and nearly all
violent (F4-F5) tornadoes are supercell tornadoes

AMany supercell tornadogenesis theories have
evolved through field and modelling work: area of
active research

Aln the 197 ¢adas used Bbodpnify aeregion
of large cyclonic gate-to-gate shear (TVS) that
descended from mid-levels over 20-30 min

A Led to hope that Doppler radars would rapidly
advance tornado prediction
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nNCascadeo Par a

AConceptual supercell
diagram Lemon and
Doswell (1979)

A Talmwnoé t-or na
genesis process: MLM->
LLM-> TVS-> tornado

AHigh-resolution numerical
models appeared to
support this paradigm

AWas thought that the
VORTEX1 study in

1994/95 would confirm this
Forms near back ofstorm| conceptual moc
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Pre-existing Boundary Paradigm

supercell with
mid-level rotation or
non-supercell with
no rotation

Alnstead, it was found
that nearly 70% of
significant supercell
tornadoes occurred near
pre-existing boundaries
(Markowski et al. 1998)

too cold, deep, and

stable air mass sloping zone of

enhanced horizontal vorticity - WaIm, conditionally

cooler, but sufficiently unstable air mass Aé Bot-u FD 6n t ©r n e
conditionally unstable .
geneslis process

AbBoundari eso
nfow outflow boundaries, lake
rajectory .
, breeze fronts, drylines,
rapid low-level

mesocyclogenesis EtC
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VORTEX?2 Field Project 1 2009-10
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VORTEX2 Field Project T 2009-10

18 May 2010
Dumas, TX
tornadic supercell
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5 June 2009 Goshen Co. Tornado
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5 June 2009 Goshen Co. Tornado

(a) 2111:39 UTC (1-40 min) (b) 2116:14 UTC (1-36 min)
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(c) 2120:48 UTC (1-31 min)

Markowski et al., 2012
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OBow Echod Tor

AbBow echoesd tornadoes
I bow echoes are likely prodigious tornado producers
I unlike supercells, form out front of the storm

I many of the tornadoes likely go undetected (cell
phone cameras may help here!)
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OBow Echod Tor

EVOLUTION OF BOW ECHO Proposed by FUJITA, 1979
TALL ECHO

BOW ECHO STAGE COMMA ECHO STAGE

SURFACE DOWNBURST AND TORNADO DAMAGE
OCCURS DURING BOW ECHO STAGE

Type "B" Bow Echo

FORMATIVE STAGE MATURE STAGE

TORNADO

Fujita, T.T. (1985). "The Downburst: microburst and macroburst". SMRP Research Paper 210, 122 pp.
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OLandspouto To

A So called because the formation
process, and appearance, are similar
to waterspouts

ADamage rarely greater than F1 and
often more brief than supercell
tornadoes, though can occasionally
last 30 min+

ACommonIy appear thin and rope-like

AOccasionaIIy occur with atypical
Exeter ON translational motion e.g. NE to SW

FO 20 . L
: s A Many events occur in the vicinity of
boundaries e.g. lake-breeze fronts
i+i
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OLandspouto To

Adapted from Lee and Wilhelmson (1997)
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Waterspouts

AAny of the processes mentioned previously can
produce a tornado over water i a waterspout!

Rice Lake FO oO6waterspout o6, 2
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How does EC rate tornadoes?

AEC conducts both on-site storm damage
surveys and remote surveys

AGoal: identify various parameters related
to the event:

AWas it a tornado?
Alntensity?

AWhen did it occur?
AWhere did it occur?
Alnjuries / fatalities?
AProperty damage?
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How does EC rate tornadoes?

F-scale Estimated Wind

Category | Speed Range (mph) Typical Damage

Light damage. Some damage to

) chimneys; branches broken off
Fo 40-72 trees; shallow-rooted trees pushed
over, sigh boards damaged.
Moderate damage. Peels surface off

AFuijita Scale
F1 73112 roofs; mobile homes pushed off

ADeVeloped by Ted FUtha at foundations ar overturned; moving

autos blown off roads.

- - . Cansiderahle damage. Roaofs torn
UnIV Of ChICagO |n the 196OS off frarme houses; mohile homes
F2 113 - 157 demolished; boxcars overturmed;

) large trees snapped or uprooted;

AWlnd Speeds Were Educated light-ohject missiles generated; cars

lifted off ground.

guesses Severe damage. Roofs and some
walls tarn off wellconstructed

F3 158 - 206 houses; trains overurned; most

Alelted number Of damage trees in forest uprooted; heavy cars

lifted aff the ground and thrown.

T H Devastating damage. Well-
i Indlcators constructed houses leveled,
4 07 - F60 structures with weak foundations

. blawn away some distance; cars

AUSGd fOI’ tOI'nadIC and Non- thrown and large missiles
. . generated.
tornadlc W|nd damage Incredible damage. Strong frame
houses leveled off foundations and
swept away, automaobile-sized

AI mplemented |n the US and F5 261 - 318 missiles fly through the air in excess

of 100 rmeters (109 yds); trees

Canada |n 19703 debarked; incredible phenomena will

OCCUF.
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Enhanced Fujita Scale

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

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

A Adopted for use in the United States
in 2007

A Adopted officially at EC on April 1,
2013

A First tornado rated using the EF-scale
occurred on April 18", 2013, at
Shelburne, ON i rated EF1

i+l
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s

Number

Damage Indicator {DI)

Small Barns or Farm Outbuildings (SEC)

Dne- or Two-Family Residences (FR12Y

hlanufactured Home: Single Wide (WHSW

hlanufactured Home: Double Wide (MHDOW

Apartments, Condos, Townhouses (ACT)

hotel (k)

tMasonry Apartment or batel (hAK)

Small Fetail Building (SEEB)

1D 0|~~~ (IS P == I D ] —

Small Professional Building (SPB)

—
=

Strip Mall (Sha)

Laroe Shopping Mall (LS

Larne, Isolated Retail Building (LIRE)

Autornobile Showroom (ASR)

Autornobile Service Building (ASE)

Elementary School (ES)

Junior ar seniar High Schoal (JHSH)

Low-Rise Building: 1 -4 Storeys (LEB]

Mid-Hige Building: 5 - 20 Storeys (MEB)

High-Fige Building: Greater than 20 Storeys (HRE)

Institutional Building (1B}

Metal Building System (MES)

Service Station Canopy (S5C)

Warehouse Building MWWYHE)

Free-Standing Towers (FST)

Free-Standing Light Poles, Luminary Poles, Flag Poles (FSP)

Electrical Transtission Lines (ETL]

Trees (T

Heritage Church (HZ)

solid Masonry House (ShaH)

Fartn Silos or Grain Bins

e 23R =2 s s s = s sl = e 25 S = |

Sheds, Fences or Lawn Furniture (SFLF

Environment
Canada

Environnement
Canada

Damage Indicators (DI)

Farms /
Residences
Commercial /
retail structures
Schools

Professional
buildings

Metal buildings /
canopies
Towers / poles

New Canadian DIs!

i}
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Degrees of Damage (DoD)

1. SMALL BARNS OR FARM OUTBUILDINGS (SBO)

Typical Construction:
» Less than 250 m?
» Wood or metal post and beam construction
« Wood or metal roof trusses
« Wood or metal panel siding
* Metal orwood roof
* Large doors

DOD | Damage Description EXP LB UuB
1 Threshold of visible damage 100 83 125
2 Loss of wood or metal roof panels (up to 20%) 120 100 145
3 Collapse of doors 133 110 165
4 Major loss of roof panels (more than 20%) 143 1235 175
D Uplift or collapse of roof structure (more than 50%) 130 125 185
b Collapse of walls 155 130 190
[ Owerturning or sliding of entire structure 160 1335 130
8 Total destruction of building 180 150 210

DODs wind speeds in km/h

Sl
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F-scale vs EF-scale

AThough F-scale and EF-scale wind speeds are
different, both still have the same damage scales

AHence, ratings based on damage will be the same
for older events rated with the F-scale and newer
events rated with the EF-scale

AFor example, the roof removed from a framed
house is F/EF2, and a framed house swept from its

foundation is F/EF5.

I o Environment Environnement
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F-scale vs EF-scale

300
---m--- Fujita Scale (Min
—#—— EF low =peed mph
250 A
—— EF high =peed mph
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F/EF-number
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EC Implementation i Power Law

300

| | |
If power law Y = 0.6246X + 36.393

regression used 20 R2 =0.9118
Instead of linear:

200

ASlightly better fit

AGoes through
origin

150

100

EF Scale Wind Speed, mpt

Y = 3. 9020057
R? =0.9236

ALower bound of 50
EFO becomes
~90 km/h instead 0 50 100 150 200 250 300
of 105 km/h Fujita Scale Wind Speed, mph

After McDonald and Mehta (2006)
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EC Implementation - Scale

F/EF F-Scale Wind Speed EF-Scale Wind Speed
Rating Rounded to 10 km/h Rounded to 5 km/h

0 60 - 110 90 - 130

1 120 - 170 135 - 175

2 180 — 240 180 — 220

3 250 — 320 225 — 265

4 330 - 410 270 = 310

5 420 - 510 315 or more

Sl
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EF-Scale Standard

A Team currently worked on an EF-scale
0standardodé to be admi

A Canadian revisions to be considered for
adoption

A Hoping to accept annual proposals for
modifications starting in a couple of
years

e Syt Canad
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Where / when do tornadoes occur?

Newark 1984 1 max. frequency just over 2 tornadoes / 10,000 km?

140° 130° 120° 1107 100° a0 80 70 2]

|

ANNUAL TORNADO INCIDENCE
1950=197%9 }
I

e e el
200 o 200 400 600
kilometres

Average annual frequency of tornadoes per 10,000 km? (dashed isopleths have been extrapolated)
i+l
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Where / when do tornadoes occur?

Etkin et al. 2001 i max. frequency 7 - 9 tornadoes / 10,000 km?

Events per year per 10,000 sq. km per 0.5 by 0.5 degree grid cell
[] Insufficient Data

0.25-0.5 N
0.5-1
-2 W E
2-3
3.5 s
;';’; 500 0 500 1000 Kilometres
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Where / when do tornadoes occur?

A Tornado resilience measures written into National Building
Code of Canada in 1995 based on forensic studies of Barrie /
Grand Valley F4 tornadoes of 1985

A Measures include anchors in manufactured and permanent
structures, masonry ties in permanent structures (schools,
hospitals, auditoriums) i relatively inexpensive to implement
for new buildings

A BUT Implementation required clear
definiti ormromfregidis duu nlade
of Canada ' :

A Multi-disciplinary research initiative
within EC (Auld, Burrows, Cheng,
Elliott, Klaassen, McCarthy, .
Rousseau, Shephard, Sills, Waller) Barrie F4 1985

i+l
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Methods

ANeeded to build an updated 30-year national
database

I Last database by Newark 1950-1979
I Period of database for this work 1980-2009
I Five regions all with their own databases, needed

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

ANeeded to develop method to fill known gaps in data
I Under-reporting in rural / remote areas

i+l
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Tornado Incidence (verified)

30-yr Average Annual Tornado Incidence (1980-2009)
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Seasonal Variation (all)

N = 1844
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