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From Last Time

= \\/e discussed the different ways to make
alr rse.

= \\/e diScussed convection, ConVEergence,
and the dlfferent KinAs of fiients.
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This Lesson:

= [he formation of thunderstorms.
= Jhe life-cycle of a thunderstenm.
= [Ihe types of thundersterms:.




Homework Review

Go over the homework preblems from last

time:

= |Viake a diagiam ofi each sournce of
Verticallimoeuon.
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IHomework Review (continued)

= Analyze a local map for fronts anad
CONVErgence at the surface.

= \Write at least a paragraphen your
understandlng of how a thunderstorm
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IHomework Review (continued)

= Explain why high-level speed shear Is a
favorable envirenment for the
develepment of thunderstorms.

m Explain wihy CAPE might net be such a
Joed Indicator el SEVereweatner
peLERUE ANE GESCHIENNENNISIE GO
REICALO)E




Thunderstorm Formation

Once we have rising air, Is this enough to
tell youl i thunderstorms willl eccur? No; It
IS & necessary, but noet a sufficient,

condition. Hereisi\what really: happens:
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Thunderstorm Formation
(continued)

= At a certain altitude (depending upon
local conditions) it willl'reach a
[emperature Where the gaseous Waterin
the air (called: water vaper ) Is; ferced eut
eff the: air I the e ol tiny: dreplets;
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Thunderstorm Formation
(continued)

= Apbove this Is the Cloud Condensation
Level (CCL), this Is where the cleudbhase
forms.




Thunderstorm Formation
(continued)

m i we look at a
Skew-T we can
find this; level;
(here the LCLCR)
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Thunderstorm Formation
(continued)

= Again, the LCL is where we will begin te
see dreplet formation, and the cloud
pases will e at or a littie bit higher than
this level (CCL).

cloud teps Will HSe (I thiSfCase alfieV,
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Thunderstorm Formation
(continued)

m [[hese same
surreundings
are alse much
drier, so) clouds
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Thunderstorm Formation
(continued)

= [he strength of the cap Is called CIN
(Convective INhibition), en the aboeve
Skew-1'the CINIs -17.9 J/kg.

= Ay ClNFgreater than -40 J/kg Isiweak
ERPLUERIthAL a Sirene ereing MEcChanism
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Thunderstorm Formation
(continued)

= [ this area Is lange (this area Is the CIN
mentioned albove) then the cap will be
160 streng (teo) dry or tee warn, 6 Boetn)
for the parcels 10 penetrate andithere

SLOHNS:
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Thunderstorm Formation
(continued)

= At this stage in develepment we woeuld
see clouds with dark flat bases and a
PUbLlY appearance abeve, like balls of
cotten With filat heitems.
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Thunderstorm Formation
(continued)

= Only If the parcels of air are allowed to
[ISe te a certain altitude where they: are
@NCce agalnwarmer tham their
surreundings: (due te the heat released

condensaten) willfthey e anle e
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Thunderstorm Formation
(continued)

= [his altitude IS
called the Level
ofi Free
Convection o




Thunderstorm Formation
(continued)

= Here you can see that this altitude Is
345.1 millibars (areund 2,000 meters
RIgh).




Thunderstorm Formation
(continued)

= Once a parcel of air passes to this
altitude it willl e said to have “breken*
the cap, and will then rise te a new
altitude, called the equmbrlum levell, o
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Thunderstorm Formation
(continued)

= As parcels ofi air begin to break the cap we
might see plumes of cloud extending up
fliem the teps
of the bubbly

PEIONE:



Thunderstorm Formation
(continued)

= Suchia structure might take on an
almost tower-like appearance (Which we
call tewerng cumulus; , or tewernng:-©
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Thunderstorm Formation
(continued)

= Eventually this will form rain drops that
will be prepelledi eut in flient ofi the
develeping steim: by the action| efi |et
strean Winds; at the: higher altittides (this
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Thunderstorm Formation
(continued)

= As the
[AaINArePS
accumulate out
alead ofi the
[Sing columin
OiFalif(tne
Updrai
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Thunderstorm Formation
(continued)

= [N Most cases, the temperatures in the
anvil are so cold (despite the heat ofi the
Uipdrait) that precipitatoen initially forms
as SeW mstead of ralndrops
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Thunderstorm Formation
(continued)

= [he collisions between these ice
crystals can ionize the ice erystals (ly.
StrippIing off electrons) and! Build up
substantial accumulatiens; ofi charge.
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Thunderstorm Formation
(continued)

= Eventually, a thunderstorm will lose Its
Updrait and the dewndraft will continue
for a time (and will-hkely produce
precipitation andiwing).
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Thunderstorm Formation
(continued)

= After a time, the only remaining part of
the thunderstorm,
willfloe the (new
detached) anvil
JoUER WAt We
califthtREErsionm
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First Discussion!

= Djscuss the
develepment of
thunderstorms,




Section 2

JThe! Iselated Thunderstorm and

the: SUpPEnCell



More About Thunderstorms

There are basically two kinds of isolated
storms.

= JThe first IS your ganden-vanety: Isplated
thunderstorm Spmetimes called an

cOnCEMmerustana
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The Isolated TThunderstorm

= Semetimes referred to as.  air-mass
thunderstorms; , these storms develop
WhHER a ConVECTIVE column gets; streng
eneugh to) reach the LFC el youl geta
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The Isolated Thunderstorm
(continued)

= Such sterms will generally have a very
disorganized vertical wind proefile; thus
they will' tend te be short-lived.

= IS type or vertical Wind prefile

Indicates;that stermsiwiliftend tc
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The Isolated Thunderstorm
(continued)

= After a certain poeint, the updraft will be
OVErceme by the precipitation and the
stermwillfdissipate.

= QIS takes, onr average;, 20l minutes.




TThe Supercell Thunderstorm

= [his IS a thunderstorm that develops a
PEersistent and strong retation anout a
vertical axis,

m SUch retation usuaIIy OCCUKS 1N an area
couple oirmiles inrdiameterand |
IIEGFA MESOCY/CIGNE.
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The Supercell Thunderstorm
(continued)

® Here we have
Ssurface winds
COMING out ofi the
southwest anad

mJHJOrlb C OHJIHJ
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The Supercell Thunderstorm
(continued)

= [his Indicates
that there. Is a
rotation about a

noerzental axis
PEIWEEN hESE

Altittges;




The Supercell Thunderstorm
(continued)

= \\Vhen an updrait or other vertical forcing
MEechanismi eecurs, this retation can
pecome tilted! tpward.

m [FRisiwill result i a
[elatien abeut a
Venical axis.
[ISTREleVEearine
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The Supercell Thunderstorm
(continued)

= [he classic
supercelll (which
IS ranely: seen in
nature)is

depIcted terthe

[
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The Supercell Thunderstorm
(continued)

= Note that this diagram has a visual clue
that there Is a very: strong| Updrai
present; there Is; cloud matier piling up
above the anvil.
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The Supercell Thunderstorm
(continued)

= [he flanking line contains developing
Updrait columns that will lbe drawn Inte

the supercell and replace the currently.
deminant Upadrait.
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The Supercell Thunderstorm
(continued)

= You might see bread and flat-looking
bbens of cloud matter flewing into the
sterm| near the surface or aleft (at the
500rmillivar level for example):

= IEse are regions e Waim-meIstIniow,
ANd alie SEmENmES called  eaverEialls
HECAUSE CINNENRPIGAGS AP PECENCE?
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The Supercell Thunderstorm
(continued)

m [[hese are all clues that the storm will be
long:lived.

= Jhe important tRIng te rememier apeut
supercells IS thalt they are develeping
AEVVECENSHIAUACS TIAUIARIING e Pc-c:
b@]ng rlrrlvvn Ae e RGeS
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Supercell VVariations

= [he classic supercelllis almost never
SEeen.

m Real supercells will lbe: combinations of
SEMEe of the: characienstics of the classic
MIXediWiti EltHErR eI the nEXT WE
Velianiss
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Supercell Variations (continued)

= [hey can form when mid-levell moeisture
IS the driving source of condensation.

= Often the precipitation gees; inte; the
iermation of the: anvil, rather than




Supercell Variations (continued)

m [[hese storms can
fiorm above
existing lew-level
cold domes of air,

INfEessence treating
UAENOP of iercola
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Supercell Variations (continued)

= Supercell storms
that have an
abundance of
moeisture are called
HIONERrECIPItaton
SUPENCESH OIHIE
SLOIINS:




Supercell Variations (continued)

= [[hese are often the most violent storms
that you' can encounter on Earth.

= Note that ramris wrapping| entirely.
alieund the mesocyclone.
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Second Discussion!

= [hink about the level
of danger pesed by
Individual sterms.




Section 3




Multicelll Clusters

= Erequently youiwilllsee a structure like
this.




Multicell Clusters (continued)

= Here Is a photograph donated: by
Virginia Randell of Kenosha, Wisconsin.
Note the cells in different stages; of
development.




Multicell Clusters (continued)

= [Here the storms arne developing from the
fercing point (Where new. cells are
develeping) downwind (e the: rght In
poeLA the drawing andlthe: phoetegrapn).

m Slccessive cellstwill start; mature;
HECOME dOMInanL; R tHEN CISSIPALE:
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Multicell Clusters (continued)

® [his Is sometimes called a storm train .

= No celllwill e likely: to exist fier more
than a halfif heur.

= The Severe threat fiiem any celliis
mikimal; theueh therentirercluster car
PIEEUCE e 0L Bl SEVEEWEATLHET:
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Sguall Lines

= Freguently you will see lines of
thunderstorms on radar, similar te this.




Sguall Lines (continued)

= Here thunderstorm cells form on the

rght-hand (In this case lewer) side of the
ine and propagate: tothe: left (In this
Case Upwards) throughithe line anad
eventually dissipate: as the line: isel
MOVESHIOMVANENIRFISICASETHOMNEIL 1O
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Sguall Lines (continued)

= [Here we see that mid- or upper-level
Winds can e brought dewn te; grounac
level by the dewndrait.




Sguall Lines (continued)

= Here Is one common way. for squall lines
(e develop, we begin withi a supercell
that gees inte the: dissipating stage.




Sguall Lines (continued)

= Vid-level winds are breught te the
surface by the increased downdraft, this

calses strong eutflew: In the: front of the
sterm.
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Sguall Lines (continued)

= [his forward-flank updrait, coupled with
a rear-flank doewndraft causes
precipitation te; fiall en the: rear-flank.

= QIS pPrecess continues untiithe Upper:

EVEI SUPPeNLCEASES:.




Sguall Lines (continued)

= \While it 1s very rare (I know: ofi only two
Cases In my: nearly thirty: years, of
spotting and chasing) termadees can
fiermi iR this fenward tpdrait.
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Sguall Lines (continued)

m Such a structure Is called a Line Echo
\Wave Pattern or a LEWP.

m Sterms that form
I the: CUSPS; Imay/
dEeVvelop nfiow,
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Mesoscale Convective Complexes

= A mesoscale convective complex (MCC)
IS characterized by a large circular cold

cloud shield (anwvil), as seen onia satellite
phoetegraph; Fhis PhoLe IS ren the Wels
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Mesoscale Convective Complexes
(continued)

= Occasionally, and usually at night, a
large circular region: efi convection can

PEgIn to develop thundersterms.

= RIS region| efi convection Is initiated by,
e appPreachiora tieudn GIIGW BHESSUE
10)
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Mesoscale Convective Complexes
(continued)

= This will last hours as new: cells form on
the outflow: off dissipating| Storms
coupling with the: seurce ofi Convection.

m SUICh SyStems ale iesponsible e Mmost
oI e SUmmer nightiimerprecipitationk




Final Discussion!

= [hink about the level
of danger pesed by
Sy/Stems; of storms.




Homework Due Next Week

= Develop a series of diagrams te explain
the life-cycle of an average thunderstorm.

= Apalyze a current Skew-1r andllocate the
cap, It exists.

= SpPeculateron Wiy the diSsipating Stelge
onem ZCCOMpaned Y, Jrrong Winas:
=EXPIMRVASEIAIECSIOMSHEVEIGRINAE!
IOW—prODcLQIIl[/ IOIFCEVEIOPINEFSEVETE

Wealerns

=0l WY stgeredlls cira s ceipieferals.



Homework Due Next \WWeek
(continued)

= Speculate on the shape of a supercell that
Splits Inte a nght (cyclonic) and: left
(anticyclonic) part.

= [Develop a diagramiefia supercell and point
oUthe visiple features thab nakel
diErEntiIem aniSelatearStom:
VigKkererdiagiaimeiraiiniine erStermiciuSte);
zlplel spec,lllam OIINLSICERARIIAONIOEUE
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Homework Due Next \WWeek
(continued)

= \\Why are squall lines so dangereus?
m Explain the structure ofi a squall line.

= Speculate on the severne weather petential
offan VICEC.




