3. TC Camille Multiscale Analysis
3.1. Introduction
3.1.1. TC Track

TC Camilleformed and was aksified as a tropical storm at 1800 UTLAugust
1969 in the western Gabean Seal C Camilletraveledtowards the nortmorthwest in
the coming days and rapidly intensified into a categdmyrricane as it made its way
across the Gulbf Mexico.As indicated by @arack map of TC CamilléFig. 3.1), he
category 5 hurricaneadelandfallin southeasterhouisiana on 000U TC 18 August
with a minimumcentral MSLPof 909 hPa and a maximum sustained wind speed of 165
kt. TC Camille weakened rapidly into a tropical depression by 0000 UTC 19 August as it
continued to move poleward towarcet®hioRiver Valley (Fig. 3.1) By 0000 UTC P
August , TC Cami tehtealdSLP haidisen ton OG5 hPa whileés maximum
sustained wind spedtddecreased ta5 kt(Fig. 3.1) TC Camille was downgraded to a
tropical depression (TDgt this timeas a resulof this derease in wind speed. At 0000
UTC 20 Augustthe midlatitudelow enabledTC Camille to travel due east ass the
southerrOhio River Valley. During 2@ugust, TC Camilletraversed the Appalachian
Mountains of West Virginia and Virginiandcrossed th€iedmont and ilewater
regions of Virginia thereaftdFig. 3.1), where TC Camille started undergoing ET at 1200
UTC 20 AugustBy 1800 UTC 20 Agust, TC Camille had exitdtie eastern coast of
Virginia and strengthened to 1003 hPa witmaximum sustainedind speed of 40 kt at
0000 UTC 21 AugudfFig. 3.1)as the ET process continuéd.0000 UTC 22 August,
TC Camille fully transitioned into an extratropical cyclone with a minimum central

MSLP of approximately 1000 hPa and a maximum sustained wind spé@dkb(Fig.
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3.1).Additional details on the track and evolution of TC Camille can be found in

Simpson et al. (1970).

3.1.2. Inland Impacts

As TC Camille crossed the Appalachian Mountagasly on 20 August,copious
amounts of rairfell from southeastern West Virginia througéntral Virginia and
southern Maryland and Delaware, where entiran 75 mm ofain fell throughout this
region In a 12h period from 0000 UTC 20 Auguigt200 UTC 20 August, thieeaviest
rainfall occurredbver the mountaius regon of westcentral Virginia, which contains
pat of the Blue Ridgé&Mountains, where sloping terraioward the south and southeast
created favorable conditions for upslope precipitatiohe 12-h period starting at 0000
UTC 20 August, approximate90 mm of rain fell near Massies Mili Nelson County,
which is located inwestcentral Virginia. The wordtashflooding occurred in areas
alongthe Davis Creek in Nelson County, where multipdenilies were displaced from

their hones. As a result dheflash flooding in this region, 153 fatalities occurred.

3.2. Synoptic Overview
3.2.1.Large-Scale Evolution

The relative positionfoT C Camille with respect to a@guatorward entrance
region of an uppetropospheric jeat 0600 UTC 19 Auguss depictedn Fig 3.2 using
ERA-40 reanalysislata An analysioof 250-hPa wind speed, 100800-hPa thickness,
andMSLP shows thathe location offC Camillewasapproximately 1000 km

equatorward of 45 m $* uppertropospheric jeais the TC began to enter the lower Ohio
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River Valley(Fig. 3.2) A broad 101&Pa anticyclone positioned off tseutheastern
United States coagFig. 3.2)workedin tandemwith TC Canille to provide aroadlow-
level southerly flow from the Gulf of Mexicmto the southeastern United Statest
showr). A nearperpendicular orientation of the 5d@&mand 576dam thickness
contours withrespect to the sea levisbbarsover AlabamaKentucky, and Tennessee
impliesthat warmair advectiorwas taking place over that ar@ag. 3.2) Poleward of
thisregion, awell-definedlower-tropospheric bardinic zone, indicated by a thermal
gradient of the 100®00-hPa thickness fieldyvas positimedacross the Great Lakes
region, which wasssociated with a 10€@Paextratropcal cyclone centereith south
centralQuebedFig. 3.2)

As TC Camilletravekdacross the Ohio River Valley at 1800 UTC 19 Augtist,
TC became juxtaposed with theuatorward entrance region of #4& m $* upper
tropospheric jeFig. 3.3) The aforementionetl018hPaanticyclone off thesoutheastern
United States ast remained in that locatighig. 3.3)and continued to work in tandem
with TC Camille to providéow-level soutlwesterlyflow from the Gulf of Mexico
toward West Virginia and Virginiénot shown. A northeastward wvement of th&78
damand 576damthickness contosrcompared to theilocation in Fig. 3.2 confirms the
presence of warrair advection ahead of TC Camillwhich wasoccurringin West
Virginia and Virginia(Fig. 3.3) Thesurfacebaroclinic zone poleward of the Ti@&d
movedsouthward into theortheastern United States)dthe extratropical cyclone
associated witthe surfacebaroclinic zonédhaddeepened t890 hPaand wasentered

over southeastern Quebgeg. 3.3)
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By 0600 UTC 20 August, the aforementionedace baroclinic zone was quasi
stationary across thmaid-Atlantic, and TC Camille continued to hetaposed withthe
equatorward entrance region of #& m &' uppertropospheric jetFig. 3.4) A quast
perpendiculaprientationof thickness contounaith respect tesea levelsobarsbeneath
the equatorward entrance region of the ugpspospheric jet (Fig. 3.4) suggeskat
cold-air advectiorected to suppresascent poleward of TC Camill€he 578dam and
576-dam thickness contouvgere positioned iWest Virginia and Virginiaindicativeof
the warmair advecton that took place in the last hZFig. 3.4) The polewardsurface
baroclinc zone appeared to be consolidativith the TC Camille circulation in central
Virginia (Fig. 3.4) an area that as a focus of heavy rdall during theflooding event.

TC Camille tookon extratropical charactistics by 1800 UTC 20 August,
indicated bycold-air advectionin the northwest quadrant of tA€ circulationas a broad
1022hPa anticyclone built into the Great Lakes rediéig. 3.5) The cold-air advection
poleward of a surface trough extending southwestward from the centrdation of TC
Camille suggestthat this feature was a cold frafitig. 3.5) The maximum wind speed
of the uppettropospheric jet poleward of TC Camille had sgtened to 55 m 5(Fig.
3.5), which was aesponse to an increase in timperlevel PV gradient over the

Canadian Maritimes (not shown)

3.2.2. PV Analysis
As previouslydiscussedn Chapter 1, the structure of the midlatitude circulation
into whicha TC traveldhas been shown to determivbether the TC strengthens or

weakens as it undergoes ET (e.g., Harr et al. 2000). To analyze the midlatitude
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circulation obsered in the TC Camille case, mapispotential temperature on the
dynamic tropopause (DT850 200-hPa wind shear, and 92850-hPa layeraveraged
relative voricity are displayed in Figs 3863.7a, 3.8, and 3.9. The350 Kpotential
temperatureontourseparates theedfrom theblue shadings.

The orientation of the 350 K isentropispglaysa zonal configuration dheDT
poleward of TQCamille at 0600 UTC 19 August (Fig. 3.6a)pAsitive PV anomallies
poleward of the 350 K isentrofre southeastern Canadfag. 3.6a) This positive PV
anomaly wasisociated with thextratropical cyclonanalyzedn Fig. 3.2.The position
of TC Camille wasapproximated by the location of the 2.0 419 relative vorticity
centeraround the ArkansaTennessee lbder (Fig. 3.6a) The quassymmetricstructure
of the relative vorticity fielcsuggestshatTC Camillewasunaffected by vertical wind
shearat this juncture of its lifetime over land, which is consistent aithnalyzed m
s ' value of wind shear across its circulatigtig. 3.6a) The anticyclonic curvature of the
shear vectors around T€Camille indicateshatthe TC warm-core structurevas intact at
this time.A northi southverticalcross section taken through the center ofCanille at
the same timdisplaysPV, potential temperature, ahdrizontal wind spee(Fig. 3.6b).
These fieldshow the vertal warmcore structure of TC Camille ardeasvhere the
tropopause wagertically tilted which indcates the location of the upgeopospheric jet
core The 1PVU color fill extending from 926300 hPa in the center of the cross section
denoteslte location othe PV columrassociated with TC Camiligig. 3.6b), which
indicatesa neatvertical warmcore structuref the TC The coreof the upper
tropospheric jet was still far enoughthe north of TC Camille fahe dfect of vertical

wind shear to beninimal.
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By 1800 UTC 19 Augustheverticalwind shear across TC Camille (7.5 h)s
(Fig. 3.7a) had increased compared to the analyzed value of vertical wind shear 12 h
earlier(Fig. 3.6). Compared to 12 h earlier (Fig. 3.6a)ess ymmetric structure othe
relative vorticity fieldassociated with the T@ig. 3.7a)was also evidentn addition the
DT became more amplified poleward of TC Cam(fgg. 3.7a)in response tthe
strengthening extratropical cycloagalyzedn Fig. 3.3.The correspoting vertical cross
sectionof PV and potential temperature shaWwat the vertical structure of TC Camille
begarto tilt and weaken(Fig. 3.7b)as the TC enterdthe higher shear environment
observed in Fig. 3.7&he core of th uppe#tropospheric jet, whiclwas characterized by
a maximum wind speed of 30 €T at approximately 200 hPavasanalyzedooleward of
TC Camille,as indcated by the vertically tilted tropopausentered around 200 hf&g.
3.7b)

Compared to 12 barlier (Fig. 3.7a), the vertical wirstiear (10 m's) analyzed
across TC Camillat 0600 UTC 20 AugugFig. 3.83) had increasedAs a result of the
increased vertical wind shear over TC Camille, thellewel circulation of TC Camille
weakened, as indicated the reduceanagnitude of the relative vorticity field centered
along the central Appalachian Mountains (Fig. 3.8ajuAs-stationary positive PV
anomaly associated with the extratropmgclone northeast of the TC weasnterecbver
Quebeat this time (Fig. 3.7ajCompared td.2 h earlie(Fig. 3.7b),the PV column
associated witAfC Camillecontinued to weaken and tdsthe core of theipper
tropospheriget at 200 hPatrengthened to 35 m'sand movedo within 550km of TC

Camille (Fig. 3.8b) Wind speed values up to 20 M weresituated at 200 hPa above the
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central circulation of TC Camill@=ig. 3.8b) indicativeof the increasing shear affecting
the TCcompared to 12 h earlier (Fig. 3.7b)

The quasistationay positive PV anomaly continued be centered in Quebec at
1800 UTC 20 August, and the leievel circdation of TC Camille strengthened
compared to 12 h earlier (Fig. 3.8) theT C exitedthe East Coasbf the United States
(Fig. 3.9). However, the structure of the lelevel crculationassociated with TC
Camillesuggestshat the TGvasundergoing ET as indicated by timereasingy
agymmetric structure of the relative vorticifigld associated with the T(ig. 3.9a)
Although the orresponding ertical cross section Emilar tothat inFig. 3.8b,the core
of the uppettroposphes jet poleward of TC Camille hadrengthened to 4@ s * at 200
hPa (Fig. 3.9b). In addition, theppertropospheriget core waspproximately 45&m
from theTC Camille circulatior(Fig. 3.9b) which iscloser than displayed in Fig.8h.

The positionof the PV anomalyo the northeast of TC Camille ismsistent with
the northeast pattern documented by Haal.g2000), which results in a poleward
moving TC weakening or remainiriige samentensityas it undergoes ET. In this
pattern, there is typically a quastationary extratropical cyclone to the northeast of the

TC, which is similar to that observed in the TC Camille case.

3.2.3. LowLevel Structure and Moisture Evolution

The lowlevel strutcure and moisture evolution of TCa@iille is documented
using map®f precipitable water (PW), 92%Pa geopotential height, 92#a wind, 925
hPa potential temperaturend 706hPa upward vertical motiaffigs. 3.103.13) At

0600 UTC 19 Augusta clesed,symmetric circulabn associated with TC Camille was
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analyzedat 925 hPa near the junctiohthe Mississippi River and Ohio Rivé¥ig. 3.10.
In addition, PW values in excesE50 mmwereanalyzedn and around the TC
circulation(Fig. 3.10) Values ofPW in excess of 50 mplikely transportedrom the

Gulf of Mexico towards the Ohio River Valley and rAdantic regions wereassociated
with southerlyflow ahead of TC Camille arlaehinda broad anticyclonic circulation off
the coast of theoutheasterinited State¢Fig. 3.10) A baroclinic zone at 925 hPa,
indicated by the tight packing of isentropes in the Great Lakes region (Fig. 3.10), is
associated withhe aforementioneldwer-tropospheric baroclinizoneanalyzed in Fig.
3.2 The edge of this loweropospheric baroclinic zone is approximated by the 300 K
isentrope (Fig. 3.10)

By 1800 UTC 19 Augustthe loweftropospheridarocinic zone in the Great
Lakeshadmoved southeastward into thertheastern United States)dthe southerly
flow from the Gulf of Mexicdikely continued to transpohigh values of moisture
toward westcentral Virginia(Fig. 3.1). The300K isentropeassociated with the lower
tropospheric baroclinic zone was 400 km closer to TC Camille 8Fid.) compared to
12 h earlier (Fig. 3.10), which shows the TC was approaching a baroclinic environment
A broad aea of upward vertical motioobserved over and to the northeast of TC Camille
(Fig. 3.11)wasassociated with ascemithe equatorward entnae region of the upper
tropospheric jet poleward of the TID.addtion, a broad areaf stratiform precipitation
in Indiana, Ohio, Kentucky, and West Virginiaofrshown) likely contributetb the
broad area of upward vertical motion (Fig. 3.11).

As TC Camille crossedhe Appalachian Mountains at 0600 UTC 20gAst, the

heaviest rainfall occurrenver westcentralVirginia. Compared to 12 h earli€Fig.
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3.11), hcreased baroclinicity waalyzedat 925 hPa aoss northern Virginias the
edge of the lowetropospheric baroclinic zone, indicated by the 300 K isentrope, moved
into northern VirginigFig. 3.13. Theclosed circulabn associated with TC Camille
became elongated aeahibited asouthwestnortheastilt at this time(Fig. 3.12)
Southerly fow ahead of TC Camillerasassociated with a rich moistusapgy (PW
values greater than 30m)in westcentral Virginia(Fig. 3.12) In this regionthe Blue
Ridge Mountains induceah upslope component of the wjrashd themoist environment
already present allowddr heavyrainfall to begeneratedverwestcentral Virginia.A
thermodynamic diagram from Sterling, Virginat 0700 UTC 20 Auguspresentedh
Schwartz (197Q)showsa moist neutral thermodynamic enviroamover the region(not
shown), which supportedeep rising motion and convectiddonvergence of the flow at
925 hRa is implied over this region, whenerthety winds on the cold side of tHewer-
tropospheric baroclinic zone convergeith the southdy winds onthe warm side of this
baroclinic zongFig. 3.12) This implied convergence, the upstopomponent of the
wind inducedby the Blue Ridge Mountains, and the ascent located underneath the
equatorward entrance region of the uppepospheric jet, wordin conert to support
the heavy rainfalbbservedicross westentral Virginia

As previously mentioned, 4800 UTC 20 August, TC Camille watready
undergoing ET, and Fig. 3khowsthe coolerair beingadvectednto the northwest
guadranbf TC Camile. ThePWfield indicated the ongoingT processs well where
dry (moist) air was analyzeslest (east) of TC Camill@=ig. 3.13) Fig. 3.13 shows that
theTC circulationat 925 hPa continued &xhibit asouthwestnortheastilt and had not

intensifiedwhen compared to 12 h earlier (Fig. 3,:hich wasconsistent with the
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minimal strengthening ofC Camille as it moved off theast Coastf the United States

(Fig. 3.13)

3.3. Mesoscale Overview
3.3.1 Precipitation Evolution

The evolution oheavyrainfall over Nelson County, Virginiayhose location is
denoted by gellow star on the following radar summary chgRmss. 3.143.20),is
documented for th&2-h periodof heaviest rainfall (stated in section 3.1.2) across Nelson
County At 2245 UTC 19August, showers and thunderstorms were observed over the
central midAtlantic (Fig. 3.14. This area ofainfall was associatewith the southward
movinglower-tropospheric baroclin zone(Figs. 3.103.12. A line of showers and
thunderstorms wegtf the centraAppalachian Mountains (left side of Fig. 8)Wwas
indicated agn echo areand wasassociated with the TC Camille circulatigthough
not shown in Fig. 3.14nuch of the rainfalhssociated with TC Camille was shifted
towards the ndheast side of theirculation as a result aynopticscale forcing for
ascent beneath the equatorward entrance region of thetuppespheric jet poleward of
the TC (Fig. 3.4)

At 0045 UTC 20 August, the showers and thunderstorms associated with the
lowertropospheric baroclinic zongere situated ovewestcentral Virginia (Fig. 3.1p
In this region,rainfall wasobserved in 6090% ofan echo areand was identified as an
area of heavy showers and thunderstoffang. 3.15) A maximum echo top of
approximately 10.7 knwas observed around the Nelsoou@ty areawhich confirmed

the presencef convection(Fig. 3.15) Meanwhile, theainfall westof the central
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Appalachian Mountains showstjns of weakenings indicatedby reports oflight rain
showers in eastern Kentuclidyig. 3.15)

Heavy showers and thunderstoramstinuedn westcentral Virginia at 0245
UTC 20 August, wher&ur maximum echo topaereobserved near the Nelson Copunt
area(Fig 3.16. Two of these maximm echo tops extended to 11.3 km, whihe of
theseecho topsvasobserved to bapproximately 10.7 kmA 10.4 km echo top was
observed in eastern Virginia (Fig. 3.18n areaof showersand thunderstorms covering
30i 50% ofanecho areaouthwest of westentral VirginiawasobservedFig. 3.16) but
wasweakening a#r developing just an hour earl{got shown)An analysis of
subsegantradarsummary chartdlom 0645 UTC 20 Augug0845 UTC 20 August
(Figs. 3.173.19)showsthis area ofainfall to be quasstationaryandrather weak.
Although synoptiescaleforcing for ascent was focused poleward of this area of rainfall
(Fig. 3.12) the presence of this rainfalggest that instability providd by the warm,
moist enviromentin this region ahead of TC Camille was sufficient to produce this area
of rainfall.

By 0445 UTC 20 August, heavy showers and thunderstormsevetentacross
westcentral Virginia (Fig. 3.1y Maximum eho tops of 12.2 km were being observed t
the easbf Nelson CountyFig. 3.17)as te lowertropospheric baroclinic zone in
northern Virginia(Fig. 3.12)continued to bafocusfor heavyrainfall. At this time, he
central circulation of TC Camillbegan crossinthe central Appalachian Mountaim
southern West VirginigFig. 3.17)

Ending at 0645 UTC 20 Augugherainfall associated with # TC finished

consolidatingwith therainfall associated with the lowsroposgeric baroclinic zone
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(Fig. 3.18) which had started at 2245 UTC 19 Aug(ag. 3.14) Heavy showers and
thunderstorm continued to be indicated in westtral Virginia; however maximum
echo top of 9.1 km observed to the north ofNleéson County areaas the closest
maximum echo togFig. 3.18)

The western edge o&infall was located in western Virginat 0845 UTC 20
August as T Camille wasrossng southcentral Virginia(Fig. 3.19. The coverage of
rainfall across Nelson County wagseater than 90%, with heavy showers and
thunderstams being indicated in theea, and 11.9 km aximum echo tops were
observecast of Nelson CouniFig. 3.19)

By 1045UTC 20 August, the rainfalh westcentral Virginiahadendedas TC
Camille moved away from the regi@fig. 3.20. Heavy showersral thunderstorms were
indicated in eastern VirginidMaryland, ad Delawarewhere arecho area in that region
had60i 90%echo coveragérig. 3.20) Echo tops 0fil1.9 kmcontinued to be observed
but were east of the Nelson County area and were located in eastern Virginia and

southern MarylangFig. 3.20)

3.3.2. Surface Analysis

A surfacebaroclinic zonewhich strengthened due differential surface heating
during the day of 19 August, wabserved across wesentral Virgnia at 0000 UTC 20
August whereasa synopticallyproduced surfackaroclinic zonevaspositionedacross
central Pennsylvania and northern Ofit@. 3.21) Observed dewoint depressions @i
1°C at various stations throughodfest Virginiaand northern VirginigFig. 3.21)

indicate thepresencef rainfall at this time, as showin Fig. 3.14 Warm, moist south
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southeasterly flow ahead of TC Camilehich waspositioned in central Kentuclat this
time, providedan upslope component tife wind across Nelson Countifyig. 3.21)
This streamof warm, moistflow provided sufficientinstability to maintairconvection in
westcentral Virginia ovethe next 12 h

The surface mafor 0600 UTC 20 Augushdicates thattte synoptically
producedsurfacebaroclinic zonenoved souttacross nohwest Virginig where it
mergeadwith the circulation of TC CamilléFig. 3.29. Comparedvith Fig. 3.2, an
increase of the surface temperature gradissbciatedavith the surface baroclinic zone
implied thatfrontogenesisiad occurredh northwesW¥irginia during the éh period
ending 0600 UTC 20 AugusFig. 3.22) The positiornof the surface baroclinic zoweéth
respect to Nelson Counput it & the edge of theurfacebaroclinic zonewheresurface
temperatee and dewoint valueswereapproximately24°C and22°C, respectivelyat
this time(Fig. 3.22) The approximate location of TC Camilles mmdicated by the MSLP
field, wasin souttwestern VirginiaFig. 3.22) The southerlyinds observed at various
stations in North Carolina contilad to transportvarm, moistair towards theurface
baroclinic zondgFig. 3.22) The surface flow aoss Nelson Countig difficult to assess
since the Lynchburg, Virginjabservation is not available, so statimbservations close
to Nelson Countyvere used. The light northeasterly surface wind at Roanoke, Virginia,
southwest of Nelson County, indicates passage of theurface baroclinic zone
whereas gouthsoutheasterlgurfacewind observedt Richmond, Virginiaeast
southeasbf Nelson Couty, supports the idea that an upslope component of the wind

continues to be directed towards Nelson Co(Riy. 3.22)
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By 1200 UTC 20 Aigust, TC Camille was locateder eastern Virginia, arnts
minimumcentral MSLP hadlecreased to 1004 hifiag. 3.23) TC Camille had started
ET at this time as indicated by amtrusion of cooldry air into the northwest quadraoft
the circulation as well asmplied warmair advection, shown by the qugmrpendicular
orientation of isotherms with respgeo sea level isobars, ahead of TC CamHig)(
3.23) Thesurface baroclinic zone situated oeasstern Virginia, southeiaryland and
sauthern Delaware, implied as the surface warm froomtinued to be a focus fbheavy
rainfall, as indicatedby the heavy showers and thunderstoohserved over the region

(Fig. 3.20.

3.3.3. Frontogenesis and Ageostrophic Circulation Analysis

Northi south \ertical cross sections taken through Nelson County duringzime
period of heavist rainfall (stated in section 3.1.@¢pictPetterssen frontogenesis
potential temperature, horizontaind speed and the geostrophic wind component
tangentiako the crossection(Figs. 3.243.26) Starting at the time when heavy rainfall
beganacross Nelson County at @QTC 20 August, &5 m &' uppertroposphericgt
wasobserved poleward delson CountyFig. 3.29. Lower-tropospheric frontogenesis,
indicated by values df K (100 kmJ* (3 h)*, was observed polewaad Nelson County
The axis of frontogenestdted towardscolder air, with maximum frontogenesis observed
at 700 hPand 250 hP&ig. 3.24) The surface baroclinic zone was observed poleward
of Nelson Countyasindicated bya gradient of isentropes at the surféeig. 3.24)

An environment favorable for heavy rainfall over Nelson County peak€800

UTC 20 August (Fig. 38). Frontogenesis located over the aagaintilted towardcold
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air and was maximized at 850 hPa and 300(FRp 3.25) Thewarmedge ofthe surface
baroclinic zonelocated near Nelson County as depictedhe vertical cross sectiqifig.
3.25) is consistent with the stace analysis in Fig. 3.2Zhe location of the upper
tropospheric jepoleward of Nelson County plac#us locationin the equatorward
entrance regionf the uppettropospheric jetwhereobserved diverging agetosphic
winds at 200 hPa implypward vertical motiotelow this leve(Fig. 3.25) Thelower-
tropospheric frontogenesis and the position of Nelson Couriyeirquatorward
entrance region of an upp&opospheriget combined to produceopospheriedeep
ascenbver this location, which wasaw®imized at 700 hP@ig. 3.25) The presence of
this tropospherideep ascent in a warm, moist environment pledsupport for the
generation of heavy rainfall over wesgntral Virginia

By 1200 UTC 20 Augustpwer values of upward vertical motion and
frontogenesisvereobservedverNelson County(Fig. 3.26)compared to 6 h earlier at
0600 UTC 20 AugustThesurface baroclinic zonéndicatedby the gradient of
isentropes at the surfgagas positionediarther south asool air wrappednto the
northwest quadrardf TC Camille indicatingthat the TC was startirgT at this time

(Fig. 3.26)

3.4.Summary

After making landfall in southeastern Louisiana as a category 5 hurricane, TC
Camille weakened rapidipto a tropical depressias it tracked nortwardtowards the
Ohio River Valley(Fig. 3.1) By 0000 UTC 20 August, TC Camilledmade an

eastward turmowardwestcentral Virginia(Fig. 3.1)as it became influenddy the
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midlatitude flow poleward of the TC. As TC Camille interacted with a lewer
tropospheric baroclinic zone movirsguth from thenortheastern United Statearlyon
20 August inland floaling ensuedas copiousamounts ofain fell over Nelson County,
Virginia. In the12-h period ending 1200 UT20 August nearly 690 mm of raifell over
Massies Mill in Nelson Counfyeading b severe inland flooding, and resultimgl53
fatalities.

An analysis of the inland flooding associated with the passage of TC Camille
shows that the heawginfall over westcentral Mrginia can beattributed to several
factors. First,ropospheriedeep ascent beneath the equatorwarcdeoér region oa
downstrean#t5 m §* uppertropospheric jetFig. 3.4)provided support for heawyinfall
over westcentral Virginia.Second, fontogenesis and mesoscale ascent associated with
the lowertropospheric baroclinic zone poleward of TC Canfiifteg. 3.25)provided
additional support for heawginfall. Third, a warm, moist loweitropospheric southerly
flow ahead of TC CamilléFig. 3.12)ascended the lowroposphei baroclinic zone
and sustainethe convectionobservedicross westentral Virginia This setup is similar
to atraining line/adjoining stratiforrmode of MCS organization th&irms in a very
moist, unstable environment on the cool side of a preexistingralaving surface
boundary (Schumacher and Johnson 20B&)rth, sirface analyses confired the
presence of an upslope component of the surfaceduiadted towardshe Blue Ridge
Mountains of westentral Virginia(Figs. 3.213.22) which contributedo the heavy
rainfall during the passag# TC Camille across the Appalachian Mountadngng 20

August
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Fig. 3.1. TC Camille track magisplaying maximum sustained wind speed and minimum
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Fig. 3.3.Same as Fig. 3.2., egpt atl800 UTC 19 August 1969.
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Fig. 35. Same as Fig. 3.2., egpt at1l800 UTC 20August 1969.
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Fig. 3.6. &) Mapof potential temperature on the 2 PVU surface (shaded everebety

10 K below 340 K, 850 200-hPa wind shear (barbs, kt), and B250-hPa layer

averaged relativ vorticity (solid black every 0.30* < * starting a0.5x 10*s %) at

0600 UTC 19 Augustd69. The yellow gar denoteshe position of TC Camillas

depicted bythe ERA40. The black line denotes the location of the vertical cross section
shown inFig. 3.6. (b) Northi south \erticalcross section of PV (shaded every 1 PVU),
potentialtemperaturésolid black every 4 K), andorizontal wind speefdashed green
every 5 m 5 starting at 15 m'$) at 0600 UTC 19 August 1969. The yellow star denotes
the location of TC Camille along the cross section.
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Fig. 3.7.Same a¥ig. 3.6 except at 1800 UTC 1AMugust 1969The black line in (a)
denotes the location of the vertical cross section shown in Fig. 3.7b.
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Fig. 3.8.Sameas Fig. 3.6, except at 0600 UTC 20 August 198 black line in (a)
denotes the location of the vertical cross section showigir8.8b
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Fig. 3.9.Same a#¥ig. 3.6, except at 1800 UTC 20 August 1968e black line in (a)
denotes the location of the vertical cross section showFig. 3.9b.
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Fig. 3.10.Map of PW (shaded, mm), 708Pa vertical motion (light blue contour every 2
x 10*hPa &', negative values only925hPa geopotential heigtedlid black every 3
dam),925-hPapotential temperatureléshed pinlevery 2 K), and®25hPawinds (barbs,
kt) at 0600 UTC 19 August 1969. &lyreenfC symbol denotes éhposition of TC
Camille as depicted yre ERA4O.
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Fig. 3.11. Same as Fig. 3,kXxcept at 1800 UTC 19 August 1969.
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Fig. 3.12. Same as Fi8.1Q except at 0600 UTC 28ugust 1969. The black line denotes
thelocation of thevertical cross sectioshownin Figs. 3.243.26.
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Fig. 3.13. Same as Fig. 3,lékcept at 1800 UTC 28ugust 1969.
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Fig. 3.14.Adapted radar summary chart at 2245 UTC 19 August IB&®yellow star
denotes thapproximatdocation ofNelson County, VirginiaThe green TC symbol
denotes the position of TC Camille as depicted by the-BRA
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Fig. 3.15.Same as Fig. 3.14xceptat 0045 UTC20 August 1969.
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Fig. 3.16.Same as Fig. 3.14xceptat 0245 UTC20 August 1969.
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Fig. 3.17.Same as Fig. 3.14xceptat 0445 UTC20 August 1969.
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Fig. 3.19.Same as Fig. 3.14xceptat 0845 UTC20 August 1969.
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Fig. 3.20.Same as Fig. 3.14xceptat 1045 UTC20 August 1969.
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Fig. 321. Surfacanalysis at 0000 UTC 20 Augus®69displayingMSLP (solid black
every2 hPa), windbarbs, kt), dewoint (dashed green every 2°C), and temperature
(dashed red every 2°Cyhe yellow star denotes thpproximatdocationof Nelson

County, Virginia. The green TC symbol denotes the position of TC Camille as depicted
by the ERA40.

Fig. 3.22 Same as Fig. 3.21, except at 0600 UTC 20 August 1969.
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