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3. TC Camille Multiscale Analysis 

3.1. Introduction 

3.1.1. TC Track 

 TC Camille formed and was classified as a tropical storm at 1800 UTC 14 August 

1969 in the western Caribbean Sea. TC Camille traveled towards the north-northwest in 

the coming days and rapidly intensified into a category 5 hurricane as it made its way 

across the Gulf of Mexico. As indicated by a track map of TC Camille (Fig. 3.1), the 

category 5 hurricane made landfall in southeastern Louisiana on 0000 UTC 18 August 

with a minimum central MSLP of 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 toward the Ohio River Valley (Fig. 3.1). By 0000 UTC 20 

August, TC Camilleôs minimum central MSLP had risen to 1005 hPa while its maximum 

sustained wind speed had decreased to 25 kt (Fig. 3.1). TC Camille was downgraded to a 

tropical depression (TD) at this time as a result of this decrease in wind speed. At 0000 

UTC 20 August, the midlatitude flow enabled TC Camille to travel due east across the 

southern Ohio River Valley. During 20 August, TC Camille traversed the Appalachian 

Mountains of West Virginia and Virginia, and crossed the Piedmont and Tidewater 

regions of Virginia thereafter (Fig. 3.1), where TC Camille started undergoing ET at 1200 

UTC 20 August. By 1800 UTC 20 August, TC Camille had exited the eastern coast of 

Virginia and strengthened to 1003 hPa with a maximum sustained wind speed of 40 kt at 

0000 UTC 21 August (Fig. 3.1) as the ET process continued. At 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 speed of 60 kt (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 Mountains early on 20 August, copious 

amounts of rain fell from southeastern West Virginia through central Virginia and 

southern Maryland and Delaware, where more than 75 mm of rain fell throughout this 

region. In a 12-h period from 0000 UTC 20 Augustï1200 UTC 20 August, the heaviest 

rainfall occurred over the mountainous region of west-central Virginia, which contains 

part of the Blue Ridge Mountains, where sloping terrain toward the south and southeast 

created favorable conditions for upslope precipitation. In the 12-h period starting at 0000 

UTC 20 August, approximately 690 mm of rain fell near Massies Mill in Nelson County, 

which is located in west-central Virginia. The worst flash flooding occurred in areas 

along the Davis Creek in Nelson County, where multiple families were displaced from 

their homes. As a result of the flash flooding in this region, 153 fatalities occurred.  

        

3.2. Synoptic Overview 

3.2.1. Large-Scale Evolution  

The relative position of TC Camille with respect to an equatorward entrance 

region of an upper-tropospheric jet at 0600 UTC 19 August is depicted in Fig 3.2 using 

ERA-40 reanalysis data. An analysis of 250-hPa wind speed, 1000ï500-hPa thickness, 

and MSLP shows that the location of TC Camille was approximately 1000 km 

equatorward of a 45 m s
ī1

 upper-tropospheric jet as the TC began to enter the lower Ohio 
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River Valley (Fig. 3.2). A broad 1018-hPa anticyclone positioned off the southeastern 

United States coast (Fig. 3.2) worked in tandem with TC Camille to provide a broad low-

level southerly flow from the Gulf of Mexico into the southeastern United States (not 

shown). A near-perpendicular orientation of the 578-dam and 576-dam thickness 

contours with respect to the sea level isobars over Alabama, Kentucky, and Tennessee 

implies that warm-air advection was taking place over that area (Fig. 3.2). Poleward of 

this region, a well-defined lower-tropospheric baroclinic zone, indicated by a thermal 

gradient of the 1000ï500-hPa thickness field, was positioned across the Great Lakes 

region, which was associated with a 1000-hPa extratropical cyclone centered in south-

central Quebec (Fig. 3.2).  

As TC Camille traveled across the Ohio River Valley at 1800 UTC 19 August, the 

TC became juxtaposed with the equatorward entrance region of the 45 m s
ī1

 upper-

tropospheric jet (Fig. 3.3). The aforementioned 1018-hPa anticyclone off the southeastern 

United States coast remained in that location (Fig. 3.3) and continued to work in tandem 

with TC Camille to provide low-level southwesterly flow from the Gulf of Mexico 

toward West Virginia and Virginia (not shown). A northeastward movement of the 578-

dam and 576-dam thickness contours compared to their location in Fig. 3.2 confirms the 

presence of warm-air advection ahead of TC Camille, which was occurring in West 

Virginia and Virginia (Fig. 3.3). The surface baroclinic zone poleward of the TC had 

moved southward into the northeastern United States, and the extratropical cyclone 

associated with the surface baroclinic zone had deepened to 990 hPa and was centered 

over southeastern Quebec (Fig. 3.3).  
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By 0600 UTC 20 August, the aforementioned surface baroclinic zone was quasi-

stationary across the mid-Atlantic, and TC Camille continued to be juxtaposed with the 

equatorward entrance region of the 45 m s
ī1

 upper-tropospheric jet (Fig. 3.4). A quasi-

perpendicular orientation of thickness contours with respect to sea level isobars beneath 

the equatorward entrance region of the upper-tropospheric jet (Fig. 3.4) suggests that 

cold-air advection acted to suppress ascent poleward of TC Camille. The 578-dam and 

576-dam thickness contours were positioned in West Virginia and Virginia, indicative of 

the warm-air advection that took place in the last 12 h (Fig. 3.4). The poleward surface 

baroclinic zone appeared to be consolidating with the TC Camille circulation in central 

Virginia (Fig. 3.4), an area that was a focus of heavy rainfall during the flooding event.   

TC Camille took on extratropical characteristics by 1800 UTC 20 August, 

indicated by cold-air advection in the northwest quadrant of the TC circulation as a broad 

1022-hPa anticyclone built into the Great Lakes region (Fig. 3.5). The cold-air advection 

poleward of a surface trough extending southwestward from the central circulation of TC 

Camille suggests that this feature was a cold front (Fig. 3.5). The maximum wind speed 

of the upper-tropospheric jet poleward of TC Camille had strengthened to 55 m s
ī1

 (Fig. 

3.5), which was a response to an increase in the upper-level PV gradient over the 

Canadian Maritimes (not shown). 

 

3.2.2. PV Analysis 

As previously discussed in Chapter 1, the structure of the midlatitude circulation 

into which a TC travels has been shown to determine whether the TC strengthens or 

weakens as it undergoes ET (e.g., Harr et al. 2000). To analyze the midlatitude 
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circulation observed in the TC Camille case, maps of potential temperature on the 

dynamic tropopause (DT), 850ï200-hPa wind shear, and 925ï850-hPa layer-averaged 

relative vorticity are displayed in Figs 3.6a, 3.7a, 3.8a, and 3.9a. The 350 K potential 

temperature contour separates the red from the blue shadings.  

The orientation of the 350 K isentrope displays a zonal configuration of the DT 

poleward of TC Camille at 0600 UTC 19 August (Fig. 3.6a). A positive PV anomaly lies 

poleward of the 350 K isentrope in southeastern Canada (Fig. 3.6a). This positive PV 

anomaly was associated with the extratropical cyclone analyzed in Fig. 3.2. The position 

of TC Camille was approximated by the location of the 2.0 × 10
ī4

 s
ī1

 relative vorticity 

center around the ArkansasïTennessee border (Fig. 3.6a). The quasi-symmetric structure 

of the relative vorticity field suggests that TC Camille was unaffected by vertical wind 

shear at this juncture of its lifetime over land, which is consistent with an analyzed 5 m 

s
ī1

 value of wind shear across its circulation (Fig. 3.6a). The anticyclonic curvature of the 

shear vectors around TC Camille indicates that the TC warm-core structure was intact at 

this time. A northïsouth vertical cross section taken through the center of TC Camille at 

the same time displays PV, potential temperature, and horizontal wind speed (Fig. 3.6b). 

These fields show the vertical warm-core structure of TC Camille and areas where the 

tropopause was vertically tilted, which indicates the location of the upper-tropospheric jet 

core. The 1 PVU color fill extending from 925ï300 hPa in the center of the cross section 

denotes the location of the PV column associated with TC Camille (Fig. 3.6b), which 

indicates a near-vertical warm-core structure of the TC. The core of the upper-

tropospheric jet was still far enough to the north of TC Camille for the effect of vertical 

wind shear to be minimal.  
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By 1800 UTC 19 August, the vertical wind shear across TC Camille (7.5 m s
ī1

) 

(Fig. 3.7a) had increased compared to the analyzed value of vertical wind shear 12 h 

earlier (Fig. 3.6a). Compared to 12 h earlier (Fig. 3.6a), a less symmetric structure of the 

relative vorticity field associated with the TC (Fig. 3.7a) was also evident. In addition, the 

DT became more amplified poleward of TC Camille (Fig. 3.7a), in response to the 

strengthening extratropical cyclone analyzed in Fig. 3.3. The corresponding vertical cross 

section of PV and potential temperature shows that the vertical structure of TC Camille 

began to tilt and weaken (Fig. 3.7b) as the TC entered the higher shear environment 

observed in Fig. 3.7a. The core of the upper-tropospheric jet, which was characterized by 

a maximum wind speed of 30 m s
ī1

 at approximately 200 hPa, was analyzed poleward of 

TC Camille, as indicated by the vertically tilted tropopause centered around 200 hPa (Fig. 

3.7b).   

Compared to 12 h earlier (Fig. 3.7a), the vertical wind shear (10 m s
ī1

) analyzed 

across TC Camille at 0600 UTC 20 August (Fig. 3.8a) had increased. As a result of the 

increased vertical wind shear over TC Camille, the low-level circulation of TC Camille 

weakened, as indicated by the reduced magnitude of the relative vorticity field centered 

along the central Appalachian Mountains (Fig. 3.8a). A quasi-stationary positive PV 

anomaly associated with the extratropical cyclone northeast of the TC was centered over 

Quebec at this time (Fig. 3.7a). Compared to 12 h earlier (Fig. 3.7b), the PV column 

associated with TC Camille continued to weaken and tilt as the core of the upper-

tropospheric jet at 200 hPa strengthened to 35 m s
ī1

 and moved to within 550 km of TC 

Camille (Fig. 3.8b). Wind speed values up to 20 m s
ī1

 were situated at 200 hPa above the 
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central circulation of TC Camille (Fig. 3.8b), indicative of the increasing shear affecting 

the TC compared to 12 h earlier (Fig. 3.7b). 

The quasi-stationary positive PV anomaly continued to be centered in Quebec at 

1800 UTC 20 August, and the low-level circulation of TC Camille strengthened 

compared to 12 h earlier (Fig. 3.8a) as the TC exited the East Coast of the United States 

(Fig. 3.9a). However, the structure of the low-level circulation associated with TC 

Camille suggests that the TC was undergoing ET as indicated by the increasingly 

asymmetric structure of the relative vorticity field associated with the TC (Fig. 3.9a). 

Although the corresponding vertical cross section is similar to that in Fig. 3.8b, the core 

of the upper-tropospheric jet poleward of TC Camille had strengthened to 40 m s
ī1

 at 200 

hPa (Fig. 3.9b). In addition, the upper-tropospheric jet core was approximately 450 km 

from the TC Camille circulation (Fig. 3.9b), which is closer than displayed in Fig. 3.8b.  

The position of the PV anomaly to the northeast of TC Camille is consistent with 

the northeast pattern documented by Harr et al. (2000), which results in a poleward-

moving TC weakening or remaining the same intensity as it undergoes ET. In this 

pattern, there is typically a quasi-stationary extratropical cyclone to the northeast of the 

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

  

3.2.3. Low-Level Structure and Moisture Evolution 

 The low-level structure and moisture evolution of TC Camille is documented 

using maps of precipitable water (PW), 925-hPa geopotential height, 925-hPa wind, 925-

hPa potential temperature, and 700-hPa upward vertical motion (Figs. 3.10ï3.13). At 

0600 UTC 19 August, a closed, symmetric circulation associated with TC Camille was 



38 
 

analyzed at 925 hPa near the junction of the Mississippi River and Ohio River (Fig. 3.10). 

In addition, PW values in excess of 50 mm were analyzed in and around the TC 

circulation (Fig. 3.10). Values of PW in excess of 50 mm, likely transported from the 

Gulf of Mexico towards the Ohio River Valley and mid-Atlantic regions, were associated 

with southerly flow ahead of TC Camille and behind a broad anticyclonic circulation off 

the coast of the southeastern United States (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 with the aforementioned lower-tropospheric baroclinic zone analyzed in Fig. 

3.2. The edge of this lower-tropospheric baroclinic zone is approximated by the 300 K 

isentrope (Fig. 3.10)  

By 1800 UTC 19 August,  the lower-tropospheric baroclinic zone in the Great 

Lakes had moved southeastward into the northeastern United States, and the southerly 

flow from the Gulf of Mexico likely continued to transport high values of moisture 

toward west-central Virginia (Fig. 3.11). The 300 K isentrope associated with the lower-

tropospheric baroclinic zone was 400 km closer to TC Camille (Fig. 3.11) compared to 

12 h earlier (Fig. 3.10), which shows the TC was approaching a baroclinic environment. 

A broad area of upward vertical motion observed over and to the northeast of TC Camille 

(Fig. 3.11) was associated with ascent in the equatorward entrance region of the upper-

tropospheric jet poleward of the TC. In addition, a broad area of stratiform precipitation 

in Indiana, Ohio, Kentucky, and West Virginia (not shown) likely contributed to the 

broad area of upward vertical motion (Fig. 3.11). 

As TC Camille crossed the Appalachian Mountains at 0600 UTC 20 August, the 

heaviest rainfall occurred over west-central Virginia. Compared to 12 h earlier (Fig. 
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3.11), increased baroclinicity was analyzed at 925 hPa across northern Virginia as the 

edge of the lower-tropospheric baroclinic zone, indicated by the 300 K isentrope, moved 

into northern Virginia (Fig. 3.12). The closed circulation associated with TC Camille 

became elongated and exhibited a southwestïnortheast tilt at this time (Fig. 3.12). 

Southerly flow ahead of TC Camille was associated with a rich moisture supply (PW 

values greater than 50 mm) in west-central Virginia (Fig. 3.12). In this region, the Blue 

Ridge Mountains induced an upslope component of the wind, and the moist environment 

already present allowed for heavy rainfall to be generated over west-central Virginia. A 

thermodynamic diagram from Sterling, Virginia, at 0700 UTC 20 August, presented in 

Schwartz (1970), shows a moist neutral thermodynamic environment over the region (not 

shown), which supported deep rising motion and convection. Convergence of the flow at 

925 hPa is implied over this region, where northerly winds on the cold side of the lower-

tropospheric baroclinic zone converged with the southerly winds on the warm side of this 

baroclinic zone (Fig. 3.12). This implied convergence, the upslope component of the 

wind induced by the Blue Ridge Mountains, and the ascent located underneath the 

equatorward entrance region of the upper-tropospheric jet, worked in concert to support 

the heavy rainfall observed across west-central Virginia.  

As previously mentioned, at 1800 UTC 20 August, TC Camille was already 

undergoing ET, and Fig. 3.13 shows the cooler air being advected into the northwest 

quadrant of TC Camille. The PW field indicated the ongoing ET process as well, where 

dry (moist) air was analyzed west (east) of TC Camille (Fig. 3.13). Fig. 3.13 shows that 

the TC circulation at 925 hPa continued to exhibit a southwestïnortheast tilt and had not 

intensified when compared to 12 h earlier (Fig. 3.12), which was consistent with the 
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minimal strengthening of TC Camille as it moved off the East Coast of the United States 

(Fig. 3.13).  

 

3.3. Mesoscale Overview 

3.3.1. Precipitation Evolution 

 The evolution of heavy rainfall over Nelson County, Virginia, whose location is 

denoted by a yellow star on the following radar summary charts (Figs. 3.14ï3.20), is 

documented for the 12-h period of heaviest rainfall (stated in section 3.1.2) across Nelson 

County. At 2245 UTC 19 August, showers and thunderstorms were observed over the 

central mid-Atlantic (Fig. 3.14). This area of rainfall was associated with the southward-

moving lower-tropospheric baroclinic zone (Figs. 3.10ï3.12). A line of showers and 

thunderstorms west of the central Appalachian Mountains (left side of Fig. 3.14) was 

indicated as an echo area and was associated with the TC Camille circulation. Although 

not shown in Fig. 3.14, much of the rainfall associated with TC Camille was shifted 

towards the northeast side of the circulation as a result of synoptic-scale forcing for 

ascent beneath the equatorward entrance region of the upper-tropospheric jet poleward of 

the TC (Fig. 3.4). 

 At 0045 UTC 20 August, the showers and thunderstorms associated with the 

lower-tropospheric baroclinic zone were situated over west-central Virginia (Fig. 3.15). 

In this region, rainfall was observed in 60ï90% of an echo area and was identified as an 

area of heavy showers and thunderstorms (Fig. 3.15). A maximum echo top of 

approximately 10.7 km was observed around the Nelson County area, which confirmed 

the presence of convection (Fig. 3.15). Meanwhile, the rainfall west of the central 
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Appalachian Mountains showed signs of weakening, as indicated by reports of light rain 

showers in eastern Kentucky (Fig. 3.15).  

  Heavy showers and thunderstorms continued in west-central Virginia at 0245 

UTC 20 August, where four maximum echo tops were observed near the Nelson County 

area (Fig 3.16). Two of these maximum echo tops extended to 11.3 km, while one of 

these echo tops was observed to be approximately 10.7 km. A 10.4 km echo top was 

observed in eastern Virginia (Fig. 3.16). An area of showers and thunderstorms covering 

30ï50% of an echo area southwest of west-central Virginia was observed (Fig. 3.16), but 

was weakening after developing just an hour earlier (not shown). An analysis of 

subsequent radar summary charts from 0645 UTC 20 Augustï0845 UTC 20 August 

(Figs. 3.17ï3.19) shows this area of rainfall to be quasi-stationary and rather weak. 

Although synoptic-scale forcing for ascent was focused poleward of this area of rainfall 

(Fig. 3.12), the presence of this rainfall suggests that instability provided by the warm, 

moist environment in this region ahead of TC Camille was sufficient to produce this area 

of rainfall.   

 By 0445 UTC 20 August, heavy showers and thunderstorms were evident across 

west-central Virginia (Fig. 3.17). Maximum echo tops of 12.2 km were being observed to 

the east of Nelson County (Fig. 3.17) as the lower-tropospheric baroclinic zone in 

northern Virginia (Fig. 3.12) continued to be a focus for heavy rainfall. At this time, the 

central circulation of TC Camille began crossing the central Appalachian Mountains in 

southern West Virginia (Fig. 3.17). 

 Ending at 0645 UTC 20 August, the rainfall associated with the TC finished 

consolidating with the rainfall associated with the lower-tropospheric baroclinic zone 
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(Fig. 3.18), which had started at 2245 UTC 19 August (Fig. 3.14). Heavy showers and 

thunderstorm continued to be indicated in west-central Virginia; however, a maximum 

echo top of 9.1 km observed to the north of the Nelson County area was the closest 

maximum echo top (Fig. 3.18). 

 The western edge of rainfall was located in western Virginia at 0845 UTC 20 

August as TC Camille was crossing south-central Virginia (Fig. 3.19). The coverage of 

rainfall across Nelson County was greater than 90%, with heavy showers and 

thunderstorms being indicated in the area, and 11.9 km maximum echo tops were 

observed east of Nelson County (Fig. 3.19).    

 By 1045 UTC 20 August, the rainfall in west-central Virginia had ended as TC 

Camille moved away from the region (Fig. 3.20). Heavy showers and thunderstorms were 

indicated in eastern Virginia, Maryland, and Delaware, where an echo area in that region 

had 60ï90% echo coverage (Fig. 3.20). Echo tops of 11.9 km continued to be observed, 

but were east of the Nelson County area and were located in eastern Virginia and 

southern Maryland (Fig. 3.20). 

  

3.3.2. Surface Analysis 

 A surface baroclinic zone, which strengthened due to differential surface heating 

during the day of 19 August, was observed across west-central Virginia at 0000 UTC 20 

August, whereas a synoptically-produced surface baroclinic zone was positioned across 

central Pennsylvania and northern Ohio (Fig. 3.21). Observed dewpoint depressions of 0ï

1°C at various stations throughout West Virginia and northern Virginia (Fig. 3.21) 

indicate the presence of rainfall at this time, as shown in Fig. 3.14. Warm, moist south-
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southeasterly flow ahead of TC Camille, which was positioned in central Kentucky at this 

time, provided an upslope component of the wind across Nelson Country (Fig. 3.21). 

This stream of warm, moist flow provided sufficient instability to maintain convection in 

west-central Virginia over the next 12 h.  

 The surface map for 0600 UTC 20 August indicates that the synoptically-

produced surface baroclinic zone moved south across northwest Virginia, where it 

merged with the circulation of TC Camille (Fig. 3.22). Compared with Fig. 3.21, an 

increase of the surface temperature gradient associated with the surface baroclinic zone 

implied that frontogenesis had occurred in northwest Virginia during the 6-h period 

ending 0600 UTC 20 August (Fig. 3.22). The position of the surface baroclinic zone with 

respect to Nelson County put it at the edge of the surface baroclinic zone, where surface 

temperature and dewpoint values were approximately 24°C and 22°C, respectively, at 

this time (Fig. 3.22). The approximate location of TC Camille, as indicated by the MSLP 

field, was in southwestern Virginia (Fig. 3.22). The southerly winds observed at various 

stations in North Carolina continued to transport warm, moist air towards the surface 

baroclinic zone (Fig. 3.22). The surface flow across Nelson County is difficult to assess 

since the Lynchburg, Virginia, observation is not available, so station observations close 

to Nelson County were used. The light northeasterly surface wind at Roanoke, Virginia, 

southwest of Nelson County, indicates the passage of the surface baroclinic zone, 

whereas a south-southeasterly surface wind observed at Richmond, Virginia, east-

southeast of Nelson County, supports the idea that an upslope component of the wind 

continues to be directed towards Nelson County (Fig. 3.22). 
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 By 1200 UTC 20 August, TC Camille was located over eastern Virginia, and its 

minimum central MSLP had decreased to 1004 hPa (Fig. 3.23). TC Camille had started 

ET at this time, as indicated by an intrusion of cool, dry air into the northwest quadrant of 

the circulation, as well as implied warm-air advection, shown by the quasi-perpendicular 

orientation of isotherms with respect to sea level isobars, ahead of TC Camille (Fig. 

3.23). The surface baroclinic zone situated over eastern Virginia, southern Maryland, and 

southern Delaware, implied as the surface warm front, continued to be a focus for heavy 

rainfall, as indicated by the heavy showers and thunderstorms observed over the region 

(Fig. 3.20).         

  

3.3.3. Frontogenesis and Ageostrophic Circulation Analysis 

 Northïsouth vertical cross sections taken through Nelson County during the 12-h 

period of heaviest rainfall (stated in section 3.1.2) depict Petterssen frontogenesis, 

potential temperature, horizontal wind speed, and the ageostrophic wind component 

tangential to the cross section (Figs. 3.24ï3.26). Starting at the time when heavy rainfall 

began across Nelson County at 0000 UTC 20 August, a 45 m s
ī1

 upper-tropospheric jet 

was observed poleward of Nelson County (Fig. 3.24). Lower-tropospheric frontogenesis, 

indicated by values of 2 K (100 km)
ī1

 (3 h)
ī1

, was observed poleward of Nelson County. 

The axis of frontogenesis tilted towards colder air, with maximum frontogenesis observed 

at 700 hPa and 250 hPa (Fig. 3.24). The surface baroclinic zone was observed poleward 

of Nelson County, as indicated by a gradient of isentropes at the surface (Fig. 3.24).  

   An environment favorable for heavy rainfall over Nelson County peaked at 0600 

UTC 20 August (Fig. 3.25). Frontogenesis located over the area again tilted toward cold 
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air and was maximized at 850 hPa and 300 hPa (Fig. 3.25). The warm edge of the surface 

baroclinic zone, located near Nelson County as depicted in the vertical cross section (Fig. 

3.25), is consistent with the surface analysis in Fig. 3.22. The location of the upper-

tropospheric jet poleward of Nelson County placed this location in the equatorward 

entrance region of the upper-tropospheric jet, where observed diverging ageostrophic 

winds at 200 hPa imply upward vertical motion below this level (Fig. 3.25). The lower-

tropospheric frontogenesis and the position of Nelson County in the equatorward 

entrance region of an upper-tropospheric jet combined to produce tropospheric-deep 

ascent over this location, which was maximized at 700 hPa (Fig. 3.25). The presence of 

this tropospheric-deep ascent in a warm, moist environment provided support for the 

generation of heavy rainfall over west-central Virginia.      

 By 1200 UTC 20 August, lower values of upward vertical motion and 

frontogenesis were observed over Nelson County (Fig. 3.26) compared to 6 h earlier at 

0600 UTC 20 August. The surface baroclinic zone, indicated by the gradient of 

isentropes at the surface, was positioned farther south as cool air wrapped into the 

northwest quadrant of TC Camille, indicating that the TC was starting ET at this time 

(Fig. 3.26). 

 

3.4. Summary 

  After making landfall in southeastern Louisiana as a category 5 hurricane, TC 

Camille weakened rapidly into a tropical depression as it tracked northward towards the 

Ohio River Valley (Fig. 3.1). By 0000 UTC 20 August, TC Camille had made an 

eastward turn toward west-central Virginia (Fig. 3.1) as it became influenced by the 
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midlatitude flow poleward of the TC. As TC Camille interacted with a lower-

tropospheric baroclinic zone moving south from the northeastern United States early on 

20 August, inland flooding ensued as copious amounts of rain fell over Nelson County, 

Virginia. In the 12-h period ending 1200 UTC 20 August, nearly 690 mm of rain fell over 

Massies Mill in Nelson County, leading to severe inland flooding, and resulting in 153 

fatalities.  

 An analysis of the inland flooding associated with the passage of TC Camille 

shows that the heavy rainfall over west-central Virginia can be attributed to several 

factors. First, tropospheric-deep ascent beneath the equatorward entrance region of a 

downstream 45 m s
ī1

 upper-tropospheric jet (Fig. 3.4) provided support for heavy rainfall 

over west-central Virginia. Second, frontogenesis and mesoscale ascent associated with 

the lower-tropospheric baroclinic zone poleward of TC Camille (Fig. 3.25) provided 

additional support for heavy rainfall. Third, a warm, moist lower-tropospheric southerly 

flow ahead of TC Camille (Fig. 3.12) ascended the lower-tropospheric baroclinic zone 

and sustained the convection observed across west-central Virginia. This setup is similar 

to a training line/adjoining stratiform mode of MCS organization that forms in a very 

moist, unstable environment on the cool side of a preexisting slow-moving surface 

boundary (Schumacher and Johnson 2005). Fourth, surface analyses confirmed the 

presence of an upslope component of the surface wind directed towards the Blue Ridge 

Mountains of west-central Virginia (Figs. 3.21ï3.22), which contributed to the heavy 

rainfall during the passage of TC Camille across the Appalachian Mountains during 20 

August.     
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Fig. 3.1. TC Camille track map displaying maximum sustained wind speed and minimum 

central MSLP observations at 0000 UTC for 17ï22 August 1969. 0000 UTC locations are 

denoted by yellow circles with a red outline. 
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Fig. 3.2. Map of 250-hPa wind speed (shaded, m s

ī1
), 1000ï500-hPa thickness (dashed 

red every 2 dam), and MSLP (solid black every 2 hPa) at 0600 UTC 19 August 1969. 

The green TC symbol denotes the position of TC Camille as depicted by the ERA-40. 

 

 
Fig. 3.3. Same as Fig. 3.2., except at 1800 UTC 19 August 1969. 
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Fig. 3.4. Same as Fig. 3.2., except at 0600 UTC 20 August 1969. 

 

 
Fig. 3.5. Same as Fig. 3.2., except at 1800 UTC 20 August 1969. 
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Fig. 3.6. (a) Map of potential temperature on the 2 PVU surface (shaded every 5 K; every 

10 K below 340 K), 850ï200-hPa wind shear (barbs, kt), and 925ï850-hPa layer-

averaged relative vorticity (solid black every 0.5  10
ī4

 s
ī1

 starting at 0.5 × 10
ī4

 s
ī1

) at 

0600 UTC 19 August 1969. The yellow star denotes the position of TC Camille as 

depicted by the ERA-40. The black line denotes the location of the vertical cross section 

shown in Fig. 3.6b. (b) Northïsouth vertical cross section of PV (shaded every 1 PVU), 

potential temperature (solid black every 4 K), and horizontal wind speed (dashed green 

every 5 m s
ī1

 starting at 15 m s
ī1

) at 0600 UTC 19 August 1969. The yellow star denotes 

the location of TC Camille along the cross section. 

(a) 

(b) 
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Fig. 3.7. Same as Fig. 3.6, except at 1800 UTC 19 August 1969. The black line in (a) 

denotes the location of the vertical cross section shown in Fig. 3.7b. 

(a) 

(b) 
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Fig. 3.8. Same as Fig. 3.6, except at 0600 UTC 20 August 1969. The black line in (a) 

denotes the location of the vertical cross section shown in Fig. 3.8b. 

 

(a) 

(b) 
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Fig. 3.9. Same as Fig. 3.6, except at 1800 UTC 20 August 1969. The black line in (a) 

denotes the location of the vertical cross section shown in Fig. 3.9b. 

(a) 

(b) 
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Fig. 3.10. Map of PW (shaded, mm), 700-hPa vertical motion (light blue contour every 2 

× 10
ī3

 hPa s
ī1

, negative values only), 925-hPa geopotential height (solid black every 3 

dam), 925-hPa potential temperature (dashed pink every 2 K), and 925-hPa winds (barbs, 

kt) at 0600 UTC 19 August 1969. The green TC symbol denotes the position of TC 

Camille as depicted by the ERA-40. 

 

 
Fig. 3.11. Same as Fig. 3.10, except at 1800 UTC 19 August 1969.  
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Fig. 3.12. Same as Fig. 3.10, except at 0600 UTC 20 August 1969. The black line denotes 

the location of the vertical cross section shown in Figs. 3.24ï3.26.  

 

 

 

 

 
Fig. 3.13. Same as Fig. 3.10, except at 1800 UTC 20 August 1969. 
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Fig. 3.14. Adapted radar summary chart at 2245 UTC 19 August 1969. The yellow star 

denotes the approximate location of Nelson County, Virginia. The green TC symbol 

denotes the position of TC Camille as depicted by the ERA-40. 

 

 

 
 

Fig. 3.15. Same as Fig. 3.14, except at 0045 UTC 20 August 1969. 
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Fig. 3.16. Same as Fig. 3.14, except at 0245 UTC 20 August 1969.  

 

 
 

Fig. 3.17. Same as Fig. 3.14, except at 0445 UTC 20 August 1969.  
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Fig. 3.18. Same as Fig. 3.14, except at 0645 UTC 20 August 1969.  

 

 
 

Fig. 3.19. Same as Fig. 3.14, except at 0845 UTC 20 August 1969.  



59 
 

 
 

Fig. 3.20. Same as Fig. 3.14, except at 1045 UTC 20 August 1969. 
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Fig. 3.21. Surface analysis at 0000 UTC 20 August 1969 displaying MSLP (solid black 

every 2 hPa), wind (barbs, kt), dewpoint (dashed green every 2°C), and temperature 

(dashed red every 2°C). The yellow star denotes the approximate location of Nelson 

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

by the ERA-40. 

 

 

 
  

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


