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Hoday-Ssliopics
Severe Weather Storm Spotting Review
Thunderstorms
Severe Thunderstorms
Severe Climatology in the Mid-Atlantic
Radar Basics

Advanced Interrogation Techniques
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*13 MD Counties

I3
f Allegany

e s

N
Morgan
u-mé_‘z.
4 »v.\," 2y

Hampshire 7,
Ercderick’ a0

*8 WV Counties

«22 VVA Counties
11 Independent
Cities

*District of Columbia

*The City of Baltimore

...nearly 10 million people to look out for!

<, :gw 3 National Weather Service
V) % *j Baltimore MD/Washington.DC.



VYD OV VESNEEORSPOLLENS?

Spotters report observed weather to the
NWS during potentially severe weather
events.

Remember our mission? The protection of
lives and property. We can’t do it alone. KYWAHN

The information that you relay to us has the potential to
save lives and property — helping us complete our mission.

_ < WtATH, o~ F i { syt or Co Ter>
@" 5 ¢ 4 INGUONIAT VWEAHICT SEIVICE
-
. 0***3 AR LA LA LAY WV L T -



*\WWho is making the report?

*What are you reporting?

*When did the event occur?

*\Where is the location of the report?

National Weather Service
Baltimore MD/Washington.DC.
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REPOLUNGNE

*Tornado or Funnel

*Hail — Pea sized or larger
*Rotation within a storm
*Wind — 50 MPH or greater
(sustained/gust and
measured/estimated)
*Damage — Any weather
related damage to trees or
property. Give as many
detalils as possible.




VI KINGcREPOLL
*Include your full name and Spotter Number!

*Be as specific as possible about when the event occurred
*\We can go back and look at archived radar data

z - \ ~ y N r e Tale
A S@;’a 7 National Weather Service
‘?) K = Baltimore MID/Washington.DC
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FSIOVVALONREPORIMTORTIAtION

. Call NWS Baltimore/Washington if weather Is
Imminent or occurring: Call SKYWARN
Spotter hotline number

. Email delayed weather reports to:
lwx-report@noaa.gov

Contact local Emergency Management Officials

Relay your report through Amateur Radio when
activated

QERTH, - — — .1 P —
S st National Weather Service
= m
< = 8 N = NP /\A/; 1 N
5 Baltimore MD/Washington. DC



-Thunderstorm Ingredients | -
*Thunderstorm Life Cycle

*Types of Thunderstorms

.@,“ ~§ . 9 National Weather Service
J %@,mw; — : ~ Baltimore MD/Washington.DC
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Our moisture sources are the Atlantic
Ocean, Gulf of Mexico and the
Chesapeake Bay.

o e National Weatnher Service
) 10 ey

=t Baltimore MD/Washington.DC.



NNCNCERSTORTININOLECIENTS
[T

For lift, you need a iy

mechanism or boundary for A Ve
convergence. Cold fronts are
a good source of lift.

When air is forced upward
along a front, it
cools/condenses and
precipitation forms.

Cold Front

Convergence of wind along the cold

front.

~ National Weather Service
Baltimore MID/Washington.DC
B ———
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INCNCERSIORMANGLECIENTS

cold air moving into warm
warm air moving into cold
a stalled weather front
moist cool air moving inland
hills/mountains

cold air blowing out of a thunderstorm

1 Z National Weather Service
(2 .‘l‘,'-.‘ oY o ILon ‘17}‘ -

N 1A/~ LA
DUHIUITNORE: ,”n/“‘L‘.A'_:' ‘ l‘f“"} ST O L(



NCUNGERSIORMANGLECQIENTS

[ |
|

Colder B o Colder air is denser than the warm air
Temperatures Temperatures ahead of the front. The warmer air is
62 forced to rise up. If the air is unstable, it

will keep rising. Cold fronts often initiate
lines of showers and thunderstorms.

Cold Front

Warm air is
\ displaced

Cold Front

" - '! Warm kmmg An’
\ k \

Cold Advanang Air I t / /
i

. QLATH National Weather Service
A e 13 National Weather Service
\_f) o Baltimore . MD/Washington.DC
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HCINGETSIORMAMNOreECIents
21— VVarm =ront

28 Colder
Temperatures

Again, the colder air is denser than the
warm air. As the warm air encounters
o armer the cold air, it is forced to rise up and
emperatures 62 .
/ / over. If the air is unstable, showers

and thunderstorms can form.
L/ Cool Air \5
) A

Warm Moist Air

Warm Front

55
31

\lational Weather Service

Baltimore VID/Washington
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An airmass is considered unstable
If a parcel of air continues to rise Cold / Dry
when given a nudge upward (like
a cold front).

In an unstable airmass, warm
moist air is near the surface while
cold dry air is aloft.

The more warm & moist the =
alrmass is at the surface and the =

colder & drier the airmass is ‘Warm / Moist
aloft...the more unstable the
atmosphere is.

.@,-' ~§ ; 15 National Weather Service
J K *,@: . . Baltimore MID/Washington.DC



HNUNCERSLORTIMINGLECIENTS

Warm air Versus
Same size
air parcels
Warm air molecules are Cold air parcel packs in a
actively moving around lot of molecules. There is
limiting the number of less movement. With more
molecules that an air parcel molecules per area, this air
can hold. With less molecules IS heavier and denser.
per area, it is lighter.
,@”i 16 National VWeathersService

KOs pesiVioines,ylA



INCNCERSTORMMNMOREGIENTS

Warmm air VETSUS! Cold air

« Warm air is lighter than cold air and will rise if it
IS warmer than its surroundings.

Cold air i1s heavier than warm air. If the air Is
colder than its surroundings, it will sink and stay

close to the ground.

7/J

@' f Nationai vveatner service
=

) 17 B ———
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Dry air versus Moist air

Molecule

Nitrogen (N,) 78% of air

Oxygen (O,) 21% of air

Water Vapor H,0

- T 0 —
\"A 5@;’« 18 National Weather Service
‘Q % », Baltimore MID/Washington.DC



INCNCERSTORMMNMOREGIENTS

Dry air versus Moist air

« Moist air is lighter than dry air. Therefore if a
parcel of air is more moist than its
surroundings, it will rise.

* Dry air is heavier. If air is drier than that
around it, it will sink.

Evaporation is one way to increase the

\s amount of water vapor and moisten the
air.
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dhneshntnderstormiliite Cycle

P
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Height (km)
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Surdace

National Weather Service
Baltimore MD/Washingtoen.DC




Cumulus Stage: Building Clouds

© H Michael Mogil, HOW THE WEATHERWORKS

21

Updraft Dominant

Warm air is rising, cooling and
condensing to form clouds.

National Weather Service
~ Baltimoere.MD/Washington.DC.



Height
{40,000 ft

10,000 1)

Mature Stage: Developed
Thunderstorm

When the rain-cooled air impacts the
surface and spreads out it creates a
gust front. Sometimes winds can be
very strong along the gust front.

®@ 22 ~ National Weather Service
= B - - . — ~ Baltimore VID/Washingten.DC,



Dissipating Stage: Weakening Thunderstorm

As the gust front moves away from the
base of the storm, it cuts off the storms
inflow and it begins to dissipate. The
gust front may trigger new storms by
convergence if the environment is
moist and unstable.

VO

tional Weather Servi
Baltimore MID/Washington.DC
Ep——




WPESIOTRINTUNGELSTORMS
olNgie Cell

» Generally Weak
 Short Lived

 Poorly Organized

e “Pulse Storms”

(c) 2006 - FloridaLightning.com

* Usually “Rainers”




Y PESIOTRINTUNIGENSTORITIS
Vvitncaceluiar

boundary
(Gust Front)

e Most Common

« Series of thunderstorms that move as one unit
 (Can be acluster or a line

» Can produce severe weather

A —— e
——

25




26 National Weather Service
Baltimore MD/Washington.DC.
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I YPESIOIRINIUNGETSTIORITIS

SUPELCEIIS
* Rare
 Long Lived

e Very strong & persistent [
updrafts

 Strong mesocyclone

e Severe weather producer! Mesocyclone: rotation within the storm
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Stratosphere
Tropopause

- Hropospnel
BT (R Lot . Zabetiny

mp

Flanking Line

N N
Mammatus J\\C:,\vw >
~/ p
/fw"' J/J ‘} N .
Forward Flank o __.‘
Downdraft

Storm
‘ Movement ’

Shelf Cloud

““National Weather Service

Baltimore VMD/Washington.DC.
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10,000 - 20000ﬂ

mid-level winds / forward flank
rear flank downdraft
downdraft g

ornado

~@tional Weather Service
Baltimore MID/Washington.D
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\/IESOCYCIONE
A storm-scale region of
rotation, typically around 2-6
miles in diameter Formation of a Mesocyclone

A radar term, the rotation
signature appearing on
Doppler radar that meets
specific criteria for 3
magnitude, vertical depth, and )
duration.
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AV

The core of the updraft has the
strongest vertical velocity.

Air will rise until it reaches a
stable layer (in the case of a
severe thunderstorm, the
tropopause).

When the moisture/air reaches
the stable layer, it spreads out
in the direction of the steering
flow, forming the “anvil”.

A strong enough updraft will
“punch” through the stable
layer due to momentum,
resulting in an “overshooting
top”

<, s@% 31 National Weather Service
‘VJ % **f ~ Baltimore MD/Washington, DC


http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj5uZfC-vrKAhWCOj4KHSdOD6cQjRwIBw&url=http://weatherpix.photoshelter.com/image/I00006R4L.JUlOQg&bvm=bv.114195076,d.cWw&psig=AFQjCNHRJNEBlkH6_fq3Va_pO-f8hobmoA&ust=1455666503613038

FORNaRORIankeDowndralt

urface-Based Inflow
Winds Tilted upwards into
the Updraft Column

Rear-Flank Front-Fla

Downdraft - Downdraft
(RFD) - (FFD

<

National Weather Service
Baltimore MD/Washington.DC
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RearRlankeowndralt

urface-Based Inflow
Winds Tilted upwards into
the Updraft Column

Rear-Flank Front-Fla

Downdraft - Downdraft
(RFD) - (FFD

<

National Weather Service
Baltimore MD/Washington.DC
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VA2UINESIOUIGS

A localized, persistent, often abrupt
lowering from a rain-free base
(under the updraft)

Can range from a fraction of a mile
up to nearly five miles in diameter

Normally found on the south or
southwest (inflow) side of the

thunderstorm.
e —— e
Wall clouds don’t necessarily rotate,
but when they do, warn of the
potential for tornadoes
KA oo - _ National Weather Service
‘v) i:@é: —~ —— 34 , ~ Baltimore-MD/Washington.DC
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SINEITNE

A low, horizontal wedge-
shaped cloud, associated with a
thunderstorm gust front (or
occasionally with a cold front,
even in the absence of
thunderstorms).

A rising cloud motion often can
be seen in the leading part of
the shelf cloud, while the
underside often appears
turbulent, boiling, and
wind-torn.

@ : ;g“m@ 35 i National Weather Service
Iv‘ f; E_‘ R— . — - —— ) .‘A” . -"va-, ~ Y
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A localized column of sinking air within a thunderstorm and is usually less than or

equal to 2.5 miles in diameter. Microbursts can cause extensive damage at the
surface, and in some instances, can be life-threatening.

When the updraft is no longer capable of holding the large core of rain/hail up in the
thunderstorm, the core plummets to the ground. As it hits the ground it spreads out
in all dirﬁeiions
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IWPESIOITSUPERCEIS
Classic
High Precipitation (HP)

Low Precipitation (LP)
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IWDESIORSURERCENIS

Classic

Best indication of a hook
on radar

Varying degrees of hail,
winds and tornadoes

Some precipitation but
not extremely heavy

HP

Heavy precipitation, most
likely to produce flash
flooding (rain-wrapped
supercells)

May or may not have a
recognizable hook echo
on radar

Smaller hail

Often embedded with
squall lines

LP

Little or no precipitation

Large hail and strong
straight line winds

Weaker tornadoes (if they
do occur). But clearly
show rotation

Higher based, clear base

National Weather Service
Baltimore MD/Washingtoen.DC
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Mesocyclone
Storm Updraft Region

Storm
Motion

The COMET Program

Baltimore MID/Washington.DC
B ————



LP Supercell Schematic

Possible
Large Hail
and Rain

——
Mid-Level,,}-m K A
Echo— g "'}"}

7
{ B Undratt Region

Ed

Storm
Moation
—le

The COMET Program

Vational Weather Servi
Baltimore MD/Washington . DC
Ep——




SUPERCENNNGrECENTS

- A lifting mechanism to focus the
ENErgy.

- Heat and moisture

- lncreasing winas with height and
VEErng Winds With: herght

\\ National Weather Service
/) T Baltimore . MB/Washington.DC



Instability

1305201700 (Observed)
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National Weather Service
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Ir)eles Weak potential High potential
0to -2 -6 or less
500-1000 > 2500
48 to 49 > 52
200 - 300 > 400
45 Natienal Weatner Service

Baltimore MD/Washington.DC.
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20000 ft (~ 6 km)

15000 ft

10000 ft

5000 ft

0ft

Vertical wind shear creates a
“spin” in the atmosphere.

~ National Weather Service
Baltimore MD/Washington . DC




VAancdsShear,

MOAAMYS Storm Prediction Center
Morman, Oklahoma

wind Speed (kh
us Height

(c the, ”

Thete E 115
Pressure

TEl=34

20 40 &0 S0 100120

National Weather Service
Baltimore MD/Washington.DC
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Jriele¢ Weak potential | High potential
65 to 125 300 or more
<30 40 or more
15 mph 25 or more
15 to 30 mph 40 or more
@ 51 50 National Weather Service

Baltimore MD/Washington.DC.



VAanadsShear andshornacoes

RED ARROW =
Average
Tropospheric

Vertical Wind
Speed Shear

National Weather Service
Baltimore MD/Washington.DC
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UPDRAFT

WEST WIND (5,000 FT)

_ ROTATION TILTS
ERONL,HORIZONTAL®

—

-
e Yy »

"'
e,

e PN .
sl AL EAAMAALE

Lot : .
= SOUTH WIND
UPDRAFT (INFLOW)

EAST WIND (SURFACE)

" National Weather Service

—

Baltimore MD/Washington . DC
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Hail Formation Hail forms by a process called
Hail too large .

for cloudtohold  Hail growing in circulating

falls to earth convection currents
causing strong

cold downdraft

re_.ﬁ.---_:.--. o s deRima am ma s ma

I 11

i
SRV W T —
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Freezing Level

-

F b 11T T
L rirl
g ()
I A 30

iR YNIN ZRain drops being sucked

Frinad v 5 intotheupdraft
) | et B B o Y R B

>
.~

Baltimore MD/Washington . DC
B ————



INSTNNTTYANCGAVATIGESNEANM NG CES
GEX Moderate High
0.5t0 2.0 > 3.0
10— 15 15 to 35
or 35to 50

\a

tional Weather Service
Baltimore MDB/Washington.DC.
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SEVELENNUNCELSTORMS
Warning Criteria: 1” Hail and/or S8 MPH Winds

e Straight-Line
Winds

e Hall

* Flash Flooding

 Tornadoes

3 WtATH, — == ]
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Description

Diameter | Updraft Speed

National Weather Service
Baltimore MD/Washington.DC



2016 LWX Tornado Tracks

-
N

(2
Strongest tornado occurred 21 June in
Howard County
v Peak wind speed of 80 mph

v" Maximum width of 500 yards
v" On ground for 35 minutes and 13 miles

National Weather Service
Baltimore MD/Washington.DC






2016 LWX Severe Hail Reports (> 1-inch Diameter)
112 Reports; 7 Significant ( > 2-inch Diameter)

i 3 112 Reports;7 Significant (> 2inch Diameter) \ J
' ” 2.75” Montgomery

.' J ' County Recrd

) I e 5%

QQ’. e

1.75" largest in
| DC since 1975
), - TSN T
4.."imnd:'wm

i AL
et
el :
-

National Weather Service
Baltimore MD/Washington.DC



2016 LWX Tornado Tracks 2016 LWX Severe Wind Reports 2016 LWX Severe Hall Reports ( > 1-inch Diameter)

: 5 PN -
: L -~ R Le

- Ve —— A Baltimore MD/Washington.DC
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2016 LWX Severe Wind Reports LWX Wind Reports 1996 - 2015

.Q\‘ \ National Weather Service
u > Baltimore MB/Washington.DC



2016 LWX Severe Hall Reports (> 1 mch Duameter) LWX Hail Reports 1996 - 2015

@. \\ National Weather Service
/) X Baltimore MD/Washington.DC



Viid=Atlantic'Severe Weath -r"

D o F I i
= A Ued 3t {Any Severe Probabilities " : 01 July (1982-2011)]
350 =R g A

Storm Predaction Centar Bstr, p PR - | J )
National Szvere Storms Laboratory - Y Ay ] v - — "am of severe within 25 miles
| ! | ]
i 1 J
100% 2.00% 100% 400% 500% 600% 100% BO0%+

Probability

While severe weather can happen at any time of the year,
Late May EarIyAugust is peak season
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SevereWeather Reports
Ston County, VA (1950-2016)

°

Arlin

-

Strongest Tornado
F1 (2001)

Largest Hail
1.5 inch (2004)

9/24/2001

Strongest Measured

Wind Gust
74 mph (2008)

m Hail (4%) mWind (94%) O Tornado (2%)

. .E@@”@; National Weather Service
y) %@,mf . . Baltimore MID/Washington.DC
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Radar Basics
Dual-Polarization Radar
Reflectivity, Velocity, SRM
Hail Indications

Precipitation Estimates

What Else can the Radar See?
MRMS

\ g [ 1A/ L L -~ 4
INAtional yweatner service
66 R~ l+7 " N 1D /V\A /A [ s~y A 72
paicimore iviD/vvasnlinagton L



BHaSICRAGAl:

WSR-88D (10 cm, S-Band)

-« 70 Ft Tower

"~ + 40 Ft Dome

- 30 Ft Radar Dish

- 750 KW Power

«1° Beamwidth
«-1-20° Elevations

QQQQQQ

A ,@ _ 67 National Weather Service
y) =4 . . Baltimore MID/Washington.DC



NEXRAD Coverage Below 10,000 Feet AGL

VCP12 Coverage
l:] 4,000 ft above ground level*
- 6.000 ft above ground level*

- 10,000 ft above ground level*

* Bottom of beam height (assuming Standard Atmospheric Refraction).
Terrain blockage indicated where 50% or more of beam blocked.

0 1256 250 500 750 Miles

National Weather Service
Baltimore MD/Washington.DC



BasiC Radar:

transmitter ‘| ‘ ‘

receiver

@
distant target
"

radai_pu]se

@ \\ National Weather Service
/) X Baltimore MD/Washington.DC
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BasiC Radar:

19.5° 16.7° 14.0°

Range from Radar (km)

12.0°

10.0°

National Weather Service
Baltimore MD/Washington.DC
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- Storm appears to
weakening when
approaching radar

- Storms moving away
seem to get taller

« Harder to detect severe
inside 10 nm

« How can we overcome
the cone of silence?
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Composite Reflectivity

This display is of
Composite Reflectivity Base Reflectivity ImaXimUIm EChO
’ intensity
(reflectivity) from
any elevation angle
at every range from
the radar.

Be careful using
composite, it might

mask low level
features.
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Dual-Polarization Radar
tells us about the size,
shape, & variety of objects.

‘ |

- = Size
-) = Shape
| Oq+q= Variety

Provides more insight into scatterers due to
vertical and horizontal wavelengths

National Weather Service
Baltimore VMD/Washington,DC
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5/ D,
4 D) p

+ ZDR >0 = Horizontally=orie
izl Differential Reflectivity (Zpg) is
a ratio of the reflected horizontal

N ZDR = 0Fo Verdeallyagricnied and vertical power returns.

mean profile

» ZDR ~ 0 > Near-spherical mean
profile

Correlation
Coefficient (CC) is a
measure of the
diversity of scatterers
within a sample + CC<0.85 -~ Non-hydrometeors present

volume

* Sizes, shapes, orientations, etc.
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Cross Sections

99

Hail Core

BWER

"(This Is where the

I.tornado develops)

20

> 76 Natienal Weatner Service
. Baltimore MD/Washington.DC.
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10- e / BWER location is coincident with

core of mesocyclone

Storm motion
ﬂ-

2005z 2 Mar 2012

e 10 20 D

Weak echo region (WER) is a low-level area
of weak/low reflectivity on radar as strong
updraft suspends and prevents
precipitation from falling in this area

Bounded weak echo region (BWER) is a
mid-level weak/low reflectivity (cavity)
aloft as intense updraft suspends and
prevents precipitation from forming and
falling in this area.



21 m b \
100K ECHIOES

0.5° Base Reflectivity : ) 1.5° Base Reflectivi

Weak Echo

The Hook Echo at low levels
transitions info a weakness in
reflectivity at higher tilts.

This weakness in echo

(or dough-nut) iz coincident
with the location of the updraft.

Heavy Precip/Hail suspended
in updraft (large echoes on Tilt 3
Weak Echo where no echois present on Tilt 1)

Copytight 1993 Oklahoma Climaalogical Survey
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Large
strong Echo BOW Echo
Tall CIC/O’”C Rototing Head
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Comma Echo
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» A radar echo which is linear
but bent outward in a bow
shape.

Head

» Damaging straight-line winds
often occur near the "crest" or
center of a bow echo.

« Areas of circulation also can develop
at either end of a bow echo, which
sometimes can lead to tornado
formation - especially in the left
(usually northern) end, where the
circulation exhibits cyclonic rotation.
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Echo is bowed
~toward direction
: } jof movement.

t&d under threat

National Weather Service

Baltimore . MD/Washington.DC
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BHelSICHRACIAR
Base Velocity

- Particles moving
away from the
radar appear red

- Particles moving
toward the radar
appear green
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= m
gt/ RP: 80 e T vt
-4 = N bad. ‘;" Limore. vl 1/ Wasnin gton. D.



F) “\

SASICHRACI
Storm Relative Velocity

Storm-relative Velocity vs Base Velocity

MINELE O

_Storm-Relative Velocity (0.5°)

Mesocyclone

difficult to see: / . ; Mesocyclone“ .

gasier to see.

When storms move quickly, their own
motion can mask circulations within in the
storm, as shown in the base velocity
product. The motion of the storms can be
removed, to make the storm-relative
product. The storm-relative velocity
indicates the velocity within the storms as

L™ @0, if they were stationary.

Storm Motion 230/40 kis

Copyright 2000 Oklahoma Climatological Survey. P ortions from the National Weather Service/O perational Support Facility.
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Indicates large hail in storm

Spike appears down-radial or side-
radial (side lobe) of hail core

Three Body Scattering

Hail Spike
Down-Radial
from Hail Core

\
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Reflection from Ground
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Warren

2207z 2 Mar 2012

National Weather Service

Baltimore.MD/Washington.DC
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Correlation Coefficient (CC)
83 National Weather Service
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VICP: 212 Precip Mode [Elevation = 3.1 Last Updated: 9:38 PM

Differential Reflectivity (ZpR)

National Weather Service
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Correlation Coefficient (CC)
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24hr Radar Estimated Rainfall
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Ellicott City
Flood
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DU E=N=01 ARIZATION
Specific Differential Phase (KDP)

NODor <2001 -05 0 06 MRIGEES 2SN =L O e o e e P eriilometer

Measures rate of change
of horizontally and
vertically-polarized
phase shift with
distance

Improves Precipitation

Amount Estimates
- Detects where most
liquid water content is
(higher values)
- Snow gives low values
of KDP
- Removes effect of hail
contamination




Z~65 ZDR~-5,CC~ .94, KDP~ 2
Hail & rain

Z high - hail possible ZDR Near 0 - many

spherical particles

KDP high - some liquid CC depressed - likely
. mixed precip CC

Weather Service

Washington.DC




Z~ 61, ZDR~ 3.7, CC~ .95, KDP ~ 3.0 What is it?

Heavy rain, little mix
" Zhigh - rain/hail
- (yh O3 . s 'y :‘W.ﬁ_-";

KDP high - Lots of liquid
, 2 WA YT suggests mix

P ;:“ L
T

| M Both /DR, KDP févor rain,
CC suggests a little hail

-—— s = oEew

CC

VUL OIm Livea” Service

Baltimore MD/Washington . DC




Z~48,ZDR "~ 1.8, CC~ .99, KDP ~ 1.8 What is it?
Tropical, heavy rain

(2ol Tz0 vl e || ~ Sleth N
Moderate to high Z ‘ Moderate ZDR -
; large number

Z | - indicates rain

smaller drops

e |
.
A B =y
3 L -
>

Moderate KDP -
Heavy Rain

Very high CC - all
one p-type
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|\/|u|t|p|e Radar 3D Reflectivity
y / Mosaic

Exploits multiple-radar coverage to
mitigate single-radar limitations

Seamless high-res 3D cubes of radar
data covering CONUS:

Reflectivity (1 km)
Azimuthal Shear (500 m)
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Multiple Radars

00

ki

a0

{i

.00

Blended 3D multi-radar data

Radars in network supplement each other:

Overlapping coverage

Fills in gaps from cones-of-silence
and terrain blockage

Increased sampling frequency

70 75 20 25 S0 o5 100

Y
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~ ' Max Est Size of Hail (MESH)
- Applications

e Useful for assessing:
— 2-D distribution of hail
— Largest hailstone size

| . mms.. 0 NS S

Rank the storms by hail potential...
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MESH Tracks
_§ Applications

e Useful for assessing:
= Btanmllomnalt\tdranmotlon

Cells are
much weaker




MESH Tracks
Applications

Determining locations of largest hail fall for

— Verification & E€mergency response

Damage and/or
injuries possible!

MESH Tracks 1440 min
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Azimuthal Shear
Applications

* B8-2 km shear mghlightsadiedilatioasece of

"yeéamrzemes in low altltudes
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Mid-Level Az Shear (3-6 km AGL)




Rotation Tracks
Applications

* Provide intensity trends & spatial coverage of
circulations with:

— Mesocyclones & tornadoes

&R

Tornado 7. 52
Path

’
54 - A ‘ »
, ) B S
0-2 km Rotation Tracks SV _,4,‘.';'5'-:3""'{"
1440 Minutes VL P SR J g




Reflectivity at x°C
Applications

e Can be used to:

— Assess a storm’s severe potential

¥ o

Relationships with
Updraft Strength




TDWRs Coming Soon!




AR ST
P e ‘@ ’
‘ ,.‘ ; '
Lw. / Local Examples

Rotatlon Tracks
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Hail & Damaging Wind




Local Examples

MESH Tracks I\/IESH Tracks Rotation Tracks
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Local Examples

Rotation Tracks
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GOES-16 Satellite
(currently in TEST mode)

Offers greater spatial
& temporal resolution

Can help identify
rapidly-intensifying
- thunderstorms

7% Total lightning data
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SE.EProducts andihools

VWWW.SPC.NO0da.goVv

Site Map Organizstion About Us Mobile Feedbachk

Storm Prediction Center

N O A A/ National Weather Service

WEATHER INFO FORECASTTOOLS RE SEARCH OUTREACH

A Slight Risk of Severe Thunderstorms Is Forecast Today and/or Tonight

Scattered severe thunderstorms capable of severe gusts are likely this afternoon and evening over parts of the central High Plains. Other strong slorms are
possible across the Mid Atlantic Coast region.

» For additional details, see the latest Day | Comvectve Outlogk.

» Cntical fire weather conditions are forecast today. See datals
» Crtical fire weather conditions are forecast on Fri (05/26). See datals

Conv. Outiook  Watches MDs

Storm Reports = Mesoanalysis

Day 1 Convective Outlook

f — Categorical Risk Enhanced
Q —lssued 7 minutes ago

Fire | Hazards ..' .‘ o I-[ ” I

ay 2 Fite W 3 k
- Categorical Risk Griligall
—Issued 18 minutes ago

— —

SEVERE THUNDERSTORM 0267 |
— Valid until: 05/26/2017 02002

; — States affected: CO KS NE
= —Issued: 22 minutes 3go

'®

————— ——cecaee

Ao !_),' ésosca}e Discussion 0840

! 5 \, -Conceming: SEVERE

0 R : =5 POTENTIAL .WATCH POSSIBLE
SPC Activily Chart ‘ X ; =

V 20170525/2002 : ) WIES < -Issued 05252017 a1 18352

R - O |

—Categoncal Risk: Shght
- I8sUed: 057252017 at 17222

National Weather Service
Baltimore MD/Washingtoen.DC




SHEENEONVECH VEOUTIO0KS

Understanding Severe Thunderstorm Risk Categories

THUNDERSTORMS 2-SLIGHT | 3-ENHANCED
(no label) (SLGT) (ENH)

No severe* Scattered Numerous
thunderstorms severe storms | severe storms
expected possible possible
Lightning/flooding Short-lived and/or | More persistent
threats exist with all not widespread, |and/or widespread,
thunderstorms isolated intense a few intense

storms possible

* NWS defines a severe thunderstorm as measured wind gusts to at least 58 mph, and/or hall to at least one inch in diameter, and/or a tornado. All thunderstorm categories imply
lightning and the potential for flooding. Categories are also tied to the probability of a severe weather event within 25 miles of your location.

Forecasts Available for

Day 1,2,3 & Days 4-8
;® = - 111 < vVa I.O,QGI H.gg,-_mg; Service
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SPC HMCD #1957

SEVERE THUNDERSTORM POTENTIAL...INCLUDING DAMAGING WINDS AND A FEW
TORNADOES...IS EXPECTED TO STEADILY INCREASE BY LATE MORNING/EARLY
AFTERNOON...INCLUDING PIEDMONT PORTIONS OF NC INTO WESTERN/CENTRAL VA AND
ADJACENT PARTS OF MD/EASTERN WV/SOUTHERN PA. CURRENT THINKING IS THAT ONE
OR MORE WATCHES ARE LIKELY FOR THE MAJORITY OF THE REGION BY LATE MORNING.

= ‘\UUII(’ + . i - -
— — — National Weatner Service
S — , 112 i "’

S e — - ~ Baltimore MD/Washington,.DC,
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Valid from 1040 AM until 500 PM EST
Updated: 2071402211544 UTC

| Tornado Watch# 24 -
PRE-FRONTAL TSTMS/SQLN NOW IN S CNTRL VA EXPECTED ACCELERATE ENEWD
THROUGH LATER TODAY WHILE DEVELOPING NWD IN RESPONSE TO BOTH SFC HEATING
AND APPROACH OF SECONDARY UPR VORT NOW PIVOTING NE ACROSS THE UPR OH
VLY. ASSOCIATED DESTABILIZATION AND STRENGTHENING OF WIND FIELD SUGGEST

LIKELIHOOD FOR EMBEDDED LEWPS/SMALL BOWS WITH A RISK FOR DMGG WIND
AND...ESPECIALLY OVER SE VA...NE NC...AND THE DELMARVA PENINSULA.. TORNADOES
National Weather Service

Baltimore MID/Washington.DC
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...ATORNADO WARNING REMAINS IN EFFECT

NEAR POMFRET...MOVING SOUTHEAST AT
20 MPH.

HAZARD...TORNADO AND QUARTER SIZE
HAIL.

SOURCE...RADAR INDICATED ROTATION.

IMPACT...FLYING DEBRIS WILL BE |
DANGEROUS TO THOSE CAUGHT WITHOUT ‘-
SHELTER. MOBILE HOMES WILL BE
DAMAGED OR DESTROYED. DAMAGE TO
ROOFS...WINDOWS...AND VEHICLES WILL
OCCUR. TREE DAMAGE IS LIKELY.

AT,
NERTH,

T Natienal Weatner Service
&) - 114 ;

=4 Baltimore MD/Washington.DC.
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SPEVIEsoscalesAnalysis Page

NELRE//MAMLSPE.Noaa. gov/iexper/mesoanalysis/new/viewsector. php?sector=17.

SPC Mesoscale Analysis

Autorehew 0wt © every meute TFT | mee § el

MOAAMNNS Srorm Prediction Centar
\ m—— \
,' ._"a’ <200 .

o -
{.@\‘ \ National Weather Service
v > Baltimore-MB/WashingtonDC



National Weather Service

Baltimore MD/Washingtoen.DC



* Tornado or Funnel

* Hail — Pea sized or larger

* Rotation within a storm

* Wind — 50 MPH or greater
(sustained/gust and
measured/estimated)

* Damage — Any weather related
damage to trees or property. Give

as many details as possible.

* Fog — Any fog resulting in
hazardous driving conditions
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* Heavy Rain — Measured 1” or
More

* Flooding — Streams, creeks or
rivers out of banks of flooding of
roads from poor drainage
(including coastal flooding)

* Ice Accumulation — Any glaze

* Snow Accumulation — Every 27,
any accumulation not reflected
in the forecast, storm total

*Tropical — Flooding as a result of
rain and/or storm surge,
tornadoes, wind damage

National Weather S
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117 Baltimoreé
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Venyimportantintormation
If your report is severe thunderstorm hail/wind/tornado/funnel cloud

or flooding related, please DO NOT send your report via email!

This type of information is time critical and needs to be relayed to
forecasters immediately.

The best means to get information to the NWS quickly is by the
telephone or Amateur Radio

- T \ - A 1 C .
"/ 5%." National Weather Service
\4) =0 118 Baltimore MID/Washington.DC



COCORAES

In addition to being a NWS spotter, you also
have to opportunity to participate in this
separate volunteer program if you choose...

Wi

National Weather Service

120 Baltimore MID/Washington.DC



How can Five easy steps
| join the

Simply sign-up on the CoCoRaHS

netwo rk'? web page: www.cocorahs.org

Obtain a 4” plastic rain gauge

View the on-line “training slide show”
or attend a training session

Set-up the gauge in a “good”
location in your yard

Start observing precipitation
and report on-line daily

D, ;®, ~ National Weather Service
‘v) =0 - R ———— . 121 = ~ Baltimore MDB/Washington.DC
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QUESTIoONS OF Comments

CArIStopner strong
VVarning Coordination Ivieteorologist

(‘li ':‘“ \ I_ al s v, \ 1A "ff-ll" \Pala Te
Cnristopner.strong@noaa.gov
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