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OverviewOverview

•• Summary of the Oct 6Summary of the Oct 6thth, 2010 event, 2010 event

•• Radar characteristics Radar characteristics 

•• Surveyed damage, damage pathsSurveyed damage, damage paths

•• Relationship between Relationship between tornadictornadic 
storms and terrain (elevation)storms and terrain (elevation)

•• Future workFuture work



1 EF-3  Tornado
4 EF-2  Tornadoes
1 EF-1  Tornado
2 EF-0  Tornadoes

““Perhaps the greatest tornado outbreak Perhaps the greatest tornado outbreak 
west of the Continental Dividewest of the Continental Divide…”…”

8+ Confirmed Tornadoes (Several Long8+ Confirmed Tornadoes (Several Long--Track)Track)

•Large Hail (>2.5”)
•Most  active 4 AM – Noon
•Focused over limited area 

of N-Central Arizona

28 28 TORsTORs 25 25 SVRsSVRs 1 FFW1 FFW
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Torn #1Torn #1 2:05 AM2:05 AM 14 mile damage path14 mile damage path
Torn #2Torn #2 4:53 AM 4:53 AM 34 mile damage path34 mile damage path
Torn #3Torn #3 5:54 AM5:54 AM 35 mile damage path35 mile damage path
Torn #4Torn #4 6:50 AM6:50 AM 19 mile damage path19 mile damage path
Torn #5Torn #5 9:10 AM9:10 AM 55--10 mi damage path10 mi damage path



IR Satellite 06ZIR Satellite 06Z
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IR Satellite 11ZIR Satellite 11Z
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IR Satellite 13ZIR Satellite 13Z
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IR Satellite 15ZIR Satellite 15Z
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IR Satellite 17ZIR Satellite 17Z



IR Satellite 19ZIR Satellite 19Z



Radar ReflectivityRadar Reflectivity 
13:50Z13:50Z



12Z Oct 6   FGZ Sounding12Z Oct 6   FGZ Sounding

00--1 km SRH:1 km SRH: 249  m249  m22ss--22

00--3 km SRH:3 km SRH: 283  m283  m22ss--22

00--6km Total Shear:  56 ms6km Total Shear:  56 ms--11

Surface:  T 45;  Td 43 Surface:  T 45;  Td 43 
CAPE:  ~600CAPE:  ~600--950  J / kg950  J / kg
EHI:  1.5EHI:  1.5



From 4:30 to 10:30 AMFrom 4:30 to 10:30 AM 
Several tornadic storms move through the Bellemont Several tornadic storms move through the Bellemont 

areaarea……and across a limited portion of Interstate 40and across a limited portion of Interstate 40

BellemontBellemont

XXI-40I-40

I-17I-17



5:07 AM Oct 65:07 AM Oct 6thth…… 
Tornado #2 Approaches BellemontTornado #2 Approaches Bellemont

X

5 Miles



5:58 AM Oct 6th5:58 AM Oct 6th 
Tornado #3 Approaches BellemontTornado #3 Approaches Bellemont

X

5 Miles



6:53 AM Oct 66:53 AM Oct 6thth 

Tornado #4 Approaches BellemontTornado #4 Approaches Bellemont

X X

5 Miles



9:17 AM Oct 69:17 AM Oct 6thth 

Tornado #5 Approaches BellemontTornado #5 Approaches Bellemont

XX X

5 Miles



Characteristics of the Characteristics of the 
Tornadic StormsTornadic Storms

•• FastFast--moving (40moving (40--45 kts)45 kts)

•• Strongly rotating, longStrongly rotating, long--livedlived

•• Relatively lowRelatively low--topped supercells (~35K)topped supercells (~35K)

•• Efficient hailEfficient hail--producers (1.0producers (1.0-- 2.52.5””))

•• Multiple supercells initiated, and moved Multiple supercells initiated, and moved 
over the same area.over the same area.



Provided a Unique Provided a Unique 
Decision Support Service OpportunityDecision Support Service Opportunity 

for the NWSfor the NWS……



Tornado Warning Tornado Warning 
(Tornado #3)(Tornado #3)

* 559 AM MST * 559 AM MST WED OCT 6 2010 THE NATIONAL WEATHER WED OCT 6 2010 THE NATIONAL WEATHER 
SERVICE IN FLAGSTAFF HAS ISSUED A SERVICE IN FLAGSTAFF HAS ISSUED A 

* TORNADO WARNING FOR... SOUTH CENTRAL COCONINO * TORNADO WARNING FOR... SOUTH CENTRAL COCONINO 
COUNTY IN NORTH CENTRAL ARIZONA... COUNTY IN NORTH CENTRAL ARIZONA... 

* UNTIL 645 AM MST * UNTIL 645 AM MST 

* AT 554 AM MST* AT 554 AM MST...NATIONAL WEATHER SERVICE DOPPLER ...NATIONAL WEATHER SERVICE DOPPLER 
RADAR INDICATED A SEVERE THUNDERSTORM CAPABLE OF RADAR INDICATED A SEVERE THUNDERSTORM CAPABLE OF 
PRODUCING A TORNADO 15 MILES SOUTH OF FORT PRODUCING A TORNADO 15 MILES SOUTH OF FORT 
VALLEY...OR 15 MILES WEST OF FLAGSTAFF...MOVING NORTH VALLEY...OR 15 MILES WEST OF FLAGSTAFF...MOVING NORTH 
AT 40 MPH. AT 40 MPH. 

* * THIS STORM WILL IMPACT BELLEMONT AND MILE THIS STORM WILL IMPACT BELLEMONT AND MILE 
MILEMARKER 185 AT 620 AM. MILEMARKER 185 AT 620 AM. 



10:40 AM 10:40 AM –– 1:50 PM1:50 PM 
Tornadic Storms ContinueTornadic Storms Continue

I-40

I-17II--1717
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Strongly Rotating Storm TracksStrongly Rotating Storm Tracks



Surveying the DamageSurveying the Damage 
Magnitude of the event realized through thorough surveysMagnitude of the event realized through thorough surveys

cMultiple Ground SurveysMultiple Ground Surveys
Areal Surveys (x3)Areal Surveys (x3)

Satellite Analyses (USFS)Satellite Analyses (USFS)
MultiMulti--Agency Coordination Agency Coordination 



Areal View  ~10 Miles S. BellemontAreal View  ~10 Miles S. Bellemont

Tornado #2Tornado #2

Tornado #3Tornado #3

BellemontBellemont



Looking North of BellemontLooking North of Bellemont

Track of
Tornado #2

Track ofTrack of
Tornado #2Tornado #2



Damage Near BellemontDamage Near Bellemont



Effort to document details of forest damageEffort to document details of forest damage

Tree Fall DirectionTree Fall Direction

Tornado PathTornado Path



Mesocyclone Tracks Mesocyclone Tracks 
And Damage Survey InformationAnd Damage Survey Information

Red lines track the Red lines track the 
lowlow--level rotationlevel rotation



Limited number of verified tornadoesLimited number of verified tornadoes



Tornado Tracks / Damage Tornado Tracks / Damage 
Near Bellemont, AZNear Bellemont, AZ

WFO BellemontWFO Bellemont

28 derailed train cars28 derailed train cars

EF-1, isolated EF-2 damage in
community of Bellemont .  

21 homes designated 
uninhabitable. 

EF-1, isolated EF-2 damage in
community of Bellemont .  

21 homes designated 
uninhabitable.

Tornado #3  (6:22 AM)   
Tornado #3  (6:22 AM)   

Tornado #2  (5:20 AM)   

Tornado #2  (5:20 AM)   

Both tornado tracks 
continued ~15 miles to the 
north through the forest, 

eventually crossing Hwy 180. 

Both tornado tracks 
continued ~15 miles to the 
north through the forest, 

eventually crossing Hwy 180.

Numerous RV’s demolished 
and thrown onto Interstate 40 

from sales lot 

Numerous RVNumerous RV’’s demolished s demolished 
and thrown onto Interstate 40 and thrown onto Interstate 40 

from sales lotfrom sales lot

Both tornado tracks 
extend more than 15 
miles to the south. 

Both tornado tracks 
extend more than 15 
miles to the south.

EF-1, isolated EF-2
Damage on Camp Navajo Base

EF-1, isolated EF-2
Damage on Camp Navajo Base

Scattered EF-1 Damage on 
Camp Navajo Base

Scattered EF-1 Damage on 
Camp Navajo Base

1 mile between tracks

1 mile between tracks

Tornado #4Tornado #4



Tornadoes OverTornadoes Over
Higher TerrainHigher Terrain

•• Storms demonstrated Storms demonstrated 
tornadic signatures over tornadic signatures over 
low and high terrain low and high terrain –– 
yet the vast majority of yet the vast majority of 
observed tornadoes and observed tornadoes and 
damage was reported damage was reported 
over the high terrain.over the high terrain.

•• Coincidence??Coincidence??

~7000’~7000~7000’’

~4000’~4000~4000’’



TVS LocationsTVS Locations

50 Miles50 Miles

KFSX RadarKFSX Radar

64 TVSs Recorded64 TVSs Recorded
10:46 10:46 –– 15:52Z15:52Z



Meso Tracks Colorized by Meso Tracks Colorized by 
Strength of GateStrength of Gate--ToTo--Gate ShearGate Shear



Relationship BetweenRelationship Between 
GTG ShearGTG Shear and and Terrain Elevation?Terrain Elevation?

Tornado #2 Tornado #4Tornado #3 Tornado #1



SummarySummary

•• Multiple strong tornadoes occurred over Northern Multiple strong tornadoes occurred over Northern 
Arizona early on Oct 6Arizona early on Oct 6thth, 2010., 2010.

•• Good coordination achieved between NWS and Good coordination achieved between NWS and 
local law enforcement to manage traffic along local law enforcement to manage traffic along 
Interstate 40.Interstate 40.

•• Observed damage is largely limited to the higher Observed damage is largely limited to the higher 
terrain terrain –– though may be a sampling issue.though may be a sampling issue.

•• There is some correlation between lowThere is some correlation between low--level level 
rotation and elevation:  increasing rotation as the rotation and elevation:  increasing rotation as the 
storm ascended in elevation.storm ascended in elevation.



Future WorkFuture Work

•• Additional storm surveys.  Several Additional storm surveys.  Several 
suspected suspected tornadictornadic storm paths not yet storm paths not yet 
surveyed.surveyed.

•• Mesoscale modeling to better understand Mesoscale modeling to better understand 
role of topography on role of topography on tornadictornadic storms.storms.

•• Investigate alternative warning strategies Investigate alternative warning strategies 
for similar events.for similar events.
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