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Overview

»Why they re important?

StorraSEIEY






Weather Fatalities
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Basic Definitions

BN CH — conditions are favorable for
SEVEre Weather to develop. Valid 4-6 hours.
SoNaINS severall Counties.

VINRINIING = severe weather has been
visuelly geseeiee o detected on radar.
Valid ,u,ull Y/ _I nEUrorless, issued on a
SHIINIISON/=SLONTT OASIS.

SVIREIVIENT — provides follow-up
Ianen.to a warning which is in effect.




Basic Definitions

ENMI@RNADO — a violently rotating column
of 2l ,.attached to a thunderstorm, and In
,r*on"r:ug .lIh the greunc

EVERE THUNDERSTORM — a

mundar:,wrm Winich produces hail 1 inch

AIETTIEIEIRa/erR IR gusts 58 mph (50

KIOTS )or:,,fo jer.

RIFNSIERELLOOD — a rapid rise in water,

LS rnM/ J,l Ing or after a period of heavy
reilrl,




ools for Detecting Storms
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ODbservations

mA\/\/efiake many measurements of the
[iIGSPhere:
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http://www.arm.ac.uk/history/instruments/Robinson-cup-anemometer.html
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\Weather Balloons

twice a day all over the world at
tlme 900 statlons worIdW|de



Computer Models

BNCEmplex computer programs

mEGHmpULer selves equations at future points
IIIRWITIE o

NSRS GrRaetermiIning environment in
welich storees Wi Niel



Computer Model Output
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Weather Satellites

R@rpit 22,000 miles above the earth
MRS\ OVEr: the same point on the earth



Visible Satellite




Infrared Satellite

Warm temps,
Low/no clouds




, eather Radar Overview

m [ransmitter sends out
short burst of radio
\V/ES

\When waves strike an
opject, a very small
ortion of the energy Is
returned

m Process repeats about
1,000 times a second

ST T



Radar Limitations

ar Is limited close In by its inability to scan
overhead. Therefore, close to the radar, data are
able due to the radar's maximum tilt elevation of

area is commonly referred to as the radar's

0.5
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Storm Spotters

only provides data where scatterers
fidin arops or hallstones are present
- louc‘l formations can also provide insight
el JOITIESH rs‘ ity
rispotters provide visual
O With the radar and
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" The Spotter’s Role

Grotnd Truth - What’s really happening:

Phippsburg, ME



The Spotter’s Role

ONIE the eyes of the NWS where severe
Sather is occurring or: :has occurred:

JR.eporine ekl Dodlng Or Ijury from
SLOLLLIS



The Spotter’s Role

tter reports are the Single most
ifperant type offinformation that the
INeERAINVMEATAErR SErVICE can receive.

g



RENEew Hampshire and Maine. ..

Copyright S. Hanes

m [Vlost severe weather
—occurs from May
~ through July.

m Mlost severe weather
- oseues during the late
o afternoon and evening

m BUT... severe weather
can occur any time!
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Coenditions for Thunderstorms

understorms, severe or not, need three
Ingredients In order to form:

Copyright S. Hanes

RVIEISIoTEReaNinstability 3.) Lift



of air rise like bubbles.
They continue to rise as
long as they remain
warmer than the air
around them.







Rc\s 5 Thunderstorms
Mechanical LLift

Convergence:
where winds from
different directions
meet, or fast winds
meet slow winds.



Cold Front

mm Cold Air
Warm Air
Warmer Air

Warm Front

mm Cold Air
Warm Air
VWarmer Air

Mechanical
Lift

Fronts:

boundary
between two air
masses

with different
characteristics.

Cooler (drier) air
IS more dense —
acts as a wedge.



Thunderstorms
Mechanical LLift

nerrain:

forces air upward
- when wind blows
toward higher terrain.

The COME T Frogram



Pulse Storms

MESEITIE Severe weather comes from pulse
WAINGE rstorms

[POISE storms, are munr* storms Which can

“
P,

-

['heir corg zlgitede ||’ apses” resulting in a
covrrieuesie

m ervaing lead time will be short, but some lead
IERCaN e provided.

— No rnesoeye ol



hhunderstorm Life Cycle

Dissipating Stage

Mature Stage



hhunderstorm Life Cycle

Irst Stage:
OWering cumulus
8| First significant
drafts reaching
10-20,000 feet

= Nearly all motion
IS upward

| T.oweriag, c.umulusixStage |



hhunderstorm Life Cycle

mh\Viattire Stage: Storm IS at Its strongest
' precipitation all

GeEUNNNG, |
ENVIGSITElALIMENQr SeVere weather



hhunderstorm Life Cycle

Mature Stage



hhunderstorm Life Cycle

m Finally storm
egins to dissipate

eak updrafts,
mainly in- mid and
upper levels

m Precipitation and
downdrafts are
dominant in lower
levels

Dissipating Stage
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Supercell thunderstorm

, posilively-cha %
& mﬂ rise. rged Direction of storm travel
ueraly 1o the northeast)
® & * 2
Intra-cloud
lcmmmm lightning =SSl A Weather radar
| Rising alr carries s
: vntrdrmlds f -
{.’
¢
;7 0k for the hook
g:?i *
s Cloud-to-cloud
lightning
s - Heavy, negatively-charged particies fall.
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TORNADO



Severe Thunderstorms
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Rain-free base
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periant Thunderstorm Features

Mesocyclone
Wallle OUC

sUREl/lernades
il £

BVIRNESt/Microburst



Mesocyclone

ofi tipd_raft at or below cloud base
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Mesocyclone
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Light Rain

Mesocyclone - top view
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Wall Cloud

owering of the cloud base — enhanced
condensation and inflow
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IViay: or may not rotate -
[O1ALION IS Precursor: to
[Grnado development

Tilts downwrerd
toward thigiel




\Wall Cloud in NH







Funnel cloud
National Weather Service Forecase Office, San Antonio, TX  NOAA Central Library



Tornado

tly rotating column of: air, attached to a
iRuREerstorm base, and incontact with the ground

4




s

[L.ook for the

I dust/debris to

determine
contact with
ground



L_arge Hail

The most destructive
weather element

Annually causes $1 billion

=

(porenu«ulJ/ Jiell al)




Hail Formation

Hail Formation

mRFpareiits quickly move Lol
Nater: df@)ﬂ IetS t0 cloud: falling to Hail growing in circulating
Ugear gegieie e

strong cold

downdraught \

Freezing Level

droplersirgs 1

rivclel " . ﬁﬁ;!wpw

into the updraught

earth causing convection currents




Hail Formation

ERPpdrafitcontinues moving water droplets above
ineezing level
WNDIOIELS freeze to nucler; hailstenes grow

NREZNISIOnEs falliwhen they moeve out of updraft or
ECOIME 0O neavy:

Thunderstorm hailstone growth
storm motion — in cross-saction

Iﬁtructur‘e /
spherical ernbry

randarn turnbling;
accretion on
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f Thunderstorm Winds or
Downbursts

VIICRTmoeRe common than

tejfriziele)

EPNIENIGIAES; Venl

Winds can exceed 100 mph

Damage swath can cover
several hundred miles



7 [DOWNRLUISES

Outburst Stage

Extreme Winds
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llornadoes
= curs In thunderstorm updraft

DEVIETENISL '
SMOCEHISHN thunaerstorm d‘O,\/Nndraft
EsNArustOU T from the thunderstorm toward the
grenmetana then spreads outward along the ground.
gISHS blown along the ground but rarely lifted.
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Thunderstorm Safety

1
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Tornadoes




" Tornadoes - Weak

. About 82% of tornadoes
natjonwide

A\Afinds up to 110 mph
ILifetime about 1-10 min

Path length usually a couple
lles or less

" Low percentage of national
"~ casualties/damage

ujita scale: EFO and EF1



Tornadoes - Strong

About 17% of tornadoes
nationwide

\WWinds 110 to 167 mph
[fetime about 10-20 min
- Pathilength usually 5-15
miles

Medium percentage of
national casualties/damage

Fujita scale: EF2 and EF3



Tornadoes - Violent

Only about 1% of
tornadoes nationwide

Winds > 168 mph

M Y

[Cifetime up te an hour

Path length up to 50
miles

Large percentage of
national
" casualties/damage

Fujita scale: EF4 and EF5
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New Hampshire TORNADO

July 24, 2008

fnado Darﬁage

o

About 50
Max width ¥

5 counties

Moved throug

Tornado wrapped In rain. Nc
eyewitness reports of funnel.

One fatality
Rated EF2

Areas In red on me
greater tree damage

I > 50% of Forest Affected (8411 acres)

Stale of Now Hampshice
Dep. of Resources & Economic Development
Division of Forests & Lands.

h Section
603.484-3016




New Hampshire TORNADO
' July 24, 2008



Hampton Falls TORNADO
May 21, 2006

Path width al ou

Touched down on 1-95, 2 miles soi
tolls. '

Lifted and flipped pi
highway.

Rated E-F2.



Hampton Falls TORNADO
May 21, 2008



“Hampton Falls TORNADO
May 21, 2006



Hampton Falls TORNADO



Ha.mpton Falls TORNADO

May 21, 2006




[Zeighton, AL TORNADO

nt Leghton AL & WHNT-TV Huntswile, Al
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dernado Safety at Home or Work

m Someplace
sSmall underground Is best

4 Closets “m [T no undergrounad
— shelter, get to a
small; interior room
& on the lowest floor
% .7 m Closets and
ﬁ Je— Dbathrooms are good
seiacies m Cover yourself with
blankets or a
mattress



Hornado Safety in Mobile Homes

m Manufactured homes
- are unsafe In a
tornado/high wind
event

Even If anchored,
abandon them for a
substantial reinforced
building



ernado Safety in VVehicles

m Abandon vehicles for
a substantial burlding

'm Cars can be easily
la -5 tossed about by a
© o ¢8I tornado’s winds

- % & As a last resort, take

L cover In a culvert or
ditch, but this 1s not
as safe as a solid
building



Bad ldea




IHighway Overpasses

m NOT a safe place to take
shelter!

\Winds and debris can be
funneled underneath the
OVEIPasSs

™™ Inthe best cases, they
offer only limited shelter

m Exposed, above-ground
location

m [raffic congestion
problems



Flash Flooding

~o—y ™

™ The #1 killer among weather

———— = —

4

A
..I da bt
| -‘1 RN ,,' :

- events

Approximately 100 deaths

:
2 kol \}




lash Flood Dangers

Carcae on VVehiclee Ern
Forces on Vehicles Erom
e carwillibEmed when:
Buoyancy Forceibrasterd hun Vanicle Wsdiht.

jiergds no fnction force oncedtevenisieisdified off fheTomn

Neariy hatbof aill flopd Ftchilies are Venicle related:

pater can float most vehicles

SAIIOCK a person off balance



Another Bad Idea




Flash Flood Safety

m Turn Around, Don’t
Drown

. Stay clear of flooded
areas!

; m Stay away from
creeks or ditches

m |f camping or hiking,
know where the high

AROUND  * ground is
DON'T

DROWN m Be especially
e ) cautious at night
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Lightning

9 « ot '.ﬂ ) ppm——
DU LK TINPCRIREPY Je T TR e LML TR T YL e Ui AR i, ey it o N

Temperature Is about
50,000 degrees F

Electric current about
30,000 amperes



IgRURGSSatety
mNVIove Inside a strong,
grounded building,

iGVE W/ 'fer
Weitele (unj OpEn area
Tw oli e ectrlcal
p nc\e”sL“
I\/Iové |nS|de at the
first thunder

m Stay in shelter until 30
SR minutes after last
p thunder

http:/faustraliasevereweather.com/
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mely Damage Reports ARE
Important!




Severe \Winds




- | Towering
- Cumulus

Puffy nature of
clouds indicates
rising motion

Woodward, OK
May 19, 2012




‘hunderstorm Review

Mature
Thunderstorm

Clouds spread out
| at a stable layer
- (tropopause)

™ - 2 .. _ Woodward, OK
- — s May 19, 2012



understorm Review

Supercell
Thunderstorm

21| Mo [AVZEL [o] o <ol
“anvil” structure

Hays, KS
May 27, 2012



fhunderstorm Review

Overshooting top

- Updraft is strong
~ enough to -
g penetrate the
Stable tropopause

Downdraft with
rain/hail

Hays, KS

May 27, 2012



Thunderstorm Review

s

Wall Cloud

Wall Cloud iIs an
area of lower
cloud bases
beneath the
updraft

Hays, KS
May 27, 2012



fhunderstorm Review

Where Is the
updraft?

e > "f\"here IS the
downdraft?

Elk City, OK
May 19, 2012



hunderstorm Review

Scud

Rising air
~_condenses to form
small clouds

being pulled into
the updraft

Elk City, OK
May 19, 2012



-~ Thunderstorm Review

Wall Cloud

~ Anadarko, OK



hunderstorm Review

Mesocyclone

.
|

Adrian, TX
May 21, 2012



Thunderstorm Review

Scud

Adrian, TX
May 21, 2012



Thunderstorm Review

Where are the
updraft(s) and
downdraft(s)?

- Where would a
tornado form?

Adrian, TX
May 21, 2012



‘hunderstorm Review

= Funnel Cloud?
- Tornado?

Adrian, TX
May 21, 2012



fhunderstorm Review

| @, Where would the

anado form?

Deaf Smith : "'__,.f "".Rimdatlf ';:'.'

- Adrian, TX
. May 21, 2012



Thunderstorm Review

Funnel Cloud

Rear Flank
Downdraft (RFD)

Larned, KS
May 18, 2013
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-~ Thunderstorm Review

Tornado

Larned, KS
May 18, 2013



Thunderstorm Review

Funnel Cloud or
Tornado?

Tornado

- Larned, KS
May 18, 2013




‘hunderstorm Review

Shelf Cloud

Amarillo, TX
May 25, 2013



Thunderstorm Review

Wall Cloud

Purcell, OK
May 30, 2013



fhunderstorm Review

Scud



Jdrhunderstorm Review

Funnel Cloud

Purcell, OK
_ May 30, 2013



Fhunderstorm Review

Wall Cloud

- Purcell, OK
= May 30, 2013



Thunderstorm Review

Wall Cloud



hunderstorm Review

Updraft/Downdraft?

Wall Cloud?

ﬁ [eimnel Cloud?

Campo, CO
May 31, 2010



Thunderstorm Review

Where would a
tornado form?

Wall Cloud?

Campo, CO
May 31, 2010



Thunderstorm Review

Where would a
tornado form?

Wall Cloud?

Hinatha UGN T - o 3
i :

Campo, CO
May 31, 2010



' Thunderstorm Review

Original circulation
dissipates. New
circulation takes over

Campo, CO
May 31, 2010



JAhunderstorm Review

Find the tornado

Campo, CO
May 31, 2010




Thunderstorm Review

Find the tornado
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What to report?

Tornlzlele HallNERyASiZE)
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What to report

y

Ay damage caused by storms, including
ightning damage
mNVileicommonlyVenifyaSevere Thunderstorm
Vilerningsyvitaewned trees — how many,
HOVIACIGENIIGIAmE r‘J,/and Where.






How {0 report

OO 48

] mn:«:ul
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“Send a storm report”


http://www.weather.gov/gray

Getting the Word
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- NWS Gray Website

Home

Top Hews of the Day

Local forecast by
“City, S5t" or zip code

Current Hazards
LOCAL

Hazardous Outlook
REGIONAL
NATIONAL

National Map
Nowcasts
TROPICAL

NOAA

Current Conditions
Rivers & Lakes AHPS
nowCOAST
Observations

Other River Products
Satellite Images
Tides and Surge

Radar Imagery
Gray

Gray - lite
Burlington
Caribou
Taunton

Gray/Portlan df_ _;;_

Id, & ow. See Full D !

Other Quick Text Links: Weather Story Latest Observations

www.weather.gov/gray

P National Weather Service Forec

1 et

News Wireless
more News...
er Training on 12/141

report inclement weather

Portland/Gray, ME

]
. _ Skowhegan
RaN0 pl&min gton,

L]
[} . ’
in Rumford

. Augusta
NOrway «
F Lewist
|
1




Summary

e NVV/S has tools for detecting severe

AEALIET

Oriile "Js combining the tools with skilled
(Selglels Jr)n 8IS can We provide the

L

SEVEICISIONTISIPOSE a varlety of threats
VISEIIRTALIST e ready when storms threaten



Questions? Contact Us!

National Weather Service
1 Weather Lane Route 231

\Weather.gov/gray

Copyright S. Hanes
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