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OVERVIEW

1) Weather.- Provides a basic introduction to meteorology,
particularly as it relates to hazardous weather
(Global scale, Synoptic scale and Mesoscale)

2) Hazards.- Presents the most common hazardous weather
events (Description, Characteristics and Examples)

3) Mediterranean cyclones and heavy precipitations.-
Analyses in higher detall this problem owing to its high social
Impact in the region

NOTE: Scientific basis rather than vulnerability analysis or
emergency management procedures !!!
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INPUT 1

Course

“Anticipating Hazardous Weather and Community Risk”
(NWS, NOAA and FEMA from USA)

http:/meted.ucar.edu/hazwx/index.htm

Dlsasters are weather or flm:u:l related




INPUT 2

Web page

“JetStream — An Online Weather School”
(NWS, NOAA from USA)

http.://www.srh.weather.gov/srh/jetstream/index.htm

wiwnw srh weather.gov
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OVERVIEW

1) Weather.- Provides a basic introduction to meteorology,
particularly as it relates to hazardous weather
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events (Description, Characteristics and Examples)

3) Mediterranean cyclones and heavy precipitations.-
Analyses in higher detall this problem owing to its high social
Impact in the region

NOTE: Scientific basis rather than vulnerability analysis or
emergency management procedures !!!




From the Big Picture to Your Back Yard

To organize this discussion, we will focus on three different scales of events and how they interact. The
largest weather features occur on the global scale. Atthis scale, forecasters are thinking about large
patterns of winds, temperature, and pressure.

Weather patterns that affect one or several states are called synoptic scale events. Examples are
circulations around high and low pressure areas, large snowstorms, large-scale droughts, and
hurricanes.

Smaller and shorter-term weather events such as tornadic storms, flash floods, and similar "local” events
are what meteorologists call mesoscale phenomena. These events are often the most hazardous—and

the most difficult to forecast, as discussed in the Forecasting Section.

All these scales are interrelated, so a mesoscale event will have its roots in global and synoptic
patterns. Likewise, a synoptic scale event will have a variety of conseguences on the mesoscale. These
complex connections explain wihy forecasting is so difficult.
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An example: The November 2001 superstorm




Multiscale analysis -and forecast- of hazardous weather events

DOMAIN 1(22.5 km resolution) DOMAIN 2 (7.5 km resolution) DOMAIN 3 (2.5 km resolution)
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Global Scale

YWeather on Flanet Earth is the result of basically four main features: the sun, the
planet's atmosphere, moisture, and the structure of the planet. These ingredients
create dust devils and hurricanes, floods and droughts, heat waves and blizzards, and
evendhing in between VWe'l take a closer look on the following pages.

The Sun

The weather on our planet is largely due to the sun heating areas of the planet unequally. This unequal distribution occurs
because

1. The sun's radiation reaches only half the planst at any one time.
2. The amount of radiation reaching the surface varies at different places.
2. The planet tilts as it revolves around the sun.

The first cause listed abowe refers to the temperature difference between night and day. The part of the planet that faces the sun
heats up during the day as the earth rotates every 24 hours. Meanwhile, the other half loses heat during the night.

=econd, the spherical shape of the planet causes an unequal distribution of radiation.
The sun's rays must penetrate a larger wvolume of the atmosphere at the poles (Foint A) than at the ‘;"L“E‘;:E:;'t‘:
equator (Foint B). Conseguently, more radiation is diffused by the atmosphere before it reaches g

)

the ground in higher latitudes. 7

In addition, the rays are more concentrated at the equator than at the poles where they strike at a
more obligue angle. The net result is higher temperatures at the equator—another imbalance in
the distribution of heat.

The COMET Frogram
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The variations in temperature, both on a daily and seasonal basis, cause the circulation of the atmosphere




Temperature, Pressure. and Winds

The temperature differences discussed earlier also cause pressure
differences in the atmosphere. So, for example, we have cold, dense air at
the poles and warm, lighter air near the equator. The same processes that thy to
equalize temperature differences over the globe also try to balance the pressure
differences between denser and lighter air. This creates winds that blow
from areas with higher pressure to those with lower pressure.

When pressure changes rapidly between two areas, we say that there is a "tight
pressure gradient” In general, the tighter the pressure gradient, the stronger the
winds tend to be. In other words, the greater the pressure differences for a given
distance across the ground, the stronger the wind )

These movements, plus the planet’'s rotation, create the large-scale wind
patterns that transport weather systems. For example, trade winds propel
tropical storms from the coast of Africa westward to the coast of the U S while the prevailing westerlies on the Morth American

continent can carry Pacific Morthwest rainstorms all the wiay to the East Coast.

Winds tend to increase with height, reaching their maximum about 5 miles {11 km) above the
Earth's surface at the tropopause, which is the top of the troposphere<d:. These maximum winds
concentrate in narrow bands called jet streams, where wind speeds may reach more than 200
mph. Jet streams exist because of temperature contrasts, and they are stronger in the winter when
that contrast is greatest. They are an important factor in heat transfer in the atmosphere and in the
development and movement of lowe- and high-pressure systems.

The COMET Frogram




The Planet's Structure

Moisture

YWhile water vapor is not the most abundant gas in the atmosphere, it is very important in terms of weather. In addition to forming
liquid and solid particles in clouds that fall as rain or snow, the process of changing from the gaseous state into liguid water or
Ice releases large amounts of heat that is an energy source for weather systems, particularly thunderstorms and hurricanas. In
addition, the vapor absorbs some of the earth's outgoing radiation, which affects the heat balance of the planet.




Topography

The basic structure of the planet—landforms, oceans and other bodies of water, mountains, desernts, wvegetation, and even urban
areas—is also important in determining weather. The oceans are particularly important in weather because they provide much of
the water that evaporates into the atmosphere. This meisture, transported by the "rivers of air" condenses to form clouds . In
addition, the oceans collect heat and release it more slowly than the land. This also affects the distribution of temperature.

Topographical variations affect weather in many important ways . For example, the presence of mountain ranges affects the
distribution of moisture. If the prevailing winds blow from the ocean toward high terrain (as is the case in the Pacific Morthwest, for
example), a "rain shadow” effect is often produced where the slopes facing the prevailing winds (the windward side) receive much
maore rain or snow than on the leeward side We'll tall more about topographical effects when we discuss the mesoscale.

Climate

The elimate inyour area is a function of your location on the planet, topography, proximity to water bodies, etc. [tis essentially the
average weather conditions over 30 years or more. This average will contain some extreme conditions along with a larger
number of more normal conditions. o knowing your average precipitation, for example, does not tell you anything about the
likelihood of an extreme event—the kind that results in problems for your community. Historical and statistical analyses can give
Yol a better idea of extremes for your locale, and we'll talk more about these in the Hazards Section.




Synoptic Scale

In the previous section we talked about a number of factors that are relatively

constant—the shape and rotation of the earth, its revolution around the sun, the positions
of the oceans and landforms. Ve also mentioned three important things that are
variable: pressure, temperature, and moisture. Onthe synoptic scale, these variables
are also key to producing weather. To them, we will add one more important concept—
“lift," which describes the forces that cause air to rise and clouds to form.

Temperature: Air Masses
If & body of alr moves slowly or stays over an extensive area that has fairly uniform temperature
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Temperature: Fronts

As air masses mowe out of the area inwhich they form, they come in contact with other air masses with different characteristics.
The boundaries between different air masses are called fronts. Across a front (which extends vertically as well as
horizontally), temperature, humidity, pressure, andfor wind often change rapidly over short distances. Abrupt changes indicate a
harrow frontal zone, while gradual changes indicate a broad, more diffuse zone.

A cold front is the leading edge of an advancing cold air mass. Atthe surface, these
fronts mark where cold air overtakes and replaces warmer air. During the summer, cold
fronts often initiate thunderstorms and other severe weather. In cold weather, they produce
hazardous winter conditions. Because the slope of the cold air mass is steep, temperature,
pressure, and weather tend to change dramatically near the front.

o Cold Front

i l Cold Air
" . Warm Air

> | Warmer Air

.'--

Lald Front

The edge of an advancing warm air mass is a warm front. At the frontal boundary,
wiarmer air overtakes and replaces colder air. Warm fronts generally bring light or
moderate, but steady, precipitation. Motice the slope of the warm air mass is relatively
gentle. Consegquently, warm fronts are seldom as distinct on the surface as cold fronts, and
they usually move much more slowly. . >
Froml

Warm Front

I Cold Air
Warm Air

} | Warmer Air




Eecause the atmosphere is out of balance in the area of a front, a

wave-like bend may form.
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An example: The November 2001 superstorm
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An example: The November 2001 superstorm
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An example: The November 2001 superstorm
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An example: The November 2001 superstorm
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An example: The November 2001 superstorm
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Pressure: Surface Highs and Lows

You are probably already familiar with highs and lows shown onweather maps on TY. These are areas with maximum or
minimum pressures relative to their surroundings. Lines around the highs and lows, called "isobars " connect pressure

observations that are the same.

As mentioned in the Global Scale subsection, pressure varies considerably with altitude. So, while the surface pressure at San
Diegois typically around 1000 mb, itis closer to 800 mb in Colorado. In order to compare pressures in different locations, the
MNYWS adjusts surface pressure readings at locations above sea level to what the reading would be if the station were actually at

ced level.

Here is a comparison of important points about low pressure and high pressure systems:

Lows Highs
Center of pressure surrounded on all sides by higher pressure (Center of pressure surrounded on all sides by lower pressure
Also called a eyclone Also called an anticyclone

Air moves counterclockwise (cyclonically) around the center  |Air moves clockwise (anticyclonically) around the center {in
(inthe Morthern Hemisphere) the Morthermn Hemisphere)

»
rogram . | e COMET Program . |

Area of rising air Area of sinking air
Often produces cloudy skies and precipitation Often suppresses clouds and precipitation







Moisture

Moisture is the fuel for severe weather. It enters the atmosphere as water vapor, mostly from

wiater evaporating from the oceans. The main sources of moisture for the LS are shown in the

E: i figure to the right.

I !Grcml P;:'}jahtic

Rl akesy 18 When the air is saturated, it cannot hold any more vapor. The moisture condenses into either
cloud droplets or ice particles. Frecipitation occurs when these cloud droplets or particles grow

large enough that the atmosphere can no longer hold them up.

FORECAST TIME: 24 h 00 UTC Hun, 11 Nowv 2001 FORECAST TIME: 24 h 00 UTC Sun, 11 Now 2001

Gulf

ECOLOER
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Precipitation
Frecipitation exists in two forms:

+ Frozen, including snowi, sleet, hail, and ice pellets
¢ Liquid, including drizzle and rain

Which form of precipitation ends up on the ground depends on the temperature in the
air above. Obviously, if the atmosphere is entirely below freezing, all of the precipitation will fall
as snow. If it's abowve freezing, the precipitation will be rain. Forecasting can be tricky because
the atmosphere can have several layers of warmer and colder air. In the left-hand figure, the
layer nearest the surface is deep enough to melt the snow before it reaches the surface. In the
right-hand figure, the rain freezes into ice pellets. The more layers of warm and cold air, the
more complicated the process and the more difficult to forecast.

T=>32°F
T < 32°F




Lift

Wost hazardous weather conditions require some sort of mechanism for lifting air. When air parcels
rise, they cool. And if they contain enough moisture and cool enough to become saturated (to
where the dewpoint temperature equals the air temperature), the water vapor in the air
condenses onto small particles called condensation nuclel. The resulting ice particles or cloud
droplets form clouds . If the particles or droplets grow large enough, it rains or snows (or Some
wariation of the two).

There are many ways that air can be lifted. YWe have already talked about several of these:

1. Alrrises in areas of low pressure. " e COMET Program
2. Fronts can act like a wedqge to lift air.
2. The jet stream can pull air up.

Another lifting mechanism is a "dryling " This is a boundary, similar to a front, that separates dry and moist air. Because dry airis
maore dense than moist air, the dry air acts like a wedge, pushing the moist air up. As the moist air rises, the water vapor
condenses and forms clouds that can turn into severe storms.

There are many other ways that air can be lifted on a smaller scale, so we'll discuss the concept of ift in more detail in the
Mesoscale subsection.




Mesoscale

The global scale sets the stage for the weather event, the synoptic scale organizes the
large-scale pattern, and the mesoscale provides the focusing mechanisms and the
details that determine what kind of hazardous weather you will deal with. Howewer, the
divisions between the mesoscale and the synoptic scale are a bit arbitrary. Some storms
can start out small and grow into systems that cover a large area. Conversely, a
synoptic-scale storm has local, mesoscale effects that can be quite different in adjacent

locations.

MWesoscale meteorology operates essentially the same as synoptic meteorology, only on a
smaller scale. The same factors are important temperature, pressure, moisture,

topography, lift.

Pressure. Temperature, Moisture

Fressure, temperature, and moisture influence mesoscale weather just as they do on the synoptic scale. Howewer, the small
scale patterns and changes in these variables overlay the larger ones, modifying their effects. As a result you might have heawy
snowfall in one town and only light snow in its closest neighbor. Oryou might have a few miles of dense fog on a road, followed

by perfectly clear conditions.

‘rogram

Water |

Air

Unsaturated

‘rogram

Small-scale changes in pressure, temperature, and moisture can occur for many reasons.
Topography plays an important role on the mesoscale. For example, mountain slopes warm when
the sun hits them, creating thermals of less dense air that rise and condense into clouds if enough
moisture is present. In the evening, the slopes cool faster than the valley floor, and the cold, dense
air flowws back down the slopes. Large paved surfaces in urban areas can also heat and cool at
rates different from those over vegetated areas. These kinds of temperature changes cause local
changes in pressure as well.

As far as local moisture sources are concerned, consider as just one example the lake effect
snowwstorms that can produce over 60 inches of snow in a maonth in places like Buffalo, MY
Howeewver, much smaller sources of moisture can also affect the weather. Scientists have evidence
that moisture that has soaked into the soil from thunderstorms on one day can evaporate during
the next day and provide the fuel for new storms.




Mechanisms of Lift

Asis the case when tallking about pressure, temperature, and moisture, the distinction between lift on the synoptic scale and lift
on the mesoscale is blurry. Most of the processes that we will talls about in this section can occur on either scale—it's just a
guestion of the size. Some of them have already been mentioned.

Fronts

You knows from the Synoptic Scale subsection that a front 15 the boundary between twio air masses

i

‘rogram

with different characteristics. Fronts also exist on the mesoscale. One example is the
boundary between the warm environment and a cold pool of air flowing out of a thunderstorm,
called a gust front. In this case, the cold downdraft can act just like a synoptic-scale cold front,
lifting the waarm air around it and spawning new thunderstorms . Frequently, the surface

=
JL \1.; t&_ observation networks are too far apart to pick up these kinds of "mini-fronts " so forecasters have
to rely on other tools, such as radar, to help identify these features.
he COME

Convergence

‘mogram

Convergence is a term used to describe a situation where winds from different directions or
different speeds meet. Convergence at the surface is instrumental in producing lift because
converging winds can only rise since downward motions are blocked by the surface.

Fecall from the Synoptic Scale subsection that falling surface pressure means that air is rising and
these upward vertical motions result in cloudiness and storms. Recall also that the surface wind
pattern associated with lows is a spiraling in toward the center in a cyclonic
(counterclockwise) pattern. This is one type of convergence. Fronts that exhibit changes inwind

direction are also examples of convergence. Convergence can even occur when the gust fronts from
nearty thunderstorms intersect.



Convection

Heated
Ground
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As the sun heats the earth’'s surface, parcels of air rise like bubbles. These are called "thermals
and they will continue to rise until they either cool to the same temperature as their surroundings or
they encounter a layer of warmer air. As the air rises and cools, it can produce clouds if it
becomes saturated. Under the proper conditions {adedquate moisture, no warmer layers of air),
lifting by convection allows the extensive vertical development of summertime cumulus<ss
clouds that can grow into the storms that produce some of this country's most hazardous weather.
In contrast, large-scale lifting by convergence alone usually produces clouds with much less
vertical development.

Lift that results from a combination of convection, convergence, and a front 15 shown in the figure
to the left. As the sun heats the land, thermals rise, lowering the pressure. The air over the water |5
colder and denser, and therefore s an area of relatively higher pressure. The sea breeze (or it
could be a lake breeze) front marks the boundary between the twio. As the air from the higher
pressure flows toward the lower pressure, it converges and rises, and clouds develop over the
land. If the air is saturated, low clouds and fog can form along the coast. If atmospheric conditions
are favorable, lines of convective storms can also form along the sea bresze front. VWhen the sun
goes down, the process reverses, with clouds typically forming offshore.




Topography

Yarious topographical features (such as being near a lake or ocean, the character of the
ruraliurban interface, and the presence of hills or mountains affect mesoscale weather. On the
\ previous page, we mentioned how the heating and cooling of mountain slopes generates
\ thermals. Another example is air forced up a slope when the wind blows toward terrain.
'\-... Asitrises, the air cools, the wvapor condenses, and a cloud forms, just as happens with the other
‘K‘“““-- lifting mechanisms. Clouds and precipitation that result from air being lifted as it passes over
terrain are called "orographic ”

The COMET Program

Drylines

As discussed in the Synoptic Scale section, dry air is more dense than moist, so dry air boundaries (called drylines) can act
lilee fronts to push up moist air. A dryline can be a strong lifting mechanism that triggers severe weather.

Lift is important, but it is not sufficient. In order to have enough vertical maotion for water vapor to condense and form clouds
that growy into storms, you need an atmosphere that will sustain rising motions. Such an atmosphers is called "unstable " and
15 discussed on the next page.




Lift and Atmospheric Stability

Anunstable environment is one inwhich air parcels continue to rise, even after the lifting forces stop. Instability is important
because rising air is conducive to vertical cloud development that can result in severe storms. A stable environment is one in
wihich air that is forced up will either sink or tend to spread out, rather than rise. You will freguently see terms related to
stability or instability in forecast discussions.

The diagram to the right shows an example of an unstable environment. The temperature of an air
parcel (orange balloon) starts out at the same temperature as its surroundings (white ling). As it
rises, the parcel cools (yellow ling). In this case, the environment at 10,000 ftis only 20°F compared
to the parcel's temperature of 23°F (temperatures and heights are chosen only as an example).
Eecause it is warmer than its environment, the parcelwill continue to rise until it 1s no longer warmer ——
(at 20,000 ftinthis case).

Altitude (ft)

‘rogram

In a stable environment, air parcels that are forced upward are colder than their surroundings and
tend to sink or spread out. Because the air resists being moved upward, few clouds may form, and
those that do will be more honzontal than the one shown in the unstable case. In the example to the
right, a parcel lifted to either 10,000 ft or 20,000 ft would be colder than the surroundings, and would
not rise further. o
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A special case of stability is the temperature inversion, which is a layer of warmer air on top of
colder air. In the graphic to the right, the inversion layer is that region where the environmental
temperature (white line) warms from 48°F to 52°F | Inversions inhibit wvertical motions because, a
parcel that reaches the inversion layer is cooling while the environment is warming. Eventually, the
parcel will be colder than its surroundings. Inwersions are key factors in air pollution incidents and
fog events because they act like lids, trapping the pollutants or fog. They are common early in the
day, but if the atmosphere heats up enough, the inversion can be destroyed. If this happens, usually
the fog will dissipate and air pollutants will disperse.

=
|

Altitude (ft) 3

he COMET Program

Eecause inversions prevent rising motions, they also inhibit the development of severe storms in
the summer. However, if the inversion is destroyed as the atmosphere heats up, the pent-up energy and moisture can be
released almost explosively, resulting in huge thunderstorms. Sometimes the difference between a nice day and one with
a severe thunderstorm or tornado depends on how strong the inversion s, whether there 15 enough heating to erode it, and, if itis
destroved, whether there is enough moisture to fuel the growing storm. Forecasting all these conditions is a real challenge.

What Creates Local Weather

The relationships among pressure, temperature, moisture, topography, stability, and lifting mechanisms are wvery complex, and
they are further complicated by the interactions on all the scales we have discussed. It is difficult to make generalizations. For
example, high pressure systems are usually associated with good weather. However, along the eastern slopes of the Rocky
MWountains, a high located in just the right place can cause heawy upslope precipitation, If temperature and moisture conditions
are also just right. Similarly, while we said that cold fronts often trigger severe thunderstorms, warm fronts can also generate
strong convective storms if the atmosphere is wery unstable.

The best advice is to

+ Linderstand the basics of meteoralogy

¢ Lnderstand the hazards inyour area for the different seasons (discussed in the next section)

+ Talk to your NWS office about which weather patterns are likely to mean trouble for you

+ Lnderstand what forecast products will tip you off to potential problems (discussed in the Forecasting section)
+ Accessthe forecasts every day and be sure to look for updates when the weather is changing rapidly




OVERVIEW

1) Weather.- Provides a basic introduction to meteorology,
particularly as it relates to hazardous weather
(Global scale, Synoptic scale and Mesoscale)

2) Hazards.- Presents the most common hazardous weather
events (Description, Characteristics and Examples)

3) Mediterranean cyclones and heavy precipitations.-
Analyses in higher detall this problem owing to its high social
Impact in the region

NOTE: Scientific basis rather than vulnerability analysis or
emergency management procedures !!!




Thunderstorms

Definition
A local storm

+ Produced by a cumulonimbus cloud

» Always 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)

= A0 knots
(58 mph)

Ordinary Variable

Hail = 1/2 inch

Severa Hail = 3/4 inch




Characteristics

Contributing Factors

+« Moisture comes from large bodies of water, large vegetated orirrigated areas, or previous storms.

+ Instability is related to the temperature profile of the atmosphere relative to the moisture of the air mass. If the mid to
LUpper atmosphere is cool (more dense) while the ower atmosphere is moist (less dense), then the [ower
atmosphere becomes buoyant and unstable and wants to rise, thereby initiating convection. The more unstable the
air mass, the more severe the convection. The MNYWS uses Lifted Index (LI) <& and Convective Available Fotential
Energy (CAPE) <& to indicate atmosphenc instability.

« Liftis required to initiate convection. Lift can be caused by fronts, heat rising from the earth's surface, topography
(Upslope flow), dryline boundaries, outflow boundaries from previous storms, and sea breezes,

Stages of Development

+ Developing - A towering cumulus cloud develops as air rises. The cloud extends to about 20 000 feet above the
lewel of freezing temperatures. Usually there 15 little if amy rain, but occasionally ightning occurs during this stage,
which lasts about 10 minutes.

+ Mature - During this stage, the storm builds to heights of 40,000 feet or more. This is the most likely time for hail,
heawy rain, frequent lightning, strong winds, and tornadoes. The mature stage lasts an average of 10 to 20 minutes,
but may last much longer.

+ Dissipating - Downdrafts bedgin to choke off the supply of air that feeds the storm; the storm stops building, loses
height, and dissipates. Rainfall decreases in intensity, but some thunderstorms produce a burst of strong winds in
this stage, and lightning remains a danger.
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Types

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

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

+ Supercell - Supercells are relatively uncommaon but produce the most severe weather, last the longest (1 to & hours),
and travel 200 miles or more. These storms can cause winds of more than 78 mph, giant hail (e g, 2 inches), and
significant tornado activity. Supercells produce updrafts of 56 to 112 mph that cosxist 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 from
10 to 20 miles wide, and consist of many laterally aligned cells that do not interfere with one another. 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

+ Heawy rain causing flash flooding
+ Tomadoes

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




Damaging winds

Damaging wind from thunderstorms is much more commaon than damage from tornados. In fact, many
confuse damage produced by "straight-line” winds and often erroneously attribute it to tornados. WWind
speeds can reach up to 100 mph (1671 kmdh) with a damage path extending from hundreds of miles.

(c) 2001 C. Doswell




Tornadoes

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 maotion of a tormado s almost always counterclockwise.

Thunderstorms develop 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 tormadoes.

Dwring the spring in the Central Flains, thunderstorms frequently develop along a "dryling " wihich separates wery warm,
moist air to the east from hot, dry air to the west. Tormado-producing thunderstorms may form as the dryline moves east
during the afternoon hours.

Along the front range of the Roclky Mountains, in the Texas panhandle, and in the southern High Flains, thunderstorms
frequently form as air near the ground flows "upslope” toward higher terrain. If other favorable conditions exist, these
thunderstorms can produce tornadoes.
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1989-1999: 27 tornadoes and 54 waterspouts
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Tormadoes occasionally accompany tropical storms and hurricanes that mowve over land. Tomadoes are most common to
the right and ahead of the path of the storm center as it comes onshore.

A funnel cloud is a similar column of air that is not in contact with the ground. A water spout is a tormado that is over
wiater. Ywhen either a funnel cloud or a water spout comes in contact with the ground, it becomes, by definition, a tormado.

The wisible columnis composed of water droplets formed by condensation in the funnel. The fast-moving 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 tormado a darlk color.

Tormadoes are defined interms of the Fujita Scale, which ranks tormadoes an the basis of wind speed and damage
potential. The Fujita Scale is shown in the following table.

Category g:;: d Effects

Light damage: Some damage to chimneys; branches break from trees; shallowy

FO 40-72 mph rooted trees pushed over; sign boards damaged

73112 Moderate damage: Roof surfaces pesled off mobile homes pushed from

=1 mph foundations or overturned; cars pushed off roads

113157 Considerable damage: Roofs torn off frame houses; mobile homes demaolished;

Fa mph large trees snapped or uprooted

158-206 Severe damage: Foofs and some walls torn off well-constructed houses; trains

= mph overturned, most trees in forest uprooted

4 207-260 Devastating damage: VWell-constructed houses leveled, structures with weal
rmph foundations blown off some distance

261-318 Incredible damage: Strong frame houses lifted off foundations and carried

=S mph considerable distance to disintegrate




F-scale | Class Wind speed Description
weak 40-72 64-116 fgale
weak 7T3-112 117-180 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

. 12/10/2004
L i

7/9/2005




Characteristics

+« Wind - Tormadoes consist of strong, often destructive winds. The winds in the strongest tornadoes are the fastest
winds experienced amywhere on earth, with rotation velocities up to 300 mph.

+ Rainfhail - Tornadoes are associated with thunderstorms, so they may be preceded or followed by heawy rainfall or
hail. Depending on the hydrological conditions, flash flooding may occur.

+ Destruction - Total destruction of homes, especially mobile homes, businesses, and cars, causing many deaths;
extensive tree damage along roadways, which may inhibit or block access; extensive damage to electric and
telephone lines; utility line brealks; damaged or destroyed radio and television towers.

Tornadoes develop as an outgrowth of thunderstorms. Large, strong, and long-lasting tormadoes are spawned by

supercells. Once a thunderstorm has formed, given the right ingredients, a tornado can dewvelop.

+ A thunderstorm needs rising air for a tormado to form.
+ The rising air beqgins to rotate due to strongly changing (veering) winds in the lower part of the atmosphere.

Each year, approximately 800 tornadoes touch down in the US| the highest frequency in the world. Tormadoes occur most
often when the lower layer of air is warm, which varies according to the time of year

« April, May, and June: Midwestern .S,

« May, dune, July, August, and September Southwest and Maorth Central LS.
+ March, Aprl, May, and June: Southeastern LS.

o April, May, June, July, and August Western LIS
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Flash Floods

Definition

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

Causative events include heawy rains from 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 sguare miles to
several hundred sguare miles. The most dangerous flash floods are usually associated with steep mountain streams,
canyons, and desert washes where they can manifest themselves as a wall of water traveling downstream.




An example: The Biescas event (7th August 1996)
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Characteristics

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

Some soils can absork 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. Wet soils have limited capability to
absort runoff, so rainfall is more 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
hawe little capability to absorb runoff,

The most severe flash floods can roll boulders, tear out trees, destroy buildings and bridges, and scour out new channels.
Howiewver, 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
swiept away. Other hazards associated with flash floods include:

+ Sudden release of huge walls of water - Floating debris orice can collect at an obstruction and restrict the flow of
water. 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 little ground cover.




Water weighs 62.4 |bs. per cubic foot and
typically flows downstream at 6 to 12 miles
an hour.

When a vehicle stalls in the water, the water's
momentum is transferred to the car. For each
foot the water rises, 500 Ibs. of lateral force
are applied to the car.

But the biggest factor is buoyancy. For each
foot the water rises up the side of the car, the
car displaces 1,500 lbs. of water. In effect,
the car weighs 1,500 Ibs. less for each foot
the water rises.

Two feet of water will carry away
most automobiles.




Riverine Floods

Definition

Whereas flash floods occur quickly after an upstream event, riverine flooding is a longer-term event that may last a weel or
more.

Flooding along rivers and streams is natural and inevitable. Some floods occur seasonally when winter r spring rains,
coupled with melting snows, fill river basins with too much water, too quiclkdy. Torrential rains from hurricanss or tropical
systems also can produce river and stream flooding.

Flooding on a non-leveed stream occurs when overbanl flows are of sufficient magnitude to cause considerable
inundation of land and roads. Flooding on a leveed stream occurs when the stream level rises above the levee. Flooding
also can occur if the levee fails. The ability of the levee to withstand flooding depends on the design standards used when
CONStructing the levee. Many private (mosthy agricultural) levees are not intended to withstand major floods.




Characteristics

Fiverine flooding is normally the result of a combination of meteorological and hydrological factors. Although excessive
rainfall alone can cause flooding, the most severe riverine floods usually have multiple causative factors. These factors may
include:

+ Heawy prolonged rainfall from large-scale storms or a series of large-scale storms

+ Heawy rainfall from a near-stationary or slow-maowing thunderstorm complex

+ Saturated soil conditions from previous rainfall events

« High existing river flows from previous rainfall events

+ Extreme cold temperatures followed by thawing, leading to river ice jams

+ Rapid snowmelt. Snowmelt floods can develop over periods ranging from several hours to several days, depending
upon the part of the country, the water content of the snow, and temperatures during the melting period. The
combination of large-scale storm rainfall and rapidly melting snow can cause severe flooding

o Silt buildup in river channels during previous storm events that reduces the capacity of the river to carny water

The dangers of rivering floods are similar to coastal and flash floods. Dangers include:

¢« Damaged or destroyed buildings and vehicles

+ Uprooted trees causing power and utility outages

+ Drowning, especially people trapped in cars

+ Contamination of drinking water

« Dispersion of hazardous materials

¢ |nterruption of communications andfor transportation systems




An example: The Central Europe Floods (August 2002)




METEQOROLOGIA

La 'gota fria' amenaza a las
comunidades del Mediterraneo

Fuertes vientos y Ivias torrenciales seran los protagonistas de las proximas
horas

2.1. La gota fria como “comodin” meteorologico

Se entiende, coloquialmente, como gota fria a cualquier situacion meteoroldgica que
lleve o pueda llevar asociada lluvias intensas, efectos desastrosos, preferentemente en la
época otoial y en la zona mediterranea. independientemente del marco sindptico donde
se desarrollan las precipitaciones. Esta "entidad" o concepto (jjjque no definicion!!!) no
estd basada en aspectos meteorologicos precisos.

Este término estd arraigado, sobre todo, en algunos medios de comunicacion que tratan
de explicar de forma llana y simplista situaciones de lluvias fuertes y dafinas.

Estamos acostumbrados a oir que lluvias cuantiosas, que se han registrado en un lugar
determinado, se han producido porque la gota fria ha barrido o afectado a dicha zona.
La gota fria se asocia vulgarmente con inestabilidad atmosférica. En esta acepcion
subyace el hecho de que la gota fria es sinonimo de la presencia de aire muy frio en
niveles medios y esto, unido al aire calido de Mediterraneo en la época otoiial (o incluso
durante la primavera-verano sobre las tierras soleadas peninsulares), bastaria para
explicar los acontecimientos de fuerte inestabilidad y de caricter tormentoso. La gota
Jfria es, conceptualmente, una perturbacion o ente “comodin”.

Es facil de demostrar, puntualmente y climatoldgicamente, que muchas situaciones de
gota fria no llevan asociadas lluvias intensas v catastréficas. De la mismas forma,
episodios adversos de lluvias v vientos fuertes en el Area mediterranea pueden

estar ligados a otro_tipo _de fenomenologia distinta a las gotas frias. donde las




"Una depresion cerrada en altura que se ha aislado y separado
completamente _de la circulacion asociada al chorro, y que se

mueve independientemente de tal flujo llegando, a veces, a
ser estacionaria o, incluso, retrograda (su desplazamiento es,

en estos casos, de direccion este-oeste)".

Caso real (21 de Octubre de 2000, 00 UTC):

- Formacion de una “gota fria” al sur de la Peninsula Ibérica que dura varios dias
- Lluvias intensas sobre el este peninsular que provocan inundaciones y graves dafios
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Definition

Coastal flooding is the inundation of land areas along the oceanic coast by sea waters over and above normal tidal action,
Such flooding can originate from the ocean front, back bays, sounds, etc. Coastal flooding affects the general public and
maritime interests along much of the U5, coastline extending from the shoreline beaches to inland tidal waternyays and the

tidal portions of river mouths. Coastal Floods
Coastal flooding basically results from one or a combination of the following:

¢ A storm surge andfor seiches<sy reaching land
+ Heawy surf
« Tidal piling

Other factors affecting the local severity, extent and duration of coastal flooding include:

¢ Tidal cycles

+ Persistence and behavior of the storm that is generating the flooding
+ Topography, shoreline orientation, and bathymetry of the area

+ River stage or stream runoff

+ Presence or absence of offshore reefs or other barriers

A storm surge is a dome or bulge of water that is caused by wind and pressure forces. [tis a rise above the normal water
lewel along a shore that is caused by strong onshore winds andfor reduced atmospheric pressure. The surge height is the
difference of the observed water lewvel minus the predicted tide.

A seiche is caused by winds that push lake water to one end of the lake. YWhen the storm ends or moves on, the water
sloshes to the other end of the lake, causing water level changes of up to several feet.

The surf is the waves in the area between the shoreline and the outermost limit of breakers.

The tidal cycle is the periodic change in the intensity of tides that is caused primarily by the varying relations among the
garth, moon, and sun.




Characteristics

A storm surge is caused by powerful coastal storms that move toward or adjacent to the coastling. It may be worsened by
higher than normal astronomical tide levels. Two factors key in the development of a storm surge:

+ Low barometric pressure reduces the weight of the air on the ocean surface causing a slight rising (1 to 2 feet) of
the surface of the water. This rising creates a dome and a new balance of forces.

+ Wind sweeps around the dome of water and induces currents that spiral toward the center of the storm. The force of
the winds induces high waves that travel away from the storm. ¥Wind is the dominant force at landfall, often bringing
yiolent wave action far inland. The battering of these waves causes damage beyond mere flooding.

The weight of the water piling up creates pressure onwater at lower depths. In deep water, the water under pressure can
escape rather easily, reducing the height of the dome. Closer to the coasts, however, there |5 less opportunity for water at
lowwer depths to escape, and the water is forced to rise, elevating the height of the dome. As a result, islands and coastal
areas with a short continental shelf that drops off quickly (e g, Ft. Lauderdale, Florida) have fewer problems with storm
surges than areas along the coast that have a wide continental shelf, bays, and "angle" topography (e .g., Flonda's
Fanhandle or the Texas coast).

As storm surge comes ashore, it may combine with the tide. Thus, a 10-foot storm surge, combined with a 2-foot high tide
produces a water level or storm tide that is 12 feet tidal datum. The surge does not usually amve as a wall of water, but
rather as a rapid rise in the tide to abnormally high levels.

Storm surge, together with heawy rains from the storm that produced the surge, will cause extensive coastal and inland
flooding. Gther hazards associated with coastal floods includes:

High winds

Quickhy rising water levels

Flerce wawve action

Shore erosion, seawall destruction

Debris from destroyved property carmed by the water

Gt O O i O




= elmundo-eldia.com

Hemeroteca | Agenda cultural Cartelera Titulares Tienda Restaurantes | De copas

tlles balears

publicidad

discos

lLLE?mIEARs

Loterias Clasificados

i Sabada, 1 de noviembre de 2003 Actualizado = las 00:45
SIN PRECEDENTES.
El mar inunda Es Molinar y arroja rocas de mas de un
HAL FARES kilo a las calles de Ciutadella
2AHORAS
Opinidn
llles Balears
nit : Fri,310C12003 007

«Nunca habia visto asi la playa de Cala Galdanas, reconoce el alcalde de Ferreries -
Una 'hvia’ de plasticos procedentes del verteders cayd sobre los habitantes de

Formentera
Valid: Fri,310CT2003 002

500 hPa CGeopot. (gpdm) T (€) und Bodendr. (hPa.)

sag’@ linea de Es Malinar

saete barrio de Palma va
gggcada WezZ fjue solpa
gg;';as ¥ muchos de los

576, Qe deja entra el agua,
572

68
564
560
556
552
S48
540
536
537
528
524
520
516
512
08
504
00
E=ls
482
488
484
480
476

B et
[

Olas de cinco metros y vientos
de hasta 100 km/h obligan a
cerrar todos los puertos de

Baleares

Todos los puertos del archipiglago
cerrados, tejas, cornisas v arboles caldos
por doquier, barcas a 13 deriva tras soltarse
de zus amarres... Estas fueron las
principales causas del wendawval con
vientoz de 100 kildmetros por hora que
todo el dia de ayer azotd las Islas.




Tropical Cyclones

Evacuation Route
Mext Exit




Definition

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

Tropical Cyclones:
« Formover atropical ocean
« Cover asmaller area (200-500 miles across)
o Hawve 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

Maximum sustained winds near the surface less than 29
mph

Tropical Depression

|Tropica| Storm |Wind5 of 38-73 mph
|Hurricane |Wind5 of 74 mph or more

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. (MOTE: 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 atmosphere,
powered 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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The letters 1, LI, X, %, and £ are not included because of the scarcity of names beginning with those letters.
If ower 21 named tropical cyclones occur in a year, the Greek alphabet will be used following the "W" name.
In addition, after majar land-falling starms having majar economic impact, the names are retired.

2006

Alberto
Beryl
Chrig
Debby
Ermesto
Florence
Gordon
Helene
Isaac
Joyce
Kirk
Leslie
Michael
Madine
Czcar
Fatty
Rafael
Sandy
Tany
“Yalerie
Wyilliam

2007

Andraa
Barry
Chantal
Dean
Erin
Felix
Sabrielle
Humberto
Irig

Jerry
Karen
Larenzo
Michelle
Moel
Olga
Pahlo
Febekah
Sebastien
Tanya
“an
Wendy

2008

Arthur
Bertha
Cristoba
Dolly
Edouard
Fay
Gustay
Hanna
Isidore
Josephine
Kyle

Lili
harco
Mana
Crmar
Paloma
Fene
sally
Teddy
Wicky
Wilfred

2009

Ana
Bill
Claudette
Danny
Erika
Fred
Grace
Henri
[da
Joaguin
Kate
Larry
Mindy
Micholas
Cidette
Peter
Fose
Sam
Teresa
Yictor
YWy'anda

2010

Alex
Bonnia
Caolin
Danielle
Earl
Fiona
Zaston
Hermine
lyar
Julia
Karl
Lisa
Matthiew
Micole
Otto
Paula
Richard
=hary
Tomas
Yirginie
Walter

2011*

Arlene
Bret
Cindy
Dennis
Emily
Franklin
Gert
Harvey
Irene
Jose
Kattina
Les

M aria
Mate
Ophelia
Fhilippe
Fita
Stan
Tammy
Yince
Wilma

Greek Alphabet: Alpha, Beta, Gamma, Delta, Epsilon, Zeta, Eta, Theta, lota,
Kappa, Lambda, Mu, Mu, X, Omicron, Pi, Rho, Sigma, Tau, Upsilon, Phi, Chi, Psi,

Omega

*This is also the names of storms for the 2005 hurricane season. Some of the names
in this list may be retired when the Regional Association IV - Hurricane Committee, of
the Warld Meteoralogical Organization, meets later this spring.




Characteristics

Hurricanes are generated by the rising and cooling of humid air over the ocean. They need the following ingredients to
develop:

« Oceanwater over 80°F and about 200 feet deep
Winds converging near the water surface
Linstable air, so the warm air will continue rising
Humidity up to about 15,000 feet, to supply heat energy
Wiinds mowing in one direction, to mowve the storm along without breaking it up
Upper atmosphere high pressure, to help move out the rising air of the storm

Hurricane winds blow counterclockwise around the center, or eye, of the storm, and air currents carry the storm along.
Most Morthern Hemisphere hurricanes mowve from east to west in the trade winds. They may turn north or northwest out in
the Atlantic, then curve toward the northeast. Storms that mowve up the east coast usually pick up speed around Maorth
arolina and may travel at speeds up to 70 mph.

Hurricanes are classified using the following Saffir-Simpson Hurricane Damage Potential Scale, based on central
barometric pressure and wind speed.

Category

Central
Pressure
{Millibars)

Central Pressure

(Inches)

Winds
(mph)

Winds
(kts)

=980

28.94

74 -95

B4 - 83

rinimal

965- 9749

2550 - 28493

96 - 110

g4 - 96

945 - 964

2791-28449

111-130

97 - 113

Extensive

920 - 944

207 -27.90

131-155

114 - 135

Extreme

= 920

=277

=155

=135

|
| Moderate
|
|
|

_atastrophic
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Condensation

|'Il'
|

releases heat into
the atmosphere
making the air lighter.

As the water vapor
rises, it cools
and condenses into

liquid droplets.

Water vapor
3 rises into the
atmosphere.

T

Warm moist air moves
over the ocean.

Speed

7495
B4-52
119-153

96-110
53-95
1594-177

111-130
9E-113
178-209

131-135
114-135
210-249

mph
kts
krrdhr

mph
kts
krmshr

mph
kis
krndhr

mph
kts
kmdhr

Greater than
155 mph
135 kis
249 kmihr

Damage

Mo real damage to building structures.
Damage primatily to unanchored mobile
homes, shrubbery, and trees. Some damage
to poorly constructed signs.

Some roofing material, door, and window
damage of buildings. Considerable damage to
shrubbery and trees with some trees blown
down. Considerable damage to mobile homes,
poorly constructed signs, and piers.

some structural damage to small residences
and wtility buildings with & minor amount of
curtainwall failures. Damage to shrubbery and
trees with foliage blown off trees and large
tress blown down. Mobile homes and poorly
constructed signs are destroyed.

More extensive curtainwall failures with some
carmplete roof structure failures on small
residences. Shrubs, trees, and all signs are
blown down. Complete destruction of mobile
hormes. Extensive damage to doors and
windowes.

Complete roof failure on many residences and
industrial buildings. Some complete building
failures with small utility buildings blawn over
or away. All shrubs, trees, and signs blown
down. Complete destruction of mobile hames.
mevere and extensive window and door
darnage.




Hydrometeorological hazards associated 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 wiorst damage from hurricanes comes from coastal flooding caused by storm surge. A storm surge is an
abnormal rise inwater 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 US . have reached 20 feet When the surge reaches land, the wall of weater can cause extensive
coastal flooding.

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

YWhen a hurricane reaches land, it bedins to weaken as it loses 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 penetrate far inland in that timeframe . Additionally, tropical storm-force winds
can extend far beyond the storm center and, although wealker, can cause significant damage.

Coastal and inland jurisdictions affected by hurricane winds should anticipate:

Wiidespread damage to homes (especially mobile homes) and businesses
Extensive tree damage along roadways, which may inhibit or bloclk access
Extensive damage to electric and telephone lines, especially if large trees are uprooted
Damaged and/or destroyed signs and traffic-control devices
« Damaged radio and television towers

Widespread torrential rains of 6 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 tornadoes most often occur
in the thunderstorms embedded in rain bands out from the right front quadrant of the hurricane, although they can also
oCcUr near the eyewall.




B e
- Storm'Surge (+15/feet)|
Normal High Tide (+2 feet)







Medicane of 12 September, 1996
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3 Trajectory of the cyclone. 1996/sepf12
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Medicane of 18 October, 2003
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Extratropical Cyclones

Definition

Most of the storms that affect 1S 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, orinthe Great Lakes.

Extratropical cyclones:

« Form outside the tropics

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

o Hawve their strongest winds in the upper atmosphere




Characteristics

Under ideal wind and temperature conditions, a coastal low-pressure system deepens rapidly. Because these storms
form owverwater, which has a smocother 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:

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

Heawy rains, flooding, and flash flooding

Heawy snow

Mud slides

Downbursts

Tornadoes

Fefer to the fact sheets on coastal floods, winter storms, and tormmadoes for more information on these hazards.







Winter Storms

Definition
YWinter storms are extratropical storms that bring cold temperatures, precipitation, and possibly, high winds.
The following conditions can occur during winter storms:
Snow is defined as a steady fall of snow for several hours or more.
Heavy Snow generally means:

+ Snowfall accumulating to 4 inches or more in depthin 12 hours or less
« Snowfall accumulating to 6 inches or more in depth in 24 hours or less

Snow Squalls are periods of moderate to heawy snowfall, intense, but of limited duration, accompanied by strong, gusty
surface winds and possibly lightning.




A Snow Shower is a short duration of moderate snowfall.
Snow Flurries are an intermittent light snowfall of short duration with no measurable accumulation.

Blowing Snow is wind-driven snow that reduces surface wvisibility. BElowing snow can be falling snow or snow that already
has accumulated but is picked up and blown by strong winds.

Drifting Snow is an uneven distribution of snowfall/snow depth caused by strong surface winds. Drifting snows may occur
during or after a snowtall.

A Blizzard means that the following conditions are expected to prevail for a period of 3 hours or longer:

+ SuUstained wind or frequent gusts to 3% milesfhour or greater
+« Considerable faling andfor blowing snow reducing wisibility to less than 1/4 mile

Freezing Rain or Drizzle occurs when rain or drizzle freezes on surfaces such as the ground, trees, power lines, motar
vehicles, streets, highways, etc.

The term lee Storm is used to describe occasions when damaging accumulations of ice are expected during freezing
rain situations.

Sleet is pellets of ice composed of frozen or mostly frozen raindrops or refrozen, partially melted snowflakes.

A Freeze occurs when the surface air temperature is 22°F or below over a widespread area for a climatologically
significant period of time. Lse of the term is usually restricted to advective situations or to occasions when wind or other
conditions prevent frost.

Frost describes the formation of thin ice crystals on the ground or other surfaces in the form of scales, needles, feathers,
or fans. Frost develops under conditions similar to dew, except the temperatures of the earth's surface and objects onthe
earth fall below 32°F . Because frost is primarily an event that occurs as the result of radiational cooling, it frequently
occurs with a temperature in the mid-30s.

Wind Chill describes the cooling of a body by air motion. Increased wind speeds accelerate heat loss from exposed
skin. As a general rule, the threshold for potentially dangerous wind chill conditions is about -20%F .




Rain Freezing Rain

Frozen precipitation Frozen precipitation Frozen precipitation Snow falling into
melts into rain melts in warm air... melts. .. cold air never melts

...rain falls and freezes on ...refreezes into sleet
cold surfaces as a sheet of ice before hitting ground
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Characteristics

The development of a winter storm requires cold air, moisture, and [ift.

+ Cold air - Subfreezing temperatures (below 22°F, 0°C) in the clouds andfor near the ground are needed to make
snow andfor ice.
+ Moisture - The air must contain moisture in order to form clouds and precipitation. Air blowing across a body of
water, such as a large lake or an ocean, is an excellent source of moisture.
¢ Lift- A mechanism to raise the moist air to form the clouds and cause precipitation must be present. Lift may be
provided by any or all of the following:
o The flow of air up a mountainside
o Fronts, where warm air collides with cold air and rises over the cold dome
o Upper-level low pressure troughs

The hazards involved with winter storms include strong winds, extreme cold, precipitation, and blizzard/heawy snow
conditions.

+ Strong winds - Sometimes winter storms are accompanied by strong winds, creating wind-driven snow, severe
drifting, and dangerous wind chill. Strong winds can knock down trees, utility poles, and power lines. Storms near
the coast can cause coastal flooding and beach erosion. Inthe YWest and Alaska, winds descending off the
mountains can gust to 100 miles per hour or more, causing extensive damage.

Extreme cold - Extreme cold may accompany or follow a winter storm. Freezing temperatures can cause bursting
pipes, crop damage, river ice Jams and subsequent flooding, and frosthbite or hypothermia due to exposure. Refer to
the fact sheet on extreme cold for more information.

+ Precipitation - The type of precipitation accompanying a winter storm depends on surface and atmospheric
conditions. Ice and snow accumulation can knoclk down trees and power lines, disrupting power and communication
for days. Accumulated winter precipitation also causes hazardous traffic conditions and disrupts transportation
routes, especially in warmer climates where accumulation is uncommeon. This can leave travelers and rural residents
stranded and stop the flow of supplies for a region.

Heavy snow and blizzard conditions - During a blizzard, show and strong winds combine to produce a blinding
snowe (near Zero visibility), deep drifts, and life-threatening wind chill. Along with other hazards of accumulated ice
and snow and extreme cold, the reduced visibility can lead to extreme transportation problems and increased
fatalities due to exposure. Areas around the Great Lakes are affected by lake effect storms. Lake effect storms
form as arctic air is drawen from the north and mowes across the lakes, drawing moisture from the unfrozen water.
These storms typically form snow squalls and deliver heawy snow to a localized area.
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Excessive Cold

Definition

What is considered an excessively cold temperature varies according to the normal climate of a region (e.g., ina
relatively wiarm climate, temperatures just below or at freezing can be hazardous). Excessive cold may accompany or
follow winter storms—aor can occur without storm activity.

Characteristics

Freezing temperatures can cause problems with burst pipes and automobiles that will not start, but the greatest danger is
to people. Prolonged exposure to extreme cold can lead to frosthite, hypothermia, and death.

¢ Frosthite is damage to body tissue caused by that tissue being frozen. Frosthite causes a loss of feeling and a
wihite or pale appearance in the extremities.

+ Hypothermia is [ow body temperature. Mormal body temperature is 98 6°F  When body temperature drops to 95,
however, immediate medical help is needed. Hypothermia also can occur with prolonged exposure to temperatures
above freezing.




Of winter deaths attributed to exposure to cold:

+ S0 percent are people over 60 years old
e Ower 75 percent are male
« About 20 percent occur in the home

Cold air temperatures combined with wind create the wind-chill effect. Wind chill is based on the rate of heat loss from
exposed skin caused by combined effects of wind and cold. As the wind increases, heat is carried away from the body at
an accelerated rate, driving down the body temperature. Forecasters use a wind-chill index as a guide to heat loss
resulting from wind and cold. YWind chills for given temperatures and wind speeds are shown in the table below.

Wind-Chill Index
Temperatures
20° 15°
-5° -11°
-17°
-22°
-25°




Air Temperature *C)

120 -15 -18 -

-1
3
-4
4
5
&
&
7
7
7
8
8

Wwhat is important about the wind chill besides feeling colder than the actual air temperature? The lower the
wind chill temperature, the greater you are at risk for develaping frost bite andfar hypothermia.

Frostbite occurs when your body tissue freezes. The most susceptible pants of the body are fingers, toes,
ear lobes, and the tip of the nose. Hypothermia occurs when body core temperature, normally around 93.6°F

(37°C) falls below 95°F (35°C). The following table shows how fast frostbite can occur at various wind chill
temperatures.

Wind Chill Cold Threat

£°Cto 4°C  COLD. Unpleasant.
SI7C o -7*C WERY COLD. Wery unpleasant.
-28°C 10 -18°C  BITTER COLD. Frosthite possible. Exposed skin can freeze within & minutes,

- - EXTREMELY COLD. Frosthite likely. Exposed skin can freeze within 1 minute. Outdoar
5650 to -29°C .
activity becames dangerous.

-57°C and lower FRIGIDLY COLD. Exposed skin can freeze in 30 seconds.
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Excessive Heat

Definition

YWwhat is considered excessive heat varies according to the normal climate of a region. Tropical air masses can raise
summer temperatures high above the average for an area. Sudden rises in temperature—wihen people don't have a
chance to acclimatize—or prolonged heat waves increase death rates. People die from excessive heat.

Excessive heat occurs from a combination of high temperatures (significantly abowve normal) and high humidities. At
certain levels, the human body cannot maintain proper internal temperatures and may experience heat stroke. The "Heat
Index" (HI) is & measure of the effect of the combined elements on the body.

A daytime Hl reaching 10%% or above, with nighttime lows at or above 0% for two consecutive days may significanthy
impact public safety and, therefore, generally requires the issuance of an advisory or warning by local NWS offices.




Characteristics

There are some practical problems that can result from high temperatures, such as overheated car engines, "brown-outs"
from overuse of electricity for air conditioning, and changes in airplanes’ performance. As with extreme cold, howewer, the
major danger of extreme heat is to humans and animals. Heat-related ailments can range from annoying conditions to
life-threatening situations, such as:

+ Heat Cramps - Muscle cramps, especially in the legs after exercising, are caused by imbalances in body salt.

+ Fainting - Exercising in the heat can cause a rapid drop in blood pressure, resulting in fainting.

+ Heat Exhaustion - Loss of fluid and salt through excessive sweating can lead to dizziness, overall weakness, and
arise in body temperature. This can result from normal activity during several days of a heat wave or strenuous
activity in extreme temperatures.

+ Heatstroke - If heat exhaustion is not treated, the body temperature may rise to 105 or more and heatstroke may
occur. A heatstroke wictim may exhibit lethargy, confusion, or unconsciousness and is at risk of dying.

VWhen the airis humid, the "apparent temperature” is even higher. Forecasters use the Heat Index (also called the
Humidity Index) to show apparent temperature.

Heat Index
Temperatures
Humidity 85° 90° 95"
40% 86° 93° 101°
50% 88° 96° 107°
60% a0° 100° 114°
70% 93° 106° 124°
80% a7° 113° 136°
90% 122° 150°




Relative Humidity (%)
10 20 30 40 50 60 70 80 90

EXTREMELY HOT

HEAT INDEX

Relative Capacity for air Amourt of HEAT removed
Humidity 1o hold water Bvaporation from the body
cE Ll i i i i i low LARGER HIGHER MORE

smaller lower less

Farenheit Celsius

0.ao -17.78
2.00 -13.33
16.00 -8.89
24.00 -4, 44
32.00 0.00
40.00 4,44
43.00 2.89
Lg.00 13.33

a4.00 17.78
Classification General Affect on People in High Risk Groups
FZ2.00 22.22

Extremely o Heat/Sunstroke HIGHLY LIKELY with continued 20.00 26.67
130°F or Higher
Hot EXpOSUrE 25,00 21.11

Sunstroke, heat cramps, or heat exhaustion 25,00 35,56
Very Hot 105°F - 130°F LIKELY, and heatstroke POSSIBLE with 104.00 40.00

prolonged exposure andfor physical activity

) 112.00 44,45
Sunstroke, heat cramps, or heat exhaustion
90°F - 105°F POSSIBLE with pralanged exposure andfar 120.00 48.89
physical activity 128,00 £3.34

Fatigue POSSIBLE with prolonged exposure 136.00 o778
and/or physical activity 144,00 62,23

Air Temperature (°F)

The chart below tells you the risk to the body from continued exposure to the excessive heat.

Very Warm 80°F - 90°F
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Relacion entre la mortalidad y la temperatura en
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Ola de calor. Verano de 2003

La ola de calor que ha afectado a practicamente toda Espafia en este verano ha constituido sin duda un episodio
excepcional desde el punto de vista climatoldgico, Una de sus caracteristicas mas acusadas ha sido la persistencia
de las altas ternperaturas. En la mayor parte de la cuenca mediterranea las altas temperaturas, tanto maximas como
minimas, han estado por encima de los valores propios del clima practicamente sin solucidn de continuidad desde
prirmeros de junio hasta finales de agosto. En otras areas el fin de la ola ha tenido lugar hacia mediados de agosto, v
hubo alguna semana de "respiro” al principio de julio,

Media de las temperaturas maxima y minima del periodo comprendido entre el 1 de Junio y el 15 de Agosto

— b TITIAS

——Mlinimas

Temperatura [*C)




Definition

Fogis defined as water droplets suspended in the air at the earth's surface. Fog is often hazardous when the visibility is
reduced to 1/4 mile or less.

Characteristics

Thick fog reduces wisibility, creating a hazard to motorists as well as to air traffic. Alrports may close because of heawy
fog.

The intensity and duration of fog vares with the location and type of fog—from early morning ground fog that bums off

easily to prolonged valley fog that lasts for days. Generally, strong winds tend to prevent fog formation. The table below
summarizes several scenarios for the formation, intensity, and duration of fog.




Type of Fog Factors Description

+ Clear nights

+ Stable air (winds Heat radiates away from the ground,

less than & mph) cooling the ground and surface air. YWhen [Common in many areas, ground

+ Small the air cools to its dewpoint, fog forms fog burns off with the maorming sun.
temperature-dewipoint [fusually a layer of less than 100-200 fest).

spread

+ Cold surface air and
wiealk winter sun
Valley Fog + May follow & winter
storm or prolonged
nighttime cooling

Ground Fog

Fog can build to a height of more than Faound invalleys (especially in the
1,500 feet. Wealk sun may evaporate West) in winter, valley fog can last
lowwer lewvels of the fog but leawve upper for days, until winds are strong
levels in place. enough to push out the cold air.

Advection fog can cover wide
areas of the central U S inwinter It
may be thick enough to close
airpors.

+ Horizontal wind YWind pushes warm humid air over the cold
Advection Fog |+ VWarm, humid air ground orwater, where it cools to the
= Wyinter temperatures [dewpoint and forms fog.

Lpslope fogis common and
widespread in the Great Flains,
wihere land slopes gently upward
towrard the Rockies.

«Wyinds blowing up  |As humid air pushed up hills and
Upslope Fog  |hills or mountains rmountains, it cools to its dewipoint and
« Humid air forms fog, which drifts up the mountain.

As cold air blows over warmer water,
wiater evaporates into the cold air,
Increasing the humidity to the dewpoint.
Vapor condenses, forming a layer of fog 1
to 2 feet thick over the water.

=ome rain evaporates, and the added
WapOr increases the air to its dewpoint.
The vapor then condenses into fog.

+ Body of water
Sea smoke, |+ Alrmuch colder than
Steam Fog  jwater

* Wyind

This type of fog forms on fall days
ower ponds and streams.

Frecipitation fog forms on coal,
rainy days.

Frecipitation |+ VWarmer air
Fog + Coolrain
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Duststorms

Definition

Strong winds over dry ground that has little or no vegetation can lift particles of dust or sand into the air. These airbome
particles can reduce wisibility, cause respiratory problems, and have an abrasive effect on machinery. Duststorms that
reduce the wisibility to 1/ mile or less often pose hazards for travelers, cause damage and injury, and affect commerce.

Characteristics

There are two situations that lead to the development of blowing dust or sand:

+ Sustained high wind at the surface, which tends to pick up dust and sand in dry environments. This condition may
last for several hours or even days and may occur simultaneously with a windstorm. (Refer to the fact sheet on
windstorms for more information.) This is referred to as a nonconvective event.

¢ Local events because of thunderstorm outflows or microbursts. Inthis situation, the event is usually sudden and owver
Ina matter of minutes. These events are referred to as convective events.




Factors affecting both nonconvective and convective events are shown in the table below.

Factors Large Scale, Nonconvective Events Convective Events

Spheed of Fecognizable weather patterns are easily + Predictable over an area within 0 to 3 hours
onset identified 24 to 36 hours in advance + Specific locations identifiable only minutes in advance

« Microbursts - a few seconds
« Macrobursts - a few minutes
« YWalke depression - up to two hours

Fanges from 3 to 4 hours up to 2 to 3 days,

Duration .
usually with nocturnal lulls

+ Ocour mainky during the late winter and early

spring when pressure gradients are extreme Occurin association with late afternoon or evening

+ Conditions worsen during late moming and are [thunderstorms, usually during the spring and summer
most intense during late afternoon

Timing

Duststorms involve horizontal high winds orwind gusts and blowing dust, sand, or both. The hazards and damage caused
by these storms include:

s Impaired visibility and breathing difficulties, especially for outdoor wiorkers, people in recreational activities, and
motorists

Crop damage

Destruction to buildings, vehicles, and trailers

Fower outages and other infrastructure damage

Eroken trees

Scouring damadge to buildings and automobiles

Damadge to computers and communications egquipment from accumulated dust

* &+ * &+ * »

High winds may accompany major winter or early spring blizzards. A mixture of snow and dust may bring travel to a
standstill. For convective duststorms, all elements associated with severe thunderstorms may occur. Refer to the fact
sheet on thunderstorms for more information.




Windstorms

Definition

Highwinds not associated with convective events (severe local storms, hurricanes, and winter storms) require a warming
wihen one of the following occurs:

¢ Sustained wind speeds of 40 mph or greater lasting for 1 hour or longer
+ YWinds of 58 mph or greater for any duration

The above thresholds generally are increased for locations at higher elevations because of the lower air density and
subsedquent reduction in damage from less force.

The types of wind that do not involve the mechanism of convection include:

Gradient High Winds - High winds that usually cover a large area and are due to large-scale pressure systems.
Mesoscale High Winds - These high winds usually follow the passage of organized convective systems and are
associated with walke depressions or strong mesoscale high pressure.

Channeled High Winds - In mountainous areas or in cities with tall buildings, air can be channeled through
constricted passages producing high winds. Channeled highwinds are local in nature but can be extremely strong.
Tropical Cyclone Associated High Winds - Highwinds can occur a few hundred miles from the coast of a
landfalling tropical cyclone. These inland winds are forecasted independent of the tropical cyclone.

Chinook or Foehn Winds - These are warm, dry winds that occur in the lee of high mountains ranges. They are
fairly common in the mountainous YWest and sections of Alaska during the winter months. These winds develop in
well-defined areas and can be guite strong.
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Rotor clouds 3

Foehn Warming - Cold Pool Displacement and Disruption




Characteristics

Windstorms are caused by an extreme pressure gradient (difference in pressure over a small distance). The pressure
gradient itself may be caused by one or a combination of;

¢ Terrain effect
+ Temperature differences, as with downslope winds
+ Mesoscale systems or convective complexes

Windstorms involve sustained, potentially damaging high winds. These high winds can cause the following hazards and
damage:

¢ Impaired visibility

+ Crop damage

+ Destruction to buildings and wehicles

+ Power outages and other infrastructure damage
+ Broken trees

Highwinds may accompany major winter or early spring blizzards . Major high-wind events frequently affect multiple
jurisdictions and may extend honzontally for hundreds of miles.

Windstorms are nonconvective events and the speed of onset is less than with convective events, such as duststorms.
Fecognizable weather patterns are easily identified 24 to 36 hours in advance of a large-scale, nonconvective storm. The
MYWS may 1ssue a High Wind Watch during this period.

The duration of the event ranges from about 4 hours up to 2 to 3 days, usually with nocturnal lulls. The storms occur mainly
during the late winter and early spring, when pressure gradients are extreme and soils are bare. They worsen during the
late morning and become most intense during the late afterncon, when atmosphenc mixing is most pronounced.




Fire Weather

Definition
Characteristics
MWYS products

Fact Sheets Main Fage

Bob Kambitsch, National Interagency Fire Center |

Definition

Fire weather is a term used for the meteorological conditions that promote the spread of wildfire. Hydrological,
topographical, and vegetation conditions also impact the spread of fire.

Fire Weather Offices are those WFOs assigned responsibility to provide fire weather services for specified areas.

Fire Danger is the result of both constant factors (fusls) and variable factors (primarily weather) that affect the ignition,
spread, and difficulty of control of fires and the damage they cause.

Prescribed Burn is fire applied to wildland fuels in a definite place for a specific purpose under exacting weather and
fuel conditions (the prescription) in order to achieve land management objectives.

Wildfire is any free-burning and uncontainable wildland fire that is not a prescribed prescribed burn and that consumes
the natural fuels and spreads in response to its environment.

Wildlands are any non-urbanized land not under extensive agricultural cultivation (e.q., forests, grasslands, rangelands).




Characteristics

The following weather conditions promote ignition and rapid spread of fires:

« Low humidity

« Highwinds (over 10-20 mph)

« Drythunderstorm {i.e., lightning without rain)
+ Lnstable air

Other factors that impact the spread and severity of fires include:

+ Dry antecedent conditions - Prolonged hot, dry conditions greatly increase fire danger. In drought conditions,
forests can ignite with a weak source that would normally not be a threat.

+« Urban-wildland interface - The spread and severity of residential areas into wildlands means the population faces
a greater risk of forest fires. Coordination is necessary between urban emergency responders and land
management agencies, such as the U S, Forest Service, the Mational Park Service, Bureau of Indian Affairs, and
the Bureau of Land Management.

+ Available fuel - The spread of fire depends on the amount of burnable material. Trees that contain oily sap, such as
elcalyptus, provide tremendous fuel when dry.

+ Hilly terrain - YWhen other factors are even, fire spreads faster uphill than downhill.

Forecasters use the Haines Index (below) to indicate the potential for large fire growth.

Haines Index Risk
2ord Wery [ow
L e

Moderate
High




, ¥  MINISTERIO
< if.t DE MEDIO
1 . AMBIENTE

-

Criterios de Emision
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La Direccign General del Instituto Macional de Metearologia en su condicidn de autoridad
meteoraldgica del Estado, en wirtud del Real Decreto 14152000, asume, entre otras, la funcian de
“elaborar y difundir predicciones y avisos metearaldgicos a distintos plazos temporales en todo el
territorio nacional v en las zonas costeras v de alta mar bajo responsabilidad del Instituto”

8 - Eg

Centro de esa funcidn esencial de la WIGILAMCIA METEDRDLGGICA permanente, el Instituto
Macional de Meteorologia elabora y difunde los AVIZOS METEOROLOGICOS cuando se observan o
preven fendmenos meteoroldgicos especialmente relevantes por superar determinados valores
preestablecidos para cada uno de ellos en un zona geografica definida,

Debido a las diferentes caracteristicas de cada fendmeno meteoroldgico, asi como a su distinta
incidencia o frecuencia en cada zona geografica, se han definido umbrales distintos para cada una
de estas zonas.

Los umbrales considerados para estos avisos meteoroldgicos de corto plazo, muy coro plazo y
observados son los resefiados en el desplegable que aparece a continuacian:

:
3
3
]
§
9
2
a

Ellles Balears |

De acuerdo con ello, se elabara y emite un aviso metearoldgico cuando se prevea gque un fendmeno
vaya a alcanzar el umbral correspondiente o bien cuando ya lo haya alcanzado, especialmente en el
caso de que no hubiera sido previsto con anterioridad (fendmena ohservada).

Debe advertirse que en los Beletines ordinarios de prediccion nacional de c. auténomas figura
gl apartado de fendmenos significatives, que contiene infarmacian relativa a otras situaciones
meteoraldgicas dignas de mencion, aun cuando no alcancen los umbrales preestablecidos para
emitir un aviso meteoroldgico.
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OVERVIEW

1) Weather.- Provides a basic introduction to meteorology,
particularly as it relates to hazardous weather
(Global scale, Synoptic scale and Mesoscale)

2) Hazards.- Presents the most common hazardous weather
events (Description, Characteristics and Examples)

3) Mediterranean cyclones and heavy precipitations.-
Analyses in higher detail this problem owing to its high social
Impact in the region

NOTE: Scientific basis rather than vulnerability analysis or
emergency management procedures !!!




