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Backqground

A significant tornado is defined as having a rating
of EF2/> on the Enhanced Fujita Scale (Feb 2007).

Expected Damage

EF Rating %Wind Speedsé

‘Minor’ damage: shingles blown off or parts of a
roof peeled off, damage to gutters/siding,
branches broken off trees, shallow rooted trees
toppled.

‘Moderate’ damage: more significant roof
damage, windows broken, exterior doors
EF-1 86-110 mph i :
damaged or lost, mobile homes overturned or
badly damaged.

‘Considerable” damage: roofs torn off well
constructed homes, homes shifted off their
foundation, mobile homes completely
destroyed, large trees snapped or uprooted,
cars can be tossed.

111-135 mph

‘Severe’ damage: entire stories of well
constructed homes destroyed, significant
damage done to large buildings, homes with
weak foundations can be blown away, trees
begin to lose their bark.

EF-3 136-165 mph

‘Extreme’ damage: Well constructed homes are
leveled, cars are thrown significant distances,
top story exterior walls of masonry buildings

would likely collapse.

‘Massive/incredible’ damage: Well constructed
homes are swept away, steel-reinforced
concrete structures are critically damaged,
high-rise buildings sustain severe structural
damage, trees are usually completely debarked,
stripped of branches and snapped.




Backqground

In the seventeen year period of the study, from
1995 to 2011, thirty-eight significant tornadoes
occurred, resulting in 7 fatalities and 421 injuries.




Backqground

Significant Tornadoes by Month
(1995 - 2011)
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WSR - 88D

WSR - 88D “ eather urveillance adar 19 oppler
became operational in 1995. It scans multiple elevation
angles of the column. It also completes a volume scan
of the column about every 5 minutes.
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mid-level winds

Nearly all of the tornadoes in the study were associated
with the supercell storm-type. Using multiple elevation
angles and volume scans, WSR - 88D provides both
reflectivity and velocity at points throughout the column.



Map of WSR - 88D sites.
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Reflectivity

Storm Type

wy
]
=
Q
>
L
(-
(o]
Q
=15}
(18]
i)
c
Q
o
S
Q
o.

Multicell Cluster

~

b

4

"ME 7/8/96

Multicell Line




Reflectivity

Storm Characteristics
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Storm Motion

d from 740 PM until 1100 PM EDT

Average Storm Motion in the study:
O 260 degrees at 35 knots (east at 40 mph)



Velocity

Measurement of wind toward or away from the radar.
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Velocity

There are two types of velocity:

Base Velocity measures the
combined circulation and storm
motion. Therefore, the inbound
and outbound velocities of a

circulation may not be apparent.
Application: straight-line winds.

Storm Relative Velocity is
computed by subtracting the
storm motion from the Base
Velocity measurement. The
circulation becomes apparent.
Application: tornadoes.
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Mesocyclone & Gate to Gate Shear

Storm Relative Velocity: Buffalo, NY WSR - 88D 7/24/10
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The Mesocyclone

A storm-scale, vertical column of rotating air that

develops in the updraft of a severe thunderstorm.
It covers a much larger area than the tornado that
may develop within it. It's the hallmark of a supercell.

Mesocyclone criteria:

At least ten-thousand feet in depth.

[ Persisting for at least two concurrent
volume scans (about 10 minutes).

1 Rotational Velocity of at least 25 knots.

d Diameter of 5 miles or less.
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Elevation

height { ft)
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Average mesocyclone distance from radar: 49 miles.

Lowest elevation angle (0.5 deg) ~ 4,200 ft.



Mesocyclone Rotational Velocity
Lowest Elevation Angle ~ 4,200 feet
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Time Relative to Tornado Touchdown (~ 5 Minute Intervals)

The horizontal axis represents volume scans relative to
tornado touchdown. The time interval between scans is
5 minutes. There are 10 time intervals ~ 50 minutes.

Note the increase from 31 to 39 knots prior to touchdown.
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Mesocyclone Diameter: Distance between highest inbound
and outbound velocity in the circulation.

J Diameter = 5 miles



Mesocyclone Diameter
Lowest Elevation Angle ~ 4,200 feet
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Mesocyclone Diameter oscillated from 2.4 to 3.6 miles.

Note the sharp decrease centered around the time of
tornado touchdown, as well as 10 to 15 minutes prior.



Gate to Gate Shear

A velocity measurement taken at the point where
the greatest inbound and outbound velocities
are pixel to pixel, within the larger mesocyclone.

Gate to Gate Shear is indicative of tornado location.
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Gate to Gate Shear = |[Max In| + |[Max Out|
= 90 knots




Gate to Gate Shear
Lowest Elevation Angle ~ 4,200 feet
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Note the increase from 33 to 50 knots prior to touchdown.

The average path length and speed of a tornado in this
study was 6.0 miles and 40 MPH, respectively. Thus,
the average time on the ground was about 10 minutes.



Elevation
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All available elevation angles were used up to 20,000 feet.



Maximum Gate to Gate Shear
Elevation Angles < 20,000 feet
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Maximum of 88 knots prior to touchdown ~ 102 mph.

Significant tornado (EF2) threshold = 111 mph.

Secondary maximum of 76 knots well after touchdown.



Maximum Gate to Gate Shear Height
Elevation Angles < 20,000 feet
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Average = 6,700 feet.

Note the increase 10 to 15 minutes after touchdown
from a minimum of 5,100 ft. to a maximum of 8,200 ft.



The Cases
The June 1t 2011 Westfield to Charlton MA EF3 Tornado
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O EF Rating: 3

O Path Length: 37 Miles
O Path Width: 72 Mile
 Deaths: 3

A Injuries: 200
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National Weather Service 110601/1200 500 MB UA OBS, HGHTS, and TEMPS
Storm Prediction Center

12Z 500 hPa Analysis 18Z Surface Analysis

O Closed 500 hPa low in Southern Canada; Westerly flow.
U Surface cold front and attendant pre-frontal trough in NY.

0 Warm & moist southerly flow at the surface.



Y Plymouth State Weather Center AU S
inding

TXT /7 72518 - KALB - ALBANY, NY

GROUND RELATIVE
W
HODOGRAPH

WAL
ALL

LEVELS NG
NN\ D
o
W
W
A
; S,
A UL
i- .

A T~ .\gl\!, )

) »¢'€. I

F o :JI‘\

Kéots

Helicity Information

Storm Motion: 275/35
Mean HWind: 261/31 6kn

s-rH: 119 0O-3km
s-rH: 81 0O-2km

0l 02 0.6 10 ]

12Z Albany Sounding 12Z Albany Hodograph (Lower 1 km)

O Both speed & directional shear in the lowest 1 km.

O Elevated Mixed Layer (EML).
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187 Effective Bulk Shear (SPC)

O High CAPE - High Shear environment.



EE 'i'fai
iGreenfieId Q

\ l‘} ]

L oescite o

Hartford

ENX Storm Relatlve Velomty & Base Reflect|V|ty (0.5 Deg. Tilt) - 2002Z
O Strengthening Mesocyclone (left panel - inset)

U Rotational Velocity = 35 knots.
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ENX Storm Relatlve Velocity & Base Reflectmty (0.5 Deg T|It) 2016Z
O Note appendage over Westfield, MA.

O Gate to Gate Shear = 103 knots; Tornado began at 2017Z.
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O Hook Echo; Tornado over Springfield, MA.

O Hail Spike evident.
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BOX Storm Relative Velocity & Base Reflectivity (0.5 Deg. Tilt) - 2051Z

O Hook Echo better defined; Tornado entering Monson, MA.
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O Tornadic Debris Signature Spike.
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1 Gate to Gate Shear = 123 knots; Tornado over Brimfield, MA.
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BOX Storm Relative Velocity & Base Reflectivity (0.5 Deg. Tilt) - 2113Z
O Tornado in the vicinity of I-90 / -84 Interchange.

O Multiple Vortex evident in velocity data.



The July 24, 2008 NH Tornado
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O EF Rating: 2

O Path Length: 50 Miles
d Path Width: %2 Mile

O Deaths: 1

4 Injuries: 2



NTERS: HPC, TPC, OPC ™
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080724/1200 500 MB UA OBS, HGHTS, and TEMPS

12Z 500 hPa Analysis (SPC) 15Z Surface Analysis

O Anomalous 500 hPa closed low; 50+ knot southerly flow.
O Surface warm front moving northward.

O South-Southeast flow with 70F+ Dewpoints.
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Helicity Information

Storm Motion: 195/35
Mean Wind: 194/38 6km

12Z GYX Hodograph (Lower 1 km)

12Z GYX Sounding

O Deep South-Southwest flow through the column.

 Modest directional and speed shear (lowest 1 km).
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157 Effective Bulk Shear (SPC

15Z ML Cape & CIN (SPC)

O Low Cape — High Shear environment.
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d GYX Radar indicated a broad circulation (left panel - inset)

O Rotational Velocity = 37 knots.
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O Gate to Gate Shear = 54 knots; Tornado began at 1530Z.
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O Note “comma-like” appendage of higher reflectivity.



The July 21, 2003 NY Tornadoes
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Tornado 1: 00232 Tornado 2: 004372
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O Deaths: 0  Deaths: 0
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030722/0000 500 MB UA OBS, HGHTS, and TEMPS

00Z 500 hPa Analysis 00Z Surface Analysis

0 500 hPa Jet Maxima of 50+ knots moving through NY/PA.

d Warm front moving northward through the Hudson Valley,
leading to southerly flow and 60F+ Dewpoints.
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Helicity Information

Storm Motion: 240/45
Mean Wind: 218/36 6kn
s-rH: 435

s-rH: 430

1

00Z Albany Sounding 00Z Albany Hodograph (Lower 1 km)

O Strong directional and speed shear.

O Long and clockwise Hodograph in the lowest 1 km;
Large values of Storm-Relative Helicity.



ENX Storm Relatlve VeIOC|ty & Base Reflect|V|ty (O 5 Deg. T|It) 00092

 Broad Mesocyclone; Rotational Velocity = 51 knots

O Produced EF1 Tornado in Sullivan County NY at 2320Z.
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ENX Storm Relative Velocity & Base Reflectivity - 0020Z

(] Gate to Gate Shear = 96 knots; First EF2 Tornado at 0023Z.
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ENX Storm Relatlve Velomty & Base Reflectlwty 0040Z

O Gate to Gate Shear = 87 knots; Second EF2 Tornado at 0043~Z.

0 Produced 3 addt’l EF1 tornadoes in the following 70 minutes.
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