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Your Instructors

Vi
Tim Cady

NWS Forecaster since 2019
B.S., Saint Louis University
M.S., University of Kansas
Also lead the office heat
and warning verification
programs
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Cameron Self

* NWS Forecaster since 2022

e B.S., College of Charleston

e M.S., UNC-Charlotte

* Climate and marine
weather program leader



NWS Houston/Galveston Weather Forecast Office e
Issues forecasts and warnings for much of Southeast Texas N e NWS Weather Forecast Offices

Your resource for weather forecasts and official warnings

Mission: Provide weather, water and climate data, forecasts,
warnings, and impact-based decision support services for

the protection of life and property and enhancement of the
national economy.

NWS is a federal agency, part of NOAA which is part of the
Department of Commerce.
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Forecasters briefing each other at shift change during Harvey e - s



Severe Weather Climatology for Southeast Texas

Severe thunderstorm hazards peak in March-May but can happen any time
of year; secondary peak in November (cool season)
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Skywarn Spotters

o Spotters report severe weather when
and where they see it; not asked to be
chasers; best to spot from a safe
location.

o Spotter reports essential for accurate
and timely warnings.

o Spotter reports can and do save lives;
may prompt a new warning, add
credibility to an existing warning.

o Spotter information most useful real-
time but still helpful after the fact.
Please call, we are not too busy!




Weather Radar WSR-88D is the primary technology

tool for evaluating storms,
determine severity, making warning
decisions
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Radar Limitations

Storms may be too close or too
far to be well sampled by the
radar beam.

If too far, lowest cut (0.5
degrees above horizontal) may
“overshoot” the storm, not
seeing lower levels.
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If storm is very close, mid to
upper levels wont be sampled
by the highest cut. It is in the
Range (. “cone of silence”.

~ optimum range of detection



L EGEND Shows height of the lowest beam
o NEXRAD SMs from any radar, a measure of the
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What to Report

o Hail (including size)

o Thunderstorm wind damage to trees,
structures; measured wind gusts 58
mph or higher

o Tornadoes or waterspouts

o Flooding (roads impassable, hazardous;

streams, creeks out of banks)

o Funnel clouds or wall clouds |

o Storm damage from any of the above
or from lightning

o Weather related injuries, fatalities




How to Report

Call NWS spotter line 1-800-846-1828
OR

Report via ham radio (call sign WX5HGX)

Can send follow up information (pictures,

videos) to operations area email, Twitter or
Facebook if you like:

- Email: sr-hgx.nws@noaa.gov
> Twitter: @NWSHouston
- Facebook: NWSHouston

More information on Ham radio frequencies here:

http://southcoastreflector.com/




Recommendation: Setup Skywarn as Contact
on Your Smartphone =

1-800-846-1828

You will be ready to report by
phone and send quick follow
up photo/video if you choose.

Call whatever you like.
Skywarn, spotter. Phone
number will ring NWS Houston
ops 24/7, you will speak to a
forecaster.

Skywarn
Weather
Spotting

National Weather Service

1 (800) 846-1828

& o

1(800) 846-1828

Work
sr-hgx.nws@noaa.gov

Website

http://weather.gov/houston

Website
https://facebook.com
/NWSHOUSTON

Website
https://twitter.com
/NWSHOUSTON

Notes

Hail, Thunderstorm wind damage,
tornadoes or waterspouts,

flooding, funnel clouds or wall clouds,
storm damage from any of the above
or from lightning

Weather related injuries, fatalities




Mobile Application mPing

This doesn’t replace primary method of Skywarn reporting. Can take this additional
step if you choose. Can pick this up from the app store. Developed by NOAA NSSL.

4:00 =l 98% A

Home News View Reports FAQ Weather Types Contact ‘ * , n ﬁ

MPING

crowdsourcing weather reports https://mping.nssl.noaa.gov/

mPING IN THE NEWS!
Are your mPING reports failing? Time to UPGRADE! We knew this time

was coming, and it's finally arrived. The old database had to be shutdown, mPING goes global! Citizen scientists around the
which means anyone using an older version of the mPING app will no longer world, not just those in the United States, can

be able to participate as a Citizen Scientist. For both iOS and Android, if your submit weather observations and view reports using
app version is less than 2.0, you will need to download the new app. Both the newly upgraded mPING smart phone app. Read
apps were updated in January 2016, so follow the links below to get the more...

latest release. This is particularly important for Android users, the new app

has its own Play Store page. Please update today and continue to submit mPING was honored to be featured as part of the
your valuable observations! White House's Federal Citizen Science and

Crowdsourcing Toolkit. ®

ARE RAINDROPS FALLING ON YOUR HEAD? Are you getting hassled by 1gre mPING news —

hail? Is snow glistening in your treetops? We need your weather reports for




Reporting Hail

Report size of hail including largest
hail stones

When and where did hail occur?
Did hail damage crops, vehicles,
structures?

Can measure with a ruler (after the
storm)

Easiest to estimate relative to
common object like a coin or a ball

VIDEO: Severe hailstorm moves through
Bryan/College Station




Estimate Hail Size Using Common

&» Hail Size Chart
Objects or M
While the National Weather Service encourages the actual
measurement of hail size, oftentimes, an object-to-size
conversion can provide important information about hail that
fall from thunderstorms. Below you will find a list of common
objects used to describe the diameter of observed hail.

il
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Hail >=1 inch diameter
(quarter-sized) defined as

A e large “severe” halil
Lime (warrants a severe
thunderstorm warning

2.50 inches

0.25 inches

Pea

0.75 inches

Penny Tennis Ball

° 1.00 inches 2.75 inches
Quarter | Baseball

1.50 inches 4.00 inches

Ping Pong Ball Softball
1.75 inches 4.50 inche.s
Golf Ball Grapefruit

[
weather.gov

) ®




Thunderstorm Wind Damage

e Report damage caused by wind (Trees blown
down, large limbs stripped off trees, damage

to structures)
o Can report measured gusts if you have

ahemometer




Flooding

High water covers road & starting
to impact travel, or floods a
structure

Stream or bayou out of its banks
Give location describe situation

o How deep? Is water standing or flowing?

o Is road impassable or closed due to high
water?

Six inches or more of flowing water
can be hazardous
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What is a Tornado?

A narrow, violently rotating column of air that extends from the
base of a thunderstorm to the ground

weather.gov



Funnel Cloud

e A funnel shaped cloud, rotating, that projects from
the base of a thunderstorm cloud and often precedes
the development of a tornado.

e Look for persistence, rotation, then for evidence
circulation is on the ground (swirling debris, power
flashes for example). If there is evidence, report
tornado, if not funnel cloud.

and will rotate strongly

Not in contact with the ground ".‘ ':""";:- ‘:. Bryan/CO”ege Stn, 2015

Hollie Boggess




Tornado Look-Alikes e ———

Beware of Tornado Look-alikes

e Scud clouds, rain shafts the most common features Scud clouds are perhaps the most common
. feature mistaken for tornadoes. They are low,
mista ken fOr tornadoes- ragged cloud fragments that can sometimes be
. . . . located near the updraft region of the storm.
e Look for rotation, debris associated with the feature. Howaier, thay luek erganized, Horsistant

rotation. Here are a couple examples of scud

If not, its most likely on of these imposters. S

There are several other features, some associat-
ed with an actual storm and others that are not,
that can also be mistaken for a tornado.

Rainshaft - also lacks organized  Upward directed shadow cast on
rotation about a vertical axis a higher cloud deck by a low

PhOtO Credlt Beth LaUderdaIe cloud eclipsing the setting sun.

Credit: Kaylor Frakes



Funnel Cloud or Tornado or Scud?

IS It rotating?

Is there debris beneath it?
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By Justin1569 at English Wikipedia, CC BY 2.5, https://commons.wikimedia.org/w/index.php?curid=5943886



Funnel Cloud or Tornado or Scud?




Waterspouts

Essentially tornadoes over water. Most not as strong as more typical tornadoes over land. Tornadic
waterspouts generally associated with a severe thunderstorm. Can form over land and move over
water. These are essentially same as cousins over land.

Photo Credit: Sandro Puncet



Rating the Tornado Damage:
Enhanced Fujita Scale

Tornado rated by the damage it causes; winds are
estimated from that damage.

EF-Scale relates the observed damage to estimated
3-second average wind gusts.

EF Scale: 3-Second Gust (mph)

EFD 65-85
EF1 86—110
EF2 111-135
EF3 136-165

EFS Ower 200

https://www.fema.qgov/media-library-data/20130726-1827 -
25045-7585/tornado_mat _app e 508.pdf

Incredible: Strong frame houses are lifted from
foundations, reinforced concrete structures are
damaged, automobile-sized missiles become airborne,

N trees are completely debarked.

Devastating: Well-constructed houses are destroyed,
some structures are lifted from foundations and blown
some distance, cars are blown some distance, large
debris becomes airborne.

Severe: Roofs and some walls are torn from
structures, some small buildings are destroyed, non-
reinforced masonry buildings are destroyed, most
trees in forest are uprooted.

Considerable: Roof structures are damaged, mobile
homes are destroyed, debris becomes airborne,
(missiles are generated), large trees are snapped or
uprooted.

Moderate: Roof surfaces are peeled off, windows are
broken, some tree trunks are snapped, unanchored
mobile homes are overtumed, attached garages may
be destroyed.

Light: Chimneys are damaged, tree branches are

| broken, shallow-rooted trees are toppled.


https://www.fema.gov/media-library-data/20130726-1827-25045-7585/tornado_mat_app_e_508.pdf

Polk County EF3 Tornado, Onalaska, April 2020
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Bryan/College Station
(May 26, 2016)

Note the Power Flashes
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Severe Weather Safety Considerations

Understanding Severe Weather Hazards

e What is your vulnerability to
Tordo Tornadoes are violently rotating columns of air that can

each hazard? Are you [ nSide, S destroy buildings and cause significant injury or death

Outside in 3 Sturdy structure? ACTION: Take shelterimmediately in a sturdy structure
) L

Hail can damage vehicles, crops, buildings, and cause

o Do you have a way to receive injuries
N ACTION: Move indoors away from windows

fO recaStS’ warnings, mon Iitor Strong wind can knock over trees and damage buildings

? \
th erd d ar: ACTION: Move indoors away from windows

e Whatis your pla n if severe REEVACIN Heavy rain can cause flash flooding
. 010
Weathe rwere tO Strl ke? ‘%gg%gg ACTION: Avoid rising creeks and water-covered roads
|dent|fy adequate shelter areas STe]gligligle Lightning strikes can cause significant injury or death
g
etc. ACTION: Move indoors if you hear thunder

‘k{ ] Weather_Ready Nation National Weather Service

weather.gov/tornado

National Oceanic and Atmospheric Administration



Outlook, Watch and Warning

Outlook: Look ahead at severe weather

potential next 7 days. Convective outlook WATCH vs WARN I N G

issued by Storm Prediction Center.

- WATCH: We have the ingredients to make tacos.
Watch: Heads up, be alert conditions

favor the development of the hazard (such WARNING: We’re having tacos. RIGHT NOW!

as a tornado); be ready to act. The
ingredients are there.

Warning: Hazard has been spotted or
detected on radar. Take action to protect
yourself if you are in the warned area.

TACO WATCH TACO WARNING

Types: Tornado, Severe Thunderstorm,
Flash Flood, etc




Watch, Warning, Advisory

Outlook: Looking out several days, what are the
areas of concern for a particular hazard.

Watch: Heads up, be alert conditions favor the
development of the hazard (such as a tornado); be
ready to act. For thunderstorms/ tornadoes
watches typically valid 6 hours or so.

Warning: Hazard has been spotted or detected on
radar. Take action to protect yourself if you are in
the warned area.

Advisory: Less severe than a warning but could
still be life threatening.

Thunderstorm related: Tornado, Severe
Thunderstorm, Flash Flood

+
Wwaterloo

+Marshalltown s
Cedar Rapids

J + ‘ . - § £ Lillcdn

Last Map Update: Wed, May. 17, 2017 at4:01:11 pm CDT

Tornado Products

Tornado expected! Seek shelter.

is occurring or will shortly at this
location on the map.

ﬁ Tornado Watch
Tornado possible, Be prepared.
f

avor thunderstorms
q tormadoes at this

all Wireless Emergency Alert -y

Emergency Alert
Tornado warming for this area until

815 pm. Take shelter immediately.
Check local media, - NW5S

Tomado Warning

Severe Thunderstorm
Wamning

Severe Weather
Statement

Flood Warning
Wind Advisory

Special Weather
Statement

Hazardous Weather
Outlook




BULLETIN - EAS ACTIVATION REQUESTED
Tornado Warning

National Weather Service Houston/Galveston TX
224 PM CST Tue Jan 24 2023

...TORNADO EMERGENCY FOR PARTS OF SOUTH HARRIS...
The National Weather Service in League City has issued a
* Tornado Warning for...

Northwestern Chambers County in southeastern Texas...

South central Liberty County in southeastern Texas...

Southeastern Harris County in southeastern Texas...

* Until 300 PM CST.

* At 223 PM CST, a confirmed large and destructive tornado was
observed over northwestern Pasadena, moving northeast at 60 mph.

Tornado Watch

. Weather conditions could lead to the formation of se

: storms and tornadoes. BE PREPARED: Know your safe

- e * location. Be ready to act quickly if a Warning is issued or
you suspect a tornado is approaching.

TORNADO EMERGENCY for parts of SE TEXAS. This is a PARTICULARLY
DANGEROUS SITUATION. TAKE COVER NOW!

HAZARD...Deadly tornado.

SOURCE...Radar confirmed tornado.

IMPACT...You are in a life-threatening situation. Flying debris
may be deadly to those caught without shelter. Mobile

- homes will be destroyed. Considerable damage to homes,
Tornado warnlng 4 busines;es,. and vghicles is likely and complete
A tornado has been spotted or indicated by weather radar, destruction is possible.
meaning a tornado is occurring or expected soon. TAKE * The tornado will be near...
ACTION: There iS imminent danger to |Ife and property Morgan's Pgint and San Jacinto Stgte Park around 230 PM CST.

Baytown, Highlands and Channelview around 235 PM CST.

Immediately seek refuge in the safest location possible.
PRECAUTIONARY/PREPAREDNESS ACTIONS...

To repeat, a large, extremely dangerous and potentially deadly tornado is on the ground. To protect your
Tornado Emergency life, TAKE COVER NOW! Move to an interior room on the lowest floor of a sturdy building. Avoid
: . - = windows. If in a mobile home, a vehicle or outdoors, move to the
B An exceedingly rare situation with a severe threat to human closest substantial shelter and protect yourself from flying debris.

life and catastrophic damagef-d e

_ a conﬂrmed wolenr

&&

LAT...LON 2960 9517 2967 9523 2998 9489 2992 9478
2982 9475

TIME...MOT...LOC 2023Z 231DEG 51KT 2967 9514

TORNADO...OBSERVED
TORNADO DAMAGE THREAT...CATASTROPHIC
MAX HAIL SIZE...<.75IN

$$



General
Thunder

Severe* Storms
are not expected

Any thunderstorms
could still produce
gusty winds and
small hail

Similar to storms you
see many times per
year

1 Marginal
(MRGL)

Severe storms
will produce
hail, damaging
winds and/or
possibly
tornadoes

Similar to storms you
may see several times
per year

'

2 Slight
(SLGT)

Severe storms
will produce
hail, damaging
winds, and/or
tornadoes

Similar to storms you

may see a few times per

year

Remember: Severe storms don’t care which category they are in. Severe
weather is a threat in ALL of the numbered categories mentioned above.

No Matter the Category, ALWAYS:

Keep a watch on changing conditions. Monitor trusted weather sources.
Ensure multiple ways of receiving weather warnings at ALL times day or night.
Have a plan! Be ready to take shelter immediately.

Be Weather-Ready! Things can go from bad to worse rapidly.

Enhanced
(ENH) 4

Several severe
storms will
produce very
large hail,
damaging
winds, and/or
tornadoes

Similar to intense storms
you may only see once
or twice per year

All thunderstorm categories imply lightning and the potential for flooding.

*NWS defines a severe thunderstorm as measured wind gusts of at least 58
mph, and/or hail of at least one inch in diameter, and/or a tornado.

Categories are tied to the probability of a severe weather event within 25 miles
of your location.

L
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&>, Have multiple ways to get warnings

Do you have any favorite

T
weather apps? Speiaszereas *
P/ / / m—\ 0\ LOCAL TV
AND RADIO
There are many good
ones (some free) that will Ny e g
show the latest radar, IS
warnings and alert you e
: g : : : Y : WIRELESS EMERGENCY ALERTS SIRENS
(via notification) if there is . AND WEATHER APPS
a warning for your area. ”
25 1 WEATHER FRIENDS, AND COWORKERS

RADIO



\VVUU’@”@@@ Emergency messages sent

by authorized government

Em@ H’@@lﬁ]@y f\ ”@ﬁg alert!ng aut.horities to your

National Weather Service

mobile device.

Warnings that trigger WEAs
sunami Warnir

[ Alerts can be sent to your
| mobile device without

| needing to download an app
tomeimen ) y | or subscribe to a service.
‘,‘ it , / EmergencyAle[t Alert Types Include:
o / ! T %
el / | Tomarg Wkieg In Jis e /A _ o Extreme weather
dlowspsite g S/ Check Local Media. -NWS =~ N warnings
Y O o Local emergencies

",:-'*\

A
&)

requiring evacuation or
. : immediate action
AMBER Alerts

Presidential alerts during
n a National emergency

“ Natonal Weather Service |[Paducah, KY https://www.ready.gov/alerts

www.nws.noaa.gov/com/weatherreadynation/wea.html



WEA Messages Originated by NWS

Warning Type

Tsunami Warning

Tornado Warning

Extreme Wind Warning

Hurricane Warning

Typhoon Warning

Storm Surge Warning™

Flash Flood Warning

Dust Storm Warning

WEA Message

Tsunami danger on the coast. Go to high ground or move inland.
Listen to local news. -NWS

Tornado Warning in this area til hhommtzT. Take shelter now.
Check local media. -NWS

—_— |'_'H" —_—

Tormado EMERGENCY til hhomm tzT. Tornado spotted in this area.
Find shelter now! -NWS

Extreme Wind Warning this area til hhommtzT ddd. Take shelter. —
NWS

Hurricane Warning this area. Check local media and authorities. -
NWS

Typhoon Warning this area til hhomm tzT ddd. Check local media
and authorities. -NWS

NWS5: Life-threatening storm surge danger. Check for possible
evacuation orders.

Flash Flood Warning this area til hh:mm tzT. Avoid flooded areas.
Check local media. -NWS

Dust Storm Warning til hh:mm tzT. Remember, Pull Aside, Stay
Alive -NWS




EXPIRED TORMADO WARNING (]

SENT EXPIRES
03/21/2022 20:09:00 03/21/2022 21:00:00

HEADLINE EN
Tornado Warning issued March 21 at 8:09PM
CDT until March 21 at 9:00PM CDT by NWS

Houston/Galveston TX

AREA
Brazos, TX; Burleson, TX; Grimes, TX

SENDER
NWS Houston/Galveston TX

WEA 360CH EN

National Weather Service: TORNADO
WARNING in this area until 9:00 PM CDT. Take
shelter now in a basement or an interior
room on the lowest floor of a sturdy building.
If you are outdoors, in a mobile home, orin a
vehicle, move to the closest substantial
shelter and protect yourself from flying
debris. Check media.

WEA 90CH EN
NWS: TORNADO WARNING in this area til
9:00 PM CDT. Take shelter now. Check media.

~Cameron_
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If there or a tornado warning or one is sighted, heard,
head for an interior, windowless room on the lowest floor.
Most often this will be a closet or bathroom.

»>TORNADO

For a school this may be an interior hallway.

Put as many walls between you and the outside as
possible.

. Move to the lowest level and to an interior room
without windows, like a closet or bathroom.

Know Where to Go ))
When Sheltering from a Tornado

B If you have a basement in your home, this is
your best option.

Top floor rooms
DO NOT protect you.

Exterior rooms and rooms with
windows DO NOT protect you.

o .
NO PLACE OUTSIDE
is safe from a tornado.

If you have no basement,
move to an interior room
with no windows.

. Cover your head and neck to protect yourself
from falling debris.

Quickly move to your
basement and bring your §

weather.gov/safety/tornado emergency supply kit.

For more information, visit:

weather.gov/safety/tornado



> TORNADO

FORYOUR AATMENT 25 ==

. For an apartment or university dormitory, go to
lowest possible floor and into central room.

. Crouch under an indoor stairwell or in an
interior windowless hallway.

. Cover your head and neck to protect yourself
from falling debris.

For more information, visit:
weather.gov/safety/tornado

Similar advice for multi-story buildings. Get to the interior
of the building away from windows and to the lowest floor
possible.

Interior stairwells can be a good option.




& TORNADO

. If you are in a mobile home, it is NOT safe, and
you MUST seek an alternative shelter.

. Make plans ahead of time to stay with friends
or family who live in a sturdy building.

Your last resort is to lie low and flat on your
stomach with your hands over your head in a
ditch or ravine.

For more information, visit:

weather.gov/tornado




TORNADOES AND ROAD SAFETY

WHATTO DO WHATNOTTO DO

Get off the road. The
best option is to

drive to a designated
shelter, basement
or safe room.

Do not seek refuge in a vehicle,
outside or under an overpass. A
highway overpass does not
provide safety from a tornado.

The next best option @
is a small, window-

less room or hallway
on the lowest floor of “§
a sturdy building. ’J :

&

DO NOT seek shelter under an
overpass or a tree. This puts you at
greater risk of being killed or
seriously injured by flying debris
from the powerful tornadic winds.




Hail Safety

Staying Safe During a Hail Storm

Head indoors immediately Stay in your vehicle

If time allows, close all
drapes, blinds, or shades
to prevent broken glass
from entering your home

Slow down or pull over
and stop in a safe location

Turn your back to windows
! or cover yourself with a
Stay away from windows, al ‘ ~ blanket, coat, or spare
skylights and head to a HLE S clothing to protect from
save location in your home breaking glass




S I R AI G I I I J Straight line winds can exceed 100 mph, and affect large areas.
\/ Strong winds can knock over semi-trucks, trees and powerlines.
\/ Stay indoors away from windows.

I I N E W I N D \/ Avoid trees, power lines, and objects that could blow around.
\/ If driving, slow down and keep two hands on the wheel.

~ =tHESESEHEE e




Lightning Safety: How Lightning Forms

Charge separation in cloud Stepped Leader Return Streamer Connects,
Visible Bolt



Lightning In Super Slow Motion

Cloud to Ground Ground to Cloud

www.WeatherVideoHD. TV
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40%
SOCCER

WHEN
= TH DER ROARS
GO INDOORS

. Lightning Fatalities

7 For Outdoor Sports

5t6p1 Leave the field
iImmediately

stepz Seek shelter in an

17%
RUNNING
3%
FOOTBALL

21%

il enclosed building or car
10% &

BASEBALL \(\0® @& \e

3% \(\“Q\ﬂ\\ Windows
OTHER
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Wait 30 minutes after the last rumble of thunder to return outside




GET TO HIGHER GROUND
3 SIMPLE STEPS FOR o Get out of the areas subject to

FLASH FLOOD SAFETY fiocdis

During a flood, water levels and the rate at which the water is
flowing can quickly change. Remain aware and monitor local

radi and televiston. Qno NOT DRIVE INTO WATER
Do NOT drive or walk into

flooded areas. It only takes 6”

of water to knock you off your
feet.

WHEN
FLOODED
TURN AROUND
DON'T
DROWN

€) sTAY INFORMED

Monitor local radar, television,
weather radio, internet or
\"/ weather.gov/flood social media for updates.
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Summary First Half of Training

Skywarn spotters report severe
weather to the NWS when they see it,
typically by phone, ham radio and/or
social media.

Weather radar is very useful but
spotter reports are critical for effective
weather warnings.

We talked about what to report and
how to report it. -
Be safe! Don’t put yourself in dangerto &% —
get a report; spot from safe location.




Let’'s take a 5-minute break!




How to Identify Severe Thunderstorms

* Thunderstorm types and hazards

* (Cloud features and what they mean
°* Examples: photos, videos, etc

* Basic radar signatures




Thunderstorm Ingredients

o Moisture: Often brought in by flow off
the Gulf of Mexico

. Instability: Conditions favor strong
rising currents of air due to buoyancy;
less dense warm moist air below colder
air

« Something to lift the air: Forcing
mechanism to cause air to start to rise.

Could be a front, sea or bay breeze, outflow
boundary, etc.




Thunderstorm Life Cycle: Low Shear Case (Ordinary Cell)

Height Height
40,000 ft. 12.2 km

30,000 ft. 9.1 km

20,000 ft. 6.1 km

Updraft of warm, moist air,
building cumulus cloud.

| Height

iA0.000 ft.

Mature Stage

Updraft, rainy cold downdratft,
cumulonimbus cloud.

10,000 ft. 1 3.0 km

Dissipating Stage

Updratft, rainy cold downdraft, cumulonimbus
cloud; downdraft from rain-cooled dense air
cuts off supply of warm moist air,
thunderstorm dissipates.



Thunderstorm Life Cycle: Key Concepts, Terms

Rising current or air or updraft;
building cumulus cloud, raindrops
form within cloud

Raindrops fall out of cloud; rain
cools the air and becomes more
dense, downdraft forms (sinking
current of air). Rain also pulls the alir
down via friction(“precipitation
drag’);

Rain-cooled air in downdraft hits the
ground and spreads out; this is
called outflow; leading edge is
called a gust front or outflow
boundary.




Additional Ingredient for Severe Thunderstorms: Vertical Wind Shear

e Vertical wind shear

- Change in wind speed and/or
direction with height

- Shear, instability and their ratio are
important in determining storm
type

o High shear and high instability
combine to produce the most severe
storms (supercells)




Winds aloft

/] /

W+E/ o

Surface winds

Vertical Wind Shear->Horizontal Spin, Vortex Tubes

Thunderstorm updratft tilts horizontal vorticity into the vertical - rotating
thunderstorm!

1=

Y

Cyclonic Anticyclonic
rotation rotatlon

©>0)

Vertical
_, wind shear

Published in: Paul Markowski; Yvette Richardson; Physics Today 67, 26-31 (2014)
DOI: 10.1063/PT.3.2514
Copyright © 2014 American Institute of Physics



rain & hail
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How Does a Severe Thunderstorm Differ from Ordinary Cell?

o Typically has a very strong updraft which supports large hail

e May have a very strong downdraft or downburst which can lead to strong
outflow and damaging “straight-line-winds”

o Some thunderstorms are rotating, contain circulations (“mesocyclones”);
these are called “supercells”, are the most severe type of storms (largest
hail, tornadoes, etc)

o Can sometimes tell if a storm has a strong updraft, downdraft or is a
supercell (and thus likely severe) by noting certain features visually and/or
on radar.



Mature Thunderstor.

.umulonimbus Cloud
o '

~ Crisp cauliflower appearance
. (suggests strong updratft)

o . S

.,;r}_

,M s Shelf cloud, outflow boundary
. © (downdraft, outflow)

e
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! - o
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Photo Credit: Dann Weatherhead of Sydney Storm Chasers



.| Thunderstorm Anvil

Strong updraft hits a more
stable layer called the
tropopause which acts like
a lid; the moist, cloudy air
then spreads ouit.

The flat top part of this
storm resembles a

- blacksmiths anvil;

a well-defined anvil
suggests a strong updraft
and possibly a severe storm

© Eric Helgeson






Overshooting Top Taken from Airplane
(strong updraft indicator)

Overshooting Top

S .”-f’.

&Sty Ostro



Strong Downdraft/Downburst Indicators

Downdraft hits ground, spreads out
(outflow)

Rain or dust boot or foot sometimes
with a curl at the leading edge (gust
front)

Shelf cloud sloping away from the
storm’s downdraft area

Dust cloud blowing out ahead or around
right flank of storm




Rain Shaft

Downdraft part of
the storm




Strong Localized Downburst Called a Microburst

. . STATIONARY MICROBURST
o Strong descending air I
Contact Stage 'f/j

current drops out of
storm (rain cooled
heavy, dense air)

o Air contacts the ground,
spreads out (sometimes
leading to damaging high
winds)

e Think of it like pouring a
bucket of water on the
ground

From Fujita, 1985



Damage Pattern Microburst

“Splash-down” ——
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Med tlrees ﬂatten m

Damage Pattern Microburst Versus Tornado

Tornado:

Narrow well defined track,
rotation about a vertical axis.
Convergence into the path.

Downburst:
Divergence, broad diffuse track,
no rotation about a vertical axis.

sfartonary Microdurs froveling Microbursl



Rain shaft,
downburst,
sinking air

Outflow

(c) Copyright 1978, Michael R. Smith

Downburst

Downburst
Signature

Rain shaft indicating
downdratt,
deflection near the
ground, curl back at
the leading edge

Kind of like an Elf
Boot?



Andrew Pritchard | SkyDrama.Net
Microburst near Manchester, IL | March 15 2016

Downburst, Microburst Signature

See this, think strong
winds, outflow coming
out of storm




©1984 National Center fo; Atmospheric Research

LT Visual Indication of Microburst

ol f Rain Foot or Rain Boot

B Rain shaft (ankle)
b deflects out (toe)

Figure 7. Symmetric microburst. An airplane transiting the microburst would
experience equal headwinds and lailwinds.
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Microburst Life Cycle (Visual)

Small-scale downburst, wind swath width < 2.5 mi.

Time duration for this sequence as
little as 5 to 10 minutes.

Descending rain/hail core from storm
to ground; high winds, heavy
precipitation.

Descending stage

Impact stage (most dangerous)

Dissipating stage



STATIONAR\‘ MICROBURST

Contact Stage // l
I

Outburst Stage
4l

Cushion S!o?e

,,,,,, \% //

: _ Photo Credit: Peter Thompso
Entire sequence 5 to 10 minutes Queensland, Australia







Follow

ID Greg Diamond

Just absolutely insane video from Thursday
out of Columbia County, GA (near Augusta)

Winds gusted to 56 mph in Augusta, but no
doubt were MUCH stronger here

Sulwuily Sauniy, 9 '

| >

Downburst (Straight Line) Winds

Solunuk Gouniy, 9




Another Downdraft Related Formation: Shelf Cloud

boundary
(Gust Front)

= —_— - -1







Shelf Cloud: Front View, Storm Approaching

League City, Reilly







Squall Line, Outflow, Radar Fineline
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Supercell Thunderstorm

overshooting top

e An especially severe -

type of thunderstorm

) anvil backshear
e Forms when vertical

courtesy NSSL

wind shear is high;

mammatuz clouds

entire storm is |

rotating. flanking line cumulonimbuz
e This type of storm

leads to most of our

cloud baze stnations shelf cloud
strong tornadoes,

largest hail

L
|

d view of a "classic” supercell, looking west

Idealize



S u p erce I I Overshooting top

Rotating
thunderstorm,
especially
dangerous type

Wall.Cloud
" ' Rain and/or Hail

- Tornado

i
‘S?Q(n moving from left to right; fc’lpal view looking NW /”’



Vertical Wind Shear Can Lead to Rotating Thunderstorm
Called a Supercell (most Severe Type)
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Initial spin in the horizontal gets tilted _: L .. ;_.n it
into the vertical to produce rotating in e Tilted - § v
3 owndraft

Updrafl,  § s
the storm called a mesoscyclone. T ¥

201g Flarking Lir'ua-|

1l ‘

Similar processes near ground for
tornado formation.
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@1993 David Blanchard :
' Classic Supercell

Moving from left to right

Underside of anvil

Grooves or striations

heavy rain, downdraft

Rain Free Base, Updraft







Classic Supercell
Storm likely moving away

'

Grooves or striations

-

Rain Free Base, Updraft

-

e

- . - — ——

FloridaLightning.com
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Lowering of Rain-free Base; Can you See Rotation?







High Precipitation Supercell

Very heavy rlfall I
Large hail and damaging winds

Large tornadoes possible, but they may be “rain wrapped” and
difficult to see



Visibility Challenges

The rain
curtains, shaft
can block your
view, especially
from certain
directions.

JUN 5 2009 1.7:13:41 1



Weather Radar WSR-88D is the primary technology

tool for evaluating storms,
determine severity, making warning
decisions
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Severe Storm Appearance on Radar

Supercells

Heavy Rai
and Hail

Base Velocity Base Reflectivity

boundary
(Gust Front)




Supercell Appearance on Radar
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Oklahoma City NEXRAD base reflectivity, 3 May 1999, 1912 CDT
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Base Velocity Base Reflectivity

Supercells

Reflectivity: Hook echo, hail core
Velocity: Circulation, mesocyclone; if
strong and tight, tornado vortex
signature (TVS)

a3g Ojakhursl Point.Blank

$-70 Stephen Creekﬂ-?




Tornado Debris Signature (TDS)

Combination of high reflectivity; strong, tight mesocyclone; low differential reflectivity; and
low correlation coefficient implies radar is detecting lofted debris from a tornado!

, SR Vi eloqty‘: 94 kts of shear
(52 mboundj 42 outbound)
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Onalaska/Polk County EF3 Tornado April 229, 2020

HOUSTON DOPPLER RADAR - 04[22/2020 (22:43:57 Z)

*“onal




Mesocyclone Track

Damage Points
EF5
EF4
EF3
EF2
EF1
EFO

100kn

Before and after
sentinel imagery
difference showing
damage scar
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Drone Survey from Chambers County




Squall Lines: High Winds
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May 2nd, 1993: Trees down, roofs damaged Harris, Brazoria, Galveston
Counties; 98 mph wind gust reported at Scholes Field in Galveston;
numerous homes, business were damaged

Squall-line MCSs with trailing stratiform regions have been studied extensively. A
schematic representation of the low altitude radar echo typically associated with
this pattern is shown in Figy ;. The schematic is based on a study of the
mesoscale systems that occurred during springtime in Oklahoma over a 6-year
period.” The characteristics of the idealized radar-echo pattern may be summarized

as follows:

(a) Symmetric Asymmetric

Northern
Hemisphere

From Houze, 1993: Cloud Dynamics



Bow Echo

Cell evolves into a bow shape, possibly boomerang or
comma. Indicates strong rear inflow downdraft, potential for :
strong to nds.

0 s P )

s 3 ) D LEVEL-II

JACKSOY

REFLECTIVITY = 4
ELEV ANG & Carey 1 Eldorado
SWEEP TIME 8

Legend: dBZ ll \*:,;/,a‘ ) \F\E

Ii: 7
b #'nlr‘fﬁ &

% \l\ W Fig. 1. Bow Echo. Typical evolution of a thunderstorm radar echo (a) into a bow echo (b,c) and into a
itttk il it o comma echo (d). Dashed line indicates axis of greatest potential for downbursts.
B OW p e 3 B : f FatHy ™= S5 Arrows indicate wind flow relative to the storm. Note regions of cyclonic rotation (C)

= " == . 2L i, and anticyclonic rotation (4); both regions, especially C, are capable of supporting

'""pacted II‘CUS 1 n\ Aﬁg|e“"tovn_x~ LY e =T 2 Ter tornado development in some cases.




Review: What is This?

Shelf Cloud indicating
leading edge of storm
outflow (outflow

boundary, gust front)




Review: W is This?

Anvil, overshooting
top, indicating
strong updraft

Photo by Steven Maciejewski L a P | a t a



Review: What is This?

Wall Cloud indicating
updraft region of a
supercell thunderstorm,
the most severe type




Review: What is This?

Rain Boot, light blocking
rain shaft: Strong
downdraft, damaging wind
potential

Note curl at the leading
edge (the toe)




Review: What is This?

Most likely a rain
SPRING HILL, TN
Shaft v ACK VALE =




Review: What is This?

Likely a Wall Cloud
indicating updraft regio

of a supercell
thunderstorm, the most

severe type

vd in La Porte going North bound. The
ytown.” Redline_K9_Rescue (Reddit)



KDFX Laughlin AFB
VCP 212: Procipitation Mode
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More Training/Resources

https://www.weather.gov/hgx/skywarn

Latest Spotter Field Guide

https://www.weather.gov/media/owlie/SGJune6-11(1).pdf

- National Weather Service Weather Forecasf
Houston/Galveston, TX

Home Site Map News Organization O nws ® AlNOAA

Local forecast by
“City, St" or Zip Code
AMLY RsS Feeds
‘Current Hazards
Local
Nationwide
‘Outlooks
Storm Prediction
Center
National Humricane
Center
Briefing Support
Find it Quick!
Forecasts
Local
Forecast Discussion
Activity Planner
Graphical
Tropical Weather
Fire Weather
Aviation Weather
Marine Weather
Beach Weather
Model Data
Drought
‘GraphiCasts
Multimedia
‘Current Weather
‘Observations
Satellite Images
Rivers/l akes
Local Map
Radar Imagery
Nationwide
Houston/Galveston
Climate
Local
National
More...
‘Graphs/Norm/Record

Climate Facts l
s .
Calendar SKYWARN Recognition Day

National Skywarn Page
Weather Safety
Get Prepared
Weather Radio
SKYWARN
More Westher Radio

I » SKYWARN

NWS Houston/Galveston

SKYWARN Information

& raining Schedule for 20158

! Other SKYWARN/Spotter Link: i

Weather Spotter’s Field Guide

A Guide to Being a SKYWARN® Spotter

U.S. DEPARTMENT OF COMMERCE
National Oeeanie and Atmos ph eric Adminitration
Nabonn Wasthee Seevics

Jure 2011

Role of the SKYWARN' Spotter

University Corporation for Atmospheric Research hts Reserved. Legal Notices

SKYWARN

Begin »

MetEd Home
COMET Home

Print Version
Download Version
Module Quiz

User Survey
Takeaways
Contributors

Tech Notes

SKYWARN® Spotter
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