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Presentation Layout

Review What's in the Toolkit
Look at the functions of Dual Pol and MRMS
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d Forecasting Thunderstorm Evolution
d  The Function of Satellites
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We service all of
Vermont, except
Bennington and
Windham
Counties and the
4 northernmost
counties of New
York.

National Oceanic and
Atmospheric Administration
U.S. Department of Commerce

Where Do We Service?
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We’ve got many screens to employ!




v We use all kinds of methods to make weather observations.

&

Surface Observations
Upper Air Observations
Computer Models
Satellite Imagery
Radar
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Determining whether it will W hether we observe damaging
be snow or be freezing rain downslope or gap winds
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Whether or not thunderstorms

are possible
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The Most Relevant Severe Wx Tool

Radar Scanning Fatiern
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http://www.youtube.com/watch?v=Yrq2TVdM8HI

Severe Thunderstorm Warning

Valid Until
2:45 PM EDT Tuesday
April 9,2019

WIND
2D Upto

Why trained storm spotters
are essential for public satety!

National Oceanic and

@ Atmospheric Administration Burling‘ron Weather Forecast Office

U.S. Department of Commerce
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Loss of Vision Far Out

e Radar emitted at an
angle to avoid Earth’s
curvature

e So it moves up the
atmosphere and also
widens (decreasing
resolution)

e |[t's alot easier to warn
for the Burlington area
than it is for
Springfield, Vermont.

Radar Horizon

@ National Oceanic and . .
V Atmospheric Administration Burllng‘ron Weather Forecast Office

U.S. Department of Commerce
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1 The “Cone of Silence”
is a spherical image on
the Doppler Radar that

is unable to measure
Meteorological and/or
non-Meteorological
data.

19.5°

What is the “Coe of Silence”??

Albany,/NY.
“Doppler
Radar{kENX)

0.5°
2 The Doppler Radar radar goes through
a series of scans or tilts of the
atmosphere ranging from 0.5° to as
high as 19.5° when thunderstorms are
present.

4 Areas abovethe
highest tilt
cannot be seen
by the radar
itself and hence
we have the
“Cone of Silence”

19.5°

P

48 www.weather.govialbany

National Oceanic and
Atmospheric Administration

U.S. Department of Commerce

“ NWSAlbany ! I @NWSAIbany

0.5°

Once the radar completes one
revolution of scans ending at a certain
tilt, the scans return to a tilt of 0.5°
and the cycle begins again.

Youl [l nwsaibany |

Burlington Weather Farecast Office



Satellites Help Screen Severe Storms

Satellite informs how a storm is evolving sometimes before you see those
changes on radar: More or less lightning, are cloud tops warming, etc.

Global Lightning Mapper Distinguish Details About Minute-by-minute change
Flash Extent Density Sto rms

RGB Interpretation

Average Flash Area

Total Optical Energy

%
N
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X B Severe Thunderstorm Warning
Warning e o Tornado Warning
Take Shelter Flash Flood Warning

National Oceanic and

@ Atmospheric Administration Burlington Weather Farecast Office
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Brief Overview of Thunderstorm Types and Hazards

Climatological period of Severe
Yearly Severe Wind/Severe Hail/Tornado Reports . .
1955-2021 Weather is the height of summer

1400

19

= Why is this so?

1200

* More daytime heating —
— greater atmospheric instability
g « Bermuda high usually allows
- moisture from the Gulf of
Mexico advance northwards.

 While areas like Florida don’t

Number of Severe Reports

400

- get fronts in the summer, we
. - 2 can still get weak frontal
i T, FEBRUARY MARCH APRIL MAY JUNE Juy AUGUST  SEPTEMBER OC';OBER NOVEMBER e b O u n d a ri eS th at h eI p Sto rm S
Wind = Hail ®Tomado d eve I O p '

National Oceanic and

@ Atmospheric Administration Burling‘ron Weather Forecast Office

U.S. Department of Commerce



Thunderstorm Wind Risk for Thu/Thu Night

Valid 8 AM Thu Jun 06, 2024 to 8 AM Fri Jun 07, 2024
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V Atmospheric Administration
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24 Hr Hazard Risks

Today Thu Fri sat Sun Mon  Tue
o Severe Thunderstorm = | ) OO O O =
Tornado () [
Thunderstorm Wind = |
Hail (=) [
o Lightning (] - - @ - @ - - (-
o Excessive Rainfall () | FE 5 @2
@ Excessive Heat (=) - & - (. (- (- (-
o Wind =] - @ @ O =)
@ Frost/Freeze (- - & - (. (- (- (-
o Fog =] =) 3 3
(i) Fire Weather (] [ & (. - (| (-

Burlington Weather Forecast Office



Storm Prediction Center Outlooks

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

&, i

st 58 mph, and/or hail 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.

@ National Weather Service

WWW.spc.noaa.gov
National Oceanic and

@ Atmospheric Administration Burling‘ron Weather Forecast Office

U.S. Department of Commerce
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Atmospheric Administration
U.S. Department of Commerce

Apr 27, 2011

Outlook
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Storm Prediction Center Outlooks

Each outlook is subdivided into different threat categories for
tornadoes, wind, and hail. As of Spring 2020, this now includes
Day 2 Severe Weather Outlooks as well!
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| Tornado Watch # 187 - Valid from 325 PM until 1000 PM EDT

NOAA/NWS/Storm Prediction Center
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Severe Thunderstorm Watch # 188 - Valid from 255 PM until 1000 PM CDT

NOAA/NWS/Storm Prediction Center

EF2+ Tomadoes
Likelihood ]

Low Very Low

Updated: 20200515/2002 UTC

65 k¥ Wind

The main difference is whether tornado threat is moderate or low. Other hazards may be more important!

National Oceanic and
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U.S. Department of Commerce

Atmospheric Administration
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Outlines their thoughts on the need for Convective Watches and some of their notations during watches

Mesoscale Discussion 350
< Previous MD Next MD >

&
fs' 39 :9 o = 7
4 e - g 51
‘”m\ 375 S| (a}
The threat for a few tomadoes anll damaging winds : f
‘ is increasing this aﬂemoonelgt.)mado watch iSsuance E

SPC MCD #0350

Mesoscale Discussion @35@
NWS Storm Prediction Center Norman OK
9118 PM CDT Fri May 04 2018

Areas affected...Portions of northern NY...VT...NH...and far western
ME

Concerning...Severe potential...Tornado Watch likely

Valid ©41818Z - ©41945Z

Probability of Watch Issuance...8@ percent

SUMMARY...The threat for a few tornadoes is increasing this
afternoon, and damaging winds will become likely with a line of

thunderstorms moving in from the west. Tornado watch issuance is
likely.

@ National Oceanic and
Atmospheric Administration

U.S. Department of Commerce

Mesoscale Discussion 359
< Previous MD Next MD >

You don’t have to understand all the
meteorological jargon, but it can tell you
where forecasters are leaning and gives
focused messaging based on trends.

59 X
Damagin wmd uStS cnnunue
in ngah%m’utmgof Wau:h 7.

WPC does these for heavy rain and
snow too!

o ] Sl
ISOLATED TO NIDELY SCATTERED INSTAHCES OF FLASH FLOOD]NG 2’
COMPOSITE REF. WILL EE POSSIBLE HEADING IHTO THE

> 35 DBZ
SPC MCD #0359
Mesoscale Discussion @359
NWS Storm Prediction Center Norman OK
@750 PM CDT Fri May @04 2018
Areas affected...Eastern NY and PA into portions of New England
Concerning...Severe Thunderstorm Watch 77...
Valid @50050Z - 058215Z

S16 HGBAHM
The severe weather threat for Severe Thunderstorm Watch 77

continues.

J
GOE! IRMASS
RAP32 ML GAPE (Iowes( st SOVIE) g 240629/23001002

SUMMARY. . .Damaging wind gusts expected to continue for the next hour

or two along the squall line. Greatest risk will be in northern

portions of the watch area.
Mesoscale Precipitation Discussion @516
IS Veather Prediction Center College Park MD
920 PM EDT Sat Jun 29 2024

Areas affected...Far Southern OH...Northeast KY...Much of WV Offlce

Concerning. ..Heavy rainfall...Flash flooding possible



Convective Warning Criteria

e Thunderstorm wind gusts> 58 mph & or:
e Hail> 1inchindiameter

Tornado Warning

e DopplerRadarindicated rotation
e Confirmed reports of a tornado

ElashiElood:Warning

e 6inchesor moreof flowing water over roadways
e Arapidrisein waterthatis a threatto life & property

National Oceanic and

@ Atmospheric Administration Burling’ron Weather Forecast Office

U.S. Department of Commerce



@ Tiered Impact Based System
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Thunderstorm

Damage Threat Categories

Considerable / Destructive Tags

Wording gets stronger
the greater the threat

WIRELESS(TTe
EMERGENCY| \\S

. ALERTS
to life. CAPABLE
Base (no tag; default) a?)i;‘r)?n(?r?er:vzr:nvivr:g) 1.00 inch (U.S. quarter) NO
AISO InCIUdeS: Considerable 70 mph 175 inch (golfball) NO
e Tornadoes Destructive 80 mph 275 inch (baseball YES
e Flash Floods Impact Based Severe PN —
e Snow Squalls Thunderstorm Warning  TeuNDERSTORM DAMAGE THREAT...CONSIDERABLE |
HATL THREAT...RADAR INDICATED
Example MAX HAIL SIZE...1.00 IN

Tag Information at the  wiND THREAT...OBSERVED
. MAX WIND GUST...70 MPH
end of the warning

@ National Oceanic and . .
v Atmospheric Administration Burlington Weather Forecast Office

U.S. Department of Commerce
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: I Beoiy .‘; ! / L B BazePaﬂectwltnySDeg July 0301 L‘ITC
A storm’s structure on radar gives us a general clue of what it’s capable of.

Credit: NOAA Photo Library — Ralph Kresge

@ National Oceanic and . .
Atmospheric Administration Burllng‘ron Weather Forecast Office

U.S. Department of Commerce
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Equilibrium level

f i ’M‘(\'!'@'
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@ National Oceanic and
v Atmospheric Administration

U.S. Department of Commerce

Dissipating Stage (5-7 mile height)
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Downdraft overtakes the
convective updraft.

Causes the storm to dissipate,
usually within an hour.

Sometimes, the downdraft
wind is strong enough to do
minor damage.

Look for an overshooting top
above the anvil — indicates
more vigorous updraft and
likelihood for damaging winds.

Burlington Weather Farecast Office



@ The Multi-Cell
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4 Very common over the summer
months which is formed by the
merger of multiple single cell
thunderstorms.

d New storms form along the
leading edge of rain cooled air
(aka gust front).

d These types of storms can be
severe and produce wind, halil
and a low chance of a tornado.

d Flooding is possible for slow
moving multi-cell storms if rainfall
continuously moves over the
same areas.

National Oceanic and

@ Atmospheric Administration Burling‘ron Weather Forecast Office

U.S. Department of Commerce



Tornado 1

Tornado 2

A

s | B : 23 A i S Tornado 3
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QLCS - Lines of intense wmds and short Ilved tornadoes can occur, espeC|aIIy if there s any kind
of folding in front of or behind the line of storms..

@ National Oceanic and . .
Atmospheric Administration Burllng’ron Weather Forecast Office

U.S. Department of Commerce




Shelf/Roll Cloud

Gust front—"

This is the defining quality of an organized area of straight line winds. It may not
always approach severe limits, but it is a pretty good sign.

National Oceanic and

@ Atmospheric Administration Burling‘ron Weather Forecast Office
U.S. Department of Commerce



MountdinValley . /

National Oceanic and
Atmospheric Administration

U.S. Department of Commerce

Sublett

Riceville
<4

Named “Supercell” when they display
strong mid-level rotation.

Has a longer life-cycle (separation of
updraft + downdraft from wind shear)

Also capable of dropping very large
hail up to 2-4 inches in diameter
(Look for blues/green colors within
clouds).

Can last 20-60 minutes but can also
persist longer in a favorable
environment.

About 1 out of 5 produce tornadoes.

Burlington Weather Farecast Office



May 2022 - Spotter Jon O’Connor in Williston

National Oceanic and
Atmospheric Administration

U.S. Department of Commerce

Named “Supercell” when they display
strong mid-level rotation.

Has a longer life-cycle (separation of
updraft + downdraft from wind shear)

Also capable of dropping very large
hail up to 2-4 inches in diameter
(Look for blues/green colors within
clouds).

Can last 20-60 minutes but can also
persist longer in a favorable
environment.

About 1 out of 5 produce tornadoes.

Burlington Weather Farecast Office



cloud base striations shelf cloud

SCHEMATIC DIAGRAM OF THUNDERSTORM

Wall Cloud is a defining characteristic. Up here, it can be hard to see with our
variable terrain, forestation, and higher likelihood its rain-wrapped.

National Oceanic and

@ Atmospheric Administration Burling‘ron Weather Forecast Office

U.S. Department of Commerce



OGDENSBURG

= >~ Displays energy
reflected back to
the radar

s A% e ahS + > Shows location and
;_.;j:ff%féfu e 'g ke TR N gy keose movement of rain,

snow, hail, etc.
» Radar energy can
= also reflect back off
ﬁ ™ ‘ birds, insects, and
Q : ground targets

National Oceanic and . .
Atmospheric Administration Burllng‘ron Weather Forecast Office

U.S. Department of Commerce




Velocity: Main function is learning wind
speed and flow in the storm.

Greens/cool
colors
Winds blowing
toward the

Dk T R R, N
Big changes over small distances are usually Look for rotation across
an indication of severe weather. whether winds are moving opposite ways.

@ National Oceanic and . .
Atmospheric Administration Burllng’ron Weather Forecast Office

U.S. Department of Commerce



Velocity: Main function is learning wind
speed and flow in the storm.

.
4 o
&y P

. & B % B 2 3 4
Big changes over small distances are usually Look for rotation across the whole storm and
an indication of severe weather. whether winds are moving opposite ways.

@ National Oceanic and . .
Atmospheric Administration Burllng’ron Weather Forecast Office

U.S. Department of Commerce



Reflectivity Note: Bounded Weak Echo Region

e An important feature of a
supercell.

e Depending on the radar slice,
it appears as a donut hole. It
can show up in reflectivity or
differential reflectivity.

e Requires looking up and down
radar tilts to assess.
Sometimes storms create
similar shapes, but the max
reflectivity must be aloft.

@ National Oceanic and
V Atmospheric Administration

U.S. Department of Commerce

Mini Supercell Thunderstorm near Richford, VT
at 6:55 PM on 4 May 2018

Storm top 38 kft it

30k 55 to 60 dBZ to 22 kft

Descending rear flank
downdraft and associated
reflectivity core e

20 kit 20 kit

— Forward flank reflectivity core
{

I 1 10 kit

Burlington Weather Farecast Office



Important Notes About Radar Velocity

Some mental math has to be done

when a target is not moving directly Azimuth

towards radar. Speeds will be T /
underestimated if storm is moving at

an angle. If a storm is moving ‘

tangential to the radar beam, radar
doesn’t see velocity.

+ A~ F
AN
Look for rotation comparing winds on different
azimuths.
+/
Look for convergence or divergence by comparing
"‘] winds on the same azimuth.

National Oceanic and

@ Atmospheric Administration Burling‘ron Weather Forecast Office
U.S. Department of Commerce



Middle Altitude Radial Convergence (MARC):  Storm Top Divergence: Find
Downburst possible with a 25 knot difference  strongest updrafts at anvil level. Look
around 10-15 km above ground. for winds greater than 80 knots.

INTENSFYING
Mesoscale Updraft

75AM KA MARBLE

CAdd o osing directions Ny
~ ﬁ5 knots. Very stron

Lg, £ E:Er'-lTLE'*r"»,.'ILLg

+
ROCKFORD

Mesoscale
Updraft

4
CENTRAL

Schematic diagram of Squall Line from
Rasmussen and Rutledge 1993. Shaded iSRRI

22:31:41 UTC Swp: 3 ctd
vop:

region signifies vorticity zone. KIS

+
ECLECT

+
| l_;.l F DAN

National Oceanic and

@ Atmospheric Administration Burling‘ron Weather Forecast Office

U.S. Department of Commerce



What is Composite Reflectivity

v

o

Composite Reflectivity

Displays the Highest Reflectivity Values
Over a Given Point

@ National Oceanic and
V Atmospheric Administration

U.S. Department of Commerce
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e What elevations radar scans and how frequently can be tweaked to measure certain
weather phenomena better.

No weather on the scope

I Slices Tilts | VCP | Time*| Algs. Usage Limitations l
- i - Clear-air, snow, and light stratiform
P 5 P O + precipitation. Shares common lower All Bins clutter suppression is not recommended.
S ¥ elevations with VCPs 12/212 and 215. No coverage above 6.4°. Rapidly developing

/ //"‘ 7 s ~31° 9 35 SA"'S - . 2 X i
P S i wilne Overlapping low-level coverage. Uses SZ-2 |convective echoes aloft might be missed. Limited

A A A AW to significantly reduce range-obscured V/SW |[to a single SAILS scan. PRF sectors not allowed.

— data compared to VCPs 31/32.

@ National Oceanic and . .
V Atmospheric Administration Burllng‘ron Weather Forecast Office

U.S. Department of Commerce
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e What elevations radar scans and how frequently can be tweaked to measure certain
weather phenomena better.

Severe Weather Scanning

Slices Tilts | VCP | Time*| Algs. Usage Limitations
High antenna rotation rate decreases the
4.3 | AVSET |Fastest VCP. Rapidly evolving, severe e g
12 convoctiveavents lo.g soitiall Bve, MESH effectiveness of clutter filtering and decreases the
"’?”';’6' 128 1000 80° 2o mins %54 ! ; accuracy of the base data estimates.
/ / // i SAILS |— : ,
/ J //5 * t Rapidly evolving, severe convective events  |All Bins clutter suppression is not recommended. High
/ e 14 212 4.6 (e.g. supercells, squall line, MCS). Uses SZ-2 |antenna rotation rate decreases the effectiveness of
# '/// '/,_,/ e s MRLE |[to significantly reduce range-obscured V/SW [clutter filtering and decreases the accuracy of the base
o é////// ;“ data compared to VCP 12. data estimates. PRF sectors not allowed.
¥ —  _—18
eSS e L Large-scale systems with widespread high \ ,
g —0% + | AVSET g ; Y _ P : € PRFs are not editable for SZ-2 (Split Cut) tilts. RF
9% 5.5 velocity (e.g. long squall lines, hurricanes). 7 . b X
112 e only mitigated for split cuts. Limited to a single
mins Significantly reduces range-obscured V/SW SAILS scan
SAILS data within 230km compared to other VCPs. 2

@ National Oceanic and . .
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U.S. Department of Commerce



<\ONg,
14131

Q?

& What is Dual Pol
-
=

Radar stands for Radio Detection and Ranging. So it's a radio wave. The
polarization refers to the orientation of the beam.

»
9

i

TRANSMIT
AN ontal Pulse

Burlington Weather Farecast Office

National Oceanic and

Vﬁ Atmospheric Administration

U.S. Department of Comm:



S

.
V" 2

Back when
NEXRAD WSR-88D
was implemented,
dual-pol was
installed, but
broader applications
weren’t known until
2003!

But sending a
vertical and
horizontal pulse
open up a world of
possibility.

National Oceanic and . .
@ Atmospheric Administration Burllng’ron Weather Forecast Office

U.S. Department of Commerce
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Hail scatters the beam differently
from liquid water droplets.

It creates all kinds of radar artifacts.
While this makes hail detection fairly
easy, the question is often severity.
You can spot it in CC, velocity, and
differential reflectivity (ZDR).

e s

National Oceanic and
Atmospheric Administration
U.S. Department of Commerce

adapted from WDTB

Burlington Weather Farecast Office



Dual Pol: Correlation Coefficient

Measures uniformity between the horizontal and vertical pulses. Correlation
Coefficient answers if targets have different sizes and shapes and is best for finding
melting snow, hail, and tornado debris balls (made of non-meteorological targets)

Non Uniform Uniform
Non Meteorological Meteorological Meteorological

Hall

" T

80mm 7.4mm

b Wet Aggregates

Low CC Moderate CC
(< 0.80) (> 0.80 to 0.97)

National Oceanic and

@ Atmospheric Administration Burling‘ron Weather Forecast Office
U.S. Department of Commerce



Spectrum width measures how variable wind speeds are and shows turbulence
and shear. With correlation coefficient, it can locate tornadoes on radar with a close
eye or the leading edge of gust fronts. Here’s tracking both for the rare Middlebury
tornado in March 2021.

T8 =)
AN -y

National Oceanic and

@ Atmospheric Administrati - : : - . . - Duf“ngTDH Weather Forecast Office
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@ Dual Pol: KDP - Specific Differential Phase

This function of dual polarization is primarily about finding the heaviest rain.

I One can detect wet microbursts as well if high KDP
descends from the mid-levels towards the ground, like this case July 30th, 2019.

i | \
| |
50 kit 50 kit

30 kit |———

. Elevated KDP Core

30 kit
20 kit

20 kit

10 kit

10 kit

,_’f’-'_)_ —

e platsburgh s,
- 7:',“;:,‘», "

Plattsburgh

National Oceanic and
Atmospheric Administration

Burlington Weather Farecast Office
U.S. Department of Commerce




Dual Pol: Differential Reflectivity (ZDR)

This depicts the shape of the target. Positive values indicate its wider than it is tall.
Near zero indicates the target is relatively equal. Negative values indicate its taller
than it is wide. So hypothetically...

What is the ZDR of this cow!?

A Z,.>0]
B. Z.=0
C.Z =0

National Oceanic and

@ Atmospheric Administration Burling‘ron Weather Forecast Office
U.S. Department of Commerce



This depicts the shape of the target. Positive values indicate its wider than it is tall.
Near zero indicates the target is relatively equal. Negative values indicate its taller
than it is wide. So hypothetically...

What is the ZDR of this corn cob?

A Z,.>0
B. Z__ =0
‘C. Z29<0

National Oceanic and

@ Atmospheric Administration Burling‘ron Weather Forecast Office
U.S. Department of Commerce



Dual Pol: Differential Reflectivity (ZDR)

This depicts the shape of the target. Positive values indicate its wider than it is tall.
Near zero indicates the target is relatively equal. Negative values indicate its taller
than it is wide. So hypothetically...

What is the ZDR of this basketball?

A Z_.>0
IB. Z,, =0
C. Z,.<0

National Oceanic and

@ Atmospheric Administration Burling‘ron Weather Forecast Office
U.S. Department of Commerce



Remember that raindrops are shaped more like a hamburger. So wetter objects tend
to be positive. Objects that are dry, like giant hail or dry snow are negative. Clutter
also is. So if there’s an area of clutter aloft in the middle of a storm, you can locate
bounded weak echo regions in identifying updrafts with ZDR too. Lots of functions!

(

Rain

Hail
Graupel
Snow

Ice Crystals
Clutter/AP
Biological
Chaff
\___Debris

National Oceanic and

@ Atmospheric Administration Burling‘ron Weather Forecast Office
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Dual Pol: Precipitation Accumulation and Rain Rates

The added depth of seeing storms in two different kinds of pulses can help
precipitation estimates. It's not bias corrected at all, and we tend to notice a high
bias in estimating rain in our region. It is prone to hail contamination as well. It's a
tool in the belt to find the heaviest rain, but we’re not often making decisions solely
based on these.

% 5 111.5 283464

UCP_ 12 .
MX: _1.9in ¥ )
BIAS/#G-R: 1.09/0
D: 11,0037

¢

A

National Ocear

Vﬁ Atmospheric A

U.S. Department of Comme|
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Based on polarity, dual pol can estimate precipitation type. We usually don'’t rely on
this too much, but it can be handy in pointing out non-meteorological targets if

. W Missoula N
[~ By
, FLA

National Oceanic and

@ Atmospheric Administration Burling‘ron Weather Forecast Office

U.S. Department of Commerce



& Multi-Radar, Multi-Sensor (MRMS)
=5 Using More Than One Radar at Once

You can make some more refined measures by applying multiple radars to a storm.
Here’s some of the applications.

Composite Reflectivity Based on several radars (overcomes cone of silence)
Estimated Streamflow (Important for Flash Flood detection)

Maximum Estimated Hail Size & Vertically Integrated Ice

Maximum Azimuthal Shear (Finding Supercells and Gust Fronts)

More Radar Precipitation Estimates!

Even algorithms to estimate severe thunderstorm potential

National Oceanic and

@ Atmospheric Administration Burling‘ron Weather Forecast Office
U.S. Department of Commerce



e You can look at slices like

what if you have 50 dBZ
above the freezing layer.
You're likely to have
lightning if you start
observing these numbers.
So if none is occurring, you
can get some lead time on
lightning development. But
not airtight.

You can also look at -20 C
for these values to forecast
hail potential.

National Oceanic and
Atmospheric Administration
U.S. Department of Commerce
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MRMS: Streamflow

e Uses the MRMS rainfall s T e ] e e e
estimates and basin g e
geography in its model to i .,
forecast where excess water £ L
is. -

e Extremely useful for flash 2
flood detection. "

e There are 3 primary models
for different situations:
o CREST - Normal |
o SAC-SMA - Complex )
Basins :
o Hydrophobic - Burn
Scars or Saturated Soil

National Oceanic and

@ Atmospheric Administration Burling‘ron Weather Forecast Office
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e You can use these to | .
estimate how large hail is
and the size of the hail core. /|
Tends to overestimate hail
size. We usually knock off a
quarter inch off its estimated SR,
value.
Struggles on days we have
graupel or tiny hail in early
spring.

These values are around
0.33-0.67" (pea to dime size

A

hail) | éraéson

National Oceanic and . .
Atmospheric Administration Burllng‘ron Weather Forecast Office

U.S. Department of Commerce
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&" MRMS: Vertically Integrated Ice

g
m
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Vertically Integrated Ice

e You can use these to | (58
estimate how large hail is
and the size of the hail core.

e Find storms with most water
and ice loading. More likely
to produce hail and
downburst winds.

Mountain=
~ Grove

,}‘\'7‘;

Branson

National Oceanic and

@ Atmospheric Administration Burling‘ron Weather Forecast Office
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Let’s say you walk in to a lot
of supercells and must make
snap judgments which will
make a tornado first.

This can help you quickly
locate the one with the
greatest amount of spin.
You can stitch these
together to make rotation
tracks. Helpful for hunting
down tornado paths if
reports are spotty.

Can also appear along
squall lines.

National Oceanic and
Atmospheric Administration
U.S. Department of Commerce

Ll el B EREER]

[ Map Center: -72.0573, 41.7828 |

Rotation Tracks/Low Level 24 hr

]
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MRMS: ProbSevere

Sucks in all the different
MRMS parameters to
forecast the probability a
storm is producing severe
winds, severe hail, or a
tornado.

Another helpful way to rank
which storms are the most
likely to be severe or
causing tornadoes.

It's not perfect, but a great
tool to have.

National Oceanic and
Atmospheric Administration

U.S. Department of Commerce

Perimeter:75.17 km
Area:346.04 km*

PSV3: 9%:; PHVS: 1%; PWv3: 5%; PTv3: 2%
P2 4% phi2: 1%; paw2: 4% piv2: 0%
MESH: 0.44in VIL: 27 g2
ENI Flash Rate: 33 fimin
ENI Plash Density. 0.42 Uminkm'2
Max LLAZShear- 0.009 /=
6% LLAZShear: 0.007 /s
8% MUAZShear: 0,005 /=
Nanm. vert. growsh raste: NIA
EBShes: 37 kt: SRH O-Thom: 68 22
MeariWind 1-3m: 9 ki
LR 0-3am: 7.3 Chen; Masx LR 2-8km: 7.1 Cen

MUCAPE: 2900 kg MLCAPE: 2400 Jikg: MLCIN: -18 Ik
Weibxdb 0C hgt:13.5 ki AGL; PWAT: 25 1.

GLM: mmoax FED: 118, sum FCD: 134 5 min

GLM: e TOE: 201 £, min flash ares: 80 ben'2

Object ID: 170402

Burlington Weather Forecast Office



How Do We Forecast What Storms Might Do?

e \We closely look at what is changing as storms track in
different places at different time.
o Radar and satellite trends

e \We get a sense for the environment and how that will
affect how storms could behave.
o Soundings and mesoanalysis (boundary hunting)

e Models are never perfect, but they give us ideas of how
things evolve.

National Oceanic and

@ Atmospheric Administration Burling‘ron Weather Forecast Office
U.S. Department of Commerce
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% Directional Shear

***3

e Turning winds ideal for supercells

e Bowing segments in lines

e (Can be supportive of derechos in
extreme instability

@ National Oceanic and . .
v Atmospheric Administration Burllng‘ron Weather Forecast Office

U.S. Department of Commerce
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National Oceanic and
Atmospheric Administration
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’ JCoId \downdfaft

Gust frontJ

High speed over top gust fronts
create rolls.

If shear and instability are well
balanced, this produces those
really long line of thunderstorms.

Burlington Weather Farecast Office
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& Using Mesoanalysis Tools

***3

e If you've ever read our storm write )
ups, you will almost always find a RA |
mesoanalysis map. Like our review o=/ (/7151
the significant microburst over Moriat /. /77 1)

NY in August 2022, A L
e We closely watch the balance of she: - Pt
and instability to determine whether « ‘

storms will strengthen and what
severe hazards to anticipate.

CAPE and CIN 0-6km Shear

@ National Oceanic and . .
V Atmospheric Administration Burllng‘ron Weather Forecast Office

U.S. Department of Commerce



i 72376 FGZ Flagstaff Observations at 00Z 20 Aug 2017

200

Mesoanalysis: Skew-Ts

Certain kinds of sounding profiles are associated with severe weather. Look out
for steep red curves, dry air, wind profiles, if it could be unstable, etc.

Inverted V

338 mb (mix) =——

RTINS S\t

A

o
<
0
o
0
2
o
0
o

National Oceanic and
Atmospheric Administration
U.S. Department of Commerce
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6o 72357 OUN Norman Observations at 12Z 20 May 2013
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Satellite Functions

Global Lightning Mapper creates a

background brightness map and uses

changes in it to detect whether lightning

is occurring from space!

e Increases in lightning can help locate the
strengthening storms.

e We also use ground networks, but if they
fail, we also have satellite capabilities!

il <L g / .
29 Jun 2024 01:31 NOAAINESDIS/STAR GOES- East GLM FED over ABI 01:26 Geocolor

@ National Oceanic and . .
V Atmospheric Administration Burllng‘ron Weather Forecast Office
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R Satellite Functions

***3

‘\0"41

&

e Thunderstorm evolution can be observed
by changes in the representation of
clouds on satellite. We look for changes
in structure to forecast intensification or
weakening.

e You can pick out features like
overshooting tops in strong convection.
Conversely if cloud tops are lowering,
you can assume your thunderstorm’s
updraft is failing.

o i
29 Jun 2024 01: 362 NOAAINESDIS/STAR GOES-East - Sandwich Composite - UMV

National Oceanic and

@ Atmospheric Administration Burling‘ron Weather Forecast Office
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X% Satellite Functions

***3

e \Visible satellite imagery has the highest
resolution. You can find boundaries like
this gust front at the foothills of the
Rockies.

e \With one minute data, we can track the
speed of outflow boundaries even, and
have even issued warnings based on
cloud motions in visible satellite imagery.

National Oceanic and

@ Atmospheric Administration Burling’ron Weather Forecast Office
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ion of strong core aloft
g core bottom

k he ifference (At ShHE ‘ ‘ lifted condensation i } AV > 15k
* Surface-based CAPE (SBCA 3100 J/kg : ‘ * Wet hall signature {Three-Body Scatter Spike
* Downdraft CAPE i kg {TBS5}, CC ~ 0.93-0.26, KDP > 3°C/kmj}
j>30 kt
ty (2} cells w/hich
lifted condensation levels (LCLs) at 0 C and/or
strang wind inn mixing loyer

ive System (QLCS}/Derecho/Cold-Pool Driven

» Strong leading reflectivity

National Oceanic and

@ Atmospheric Administration Burling‘ron Weather Forecast Office
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Near Storm Environment Storm Characteristics

Severe (> 1-inch) §> - @sz

* Large hail parameter {LHP) >4 = Discrete thunderstorm
+ Most unstable CAPE{MUCAPE) >1600 J/kg * Weak echo region {WER})
« Effective bulkwind difference (EBWD]} >29 kt. - * 50 dBZ thickness above the melting level > 16 kft
J « Reflectivity (2} 260 dBZ
* Correlation coefficient {CC) =0.93-0.97
* Three body scatter spike [ TBSS)
* Storm-top divergence [STD} AV > 70-102 kt
* Hail detection algorithm (HDA} > 1"
* Max estimated size of hail [MESH} > 1"

! fni
s 25~ 275 3

= Significant hail parameter ([SHIP} >1 ‘ 1 ¢ . * Discrete supercell

* Large hail parameter (LHP) > 5 , o . B * Bounded weak echo region (BWER)

* Most unstable CAPE (MUCAPE)> 1850 /ke 1 ; » Updraft persists > 30 min

* Effective bulkwind difference (EBWD)>329 ki 5 * 60 dBZ above -20°C

¢ 700-500 mblapserate (LR} > 6.5°C/Km ol « Correlation coefficient (CC) ~0.7-0.9

* Surface to equilibrium levelbulk shear [Shear Y546 ki « Differentizl reflectivity (ZDR) =0 dB

fan ? * Storm-top divergence (STD) AV > 130-162kt

= Peakrotational velocity (Vr) >27-41 kt
* Hail detectionalgorithm (HDA] > 2"
* Max estimated size of hail [MESH) >2”

Giant (> 4-inch) QH 4 n°ws 5

* Large hail parameter (LHP)> & » Storm-top divergence (STD) AV >233-267 kt
» Most unstable CAPE (MUCAPE) > 3000 I/kz . « Peakrotational velocity (Vr) >39-56 kit

» Effective bulk wind differencé (EBWD} >46 kt

* 700-500 mblapserate (LR,.} > 7.0°C/km

* Surface to equilibrium level bulk shear {Shear, ) >60 kt

National Oceanic and . .
Atmospheric Administration Burllng‘ron Weather Forecast Office

U.S. Department of Commerce




Peak V [kts) Max Hail Size {in.)
70-102 Quarter {17}
115-147 Golf ball {1.75”}
174-207 Baseball {2.75"}
233-267 Softball {47}

Adopted from Wirand Heison, 1992
P ;

: Hail Size ﬁl:] 1 P;I

Hail Event Type

. Severe Hail
{with little rain)

1.75” to 2.00" 27-41 Severe Hail Mixed
47 39-56 w/Rain

Source: Bigiretal, 2081

Sub-Severe Dry Hail

Sub-Severe Melting
Hail

Significant (>2”) Hail

@ National Oceanic and
v Atmospheric Administration

U.S. Department of Commerce

Z

45.59 dBZ = Hail poss
>B0 dBZ = Hail likely

[
0.93- 0.97 = 1-2" hail
0.70- 0.90 = >2” hail

Z>55dBZ

CC =0.95-0.97
Z>55dBZ

CC ~0.83-0.98
Z=45.55dBZ
CC>008

Z>55dBZ
CC=0.92-0986

Z > 55 dBZ (>45 dBZ)
CC < 0.9 {possibly 0.7)

iGN = L
ZDR:

-0.3 to 1 dB = Dry or large hail
> 1 dB = More liquid

KDP:

<1%/km = Mostly dry hail

>3°/km = Rain‘hail combo
or melting hail

Signature
ZDR <1 dB
KDP < 1°/km
ZDR=1-2dB
KDP > 0.5°%km
ZDR=0dB
KDP = 0°/km
ZDR>2dB
KDP > 4-5°/km
ZDR =0 dB or lower
KDP not displayed

Severe (1”) Hail Warning Criteria:
50-dBZ Echo Height Above the Melting Level

50 dBZ height

Melting Level 25th Percentile
6500 22000
7000 23000
7500 24000
8000 24900
8500 25900
9000 26900
95600 27900
10000 28800
10500 29800
11000 31900
11500 32900
12000 33900
12500 34900
13000 35800
13500 36800
14000 37800
14500 38800

Source: Cavanaugh and Schultz, 2012

Burlington Weather Farecast Office
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30

Initial Supercell Tornado
Warning Threshold

Also consider...
s V.., relationshipsweaken at ranges > 70 nmi
s |sthe velocityinares of > 20 dBZ?

Tornado Debris Signature {TDS)
Identification

Nowcasting Significant Tornadoes

» TWS/TS: 0.5° V.. 2 70kt on anyof the Jast 3 scans
= 1f0.5% ¥ corrupted, pick higher beam < 2 km AGL
Supercell meso: 2 8,000 fi, deep with avg. V-: 2 30 kt,

1.
2.
3.

Considerable Tag Threshold
With TDS

TDS Height Threshold
EF2+: 8,000-10,000ft,

Other EF-2+ Indicators:

persisting for atleast 2 volume scans
Near storm environment {NSE) supportive
Parent storm history

Upgrade to Catastrophic Tag

“Tornado Emergency” if:
{Must meet ALL)

Tornado confirmed {TDS or credible source)
Expected to impact populated area
Believed to be strong /violent (EF2+}

Considerable Tag Threshold
Without TDS

National Oceanic and
Atmospheric Administration

U.S. Department of Commerce

ht

continuity

ADDS
CONFIDENCE!!

Burlington Weather Farecast Office



The Importance of Reference Sheets and Local Study
From our own region - Taber, Duell, and LaRocca study for BTV

50 and 60 dBZ Height for Hail Events

Height (kft)

@ Max 50 dBZ @ Max 60 dBZ

24

Height (kft)

50 and 60 dBZ Height for Wind Events

B Max 50 dBZ B Max 60 dBZ

National Oceanic and
Atmospheric Administration
U.S. Department of Commerce

Figure 12: As in Fig. 6, except for the 50 and 60 dBZ height (kft) for hail events.

Figure 13: As in Fig. 6, except for the 50 and 60 dBZ height (kft) for wind events.

These are powerful tools to establish a baseline when we consider warnings.

Burlington Weather Farecast Office




Let’s Analyze a Couple
Severe Events in our Area

National Oceanic and

@ Atmospheric Administration Burling‘ron Weather Forecast Office
U.S. Department of Commerce



d Mode

rate Outlook from SPC was the first time since 2012.
| "'\, 1 7 S H. ks { g
H. rl \ ".| 4
Al | N~

/ 8

\ENH
&)
y

-

Day 1 Outlook

N " ',"\"
Tornado
@ National Oceanic and

Atmospheric Administration
U.S. Department of Com
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v 4 4

Hail
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Damage Type ﬁL
Tornado
Flooding
Lightning
Wind Gust

Tree/Power Line

S IR 2 |

Hail Size In Inches
025
050
075
1.00
125
150

..OO.‘QO

200+

o 1 2 0 _——f}_u‘i:gﬁi

175 ~

Sources: National Weather Service WFO's,
Storm Predicition Center, IEM

North Country Storm Reports From Past 24 Hours

Reports were collected by
the National Weather
Service from spotters, law
enforcement, broadcast

\, media or emergency

managers. A summary of
the reports can be found
on the Storm Predicition
Center's website at:
WWW.Spc.noaa.gov/climo

As of: 4 AM 5/5/2018

Created by the National Weather Service Forecast
Office Burlington, Vermont

@ National Oceanic and
V Atmospheric Administration

U.S. Department of Commerce
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NEXRAD 1KM MOSAIC 4 MAY 18

National Oceanic and . .
Atmospheric Administration Burllng‘ron Weather Forecast Office

U.S. Department of Commerce




Visible Satellite at 7:12 PM

=
Visible imagery showed several towering
cumulus nimbus clouds along a broken line with
strong vertical development

Y iy

%
/4
!

7

western NY into the Saint Lawrence Valleyand % q |
Adirondack Mountains Lt Clearing skies helped to destabilize
S A atmosphere across parts of NY and VT

National Oceanic and . .
Atmospheric Administration Burllng‘ron Weather Forecast Office

U.S. Department of Commerce




d Strong shear and very strong forcing produced supercells and damaging
downbursts. Better instability in VT caused more developed storms.

Thunderstorm near Potsdam at 4:37 PM on 4 May 2018 Mini Supercell Thunderstorm near Richford, VT
‘ Tii — : 7 at 6:55 PM on 4 May 2018

‘ Storm top 40 kft
40 kit = — | ‘
West to east reflectivity tilt indicating ‘

strong westerly winds
P 30Kt 55 to 60 dBZ to 22 kft
30 kit %—— —_— [ —

S ‘ Storm top 38 kft

‘ Descending rear flank
downdraft and associated
K -
‘ S reflectivity core 4

20 kit [

20 kit 4 20 kit

— Forward flank reflectivity core

i
b (v

National Oceanic and . .
Atmospheric Administration Burllng‘ron Weather Forecast Office

U.S. Department of Commerce




d We had a clear supercell
near Richford. The couplet
helps enhance inflow and
separates the updraft and
downdraft, making efficient
hail production.

d Even though it never
produced a tornado,
supercells typically create
more hazardous weather,

like the 1.75" hail (golf-ball).

@ National Oceanic and
v Atmospheric Administration

U.S. Department of Commerce

Mini Supercell Thunderstorm near Richford, VT
at 6:57 PM on 4 May 2018

T ‘ o ~ Enc alls W R
R J 3 N =8 4 \4
<2 : y e g & > _ N R
A .
4 Hook-like reflectivity structure with 60 s

to 70 dBZ core, indicating large hail and - ; ) inbound and outbound values,
heavy rainfall (M™% indicating mid level cyclonic rotation
ik g T A : | e kil 208 . A
(3 \‘l,:- ‘.:.' ok Y % ¥ Y

? }' ; P P A )
255, aife 5 i g
& (o e 4

Burlington Weather Farecast Office



60-70 dBZ can indicate
melting hail. The
environment loses heat
melting that hail, and it can
strengthen the intensity of
the downburst.

This downburst may have
aided in producing a small
area of rotation to the
southwest of the core, but it
would also cut off the inflow
into that storm.

National Oceanic and
Atmospheric Administration
U.S. Department of Commerce

Thunderstorm near Shelburne, VT at 7:06 PM

on 4 May 2018

. Strong reflectivity signature of 60 to 70 '
ey dBZ indicating heavy rainfall, hail, and
gusty winds

Inbound wind velocities of 55 to 65
knots at 400 feet above ground level.

Pure divergence wind pattern

southern flank.

Burlington Weather Farecast Office



d  Shelburne got hit twice, and
is part of why they had the
most concentrated damage
of this event. Another classic
downburst situation unfolded
just 20 minutes later.

@ National Oceanic and
v Atmospheric Administration

U.S. Department of Commerce

] dBZ indicating heavy rainfall, hail, and @;;
TR

2" Thunderstorm near Shelburne, VT at 7:25 PM
on 4 May 2018

gusty winds

Divergence wind signature with
inbound velocities of 55 to 60 knots at
400 feet above ground level

o EE 4 - e l!:"‘
4 e
i hd . - -

Burlington Weather Farecast Office



Q This tiny bow produced Z Thunderstorm near Stowe, VT at 7:40 PM

several downed trees in {| on4 May 2018

Stowe.

A Reflectivity gradients are
indicative of strong winds
pushing droplets in more
concentrated areas. A sign
of the downburst to come.

. Outbound velocities of 55 to 60 knots
735 associated with descending rear flank

Al =83
;

inflow jet
(aEm -
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d  We had several of these

vortices running out ahead of
these.

d None of these produced any

&

tornadoes, but in such a
strongly sheared, dynamic
environment, we have to
closely watch for any funny
business in larger lines.

National Oceanic and
Atmospheric Administration
U.S. Department of Commerce

Quasi-Linear Convective System (QLCS) and Associated
Mesovorticies Approaching Central VT
at 8:24 PM on 4 May 2018
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QLCS approaching the Green Mountains in central
VT produced several enhanced cyclonic rotational
couplets and associated reflectivity signatures

Burlington Weather Farecast Office



d  Whenever we observe drops in

&

Several Bow Echoes Thunderstorms Across
Eastern, VT at 8:56 PM on 4 May 2018

reflectivity behind bowing shapes, - P i
y . . . . ’ ; Marshiield {1 I E faMarshiieli~
that's indicative of air quickly L ) e A, -
. SN j located with descending 8
descending to the ground. Y |
Classic situation for straight-line | A o

pay. S8 28
25 Northfield ! '” s
ey

e

-

b
2

winds. At the bookend, you can G} o1

—— Weak echo channels,co- —>
. % located with descending W
get vortices as well. sk % ) rearinflowjetandsharp ..
7 forward flank reflectivity
gradient suggests
damaging winds
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> July 13th, 2023

* e *
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3  While Vermont was dealing with impacts from
flooding July 9th-11th, one of our higher end
severe outbreaks quietly took place July 13th,
and included a tornado.
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> July 13th, 2023

* S Kk

d Negative tilt troughs can be trouble - a coupled jet streak in summer helps
thunderstorms ventilate and usually results in thermal packing that help fronts

\QN4,
1y31s

K}
o

strengthen.

-

National Weather Service
Storm Prediction Center
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> July 13th, 2023

* e *

d Storm near Potsdam, New York produced a funnel cloud about 2 PM, but broad
rotation likely prevented further development.
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KTYX - 2:06 PM 0.5 degree NROT

Radar rotational
calculations detected the
spin, but not gate-to-gate.
Pink line shows gap.
Burlington Weather Farecast Office
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> July 13th, 2023

* e *

d Storm near Potsdam, New York produces a funnel cloud about 2 PM, but broad
rotation likely prevented further development.
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| KTYX - 2:06 PM 0.5 degree storm
relative velocity

From review, the azimuthal
shear was about 20-25 knots.
At this distance from the radar,
better tornado chances occur
with speeds > 35 knots.
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> July 13th, 2023

* e *

d Along-lived storm produced damaging winds up to 85 mph and multiple reports

»
9

of 1” hail.

KCXX - Volumetric scan of hail producing
storm near Schroon Lake 5 PM.

50 dbz core above 30000 feet,
and 60 dbz not far below it
about 28000 ft!
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July 13th, 2023
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July 13th, 2023

d  An EF-0 with 85 mph winds tracked from Benson to Hortonia crossing the
Warrior Lakes. The tornado wasn’t photographed, but we surveyed the damage.
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> July 13th, 2023

A The tornado developed a bit to the south of the mesocyclone. Rotation
developed very quickly, forcing forecasters to make very quick assessments.

About 20/ knots Now about 60
of disorganized : : knots and
rotatfon gate-to-gate!
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> July 13th, 2023

d  You need more than rotation to confirm a tornado. Look for signs of debris and
other confidence boosters. There was little reflectivity in the region of strongest

rotation. This radar scan would not boost confidence.
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> July 13th, 2023

* e *

d Tornado debris is highly reflective, but not homogenous. Confidence in a
tornado increases if high reflectivity is coupled with very low correlation
coefficient (Tornado debris signature). That was not present here. Hook-like

feature had high CCs.
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> July 13th, 2023

d Alarge bow formed in central Vermont and knocked trees down in West Braintree
about 7:15 PM (1.3 degree scan due to beam blockage). Outbound velocity
maxed out about 40 knots, but moving at an angle to radar.
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Severe Weather Operational Summary

d Severe weather in the North Country is rarely clear cut.

d  So we have to use every tool in our kit to keep a watchful eye.

d  We build off pattern recognition, climatology, and model forecasts to help drive
our expectations. We watch radar, satellite, and the latest information from
mesoanalysis to adjust forecast storm evolution as it occurs.

d Beam blockage poses serious challenges. Especially outside the Champlain
Valley, we rely on reports.
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& Ways to Relay Information

P |

Vi ( awrel X3 Nat|onal Weather Service

N «/‘

Serving Vermont and northern New York A good spotter report includes:
1. Who you are
2. Where you are
3. What weather you saw

weather.gov/btv/skywarn

o
802.862.2475(HIt ) 4. What time it took place
1.800.863.4279 (Line for Spotter Reports) 5. How long did it last

@/ nws.er.btv.operations@noaa.gov What to report:
1. Tornado/Funnel/Waterspout
2. Wind Damage
'i ° 3. Hail (measure tip-to-tip)
US National @NWSBurlington @NWSBurlington 4. Very heavy rain & Flooding
Weather Sevice 5. Heavy snow amounts
Burlington, VT
6. Freezing Rain/Sleet
E https://[www.weather.gov/btv/stormreport 7. Lightning Damage

8. Wx. Related Injury/Fatalities

National Oceanic and
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& Review Questions!

When a storm is moving at an angle to the radar beam, the velocity is what?

<\ONg,
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1.

a. Overestimated
b. Underestimated
c. Unreadable

d. Unaffected

Burlington Weather Farecast Office
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Review Questions!

2.  Which of the following is a sign of hail in a storm?

a. Reflectivity values above 60 dBZ (especially when 20000 ft above
ground)

b. Correlation Coefficient values below 0.9

c. ATornado Vortex Signature

d. ZDR values close to zero

e. High values of Convective Available Potential Energy (CAPE)

f. Storm Top Divergence above 100 knots

National Oceanic and

@ Atmospheric Administration Burling‘ron Weather Forecast Office
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Review Questions!

3. Which of these radar signatures indicate damaging wind potential
a. Mid-altitude azimuthal divergence
b. Rear-inflow jet
c. Bounded weak echo region

d. 40 dBZ at 15,000 feet above the ground

National Oceanic and
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4. What type of shear is conducive to tornadoes

a. Directional Shear
b. Speed Shear

c. Sheer Willpower

National Oceanic and
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Review Questions!

5. What are three radar signatures that confirm a tornado is on the ground?

a.

b.

e.

f.

Correlation Coefficients of 0.99 away from reflectivity signatures
Rotational Velocity over 70 knots on the lowest scan

Correlation Coefficients of 0.9 or less with reflectivity above 30 dBZ
Vertical continuity of Correlation Coefficient

KDP values > 5

ZDR values near 0 at the hook echo.

National Oceanic and
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Thanks for your attendance!

Robert Haynes — robert.d.haynes@noaa.gov

You're welcome to send questions and feedback to me anytime.
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