Advanced Spotter
Training 2009

Lesson 7: lornadoes




From Last Time

= We discussed the nature and origin of
wind.

= \\e explored how wind causes damage-
= Ve discussed the nature of gust fronts
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This Time

= This time we are going to discuss the
most severe weather event that can
happen, the tornado.

= We will first discuss what a tornado ISs.

= TThen we willldiscuss ideas aboeut how.
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Homework Review

Go over the homework problems from last

time:

= Describe how a downdraft produces wind
at the surface.

= [Describe the effect of evaporatlve cooling.
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Homework Review (continued)

= Speculate on the severe potential from a
gust front-

= Speculate on the severe potentiall from dry
microbursts.




What is a tornado?

= As stated in Lesson 2 a tornado Is a
violently rotating column of air pendant
from a thunderstorm and in contact with
the surface:

= [ihefirst aspect of this definition/is the
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What is a tornado? (continued)

= Take your right hand and make a fist so
that your thumb) lays across the top of
your fist and your fingers are aligned
vertically'as it you were holding a mug.

= Extend your thumbupward:
= Extendiyour pomtlng fingerforward:
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What is a tornado? (continued)

= Assume the thumb represents the
direction of the updratt.

= Assume the pointing finger represents
inflow leading Into the Updraft:

= [hemiddie flnger pomts in thedirection

0 -rJ J\)¢,.|" P\J\JJ-r -r\J\Jv\)\J-’\/
averariendencyrorrsingrairwitn
IoRWaKdWeIoCIlyAloolaleriores el

(COUNIETCIOCKWISE)E




What is a tornado? (continued)

= This Is what causes the updraft to rotate.
= What constitutes violent rotation?

= The current standard Is the Enhanced
Eujita scale, but this reliesion wind
estimates based only on the damage




What is a tornado? (continued)

= |[f you have a very fast moving EF5
tornado it might not have time to do EF5
damage along Iits path.

= Similarly; aivery slow-moving EEll scale
tornado may do extensive damage: since
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What is a tornado? (continued)

= | propose using the severe wind limit as
the start of the tornado scale.

" Weak Tornado: 50 knots - 100 knots.
= Strong Tornadox 101 knots - 200 knots:
1 Vielent Tormado: 20/l knots +.
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What is a tornado? (continued)

= The idea that tornadoes are pendent
from a thunderstorm is likely wrong in
the face of current data.

= [t seems that many ternadoes (perhaps
even most of'them) form from the
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What is a tornado? (continued)

= The thing that connects the tornado to
the thunderstorm is the updraft of the
thunderstorm, or some other vertical
forcing mechanism.

= Perhaps a better deflnltlon would be

Violently, roiai]ng columnroralifinicontac
Vithrthergrounaanadpventoyvertical

IOKCINGES




Vertical Component of the Wind

= The vertical forcing of the updraft gives
the tornado a vertical component to Iits
winds.

= [Thisiis one reason why vehicles are
Unsafein strong or'violent tornadoes:

nSince the airl O‘j‘,f};' ,'J'J
A OrCEeron therunderside o any, J djECct:

SPAjIerrsomechHucalvalueNseachneaine

ORJECHWIINIECOMENEIFNNESSE




Vertical Component of the Wind
(continued)

= After that the object becomes debris,
whether'it is a playing card, a truck, or a
buillding.

= A human being becomes;weightiess

when verticaliwinds reach around 90
knots:
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Vertical Component of the Wind
(continued)

= |n 1999 on 3 May the town of Moore Iin
Oklahoma was hit hard by a nearly
mile-wide violent tornado.

= [nfaidamage photograph takena mile
from the tornado damage path; a metal
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Vertical Component of the Wind
(continued)

= |t had been one of two vertical supports
holding up a balcony.-

= The folding chair wasthrown a mile from
the tornado with; enough force to knock
a 4x4'vertical Supportout fromunder a
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Structure of a Tornado

P = Jo the left we
et ol look down from
' above on a

by tornado.

-

Most dangerous
part of the fornado

"Eye of the
Tornado”

Inflow Jet



Structure of a Tornado (continued)

= |[nflow jets are regions where the
circulation of the tornado pulls the
surrounding air into the vortex.

= [nflow jetsiare very dangerous: places,
Winds cani be suificient to drag objects
Nt therternado when these jetsiare at
grounadievel:



Structure of a Tornado (continued)

= [nflow jets are not limited to the surface,
there have been some spectacular
videos ofi tornadoes with inflow: jets
higher up in the vortex:




Structure of a Tornado (continued)

= Here Is a vertical

cross-section of a
tornado.

= There seems to be

a central

gowndrait; as
h funnel cloud may - P :
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Structure of a Tornado (continued)

= | believe this Is due to air being
centrifuged out of the vortex at the base
of the vortex column.

= Any funnel cloud that develops forms
Inside the actual tornado.
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Structure of a Tornado (continued)

= |f there Is Insufficient moisture there will
be no visible funnel cloud.




First Discussion!

= Discuss the
multivortex tornado,
and how this might
come about.




Section 2

lornadogenesis and Dissipation




Tornadogenesis

= The process of tornado formation is
called tornadogenesis.

= [he way a tornado forms;is;stillla matter
ofi bothiintense debate and research.




Tornadogenesis (continued)

= This process seems to involve the
following elements:

> A source of vertical forcing. This can be an
Updrait, convergence, or'even the vertical
motion caused by rotating winds:
Nhenever yourhave counterclockwise
Vinds; therhgnisnanarrtierequiresivertical
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Tornadogenesis (continued)

~ A source of rotation: This can be caused
by veering winds with height, or by
turbulence causedi by convergence, or by
some othermechanism that isinot




Tornadogenesis (continued)

= There are some other factors that may
play a part:
> Strong inflow' into; the region where the
tornado will form: This may carry eddies

formed/from convergence into the updrait
region
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Tornadogenesis (continued)

> By collecting large numbers of vortex lines
youi get a stronger vortex (so long as they
are all pointing| the same way).

> The BED can bring mid-level vortex lines
(produced by aimesocyclone; for'example)
1o the ground; thus Increasing the number
ofvortexdines at thesurface:
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Tornadogenesis (continued)

> There seems to be a critical ratio between
the strength of the updraft and the strength
of the inflow, called the swirl ratio. Within
this ratio a tornado will' form, otherwise it
will not.

= Atornado will continue so/long asithere
Sialsource onverucaiimouon anainiiow:
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Tornadogenesis (continued)

= [f'the thunderstorm updraft weakens, or
the convergence ceases, the tornado will

dissipate.
= [I-cold air is;ingested into the Updrait,
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Tornadogenesis (continued)

m |t is possible for the conditions that
produced the tornado to move away.
from the tornado.

= [This may result in the development; of
another'tornado further away: hisis
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Tornadogenesis (continued)

= |t Is also possible for multiple tornadoes
to develop around a very strong tornado.

= [his/is not the same a multiple-vortex
tornado.

5 [his effect IS sometimes calledia
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Tornadogenesis (continued)

= This can become coupled with (or even
produce) a mesocyclone.

= | arge tornadoes undergo aiprocess
where the flow' inside the tornado
pbecomes disrupted; bltidoes not
dissipate:
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Tornadogenesis (continued)

= This process Is called vortex breakdown.




Tornadogenesis (continued)

= Such a tornado Is
dge of The
Tornado Ca"ed a
@ multivortex
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Second Discussion!

= Speculate on how this
iInformation can tell
you where a tornadoiis
likely to occur.




Section 3

Locating Tornadoes
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Locating Tornadoes

= The most likely region of a thunderstorm
for tornado formation and development
IS In the updraft region, but only ifithere

IS} algood source of warm and moist
Inflow:
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Locating Tornadoes (continued)

= Another place where tornadoes occur,
thoughiless frequently, are in the
convergence zones where outfiow
boundaries are Intersecting.

= This canoccurin storm trains;where the
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Locating Tornadoes (continued)

= Tornadoes that form in convergence
areas tend to be disorganized and weak,
pbut they can occur'in large families; and
occasionally' they canjdevelop strong
tornadoes:

s Another event thatoccurs occasionall
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Locating Tornadoes (continued)

= Another type of vortex occurs on the
outflow; this type fails to reach the cloud
level; or'so it/is thought (we do not really
Know for sure).

= [hisitype ofivoertex s calledia gustnado:
0115 ff"dfs,-
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Locating Tornadoes (continued)

= These vortices occasionally reach the
strength of a weak tornado.

= [t IS possible that a gustnado) can be
drawn into the updraftand become a
(rue tornado:




Final Discussion!

= Discuss the destructive
potential of torhadoes;
and their ramifications
for spotters:
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Homework Due Next Week

= Describe what a tornado Is.

= Determine three criteria for whether
something Is a tornado.

= Describe twoways that tornadoes can form.
= \What is a multivortex tornado:?
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Homework Due Next Week
(continued)

= Why Is a gustnado not a tornado. Is this a
realistic distinction?




