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ABSTRACT

The Great Tennessee Valley of East Tennessee has experienced significantly fewer
tornadoes in comparison to West and Middle Tennessee. This discrepancy can partly be
explained by the complex terrain of the Great Tennessee Valleyérteral orientation ahe
valley is southwest to nohieast, whichs typically not conducive to low level lgking of the
nearsurface flowto a south or southeasterly directidgtiowever, within the larger vallethere
are smaller geographical features that can lead to lodakrdiancement of stormelative
helicity for climatologically favored eastwaiioving convective systemshis study examines
threetornado events that occurred in the Great Tennegadley to determine thémpact of
topography on tornadogenesi;n one @ more of the examined cases, the potential for
tornadogenesis appears to have bEdrancedy 1) the orientation of smaller valleys relative to
the prevailing flow causing thehanneling andoacking of neasurface winds resulting in
locally erhanced stormrelative helicity; 2) vertical stretching of vorticity increasing
mesocyclone strength when storms move from higher terrain to lower terrain; 3) upslope flow
leading to intensification of storm updrafésxd a strengthening mesocyclpr® mountain
bariers acting as a boundary, with a more favorable tornado environment north of the boundary.

1. Introduction

The Great Tennessee Valleyasentedsouthwesto-northeast covering most of East
Tennessesstretchingrom northernGeorgia tosouthweswirginia. It ranges fron65 km widein
the southern end to about 130 km wide at the northern lkodnded by the Southern
Appalachian Mountaingaround 4502000 m [1500 6500 ft] MSL) to the east and the
Cumberland Platea(around 4501000 m [1500G 3500 ft] MSL) to the westWithin the Valley

thereare many smaller topographical features that create a complex (Eicaif).
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East Tennessee experiences fewer total tornadoes and fewer intense tornadoes than West
or Middle TennesseéFig. 2). It is commonly thought that the lower frequency of tornadoes in
East Tennessee is mainly due to the complex terrain of the southern Appalachian region (Gaffin
and Parker 2006). The terrain features of thelsern Appalachian region are generally oriented
from southwest to northeiagnd thus backing of neaurfacewindsnecessaryor the generation
of low level stormrelative helicityfor westto-east moving storms often difficult to achieve
when the pedominant surface flow is southerlghough the orientation of the Valley as a whole
may generally decrease tornado frequency, there are other terrain features on a smaller scale that
may enhance theotential fortornadogenesis if certain meteorological conditions are fieis
study will examine thre¢éornado events and the impact that terrain features may have had on

tornadogenesis.

2. Previous research
Idealized modeling studies (Wicker et al. 1996; WickR800; Wilhelmson and

Wicker 2001) have shown that a veering wind profile in the lowest 1 km and increased st
relative helicityfavor lowlevel mesocyclone development and tornadogenesis, assuming the
largescale environment is favorable for supercethfation. The backing of neaurface winds
due tothe orientation of a valleycanhelp to create a veering wind profile andrease storm
relative helicity (Wicker 1996).

Observational studieBaveinvestigated the impact of terrain on tornadogenesis in other
locations of the United StateBvans and Johns (1996) investigated tornado events in the Big
Horn Mountains of Wyoming, and speculated that the orientation of the complein terra

contributed ® tornadogenesis by increasilayv level moisture and stormelative helicity in a



favorably oriented valleyBosart et al. (2006studied the Great Barrington, Massachusetts
tornado, andiound thatterrainchanneled lowevel (01 km) southerly flow in tB Hudson
Valley was the most important factor in the ensuittgnadogenesisThe investigation of the
Mechanicville tornado byLaPentaet al. (200% found thatterrainchanneled southerly flow
exisied in the Hudsonvalley, which contributed to increasestormrelative helicity and
advection of higher thet& airin the Hudson ValleyThe relativeinfrequency of tornadoes in
areas of rough terrairsuch as the Hudson Vallegnd the Great Tennessee Valley regjon
compared to the Great Plai(iSig. 3 may partly be explained by traisruptive influence of
surface friction A mesoscale environmemay besupportive of supeell development but
tornadogenesis is unlikely to follow unless local modifications to theldo@l wind field are
present to increase the vorticity and convergence at spatial scales similar to that of the supercell.
Topographic configurations can provide the localaamements ofvind shear and static stability
that are necessary for tornadogenesis (Bosart et al. 2006).

Topographic features may also play an indirect role in tornadogenesis by acting as a
barrier to boundaries and surface cold pools, or by creatingzedareas of enhanced surface
wind convergenceRotunno and Klemp (1985) showed that surface cold pools ean gl
important role in tornadyenesis by generating horizontal baroclinic vorticity, which may be
tilted vertically and amplifiedn the presece of a strong updraf€Cold pools may belbcked by
an orographic barrier, similar to the cold air damming phenomenon east of the Appaac
(Bailey et al. 2003). Should a supercell mdvem higherto lower terrain and cross the
orographic barrieryertical tilting of baroclinic vorticity may occuConvergence of low level
winds along terrain features was found to play an important role in severe storm development

and tornadogenesis by Brown and LaDochy (2@01) Small et a2002)



3. Tazewel| TN tornado of 26 April 2007
a. Event summary

The city of Tazewe]lITN is located in central Claiborne County in northeast Tennessee.
It is east of the Cumberlandountains, which are orientedainly southwest to northeagtn
exception to this orientatiois an eastward bulge that extends into Anderson County. The peaks
in this mountain bulge extend tp 1000 m (360 ft) MSL.

Around 2350UTC (750 pm EDT)on 26 April 2007, an EF1 tornado moved through
Tazewell, tracking from southwest to northe&urfaceobservationsand objective analyses
from that afternoorsuggest that a prexisting boundary was located across the Tennessee
Valley. Locations north of the boundahad extensivecloud cover through the morning and
afternoon, and light rain hadllen in this area earlier in the day. Locations south of the boundary
had scattered clouds and greater surface heating, resulting in a more unstable @igndss
Objective surfaceand upper aianalyses indicated-8 km CAPE onthe order of 500kl *
south of the boundary, and less than 19 J north (Fig. 5. On the north side of the boundary,
LCL heightswere ®0-800 mwith a local minimum over Tazewe(Fig. 6), and G1 storm
relative helicity values were aroun@@m?s 2 (Fig. 7).

A loop of composite reflectivity from the KMRX radar is shownFig. 8, along with
surface  METAR observationsThunderstorms developed in the afternoon over Middle
Tennessee and theouthernCumberland Plateau, and moved northeast. One of these storms
moved directly over the bulge in the Cumberlaiduntains,and at the same time, it quickly
intensified As seen irFig. 8, an observation from KOQT (Oak Ridge, Tk 2300 UTCshowed

a gusty south wind with an upslope component when the storm was located over the higher



terrain As it continued northeast, thetatioral velocity (as measured kihe KMRX radar)
strengthened, and the storm began to develop supercell characteristics as seen by radar

reflectivity and storrmrelativeradialvelocity (Fig. 9).

b. Impact of terrain

Lack of direct observations in the regiprevens definitive conclusionshowever the
processes that intensified the storm and led to tornadogenesis can be inferred based on the
limited data.The terrain of the CumberlaMountainsappears to have impacted storm evolution
andresultingtornadogeasis in several ways.

First, the timing of the intensification of the storm as it moved over the Cumberland
Mountain bulge suggests that the teroutleilyn ai de
flow of relatively warm and unstable airas advectedorthward throughthe Tennessee Vay,
and encountered th€Cumberland Mountain bulge. This likelgreatd a zone ofiow level
convergence and upslope floAs a result, the ascent rate of the unstable air was enhanced near
the mountainsfeedng greater amounts of unstable air into the storm.

Secondthe L-shape of the Cumberland Mountgiatong with the prexisting boundary
that extended southeast from the bultjeely createl an effective localized baer to the
northeasterly flow andrappediow level moisture.This may have aided in the generation of
horizontal baroclinic vorticityandprovided a moist neasurface layer with low LCL heights. As
the storm moved off the higher elevations of the Cumberland Mountain bulge, the horizontal
vorticity generated by the cold pool may have been tilted and stretched Werhigathe
intensifying updraft, and the storm did experience an increase in low level rotational velocity at

this time. The trend of low levebtational velocity asneasured Yy the KMRX mesocyclone



detection algorithm is shown #hig. 10. The tilting and stretching of thgre-existing low level
vorticity as the strengthening updraft moved off the higher elevations of the Cumberland

Mountain bulge likely led to the formation of the Tazewell tornado.

4. Big Stone Gap, VA tornado of 4 March 2008
a. Event summary

The city of Big Stone Gap, Virginia ikcaed inthe Powell River Valleya narrow
(about 1200 m wide) valley at an elevation of 450 m (1500 feet) NF®jure 11shows the
topography of this are®n 4 March 2008a line of storms stretchedoin southeast Kentucky
through East Tennessee, movirigward the northeastAs the line moved through Big Stone
Gap, an EF1 tornado developat 2155 UTC (135 EST). The motion of the tornado was
determined to be from the southeast to northwest, at about a 60 degree angle to thetieack of
convective lineThetornado track as determined b\&VS storm survey teams shown inFig.
11, and a loop of 0.5 degree reflectivity is showrFig. 12. A mesocyclonewith a rotational
velocity of around 18 m1 ! (35 kt§ wasindicated by the KMRX radamearthe timeof tornado
touchdown. A loop of 0.5 degree stoeraiative radial velocity is shown fig. 13.

The storm environment was characterized by high shear and low instability. RUC model
analysis of 61 km stormrelative helicity at 2000 UTC showed valum®und 80 m?s ? (Fig.
14). The highesD-3 km CAPE values across the area were only around®@d (Fig. 15.
Light rain had moved across the area in the morning, with sonaésne the clouds allowing

surface heating in the early afternoon.



b. Impact of terrain

Thespacal and temporal scales of the tornado, which are smaller than available observed
data scales, prevent definitive conclusions about the causes of tornadogenesis. However, it can
be inferred that the terrain surrounding the town of Big Stone Gap kaphiicant impact on
the location and path length of the tornggossibly inmultiple ways

A plot of surface observations across southwest Virg{Rig. 15 shortly before the
tornado occurred shows a prevailiegsterly surface wind, while RUC soundings in the vicinity
(Fig. 16 showed winds veering to southedgd increasing rapidlgbove the surface. The RUC
analysis of 61 km stormrelative helicity Fig. 14 shows a local maximum over southwest
Virginia, likely as a result of the easterly surface flow. The nortHeastuthwest orientation of
the Powell River Valley may have additionally bacleenifacewindsto northeasterlypn a local
scale to enhance the storalative helicity.The approach of the storm from the southwest may
have also caused localized pressure falls, which could have further helped to channel winds
through the narrow valley in a northeasterly direction.

In the case of the Big Stone Gap toroathe damage path of the tornado began around
an elevation of 550 m MSL (1800 feet MSah the southeast mountaiand continued down
through the valley at 460 m MSL (1500 ft MSlgs shown irFig. 11 The end of the damage
path of the Big Stone Gap tornaeas near 520 m MSL (1700 ft MSLdn the northwest
mountain.Since the parent storm and mesocyclone moved from southwest to northeast while the
tornado track was from southeast northwest (nearly grpendicular) it seems logical to
conclude that the terrain had a complex influence on tornadic scale processes. However, beyond

a simple argument of vortex stretching/shrinking contributing to intensification then weakening



as the tornado moved downsloged then back upslope, there is not enough evidence in the

available data to speculate beyond that.

5. Kimball, TN tornado of 14 November 2007
a. Event smmary

A prominent feature of theouthern Tennessee Valley regignthe Sequatchie Valley,
which isoriented southwesgb-northeas(Fig. 17). There aresmaller valleys that branch off from
the Sequatchie Valley. In southwest Marion County lies a soutteeastthwest oriented valley
(referred to as the Kimball Valley in this papefhe town of Kimball is located near the mouth
of this valley.In the late afternoon hours of November 14, a {oagk supercell moved across
Middle Tennesse, just north of the Tennessee aldbamastae line It briefly produced an
EF1 tornado in Lincoln County in southern Middle Tennessee. The storm maintained supercell
characteristics as it moved east across Franklin County, but did not produce a tornado until it
moved into Marion CountyRotational \elocity increased dramatically over Marion County, and
the stormshowed a distinct hdo A loop of reflectivity from theKHTX radar is shown irFig.
18, and a loop of stormelative radidvelocity is shown inFig. 19. A tornado rated as an EF2
touched down just west of Kimball, and tracked astheast between approximately 0100
UTC and 010 UTCNovember 15

The storm environment over Middle Tennessee was favorable for supercells and
tornadoes, but becameste favorableto the easbver the Great Tennessee Valldy.nearby
aircraft sounding shows a moist nearface layer and winds that increase rapidly and veer
slightly with height (Fig. 20). LCL heights were on the order of @5%n with 0-1 km gorm

relative helicity around ZDm?s 2 (Fig. 21). An objective analysiof surface thetdE (Fig. 22



show aridge (with maximum values of 330°K to 335 °Kyer southern Middle Tennessee and

northern Alabamayith the eagern edge of the maximum thefavalues neaMarion County.

b. Impact of terrain

Although direct measurements are not available, it can be inferrecbtiahtdpography
played asignificant role in the formation of the Kimball tornado. The predominant surface flow
over southeast Tennessee, northeast Alabama, and northwest GeorgienwHsefsouthwest.
This isdirectly in line with the Sequatchie Valley, andetflow was likely banneled up the
valley. The channeled southwesterly flow likely reducedimited the stormrelative helicity on
a local scale, as surface winds in tfa@rowSequatchie Valley would not have been ablbaok
to the south or southeastowever, the moutbf the Kimball Valley is nearly orthogonal to the
Sequatchie ¥lley. The southeasto-northwestorientation of this valley suggests that surface
winds would have been able to baokcreasng stormrelative helicity on a local scalés the
supercell apmached, localized pressure falls advance of the storrikely occurred over
western Marion CountyAlthough no direct observations are available in the Kimball Valley, the
observatiorat KCHA is located approximately 45 km (28 miles) to the eastl carbe used to
infer what may have occurred at Kimballbservations froflKCHA ahead of the storm shed
falling pressure (from 1010.8 mb at 0000 UfBCL008.4 mb at 0200 UTC) and backing winds
(from 210 at 2000 UTC to 180° at 0200 UT@ewpoints were alsmcreasing through the day
at KCHA, from 12 °C 64 °F) at 1300 UTC tdl8 °C 64 °F) at 2300 UTC, indicatingpw level
moisture advection into the ardgalling pressures and backing wingsuld havethe effect of
channeling thesurfacewinds through the Kinball Valley, which would havdocally increased

the stormarelative helicity.As the supercell encountered tloeally backed winds through the



Kimball Valley, it is inferred thathe strong mesocyclorand updraft may have coupled with the

enhanced storrrelative helicityto helpgenerate a tornado.

6. Conclusions

The complex terrain of the Great Tennessee Valley region provides a significant
challenge for anticipating tornadogenesis. The southtwasbrtheast orientation of the valley i
typically not conducive to low level backing of the nsarface flow, and the rugged terrain of
the Cumberland Plateau and the Southern Appalachian Biaanincrease surface friction.
However,finer terrain features may increase the potential for ttoganesisas inferred from
the events in this studyA more indepth study, including clouscale modeling of
tornadogenesis in complex terrain, would be needed to make more definitive conclusions on the
processes that are inferred in this study.

A variety of topographic configurations may provide the local enhancement of low level
wind shear and instability that are needed for tornadogen&4isther a terrain feature will
enhance or diminish the potential for tornadogensgisiepend omumerows factors, including
the orientation and structure of the terrain feature itself, meesoscale environment, the
structural characteristics tfie stormswithin the environmentand the movement of the storms
relative to the topographic featufrecastes should be alert for rotating storms that move from
higher to lower terrain, which may result wertical stretching of vorticity. Storms that move
across valleys that can channel winds into a more favorable orientation for enhanced storm
relative heliciy should also be closely monitored. In general, forecasters shauddan intimate
knowledge of the terrain in their warning area, and they must have a high level of awareness of

the storm environment in order to properly anticipate tornadogenesis snodi@anplex terrain.
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Figure 1. Topographic imagef the Southern Appalachian Mountains, the Great Tennessee
Valley, the Sequatchie Vallegnd theCumberland PlatealThe locations of the radars that were
used in this study are labelég the stars. Thocations of the tornadoes that are referenced in
this study are labeled by the white cir¢lasth town names labeledhe locations of the major
airports are labeled by the airplan€slor scale of terrain in thousands of feet.
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Figure 2. Plot of tornado paths across Tennessee from 1950 to 2007. A white path is FO; gray is

F1; yellow is F2, orange is F3, brownH4, black is F5. From
http://www.tornadohistoryproject.com/index.php

Tornado Days Per Year (1980-1999)

Figure 3. Tornado days per year (198999). Note the minimum of tornado days located from

eastern West Virginia through East Tennessee and the Southern Appalachians.

http://www.nssl.noaa.gov/hazHtotalthreat.html
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Figure 4. Visible satellite image at surface METARs at 2200 UTC 26 April 200i& location

of Tazewell is marked by the white circle, and the approximate location of a shofacdary is

shown by the blue lineA southerly flow with gusty winds, scattered cloud cover, and
temperatures in the 70s were observed over the southern portion of the Great Tennessee Valley,
while northeast Tennessee had overcast skies, light rain, and a northeast wind.



Figure 5. Topographic image andAPS objective analysis of8 km CAPE (light blue contours
units are inkg 1) at 2200 UTC 26 Apr 2007the location of Tazewell is marked by the white
circle, and the approximate location of a surfaocandary is shown by the blue line. Color scale
of terrain in thousands of feet.



Figure 6. Topographic image and LAPS objective analysis of LCL height (units are tens of
meters, shown by white dotted contours) at 2200 UTC 26 Apr 2007. Note that the minimum of
LCL heights was over Tazewellhe location of Tazewell is marked by the white circle, and the
approximate location of a surfabeundary is shown by the blue line. Color scale of terrain in

thousands of feet.



















































