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Thunderstorms

Definition
A local storm

+ Produced by a cumulonimbus cloud

+ Alwiays accompanied by lightning and thunder

+ Often accompanied by gusty winds, heawy rain, and occasionally by hail
+ Sometimes violent at the surface

Category Wind Speed |Precipitation
< 35 knots
(40 mph)
Approaching = 35 knots
Severe (40 mph)

= 50 knots
(58 mph)

Ordinary

‘Var\able

Hail = 1/2 inch

Severe Hail = 3/4 inch
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Dissipating Stage

Types

+ Single Cell - Short-lived storms (20 to 30 minutes) that cover a limited area (a few square miles). These storms are
relatively uncommon.

+ Multicell - The most common type, multicell thunderstorms are an organized cluster of twio or more single cell storms
Air flowing out of one storm fuels other storms, causing news storms to develop on the right or rear storm flank every 5
to 15 minutes

+ Supercell - Supercells are relatively uncommon but produce the most severe weather, last the longest (1 to & hours),
and travel 200 miles or more. These storms can cause winds of mare than 78 mph, giant hail (e.g., 2 inches), and
significant tornado activity. Supercells produce updrafts of 56 to 112 mph that coexist with sustained downdrafts.
Together, the updrafts and downdrafts act to extend the storm's duration

+ Squall Lines - A line or band of active thunderstorms, a squall line may extend over 250 to 500 miles, may be fram
10to 20 miles wide, and consist of many laterally aligned cells that do not interfere with one ancther. The cells may
be any combination of types {ordinary to severe, single cell to supercell). Squall lines may form along cold fronts, but
often form as much as 100 miles ahead of an advancing cold front in the warm sector of an extratropical storm. They
often trail a large, flat cloud layer that brings significant rain after the storms pass

Associated Hazards

+ Lightning

+ Hail

+ Damaging winds

+ Heavy rain causing flash flooding
+ Tomadoes

+ Lightning-caused fire
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An example: The severe hail storm in Alcafiiz (16th August 2003)
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Damaging winds

Damaging wind from thunderstarms is much more comman than damage from tarnados. In fact, many
confuse damage produced by "straight-line” winds and often erroneously attribute it to tormados. Wind
speeds can reach up to 100 mph (161 km/h) with a damage path extending from hundreds of miles.

(c) 2001 C. Doswell

Tornadoes

“Tornado All

Definition

Tornadoes are the most violent storms on earth, with estimated wind speeds as high as 300 miles per hour or more. A
tornado is a wiolently rotating column of air that extends from the base of a thunderstorm and comes in contact with the
ground. The spinning motion of a tornado is almost always counterclockwise.

Thunderstorms dewvelop inwarm, moist air in advance of eastward-moving cold fronts. These thunderstorms often produce
large hail, strong winds, and tornadoes. Tornadoes in the winter and early spring are often associated with strong, frontal
systems that form in the Central States and move east. Occasionally, large outbreaks of tornadoes occur with this type of
weather pattern. Several states may be affected by numerous severe thunderstorms and tormacdoes

During the spring in the Central Plains, thunderstorms frequently develop along a “dryline," which separates very warm,
moist air to the east from hot, dry air to the west. Tornado-producing thunderstorms may form as the dryline moves east
during the afternoon hours

Along the front range of the Rocky Maountains, in the Texas panhandle, and in the southern High Plains, thunderstorms
frequently form as air near the ground flows "upslope” toward higher terrain. If other favorahle conditions exist, these
thunderstorms can produce tormadoss
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Tornadoes occasionally accompany tropical storms and hurricanes that move over land. Tornadoes are most common to
the right and ahead of the path of the storm center as it comes onshare

A funnel cloud is a similar column of air that is not in contact with the ground. A water spoutis a tomado that is aver
water When either a funnel cloud or a water spout comes in contact with the ground , it becomes, by definition, a tornado

The visible column is composed of water droplets formed by condensation in the funnel. The fast-maoving winds (either
flowing into the tornado or in the main tornadic circulation) cause most of the damage. The vortex (or multiple vortices)
sucks in air from near the ground, along with dirt and debris. The dirt and debris block light, giving the tornado a dark color

Tornadoes are defined in terms of the Fujita Scale, which ranks tornadoes on the basis of wind speed and damage
potential. The Fujita Scale is shown in the following table

Category \gpl:;:d Effects

Light damage: Some damage to chimneys; branches break from trees, shallow

FY AC-T 2D rooted trees pushed over, sign boards damaged

= T3-112 Moderate damage: Roof surfaces peeled off, mobile homes pushed from
mph foundations or overturned, cars pushed off roads

F2 113-157  |Considerable damage: Roofs torn off frame houses; mobile homes demolished:
mph large trees snapped or uprooted

Fa 158-208 Severe damage: Roofs and some walls torn off well-constructed houses; trains
mph overturned, most trees in forest uprooted

F4 207-260  |Devastating damage: Well-constructed houses leveled; structures with weak
mph foundations blown off some distance

r5 261-318 Incredible damage: Strong frame houses lifted off foundations and carried
mph considerable distance to disintegrate

F-scale | Class ndspecd Description
weak 40-72 64-116 gale
weak T73-112 117-180 moderate
strong 113-157 182-253 Significant
strong 158-206 254-332  severe
violent 207-260 333-419 devastating
violent 261-318 420-512 incredible
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Flash Floods

Definition

A flash flood occurs suddenly, within a short ime (from minutes to less than 6 hours) after a causative ewent. Flash floods
are the number one weather-related killer in the U3, Nearly half of all flash-flood fatalities are auto related.

Causative events include heawy rains fraom slow moving thunderstorms, dam or levee failure, or the sudden release of water
from the breakup of an ice jam. Intense, short-duration rainfall on impervious areas, such as urban areas or certain soils,
also causes flash floods.

Flash floods are most prevalent on small streams, generally draining areas ranging in size from a few square miles to
several hundred square miles. The most dangerous flash floods are usually associated with steep mountain streams,
canyons, and desert washes where they can manifest themsehves as a wall of water traveling downstream
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An example: The Biescas event (7th

Riera de la Bisb
Tarragona

August 1996)
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Characteristics

Rainfall intensity and duration affect the potential for flash floods. Other non-meteorological factors that could affect an
area's ability to absorb water include the topography, soil conditions, and ground cover

Topography is impartant, especially when there are stesp slopes. Gravity rapidly moves the water to the lowest point(s),
reducing the time the runcff is susceptible to being absorbed by the ground, as well as funneling water from larger areas
into the lowest region

Some soils can absorb runoff more effectively (i e, sand is better than clay) and reduce runoff. Soils covered with
vegetation tend to retard runoff, and mitigate rapid accumulation of water at low points. Vet soils have limited capability to
absorb runaff, so rainfall is mare effective in causing flooding when soils are moist. Frozen soils also do not allow for
absorption of runoff. Finally, some soils, such as clay, that have been "baked" by long periods of hot, dry conditions, often
have little capability to absorb runoff.

The most severs flash floods can roll boulders, tear out trees, destroy buildings and bridges, and scour out new channels
Howewer, less serious flash flooding is still capable of taking lives. As little as a foot of moving water is enough to sweep a
car into deeper flood waters. Also, children playing in flood waters, especially near culverts and drainage pipes, can be
swapt away. Other hazards associated with flash floods include:

+ Sudden release of huge walls of water - Floating debris or ice can collect at an obstruction and restrict the flow of
wiater. Pressure builds up behind the jam, and when the pressure bursts through, a huge wall of water of up to 30 feet
is released, causing tremendous destruction

+ Debris flows - Debris caught in the water flow acts as battering rams, causing additional destruction.

+ Mud slides - Flash floods can also trigger mud slides in areas with clay soils, saturated soils, or litthe ground cowver

Water weighs 62.4 Ibs. per cubic foot and When a vehicle stalls in the water, the water's

typically flows downstream at 6 to 12 miles momentum is transferred to the car. For each

an hour. fool the water rises, 500 Ibs. of lateral force
are applied to the car.

But the biggest faclor is buoyancy. For each Two feet of water will carry away
foot the water rises up the side of the car, the most automobiles.

car displaces 1,500 Ibs. of water. In effect,

the car weighs 1,500 Ibs. less for each foot

the water rises.
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Tropical Cyclones

Evacuation Route
MNext Exit

Definition

Tropical cyclones are coastal storms that form over the ocean, within the tropics. These storms cover a smaller area than
extratropical coastal cyclonas; the storm center is warmer than the surrounding air, and the strongest winds are about
10,000 feet above the ground

Tropical Cyclones

Form aver a tropical ocean

Cowver a smaller area (200-500 miles across)

Have a storm center warmer than the surrounding air
Have the strongest winds at about 10,000 feet

Tropical cyclones are categorized by wind speed as shown in the next table

Category Wind Speed

Mapamum sustained winds near the surface less than 39
mph

Tropical Storm Winds of 39-73 mph
Hurricane ‘Winds of 74 mph or more

Tropical Depression

In the Morthern Hemisphere intense tropical cyclones are called hurricanes, a term that echoes colonial Spanish and
Caribbean Indian words for evil spirits and big winds. (NOTE: A hurricane is called a typhoon if formed in the Western
Facific and a cyclone if formed in the Indian Ocean ) The storms are products of the tropical ocean and atmosphers,
poivered by the easterly trades and temperate westerlies and their fierce energy. Around the core, winds blow with lethal
velocity, the ocean develops inundating surge, and as they move ashore, tornadoes may descend from the advancing
thunderclouds
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Super Typhoon Tip

Tropical Cyclone Tracy

Dense Cirrus Overcast

\ Eyewall s — 4

Rainbands

The letters G, U, X, ¥, and Z are not included because of the scarcity of names beginning with those letters
If over 21 named tropical cyclones occur in a year, the Greek alphabet will be used fallowing the ™W" name
In addition, after major land-falling storms having major economic impact, the names are retired

2006 2007 2008 2009 2010 2011

Alberto Andrea Arthur Ana Alex Arlene
Beryl Barry Bertha Bill Bonnie Bret

Chrig Chantal Cristobal Claudette Colin Cindy
Debby Dean Dolly Danny Danielle Dennis
Emesto Etin Edouard Erika Earl Emily
Florence Felix Fay Fred Fiona Franklin
Gordan Gabrielle Gustay Grace Gaston Gert
Helene Humberto Hanna Henri Hermine Harvey
lsaac Irig Isidore Ida Igor Irene
Joyce Jerry Jozephine Joaguin Julia Joze

Kirk Karen Kyle Kate Karl Katrina
Leslie Lorenzo Lili Larry Lisa Lee
Michael Michelle Marco Mindy Matthew Maria
Madine Noel Mana Micholas Micole Mate
Oscar Olga Omar Odette Otto Ophelia
Patty Pabla Paloma Peter Paula Philippe
Rafael Rebekah Rene Rose Richard Rita
Sandy Sebastien Sally Sam Shary Stan
Tany Tanya Teddy Teresa Tomas Tarmrmy
Waletie Van Wicky Wictor irginie WVince
Williarm Wendy Wilfred Wanda Walter Wilrma
Greek Alphabet: Alpha, Beta, Gamma, Delta, Epsilon, Zeta, Eta, Theta, lota,
Kappa, Lambda, Mu, hu, i, Omicran, Pi, Rho, Sigma, Tau, Upsilon, Phi, Chi, Psi,
Omega

*This is also the names of storms for the 2005 huricane season. Some of the names
in this list may be retired when the Regional Association v - Hurricane Committee, of
the ¥Waorld Meteorological Organization, meets later this spring.




Speed Damage

74.95 mph Mo real damage to building structures:
Damage primarily to unanchored mobile
BRE2 e homes, shrubbery, and trees. Some damage
119-153 kmhr to poorly constructed signs:

Some roofing material, door, and window
96-110 mph darnage of buildings. Considerable damage to
8395 kts shrubbery and trees with some trees blown
154-177 kméhr down. Considerable damage to maobile homes,

poorly constructed signs, and piers

Some structural damage to small residences

.- S “ th . | s ‘--;-. : 111-130 mph and utility buildings with a minor amount of
rises, it cools

curtainwall failures. Damage to shrubbery and
REE s trees with foliage blown off trees and large

i
.

 condenses into 178209 kmhr tress blown down. Mobile homes and poorly
liquid droplets. constructed signs are destroyed.
More extensive curtainwall failures with some
131-155 mph complete roof structure failures an small
Water vapor 114135 Kt residences. Shrubs, trees, and all signs are
rises into the = blawin dewwin. Cornplete destruction of mobile
atmosphere. 210-249 kmihr - homes. Extensive damage to doors and

s windows
|

L3

Complete roof failure on many residences and
Warm moist air moves Greater than industrial buildings. Some complete building
ovar tha ocaan. 155 mph failures with small utility buildings blown over
or away. All shrubs, trees, and signs blown
135 ks down. Complete destruction of mobile homes
248 krnfhr Severe and extensive window and door
damage.

Hydrometeoralogical hazards assaciated with hurricanes include the following

« Coastal Flooding caused by storm surge
« Windstorms due to extremely strong winds
« Riverine flooding caused by heawy rains

« Tornadoes

These hazards are described below. For more information refer to the fact sheet for each hazard

Historically, the worst damage from hurricanes comes from coastal flooding caused by storm surge. A storm surge is an
abnormal rise in water level caused by wind and low-pressure forces: the lower the pressure of the storm, the greater the
height of the storm surge. High winds and low pressure can build a wall of water out in the ocean about 10 feet high. The
highest surges inthe .S, have reached 20 feet. When the surge reaches land, the wall of water can cause extensive
coastal flooding.

Hurricane-force winds also can cause extensive damage and death. The strongest winds in a hurricane occur from 10to
30 miles from the center of the eye, in a region called the eyewall. Winds that extend outward from the eyewall in the front
right quadrant are the most devastating. Precursor winds will affect land well before the most damaging winds of the eye

When a hurricane reaches land, it begins toweaken as it [oses its warm-water energy source and encounters greater
surface friction over land. This weakening process is gradual, so even though wind speeds may be reduced by 50 percent
within 12 hours, hurricane-force winds can penstrate far inland in that timeframe . Additionally, tropical storm-force winds
can extend far beyond the storm center and, although weaker, can cause significant damage

Coastal and inland jurisdictions affected by hurricane winds should anticipate:

« Widespread damage to homes (especially mobile homes) and businesses
« Extensive tree damage along roadways, which may inhibit or block access

« Extensive damage to electric and telephane lines, especially if large trees are uprooted

« Damaged andfor destroyed signs and traffic-control devices

« Damaged radio and television towers

Widespread torrential rains of § to 12 inches are not uncommon in hurricanes and can produce deadly and destructive
floods. Riverine flooding is a major threat to areas well inland

Hurricanes may also spawn tornadoes, which add to the hurricane's destructive power. These tormadoes mast often occur|
in the thunderstorms embedded in rain bands out framn the right front quadrant of the hurricans, although they can also
occur near the eyeviall
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Medicane of 12 September, 1996
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Medicane of 18 October, 2003

24



A1¥saBADO
2 46 810122 46

|} VIERNES
¢ 681012246810

B228d - Palma Dic de 17cest Dia 18-10-2003

1130 b - ....;.... ..;.. ....;.... ..}. Lo {.... ..}. .....;.... ..;. R %... ...} Lo .{.. R 4

420 F- -l A
Ps . . . . . . . . . . .

1110 1

1100 0

0 2 4 g 8 10 12 14 16 18 0 22 24
Hora UTC

25



Extratropical Cyclones

Definition

Most of the storms that affect U.S weather are extratropical. These are deep, low-pressure storms that form outside the
tropics off the Pacific coast, in the Gulf of Mexico, over the Atlantic Ocean, or in the Great Lakes.

Extratropical cyclones:

Form outside the tropics

Cover a large area (700-1000 miles across), often larger than tropical cyclones
Have a storm center that is colder than the surrounding air

Hawe their strongest winds in the upper atmosphers
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Characteristics

Under ideal wind and temperature conditions, a coastal low-pressure system deepens rapidly. Because these storms
form over water, which has a smoother surface than land, wind speeds pick up rapidly. Less weather data is available
from the ocean areas, so detection may lag behind storm development. Extratropical cyclones tend to deepen quickly
near the shore, which shortens the time available for communities to respond.

Hazards from extratropical cyclones include:

Swiglls, storm surges, and huge waves that pound the coastine
Yery high winds generated by strong pressure gradients
Coastal flooding

Heawy rains, flooding, and flash floading

Heavwy snow

ud slides

DownbLrsts

Tomadoes

Refer to the fact sheets on coastal floods, winter storms, and tornadoes for more information on these hazards
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An example: The November 2001 superstorm
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An example: The November 2001 superstorm

Numerical Weather Prediction

Example 1.- Numerical simulation of the November 2001 superstorm B

Example 2.- Local meteorological predictions for the Balearic Islands B
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