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Thunderstorms Lightning &Thunderstorms, Lightning &
Tornadoes

Chapter 14Chapter 14Part 1

Tuesday, March 31


	
ThunderstormsThunderstorms• Storms containing lightning and
thunder• Storms containing lightning and thunder• Convective in
nature- typically warm humid air

rising in conditionally unstable environmentrising in
conditionally unstable environment• Remember – conditionally
unstable –

atmosphere unstable if latent heat ofatmosphere unstable if
latent heat of condensation leads to instability

• Larger temperature difference between rising airLarger
temperature difference between rising air and surroundings, greater
buoyancy force, stronger convectiong

• Air starts rising due to uneven heating, terrain, lifting at
convergence of surface winds g g


	
Ordinary ThunderstormsOrdinary Thunderstorms• Wintertime west
coast of US sometimes have

thunderstorms from cold air aloft, warmer, moist air near
surface, instability, y

• Ordinary thunderstorms – least severe- warm humid air masses
away from frontshumid air masses away from fronts

• Ordinary thunderstorms have limited wind shear Wi d h h i i d
d d• Wind shear ≡ change in wind speed and direction with
height

• Form where surface air converges due to topography, sea-breeze
fronts, thunderstorm outflow boundary,etc.


	
Stages of Ordinary T-stormsStages of Ordinary T storms• Cumulus
stage (growth stage)- air rises and

d f i i l l lcondenses forming single cumulus or cumulus
cluster

• Cloud evaporates into drier air at cloud top, gradually
moistening atmosphere to higher levels, cloud grows vertically

• Latent heat from condensation keeps air rising p gas long as
rising air from below feeds it-although eventually capped by stable
layer (e.g. y pp y y ( gstratosphere)

• Ice or water droplets become too large to beIce or water
droplets become too large to be supported by updrafts, begin to
fall


	
Stages of Ordinary T stormsStages of Ordinary T-storms•
Entrainment of dry air edges of updraft causesEntrainment of dry
air edges of updraft causes

ice/water drops to begin to evaporate, cooling air- downdrafts
form- mature stageair downdrafts form mature stage

• Downdraft and updraft constitutes a cellT i ll l ll h l ti h•
Typically, several cells each lasting an hour or so

• T-storm strongest in mature stage- often anvil shape due to
stronger high-level winds

• Cold downdraft reaches surfaces and spreads horizontally- gust
front y g


	
Typical Life cycle of ordinary thunderstorm


	
Ordinary thunderstorm in mature phaseOrdinary thunderstorm in
mature phase


	
Stages in Ordinary T-stormsStages in Ordinary T storms• Gust
front forces warm, humid air upward

h i d ftenhancing updraft• Desert southwest- much rainfall
evaporates

b f hi d ( i ) b t hbefore reaching ground (virga), but may have
strong gust front due to evaporative coolingM t t li ht i th d h i•
Mature stage - lightning, thunder, heavy rain, small hail commonM t
di t t t i ll l k• Mature ordinary t-storm typically several km
across, 12 km or so high- may extend into lower
stratospherestratosphere

• Dissipating stage- gust front moves away from storm &
doesn’t enhance updrafts downdraftsstorm & doesn t enhance
updrafts, downdrafts cut off supply of rising air


	
T-storm in dissipating phaseT-storm in dissipating phase


	
Multicell ThunderstormsMulticell Thunderstorms• Multicell
storms- cold gust front forces warm moist air g

upward producing new t-storm• Series of storms repeat process
over several hours• Severe thunderstorm ≡ produces hail>3/4”
diameter or

50 mph gusts at surface or tornado• Severe t storms usually form
in areas with strong vertical• Severe t-storms usually form in
areas with strong vertical

wind shear• Due to increased wind speed with height
precipitation p g p p

falls mainly outside of updraft, gust front forms new cells-long
lasting multicell storm- if strong enough updrafts, hailstones
suspended and storm becomes severehailstones suspended and storm
becomes severe

• If wind direction also changes with height, cold air from
downdrafts may never undercut updrafts and supercells y p pmay
form


	
Multicell stormMulticell storm


	
Supercell StormsSupercell Storms• Supercell storm, large
rotating thunderstormSupercell storm, large rotating thunderstorm•
Supercell storms last many hours – can have 90

knot updrafts, grapefruit size hail, damagingknot updrafts,
grapefruit size hail, damaging surface winds, and tornadoes

• Gust front-leading edge of cold air traveling Gust o t ead g
edge o co d a t a e galong ground – can pick up loose dust (typical
in Las Vegas)

• Warm moist air rising over gust front may produce shelf
cloud

• Roll cloud may form behind gust front• Outflow boundary- air
merging from number of y g g

gust fronts- thunderstorms likely to form


	
Outflow BoundaryOutflow Boundary


	
Supercell with tornadop


	
Conditions conducive to formation of severeformation of
severe

thunderstorms

Open wave mid-latitude cyclone, cold dry air behind, warm moist
air ahead

Cool dry air flowing over warm moist air-

diti ll t blconditionally unstable

Jet streak- upper level divergence, surface convergence → rising
air

Daytime heating →rising air


	
Features of intense t stormFeatures of intense t-storm


	
Sounding typical of supercell thunderstorm d l tdevelopment

A rising bubble of humid air breaks through the dry layer
triggering the development of a cumulonimbus cloud


	
Mesoscale Convective SystemsMesoscale Convective SystemsTh d t f
i l li ll• Thunderstorms forming along a line- squall lines or as a
cluster –mesoscale convective complex are called mesoscale
convectivecomplex are called mesoscale convective systems

• Squall lines a line of thunderstorms form• Squall lines- a
line of thunderstorms form, usually along a cold front or 100- 300
km ahead of it in the warm airof it in the warm air

• Squall lines may extend for 1000 km or so• Pre frontal squall
lines most severe may form• Pre-frontal squall lines most severe
may form

due to gravity wave generated along cold front


	
Pre frontal squall line with severe t stormsPre-frontal squall
line with severe t-storms

Waves downwind of cold front cause precold-front cause
pre-frontal squall line


	
Downburst & MicroburstsDownburst & Microbursts

• Strong downdrafts called downbursts• Downburst < 4 km
across- microbursts• Microbursts can inflict heavy damage and
cause

airplanes to crashairplanes to crash• Microbursts often severe
when precipitation

evaportate (virga) due to intense evaporativeevaportate (virga)
due to intense evaporative cooling


	
Typical squall line structureTypical squall line structure


	
Mesoscale convective complexes (MCC’s)Mesoscale convective
complexes (MCC s)

• Under some conditions, many individual thunderstorms merge
into one huge storm up to 1000 times larger than single t-storm

• MCC’s move slowly and typically last 12 hours y y yor more

• Moisture brought in from south by nocturnal lowMoisture
brought in from south by nocturnal low level jet

• Reach peak intensity early morning due to jet• Reach peak
intensity early morning due to jet and radiative cooling of cloud
tops


	
Mesoscale convective complex (MCC)Mesoscale convective complex
(MCC)


	
Synoptic pattern associated with dryline thunderstorms


	
Shelf cloudShelf cloud


	
Roll cloudRoll cloud


	
Dust raised by microburstDust raised by microburst


	
Dryline thunderstormsDryline thunderstormsT t ft f t f th G t•
T-storms often form near or east of the Great Plains dryline

• Warm humid air east of dryline hot dry air to• Warm, humid air
east of dryline, hot, dry air to west

• West-SW flow in dry sector, southerly flow moistWest SW flow
in dry sector, southerly flow moist sector → surface
convergence

• Hot dry air flows over warm, humid air- can ybecome
conditionally unstable if entire column liftedMay get additional
storm formation along outflow• May get additional storm formation
along outflow boundary


	
Annual average frequency of t-stormsN t k f i Fl id l bNote peak
frequency in Florida along sea-breeze

convergence zone


	
LightningLightning

Li ht i i di h f l t i it hi h• Lightning is a discharge of
electricity which occurs in mature thunderstormsC b l d l d l d i l
d d t• Can be cloud-cloud, cloud- air, cloud-ground, most
cloud-cloudLi ht i t k h t i t 10 000 30 000 C• Lightning stroke
heats air to 10,000-30,000 C-expansion from heating initiates a
shock (pressure) wave that becomes a sound wave(pressure) wave that
becomes a sound wave –thunder

• Thunder travels at about 330 m/s• Thunder travels at about 330
m/s


	
LightningLightning

H t t ll di t f li ht i• How to tell distance from lightning

V 331 4 0 6T (i / )Vsound ≈ 331.4 + 0.6Tc (in m/s)

For T = 20 C (68 F)For Tc = 20 C (68 F)Vsound ≈ 344 m/s (770 mph
or 1127 ft/s)

• If you see lightning flash and hear thunder 5 seconds later
then lightning was about 1 mileseconds later, then lightning was
about 1 mile away


	
LightningSeparate regions of cumulonimbus clouds become

g g

oppositely charged

Negative charge at bottom of cloud causes ground beneath to be
become positively chargedbe become positively charged (opposites
attract)- most dense on protruding objects (trees, p g j (
,buildings,etc)

B i dBecause air not a good conductor, large charge built up
before it is discharged in form ofbefore it is discharged in form
of lightning


	
LightningLightning

When electric potential pgradient > 3 millions volts/meter,
discharge of , gelectrons toward cloud base and then to ground in
steps g pof 50 to 100 m (pauses of 50 millions of second between
steps) – stepped leader


	
LightningAs tip of stepped leader approaches ground, positive
charge from ground goes up to meet it- followed by large electron
flow to ground and luminous return stroke to cloudelectron flow to
ground and luminous return stroke to cloud along path of stepped
leader


	
Lightning• Return stroke about 1/10,000 second

g g

• Usually leader- return stroke process repeated 3 or 4 times in
same ionized pchannel at 4/100 seconds intervals (subsequent
leaders called dart leaders) -(subsequent leaders called dart
leaders) flash of several strokes appears to flickerWh d t l d d i
t f t d• When dart leader deviates from stepped leader path- forked
lightning


	
The combination of each leader (stepped and dart) and their
subsequent return t k i k ll ti lstrokes is known collectively

as a "stroke"

All strokes that use the same channel constitute a single
"flash"

A fl h b d fA flash can be made up of a single stroke, or tens
of strokes (The highest numberstrokes. (The highest number of
strokes ever recorded in a single cloud-to-ground flash is 47!)


	
Lightning• Sheet lightning- occurs within a cloud-

portion of cloud becomes luminous

g g

portion of cloud becomes luminous


	
Lightning• When electric potential near ground

increases current moves up pointed

g g

increases, current moves up pointed objects (e.g. antennas,
ships masts)-luminous blue or green halo occurs due to continuous
supply of sparks –corona pp y pdischarge-

• Also called St. Elmo’s fire after patron saint of psailors•
Example on pwindshield of KC135T


	
Lightning ObservationsLightning Observations• Lightning
detection networks• Lightning detection networks

– Lightning direction finders


	
Lightning ObservationsLightning Observations

• From space

This is from STS-48 while over France
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