Chapter 11 — Lightning, Thunder and
Tornadoes
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Lightning

« Lightning occurs when a voltage gradient in
the cloud(s)/ground overcomes the
electrical resistance of the air.

» Types:
— Cloud to-cloud (CC)
— Cloud to ground (CG)
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Charge Separation

« Positive charges accumulate in the upper
portions and negative charges in the lower
portions of the cloud.

— Exact cause unknown!

— Lightning only occurs in clouds that extend
above the freezing level.
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Lightning Facts

Electrical current — 20,000 A
Temperature — 54,000°F

Total Power Transfer — 100-watt light bulb
for a minute
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Cloud to Ground Lightning

Stepper Leader — invisible downward leader

Spark from the Ground — completing
pathway for flow of electrons

Return Stroke — brightly illuminated,
transfer positive charge from surface to
cloud base

Dart Leader — repetitive process to remove
remaining negative charge at cloud base

ATMO 1300 ?




Thunder

» Thunder is caused as air explosively
expands in response to the extreme heat of
lightning.

» The speed of sound is slower than the speed
of light, thus there is often a lag between the
lightning and the resultant thunder.
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Air Mass Thunderstorms

o Life Cycle
— Cumulus Stage
— Mature Stage
— Dissipative Stage
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Severe Thunderstorms

Wind speeds in excess of 58 mph
Hail larger than 0.75 inches
Funnel cloud or tornado

Types:
— Mesoscale Convective Systems (MCS)

 Squall Lines, Mesoscale Convective Complexes (MCC)
— Supercell Thunderstorms
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Severe Thunderstorms

« Severe thunderstorms require:
—Wind shear

— High water vapor content in the lower
troposphere

— A trigger mechanism
— Potential instability
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Potential Instability
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Squall Lines on Radar
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Mesocyclone Formation

Dependent on vertical -1
wind shear y 4
Updrafts tilt horizontal @

vortex tubes vertically

Stretching of the vortex =1

tube provides a narrowing i

column of rotating air S \

Can lead to wall clouds, 5
funnel clouds and y ;
tornadoes ' 200e
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Mesocyclone Formation
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~ Doppler Radar Detection of
: Supercell Thunderstorms o

Ohjects moving toward antenna incredse waves' frequency. [

- - 2L - 2L ~ ATMO 1300 = - sl - sl -
http://www.usatoday.com/weather/tg/wsupercl/wsuprcl1.htm

- Mesocyclone Detection

e

- Air Motion '_I'owards'the Observer ‘ Air Motion Away From the Observer ‘

Incoming = Green Colors - Outgoing = Red Colors
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Thunderstorm Climatology
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Detailed Reflectivity Data
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Tornado Climatology

Table |1-1 Tornadoe!

Average Annual

Average Annual Number of Average Annual

Number of Tornadoes Number of

Tornadoes per 10,000 sq km Fatalities
1 X 122.0 FL 19.8 TX 10.6
2 0K 51.1 OK 19.0 MS 8.6
3 Ks 46.9 Ks 14.8 AR 6.2
4 FL 44.6 IN 14.1 AL 6.1
5 NE 372 1A 14.0 MI 5.3
6 1A 30.5 LA 13.1 IN 48
7 MO 259 MS 126 OK 48
8 SD 253 NE 12.5 KS 44
9 IL 253 TX 1.9 1L 4
10 co 247 1L 1.7 TN 4
1 LA 241 AL 9.9 OH 38
12 MS 231 MO 9.7 MO 34
13 GA 197 AR 9.3 LA 3
14 AL 197 OH 9.1 GA 25
15 IN 19.7 GA 8.7 KY 23
16 AR 19 WI 8.7 MA 22
17 WI 18.8 sD 8.5 WI 21
18 MN 185 NI 83 MN 19
19 ND 17.8 SC 79 FL 18
20 MI 158 CT. 73 NC 1.8
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Tornado Climatology
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T
b Vertical axis of graphs is average number,
of tomacoes over 8 46-year pariod.

Herizontal axis of graphs is menths
of the year.
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Tornado Damage

Table | 1-2 Fujita Intensity Scale

Wind Speed Wind Speed
Intensity (km/hr) (mph) Typical Amount of Damage
FO <116 <72 Light: Broken branches, shallow

trees uprooted, damaged signs
and chimneys.

Fl 116-180 72-112 Moderate: Damage to roofs,
moving autos swept off road,
mobile homes overturned.

F2 181-253 113-157 Considerable: Roofs torn off
homes, mobile homes completely
destroyed, large trees uprooted.

F3 254-332 158-206 Severe: Trains overturned, roofs
and walls torn off well-
constructed houses.

F4 333419 207-260 Devastating: Frame houses
completely destroyed, cars
picked up and blown downwind.

F5 420-512 261-318 Incredible: Steel-reinforced
concrete structures badly
damaged.

F6 >513 >319 Inconceivable: Might possibly

occur in small part of an F4 or F5
tornado. [t would be difficult to
identify the damage done
specifically by these winds, as it
would be indistinguishable from
that of the main body of the
tornado.

Watches and Warnings

» Watch — the atmosphere is conducive to
producing severe weather and/or tornadoes

— Issued by Storm Prediction Center (SPC)
» Warning — Doppler radar or a storm spotter

has indicated that severe weather and/or-a
tornado is occurring or probable

— Issued by local National Weather Service
(NWS) office.

ATMO 1300

22



