Advanced Spotter
Training 2009

Lesson 3: What Conditions
Produce a llhunderstorm?




From Last Time

= \We reviewed the criteria for severe
weather:

> Winhdsiof 50 knots; (58 mph)+

> Hail 1"+

> Jornadoes and funneliclouds:
yVerdiscussed wnat 1o report.
EVVeradiscusSsearseverewinas; nailshiasi

jlefejellnfe); =lplelitelfnfzlefejais),




This Lesson

We will be discussing the root causes of
severe weather.




Homework Review

Go over the homework problems from last

time:

= Make a/list of the types of severe
weather on a 3 x5 card and carry it
around with youruntil you memorlze It

SpeEca i yourdomnoiihaveran
dnemomeler(@adeviceNormeasuing

WIRESPEEC)NISTHIOWAVOUNIIINMake
SUGCHESHINALES




Homework Review (continued)

= Carry a tape measure with you to
measure hail. Wrap the tape measure
around the biggest hailstone you can
find: Divide thistnuUmber by 3 and/you
willthave a rough estimate of the
diameter: Why does this Works

npignardrawialdiagramoisa
UREerSLeMAVIake PoIeCOPIESIOIN;

DIRGELSOMEACEIAlEIoVEAYSHO):
ECINGNPAPEs




Homework Review (continued)

= Using a photocopy of your diagram, or
an overlay, develop a diagram showing
where you are most likely to find
severe hail, severe winds; and
[OrNaaoes.




What causes severe weather?

The primary cause of all types of severe
weather Is the thunderstorm. Io
understand severe weather, we must first
understand thunderstorms:




The Thunderstorm

If we look at the
thunderstorm, we
note:

= [he thunderstorm Is
composed ofitwo
parts; the updraft
andithe downdrafis:

RV hatcluerdoesithis
givenusiasiioNiow
thimderstormsiget

The Updraft |
Column Jlelrrae




The Thunderstorm (continued)

= Which comes first, the updraft, or the
downdraft, or both?

= TThe updraft seems to be what starts the
thunderstorm going.

= \Wewill discuss the life-cycle ofia

Iparaitisiwhasstantsia
LoTWhaLSTatSIantuparant?




What makes the air rise?

= Convection.
= Convergence.
= Eronts.




Convection

ow Convection H egins

. If conditions are right

then the air will begin to

rise up, forming a possible

updraft column.

= Convection
occurs when the
ground Is warmed
1 ealigh by the Sun.

passes through
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Convergence

= When air from
e Convergence Scheme for Vertical Forcing B8 [ =Y = g i
directions comes
! together at ground
| - T level; it'is called

| Duplicates Convective Tower
gof
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~ ~

| | Thunderstorm
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Fronts

We have all seen fronts on weather maps.
They represent the boundary between
warm and cold air. TThese are often a focus
of thunderstorm development:




The Stationary Front

We will begin with a
stationary front. Here
we have two air
masses that sit next
LIRS o each other. There is
ittle movement

r0oss Section of a
Stationary Front

Cold Air

~d

Nthe posSition ol a
Stationany/ront=1lows

Caniiiave! «JJJIJJ NEese
IHONILS JS.[LJ;)JIJ:J
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The Warm Front

Next we have a warm
v;;i; Filiﬂ co ront. Here warm, air
S pushing into and
over cold air. This
arm air overrldlng

Warm Air

Cold Air r ' '
r)fJJ'J g vw/ Severe

yeatnersincertherels
sualiysan ~1moJ
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The Cold Front

Cross Sectton of a Here we have a cold
Cold Front front. Cold air isimoving

Into an area of warm air.
Warm Air As the cold air slides

under the warmer air,

Upward motion Is
createds Cold fronts;are
piten associateanwitn
iongriastng
AOWRBUESISHSIRCEESE
SISO AIBPERIRGNNE
ORBLBEIRNGRAIHVER
GOWRWANGE




Cold
Air

The Occluded Front

rOSs decton Oor an

Occluded Front

Warm Air

An occluded front
occurs when a cold
front catches up to a
warm front- TThis can
result in the most
Vigorousiupward
Mmotion offalifoithe
WPES O IIoNLS:




The Occluded Front (continued)

= |n the picture above we see that the
warm, front is actually being lifted up
over the top of the cold front:

= [he rising air'at the leading edge of the
warm front willfbe forced to rise even

ASSImIasitianonican resuiiifine cola
o Hses tpranaioVvestnewWamnronis




How Do You Find Fronts on a
Weather Map?

There are two ways to do this:

= Use an existing surface analysis map, to
find the fronts.

= iake your own analysis of a surface
map:




How to find fronts on a surface
map |: Pre-analyzed chart.

= Fronts are portrayed with specific
symbols:




How to find fronts on a surface
map ll: Your own analysis.

Vind Speed and Direction N -
Long barbs represent 10 knots LOOk fo r Stat I O n
short barbs represent 5 knots mOdeI S O n a map
and filled triangles represent ]
50 knots. They are ofithe

form to the left.

= [[he wind barbs
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direction themwina
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Representation
of sky coverage
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Your Own Analysis.

= Use a penciliand lightly draw lines
between station models that have the
same temperature.

= Boundaries are located where lines of
different temperature are nearly parallel:

ESnatpraiperencesiniemperaitne
petween stations caninaicate the

pPresence onanonis




Your Own Analysis. (continued)

= Jo see good examples of this, look at a
surface analysis that plots fronts
alongside surface analyses that show
only station models:




Your Own Analysis. (continued)

| will' give an example of a temperature
analysis. Begin by choosing a station that
has the data you are looking for. In this
example there are six stations.




Your Own Analysis. (continued)

Look at each adjacent station and determine
how many contours would lie between
them. The figure below has the example of
this analysis. For temperature or dew: point,
thisicanibe either'every 2°F, or every o° F;
for pressureevery 4 millibars:




Your Own Analysis. (continued)

Place a dot or tick mark for every contour as
evenly as possible between the stations.
The figure below shows how! the tick marks

are placed.




Your Own Analysis. (continued)

Draw a continuous curve connecting all
equal dots beginning with the coldest and
moving up to the warmest: I'he figure below
showsithe contour lines; drawn over the

example:




Your Own Analysis. (continued)

Use some intelligence, if six stations surrounding a
central seventh station all have the same values;
then there Is likely no contour line in the center.
Here are some suggestions:

I. Do not assume data that/is not there.
2. Label all' closed linesiand all’endipoints:

3, Be'sure toinciude allfpoints; on one side of alline
youlnave alowervalues onrtherotherramigner
value:

AnerdaianyeuNaveNSIoniyalepreSeEntatlion Gitine.

diMBSPHErENINSINORIEaCIURIRRUIMOSPHETE:




First Discussion!

= Think about the

E_l_r] SJ \.’\./.h _\/ Si f)fff] S .fOfIIJ Surface S\g@tion Flot T 5 | Andlysis for 197 28 MAY 98
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How Do We Locate Convergence
on the Surface Analysis?

= Use a pencil and lightly draw arrows
extending in the direction of the wind
flow on the station model.

= \When these arrows angle towards each
otheryou have convergence:

You can find flows ol the'surface winds

Streamiines:

RVHER jJ'J:') ES szm;u geing
closgfigefairiar e CONVERTENCE




How Do We Locate Convergence on
the Surface Analysis? (continued)

= Here Is an example. The shaded areas
are convergence.

Wisconsin Surface Map 13Z Tue 05/24/05



How Do We Locate Convergence on
the Surface Analysis? (continued)

= Here is an example of finding
convergence using streamlines.

&

= wall :




Finding Storm Outflow
Convergence

= By examining the wind field at the anvil
level, you can find out how any
thunderstorms, that form willimoye.

= [This willlshow you ' where you can expect

low-level convergence betweenithe
existing wind-fieldrand outflow from
SIOFMS Lo oK




Finding Storm Outflow
Convergence (continued)

= Here Is an example:

Wisconsin Surface Map 13Z Tue 05/24/05




Finding Storm Outflow
Convergence (continued)

=Hereis a ample using streamli



Finding Storm Outflow
Convergence (continued)

= You can find the actual presence of
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Section 3

ertical Structure
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The Skew-T Diagram

= Here Is the vertical
24 sounding plot for

1 the night of the
250  Oakfield Tornado
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The Skew-T Diagram (continued)

= This type of plot gives us the
temperature (right-most thick line), dew
point (left-most thick line); and wind
profiles;(wind barbsion the right) with
height-.

o altitideronrtherianie

S emperatures usertie




The Shear Environment

SLAT 4162 TWO types Of Shear
sdare usually required
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The Shear Environment
(continued)

= The first is directional shear (winds at
the surface are moving in a different
direction than winds;at 700 or 600
millibars).

= [he second kind s called vertical speed
shear (wWindsjiincrease withialtitude):
nNoeterthewindiarbsionitherngnt=hanc
Sidesbeiweentinestaceranai6i
iy o«m HEAVENBOUISUNG J“Ufr)r)‘) o)j
diecuonalsstiears




The Shear Environment
(continued)

= The surprising thing about this Skew-T
IS that speed falls off with height-

= Severe storms usually require speed to
mcrease W|th height (we willfexplain why




CAPE and Other Thermodynamic
Aspects of the Thunderstorm
Environment

74455 DVN Davenport
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CAPFPE ana other Inermoaynamic
Aspects of the Thunderstorm
Environment (Continued)

74455 DVN Davenport
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CAPE and Other Thermodynamic
Aspects of the Thunderstorm

Environment (Continued)

74455 DVN Davenport
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CAPE and Other Thermodynamic
Aspects of the Thunderstorm
Environment (Continued)

74455 DVN Davenport
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CAPE and Other Thermodynamic
Aspects of the Thunderstorm
Environment (Continued)

= The thicker the cap Is, the harder it will
be for convection to get throughiit:




Final Discussion!
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Homework Due Next Week

= Make a diagram of each source of
vertical motion.

= Explain how! terrain can cause vertical
motion:

= Analyze a current surface map forthe

Analyzeracuirentisuriace maprior
EgIoNS oI cOoNVErgence:

AnalyZeranecalimapNoioRiSIana

: , , N pY P
CORVETGENCENNNENSUECE?




Homework Due Next Week
(continued)

= Write at least a paragraph on your
understanding of how a thunderstorm
producing outflow willlinfluence its
environment, even well remoyved from
the thunderstorm:

ANdIYZE ad CUIENT OREW= < O] felffin o
Severeweather potenual- Expiain youlr:

Fesuits;:




Homework Due Next Week
(continued)

= Explain why high-level speed shear'is a
favorable environment for the
development of thunderstorms.

= Explainiwhy CAPE might not be such a
goodiindicator of severe weather

potential; andidescribewhen iiisiagoeos

Iglellerziie) ¢




