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ABSTRACT 

The synoptic and sub-synoptic environment preceding the Lubbock 

tornado, 11 May 1970, is examined using surface, upper-air, radar and 

limited satellite imagery data. The standard analyses are 

complemented by five vertical cross-sectional analyses to highlight 

the natural partitioning of the lower atmosphere. This allows a more 

explicit identification of the airmass structure over west Texas and 

the surrounding geographical region. The combined analyses of the 

airmass structure are then applied to a conceptual model (Carlson and 

Ludlam, 1968) of a severe local storm environment. In this study, 

the conceptual model components expressed a relationship between the 

synoptic scale circulation pattern and topography of the southwest 

United States, making it a favorable location for the development of 

severe storm or tornadic activity. Within the model, the elevated 

mixed layer, or lid (Carlson and Ludlam, 1968), is especially 

important. 

This study examines the components of the conceptual model as 

they existed on 11-12 May 1970. The synoptic and mesoscale 

atmospheric features are documented and applied to the conceptual 

model. Specifically, the diurnal dryline cycle, as described by 

Schaefer (1973), was isolated by meso-analysis techniques with 

additional documentation through radar analyses. Next, the 

cross-section analyses depicted the vertical partitioning of an 

elevated well-mixed layer or "lid" (Carlson and Ludlam, 1968) 



overlying low-level moist air advection. Finally, the combined 

contributions were organized to develop composite analyses to 

emphasize the significant contributions that allowed a sudden, 

focused release of latent instability from beneath the lid. 

From the case study, the environmental stratification generally 

conformed to the conceptual model. The lid formed due to advection 

of a deep, mixed layer from Mexico over moist air from the Gulf of 

Mexico. The wet-bulb potential temperature within the moist air 

increased significantly during the daylight hours on 11 May 1970, 

reducing the negative buoyant area contained beneath the lid. Next, 

the outbreak of deep, focused convection was limited to the area over 

Lubbock where dryline forcing dynamics combined with destabilizing 

horizontal advection at approximately 700 mb. The environmental 

shear and advection tendencies were analyzed with hodograph and 

isentropic techniques. Finally, the composite analyses of the 

situation prior to the tornado event depicted significant convergence 

and thermodynamic alignment (Moller, 1979) northeast of Lubbock; 

however, the tornado occurred in the southwest quadrant of the 

dryline bulge. This is where maximum differential advection of the 

capping inversion occurred and underrunning resulted. 
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Lid composite analysis for 1200 GMT 11 May 1970. 
The thin solid lines denote lid strength (*C) with 
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isodrosotherm. The plotted vectors are 850-700 
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the axis of maximum anticyclonic curvature 
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lid 231 

Figure A10 Composite lid parameters at 0000 GMT 12 May 1970. 
The various chart symbols are defined in Appendix 
D. Moisture advection is escaping from beneath 
the critical lid strength isopleth near LBB. The 
850-700 mb wind shear vector is perpendicular to 
the dryline boundary (long dash-dot line) to 
indicate maximum cold air differential advection.. 
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CHAPTER I 

INTRODUCTION 

The meteorological literature on severe weather forecasting 

actually began approximately 100 years ago. Going beyond simple 

accounts of damage caused by severe tornadic storms, meteorologists 

then began to establish that basic partitioning of the atmosphere is 

conducive to convective storm occurrence. Ferrel (1885) and Finley 

(1890) pointed out that warm, moist air lying beneath cold dry air was 

a necessary condition for tornado development. This fundamental 

observation has led to research for precision in isolating and 

forecasting the most potentially unstable regions of the atmosphere. 

Over the past 30 years, the intensity of the research and 

difficulty of the forecasting problem has increased significantly our 

knowledge of the synoptic and sub-synoptic scale environment. In 

addition, the classification of the pre-storm environment includes 

research by Fawbush and Miller, Fujita, Carlson and Ludlum, Palmen and 

Newton, Rhea, and many others. Subsequently, there was the 

establishment of the National Severe Storms Project (which then 

subdivided into the National Severe Storm Forecast Center and the 

National Severe Storms Laboratory) by the National Weather Service. 

Finally, advanced synoptic and sub-synoptic computer models and 

meteorological satellite data established a firm foundation in 

operational meteorology. The possible savings in property damage and 

lives through continued research and forecast improvements provides 



the impetus for ongoing improvements to current meteorological 

techniques. 

During the past several years, there is a trend back from model 

dependence to data reanalysis as illustrated in papers by Snellman 

(1977) and Liles (1985). Therefore, this study seeks to relate the 

severity of moist convection to the pre-existing structure of the 

low-level capping inversion and elevated, well-mixed adiabatic layer. 

The primary data sources are radiosonde, radar imagery, and synoptic 

surface observations. Considerable attention is devoted to the state 

of the elevated mixed layer, the lower tropical airmass, and dynamic 

forcing of the dryline through cross-sectional analysis, skew T-log p 

plots, surface mesoscale analysis and upper-air synoptic analysis. 

The natural partitioning of the lower troposphere is expected and 

identification of specific physical influences have been documented by 

Beebe (1954), Fawbush and Miller (1953), Palmen and Newton (1969), and 

Carlson and Ludlam (1968). Substantial observational evidence 

suggests that prior to the initiation of particularly severe 

convection, the lower tropospheric structure (increased potential 

temperature with height) is weak within the mixed layer, while in the 

boundary layer the stratification is concentrated beneath an inversion 

capping the tropical airmass (Fawbush and Miller, 1953; Palmen and 

Newton, 1969). The role of the enhanced low-level inversion is to 

inhibit moist convection, allowing moisture influx in the low levels 

to build up the latent instability (Carlson and Ludlam, 1968). Once 

initiated by a triggering or destabilizing mechanism, sudden 

convection under such conditions takes advantage of any 



destabilization aloft (gradual removal of the lid's lateral edge 

through differential advection) while at the same time having sole 

access to the low-level moisture without competition from widespread 

cumulus developments. 

Basically, the conventionally analyzed surface and upper-air data 

will be re-analyzed using sub-synoptic analysis and enhancement 

techniques emphasized by Moller (1979) and Liles (1984). The goal is 

to determine whether there is potential for improving short-range 

weather forecasts by using the proposed Lid Strength Index in 

isolating high potential severe weather outbreak areas while 

eliminating other areas effectively capped. 

Motivated by the need to improve current prognostic techniques, 

the purpose of this research is threefold and will center on the 

review of a proposed conceptual model and application of several 

severe weather analysis techniques to the 1970 Lubbock tornado 

synoptic situation. First, it will review the synoptic pre-storm 

environment through re-analyses of the available surface and upper-air 

data. This will include hodograph, cross-section, isentropic, 

satellite, and radar analyses. Second, the results will be discussed 

and contrasted to identify significant features or results found in 

the low-level atmospheric structure as highlighted in the Carlson and 

Ludlam (1968) conceptual model and as updated by Carlson et al. (1980, 

1983). Third, an analysis and forecast procedure (Lanicci, 1984) is 

applied that includes the original Carlson-Ludlam (1968) conceptual 

model of the severe storm environment plus the currently revised 

(Graziano, 1985) Lid Strength Index (Carlson et al., 1982). 



CHAPTER II 

DATA SOURCES AND ANALYSIS TECHNIQUE 

Data Sources 

The intent of this case study is to accomplish a complete 

synoptic analysis of the environment on 10-12 May 1970. Therefore, 

conventional radiosonde and surface observational data were obtained 

from the United States Air Force Environmental Applications Center 

and National Climatic Center in Asheville, North Carolina. This data 

provided the source for mesoscale analysis at the surface plus 

cross-sectional analysis in the vertical. In addition, the Amarillo 

Weather Service Office (WSO) radar data was obtained and used to 

identify precipitating convective cloud elements over the region. A 

joint National Aeronoutics and Space Administration (NASA) and 

Environmental Science Service Administration (ESSA) "Tornado Watch 

Experiment" was in progess in the spring of 1970 and 11 May was 

declared an active experiment day. As a result, the ATS-III 

satellite was programmed to record pictures at 11-min intervals. 

However, the satellite imagery from the National Oceanic and 

Atmospheric Administration (NOAA) Satellite Data Services Division 

was only available in a limited quantity. Fortunately, Fujita (1970) 

completed a thorough analysis of the satellite imagery for this date. 

These analyses were used to correlate the surface synoptic features 

analyzed in this study. Finally, a limited amount of data saved by 

G. Alan Johnson, Lubbock WSO duty forecaster during the tornado 



event, provided a variety of NMC products that were valuable for 

subjective comparison. 

Analysis Technique 

The focal point of this case study is the mesoscale analysis of 

meteorological features over the New Mexico, Texas, and Oklahoma 

three-state area. Therefore, the data on the soundings which 

includes temperature, relative humidity, wind speed, direction and 

geopotential thickness were either used directly or manipulated into 

other standard meteorological variables. The listed variables are 

observed at the standard millibar surfaces of 850 mb, 700 mb, 500 mb, 

and 300 mb. In addition, intermediate observations are recorded at 

irregular points between the standard levels. 

Saucier's (1955) techniques were applied to the vertical 

cross-sectional analyses. Specific soundings were plotted on skew 

T-log p thermodynamic charts and then combined into five vertical 

cross-sections. This helped resolve any features unique to the 

dryline boundary or elevated mixed-layer structure through 

isentropic, isotach, and isohume analyses. Specifically, the 

isentropic analyses depict the natural partitioning of the 

atmosphere. Since all processes in the atmosphere tend toward an 

adiabatic state, as long as no condensation occurs, air parcels 

should remain on the same isentropic surfaces until condensation 

occurs. In the vertical, the increase of potential temperature (8) 

with height is a measure of static stability and is proportional to 

the gradient of the isentropic surfaces in the vertical. In these 



analyses, the stability stratification was directly related to the 

vertical spacing of the isentropes. Regions of close spacing (for 

example, the capping inversion layer) have strong static stability 

while an area of widely-spaced isentropes (e.g., the well-mixed 

elevated layer) represent a near adiabatic lapse rate or weak static 

stability. The specific isentropic zone or lateral boundary of the 

capping inversion present in this case study appears as a narrow 

frontal zone formed by confluence between a warm-moist tropical 

airmass on the east with a hot-dry airmass to the west of the 

dryline. This was reversed from cross-sections normally seen and 

used to depict frontal structure. 

The advective trends were analyzed by the thermal wind 

relationship, related hodograph concepts, and wind component 

applications to the cross-section charts. The u and v wind 

components were calculated using a short BASIC program and plotted on 

the cross-sectional analyses. These were all done to better 

illustrate the direct association of: (1) vertical mixing within the 

dry air region; (2) momentum transport associated with vertical 

mixing; (3) low-level nocturnal jet cores imposed upon the baroclinic 

surface of the inversion zone; (4) east-west and north-south 

advective trends or convergent trends. Finally, the isohume analyses 

on the cross-sections indicate the advection of moisture from the 

Gulf of Mexico. In specific instances, the texture or oscillating 

nature of the upper moist surface was evident. This illustrates the 

findings of Rhea (1966) and Schaefer (1975) that the dryline is 

non-frontal in nature. Specifically, the interface between dry and 



moist air is nearly vertical at the surface dryline and 

quasi-horizontal aloft and to the east with wave-like perturbations on 

the moist boundary. 

The true paths of air parcels can best be traced on the 

isentropic surfaces. This tracing of paths or "flow patterns" was 

done by analyzing specific isentropic surfaces between 310*-318* K. 

These isentropic surfaces were chosen because they isolated the 

surface source region of the elevated mixed layer. The isentropic 

charts depict contour lines of constant potential temperature 

surfaces in terms of standard pressure surfaces with instantaneous 

winds to depict short term trajectory. Adiabatic cooling (upward 

vertical motion) of a parcel was indicated when a trajectory was 

directed against the pressure gradient toward lower pressures. This 

point was important in depicting the weakening of the capping 

inversion over the path of the air parcel. 

The surface and upper-air observations for 10-12 May 1970 were 

plotted at the appropriate intervals to illustrate the synoptic 

surface and upper-air situation and sub-synoptic dryline features. 

The analysis technique included upper-air constant pressure 

isohypses, surface isobars (altimeter and sea-level pressure), 

isotherms, isallobars, and isodrosotherms. The surface altimeter 

setting was plotted to allow a 30 to 40 percent increase in the 

number of data points. Also, this has a substantial advantage 

because the altimeter setting is related to the station pressure in 

an identical manner at each observation point 'vhile the sea level 

pressure reading is smoothed by average temperature when corrected 
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for altitude. There was a disadvantage because some stations have a 

persistent bias in their observations. This necessitates the analyst 

to determine and correct for as many of the local biases as possible. 

The isallobaric analysis was valuable to indicate the accelerations 

in the wind field. This leads to an indication of the departures 

from the geostrophic balance in the wind field (Saucier, 1955). 

Therefore, the ageostrophic strengthening created by the local 

changes in the pressure field were directly implied from the 

analyses. There are other factors that contribute to the 

ageostrophic wind component, but the isallobaric analyses was used 

here because of the mesoanalysis application along the dryline. In a 

severe weather situation, the important contribution of the 

isallobaric acceleration is to back the winds ahead of an approaching 

trough, which in this case was the dryline. The composite analyses 

of the surface used analytic procedures drawn from documents by 

Miller (1972), Moller (1979), Doswell (1982), Lanicci (1984) and 

Liles (1985). Subjective judgements were made in evaluating and 

analyzing synoptic and sub-synoptic features. 

A series of hodographs were plotted to analyze the shear 

environment in the dryline region. It is widely accepted that the 

shear depicted in a hodograph is a prime ingredient without which 

storms are unlikely to develop severe characteristics. However, the 

hodograph for a dryline storm situation was not dealt with separately 

in the documented supercell storm hodograph by Maddox (1976). In 

fact, McNulty (1980) stated that veering of the winds with height is 

an essential feature in differential advection when relatively little 



directional shear exists. Therefore, the hodographs were analyzed to 

separate shear contributions, advective trends, and storm-relative 

flow in the region near Lubbock. 

Unfortunately, the Lubbock and Midland WSO's did not 

film-record radar data in 1970. The Amarillo WSO (although nearly 

200 km away) did have a recording capability, allowing a 

frame-by-frame echo plot to produce a detailed track of the storm 

cells located over the region. At this distance, the storm was 

beyond the recommended criterion specified by Lemon (1977) for 

resolution of mesoscale tornado features, but acceptable echo element 

positions and boundaries were located. There were specific tornado 

echo signatures reported in several documents from the Reese AFB and 

Lubbock WSO 5-cm radar units. 

A weather station locator chart is in Appendix B to assist in 

locating and decoding the three-letter station identifiers. Also, a 

synoptic chart symbology display is in Appendix D for decoding the 

surface and upper-air charts. 



CHAPTER III 

BACKGROUND 

Summary of Events 

No area is more favorable for the formation of tornadoes than 

the Great Plains of North America. Spring is most active in 

producing these violent storms with the number of reported tornadoes 

reaching its peak in May. During 9-12 May 1970, there were 26 

tornadoes and 84 funnel clouds reported in the continental U.S.. 

Specifically, on 11 May 1970 tornadoes and funnel clouds 

occurred in Wisconsin, Iowa, Kansas, Ohio, and Texas. In Texas, 

there were three tornado events and one funnel cloud: (1) at 0100 

GMT one touched down briefly 12 km north of Crosbyton; (2) Lubbock 

experienced a funnel cloud at 1922 GMT; (3) the larger, more 

destructive tornado of the two reported at Lubbock touched down at 

0235 GMT over the center of the city. The Lubbock tornado prompted 

national attention because of the tremendous damage and attention 

directed to Civil Defense operations. In addition, it led to a total 

review of the entire National Weather Service (NWS) tornado alert 

procedures issued over direct teletype and emergency radio broadcast 

as they existed in 1970. 

The NWS reviewed the standard National Meteorological Center 

(NMC) analyses and forecast products and considered them satisfactory 

in depicting the large-scale synoptic circulation. In addition, they 

credited prompt interpretation of the storm echoes depicted by the 

Lubbock WFO WSR-1 radar as the primary basis for the lifesaving 

10 
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warnings issued to the public. However, there was a timeframe 

between the receipt of NMC products and preparation of local NWS WFO 

mesoscale analyses that was important in leading up to issuing public 

advisories. 

The actual forecast events that occurred began with the 

National Severe Storms Forecast Center (NSSFC) convective storm 

outlook bulletin. The NSSFC convective outlook issued at 1000 GMT, 

11 May 1970, did not indicate the possibility of severe storm 

activity in western Texas; however, it was amended at 1600 GMT for 

isolated storm activity with large hail. Again, at 1825 GMT, NSSFC 

updated the west Texas storm advisory for possible severe 

thunderstorms. At 0047 GMT 12 May, the LBB and AMA WSO's discussed 

the radar echo return from a storm cell located 9 km south of LBB. 

The AMA radar indicated cloud tops near 14 km and increasing. This 

combined with information from the 0000 GMT radiosonde observation 

(the tropopause had lifted 2.3 km in the intervening twelve hours) 

prompted the LBB WSO to issue a Severe Thunderstorm Warning Bulletin 

at 0050 GMT valid until 0300 GMT. This storm produced "egg-sized" 

hail south of LBB at 0108 GMT followed by "grapefruit-sized" hail 

reported 8 km south of LBB. By this time, the AMA WSO reported the 

storm top at 16.6 km. The radar report was followed by a funnel 

cloud sighting at 0110 GMT 11.2 km southeast of the airport by an 

off-duty policeman. The storm was close enough to the LBB WSR-1 

radar to allow detection of a "hook echo" normally associated with 

tornadic activity within a. storm (Lemon, 1977). This storm lasted 

until 0145 GMT and produced a tornado. 
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A Tornado Warning Bulletin followed from the LBB WSO valid 

until 0300 GMT. By 0142 GMT, AMA and LBB radars both indicated 

additional, rapidly intensifying thunderstorms 13 km southwest of the 

LBB airport moving northwestward at 20 km/hr. The previously issued 

tornado warning was extended until 0400 GMT. This bulletin noted 

that radar indicated a possible tornado. In fact, a funnel cloud was 

sighted 11 km south-southeast of the airport moving northeastward at 

25 km/hr. It was at 0230 GMT that a new hook-shaped echo was 

indicated on the LBB WSO radar about 11 km south of the airport. By 

0247 GMT, a tornado was sighted and indicated by radar 9 km southwest 

of the airport and by 0310 GMT actually passed over the LBB WSO 

building. 

The Lubbock tornado spawned several research efforts among 

civil engineers, meteorologists and civil defense coordinators. By 

far, the most intense studies were pointed toward structural analysis 

and damage caused by high winds associated with the tornado. This 

led to more research and the organization of the Institute for 

Disaster Research at Texas Tech University. Also, the Civil Defense 

and actual tornado warning dissemination findings and recommendations 

were presented in June 1970 to the Lubbock Tornado Conference in 

Rockville, Maryland. 

The only meteorological study was a major "suction spot" 

research effort by Fujita (1970) of the University of Chicago. In 

fact, the research effort started within hours of the tornado 

occurrence. It concentrated on the tornado track and associated 
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suction spots (cycloidal ground marks) which he explained in terms of 

a multiple-vortex tornado structure. 

The tornado "suction spot" study by Fujita (1970) completed a 

series of studies on tornado "suction spots" or cycloidal ground 

marks left by the tornadoes. These describe suction spots as 

rotating around the center of the tornado mesocyclone core. He found 

evidence that suction spots are in a state of slow rotation while 

moving around the fringe of a tornado mesocyclone core, where the 

rotational wind of a tornado as a whole, reaches a maximum. 

Fujita analyzed both tornadoes that occurred in LBB. The first 

tornado was a 0130 GMT, 5 km east of town. He found a suction spot 

path within the 3 km damage path. The winds along the damage track 

were estimated at 120 km/hr; however, the extreme winds occurred 

within the suction spots' path. They were strong enough to cause 13 

cement beams, weighing 49441.6 kg (54,500 tons) each, to topple from 

a highway overpass suppport structure. 

The second tornado at 0247 GMT was the major damage-producing 

storm. Fujita surveyed this damage pattern extensively for the 

cyclodial path marks related to suction spot damage. He found a 

large number of semicircular suction spot paths of severe damage with 

interspersed paths displaying minor wind damage. From the plotted 

pattern of suction swaths, it was evident that the storm core shrank 

rapidly from a diameter of about 3 km to 0.6 km as it moved through 

the downtown area. At this point, the tornado core was near 4th 

Street and University Avenue, weakening as it moved west; it then 

reversed its course by 180 degrees. At this time, the tornado 
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cyclone headed eastward, and then finally moved northeastward, while 

it reintensifled into a destructive storm. The position of the storm 

was 2.5 km northwest of the Great Plains Life building and moving 

toward the airport. The tornado center passed over the LBB NWS 

building where a minimum sea level pressure of 996.9 mb (29.44 in Hg) 

was recorded. 

In summary, this report specifically documented suction spot 

damage caused by the tornado but did not analyze the synoptic 

structure of the atmosphere. However, he mentioned in the conclusion 

that the Lubbock tornado cloud developed just behind a "northwest

ward" advancing moist front. He also noted that the upper-air 

condition did not appear adequate to support the tornado formation 

when compared to the tornado outbreak conditions studied in the 1965 

Palm Sunday tornado report (Fujita, Bradbury and Van Thullenar, 

1970). 

Finally, there have been occasional references to this dryline 

synoptic situation as a "classic" dryline event, but no individual 

research papers exist. 

Tornado Climatology 

The major severe weather region is the southern Great Plains, 

where an extraordinary, high frequency of severe convective storms 

occurs during the spring, early summer, and late summer. Figure 1 

shows the frequency distribution for all tornadoes from 1950-1976 

(Kelly et al., 1978). There is one broad axis, oriented roughly 

south-north from Texas into the eastern Dakotas. This axis is 
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Figure 1". 

.. f„r all tornadoes 1950-1976 
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et aL., 1978). 
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generally termed "tornado alley." In addition, there is a secondary 

axis that ranges from the Texas South Plains and Panhandle region, 

northeastward into the Ohio River Valley. For example, Pautz (1969) 

showed 49 verified tornadoes in just the one-degree square around LBB 

and 54 tornadoes in the one-degree square around AMA. Kelly et al. 

(1978) further broke down the general tornado occurrence outbreaks. 

Unfortunately, they determined the length of record too short to make 

any reliable conclusions about tornado strength distribution. 

Finally, Kelly et al. (1978) considered the bimonthly variation 

(Figure 2) and confirmed general tornadoes occur as a predominantly 

spring-time phenomenon. This is especially true in the southern 

plains area of Texas and western Oklahoma. 

The most pertinent research associated with the cause of the 

springtime tornado occurrences over the Great Plains is by Carlson 

and Ludlam (1968) and later Palmen and Newton (1969). The conceptual 

model proposed by Carlson and Ludlam illustrates how the combined 

effects of topography, and large-scale circulation over the southwest 

and south-central plains leads to the formation of an elevated, very 

dry, and well-mixed layer that establishes a restraining inversion or 

lid. The lid enhances the intensity of convection which develops 

over the southwestern United States. Later research by Lanicci 

(1984) went even further and linked soil moisture levels over the 

Mexican Plateau to the intensity or strength of the advected "Mexican 

Plume" which when elevated over the moist tropical air mass from the 

Gulf of Mexico constitues the lid. This conceptual model ties 

together research that not only identifies the synoptic-scale 
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circulation patterns and topography of the southwest and south 

central regions, but recognizes specific research on other features 

related to severe weather development: 

(1) dryline; 

(2) elevated mixed-layers (or lid); 

(3) Mexican lee-side heat low intensification; 

(4) latent instability beneath the lid; 

(5) differential advection leading to destabilization 

(underrunning); 

(6) upper- and mid-level jet streams. 

Early research on these phenomena was done in studies by Fawbush et 

al. (1951), Beebe (1958), Fujita (1958), Miller (1959), McGuire 

(1960) and Rhea (1966). More recently, the research has focused on 

understanding the physical processes leading to dryline evolution and 

subsequent movement, for example Schaefer (1973), Carlson et al. 

(1980), McCarthy and Koch (1982), Ogura (1982), and Anthes (1982). 

Dryline Formation and Schaefer's Theory 

In general, the case study region is dominated, climatologic-

ally, by a combination of the persistent Mexican lee-side heat low 

plus a trough in the westerlies, which establishes a southwesterly 

flow above the 800-700 mb level. In addition, an easterly 

ageostrophic flow component (evident in the observed cross-isobaric 

flow pattern) dominates the region below 800 mb over eastern Texas. 

Meanwhile, the appearance of the deep lee-side trough with the 

easterly ageostrophic component winds coincides X'7ith the occurrence 
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of daily maximum surface heating over west Texas and northern Mexico. 

The low-level (below 800 mb) easterly flow within the boundary layer 

corresponds to the strong easterly component within the moist layer 

described by Schaefer's (1973) conceptual model. It is evident that 

the component is partially due to the strong differential heating 

over Arizona, New Mexico, west Texas, and northern Mexico. In 

support of Schaefer's research and the Carlson and Ludlam conceptual 

model Benjamin (1983) showed that differential surface heating can 

cause a 4-5 mb deepening of the surface heat low resulting in an 

isallobaric component of 5-10 m/s over east Texas. Finally, the 

strong u-component of westerly flow plus the enhanced 5-10 m/s 

ageostrophic easterly component contribute directly to the low level 

convergence zone located near the dryline. 

Schaefer (1973) observed this dryline structure and simulated 

its movement through numerical modeling with emphasis on vertical 

mixing and horizontal advection. He found a very rapid eastward 

movement during the daytime mixing, but the eastward movement was too 

rapid to be accounted for by advection alone. Therefore, he 

accounted for this by noting that the moist surface layer depth 

increases eastward due to the terrain slope over Texas. Also, the 

amount of sensible heat needed to mix the deeper moist layer 

increases; and thus the rapid movement and mixing observed early on 

in the cycle decreases rapidly with time. The movement eventually 

slows during the afternoon allowing localized oscillations or bulges 

to develop along the dryline boundary both in the horizontal and 

vertical. After sunset, the drier air to the west cools rapidly 
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resulting in a nocturnal inversion, decoupling of the airmass from 

the boundary layer, and subsequent elimination of vertical mixing from 

aloft to the surface. As a result of several dynamic processes 

(dry-moist air radiative cooling, pressure gradients, etc.), a strong 

easterly wind component is maintained at low-levels within the moist 

air allowing the dryline to advect back westward (under synoptically 

quiescent conditions). 

Basically, Schaefer maintains that the movement of the dryline 

during the day is caused by the dynamics associated with strong 

vertical mixing within the dry air. This causes an erosion of the 

western (shallower) edge of the moist layer resulting in an eastward 

"jump" of the dryline. 

The Carlson And Ludlam Conceptual Model 

The series of processes that culminate in the formation of the 

elevated mixed-layer or lid begins with the development of a trough 

in the southwesterly synoptic flow aloft and a southeasterly 

low-level flow from the Gulf of Mexico. Through the thermal wind 

relationship, the warm advection inherent in this synoptic pattern 

results in a veering with height of the geostrophic wind, and thus 

establishing a southwesterly advection of the hot, dry air off the 

elevated Mexican Plateau plus moist advection from the Gulf of 

Mexico. Typical soundings used as examples of the pre-storm 

environment exhibit a natural partitioning of moisture content and 

temperature stratification similar to that shown by Showalter and 

Fulks (1943) and Fawbush and Miller (1952). Figure 3 displays a 
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Figure 3: Miller Type I (median of 230) sounding where 
tornadoes have formed. The sounding is plotted on 
a skew T-log p diagram: plotted solid line is air 
temperature ("O, dashed plotted line is dewpoint 
temperature. 
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typical sounding that Fawbush and Miller classified as a Type I, 

representative of a region likely to experience severe convection. 

However, the original proposals attributed the sharp inversion and 

its characteristic drying to subsidence within a post-frontal 

airmass. 

Carlson and Ludlam (1968) were the first to propose the 

inversion could actually be related to topography and not subsidence 

within the post-frontal airmass as originally proposed. During the 

springtime, intense solar radiation warms the arid surface of the 

Mexican Plateau and overlying boundary layer through convective 

overturning. Typically, the potential temperature of this air 

excedes 42* C. Lanicci (1984) showed the high potential temperature 

of this air was directly dependent on the soil moisture content of 

the Mexican Plateau. The synoptic situation plus the inland heat low 

favors southwesterly winds that differentially advect the hot (e.g., 

9=38° to 48' C), dry air (Mexican Plume) over the south central 

United States. The plume can originate on the surface (e.g., 8=42° 

to 48° C) of the Mexican Plateau or over the deserts of the 

southwestern United States (e.g., 8=38° to 42' C) under synoptically 

quiescent conditions in the westerlies. 

Next, there begins an advection process northeastward until the 

plume decouples from the surface and ascends (dryline boundary) over 

the potentially cooler (e.g., 9=28* to 30* C) maritime tropical air. 

The resultant capping inversion is naturally partitioned to confine 

convection to the lowest one-two kilometers across its geographical 

expanse. This prevents the release of latent instability identified 
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by conventional stability parameters such as the Showalter 

(Showalter, 1953) and Lifted (Galway, 1956) indices. In fact, the 

more moist the maritime tropical air is the less effective is 

insolation in eroding the lid inversion. In this situation, the lid 

is effectively suppressing convection while maintaining or possibly 

increasing in strength with time. At the same time, the mean wet 

bulb potential temperature in the boundary layer is increasing with 

time. The resulting convection when released is more likely to be 

severe because the activation moist adiabate is increasing in value 

while the 500 mb dry adiabat remains essentially constant or 

decreases (e.g., the positive buoyant area is increasing). The now 

elevated well-mixed layer is identifiable by nearly constant 

potential temperature and mixing ratio with height. Carlson et al. 

(1983) did identify secondary subsidence inversions in the southwest 

region resulting from a diabatic warming during its descent from the 

upper troposphere in the subsided polar air flow. But, in these 

cases, the potential temperature was significantly lower and 

characterized much weaker capping inversions. 

In a Mexican Plume situation, the ageostrophic circulations, 

identified by Schaefer (1973) and Carlson et al. (1983), carry the 

moist surface air, originally located east of the dryline and capped 

by the lid, west-northwestward. Convection is inhibited over this 

large region of high latent instability by the strong, highly stable 

lid base. The destabilization of the lid edge is attributed to 

differential advection, overall layer vertical motion, or strong 

surface heating. These are all viable means of removing the lid and 
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releasing the latent instability. Carlson and Ludlum (1968) and 

Carlson et al. (1980, 1983) showed that most intense convection often 

occurs when the capped, latently unstable air flows beyond the 

lateral boundary of the lid into the area of much lower static 

stability. Rather than slowly releasing the moist, unstable air 

through a whole spectrum of cumulus events, there is a sudden violent 

release of thermodynamic energy. This process is "underrunning" and 

results in the sudden, focussed release of the instability. 

The lid, over time, can weaken as the layer just above the lid 

base ascends and cools dry adiabatically while the air beneath the 

lid, which is quick to saturate, cools moist adiabatically. This 

normally occurs downstream over the north central and northeastern 

portions of the United States. This is encouraged by transverse, 

secondary (ageostrophic) circulations associated with the exit region 

of jet streaks migrating along the strongly baroclinic lid edge 

(Carlson et al., 1983; Uccellini and Johnson, 1979). Also, the 

low-level warm air advection poleward plus positive vorticity 

advection inherent in the upper air flow pattern causes a large-scale 

lifting of the airmass and/or experiences mid-level differential 

advection as it advects northwestward. Accordingly, the lid base is 

forced to rise and the restraining ability of the lid decreases. At 

this point, there is a substantial increase in the likelihood that 

surface heating alone to the northeast or mesoscale dynamics will 

allow penetrative convection which might trigger severe 

thunderstorms. Research and examination of many thermodynamic 

diagrams clearly reveals that a typical lid (elevated mixed-layer: 
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mean 9d= 42* to 44* C and moist layer: mean 9w= 20* to 24' C) will 

only inhibit deep convection if it lies at or below at least 600 mb 

(Graziano, 1985). 

The Lid Strength Index (LSI) 

The LSI was developed by Carlson et al. (1980) to diagnose 

areas of latent instability and quantify the effect of the 

restraining inversion in modifying the convective potential of the 

low-level air. The varied indices listed in Appendix C focus on the 

difference between some measure of low-level moisture and temperature 

and a quantifying measure of temperature or wet-bulb potential 

temperature in the middle troposphere to measure the positive buoyant 

area or latent instability available to convection. The Lifted Index 

is the most widely used of this type. Furthermore, the SWEAT Index 

(Bidner, 1970) is another type that adds an attempt to quantify the 

evolution of severe storms due to vertical wind shear and positive 

buoyant area. 

Many of the indices in Appendix C are moderately successful in 

outlining areas of highly unstable air. Unfortunately, they have 

one drawback: they cannot quantify the existence of a restraining 

inversion in the lower troposphere (e.g., 850 mb to 500 mb). A large 

positive area can exist above the Level of Free Convection (LFC), but 

convection is blocked by a large static stability gradient 

(inversion). As a result, large areas are identified as unstable 

when in reality only a fraction of the forecast area experiences 

convection. The LSI is then very valuable considering the relatively 
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high occurrence of lids over the southern Great Plains during the 

spring and early suimner. 

The LSI is defined as: 

LSI = (9swi - 9w) + (Oswsoo - 8w) (*Note: 9w is a mean value) 

Term A Term B 

Where 

9w represents the mean wet-bulb potential temperature 

averaged over the 50 mb layer 30 to 80 mb above the 

surface, 

8swi represents the maximum saturation wet-bulb potential 

temperature at the base of the lid, 

9w500 represents the saturation wet-bulb potential temperature 

at 500 mb. 

These are illustrated in Figure 4. 

The original LSI (Carlson et al., 1980) has been changed 

slightly to the above varibles based on research by Graziano (1985). 

First, the mean wet-bulb potential temperature had been defined as 

the mean value in the lowest 50 mb, but has since been redefined as 

the mean wet-bulb potential temperature averaged over the 50 mb layer 

30-80 mb above the surface. This smooths the effects of shallow 

nocturnal (or frontal) inversions or high values of 9w just above the 

surface which can result in misleading values of the LSI. Second, 

the saturation wet bulb potential temperature at 500 mb (Oswsoo) is 

currently used in lieu of the mean saturation wet-bulb potential 

temperature between the lid base and 500 mb to make Term B of the LSI 

more consistent with operational versions of the Lifted Index. 
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Figure 4: Skew T-log p sounding for FTW 1200 GMT illustrating 
Lid Strength Index parameters for a typical airmass. 
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Finally, the signs have been reversed for convenience and for 

comparison to the Lifted Index. 

Term A is the lid strength term of the LSI. The more stably 

stratified the atmosphere (e.g., large negative buoyancy area) the 

larger is the corresponding positive value of the lid strength term. 

In the example sounding, the value of 9swi=27* C while 9w=21° C 

making Term A= +6* C. The pressure level at which 9swi is found 

marks the warmest level of the inversion and is defined as the lid 

base. Also, the lid base is usually found near the level where a 

rapid relative humidity decrease occurs. This level is commonly 

called the relative humidity break and normally has a magnitude of 

one percent per millibar over approximately 30 mb. The large 

vertical gradient is both a boundary of the moist tropical airmass 

and the warmer arid air stream. In areas where the lid base or 

adiabatic well-mixed layer extends down to the surface (e.g., west of 

the dryline zone) the maximum 9sw will be found at the ground. Term 

A in that case will be assigned a value of zero, and the computed 

value of the LSI reduces to Term B. The end result is that the lid 

strength term identifies any lower-tropospheric inversion with large 

vertical variations of moisture and temperature, regardless of the 

mechanism by which the inversion was formed (i.e., differential 

advection or subsidence). 

Term B of the LSI is the buoyancy term. This term is similar 

to the Lifted Index term in estimating the latent instability 

available to convection. In an unstable sounding, the buoyancy term 

is negative and increases negatively as the instability (positive 
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area on the sounding) increases. This reflects an increase in the 

positive buoyancy available to an air parcel lifted moist 

adiabatically from near the surface along the pseudo-adiabat (9w) to 

500 mb. The 9w value on the example sounding is 21* C while 

98w500=18* C making Term B= -3* C. The LSI buoyancy is approximately 

one-half the numerical value of the Lifted Index. Over time, the 

value of 9w is dependent on moist advection and surface evaporation. 

Therefore, 9w can achieve very large values and, depending upon the 

strength of the lid, severe convection can result from either 

penetrative thermals or underrunning from beneath the lid. 

Several severe weather case studies drawn from the 1979 SESAME 

field program (Carlson et al., 1980; Schwartz, 1980; Goldman, 1981; 

Carlson et al., 1983; and Lanicci, 1984) have used the LSI in its 

original form. In general, the lid base and lateral boundary were 

evaluated on the 700 mb chart where the 8'-10* C isotherm 

approximated the edge. This led to case study results suggesting 

that a critical value of lid strength appears to be around 2*-3' C. 

The results demonstrated that the Carlson and Ludlam (1968) 

conceptual model is realistic in representing the synoptic situation 

which produces a lid. Furthermore, the model and LSI appear accurate 

in positioning areas of observed severe weather. The LSI is capable 

of locating unstable areas while eliminating areas effectively capped 

by a lid. The added lid strength parameter demonstrates the 

potential value of the LSI in severe weather forecasting. 

However, the revised LSI (Graziano, 1985) has not been used, as 

yet, in a case study plus indications are that the two terms must be 
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evaluated separately. First, this will help isolate areas of 

significant latent instability (Term B). Next, the capping lid 

effect is evaluated by superimposing the lid strength (Term A) onto 

the buoyancy analysis. As a result, the overall threat areas are 

isolated for underrunning; in addition if convection develops inside 

the capped region, it will often be severe. Some of the thermals may 

contain more kinetic energy than indicated in the regional sounding. 

Therefore, the critical values are not necessarily connected to 

specific meteorological conditions, but to the physics of release of 

latent instability. 



CHAPTER IV 

RESULTS 

Synoptic Situation Prior To 11 May 1970 

The major portion of this study is concerned with the mesoscale 

features immediately preceding the Lubbock tornado outbreak on 11 May 

1970. In addition, there is an unusually good opportunity to 

illustrate the quiescent nature of the dryline environment that 

preceded the tornado event. While phenomena such as the dryline and 

lee-side cyclogenesis were present in west Texas up to 72 hours prior 

to the outbreak, it was not until 11 May 1970 that focussed convec

tion occurred, apparently due to underrunning (Carlson, et al. 1983). 

The upper-air pattern that existed between 7-8 May 1970 started 

with two cut-off low pressure systems over North America. (Figure 

5[a-b]) The western system had a steady west-east movement while the 

system over Maine developed and deepened rapidly between 1200 GMT 6 

May and 1200 GMT 7 May 1970. By 8 May 1970, the western low center 

slowed and moved into eastern Wyoming while the eastern system moved 

eastward over Nova Scotia. Both systems maintained their respective 

intensities. 

A strong polar jet (20-30 m/s) was over the southwest region, 

northwest Texas, and the north-central plains. A negative-tilt ridge 

began to develop over the Great Lakes reaching into central Canada as 

the 500 mb low center moved northeastward. The associated 

mature-stage, surface low moved from Colorado into the Dakotas. A 

cold front moved rapidly from the intermountain states into west 

31 
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Figure 5: Heights at 500 mb for 1200 GMT (a) 7 May 1970 and 
(b) 8 May 1970 at 60-GPH intervals. Winds are 
plotted in m/s and dashed lines are isotherms("O 
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Texas. Severe weather occurred in north-central Kansas as the front 

stalled and turned stationary. 

By 9-10 May 1970, (Figure 6[a-b]) the low at 500 mb deepened by 

100 m and continued to move at 10 km/hr northeast into the northern 

plains. The trough axis, in response to cold air advection at 500 mb, 

rotated out of the west into the central plains. Meanwhile, the ridge 

amplified sharply over the Great Lakes and northwestward into Alaska in 

response to the strong warm-air advection over the midwest. The jet 

stream (25-30 m/s) broadened from California into north Texas and into 

the Great Lakes due to the loss of baroclinic nature. The surface low 

and associated fronts began to occlude as the mature stage of the 

trough-ridge system evolved. The precipitation shield was confined to 

the northern border states. 

There were significant synoptic changes by 1200 GMT 10 May 

1970. The closed low center opened up and the ridge flattened as the 

baroclinic pattern weakened and the 500 mb warm axis dissipated and 

moved southeast. The semi-permanent Gulf of Alaska upper low system 

edged over the Pacific northwest coastline. Its strong baroclinicity 

was still located offshore, but a significant jet segment (30-45 m/s) 

was rotating around the southwest edge into northern California and 

Nevada. At the same time, there was a slight increase in 

geopotential heights over the Gulf Coast region with anticyclonic 

curvature building into east Texas. The stationary frontal system in 

the Northern Plains and Midwest had no organized, mature low pressure 

center. Precipitation was confined to the northern half of the 

United States with only isolated convection in the Mississippi and 
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Missouri river valleys. All the severe storm activity was located 

along the extreme northwest edge of the warm, moist airmass as it 

advected north-northwestward from the Gulf of Mexico. There were 

isolated severe weather reports in Kansas, Iowa, Mississippi, and 

southern Arkansas. 

The surface mesoscale features of the dryline started to 

develop and organize on 8-10 May 1970 (Figure 7[a-c]). There was a 

diurnal trend of strengthening and eastward movement of the dryline 

during the daytime. Meanwhile, the late evening and nighttime map 

analyses showed a retreat of the dryline from the Texas Caprock 

region west over MAF and LBB into eastern New Mexico. Between 8 and 

9 May 1970, the strongest upper-air troughing occurred over Texas; 

however, it was not until 10 May 1970 that the 18* C (65* F) 

isodrosotherm surged across east Texas into the DRT-ABI-SPS region. 

This occurred at the same time as ridging occurred in the 

geopotential height patterns aloft over east Texas and eastern 

Mexico. The surface winds over west Texas (within the dry air 

sector) had a gusty, southwest tendency while the easterly winds over 

east Texas indicated the onset of moist advection from the Gulf of 

Mexico. In addition, the surface temperatures warmed from the 

mid-80's on 8 May 1970 to the lower 90's by 10 May 1970. Possibly, 

this was the re-initiation of the inland heat low commonly observed 

in the late spring over northern Mexico and the southwest United 

States (Anthes, 1982). Isolated showers did occur in east Texas from 

moderate towering cumulus effectively capped by a strong inversion. 

However, there was no severe convective reports in Texas associated 
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Figure 7: Surface analyses for 8-10 May 1970. Isodrosotherms 
are dashed lines at 5' F intervals, solid lines tem
perature C F ) , and wind barbs in m/s. 

(a) 1200 and 1800 GMT 8 May 1970. 
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Figure 7: Continued 

(b) 0000, 1200, and 1800, GMT 9 May 1970 
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Figure 7: Continued 

(c) 0000, 1200, and 1800 GMT 10 May 1970. 
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with the dryline. The inhibiting factors were the shallow depth of 

the moist air, strong thermal lid, and lack of differential 

underrunning. The severe activity reported during the 9-11 May 1970 

timeframe was along the northern boundary of the Mexican Plume which 

was coincident with the stationary front plus the dryline boundary 

located in Texas, Oklahoma, and Kansas (Figure 8). 

Surface Synoptic Analyses, 11 May 1970 

Figure 9 displays the surface conditions at 0600 GMT on 11 May 

1970 over the south central U.S.. A closed surface low with a 

central pressure of 996 mb was located over eastern Colorado. In 

addition, a low pressure trough was over the eastern plains of New 

Mexico, Texas Panhandle, and Mexican Plateau region. From this low, 

a cold front extended into central Colorado through a family of lows 

located respectively in the Great Basin and sputhern California 

regions. Preceding and up to this time period, there was a 

stationary front that remained across the Northern Plains, Great 

Lakes, and New England area plus a strong stationary high pressure 

area over the southeastern states with the center off the Florida 

coast. The low pressure trough over west Texas was characterized by 

a well-defined convergent wind shift. 

This convergent zone was composed of a "dry" flow from the 

southwestern U.S. and Mexican plateau region with a south to 

southeast "moist" flow originating from the Gulf of Mexico. These 

relatively dry and moist areas were defined respectively, as having a 

dewpoint less than 30' F (-1.1* C, 3.9 g/kg at 900 mb) and more than 
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Figure 8: Severe weather reports for 9-11 May 1970 over the 
central United States. Shaded funnels are reported 
tornadoes and funnel clouds are unshaded. 
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Figure 9: 

wsis for 0600 GKT U May 
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are dashed C F ) . wind barbs in 
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50' F (10* C, 8.6 g/ kg at 900 mb). The intervening gradient zone 

from 30'-50' F characterizes the dryline region within the trough. 

There were two surface moisture axes evident in the Texas area. The 

first axis parallels the topography contours (See Appendix B) as it 

reaches through east-central Texas until it deflects westward toward 

the western Red River Valley. The second minor axis extended from 

DRT up the Pecos River Valley to MAF. The Texas Panhandle and 

eastern plains of New Mexico are under a uniformly dry airmass. At 

this time of night, the dry air temperature cooled about 4' C in 

three hours compared to only about 1.5* C in the warm moist sector. 

The only active weather events are two isolated areas of 

convective activity and stratiform cloudiness. First, there are 

isolated airmass thunderstorms occurring in north-central Kansas, 

southern Iowa and southwestern Illinois. There were five funnel 

clouds plus hail and high winds in Kansas while one tornado was 

reported in Iowa. Stratiform cloudiness and haze existed in isolated 

areas over east-central Texas while west Texas, under the dry 

airmass, remained clear of stratiform clouds and obstructions to 

visibility. It's important to note the stratiform cloudiness and 

haze because it relates directly to capping inversion characteristics 

defined by Carlson and Ludlum (1968). 

Figure 10 displays the surface conditions at 0900 GMT. The 

closed surface low has moved east to the Colorado-Kansas border and 

maintained the same central pressure of 996 mb. The associated low 

pressure trough remains stationary; however, its east-west scale 

narrowed during the time period. This was apparently a result of the 
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Figure 10: Surface analysis at 0900 GMT 11 May 1970 with iso
pleths as labeled. There are two moisture axes 
developing over Texas (open arrow). 
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700 mb cold air advection plus the low level jet (15 m/s). In 

addition, there was a noticeable westward retrogression in the 

dryline over INK-LBB which is a well documented dryline 

characteristic (Schaefer, 1973). However, the dryline gradient 

sharpened, organized, and rapidly moved eastward over western Kansas. 

The dewpoints at LBB, HOB, MAF, and INK increased sharply 

during this period. Specifically, the LBB dewpoint rose rapidly from 

0* C to 10* C over the previous three hours. However, over LBB the 

winds remained southwesterly at 5-7 m/s veering slightly in reponse 

to the warm air advection. The dryline shift was not a "classic" 

east-west retrograde, but reflected south-southeast moisture 

advection pattern. The dewpoint temperature at REE did not reach 

10* C until two hours later. This indicated the dryline boundary 

reached an equilibrium just south and northeast of LBB during the 

previous twelve hours and slowly migrated north and northwestward 

during the evening. It then remained quasi-stationary until daytime 

differential heating helped induce the upcoming eastward movement. In 

addition, the rapid eastward movement was aided by strong vertical 

mixing and resultant downward mixing of momentum along the convergent 

dryline boundary (Schaefer, 1973). This will be depicted more clearly 

with the use of streamline analyses on later maps. 

The stratiform clouds and haze present over east and south 

Texas remained unchanged. In addition, light rain did occur near SAT 

at this hour. However, this event was reported for less than one 

hour which indicates little sustained vertical motion within the 

clouds whose bases were measured at 242 m (800 ft). The SHV and DRT 
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soundings (shown later) both were saturated from approximately 920 mb 

with an average mixing depth of 150 mb. The lid base was at 790 mb 

at DRT and 810 mb over SHV. Finally, the thunderstorm area over 

northeast Kansas did move slowly north-northeast. The TOP 1200 GMT 

sounding (Figure 11) indicated the thunderstorm outflow existed in 

the region. The air below the lid base resembled the warming and 

drying of a mesoscale downdraft. There was no obvious surface 

observation evidence of an outflow boundary from this thunderstorm 

complex, because the associated mesoscale "bubble" high was below the 

resolution of the observation field (Lemon and Doswell, 1979). 

Figure 12 displays the surface conditions at 1200 GMT, 11 May 

1970. The closed low center was now over the center of Nebraska and 

northern Kansas with a slightly higher central pressure of 1000 mb. 

The associated low pressure trough weakened due to the overnight 

radiational cooling of the dry air. But, we must note the strength 

of the surface high over east Texas because it is maintaining a 

constant flow of moist air over the surface into west Texas and 

Oklahoma. As a result, a westward shift of the dryline past MAF, 

LBB, and REE was maintained with an associated sharp increase in 

dewpoint and moist layer depth over the area. The moisture axis near 

SJT and MAF closely follows the topography of region. 

At MAF and REE the dewpoint rose 3.5* C while the dewpoint at 

LBB rose sharply 4.5* C in four hours. Over the following three 

hours the dryline resembled a cold front due to the complex 

radiational characteristics of the moist air versus the dry air. 

There was a distinct diurnal alternating cycle of the temperature 



46 

Figure 11: TOP skew T-log p plot for 1200 GMT 11 May 1970. 
Solid lines are temperature and dashed are dew-
point temperature. The lid inversion is at 800 mb 
while the lower inversion with drying between 
940-650 mb reflects thunderstorm outflow. 
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Figure 12 Surface sea-level pressure analysis for 1200 GMT 11 
May 1970. The dryline is positioned along the 40" F 
isodrosotherm. 
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gradient across the boundary. For our purposes, the 10*-12' C 

(50'-55* F) dewpoint isodrosotherm will be watched closely over the 

next 12 hours; these are approximately the lowest value which seems 

able to support tornadic thunderstorms (given a sufficent depth of 

moist air) over the western plains states (Johns, 1982). 

Next, the stationary front that lies east-west across Nebraska 

into Iowa, combined with the eastward movement of the surface low, 

continues to disrupt the northern boundary of the dryline and lid 

zone. The thunderstorms near TOP have now moved east of MKC. The 

only precipitation reported was associated with the mentioned 

thunderstorm complex near MKC. Finally, the low stratiform clouds 

trapped below the lid base still persist from OMA south across east 

and south Texas. The regions west that have scattered clouds also 

have a lid base of 850 mb or lower. 

Figure 13 presents analyses valid at 1500 GMT. During the past 

six hours, the low pressure has filled and now the low center extends 

from GRI-DHT. The closed surface low in northern Kansas showed 

weakening as the 1000 mb contour decreased in area. Also, the cold 

front stalled since its orientation was essentially parallel to the 

geopotential field aloft. Therefore, any further southward movement 

of the front and low must result from additional differential 

thickness advection which, in turn, would reflect increased 

baroclinicity. This is required to amplify the upper-air wave 

pattern. 

The only hint of upper-air dynamic support was a weak 

short-wave located over central New Mexico. The short-wave had weak 
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Figure 13: Standard surface synoptic analysis for 1500 GMT 11 
May 1970. 
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cold air thermal support at both 700 mb and 500 mb over far west 

Texas, north into Colorado. Due to the quiescent synoptic dynamics 

described, the changes in the surface features farther south for the 

upcoming map series must focus on mesoscale forcing mechanisms. 

Since relatively little is known about mesoscale features and 

their relation to the larger synoptic pattern, we hope to draw basic 

conclusions from the mesoscale analysis. Therefore, altimeter 

analyses plus both altimeter and sea-level pressure isallobars (1-hr 

and 3-hr) will be used and contrasted in an attempt to isolate 

mesoscale tendencies. The isallobars are especially revealing and 

one of the best tools for identifying and tracking sub-synoptic 

features. In fact, the resulting isallobaric accelerations are a 

major contributor to departures in the geostrophic balance. This 

fact can now be directly related to ageostrophic wind component 

strength materializing over the region. The longer the pattern 

exists over the region, the longer the air parcels will be acted upon 

by the ageostrophic component. 

A feature already evident at 1500 GMT (Figure 14[a-c]) was the 

rapid temperature changes over the west Texas region. Instead of 

resembling a cold front, the temperature field became uniform over both 

the dry and moist regions. As a result, differential heating along the 

dryline was at a minimum. At this time, the westward retreat of the 

dryline was at a maximum with the dewpoint at 16* C at LBB after the 

24-hour low of -3.5* C at 0600 GMT. Dewpoint depressions of 6*-8* C, 

10'-14* F, exists throughout the moist airmass while a 20*-22' C, 

36'-40* F depression characterizes the dry airmass over extreme west 
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Figure 14: Surface synoptic charts for 1500 GMT 11 May 1970, 
reanalyzed for (a) Altimeter settings at 0.06 in Hg (2 mb) 
intervals, (b) 3-hr altimeter isallobars (1 mb = .03 in 
Hg), and (c) Streamline. 
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Texas and eastern New Mexico. The westward progression of the dryline 

did reach HOB and REE, but failed to reach AMA. The limited westward 

retrogression in the Texas Panhandle could be a combination of 

kinematic effects near the front which involve "downslope" movement and 

subsidence of the warm air over the front giving clear air behind the 

surface boundary (Saucier, 1955). Plus, the terrain elevation gradient 

associated with the Llano Estacado geographic region may also have an 

effect on the airmass advection pattern. Also, the greatest westward 

movement was in the area of anticyclonic isobar curvature (divergent 

flow) associated with the surface high pressure ridge present beneath 

the 500 mb Bermuda High. 

Ageostrophic flow patterns were isolated to near the surface 

low on the sea-level pressure analysis while the altimeter analysis 

(Figure 14a) depicts a more widespread ageostrophic flow pattern. It 

was particularly evident over the entire Texas Panhandle which lies 

west of the dryline. Since the ageostrophic component was caused in 

part by isallobaric accelerations, we can anticipate strengthening of 

the component near the low in Kansas and southwest along the dryline 

into west Texas as diabatic effects increase. Finally, there was one 

thunderstorm boundary in northeast Kansas. It showed up well near 

TOP in the altimeter analysis as a weak "bubble" high pressure area 

plus a slightly higher region of dewpoints in the isodrosotherm 

analysis caused by surface evaporation. 

The 3-hr isallobaric field (Figure 14b) shows two dominant 

positive tendency areas. The first area was the post-frontal zone in 

Nebraska and west Kansas while the second area was associated with 
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the region of west Texas and New Mexico located west of the dryline. 

By subtracting out the diurnal tendency (1.5 mb), the only region of 

significant positive tendency was the high pressure zone behind the 

frontal boundary. The region east of the moist boundary in Kansas 

indicates an overall negative tendency (after diurnal effects are 

considered). The isallobaric ridge was oriented north-south from CDS 

to SJT. The area over LBB-MAF can be interpreted as a weak 

isallobaric trough coincident with the dryline. 

The streamline analysis at 1500 GMT (Figure 14c) depicts 

several significant features that relate to mesoscale and synoptic 

scale forcing. First, there were two neutral points illustrated in 

the flow pattern. Their associated confluent zones outline the 

surface front (DDC-ABQ) and dryline (SLN-HOB). In addition to the 

synoptic-scale confluent zones above, there were two additional 

convergent areas associated with the neutral points. One was located 

near AMA and ROW with the other near GCK. The region near AMA and 

extending into New Mexico is unique for this case in that the dryline 

parallels the neutral point deformation zone. The synoptic scale 

convergent zone located from MKC southwestward to AMA and southeast 

New Mexico was positioned west of the observed dryline. This is not 

unusual in routine dryline analysis (Doswell, 1976) and is attributed 

to the speed changes upstream from the zone of rapid directional 

change. However, the moisture convergence was east of the dryline in 

the region of directional change. 

The 1800 GMT 11 May 1970 surface analysis (Figure 15) showed 

little movement or change in the synoptic low over Kansas and 
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Figure 15: Analysis of surface pressure for 1800 GKT 11 May 
1970. The dotted line is the heat axis which is 
coincident with the dryline between LBB and CNM. 
The clouds (scalloped area) are effectively capped 
from vertical development by the inversion (lid). 
A dryline bulge is becoming evident near LBB-GAG-
DDC. 
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Nebraska. The associated front now appears as a stationary feature 

having lost baroclinic support in the upper air pattern. However, 

the strong capping inversion was keeping cloud cover over the eastern 

region. Meanwhile, a heat axis was gaining strength and establishing 

its position parallel to the dryline. 

Further south, the dryline was advancing out of the Texas 

Panhandle and South Plains region where the dewpoint dropped from 16' 

C (61* F) at 1500 GMT to 2.5* C (36* F) at 1800 GMT. The dewpoints 

at HOB, INK, and MAF did not drop as rapidly since these stations 

were located to the south of the neutral point deformation axis. 

Meanwhile, the area to the north of HOB and northeast to western 

Oklahoma displayed the dryline bulge characteristics described by 

Tegtmeier (1974). The bulge was dynamically induced by the downward 

mixing of westerly momentum that was generated in part by the strong 

surface heating. This feature was evident in the diffluent wind 

pattern near LBB, PVW, and AMA. The bulge region near PVW-AMA-TCC 

had relative low pressure while over LBB-MAF-CVS relative high 

pressure exists. This could be directly related to secondary 

circulations associated with the jet flow over the region. 

The moisture axis aligns in the pattern described by Moller 

(1979). But, there were two moisture axes. The northern branch 

matched Moller's (1979) alignment with the heat axis for the corridor 

tornado outbreaks (Tegtmeier, 1974), but the southern branch reached 

from DRT toward the bulge region near LBB. This was the southwest 

quadrant of the bulge normally not associated with tornadic 

outbreaks. In this instance, the tornado outbreak at SLN agrees with 
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Moller's analysis while the LBB tornado was developing in response to 

a similar heat and moisture axes alignment plus secondary 

circulations associated with a jet streak near MAF. 

The analyzed gradient implies a strong ageostrophic component 

may be developing (Figure 16[a-d]). The plotted winds on the 

altimeter analysis (Figure 16a) support this observation. The winds 

strengthened and veered to a more westerly direction within the dry air 

while backing on the moist air side. The veering winds were due to 

adiabatic mixing and the resultant momentum transport that also 

contribute to mass convergence over the area. These features all 

contribute to dryline movement. In addition, the altimeter analysis 

exhibits a defined trough parallel to the dryline. The strongest 

ageostrophic pattern was over Oklahoma and into northeast Kansas. 

There was a second area of strong ageostrophic flow at MAF and BGS. 

These two regions experience the first towering cumulus and 

thunderstorm developments. The region west of the trough axis had wind 

components oriented perpendicular to the pressure gradient (into the 

anticyclonic isobar) which was a direct result of the strong vertical 

mixing occurring west of the dryline. Cloud cover was still exclusive 

to the moist area region except near LBB. Cumulus clouds developed to 

the south and appear to trace the development of moisture convergence 

and possible underrunning near LBB. 

The isallobaric wind is depicted in Figures 16b and 16c. The 

tendency will be to increase or strengthen as the strong surface 

heating continues between CDS-LBB-HOB. Since sub-synoptic features 

are usually characterized by significant ageostrophic components, the 
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Figure 16: Surface synoptic analyses for 1600 GMT 11 May 1970. 
(a) Altimeter settings at 2 mb intervals, (b) 3-hr alti
meter isallobars, (c) Sea level pressure 3-hr isallobars 
in tenths of mb, and (d) Streamlines. The arrows repre
sent the isallobaric wind. The surface winds are m/s and 
a "v" on the barb indicates gusting winds. 
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strong isallobaric trough over LBB is important to enhance moisture 

convergence along the dryline. The sea-level pressure isallobars 

agree well with the 3-hr altimeter analysis. The stationary tendency 

will be analyzed later to determine the significance over time of the 

isallobaric trough over the region. 

The streamline analysis (Figure 16d) depicts three enhanced 

convergent zones. First, it provides an explanation for the 

developing moisture pocket south of LBB. A well defined "col" was 

over MAF-HOB. The confluent axis was coincident with the dryline. 

This enhanced moisture advection into the region near MAF and LBB 

while placing the enhanced confluent axis of the neutral col over the 

LBB area. Next, the streamlines also indicate the moisture/dryline 

convergent zone from LBB-CDS-SLN where it becomes coincident with the 

stationary front. Third, the region between AMA and LBL where 

another neutral point was positioned. Also, the evening 

thunderstorms that moved across northern Kansas left no detectable 

outflows in the streamline pattern; however, the cooler temperatures 

at MKC and TOP may be a hint that an additional outflow boundary 

exists in the area. At this time, and through 0000 GMT, was when the 

dryline normally began its diurnal retrograde; therefore, the front 

and dryline boundaries could intersect allowing release of the latent 

instability capped by the elevated lid over northern Kansas. This 

was especially true of the region near LBB since the moisture 

convergence axis was colocated along with the deformation axis. In 

contrast, the neutral point in Colorado was separated from the 

moisture convergence axis. Over central Oklahoma was a very strong 
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confluent zone; however, the capping inversion over this area was 

very strong and either strong cold air advection at 700 mb or 

penetrative vertical motions were needed to start the convective 

process. The OKC sounding (Figure 17) at 1800 GMT indicated the lid 

base between 850-800 mb with the lowest 120 mb approximately dry 

adiabatic due to the daytime vertical mixing. This clearly 

illustrates the strength of the capping lid effect. 

The 2100 GMT 11 May 1970 surface conditions (Figure 18) changed 

rapidly compared to the previous 1800 GMT analysis. The 1800 GMT 

surface low slipped northeastward into northern Kansas from 

southwestern Kansas and southeast Colorado. However, the low 

deepened to 1002 mb at 2100 GMT and slipped slightly southeastward. 

There was an associated trough beginning to extend south over the 

Texas Panhandle which was associated with the strong vertical mixing 

behind the dryline located near LBB. The stationary heat low over 

Mexico deepened and an inverted trough reached northward over far 

west Texas. 

Supplemental 2100 GMT analyses are shown in Figure 19(a-d). The 

surface dryline bulge was well organized as in the 1800 GMT analysis, 

due to a strong mixing west of the dryline and surge in the moist air 

from the south near MAF-LBB. The moisture field was developing and 

pushing northwestward toward LBB. Also, there was a westward push up 

the Pecos River Valley from SJT to MAF. As mentioned before, this 

aligns with the col deformation zone. Dewpoints at both SJT and ABI 

increased over the last three hours under this moisture advection 

pattern plus surface evaporation was contributing to increase latent 
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Figure 17 Skew T-log p sounding for OKC at 1800 GMT 11 May 
1970. The layer below the capping inversion has 
an adiabatic lapse rate due to insolation and 
uniform mixing. The adiabatic lapse rate above 
the lid base is the plume. 
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Figure 18 Surface analyses for 2100 GMT 11 May 1970. The dry-
line is coincident with the heat axis (dotted line) 
which has retreated westward over LBB. The subse
quent moisture advection is into the southwest 
quadrant of the bulge region. 
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Figure 19: Supplemental 2100 GMT 11 May 1970 analyses of (a) Alti
meter at 2 mb intervals, (b) 1-hr altimeter isallobars, 
(c) Sea level 3-hr isallobars, and (d) Streamline. The 
isallobaric trough axis near LBB is contributing to the 
moisture convergence near the dryline. 
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same 

instability. More importantly, the altimeter analysis (Figure 19a) 

depicts strong ageostrophic forcing in the LBB region which could 

contribute to the surge mentioned. This is supported by the 1-hr 

altimeter (Figure 19b) change pattern that extends from 

LTS-PVW-LBB-HOB. It indicates an acceleration of the wind that results 

from the isallobaric component of the ageostrophic wind. The 

isallobaric winds contribution to the developing advection pattern near 

LBB must be appreciable since the dryline was starting a steady 

progression westward. The 3-hr isallobars (Figure 19c) depict the s; 

trend, but with an isallobaric trough over the MAF-LBB-SPS region. 

The dewpoint gradient between ABI and GAG increased under the 

influence of the mentioned dryline dynamic features. There are 

several mechanisms associated with a developing dryline bulge (e.g., 

momentum transport, symmetric roll vortices, lee-side heat low, 

etc.); however, the important result is the backing winds within the 

moisture field due to increasing ageostrophic wind components plus 

the enhanced convergence at the deformation axis convergent 

asymptote. The winds at LBB, particularly, changed significantly 

over the past three hours, backing from 270' at 5 m/s to 170 degrees 

at 7 m/s gusting to 11 m/s. As a result, the possible underrunning 

that was first becoming evident at 1800 GMT was becoming enhanced and 

can perhaps be related to the additional dryline dynamics plus 

confluence added to the dryline by the confluent point of the 

deformation axis. The satellite photograph and dewpoint readings did 

indicate a moisture return. This was verified by the line of cumulus 

and general hazy conditions observed over the region from 
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INK-LBB-ABI. There were no remarks in the surface reports to 

indicate towering cumulus in the LBB region until 2300 GMT, but 

cumulus and cirrus were reported. 

The idealized wind pattern that characterizes cyclones was 

masked by the mid-tropospheric momentum transported down to the 

surface by the deep adiabatic mixing over the region west of the 

dryline. This is a commonly observed feature west of the dryline 

(Schaefer, 1973). However, a backing wind was occurring outside the 

analyzed moisture gradient. This indicates that diurnal mixing may 

be weakening. 

Further northeast, there was a pool of 21' C (70* F) dewpoints 

in the region between MKC and SLN that may be the remains of the old 

outflow boundary modified by evaporation. This was the northeast 

quadrant region described by Tegtmeier (1974). There was a surface 

low and dryline intersection with the front just west of SLN. 

Again, the dryline boundary continues to parallel the 

streamline deformation axis (Figure 19d). This supports additional 

surface convergence over the area in addition to the natural 

convergence along the dryline due to surface heating dynamics. The 

second neutral point located in southeastern Colorado remains 

separated from the dryline as part of the inactive surface front. 

Near SLN was the enhanced streamline confluent area of the dryline 

and surface front junction point. But, the thermodynamic alignment 

of the surface heat axis and moisture gradient still exist over SLN 

as described by Moller (1979). Towering cumulus clouds formed just 

east of SLN where a pool of 21' C (70' F) dewpoints existed possibly 
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as a result of the evaporation of moisture left from the evening 

thunderstorms. 

The trend up until 0000 GMT 12 May 1970 was an eastward moving 

dryline with an advection trend from the south. This was supported 

by the isallobaric couplet over the region plus the enhanced 

confluent zone of the streamline deformation axis. The stationary 

surface low north of LBB deepened while the heat low over Mexico and 

west Texas broadened over the region (Figure 20). The low center 

and associated front north of LBB changed little from 1800-2100 GMT 

while the heat low over Mexico built over CNM and extended slightly 

further east into the Pecos Valley near INK. However, the high 

pressure region over the Rio Grande Valley into SJT has strengthened, 

increasing the possibility of underrunning of the moist air. 

The dewpoint changed from 11.5° C (53' F) at 2100 GMT to 16.2° 

C (61' F) at 0000 GMT and the station pressure rose at MAF which 

supports the underrunning concept that may be enhanced by the 

deformation axis dynamics. The dryline did bulge rather 

significantly eastward between 1800-2100 GMT. However, the winds 

along the bulge and surface heat axis backed rapidly as the 

ageostrophic wind components strengthened. Supplemental analyses are 

shown in Figure 21(a-d). 

The altimeter analysis (Figure 21a) depicts the dramatic 

cross-contour tendency of the wind field. The winds at SLN backed 

70* from 220* to 150* while at LBB they backed 100' from 270* to 

170*. The backing winds were limited to the stations within 70 km 

(east) of the dryline. In addition, the northeast quadrant of the 
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Figure 21: Supplemental 0000 GMT analyses for 12 May 1970, (a) Aiti 
meter at 2 mb intervals, (b) 1-hr altimeter isallobars, 
(c) 3-hr sea level isallabars and (d) Streamline. The 
dryline (scalloped line) receded while towering cumu
lus and thunderstorms developed. An isallobaric trough 
still existed along the southwest quadrant of the dry-
line bulge region. 
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bulge was now evident over central Kansas and just south of SLN. 

This, combined with an earlier event where the winds at CDS, LTS, and 

GAG all backed in sequence between 1800 to 2100 GMT and then veered 

to their original direction, could have enchanced the surface 

convergent and highly ageostrophic pattern near SLN. Since the 

surface low changed little over this period, the backing is 

attributed to differential heating and localized mesoscale dynamics. 

The altimeter isallobaric analysis (Figure 21b) has two areas 

of falls; one area over Texas possibly associated with the inland 

heat low (Ogura et al., 1982) and the other over SLN. The associated 

positive tendency isallobaric center was just south of both areas. 

Meanwhile, the moisture gradient near LBB sharpened rapidly in 

response to the isallobaric toughing. The 3-hr altimeter change 

(Figure 21c) depicts a similar isallobaric trough parallel to the 

dryline from LBB southwest to ELP. 

However, there was a dramatic change in the streamline analysis 

(Figure 21d). The neutral point that was in southeast Colorado moved 

into southwest Kansas. The dewpoint analysis supports this position. 

Also, the surface front confluent axis depicts enhanced convergence 

near SLN where a tornado occurred within the last hour. The neutral 

point over far west Texas slipped south with the deformation axis 

dropping into a north-south position over INK versus a southwest-

northeast orientation at 2100 GMT. The coincident dryline positioning 

corresponds to this analysis. The confluent point of the deformation 

axis was still over LBB. 
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Next, there was a small anticyclonic curvature localized over 

LBB in the streamline field, as noted above, indicating an under-

running situation. Therefore, we have forced convergence between the 

underrunning moisture and the wind field west of the dryline. There 

was a point between LBB and REE where this forced convergence was a 

maximum along the retrogressing dryline due to combined effects of 

the confluent asymptote and the differential heating dynamics. 

However, the flow west of the dryline was essentially parallel to the 

moisture boundary at 0000 GMT as the dryline continued to recede 

northwestward over LBB. The maximum convergence mentioned will 

contribute to vertical stretching of the moisture boundary (McGuire, 

1960) while weakening of the lid base is possible. The cloud 

patterns were changing from cumulus at 2100 GMT to uniform reports of 

towering cumulus along the moist boundary. 

Analyses of the pressure change field (Figure 22[a-f]and Figure 

23[a-c]) were produced for continuity between 2100-0300 GMT. The 

isallobaric fields (1 hr and 3 hr analyses) will help determine if a 

"trackable" pressure change couplet was produced by a jet streak 

migrating along the lid edge. This was necessary since there were no 

supplemental upper-air observations between 1200 and 0000 GMT to help 

track migratory jet streaks embedded in the flow. Also, the condition 

of the available satellite images prevented a detailed analysis of 

enhanced cloud elements to help isolate jet streak movement. Therefore, 

the applicable altimeter analyses are shown in conjunction with the 

isallobaric field. Finally, altimeter fields were used to eliminate 
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Figure 22 
Surface altimeter 1-hr ^^^^^^baric analyses for 11-12 

May 1970. (a) 2100 GMT. (b) 2200 GMT, (c) 2300 GMT. 

(d) 0000 GMT. 
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Figure 22: 

(e) 

Continued 

0100 GMT, and (f) 0200 GMT. The isopleths are 
inches of Hg with 0.03 in Hg equal to 1 mb. 
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Figure 23 Surface 3-hr altimeter isallobars for (a) 2100-
0000 GMT, (b) 2300-0200 GMT, and (c) 0000-0300 
GMT 11-12 May 1970. The isallobaric couplet 
existed over the dryline boundary from 2100-0200 
GMT. 
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the temperature correction inherent in the 3-hr sea level pressure 

readings. 

These analyses were useful in identifying and tracking pressure 

falls. Since low level convergence in the unstably stratified 

environment is important for starting convection, the stationary 

couplet evident over the west Texas region between 2100-0100 GMT was 

significant. It wasn't until 0200 GMT that a meso-low appeared in 

the LBB area within the moist airmass. The general pressure fall 

pattern was from 1-.68 mb/1 hr. There were no falls greater than 2 

mb/3 hr except near SLN where the pressure fell 3 mb/1 hr during a 

tornadic thunderstorm. These were not strong pressure tendencies, 

but existed over the area long enough to contribute to the 

isallobaric wind. This would allow the isallobaric influence upon 

the wind field to exist for several hours and help back the wind 

field in the vicinity of the dryline. The overall result made 

distinguishing a specific jet streak from inland heat low effects 

(Ogura et al., 1982) difficult. The cross-sectional analyses do show 

a jet segment between MAF and AMA at 0000 GMT. Therefore, the 

isallobaric field could also reflect the secondary circulation since 

the couplet exists well into the diurnal cooling period. Finally, 

the isallobaric component of the ageostrophic wind is indicated and 

corresponds to the region where the dryline bulge developed. 

By 0300 GMT, 12 May 1970, the surface analyses (Figure 24) 

depicted a significant surge of the high pressure axis from over 

south central Texas well into west Texas and southeastern New Mexico. 

The frontal trough was oriented from DDC southwest to ROW with the 
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Figure 24 
,^«s^ for 0300 GMT 12 May 1970. 

Surface synoptic ^ ^ i ^ " ' '°^^to eastern New Mexico 
I^:o"C:e^araxrs1foU:"une> now ex.sts . ..e 

moist airmass. 
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dryline backed well into southeast New Mexico. The dryline boundary 

gradient was very diffuse due to the storm activity that spread from 

the MAF region along the dryline and lid boundary with the intense 

activity at LBB northeastward toward CDS. 

The altimeter analysis (Figure 25a) displays a decrease in the 

cross-contour tendency of the wind field observed on earlier charts. 

This was due to the decoupling of the boundary layer from the upper-

air wind field and subsequent ending of vertical mixing due to 

differential heating. A meso-high was evident near MAF in the 

altimeter analysis. This could easily reach northward toward LBB, 

but the lack of observations prevents a more detailed analysis. In 

fact, there are several mesoscale pressure couplets, but are better 

analyzed on the radar analyses upcoming. 

The 3-hr sea-level pressure analysis was dominated by diurnal 

tendencies. A fall center did exist in western Kansas alone the 

stationary front despite the evening cooling. Meanwhile, the region 

near LBB was dominated by thunderstorm outflows and resultant pressure 

rises. 

The streamline analysis (Figure 25b) still shows the 

deformation zone southwest of LBB with a possible enhanced confluent 

zone at the storm region over LBB. The other neutral point was near 

SLN where another tornado producing storm cell developed earlier in 

the day. An analysis of the heat axis associated with the dryline 

showed the "hot spot" to be near CDS, but the previous heat axis 

analyzed near LBB changed to a cold outflow (meso-high beneath the 

storm cell center) region due to the storm activity. The cold 
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Figure 25 Supplemental 0300 GMT synoptic analyses of (a) Altimeter 
observations, and (b) Streamline. The altimeter plot 
contains mesoscale Highs and Lows as indicated by radar 
and surface observations. 
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outflow was actually being overriden by the warm, moist airmass as it 

fed into the storm complex. The heat axis actually changed to the 

east side of the dryline as diurnal cooling began within the dry air 

to the west. 

The altimeter trace depicts the situation up to the actual time 

the tornado vortex passed over the LBB WSO (Figure 26). Fujita 

(1970) converted the pressure tendency trace into a space scale with 

time and speed of the tornado vortex. The results indicated an 

approximate 16 km diameter meso-low surrounded the tornado. The LBB 

WSO baragraph trace recorded a 996.9 mb (29.44 in Hg) low pressure 

reading at 0303 GMT. 

Upper-Air Synoptic Analyses, 11 MAY 1970 

The 850 mb height contours (Figure 27[a-b]) depict the low-level 

conditions at 1200 GMT on 11 May 1970. A large, organized cyclonic 

circulation was over Montana and the western Dakotas. In addition, a 

significant low pressure trough extended along the entire leeside of 

the Rocky Mountain range and into the Mexican Plateau region. The 

leeside troughing was a result of the longwave pattern reviewed 

earlier. This pattern fits the prototype defined by Carlson and 

Ludlam (1968). 

Generally, the Rocky Mountains are the western boundary to the 

low-level Bermuda High circulation that supplies moisture to the 

southwestern states. Here, the westward transport of moist air by 

the Bermuda High from the Gulf of Mexico was strong while being 

deflected and drawn northward upon approaching the Mexican Plateau. 
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Figure 26: Surface pressure trace recorded at the 
Lubbock Airport Weather Service Office, 
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Figure 27: 850 mb upper-air analyses for 1200 GMT 11 May 1970 are 
(a) Composite analysis for isotherms C O , isotachs, and 
thermal troughs and (b) Composite analysis for isodroso
therms and isotherms. Winds are m/s with the single 
shafted arrows the axis and shaded region the jet core. 
The dotted line is the heat axis with the dash line with 
solid "v" indicating thermal troughs. The moist axis 
underruns the heat axis in Kansas where thunderstorms 
occurred during the night. 
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The strong low pressure trough plus high pressure circulation 

combination, which are usually best developed in the spring (Palmen 

and Newton, 1969), created the dryline boundary with very warm dry 

air on the west side and cooler, moister air on the east. Thus, the 

southerly component of the geostrophic wind was strongest within the 

850 mb and lower surface boundary layer. The low-level jet formation 

was favored under these dynamics and thermodynamic conditions with 

windspeed as depicted on Figure 27a and further supported in the 

cross-section analyses. The low level jet was confined to the strong 

baroclinic zone of the lid which generally lies near 850-800 mb 

throughout the area. 

The thermal ridge extended from ELP northward over LBB and DDC 

to just west of SLN. There are two important thermal features 

associated with the conceptual model which involve the heat and 

moisture axis on the analyses (Figure 27b). First, the heat axis in 

Kansas crossed the moist axis. There were early morning 

thunderstorms associated with this feature. Second, the heat axis in 

west Texas just lies west of the moisture that was building west up 

the Rio Grande Valley. The lid concept associates underrunning with 

these features whenever the moist axis advects westward toward cooler 

temperatures aloft. It will be important to note the vertical extent 

and continuity of the dry-moist boundary moving toward lower pressure 

levels. 

The height field patterns reflected only minor (less than 20 m) 

diurnal fluctuations, indicative of a well-mixed layer. The only 

large positive (greater than 30 m) height changes were to the west 
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over the Great Basin and Rocky Mountain states, indicative of weak 

high pressure ridging due to the warm advection over southern New 

Mexico and west Texas. 

The 850 mb winds indicated weak confluence over central Kansas. 

There was strong diffluence in the vicinity of the storm activity 

located near SLN and TOP. This activity was isolated and near the 

northern boundary of the thermal ridge and Gulf moisture boundary 

with the continental polar airmass stationary to the immediate north. 

The 700 mb analyses at 1200 GMT (Figure 28[a-b]) depict a 

baroclinic zone extending from the Northern Plains over Colorado, New 

Mexico, and Arizona that corresponds to the approaching continental 

polar airmass. An arid Mexican Plateau airmass was to the south-

southwest. To the southeast, the Bermuda High ridge was well 

established over the Gulf coast states into west Texas. The 700 mb 12 

hr height falls indicate no weakening since falls are only ranging from 

0 to 20 m. This was primarily a diurnal change resulting from evening 

cooling. 

At 700 mb there was a vast region of dry air extending from the 

southwest states to the Mississippi Valley and from the Mexican 

Plateau to the Dakotas. The regions with >6' C dewpoint depression 

are highlighted while the region over Texas-Nebraska-Arkansas had 

dewpoint depressions >6* C. Above the 850 mb level, it is 

significant to note that the Mexican Plume heat ridge was well 

established at over the region at the 700 mb level. In addition, 

there were two developing short waves along the western edge of the 
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Figure 28: Continued 

(b) Isotachs and heights in decameters 
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heat ridge: one from central New Mexico to MAF and the other near LBF 

to TOP. 

A well-established heat ridge is the mainstay of the thermal 

capping inversion identified by Carlson and Ludlam (1968). As 

mentioned on the 850 mb chart, the moist axis just reaches west of 

both the 700-850 heat ridge in central Kansas. The baroclinic short 

waves mentioned earlier were embedded in the west-northwest quadrant 

of the ridge. As the weak short waves propogate into the strong 700 

mb thermal pattern, they act as a destabilizing feature along the lid 

edge. At 1200 GMT, there was weak cold air advection near AMA, but 

the region lacked moisture. 

The low-level stage was set for later storm development. The 

850 mb moisture was effectively capped or isolated below and to the 

east of the 700 mb thermal ridge. This is significant since the 

Carlson and Ludlam conceptual model identifies the positioning of the 

moisture and heat axes as an indicator of possible underrunning. 

However, the only precipitation reported was associated with the 

mentioned thunderstorm complex near MKC. Therefore, erosion and/or 

advection of the well-mixed, 700 mb layer will be an important 

mechanism for release of the surface to 850 mb latent instability. 

The model refers to the intersection angle of the lid edge and the 

thermal wind plus the 700 mb streamlines with the heat axis as 

indicators of eastward advection and destabilization. The upcoming 

hodograph analyses will help in this portion of the study. 

Finally, severe weather was reported throughout the northern 

Kansas and Missouri region and east as storm cells developed along 
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the northern edge of the well-mixed layer. As mentioned, this could 

well have been underrunning of the high 0w moist air. This region 

will be looked at on the cross-section analyses to further determine 

the underrunning situation. 

The 500 mb flow pattern (Figure 29a) at 1200 GMT was in the 

recovery stage after the passage of a stronger synoptic wave, 5-9 May 

1970. The primary baroclinic wave was over the northwest coast; 

however, there were two weak baroclinic zones coincident with the 

700 mb waves. A weak ridge was building over the upper Mississippi 

Valley possibly due to the continued northeastward advection of the 

Mexican Plume. Meanwhile, a short wave trough with weak thermal 

support was edging along the northern boundary of the lid zone near 

OMA. Also, an unusual positive height tendency (Figure 29b) was over 

the Rocky Mountain region despite the jet core and baroclinic packing 

over that region. The baroclinic zone (short wave) over New Mexico 

was the most important since it represented cold air advection near 

the lid edge. This feature did have a weak height fall tendency over 

New Mexico at 1200 GMT. 

The 500 mb jet stream maximum was 35 m/s over Utah and Wyoming. 

In addition, there was a band of 20 m/s winds reaching over northwest 

New Mexico. The jet stream was aligned with the thermal gradient 

defined by the -15* to -20* C isotherm band. At this time, there was 

little thermal support for a significant jet streak over the west 

Texas region unless the cool pocket just west can maintain 

continuity and advect eastward. 
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542^ --

Figure 29: 500 mb upper-air analyses for 1200 GMT 11 May 1970 
The dashed lines are isotherms with "C" and "W" 
indicating cold and warm pockets. 

(a) Composite analysis for isotachs, isotherms, and 
thermal troughs. 
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Fiaure 29: Continued 

(b) Height tendency analysis in decameters 
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A thermal ridge extends from the Big Bend area of Texas over 

the Texas Panhandle into Colorado and Nebraska. Again, this was an 

extention of the well-mixed layer evident from 850 mb through 500 mb. 

The advection pattern was perpendicular to the 500 mb flow, 

west-southwest to north-northeast. Therefore, it was eroding slowly 

from New Mexico and the west Texas region eastward. The cold pocket 

outlined by the -12* C isotherm from CUU northwest to ELP into 

Arizona would be expected to advect over west Texas within 12 hours, 

decreasing the stability over the area. Negative temperature values 

give an indication of the possible amount of conditional instability 

or potential buoyant energy present on a skew-T. At this time, there 

was warm air advection eastward which would increase the stability at 

500 mb over east Texas, Oklahoma, Missouri, and Iowa areas. This 

region will be influenced or capped by the eastward advecting warm 

thermal ridge. 

At 300 mb, the upper-level baroclinic wave was over the west 

coast and extended into southern California and southwest Arizona 

(Figure 30). A well-defined jet stream axis was located from 

northern California to northeast Wyoming. Maximum wind speeds in the 

jet stream were near 57.4 km/hr (110 kt) over southern Idaho into 

central Wyoming. The baroclinic support for the jet was limited to 

the northwest portion of the U.S.. The only hint of thermal support 

for the short wave located at 700-500 mb was over southern 

California. Meanwhile, the southern half of the U.S. reflected an 

isothermal tendency. In addition, the subtropical jet appeared over 

the MTY-BRO region. The maximum wind speed was near 26 km/hr (50 kt) 
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from west of MTY to far south Texas. The secondary circulations 

associated with the upper and lower jet stream will be further 

reviewed in the cross-sectional analysis section. 

There was an additional temperature anomaly over the Texas Big 

Bend region. The CUU 0000 GMT 12 May 1970 sounding analysis does 

show possible convective mixing as high as 400 mb within the heat 

low. Therefore, the warm pocket was most likely the result of 

convective mixing and resultant advection north-eastward of the 

Mexican Plume from the previous 12-hr period as described by Carlson 

and Ludlum. In contrast, the warm pocket now over the upper 

Mississippi Valley is or likely the remains of convective activity 

that was occurring over the region during the early morning. 

Finally, the geopotential height tendencies indicated very 

strong ridging over the Dakotas and Mississippi Valley. The strong 

height falls are associated with the approaching baroclinic wave. 

However, the strong falls over the Mexican Plateau were more likely 

associated with the diurnal decay of vertical mixing and subsequent 

advection of the Mexican Plume anomaly. 

The 850 mb analyses (Figure 31[a-b]) for 0000 GMT 12 May 1970 

had an extensive low pressure area over the central and southern 

Rocky Mountain and Great Basin states. At 1200 GMT, the low center 

had not extended this far southwest. Since the 850 mb surface was 

within the planetary boundary layer across much of the high plains, 

the deepening low center is attributed to strong surface heating and, 

to a lesser extent, upper-air support derived from the jet stream. 

The 850 mb geopotential tendency had one primary height fall 
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Figure 31 850 mb upper-air analysis for 0000 GMT 12 May 1970 
The bold arrow is the moisture axis imposed onto 
the heat axis (dotted line) and they cross each 
other near MAF. The double crossed axis is the 
confluent axis. 

(a) Composite analysis for isotherms and moisture axis 
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Figure 31: Continued 

(b) Composite analysis for isotachs and height field 
tendency (decameters). 
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The 850 mb geopotential tendency had one primary height fall 

trough axis and two ridge axes (Figure 31b). First, the trough 

(negative) axis over New Mexico through Nevada appears to be the 

result of strong insolation associated with the inland heat low plus 

dynamic forcing over the Great Basin. This is supported by the 500 

mb height tendency pattern. Second, the geopotential rise axis from 

LBF to AMA was related to the surface frontal boundary while the axis 

from SHV to ABI and MTY was the strengthening of the Bermuda High 

into central Texas. The region between LBB and MAF where the 

negative tendency axis intersected the positive axis represented an 

inflection point along the 850 mb height surface. Meanwhile, MAF was 

under the influence of the moist air while near AMA strong vertical 

mixing was occurring. This was significant because the differential 

advection of the moist potentially unstable surface air westward into 

the trough was very strong. This was based upon two analyzed 

features: a 16 km/hr (30 kt) 850 mb jet branch reaching up the Rio 

Grande Valley to the east of MAF and the developing dryline bulge 

over the southern Texas South Plains. 

The isotherm analysis had several features that indicated the 

presence of a lid source region and edge. First, the 32* C warm 

pocket near CUU indicates the extreme insolation over the region. 

There was a 6*-8* C difference between the TUS region and the Mexican 

Plateau plume source region. Next, the heat axis was west of its 

1200 GMT position by 100-150 km. The largest heat axis displacement 

westward was from east of LBB and AMA to the eastern plains of New 

Mexico by 0000 GMT. This was a diurnal trend caused by convective 
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vertical mixing and radiation characteristics of dry and moist 

airmasses. Finally, the heat axis had a strong baroclinic zone with 

a temperature gradient of 7* C/100 km between MAF and ABI reaching 

north toward GAG. This was an indication of the dryline convergent 

boundary aloft and possibly where the moisture depth was increasing 

significantly. The INK area experienced the first outbreak of 

convection which was confined to the region defined by the 

intersection of the confluent zone, moisture axis, and heat axis. 

Also, the 850 mb streamline analysis (Figure 32) for 0000 GMT 

had a confluence zone that backed over LBB during the 12-hr period. 

Winds at the stations located west of the confluence zone backed 

about 30* during the period; however, MAF, ABI, and OKC backed over 

30* as the confluence zone moved westward. MAF had the most dramatic 

change, 215* at 1200 GMT to 160" at 0000 GMT. Also, a rapid backing 

occurred between DDC, LBF, and OMA during this time period. In 

addition, the confluence zone was coincident with the 850 mb dryline 

boundary while the moisture axis lies to the east over central Texas 

and eastern Oklahoma. The confluent zone was considered convergent 

in this case based upon weak 500 mb and 300 mb influence. The 

divergent zone over eastern New Mexico and northwest Texas was 

influenced by the anticyclonic flow south of the neutral point over 

TAD. Finally, a mesoscale zone of boundary layer convergence of this 

type, which remains essentially stationary with unchanged 

environmental conditions, will continue to serve as a reservoir of 

potentially unstable air to a storm cell and allow new cells to form 

repeatedly over a focussed area (Maddox, 1980). 
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Figure 32 
., streamline analysis for 8S0 ^ 

a t 0000 0}fT 12 W ŷ 
1970 
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The 0000 GMT 700 mb analysis has a weak trough over the western 

half of the U.S., while over the south central plains, minor short 

waves are embedded in the flow pattern (Figure 33[a-b]). The 

geopotential field built over the entire region while the 12-hr 

tendency values in New Mexico and Texas are less than 30 m (Figure 

33b) due to the well mixed characteristic of the airmass. This 

tendency was slightly above the average diurnal variation, indicating 

no significant upper-air forcing. The slight variation from diurnal 

was due to strong surface heating and subsequent vertical mixing over 

the extreme southwest U.S. and Mexican Plateau. 

The heat axis shifted from a 1200 GMT north-south orientation 

east of AMA-DRT to the position in Figure 33a. Also, minor axes 

branch from HOB-ABQ and LBB-FSM. The westward shift was due to the 

aforementioned heat low in the dry, elevated terrain plus the veering 

wind advection pattern. The crossing angle of the 700 mb wind across 

the heat axis indicates advection of the well-mixed layer (Carlson, et 

al. 1980) to the north-northeast. The 8"-10* C isotherms helped to 

identify the northern and eastern lid edge at 700 mb (Lanicci, 1984). 

A finer case study analyses must be completed (Appendix A) to define 

the western edge. Over Kansas, the lid strength near SLN-DDC was 

weakening. In addition to the heat axis, there was a strong warming 

due to heat advection over Nebraska, Missouri, and the lower 

Mississippi Valley. However, the lid over Te.xas, Oklahoma, and 

Kansas wasn't strengthening since the temperature gradient was very 

weak. The ELP-MAF region did have a destabilizing trend in the 
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Figure 33 700 mb upper-air analyses for 0000 GMT 12 May 1970. 
The heat axis (dot-cross) over New Mexico represents 
strong surface insolation with the axis 2-4" C cooler 
over west Texas through Kansas than axis over Texas. 
Advection tendency can be estimated with the instan
taneous wind field. 

(a) Composite analysis for thermal troughs, isotherms, 
and isotachs. 
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Figure 33: Continued 

(b) Isotach analysis and 700 mb height field tendency 
(decameters). 
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isotherm gradient. The advection tendency of the thermal trough west 

of ELP was to the west-northwest. 

The differential advection tendency employed below the 700 mb 

lid is shown in Appendix E. The shear vectors represent the degree 

of stabilization or destabilization caused by differential advection. 

In this case, the lid was being advected rapidly east-northeastward 

while the low-level (850 mb) airmass displays a westward advection 

pattern. This advection pattern was discussed by Whitney and Miller 

(1956) as an important factor in producing sudden, extreme vertical 

instability necessary for tornado generation. The intensification of 

the heat low plus a strengthening of the Bermuda High caused the 700 

mb winds to back over central and northern New Mexico and Texas plus 

western Kansas. This indicated cold air advection over this region. 

Finally, two 15 km/hr (30 kt) jet stream branches reached from 

ABQ and ELP and joined near AMA to form a uniform jet core reaching 

northeast to COU. This corresponded to the streamline pattern which 

showed a confluent zone near OMA-DDC-AMA-ELP. This zone was above 

the 850 mb confluent area that was taken as convergent based upon 

weak upper-level influence. In addition, a major divergent 

streamline was located from MTY-CUU. This adds additional support 

for the advective nature of the well-mixed airmass from the Mexican 

Plateau (Figure 34). 

The 0000 GMT 500 mb analysis (Figure 35[a-b]) for 12 May 1970 had 

a stationary cutoff low just off the coast of Washington. A cold air 

pocket did reach over the Pacific Northwest, but no significant 

troughing showed in the geopotential tendency. Meanvhile, a ridge 
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, 34. 700 mb streamline ana 
Fiqure 34. 

,,,,s for 0000 GKT 12 May 1970 
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was building over the plains states and upper Mississippi Valley. 

The positive height tendency was greatest just west and north of the 

500 mb heat axis. 

The heat axis over Kansas and west Texas was attributed to deep 

vertical mixing within the dry airmass that extended vertically from 

the surface and advected horizontally from the Mexican Plateau and 

west Texas. The resultant well-mixed plume subsequently advects 

isentropically east-northeast within the building ridge. The -10° C 

warm pocket over Kansas is an example of this process based upon 

continuity between the 0000 GMT and 1200 GMT 11 May 1970 500 mb 

analyses. The warm pocket at 1200 GMT was over Texas South Plains. 

Palmen and Newton (1969) note that air on the warm side of a front at 

500 mb will follow the isobaric contours closely. In this case, 

ascent takes place on the east side of the broad trough due primarly 

to strong vertical mixing. Also, since divergence in this region was 

small and the jet stream was displaced over 400 km westward, the 

departures of the wind from a geostrophic trajectory should be small. 

Consequently, the 500 mb warming would reduce the negatively buoyant 

area along its trajectory while cooler temperatures fill in behind it 

over Texas, increasing the positively buoyant area. The wind near 

TOP did veer by 0000 GMT. More importantly, the winds near the 

thermal trough in New Mexico backed in response to the cold advection. 

The jet axis at 0000 GMT backed northeast into northwest 

Colorado while it strengthened slightly over California and North 

Dakota. Some strengthening did occur in the 500 mb flow over Texas 

plus a noticeably diffluent pattern developed between ELP and AMA. 
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The flow strengthening plus diffluence in this area occurred directly 

over the 700 mb and 850 mb confluent zones analyzed previously. 

In summary, the 500 mb geopotential and jet stream pattern 

changed little between 1200 GMT and 0000 GMT. However, the winds at 

AMA and ABQ backed while at ELP and CUU they veered allowing a 

diffluent pattern to develop ahead of the cooler air that filled in 

behind the advecting warm pocket. 

The 300 mb analyses (Figure 36[a-b]) for 0000 GMT 12 May 1970 

showed only slight changes in the geopotential field. A blocking 

high remained over Alaska and northwest Canada while a cutoff low 

remained stationary over Washington. This pattern is typical in the 

spring and the result of a strong change in the upper flow (Palmen 

and Newton, 1969). This blocking pattern had a slow eastward 

movement consistent with the overall seasonal tendency discussed by 

Palmen and Newton. As a result, the overall jet stream pattern 

remained stationary, but stretched into the Northern Plains. The jet 

stream core maximum did decrease from 57.2 km/hr (110 kt) to 52 km/hr 

(100 kt) while sagging from Idaho to southern Nevada. This 

adjustment was consistent with the positive geopotential tendency 

located over the Northern Plains and Great Lakes which indicates an 

amplifying ridge in the region. Meanwhile, a weak negative tendency 

was present off the Oregon coast, slowly rotating around the cutoff 

low. 

The only area showing a baroclinic tendency was south of the 

upper low. There was a thermal trough, west of the 500 mb short wave 

mentioned earlier. The thermal gradient within the short wave 
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decreased as the feature edged southeast into southern Arizona. Over 

the New Mexico and Texas region, the atmosphere was barotropic in 

character. 

The wind field changed little in response to the weak cold air 

advection over Arizona. However, a diffluent wind pattern developed 

at 300 mb over far western Texas which would aid development of the 

vertical motion field evolving beneath due to convergence along the 

850 mb and 700 mb confluence zone. Finally, a jet streak of 25 m/s 

winds did edge into the ELP and CUU region, just south of MAF and the 

developing diffluent region. The jet streak would aid vertical and 

transverse circulations over the lid edge (Carlson et al., 1983; 

Uccillini and Johnson, 1979). 

Vorticity Summary 

The NMC primitive equation vorticity analysis valid at 1200 GMT 

11 May 1970 depicted two positive vorticity lobes over the western 

half of the United States. The first one was over Montana associated 

with the shallow low center currently rotating around the 

semipermanent Aleutian low just off the west coast. The second 

positive vorticity lobe was associated with the stronger low just off 

the west coast near Oregon. The model indicated cold air advection 

with its associated vorticity moving into Utah by 36 hours. The NMC 

analysis implies no development over the western region due to little 

motion aloft in the geopotential height field; however, cyclogenesis 

was expected over the southern Rockies after 48 hours. The remaining 
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vorticity field within the elongated trough was neutral in advection 

tendency for the period. 

Thickness Analyses 

The thickness analysis for 12 May was developed in three 

separate products (Figure 37[a-c]). The different thickness depictions 

highlight the moisture depth over east-central Texas, plume expanse, 

and the general synoptic pattern. A 1000-500 mb thickness analysis 

was available from the NMC. This product tended to mask many 

significant features while a separation into layers helps highlight a 

variety. 

First, the overall thickness for the 850-500 mb layer (Figure 

37a) depicts the general synoptic pattern and features over the south 

central region. The frontal boundary was analyzed much further south 

(GCK-DDC-OMA) than the thickness pattern depicts, but since this is 

an 850-500 chart it tells us that the cool air over western Kansas 

was very shallow. There was a strong push (horizontal and vertical 

mixing) of the Mexican plume from the south that had two defined 

branches. One was from INK-AMA-DDC-SLN-TOP while the other branch of 

the plume was from DRT-FTW-LIT. The north branch was enhanced by the 

insolation heating up the dry air west of the dryline. Otherwise, 

the plume advection tendency would be approximated by the southern 

axis. Most important, the thermal wind tendency can be estimated by 

the contours. In this instance, the thermal wind would be directed 

east-west over west Texas and the lid edge which lies in the 

vicinity. 
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Figure 37: Thickness analyses for 0000 GMT 12 May 1970 are 
(a) 850-500 mb thickness, (b) 950-700 mb thickness, 
(c) 700-500 mb thickness. The 950-700 mb chart has 
the moist axis as indicated by the low-ievei thickness. 
The 700-500 mb chart has a thickness tongue parallel to 
the dryline from Kansas southwest to the Mexican Plateau 
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Next, the 950-700 mb chart (Figure 37b) depicts the approximate 

thickness of the moist airmass while providing an indication of the 

dryling boundary. Again, the strong heating west of the dryline and 

over the Mexican Plateau was evident in the large thickness over the 

New Mexico and west Texas region into central Kansas. The moist and 

cooler air shows a uniform gradient over central and east Te.xas. 

However, the strong gradient near DRT-MAF-LBB depicts the dryline 

boundary with a rapid increase in the moisture depth between 

ABI-LBB. The moisture axis at 0000 GMT on the 850 mb chart 

corresponds to the rapid increase in available moisture to support 

deep convection near LBB. This was the region that had an east-west 

isallobaric trough which implies a contribution to the ageostrophic 

component south of LBB. 

Finally, the 700-500 mb thickness (Figure 37c) highlights the 

uniform nature of the well-mixed layer as it develop and advects 

north-northeastward. The plume was branching from INK-AMA-DDC-TOP 

which was approximately the 700-500 mb flow pattern. The region from 

Oklahoma to Arkansas may reflect the mixing of Gulf air (lower 

potential temperature) plus a possible cooling caused by the diurnal 

oscillations in the plume. However, the weak gradient still 

reflected a uniform plume thickness except to the northwest over LBF 

where the plume edge aloft can be located. 

Atmospheric Cross-Sectional Analysis 

Assessing the thermodynamic stability of the atmosphere 

requires an examination of the upper-air soundings. The soundings 
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used to study the 11-12 May 1970 situation were organized into the 

five isentropic cross-sections (Figure 38). This orientation allowed 

detailed analyses of the elevated well-mixed layer, the baroclinic 

zone of the lid edge, moisture characteristics, and a detailed jet 

stream analysis. Also, a north-south and east-west pattern allowed 

application of u- and v-component flow tendencies to the advection 

and evolution of the lid plus jet streaks or wind maxima. The winds 

also have a direct relationship to the tilt of the isentropic 

surfaces. Specifically, the thermal wind "blows" parallel to the 

mean isotherms (or isobars on the 6 surfaces) in the layer or normal 

to the pressure gradient. This places cold air to the left of the 

thermal wind looking downstream (Byers, 1959). From thermal wind 

considerations this requires strong vertical shear through these 

zones. The combined results provided a detailed look at the airmass 

contrast and developing underrunning situation (Carlson et al., 

1980). 

Cross-section #1 along with later isentropic analyses helps 

establish the Mexican Plateau region as the source region of the 

well-mixed "plume" airmass. At 1200 GMT, the low level structure 

illustrated in Figure 39 displays a strong surface radiation 

inversion within the lowest 100 mb. Radiative cooling was evident up 

to 730 mb above CUU with the remains of the well-mixed layer above. 

The moist region below the capping inversion between CUU and MTY is 

the southern extension of the moist airmass that exists over Texas. 

The baroclinic nature of the lid supports a strong southerly jet 

streak of 18 m/s (v-component) between MTY and BRO. 



112 

llsNW 

TUJS 

Figure 38: 
,«hical location of the Geographical 

cross-sections. 

lyzed 



113 

300 
328 

400 

Xi 

E 
1 500 

TUS CUU MTY BRO 

Figure 39: Vertical cross-section from TUS-
CUU-MTY-BRO for 1200 GMT 11 May 
1970. Isentropes are solid lines, 
jet components dash-dot lines, and 
mixing ratio dashed lines. Winds 
(m/s) are v-components perpendicular 
to the cross-section. 
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Meanwhile, the upper level jet flow (670-500 mb) over the coast 

was weaker and had an east-southeast tendency at -5 m/s over BRO-MTY 

and rapidly changed inland over CUU-TUS to 10 m/s at the same 

approximate level. This indicated a weak ridging to the west due to 

the extreme mixing depth observed over the plateau during the 

daytime. The isentropic surfaces dip downward between CUU and MTY. 

They quickly slope upward again over BRO which supports the veering 

and then rapid backing with the -5 m/s flow in between. The upper 

jet structure depicts the subtropical front just east of TUS. The 

isentropes dip sharply downward with the winds increasing with height 

toward the subtropical jet. The subtropical jet is normally found 

between 300-200 mb over this region during May. The polar jet was 

analyzed earlier just to the northwest of TUS-INW. 

The 1200 and 0000 GMT CUU (Figure 40) and MTY (Figure 41) skew 

T-log p diagrams characterize the cross-section while contrasting the 

dry, near-adiabatic source region and lid soundings. The CUU 

sounding verified this with the approximate adiabatic lapse rates 

observed between 700-530 mb at 1200 GMT and the layer from 840-440 mb 

at 0000 GMT. The daytime mixing depth was 400 mb at 318°-320' K. 

Also, the 0000 GMT sounding at CUU had a superadiabatic layer within 

the lowest 10-20 mb which indicates the very strong solar heating 

occurring over the plateau with rapid boundary layer overturning. 

Next, the isentropes were widely spaced over the CUU-MTY region 

between 750-450 mb at 1200 GMT with a weak baroclinic zone (316°-318' 

K isentropes) which resembles a reversed gradient stability zone. It 

appears that CUU was well within the source region while MTY lies on 
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the very southeastern edge. This is supported by the tendency of the 

isentropes between MTY and BRO to remain horizonal or slope downward 

over time. 

By 0000 GMT, cross-section #1 (Figure 42) illustrates the 

well-mixed layer over CUU was even more evident lying between the 

surface and 450 mb. More importantly, the extreme well-mixed nature 

of the airmass over CUU indicated mass added (downward sloping 

isentropes to the west) through significant convergence within the 

Mexican heat low. Next, the moisture distribution from CUU-MTY-BRO 

indicated that a fresh plume of high potential temperature air 

(6=318*-320* K) had ascended due to extreme vertical mixing and was 

spreading northeast. However, the winds were very weak due to the 

uniform temperature of the plume. 

Over TUS, the air was quite cooler aloft (313'-316* K at 550 

mb) with the 313'-316* K isentropic surfaces sloping downward 

indicating cooler air over TUS than over the CUU region. In fact, 

the region east of TUS at 0000 GMT resembles a frontal potential 

temperature gradient between the Mexican plateau airmass (6=320° K) 

and that airmass originating over the southwest desert region (6=312° 

K). The downward sloping isentropes also indicate westerly momentum. 

Again, the TUS skew T-log p (Figure 43) has a veering, southwest 

tendency throughout the layer at both 1200 and 0000 GMT. The 

significant airmass difference was the lower potential temperature of 

the adiabatic layer (6=312' K) produced over the desert southwest. 

Also, there was a subsidence inversion over TUS at 590-555 mb. The 

mixing ratios were very low (<4 gm/kg) over CUU and westward while 
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Figure 42 Vertical cross-section from TUS-CUU-
MTY-BRO at 0000 GMT 12 May 1970. The 
chart isopleths are the same as Figure 
41. The daytime mixing within the Mex
ican heat low is evident in the ascend
ing tendency of the isentropes. The 
mixing depth of the plume is 350 mb. 
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entrainment has apparently prevented any cloud formation over the 

plateau. 

In summary, an overall northeast advection tendency was 

indicated in the 0000 GMT cross-section jet structure. Also, the 

apparent isentropic structure over TUS clearly separates the 

airmasses of the desert southwest from those unique to the Mexican 

plateau. 

In Cross-section #2 (Figure 44) between SHV-TUS at 1200 GMT, 

the elevated mixed layer lies above the 311'-313' K isentropes. The 

western portion of the airmass was in contact with the surface before 

decoupling between INK-MAF and ascending over the moist layer. At 

1200 GMT, the lid base was at 860 mb over MAF and sloped gradually 

upward until it reached 750 mb at SHV. The lid base ascent toward 

SHV was dry adiabatic along the 312' K isentrope from MAF. The 1200 

and 0000 SHV soundings (Figure 45) demonstrate the effective capping 

ability of the lid. By 0000 GMT, the lid base rose 22 mb while 

cooling adiabatically. The convective temperature had to reach 40* C 

(105' F) to acheive an LFC at 658 mb. Had this occurred, the 

corresponding positive p-T boxes above the LFC equalled 500 while the 

negative area below was 100 p-T boxes. The p-T box or area concept 

is used to quantify the graphed stability areas. The energy areas 

are equivalent on a skew-T; therefore, a square centimeter represents 

28.57 J/kg (9 p-T boxes per square cm) (Iribarne and Godson, 1973). 

The sounding does show that the LCL (840 mb) was achieved yet the 

thermals failed to erode the lid base. 
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FTW SHV 

Figure 44; Vertical cross-section for TUS-ELP-MAF-ABI-FTW-
SHV at 1200 GMT 11 May 1970. Chart symbols are 
the same as Figure 39. The plume edge is scal
loped and the arrow indicates isentropic upglide 
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The v-component indicates the low-level jet structure over 

ELP-MAF was less than 10 m/s between 930-550 mb. This indicates a 

strong southwesterly flow pattern dominated the south central region. 

However, the low-level nocturnal jet was strong within the highly 

baroclinic lid. The jet core does appear to be below the warm air 

within a stable layer; however, the plotting technique and data 

density may not reflect an accurate depiction of the baroclinicity. 

The maximum low level jet core was over FTW at 22.5 m/s near 900 mb 

and a minor branch existed over ABI at 18.5 m/s at 920 mb. The 

dryline was well into the INK region by 1200 GMT. The advection 

tendency was clearly toward the north within the moist airmass. When 

the isentropic surfaces bend downward the thermal wind rules imply a 

positive wind component which exists above MAF while the upward 

sloping isentropes over FTW have a negative wind component. The 

upper level jet structure over MAF was incomplete due to lack of data 

within the MAF 1200 GMT sounding. 

The lid edge was just west of MAF at 1200 GMT. This was 

positioned to correspond to the inflection in the isentropic 

surfaces. In addition, the jet core above MAF represents the 

limiting streamline of the confluent axis analyzed earlier on the 

synoptic charts. 

By 0000 GMT, the vertically turbulent moist region and strong 

jet structure over the lid edge are well defined in Figure 46. The 

east-west viewpoint had the jet core originating from the south-

southwest with a pronounced vertical structure within the jet between 

the boundary layer and 250 mb. Further east, there was a weak negative 
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Figure 46: Vertical cross-section from TOS-ELP-MAF-ABI-
FTW-SHV at 0000 GITT 12 May 1970. The chart 
symbols are the same as Figure 39. The 0000 
GKT isentropes are stretched vertically and 
indicate underrunning from belotr the lid edge 
Mixing dovn of westerly momentxim is evident 
in the isotach analysis. 
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v-component (-2 m/s) indicating a zonal tendency within the upper air 

pattern over central Texas as significant convergence was occurring 

between MAF and ABI. Mass was accumulating within the well-mixed layer 

causing a slight ridging as the 316* K isentrope rose 150 mb by 0000 

GMT. Divergence was evident on both sides of MAF and ABI since the 

airmass layer between the 314*-316* K isentropes decreased (increased 

stability) due to loss of mass. A strong positive v-component (25 m/s) 

extended downward to the surface and is superimposed upon the dryline 

boundary. The mixing down of horizontal momentum is clearly shown 

occurring through the well-mixed (313' K) isentropic layer between the 

surface and 650 mb. 

The well-mixed layer extended into the MAF area. The skew 

T-log p analysis (Figure 47) indicates that the layer was 195 mb deep 

with moist advection confined to the lowest 15 mb at the surface. 

The surface u-component within the moist layer was -5 m/s. Aloft, 

the situation indicates that the moisture may be originating from the 

east along the isentropic surface (underrunning). This can be 

assumed since there was a superadiabatic layer of 15 mb yet the no 

significant cloud formations were reported over MAF. The lid base 

was at 670 mb while the LFC=LCL (Lifting Condensation Level) at 690 

mb. Below the lid base there was a superadiabatic lapse rate 

indicated on the sounding. This is an apparent error in the sounding 

data since the lid was weak enough that it wouldn't have been able to 

cap the convection. But, towering cumulus were reported north and 

south as convective activity was beginning to develop. Apparently, 

MAF was in a unique position in the underrunning environment since 
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convection was developing nearby yet the focused convection was north 

near LBB while the southern convection diminished rapidly. 

A jet streak migrating along the lid edge will enhance 

underrunning by inducing a low-level isallobaric component to the 

ageostrophic flow across the lid edge toward the west (Carlson, 

1980). This transverse circulation is intensified by the lower 

static stability on the east side of a dryline (currently between MAF 

and LBB). In fact, the surface synoptic analyses had an isallobaric 

trough present here. The moisture plumes were immediately below the 

depicted lid edge that lies along the weak baroclinic zone above MAF. 

Underrunning at this point near MAF would result in free convection 

on the 316' K isentropic surface. Surface observations at MAF 

reported towering cumulus with thunderstorms southwest and north. It 

may be that the secondary circulations associated with jet core exit 

regions (Uccellini and Johnson, 1979) were imposed upon the area near 

MAF. Apparently, the region over MAF was near the right front 

(enhanced subsidence) while LBB was to the left front (enhanced 

rising). This can result in an increase in low-level potential 

instability through cooling the air adiabatically at middle levels in 

the rising circulation while the lower layers are fast to saturate. 

In summary, the lid edge was apparant in the vertical 

isentropic structure that resembled a weak frontal boundary aloft 

between 700-600 mb over MAF and SJT at 0000 GMT. Thunderstorms did 

develop southwest of MAF (deeper mixing depth) while towering cumulus 

failed to escape from beneath the lid edge and may have been 

suppressed by secondary circulations associated with the jet core 
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overhead. The secondary circulations were apparant in the downward 

sloping (divergence/downward motion) isentropes at 650 mb pver MAF. 

Cross-section #3 is just south of the a stationary front and 

north of the strongest surface moisture advection. The well 

established mixed layer was between 750-550 mb over AMA-LIT at 1200 

GMT (Figure 48). There is a significant difference in the lid edge 

over AMA and that analyzed over MAF. By inspection, the 310* K 

isentrope was at 835 mb over AMA while over MAF it was at 855 mb. 

There was layer ascent of the lid base. In addition, the lid edge 

appears just east of AMA based on the slight height difference, but 

more importantly on the strong isentropic gradient just west of AMA. 

Finally, the lid top was at 500 mb (320' K) over MAF while over AMA 

it was at 560 mb and rapidly ascending to 440 mb over OKC and FTW. 

The LIT soundings for 1200 and 0000 GMT (Figure 49) 

characterize an eastern lid region airmass. It resembles the Miller 

Type I sounding illustrated previously which is known for the rapid 

drying and associated strong static stability. In contrast, the OKC 

soundings (Figure 50) demonstrates the ascending character of the lid 

base (850 mb at OKC and 800 mb at LIT at 1200 GMT) as it advects 

east-northeast from the Mexican Plateau region. During the daytime, 

the lid base ascended isentropically (vertical motion) and was eroded 

from below due to surface heating. In this case, the lid was too 

strong for penetrative thermals to release latent instability 

(convective temperature at OKC, 35' C; LIT, 39' C) despite the observed 

superadiabatic lapse rates beneath the capping lid. 
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Figure 46: Vertical cross-section from INW-
ABQ-AMA-OKC-LIT at 1200 GMT 11 
May 1970. The chart symbols are 
the same as in Figure 39. The 
downirard sloping tendency vest of 
AMA indicates cooling at the lid 
edge. The moist advection jet 
seen on the surface analysis is 
shovn near OKC. 
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The leading edge of the moist air was just east of AMA. There 

was a strong positive v-component of flow between AMA and OKC. The 

nocturnal jet flow (20 m/s) represents a northerly push of moist air 

within the low-level lid baroclinic zone. Just to the west of AMA, 

there was a 10 m/s jet streak embedded within the isentropic zone 

which resembled an inverse frontal band. The strong isentrope 

gradient west of AMA implied differential advection over north Texas 

between 850-700 mb. The wind would be directed into the figure, or 

in the v-component direction. Finally, the strong isentropic 

gradient also indicates divergence within this region increasing the 

static stability. 

By 0000 GMT, the dominant features were the vertical stretching 

of the moisture from 800-530 mb and low static stability near A.MA 

(Figure 51). This was occurring as the dryline progressed westward 

toward AMA and over the LBB area. First, the moisture plumes were 

most likely directly associated with the strong convergence within 

the region. This structure is similar to that observed by McGuire 

(1960) and Fujita (1958). Next, the 316' K isentrope ascended 50 mb 

while the 314° K isentrope ascended approximately 100 mb. This 

implies a slight reduction in the static stability of the lid base 

between AMA-LBB-MAF. As a result, the lid edge had eroded and 

ascended from 800 mb to 620 mb between MAF and AMA. 

From the previous cross-section over MAF-ABI, there was a 

significant downward mixing of momentum apparent in the isentrope 

pattern. It is apparent that maximum mass convergence was occurring 

west of the dryline. This is evident in the expansion between the 
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INW ABO AMA OKC 

Figure 51: Vertical cross-section from INW-
ABQ-AMA-OKC-LIT at 0000 GMT 12 May 
1970. Chart Symbols are the same 
as Figure 39. The lid edge has 
eroded to 600 mb above LBB-AMA due 
to convective mixing and underrun-
ing was occurring. Upglide along 
the 314" K isentrope is indicated. 
The low-level jet is along the high
ly baroclinic dryline boundary. 
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isentropic surfaces (312'-316° K) in the region. In addition, the 

jet structure was well established over the area. The surface 

synoptic result was the dryline bulge north of LBB. However, the jet 

structure over AMA implies that secondary jet core dynamics 

associated with the exit/entry region (Uccellini and Johnson, 1979) 

may have been positioned over the LBB area. This implies added 

support to the vertical motion already existing due to the adiabatic 

mixing. Over AMA, the lid base ascended and eroded within the 

dryline bulge region. In addition, a 15 m/s low level jet core was 

migrating along the drylines. Uccellini and Johnson (1979) linked 

vertical circulations with a coupling of the upper and lower jet 

streaks which could increase potential instability through 

ageostrophic enhancements. There was a surface isallobaric couplet 

analyzed earlier which indicates the area of pressure fall was 

associated with the exit region of the jet streak. 

In summary, the significant features were the erosion of the 

lid edge over AMA due to enhanced convergence isentropically and 

through secondary circulations. The LBB region was just south and 

was experiencing a return of the dryline from the south-southeast in 

a trajectory favorable to allow underrunning of the latent 

instability. 

Cross-section #4 is the first north-south cross-section analysis 

(Figure 52). The jet flow will be in u-components to depict flow 

normal to the section. This section parallels the western boundary of 

the lid and intersects a small portion of the moist tropical airmass. 



135 

Figure 52: Vertical cross-section from LBF-DDC-
AMA-MAF-DRT at 1200 GMT 11 May 1970. 
The chart symbols are the same as in 
Figure 39. A stationary front is near 
LBF and DDC. There is an apparent 
vave along the western edge of the lid 
near AMA-MAF. 



136 

At 1200 GMT, a radiation inversion was over the entire northern 

portion of the region. Also, the low level isentrope gradient 

depicts a frontal boundary between LBF-DDC. In addition, it appears 

that two vertical "notches" were in the lateral (perpendicular to 

the section plane) boundary. The first was over AMA and represents a 

warm pocket in the plume just south of the cool contiental airmass. 

The other second notch was located between MAF and DRT. The previous 

section had a strong baroclinic zones west of AMA and MAF. 

Therefore, the cool pocket over MAF could represent instability over 

the lateral boundary. The ELP sounding had the 316' K isentrope at 

approximately 600 mb which corresponds to the location depicted at MAF. 

The DDC (Figure 53) and AMA (Figure 54) soundings are similiar 

in isentropic character except that the DDC sounding was more 

representative of the desert southwest (314' K well-mixed layer). A 

veering wind existed at all heights over DDC while AMA had a hint of 

backing at 700-550 mb. AMA was just north of the dryline bulge. 

Moist advection over AMA during the day would produce a highly 

unstable situation since it would lower the LCL from 4 km to 2.5 km. 

A 1.5 km difference in the LCL creates a significant change in the 

latent instability of the airmass. Meanwhile, the MAF and DRT 

soundings (Figure 55) represent the moist air which was capped by the 

lid. MAF was highly unstable but lacks the surface moisture source 

to trigger showers. The MAF 0000 GMT sounding had only a weak lid 

remaining. This region needed only a 2' C temperature change at 700 

mb to realize a positive buoyant area of 365 "p-T" skew T-log p 

boxes. But, thermal mixing must deplete 52 negative boxes to 
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overcome the lid base which was below the LFC (LFC=LCL=670 mb and EL 

(Equilibrum Level)=195 mb). Towering cumulus were reported but 

dissipated rapidly at sunset indicating the onset of warmer 

temperatures aloft at the lid base. DRT was effectively capped by 

the Mexican Plume. In fact, the lid base remained at 800 mb while 

the moist layer mixed uniformly due to the insolation available 

thereby increased the mean wet bulb potential temperature. The 

significant difference appears to be the advection of moisture 

between MAF and LBB. 

The low-level jet at 0000 GMT (Figure 56) was -5 m/s within the 

moist air between MAF and DRT. However, the easterly low-level jet 

increased to -15 m/s near LBB. This local maximum was located on the 

edge of the dryline along the strong isentropic gradient. The MAF 

sounding combined with the cross-section indicates that the moisture 

plume was stretched vertically at the dryline boundary. But, the 

low-level jet near the boundary was directed perpendicular to the 

314' K isentrope. The thermal wind actually reverses direction before 

being directed into the section between 850-700 mb. This orientation 

leaves the cross-isotherm component of the wind directed north to 

promote underrunning. Again, the vertical mixing of momentum was 

evident over and between AMA and LBB. 

The upper-air support mentioned in cross-section 3 appears 

here with u-component. The upper-air jet, 40 m/s, was overhead MAF 

with a band of 10 m/s winds reaching to the surface. Upper and lower 

jet coupling was aligned as described by Uccellini and Johnson 

(1979). 
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300 

Figure 56: Vertical cross-section from LBF-DDC-
AMA-MAF-DRT at 0000 GMT 12 May 1970. 
The chart symbols are the same as 
Figure 39. The vertical stretching 
of the isentropes is obvious by 0000 
GMT. There was a -12 to -15 m/s low-
level jet just south of LBB within the 
moisture bulge. The lid edge indicated 
by the scalloped line, ascended from 
800 mb to 660 mb at 0000 GMT. 



142 

The vertical depth of the isentropes that define the plume show 

up better on the 0000 GMT section. . Plume depth reaches from the 

surface to 550 mb (lid top). Meanwhile, the moisture field slopes 

upward from 740 mb over DRT to 660 mb over LBB. This could be caused 

by the enhanced vertical motion associated with the natural 

convergence along the dryline, adiabatic surfaces, and secondary jet 

streak circulations. The mass convergence increased between the 

312'-316* K isentropes while stretching them vertically and eroding 

the lid base. The 0000 GMT cross-section was used to construct a 

representative sounding for LBB (Figure 57) since the moisture 

advection and adiabatic nature over this region was of interest. 

The diabatic nature of the lapse rate indicates absolute instability. 

Moisture within the dryline gradient ranged from 10-12 g/kg just 

south of LBB. The equilibrium level was approximately 180 mb (13 

km). Thunderstorms were active just south of LBB at 0000 GMT. By 

0015 GMT, the AMA WSO reported a thunderstorm top over LBB at 12 km 

(39000 ft). 

Cross-section #5 was approximately 350 km east of the western 

lid boundary. The frontal boundary was approaching OMA as indicated 

by the isentropic analysis (Figure 58). At TOP, evening 

thunderstorms did occur and are apparent in the analysis. Diabatic 

cooling due to the showers increased stability near TOP between 950 

mb and the surface. This cross-section closely resembles that 

identified by Goldman (1981) as characteristic of an underrunning 

situation. 
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Figure 58: Vert ica l c r o s s - s e c t i o n from OMA-TOP-OKC-FTW-
VCT at 1200 GMT 11 May 1970. The chart sym
bols are the same as Figure 39. The l id edge 
was south of TOP and tmderrunning was occur
ring at 1200 GMT along the 312' K isentrope. 
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At 1200 GMT, the Mexican Plume reached as far north as TOP with 

the lid base at 800 mb (diabatic effects), sloping to 858 mb over 

Oklahoma and then reaching back to 730 mb over VCT. But, the lid top 

varies from 450 mb at VCT to 550 mb over OKC and back to 530 mb at 

TOP. The unusual lid top was due to a cold pocket (short wave) 

between OKC and FTW. 

The deep isentropic layer over TOP was masked by the 

thunderstorm. But, the lid base and northern boundary appear eroded 

just south of TOP. The moisture plume associated with the 

thunderstorm supports possible underrunning over head TOP based on 

isentropic upglide. 

Baroclinic support existed for a strong jet to be sustained 

over the northern region. The broad scale flow was directed more to 

the north-northeast until the isentropic surfaces tighten up over the 

frontal zone near OMA and TOP. The jet increased to over 15 m/s at 

800 mb and above 450 mb. 

The 0000 GMT analysis (Figure 59) was vastly different in 

isentropic character especially in the northern region. The weak 

short wave between OKC and FTW had a weak (10 m/s) jet core 

associated with it, but no storm activity developed. The FTW 

sounding (Figure 60) at 0000 GMT was still capped, but the lid base 

ascended from 850 mb to 790 mb over the 12 hour period. The 

significant point is that the 314* K isentrope remained stationary 

(no convergence below) while significant isentropic divergence 

occurred over FTW. There was weak isentropic convergence over VCT. 

Meanwhile, A weak plume appeared over OMA with a lid base near 750 mb 
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Figure 59: Vert ical cross - sec t ion from OMA-TOP-
OKC-FTW-VCT at 0000 GMT 12 May 1972. 
The l id edge i s indicated by the 
scalloped edge. Underrunning occurred 
west of TOP. 
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(Figure 61), but it was very weak at 0000 GMT. The stationary front 

moved north of OMA during the day. A weak jet streak was over TOP at 

700 mb and reached upward to combined with a jet core of 22 m/s. The 

cold air advection in the upper levels associated with the frontal 

boundary destabilized the region near TOP. In fact, the storm that 

occurred over SLN was tornadic and appeared similar in underrunning 

characteristics except that a frontal boundary influenced and aided 

in differential advection over Kansas. The front was located 

immediately below the polar jet core while the leading edge of the 

jet core analyzed over the AMA-LBB-MAF area just appears over 

OKC-FTW. 

Isentropic Analyses 

An isentropic and relative streamline analysis was used to 

locate the source region of the capping inversion or lid that 

occurred on 11 May 1970. In addition, isentropic analyses can help 

estimate vertical motion and thermal advection. First, the vertical 

motion can be estimated using the change of pressure over time. The 

second diagnostic method is to estimate the advection of pressure on 

the isentropic surface. Air flowing from high to low pressure 

represents upward vertical motion while air flowing from low to high 

pressure indicates downward vertical motion. Finally, an isobar on 

an isentropic surface is also an isotherm, this is equivalent to 

thermal advection. 

Goldman (1981) used isentropic analyses to verify the Mexican 

Plateau as a source region of high potential temperature airmasses 
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(e> 40* C). Lanicci (1984) added that the soil moisture in 

conjunction with insolation determines the maximum potential 

temperature possible. In this case, the intense solar radiation 

incident on the dry Mexican Plateau during the late spring and early 

summer produced a plume of air generally near 311'-316' K (38'-

42' C). Meanwhile, the moist air trapped below was generally 30r-309' 

K (28'-36' C ). 

The 310' K analysis at 1200 and 0000 GMT indicated significant 

underrunning of moisture into west Texas near MAF-LBB (Figure 62[a-b]). 

This isentropic surface originated at the surface over a small 

portion of New Mexico and the higher plateau to the south at 1200 GMT. 

However, by 0000 GMT isolation quickly eroded it up to the moist 

airmass. The relative streamlines depict flow along the 310° K 

surface within the moist air which has a westward trajectory by 0000 

GMT below the lid base. In fact, the lid base and extreme lateral 

boundary was at 700 mb at MAF. In addition, the region near SLN had 

vertical motion (100 mb between SLN and TOP) indicated through 

pressure gradient analysis. The surface winds were south-southeast 

at 10 m/s and veered rapidly to the southwest streamline trajectory 

indicated on the analysis. A tornadic thunderstorm was occurring at 

this time over SLN. 

An examination of Figures 63(a-b) reveals that at 1200 GMT on 11 

May, the lid source region (313' K isentrope) was near CUU. At 1200 

GMT, a strong radiation inversion existed over the area because of 

the extreme dry conditions that enhance strong evening cooling over 

the plateau. In effect, the inversion "turned off" the ventilating 
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Figure 62: Isentropic analysis for 1200-0000 GMT on 11-12 May 1970 
(a) 1200 GMT 310« K analysis and (b) 0000 GMT SIO" K 
analysis. The advective tendency of the moist layer 
is evident on the 0000 GMT chart by the streamlines 
(single shafted arrows). The dashed lines are the pres 
sure contours while wind barbs are m/s. 
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Figure 63: Isentropic analysis for 1200-0000 
on 11-12 May 1970 are (a) 1200 GMT 
313* K analysis and (b) 0000 GMT 
313» K. The chart symbols are the 
same as Figure 62. The airmass 
ascends as the streamlines cross 
the pressure contours. The most 
rapid ascent is occurring over Kan
sas. This chart must be combined 
with Figure 62 to detect underrun
ning. 
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effect of the 850 to 700 mb southwesterly winds. The strong gradient 

to the west was due to the radiational cooling within the dry air 

(1200 GMT) and resembled an isentropic frontal boundary. The general 

flow patterns, isentropic slope, and possible source region are well 

depicted in the figures. For example, the low potential temperature 

region (<310' K) was at the surface from the extreme southwestern 

desert region and along the eastern or leeward side of the Mexican 

Plateau.. The lack of a pressure gradient on the isentropic surface 

indicates a broad region of uniform potential temperature sloping 

gradually northeastward as the terrain elevation becomes uniform and 

slightly above sea level in the Mississippi Valley. Next, the 

analysis had two obvious east-west axes on the isentropic surface. 

One reaches from DRT-SHV while another exists from AMA-OKC. It is 

evident that a duirnal cycle of varying lid base temperature could 

result from the diurnal cooling and subsequent advection. This could 

explain the wave like variations over central Texas and Oklahoma in 

the isentropic surface height. The moist tropical airmass was 

confined to the levels below 310' K. Also, the relative streamlines 

indicated no westward advection of the moist air near MAF at 1200 

GMT. Finally, a weak pressure ridge in the flow over the Rio Grande 

Valley reached to near MAF from BRO. This weak vertical motion could 

account for the rain shower activity near DRT and SAT. 

The 313' K analyses closely approximate the lid base. The 

streamlines portray the relative flow pattern of the lid over the 

isentropic surfaces. There was a well defined cross-gradient flow up 

the pressure surfaces over the entire region at 1200 GMT (313* K). 
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However, the west Texas and eastern New Mexico areas had indications 

of stabilization (down gradient flow). Meanwhile, there was gradual 

lifting of the 313* K isentrope particularly over central Texas, 

Oklahoma, central Kansas, and eastern Nebraska. The significance was 

that the lid base (313' K isentropic surface) was ascending over the 

eastern reaches of the region allowing penetrative thermals or 

possible nocturnal thunderstorms to develop during the early morning. 

This could also be the reason for the rain shower activity over 

central Texas and northern Kansas during the evening. 

At 0000 GMT, the surface dryline over west Texas and the 

associated convergent zone are well depicted on the 313' K analysis. 

This area was where the boundary layer air or lid actually decoupled 

and ascended over the moist airmass. The tongue-shaped baroclinic 

zone which surrounds the elevated mixed layer roughly marks the 

lateral boundary of the lid. The boundary in southwestern Nebraska 

near LBF was the surface front and should not be confused as the lid 

zone. It is important to note the gradient of pressure along the 

isentropic surface which indicates the elevating tendency of the lid 

base. The area where the lid was ascending is where the latently 

unstable air below was mixing vertically and eroding the lid base and 

decreasing its stabilizing influence. A strong gradient of pressure 

existed and illustrates the ascending tendency as an airmass advects 

northeastward. The flow was along the dryline over west Texas, but 

near SLN were apparent from the surface to 750 mb within 160 km at 

0000 GMT. Next, we can see the downward mixing of high potential 

temperature air (313'-315* K) over west Texas which accounts for the 
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rapid warming at the surface during the day. Meanwhile, the rising 

tendency over the moist region was obviously generating a rapid 

veering of the wind with height within the baroclinic zone depicted 

along the dryline. Since this isentrope closely approximates the 

ascending edge (lid edge) of the dryline, the winds rapidly back 

between REE-LBB and AMA-PVW indicating the dryline and possible 

underrunning. The region over SLN had a strong vertical motion 

pattern with northwestward moisture advection just below this 

isentropic surface. The pressure gradient north of DDC represents 

the frontal boundary analyzed earlier on the surface synoptic charts. 

The lid source region on the 316' K (Figure 64[a-b]) and 318' K 

(Figure 65[a-b]) isentropic analyses becomes more evident. The dry, 

high potential temperature air source region is clearly evident as the 

Mexican Plateau. In fact, this region had surface air parcels 

measuring near 320' K. Both isentropic surfaces ascended from the 

plateau region and advected north-northeastward. The pressure gradient 

was weak on both isentropic surfaces indicating the well-mixed nature 

of the airmass. Meanwhile, the desert southwest of the United States 

was the source region for air parcels primarily between 313' K and 315' 

K. 

The lid core (316' K) was strengthening over DRT-ABI-DDC while 

eroding along the southeastern New Mexico border near HOB and ELP. 

At ELP, the 316* K isentrope was at 600 mb at 1200 GMT, but now was 

at 550 mb over the region. The result can be interpreted as the 

advection of a destabilization pattern, as indicated by the 

streamlines as they cross the isentropic gradient between ELP and 
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Figure 64: Isentropic analysis for 1200-0000 GMT on 
11-12 May 1970 are (a) 1200 GMT 316'' K 
analysis and (b) 0000 GMT 316« K analy
sis. Chart symbols are the same as 
Figure 62. The Mexican Plateau is the 
source region of the mean plume tempera
ture. 
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Figure 65: 
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'"']' " : U d b) 00 ; G S 3180 K analysis, 
analysis and *̂»' "" „ Figure 62. 
Chart symbols *«-«/̂ ^̂  '^^ plume is weak. 
Vertical motion vithin the pium 
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AMA. .Meanwhile, the region south of ELP-MAF may strengthen as the 

316' K isentrope lowers to 600 mb. Therefore, the 316° K surface was 

ascending from 600 mb over MAF-AMA to near 500 mb at 0000 GMT. Also, 

the dryline was beginning its diurnal westward push over the area as 

analyses on the 310* K chart. The moist boundary (310* K) was 

located over LBB and MAF with the rapid veering tendencies and 

advecting toward the ascending 316* K isentrope. Meanwhile, the 

region near MAF and DRT is less likely to experience the instability 

of the isentropic surface based upon trajectory (subsidence) of the 

316* K surface between MAF (600-650 mb), ABI (595-700 mb), and FTW 

(570-630 mb). 

Radar Analyses 

Weather radar is the primary severe storm interrogation tool 

used by meteorologists. Recent application of conventional radar 

(precipitation drop detection) and doppler radar (contrary air motion 

detection) have led to enhanced interest in radar meteorology. 

However, the radar network in existence during the Lubbock tornado 

outbreak contained only conventional radars located at MAF, LBB, REE, 

and AMA. Unfortunately, the only archived data was photography of 

the AMA WSR-57 radar scope display, NWS hourly facsimile suimnaries 

and limited teletype radar reports received at the LBB WSO. 

The AMA radar was located approximately 174 km north of LBB. 

It was a 10 cm wavelength radar which is generally accepted as best 

for meteorological applications. The REE, LBB, and MAF radars were 5 

cm wavelength local use systems. They provided information for 
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short-period forecasts (6-hour) and for warnings in the immediate 

surrounding area. Their limited use was because there is excessive 

reduction in beam strength (attenuation) that occurs over distance 

when transversing heavy precipitation. In fact, a heavy 

precipitation cell can reduce the beam causing a yet stronger cell 

directly behind not to be detected by the radar. However, a 10 cm 

radar beam over large distances (300 km) will reveal the larger 

precipitation particles with relatively small attenuations, but only 

"precipitation" size drops are detected while cloud droplets go 

undetected by the radar. Therefore, the storm echo or reflection 

recorded on the AMA photographs and analyzed in the study are not 

representative of the actual cloud form, but rather the precipitation 

core of the storm cell and in some cases the anvil precipitation. 

The radar events occurring on 11 May 1970 had several radar 

signatures termed "hook echoes" (Lemon, 1977). They will not be visible 

since both Browning (1964) and Fujita (1965) have reported that based 

upon radar beam geometry and propagation through the atmosphere the radar 

must be located within 80 km of the tornado vortex. Also, the beam 

elevation angle must be approximately 0.5' for useful detection. Based 

upon the beam height equation, the AMA radar beam height over LBB was 

about 3.9 km above ground level. Therefore, the analyzed photographs only 

outline the large precipitation shield over LBB plus revealing 

precipitation "wrap-around" (Lemon, 1977) radar signatures. These 

features are valuable and can be related to a tornado vortex region when 

applied through techniques outlined by Lemon (1977) and Lemon and 

Doswell (1979). 
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Figure 66 is a time composite of the radar scope pictures 

starting with the appearance of the first detectable cells at 2300 

GMT until 0200 GMT. Two distinct areas evolved and maintained their 

identities; this establishes the focused convection characteristic of 

an underrunning situation. Meanwhile, the surface synoptic patterns 

are combined with the radar depiction from 0000-0500 GMT to document 

the capping inversion's restaining effect on outflow boundary 

initiated convection. 

The first detectable echoes were recorded at 2300 GMT near Palo 

Duro Canyon which is located 40 km south-southeast of AMA. This 

region was within the left front exit region of the jet streak found 

in the cross-section analyses. TJie area organized by 2325 GMT and 

new cell development occurred along the geographical rim of the 

northern Caprock region and the southern Palo Duro Canyon. In 

addition, one isolated cell developed to the south near Tahoka, 

Texas, which is southeast of LBB and about 20 km west of the southern 

Caprock region. The surface synoptic analysis for this time revealed 

an isallobaric trough plus the approach of the dryline which was the 

leading edge of the cell development in this case. 

By 0000 GMT, two dominant, focussed convective areas emerged 

while the majority of scattered cells within the boxed area in Figure 

66 dissipated. The northern cells were separated from the enhanced 

isallobaric convergent zone near LBB. Both areas moved approximately 

due north 40-50 km over the next two hours and then remained 

stationary. The storm over LBB displayed the most dramatic and 

explosive expansion of the mid-level (4 km) reflectivity area. At 
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Figure 66: Radar composite for 11-12 May 1970. Numeric sequence 
la 2300 GMT. 2= 2325 GKT, 3= 0000 GMT, 4= 0100 GKI. 
5s 0200 GMT. The boxed region dissipated after 0045 
GMT and remained virtually clear of convective acti
vity. The scalloped lines outline precipitation 
size droplets not cloud forms. Cells labeled 114 dis
played no change between 0100-0300 GMT. 
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0045 GMT, a hook echo was reported by the LBB WSO and an associated 

funnel cloud was sighted by an off-duty policeman. The LBB radar 

detected the hook echo at 153' and 11.2 km from the LBB airport. 

That location also corresponded to the location reported by AMA of a 

maximum storm echo top of 14 km that increased by 2.1 km in 45 

minutes between 0000 GMT and 0100 GMT. The apparent vortex area for 

the funnel was evident on the 0015 and 0100 GMT maps (Figures 67 and 

68) because a precipitation wrap-around signature was visible. 

Within the next hour, the LBB WSO reported two additional hook echoes 

while one funnel cloud was verified in the suspected echo area (8 km 

south of the LBB airport near Buffalo Lake road). 

However, the next map sequence in Figures 69 and 70 (0115-0200 

GMT) showed the beginning of a new cell southwest of LBB while the 

cell that produced the funnel cloud begins to rotate northeastward. 

The reported radar echo top changed from 12.4 km over southwest LBB 

to 15.5 km while the original cell southeast of LBB grew to 15.8 km 

in height from 14 km. The flanking line leading into the second cell 

located over southwest LBB was well defined from 0100 GMT through 

0300 GMT. The original cell does not display a well defined flanking 

line. In addition, hail showers ranging from 2.54 cm to 11.4 cm 

(golfball to grapefruit) in size started at 0105 GMT 4.8 km south of 

the LBB city limits to the LBB WSO where the hail started at 0111 GMT 

and did not end until 0210 GMT. The LBB radar indicated the first 

hook echo over the southwest portion of LBB at 0235 GMT (Figure 71). 

The AMA radar was too far away to detect a hook echo and the 

referenced precipitation wrap-around pattern evident with the funnel 
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Figure 67: Composite radar and synoptic analyses. Analyses are 
altimeter, isodrosotherm, and wind (m/s) at 0015 GMT 
12 May 1970. The synoptic symbols used are consistent 
with those used previously on the surface synoptic charts 
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Figure 68 Composite radar analysis for 0100 GMT. LBB radar reported 
a hook echo at 153** and 11.2 from the airport. 
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Figure 69 Radar and synoptic analyses for 0115 GMT 12 May 1970. A 
funnel cloud was reported at 175<> and 11.2 km at 0115 GMT 
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Figure 70 Composite radar and synoptic analyses. Analyses are 
altimeter, isodrosotherm and wind (m/s) for 0200 GMT 
12 May 1970. The two storm cells maintained maximum 
tops of 15.5 km (51,000 ft). 
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Figure 71 Mesoscale outflow boundaries and radar echo cells 
at 0242 GMT 12 May 1970. The shaded region was of 
lower reflectivity, possibly anvil precipitation. 
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reports is not displayed in Figures 72-74. However, the storm was in 

the mature stage with large hail and heavy rain (> 5 cm at LBB V7S0); 

therefore, the precipitation wrap-around was possibly complete. Also, 

the AMA WSO changed the radar scan range to 300 km at this time until 

0330 GMT further reducing the reflectivity resolution. 

Two other radar reflectivity features were found in the radar 

photography; namely, a distinct radar fine-line that progresses 

northwestward toward AMA and tube-shaped echoes located in the storm 

cell anvils. First, the radar fine-line which appeared along the 

zone of strong isodrosotherm gradient was clearly visible and tracked 

steadily northwestward toward AMA at the same apparent rate as the 

retrogressing dryline. It also corresponds with a line of smaller 

towering cumulus reported by the AMA WFO observer. Second, the radar 

film sequence displayed a reflectivity pattern downwind from the two 

primary storm cores located over LBB and southeast of AMA. This 

pattern was a lower hazy reflectivity located in the anvil regions of 

the two storms. The elongated, downwind tubular precipitation areas 

are most likely anvil precipitation areas. They are marked in the 

figures by a smaller dashed line filled in with hatching. 

Finally, it was not until 0400-0500 GMT (Figures 75 and 76) 

that the two convective areas with their large anvil precipitation 

areas begin to move northeastward. Both areas were stationary 

between 0000-0300 GMT. This indicates that a focused underrunning of 

the moist unstable air from under the lid occurred from the 

south-southeast due to differential advection plus isallobaric 

forcing in the vicinity of the "lid" edge. The convective area over 
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Figure 72: Radar and mesoscale analysis for 0247 GMT 12 May 
1970. LBB WSO had reports of a tornado 11.2 km 
south of the airport. 
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Figure 73: Radar and synoptic analyses with altimeter and meso
scale outflow boundaries for 0235 GMT 12 May 1970. 
LBB reported winds 150* at 70 m/s gusting to 90 m/s 
The storm cell overhead rose to 16.6 km while the 
cell east of LBB remained at 15.5 km. 
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Figure 74 Composite radar, mesoscale, and synoptic scale 
analyses for 0300 GMT 12 May 1970. Storm cell 
maximum tops remained unchanged from 0236 GMT 
and the tornado cyclone was over the LBB WSO. 
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Figure 75 Composite radar and synoptic analyses. Analyses are 
Altimeter, mesoscale boundaries, and wind (m/s) for 
0400 GMT 12 May 1970. 
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Figure 76: Radar and synoptic composite for 0500 GMT 12 May 
1970. The storm system maximum top is 16.5 km 
and continues to move northeast with sole access 
to the deep moisture east of the dryline. 
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LBB was in the west-northwestward bulging zone of the dryline 

(southwest quadrant) which would not be anticipated under Moller's 

(1979) guidelines. 

Hodograph Analyses 

Up to this point, the primary emphasis has been the 

thermodymamics which strongly influence the vertical accelerations in 

a convective storm. The following hodograph applications will 

identify and compare the observed wind shear to research by'Maddox 

(1976), Weisman and Klemp (1982)., and Chisholm and Renick (1972). 

Earlier research suggested shear is detrimental to convection, but 

there are large convective elements that display enhancement in the 

presence of shear. 

Maddox (1976) developed a mean proximity hodograph for 62 cases 

of severe (tornadic) thunderstorms under southwesterly flow aloft 

(Figure 77). However, the study does not catagorize the tornadic 

supercells associated with dryline storm events from supercells 

formed under other synoptic conditions. He does note there is a wide 

range of shear conditions under which tornadoes occur in essentially 

similiar airmasses. 

In fact, the Maddox study and model results concentrated on 

varied shear profiles of short-lived cells, multicell, and long-lived 

supercell storms (Figure 78). Weisman and Klemp (1982) did identify 

two physical mechanisms noted to occur in the severe storm 

environment, but they did not mention or identify the unique synoptic 

dynamics associated with the dryline horizontal and vertical shear 



175 

360' 

850 700 500 300 

200 

-r+. 
90' 

10 20 30 40 

Figure 77: Mean hodograph for tornado outbreak (Maddox, 1976) 
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Figure 78: Mean tornadic supercell hodograph (Chisholm and 
Renick, 1972). 



177 

environment. They concluded that hodographs having a veering 

subcloud wind field within the lowest six kilometers seem most 

successful for model supercell thunderstorms. This research also 

concentrated on convective cells that are fast moving with strong 

storm relative wind patterns. But, in this case, the Lubbock tornado 

developed essentially upon a stationary point and slowly moved 

north-northeast. 

The wind profiles are examined for advective trends and shear 

between pressure levels. The actual wind can be seen by connecting 

the desired pressure levels to the hodograph origin. The shear 

vectors connect the wind vectors between two levels and are parallel 

to the isotherms of mean temperature of the layer (cold air to the 

left). Also, the shear vector when translated to the origin has 

direction and magnitude. Here, the dryline region shear is 

characterized by relatively strong vertical shear below the lid base. 

The first hodograph (Figure 79[a-b]) examined is for CUU since 

this region represents the source of the well-mixed layer as 

established by the isentropic analysis reviewed earlier. The observed 

wind were very light (< 10 m/s) up through 450 mb in both the 1200 and 

0000 GMT plots. However, the west-southwesterly advection tendency is 

obvious with little shear between pressure levels. In fact, the 

average shear magnitude was less than 5 m/s throughout all levels. By 

0000 GMT, the airmass mixed to a dry adiabatic lapse rate which is 

reflected in the reduction of vertical shear magnitude. Also, the 

advection of the high potential temperature airmass originating over 

CUU strengthened noticeably from the south-southwesterly direction in 
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Figure 79: Hodograph for CUU which lies 
mixed layer source region at 
May 1970 and (b) 0000 12 May 

within the well-
(a) 1200 GMT 11 
1970. 
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the surface to 700 mb layer. More importantly, the winds from 800-600 

mb back. Therefore, the thermal wind (e.g., thermal gradient) 

indicates warm air to the northeast. This supports the advective 

trends depicted on the isentropic analyses. 

The next dry sector hodograph (Figure 80[a-b]) is for the ELP 

region. The 1200 GMT graph indicates flow backing with height from the 

surface to 600 mb. This indicates cold-air advection on the surface 

with warmer air advecting from the southwest (750-600 mb) consisting of 

the high potential temperature airmass originating near CUU. However, 

the winds veered with height between 600 mb and 450 mb, indicating only 

weak warm-air advection of the well-mixed, high potential temperature 

(318' K) airmass from the southwest. Meanwhile, cold air advection of 

the continental airmass was occurring aloft. This would indicate 

destabilization west of the dryline since 318' K air was replacing 321° 

K air. The tendency is considered weak since the direction veers only 

35' with an average shear vector of less than 5 m/s between pressure 

surfaces over a 2.3 km layer. There was a separation of the boundary 

layer winds during the evening that allowed the surface/boundary layer 

backing wind situation to develop. By 0000 GMT, the winds are neutral 

in terms of a backing or veering trend. But, the trend is toward 

cold-air advection within.the layer at 500-400 mb. This was a 

significant trend since it possibly could indicate a weak short wave 

within the height field along the lateral boundary of the lid. Also, 

it reflects an increase in the positive buoyancy area analyzed on a 

local area skew T-log p diagram. 
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Figure 80 A northern dry sector hodograph at ELP for (a) 
1200 GMT 11 May 1970 and (b) 0000 GMT 12 May 
1970. Shear between layers within the dry 
region is weak. 
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AMA is the third dry sector sounding hodograph (Figure 81[a-b]) 

examined in the region near LBB. At 1200 GMT, the layer from the 

surface through 800 mb had a veering character which leads to 

warm-air advection since the dryline was just west of the station. 

However, the winds quickly back from 800-650 mb indicating a layer of 

possible cold advection over the layer just above the capping 

inversion identified in the vertical cross-sections. This is a prime 

ingredient in the erosion of the lid as described by Carlson and 

Ludlam (1968). This feature also affects the lid strength 

calculations over the area by creating an unusual trough in the 

mid-levels (or weakening of the lid between AMA and GAG). The cool 

air advection indicated by the thermal wind originates from the dry 

air zone west of the dryline. This was clearly depicted on the 

cross-sectional analyses. However, the wind did continue to veer 

from 650-500 mb showing the advective trend of the well-mixed layer 

toward the northeast over the high latent instability region east of 

AMA. There was also an indication that the slight cold advection 

tendency noted at ELP was starting to affect the layer above AMA at 

550-450 mb. 

By 0000 GMT, the vertical wind structure closely resembles the 

ELP hodograph, but with a stronger southwest component of advection. 

Downward mixing of momentum over this region was indicated in the 

large boundary layer wind speeds between the surface and 800 mb. The 

subcloud shear vectors west of the dryline were approximately twice 

the magnitude of the layer between 750-500 mb (7 m/s versus 4 m/s). 

This relates directly to the thermal gradient within the layers. 
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Figure 81 Hodograph analyses for 1200 and 0000 GMT 11-12 May 1970: 
(a) AMA 1200 GMT (b) AMA 0000 GMT. The 0000 GMT graph is 
within the dryline bulge zone where the surface component 
is strong with weakening shear above 750 mb. 
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Directional shear was virtually nonexistent near AMA by 0000 GMT. 

The weak cold-air advection trend noted between 700-650 mb and 

550-500 mb over ELP and AMA earlier is still there. But, it was very 

weak possibly due to the large vertical mixing tendency characterized 

within dry airmasses and evident in the vertical cross-section 

analyses. 

MAF is the first station on the western border of the moist air 

region (Figure 82). In fact, the dryline moved westward through MAF 

at 1200 GMT. The surface wind (160') was within the moist sector, 

but veered sharply to 220 degrees by 850 mb and continued to veer 

through 500 mb. The shear vector magnitude between the surface and 

850 mb was 9 m/s. The moist air was effectively capped by the 

well-mixed layer. The advection tendency was from the southwest and 

indicated by the southwest tendency within the layer from 850-500 mb. 

The moist layer was apparently very shallow (<30 mb) since the 

station pressure was near 880 mb. 

By 0000 GMT, the dryline was again located west of MAF after 

moving 100 km (near STJ) during the day. This was due to erosion and 

vertical mixing of the shallow layer indicated on the 1200 GMT 

cross-section and hodograph. The winds veered from 140* to 230' 

through the layer graphed. The warm air, cross-isotherm advection 

component was near 10 m/s toward the north-northeast throughout the 

850-650 mb layer. The shear vector magnitude was near 10 m/s within 

a 30-40 mb layer near the surface while directional shear dominates 

the hodograph character. In fact, the directional shear will become 

important in analyzing the storm relative winds between MAF and LBB. 
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Figure 82: A dryline region hodograph is represented by the MAF 
1200 and 0000 graphs. The low-level shear is strong 
and rapidly decreases within the well-mixed layer. 



185 

In comparison with the model supercell tornadic hodograph mentioned 

above, the MAF 0000 GMT graph lacks a strong 600-500 mb wind field 

and has an unusually strong surface vector. There were towering 

cumulus and several thunderstorm cells reported in this region at 

0000 GMT; however, the activity near MAF quickly dissipated by 

sunset. This can be attributed to the fact that the backing trend 

evident at 650-550 mb was only 12'. The cool pocket located near ELP 

apparently was advecting more toward AMA. 

The only difference in the hodograph over MAF and over AMA is 

the backing character at 500-400 mb over AMA. Also, the 700 mb shear 

vector over LBB and AMA, as analyzed, was perpendicular to the 

dryline north of LBB. This would compliment a higher storm relative 

component of shear within the subcloud layer as noted by Weisman and 

Klemp (1982). 

ABI at 1200 GMT was well within the moist airmass (Figure 83). 

The data for this sounding was missing above 700 mb, but the 

character is similar to the MAF hodograph. Specifically, the 

strength of the low-level flow pattern decreased in strength aloft 

within the well-mixed layer. Meanwhile, the lid appears to be 

located at 870 mb over ABI. The advection pattern (cross-isotherm 

component) at this level was weak at 5 m/s from the east. 

By 0000 GMT, the general wind speeds below 850 mb doubled 

(beneath the lid inversion) while shifting from a general 200' 

direction to a mean 175' direction . More importantly, the 

cross-isotherm advection component was from 140' toward the dryline 

bulge currently building northward toward LBB. Meanwhile, the winds 
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Figure 83: A moist sector hodograph near ABI at 
1200 and 000 GKT 11-12 May 1970. The 
low-level shear isn't as strong within 
the boundary layer. 
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above 850 mb shifted slightly more to the south from 210° to 195' 

meaning weak warm air advection from the CUU region of the Mexican 

Plateau. Also, the directional shear was large while the thermal 

wind with height decreased within the well-mixed layer. Therefore, 

the veering wind tendency over ABI indicates a strengthening of the 

lid in this area tending to cap vertical development. 

The DRT hodographs for 1200 and 0000 GMT resemble the 

characteristics of the ABI summary (Figure 84[a-b]). There was strong 

low-level advection of the moisture from the Gulf of Mexico with 

weakening upper level winds that veer in character. It should be 

noted that the winds decrease rapidly in speed above the baroclinic 

zone of the lid region while they maintain an 8-10 m/s tendency below 

the lid. There was an odd backing of the winds from 700-550 mb at 

0000 GMT. This started as a weak trend at 1200 GMT and increased by 

0000 GMT. The cross-section analysis supports the backing since the 

isentropes to the west slope downward between DRT and MAF. 

The FTW 1200 GMT hodograph (Figure 85) was well within the 

moist sector. The lid base was at 885 mb where the winds veer to 

202' with a top speed along the baroclinic zone of 24 m/s. This 

low-level jet was the northern extension of the jet streak associated 

with the moist axis. The thermal wind components within the moist 

layer were at a maximum at 1200 GMT compared to the other observed 

stations. The 18 m/s magnitude reflects the large thermal gradient 

and implies the thickness decreases (isentropes slope downward) to 

the west. 
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Figure 84: Hodograph analysis for DRT at (a) 1200 GMT and 
(b) 0000 GMT 11-12 May 1970. DRT is well east 
of the dryline where the boundary layer shear 
is weak at 1200 GMT and increases with daytime 
isolation beneath the lid base (750 mb). 
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Figure 85: Hodograph for FTW at 1200 and 0000 
GMT 11-12 May 1970. The 1200 GMT 
graph depicts the moist low-level 
advection jet. 
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By 0000 GMT, the winds were uniform in speed from the surface 

through 450 mb. Again, the peak wind speed was near the lid boundary 

which rose about 85 mb over the past 12 hours. The only significant 

change from the 1200 GMT hodograph was a strong (12 m/s) southeast 

cross-isotherm advection component throughout the layer from 900 to 

850 mb. In addition, the well-mixed layer had a weak thermal wind 

field from 700-450 mb. 

In general, the hodographs at ELP, AMA, MAF, ABI, DRT, and FTW 

all characterized the advection and shear environments common to a 

lid situation. However, the model hodographs do not compare 

favorably with the results presented here. Therefore, the LBB region 

will be characterized by constructing a composite hodograph for 

further comparison with documented model and composite results 

mentioned above. First, the soundings from MAF and AMA were combined 

to create a representative hodograph for LBB with consideration given 

to the low-level moist flow (Figure 86). Again, the result was a 

very strong low-level component (20 m/s) with the 850-700 mb shear 

vector very strong at 15 m/s and approximately perpendicular to the 

dryline. The thermal cross-isotherm advection component was 9.5 m/s 

from within the moist air (dryline bulge zone) between LBB and MAF. 

The u-component was -12 m/s. 

Maddox (1976) related shear winds to other details on storm 

motion to show the importance of storm relative winds which enhance 

inflow of moist unstable air. The storm relative winds were computed 

to help in the comparison to Maddox's (1976) mean supercell/tornadic 

hodograph results. It is clear that the directional shear 
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Figure 86 Composite hodograph analysis for LBB at 0000 
1970. The storm relative winds are listed, 
supercell hodograph weakens in shear aloft. 

GMT 12 May 
This dryline 
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environment was dominant over the speed shear. .Uso, the storm 

relative inflow into the thunderstorm was approximately 17.5 m/s 

decreasing to less than 10 m/s from 850-600 mb. In the Lubbock case, 

the storm was essentially stationary over the city before moving 10 

km/hr northeast over the LBB WSO. 

The radar composite derived from the radar echo film positioned 

the storm over the city limits while research by Fujita (1970) 

comfirmed this and documented the actual mesocyclone movement below 

the cloud base. Meanwhile, strong vertical shear existed belbw 700 

mb and weakened with height. Therefore, the moderate low-level winds 

with weak shear above demonstrate that directional shear resulted in 

large relative subcloud wind speeds. This is not a characteristic 

profile of vertical shear found in other studies. Model results 

showed that the interaction of the updraft with a veering and 

strengthening wind shear environment is an essential physical 

mechanism responsible for development of rotation on the flank of the 

updraft (Rotunno and Klemp, 1982). This rotation originates through 

the tilting of horizontal vorticity inherent in the vertically 

sheared flow (Rotunno, 1981; Davies-Jones, 1983). In addition, large 

convective storms owe their existence to dynamically induced pressure 

deficits that result from the rotation as long as the vertical shear 

extends through the 4-6 km level of the storm. This produces a 

vertical pressure gradient that accelerates surface air upward 

(Weisman and Klemp, 1982). The Lubbock tornadic supercell may well 

have produced this unique structure; however, the shear pattern does 

not compare well in the upper levels to the modeled structures 

I 
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mentioned. In addition, the computed storm relative winds strongly 

indicate that underrunning from beneath the lid edge occurred. 

In summary, the shear environment does not correspond to the 

proximity or model results. The rapid, explosive updraft core that 

apparently resulted from underrunning had a mesocyclone develop and 

move relative to the surface inflow. The relative wind field derived 

is possibly unique to the dryline environment. 

Satellite Analyses 

National Aeronautics and Space Administration (NASA) and the 

Environmental Science Service Administration (ESSA) jointly conducted 

the Tornado Watch Experiment during the 1970 severe weather season; 

11 May was selected as an active experiment day. Therefore, the 

ATS-III satellite recorded pictures of the LBB region every 11 min 

during the daylight hours. Fujita (1970) completed an analysis of 

the images at 2300, 0000. and 0100 GMT (Figure 87[a-d]). This 

information was used to verify and locate signficant surface 

features, advective trends and cloud elements. 

By 0015 GMT, explosive convection was occurring southeast of 

LBB. In fact, the anvil cloud elements from this storm were 

expanding at a rate that indicated a 30.3 m/s jet over the LBB area 

by 0100 GMT. This rate was 40% higher than the AMA wind and 30% 

higher than the MAF wind speed at 250 mb (Fujita, 1970). This 

supports the cross-section analyses and interpolated sounding which 

indicated LBB with free convection from 700-180 mb. 
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Figure 87: Four satellite pictures showing the development of the 
tornado cloud over the LBB area (adopted from Fujita, 
1970). Each wind barb equals five knots while the 
dashed line identifies the dryline. 

(a) 2300 GMT image with a one degree latitude-longitude 
grid superimposed. 

(b) 0000 GMT image showing the initial convective cell 
over southeast LBB. 

li 
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Figure 87: Continued 

(c) Eight times enlargement of 0100 GMT image con
firming a virtually stationary storm cell over 
southwest LBB. 

(d) 0000 GMT image including the south-central region 
Patterns of air flow and isodosotherms are super
imposed. 
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An earlier NASA image (Figure 88) was available from National 

Environmental Satellite, Data, and Information Service (NESDIS) to 

review the situation during the early afternoon, 2014 GMT. The image 

includes several synoptic features while others are masked due to the 

environmental conditions. First, a surface system was over Montana 

with an associated frontal zone reaching west over Idaho and into 

Canada. A warm front was creating cloudiness over the northern 

plains and transitioned into a stationary front through the upper 

Midwest. Next, the low center analyzed over Kansas was completely 

masked due to a lack of moisture. The dryline was acting as a block 

and at this time was not visible itself in its analyzed position over 

central Kansas and into west-central Texas. The low-level moisture 

field trapped below the lid was visible although due to the shallow 

nature of the western edge and the shallow mixing depth, its position 

must be further analyzed with surface observations. 

The cloud elements visible display a specific character from 

which specific surface features can be positioned. The vertical 

mixing depth was deep enough to produce visible cloud elements from 

SJT north through SPS, OKC, and TOP. In addition, there were lower 

resolution cloud elements from FTW, ABI, and near HOB. The sounding 

data indicates a mixing depth of 150 mb (LCL at 120 mb) at ABI, 200 

mb (LCL at 190 mb) at MAF, and 200 mb (LCL a t 150 mb) at FTW. The 

moisture field had textured cumulus lines that arc anticyclonically 

across the southeast due to the influence of the Bermuda High. In 

addition, the flow over the lid base in central Texas produced a wave 

cloud texture which perhaps indicates oscillations related to wind 
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shear. The cumulus line from SJT to north of MAF could be due to 

convective overturning of the moisture front as it advected and 

lifted orographically north-northwest toward LBB. In addition, there 

was an isallobaric trough near that region at 2000 GMT. 

1 



CHAPTER V 

DISCUSSION 

The synoptic and sub-synoptic environment preceding the Lubbock 

tornado has been examined using the Carlson and Ludlam conceptual 

model as the primary basis. This assisted in describing the life 

cycle of the elevated mixed layer restraining inversion and its role 

in the severe storm environment. The model components were in place 

over the region on 11 May with underrunning the apparent release of 

the latent instability. Specifically, The lid was formed by 

advection of high potential temperature (9=42'-44' C) from the 

Mexican Plateau region over cooler, moist air from the Gulf of 

Mexico. The airmass that existed over the TUS-INW-ABQ region was 

characterized by a much lower potential temperature (e=36°-38° C). 

This airmass was restricted to the northwest region of the analysis 

area. Through isentropic analyses, the lid was created through 

topographic influences associated with strong surface insolation and 

not subsidence within the large scale airmass. 

Surface Synoptic 

The surface synoptic situation was reviewed and reanalyzed 

starting with selected maps on 8 May at 1200 through 11 May at 0000 

GMT. The dryline was within the area throughout this time period 

without the occurrence of convection. There were diurnal 

oscillations characteristic of the boundary. 
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By 1200 GMT, a well-established leeside low was over western 

Kansas. The surface streamline analyses were especially helpful in 

depicting this feature. In addition, this analysis highlighted the 

deformation zones and enhanced convergence associated with the 

neutral points. The two enhanced zones were over west Texas and 

western Kansas. Finally, the confluent streamline approximated the 

dryline zone and surface moist advection tendency over MAF. 

The isallobaric patterns were an indication of accelerations in 

the wind field. Therefore, the pattern of isallobars must exist over 

time before its contribution to the ageostrophic component is 

significant. Near LBB, the isallobaric pattern between 2100-0000 GMT 

evolved with a progressively negative tendency over the late 

afternoon before a well defined couplet appeared over the dryline 

bulge zone (Figures 22 and 23). This was an indication that the 

ageostrophic component was enhanced by the contribution of the 

isallobaric wind. As a result, there was a 180' backing of the 

wind (-12 m/s u-component) between the surface and 700 mb over LBB as 

the isallobaric couplet evolved along the dryline. Finally, the 

couplet aligned well with the lower and upper level jet streak 

analyses (Figures 31-36). 

A characteristic dryline bulge developed immediately south of 

LBB. The surge region was within the dry air where mixing downward 

of westward momentum was evident as the surface winds turned (veered) 

in the direction of the upper level flow (highly cross-contour). 

Tegtmeier (1974) and Moller (1979) concentrated on the northeast 

quadrant as the severe storm region in there research; however, the 
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underrunning over LBB occurred within the southwest quadrant. The 

moist axis emerged from the Rio Grande valley as analyzed on the 

streamline and surface dewpoint charts. It was oriented along the 

low-level jet and probably was a result of the very existence of the 

observed jet (Beebe and Bates, 1955). Eventually, the moist axis 

intersected the dryline between MAF and LBB. Carlson (1983) 

identifed the intersection as an important feature to underunning. 

Upper-Air 

The upper-air was characterized by an elongated trough with the 

axis over northern California. The upper jet stream was from 

southern California northeastward to North Dakota. Meanwhile, a 

short wave was developing over Arizona at 700 mb with westward 

vertical stacking up to 300 mb. By 0000 GMT, the weak thermal 

support in Arizona edged into ELP and MAF causing diffluence aloft 

over the confluent streamline as the winds backed. Otherwise, the 

baroclinic nature of the atmosphere was weak over the entire 

south-central region. Therefore, the plume located over this region 

resulted in a conditionally unstable atmosphere (large positive 

buoyant area) as a result of the large adiabatic layer. 

There was a 700 mb jet directed across the heat axis (Figure 

28). This indicated an advection trend of the lid northeastward. The 

winds backed west and south of AMA to indicate destabilization 

through differential advection over the lid edge as the heat axis 

advected northeastward. This trend showed continuity on the 
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cross-section analyses between ELP and .MAF between 1200 and 0000 GMT 

(Figures 44 and 46). 

Thickness was broken into three layers to illustrate the masked 

features (Figure 37). First, the 850-500 mb layer revealed that the 

frontal boundary had shallow, weak cold air support. The deeper cold 

air was centered between LBF and OMA rather than western Kansas. 

This indicated that the front would remain stationary. Second, the 

950-700 mb layer approximated the moisture depth that existed over 

the region. More importantly, the thickness gradient illustrated the 

thermal wind across the dryline bulge area near LBB (Figure 37b). In 

addition, the plume origin and advection tendency can be inferred 

through gradient analysis. Finally, the 500-700 mb thickness helped 

highlight the plume depth and areal extent variations. 

The hodograph study clarified the vertical environmental shear. 

Over LBB, the 850-700 mb shear backed 180' between 1200-0000 GMT 

(Figures A9 and A10). The resultant thermal wind vector was directed 

perpendicular to the moisture boundary. Therefore, differential 

advection over the lid edge was a factor since a cool air pocket showed 

up in a backing of the wind at 700-650 mb near ELP-MAF-LBB-AMA. 

Specifically, the LBB composite hodograph differed from model results 

particularily in the upper level speed character (Figure 68b). The 

subcloud layer veered rapidly, but quickly decreased in speed and shear 

aloft. Meanwhile, the cross-isotherm component which is directed 

toward warm air was 9.5 m/s (v-component) and -12 m/s (u-component) 

within the dryline bulge which indicated strong moisture advection 

perpendicular to the thermal wind and dryline. Also, the surface storm 
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relative winds were very strong at 17.5 m/s. Model results point out 

that strong vertical shear should extends up to 6 km (500 mb), but in 

this case decreased to less than 5 m /s above 750 mb (1.7 km). The 

rapid decrease was due to the well-mixed nature of the plume. The 

nature of the results (e.g., perpendicular shear, cross-isotherm 

advection strength, and subcloud wind strength) may be unique to 

focussed underrunning along a dryline boundary. 

Cross-Sections 

The isentropic cross-sections clearly defined the lid zone 

boundaries. Capping and underrunning zones were apparent through 

analysis of the sloping tendencies of the isentropes. An ascending 

tendency (weakening) was observed between MAF and .AMA. The 314*-

316' K isentropes that defined the lid base over MAF ascended 150 mb 

before reaching AMA. The airmass just west of AMA and LBB that 

characterized the bulge zone was 314' K while the Mexican Plume 

(316'-317' K) edged east on a line from MAF-CDS-TOP. The lid base 

eroded to 600 mb over AMA-LBB due to convective overturning until 

underruning occurred. Over TOP, the lid base was defined by the 312° K 

with the 316' K isentrope located at 580 mb. Graziano (1985) found 

that a lid base at or near 600 mb was not effective in restraining 

convection. 

Cross-section 2 (Figure 46) showed shallow moisture depth at 

the surface over MAF at 0000 GMT. However, the sounding at MAF had a 

surface superadiabatic lapse rate present. This would tend to 

distort the vertical nature of the dryline boundary. Therefore, the 
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boundary appeared to tilt westward producing the elongated plumes 

(314' K isentrope) observed on the cross-section at 700 mb. The 314' 

K isentrope was the defining isentrope for the underrunning over MAF. 

Towering cumulus were observed at 2300 GMT over MAF and LBB (1800 km) 

at this level with thunderstorms occurring to the southwest within 

the deeper moisture. Meanwhile, the cool pocket defined in the 

upper-air analyses and skew T-log p near ELP-MAF was apparent between 

MAF and AMA on the 0000 GMT cross-section 316' K isentrope as 

discussed above. 

The upper and lower jet streaks appeared to couple on this 

cross-sections, too. This was particularly recognizable near LBB. 

Beebe and Bates suggested that the intersecting jets could be 

associated with upward vertical motion. The qualitative vertical 

transverse circulations (Uccellini and Johnson, 1979) enhanced by the 

upper jet superposed above the moist axis near LBB increased the 

amount of potential instability. As a result, the underrunning was 

enhanced by the circulations as the lid edge ascended and cooled dry 

adiabatically while the moist air saturated and cooled moist 

adiabatically. 

As mentioned above, the isallobaric couplet assisted by 

existing long enough to possibly enhance the ageostrophic component 

within the moist air. The isallobaric couplet mentioned earlier had 

an apparent association with the -12 m/s low level advection jet 

observed between MAF and LBB. The upper level jet reached 40 m/s 

between MAF and AMA. The low level jet was at a significant angle to 
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the upper jet as a result of the isallobaric contribution to the 

ageostrophic component (Uccellini and Johnson, 1979). 

Further north, the situation at SLN (Figure 59) compared 

well with the cross-section described by Goldman (1981). Underrunning 

occurred over SLN at the intersection of the dryline and surface 

front along the 312' K isentrope. This region was within the 

northeast quadrant of the dryline bulge. 

Lid Strength Index 

The case study forecast application (Appendix A) was centered 

around the LSI as re-defined by Graziano (1985). This differed from 

the method outlined by Lanicci (1984) in how the index terms are 

evaluated individually before evaluation jointly. Also, the critical 

lid strength term +2' C was satisfactory for objectively analyzing 

the lateral boundaries of the lid. Lanicci used the 700 mb 8'-10' C 

isotherms to define the critical lid edge. This did not compare 

favorably to the LSI values because the 700 mb 0000 GMT isotherm 

analysis positioned the 8'-10' C isotherm well west of the lid edge 

(Figure A6). Therefore, the final analysis must combine the LSI with 

overall synoptic features in the composite charts. 

In this case, the critical values were plotted and compared to 

produce a critical lid strength region (Figures A7 and A8). Regions 

where convection was forecast had a lid strength of <2' C plus a 

negative buoyancy (lifted index) term. The convection did occur within 

the forecast region and was severe in nature. Although a large area 

initially appeared unstable according to the calculated indices. 
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convection only occurred where the lid strength was critical. This 

corresponded to Graziano*s (1985) results that convection at the 

critical lid edge will most likely be severe. 



CHAPTER VI 

CONCLUSION 

The Lubbock tornado case study found that the Carlson and Ludlam 

(1968) model of the synoptic environment is conceptually useful in the 

analysis of severe storm parameters. A capping inversion did form and 

differentially advected from the arid Mexican Plateau over a moist, 

southerly flow ahead of an elongated trough. Its presence inhibited 

convection 8-10 May 1970 allowing an increase in potential latent 

instability throughout the region. 

In this case, deep convection was restrained over a large region 

with high latent instability as indicated by the analyses. Instead, 

severe storms were focussed along the lateral boundary where low-level 

moisture underran the lid edge. The lid edge was well defined and 

illustrated by cross-section analysis where a concentrated gradient of 

static stability was directed toward cooler air. This was apparent in 

the analysis of the 314'-316' K isentrope over MAF and AMA. 

Mesoscale analyses highlighted the dryline forcing mechanisms. 

The vertical transverse circulations plus a persistent isallobaric 

pattern enhanced lid ascent. The circulations helped lift the lid edge 

on the cold air side near MAF and AMA. In addition, the hodograph 

shear and cross-isotherm component tendencies were evident in the 

differential advection that occurred along the lid edge. 

The analysis techniques and application of the conceptual model 

add basis for improvement in operational techniques for severe 

convective storm forecasting. The Lid Strength Index was effective in 
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isolating regions of high potential instability effectively capped 

while highlighting the critical lid region. Current computer 

advancements (AFOS and McIDAS) are in place in the forecast centers for 

application of new and varied computer products. This could include 

all the techniques used here. The consideration must then be in 

training these methods of diagnosing atmospheric motion. 



LIST OF REFERENCES 

Anthes, R.A., Y.H. Kuo, S.G. Benjamin and Y.F. Li, 1982: The Evolution 
of the Mesoscale Environment of Severe Local Storms: Preliminary 
Modeling Results. Mon. Wea. Rev.. 110, 1187-1213. 

Beebe, R.G., 1958: Tornado Proximity Soundings. Bull. Amer. Meteor. 
Soc. 39. 195-201. 

Beebe, R. 6., and Bates, 1955: A mechanism for assisting in the 
release of convective instability. Mon. Wea. Rev.. 83, 1-10. 

Benjamin, S.G., 1983: Some Effects of Differential Heating and 
Topography on the Regional Severe Storm Environment-Numerical 
Simulations of the SESAME IV (9-10 May 1979) case. Preprints of 
the Sixth Conference of Numerical Weather Prediction. Omaha, NE, 
6-9 June 1983. Amer. Meteor. Sec. Boston, 284-291. 

Bidner, A., 1970: The Air Force Global Weather Central Severe 
Weather Threat Index. Air Weather Service Tec. Rep. 242, 
229-231. 

Browning, F.A., 1964: Airflow and Precipitation Trajectories within 
Severe Local Storms which Travel to the Right of the Winds. J 
Atmos. Sci.. 21, pg. 634-639. 

Byers, H.R., 1959: General Meteorology. McGraw-Hill Book Co., New 
York, pg. 227-229. 

Carlson, T.N., R.A. Anthes, M. Achwartz, S.G. Benjamin, and D.G. 
Baldwin, 1980: Analysis and Prediction of Severe Storms 
Environment. Bull. Amer. Meteor. Soc. 61, 1018-1032. 

Carlson, T.N., S.G. Benjamin, G.S. Forbes, and Y.F. Li, 1983: 
Elevated Mixed Layers in the Regional Severe Storm Environment: 
Conceptual Model and Case Studies. Mon. Wea. Rev. Ill, 1453-1473. 

Carlson, T.N., and F.N. Ludlam, 1968: Conditions for the Formation of 
Severe Local Storms. Tellus. 20, 203-226. 

Chisholm, A.J. and J.H. Renick, 1972: The Kinematics of Multicell 
and Supercell Alberta Hailstorms. Alberta Hail Studies, 
Research Council of Alberta Hail Studies, Report 72-2, pp. 
24-31. 

Davies-Jones, R.P., 1983: The Onset of Rotation in Thunderstorms. 
Preprints 15th Conference on Severe Local Storms, Tulsa, OK. 
American Mpteorological Society. Boston, 215-218. 

209 



210 

Doswell, C.A. Ill, 1976: Subsynoptic Scale Dynamics as Revealed by 
Use of Filtered Surface Data. NOAA Tech. Memo. ERL-NSSL-70, 
Norman, OK, 40 pp. (NTIS Accession No. PB. 265-433/AS). 
Doswell, C.A. Ill, 1982: The Operational Meteorology of 
Convective Weather. Vol I Operational Mesoanalysis. NOAA 
Technical Memorandum NWS NSSFC-5. 

Fawbush, E.J., Miller, R.C., and Starrett, L.G., 1951: An Empirical 
Method of Forecasting Tornado Development. Bull. Am. Meteor. 
Soc.. 32 1-9. 

Fawbush, E.J., and R.C. Miller, 1952: A Mean Sounding Representative 
of the Tornadic Airmass Environment. Bull. Amer. Meteor.. 33, 
303-307. 

Ferrel, W., 1885: Recent Advances in Meteorology, Report of the 
Chief Signal Officer for 1885, Appendix 71, 324-325, 327. 

Finley, J.P., 1890: Tornadoes. Am. Meteorol. J. 7:165-179. 

Fujita, T.T., 1958: Structure and Movement of a Dry Front. Bull. 
Amer. Meteor. Soc. 39. 574-583. 

Fujita, T.T., 1965: Formation and Steering Mechanisms of Tornado 
Cyclones and Associated Hook Echoes. Mon. Wea. Rev.. 93, 67-78. 

Fujita, T.T., 1970: The Lubbock Tornadoes: A Study of Suction 
Spots. Weatherwise, 23, 160-173. 

Fujita, T.T., D.L. Bradbury, and C.F. Van Thullenar, 1970: Palm 
Sunday Tornadoes of April 11, 1965. Mon. Wea. Rev.. 98, 29-69. 

Galway, J.G., 1956: The Lifted Index as a Prediction of Latent 
Instability, Bull. Am. Meteorol. Soc. 37:528-529. 

Goldman, J.D., 1981: A Conceptual Model and Its Application is the 
Analysis of Severe Conjecture Storm Simulations. M.S. Thesis, 
The Pennsylvania State University, 98 pp. 

Graziano, T., 1985: A Statistical Determination of the Critical Lid 
Strength and Its Implication to Severe Weather Forecasting. 
M.S., The Pennsylvania State U., University Park, Pa. 

Iribarne, J.V. and Godson, W.L., 1973: Atmospherir, Thermodynamics. 
D. Reidel Publishing Company, Boston, Mass., 177-191. 

Johns, R.H., 1982: Severe Weather Occurring in Areas of Low Surface 
Dew Points, Preprints Twelfth Conference on Severe Local Storms. 
Amer. Meteor. Soc. Boston, MA. ,143-146. 



211 

Kelly D.L., J.T. Schaefer, R.P. McNulty, C.A. Doswell III, and R.F. 
Abbey, Jr., 1978: An Augmented Tornado Climatologv. Mon Wea 
Rev.. 106, 1172-1183. '-

Lanicci, J.M., 1984: A Conceptual Model of the Severe-Storm 
Environment for Inclusion Into Air Weather Service Severe-Storm 
Analysis and Forecast Procedures, Air Force Geophysics Laboratory, 
Project 6670, Hanscom AFB, MA. 

Lanicci, J.M., 1984: The Influence of Soil Moisture Distribution on 
Severe-Storm. Environment of the Southern Great Plains: A 
Numerical Study of the SESAME IV Case. M.S. Thesis, The 
Pennsylvania State U., University Park, Pa. 

Lemon, L.R., 1977: New Severe Thunderstorm Radar Identification 
Techniques and Warning Criteria: A Preliminary Report. NOAA 
Tech. Memo. NWS NSSFC-1, (NTIS Acession No. PB-273049), 60 pp. 

Lemon, L.R. and C.A. Doswell, III, 1979: Severe Thunderstorm 
Evolution and Mesocyclone Structure as Related to Tornado 
Genesis. Mon. Wea. Rev.. 107, 1184-1197. 

Liles, C.A., 1985: Sub-synoptic Weather Analysis and the Forecasting 
of Convective Weather Events in the Southeastern United States, 
NOAA Tech. Memo. ERL ESG-17. 

Maddox, R.A., 1976: An Evaluation of Tornado Proximity Wind and 
Stability Data. Mon. Wea. Rev.. 104, 133-142. 

Maddox, R.A., 1980: Mesoscale Convective Complexes. Bull. Amer. 
Meteo. Soc. 61, 1374-1387. 

McCarthy, J. and S.R. Koch, 1982: The Evaluation of an Oklahoma 
Dryline. Part I: A Meso and Subsynoptic-Scale Analysis. J. of 
Atmos. Sci.. 39. 225-236. 

McGuire, E.L., 1960: The Vertical Structure of Three Drylines as 
Revealed by Aircraft Traverses, Paper Presented at AMS 
Conference on Severe Local Storms (1st), also published in 1962 
as National Severe Storms Project Report, No. 7, Kansas City, 
Mo. 11 pp. 

McNulty, R.P., 1980: Differential Advection of Wet-Bulb Potential 
Temperature and Convective Development: An Evaluation Preprints 
Conf. Weather Analysis and Forecasting, Denver. Amer. Meteor. 
Soc. 286-291. 

Miller, J.E., 1955: Intensification of Precipitation by Differential 
Advection. J. Meteor. Soc. 12, 472-477. 



212 

Miller, R.C, 1959: Tornado-Producing Synoptic Patterns. Bull. 
Amer. Meteor. Soc. 40, 465-472. 

Miller, R.C, 1972: Notes on Analysis and Severe-Storm Forecasting 
Procedures of the Air Force Global Weather Central, AWSTR-200 
(Rev.) Air Weather Service (MAC), Scott AFB, III. 102 pp. 

Moller, A.R., 1979: The Climatology and Synoptic Meteorology of 
Southern Plains Tornado Outbreaks. Master's Thesis, University 
of Oklahoma. 

Pautz, M.E., 1969: Severe local storm occurrences 1955-67. ESSA 
Tech. Memo. WBTM FCST 12, 77 pp. 

Rhea, J.O., 1966: A Study of Thunderstorm Formation Along Drylines. 
J. APPI. Meteor.. 5, 58-63. 

Rotunno, R., 1981: On the Evolution of Thunderstorm Rotation. Mon. 
Wea. Rev.. 109 (5) 577-586. 

Rotunno, R. and J.B. Klemp, 1982: The Influence of the Shear-Induced 
Pressure Gradient on the Thunderstorm Motion. Mon. Wea. Rev. . 
110, 136-157. 

Saucier, W.J., 1955: Principles of Meterological .Analysis. Chicago: 
University of Chicago Press, Ch. 10, 303-372. 

Schaefer, J.T., 1973: The Motion of the Dryline. Preprints of the 
Eight Converence on Severe Local Storms. Denver, Co. 15-17 
October 1973. Amer. Meteor. Soc. Boston, 104. 

Schaefer, J.T., 1975: Nonlinear Biconstituent Diffusions: A 
Possible Trigger of Convection, J. Atmos. Sci.. 32, 2278-2284. 

Schwartz, M.N., 1980: Synoptic and Mesoscale Stability Analyses of 
the Red River Valley Severe Storm Outbreak of 10 April 1979. 
M.S. Thesis, The Pennsylvania State University, 94 pp. 

Showalter, A.K., 1953: A Stability Index for Thunderstorm 
Forecasting. Bull. Am. Meteorol. Soc. 34:250-252. 

Showalter, A.K., and J.R. Fulks, 1943: A Premliminary Report on 
Tornadoes. U.S. Weather Bureau, Washington, D.C. 

Snellman, L.W., 1977: Operational Forecasting Using Automated 
Guidance. Bull. Amer. Meteorol. Soc. 58, 1036-1044. 

Tegtmeier, S. , 1974: The Role of the Surface, Sub-synoptic Low 
Pressure System in Severe Weather Forecasting. M .S., 
University of Oklahoma. 



213 

Uccellini, L.W. and D.R. Johnson, 1979: The coupling of Upper and 
Lower Tropospheric Jet Streaks and Implications for the 
Development of Severe Convection Stormsi Mon. Wea. Rev.. 107, 
682-703. 

Weisman, M.L. and J.B. Klemp, 1982: The Dependence of Numerically 
Simulated Convective Storms on Vertical Wind Shear and Buoyancy. 
Mon. Wea.. Rev. 110,504-520. 

Whitney, L.T. and J.E. Miller, 1956: Destabilization by 
Differential Advection in the Tornado Situation of 8 June 1953. 
Bull. Amer. Meteor. Soc. 37, 224-229. 



APPENDIX A 

LID FORECAST APPLICATION 

Introduction 

Goldman (1981) and Lanicci (1984) combined the original Fawbush 

and Miller research that linked specific synoptic situations to 

severe thunderstorm forecasting with the Carlson and Ludlam 

conceptual model. Their case study application attempted to identify 

potential areas for severe thunderstorms using the Lid Strength Index 

(LSI). Specifically, this forecast technique quantified the 

existence of an inversion (lid) by integrating the LSI into the 

forecasting process to illustrate the role of the lid in determining 

the location of severe weather potential. In this study, the LSI 

analysis techniques referenced were used to identify the lid while 

quantifying the latent instability with a buoyancy indice. 

A combination of several different analysis techniques identify 

a lid situation. This section will apply conventional analysis of 

the 11 May 1970 surface, 850 mb, 700 mb, and vertical sounding data. 

The chart symbols are defined in Appendix D. This method of analysis 

depends heavily on these maps and local area sounding data because 

low-level moist advection characteristics and unique lid parameters 

occur here and are easily identified for interpretation. The sound

ings were used to calculate the LSI and the low-level wind field. 

The important features in the case study involve the focussed 

convection that occurred over LBB. Within this map analysis two 

features are critical: (1) the ability of the lid to restrain 
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convection while allowing an increase of latent instability; and (2) 

underrunning due to differential advection. The first process 

requires examination of the skew T-log p parameters outlined by 

Graziano (1985) plus composite surface analyses (Lanicci, 1984). The 

second factor will require further explanation. 

The 850 mb-700 mb shear vectors represent the vertical change 

in the horizontal transport of temperature within the atmospheric 

layer. This is directly related to an increase or decrease in the 

stability of the region depending on whether cold or warm advection 

is occurring. Processes of differential advection have been applied 

to explain the destabilization of the atmosphere that produces severe 

storms by Whitney and Miller (1956), Fujita and Thullenar (1970), 

Carlson et al. (1980) and McNulty (1980) (Appendix E). In the case 

of the lid, there is eventually a situation were the moist air will 

underrun the lid region. This region experiences either a 

destabilization resulting from cold advection aloft or large scale 

vertical motion. The most common region where this occurs is either 

along the western or northern lid area. From the cross-sectional, 

synoptic, and isentropic analyses presented earlier, it was evident 

that an 850 mb-700 mb shear occurred in the region of strong 

isentropic gradient between MAF-AMA. 

Composite Chart Analysis 

The composite surface analysis for 1200 GMT 11 May 1970 is 

shown in Figure Al. The streamlines depict significant low-level 

convergence was over western Kansas along the quasi-stationary low 
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Figure Al: Surface composite chart for 1200 GMT 11 May 1970. The 
dot-dash lines are isodrosotherms and streamlines are 
thin arrows. The dryline has reached its maximum west
ward position with the isallobaric trough (dashed line) 
enhancing misture advection westward. 
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center and cold-frontal boundary. Also, there was weak convergence 

along the dryline boundary near HOB-AMA. The dryline dewpoint 

gradient is 14° C (25° F) per 75 km. 

There are two moisture axes depicted which represent the 

isodrosotherm analysis reviewed earlier. The southern axis was 

associated with the low-level jet and represents moisture advection 

into the dryline bulge near MAF-LBB. The disproportionate areal 

extent of the two axes can be attributed to the terrain variations of 

the region plus the divergent nature of the high pressure field over 

Texas. There were morning thunderstorms over northeastern Kansas. 

The moist axis in that region was underrunning the lid edge 

(scalloped line). Meanwhile, the moist advection near SJT was well 

south of the lid edge as defined by the LSI. 

By 0000 GMT, the surface composite analysis (Figure A2) depicts 

a convergence zone predominately along the dryline. Since the dryline 

was moving westward at 0000 GMT, the component strength was within 

the moist region. A negative pressure tendency center was coincident 

with an inverted pressure trough. The strength of the isallobaric 

wind can be estimated by the streamline flow. It will adjust 

directly to lower pressure fall centers. Here, the wind was tending 

to blow directly toward the low analyzed north of LBB. The 

isallobaric component of the ageostrophic wind would be directed 

toward the northwest over the LBB region. This implies that the 

underrunning would be in the southwest quadrant of the dryline bulge 

present at 0000 GMT. 
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Figure A2 
fo rh^rt for 0000 GMT 12 May 1970. Mois 

Surface composite chart for Dryline 
ture pooling is occurring near Tur an 
Movement is'west-northwest over LBB. 
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The front located in Kansas turned stationary within the next 

twelve hours with the pressure center broadening over the northern 

region. The diurnal heat low over Mexico deepened by 4 mb, helping 

maintain a strong moisture influx into west Texas and northward. 

This pressure variation corresponds to the research completed by 

Benjamin (1983) which indicated that ageostrophic components can be 

enhanced by 5-10 m/s as a result of the strengthening low. 

The 1200 GMT 850 mb composite analysis for 11 May 1970 is shown 

in Figure A3 and reveals several significant lid features. First, 

two low-level jet cores existed originate from moist airmass source 

region. The southern jet was depicted in the cross-section analysis 

and existed within the strong baroclinic zone of the moist air 

boundary. Meanwhile, the northern jet is associated with the dryline 

boundary, but within the moist airmass. The moist axes over Texas 

were limited to the lower Rio Grande Valley while stronger moisture 

pooling was over Oklahoma, Kansas and eastward. Again, the 850 mb 

moist axis near SLN and TOP appears to emerge from beneath the lid 

edge. It also intersects the 850 mb heat axis which is associated 

with the dryline. 

The surface dewpoints were generally in the 15.5' to 21' C 

(60'-70' F) range within these areas. The moist areas (dewpoint 

depression <6' C) were located where the moisture depth was 

approximately 100 mb thick. In fact, the lid base had ascended high 

enough for saturation to occur due to nocturnal mesoscale processes 

(e.g., nocturnal jet). The 850 mb analysis depicts, in general, a 

moist low level airmass except over north central and west Te.xas. 
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MOIST 

Figure A3 
eSO .b co-posite upper-air chart ;;or 1300 GMT U May 

1970. The confluent (xx-xx) and heat < ) 

coincident with a 25 m/s jet over LBB. 
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This indicates the close proximity of the lid base over central Texas 

to be near 850-800 mb. The confluent zone (cross-dot axis) was 

parallel to the upper-level geopotential field and generally 

perpendicular to pressure contours in the previously analyzed 

isentropic charts. We established a lack of upper-level dynamics 

that would influence sinking moition and can see that the surface 

confluence closely parallels the 850 mb confluence. This plus the 

jet streak found in the cross-section could be the reason for the 

negative pressure tendency over LBB, GAG, and SPS. 

At 0000 GMT 12 May 1970, the 850 mb composite analysis (Figure 

A4) has several significant changes compared to the 1200 GMT chart. 

A separate low-level jet developed within the dry airmass located 

over west Texas. It was oriented perpendicular to the 850 mb 

dryline, which was bulging significantly further (75-100 km) west and 

northwestward from the 1200 GMT position. The cross-sectional 

analyses indicated that the jet core crossed the dryline near MAF and 

LBB. In fact, it was coincident with the surface dryline indicating 

enhanced horizontal convergence and the possibility of underrunning. 

In addition, there was a confluent zone indicated in the streamline 

field which will enhance vertical motion over the area since weak 

diffluence was indicated at 500 mb. The effect of the strong 

vertical mixing along the heat axis produced a very uniform, 850 mb 

dryline. The heat axis was west of the moist axis, which was 

documented by Moller (1979) as essential in dryline severe storm 

development. In addition, an intersection of the moisture and heat 

axes is an essential feature of underrunning (Carlson,et al. 1980). 
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Figure A4: 

w chart for 0000 GMT 12 May 
850 mb composite «PP«^;^l^f ^eat ( — > • *"<* »°^ts 
1970. The c°'^^^"ri,lr„^ ;nd LBB. Diffluence is 
axes all i^^^If^^^^n (iauged solid line), 
vest of the LBB region Cjagg 



223 

More importantly, the moist axis was in a position to intersect the 

lid boundary (lid strength value of +2°C) near MAF. Finally, the 

obvious and most significant feature was the 850 mb jet orientation 

east of the dryline and its positioning along the confluent zone and 

surface isallobaric trough. It was in a position to couple with the 

upper jet streak and produce enhanced transverse circulations as 

outlined by Uccellini and Johnson (1979). 

The 700 mb composite analysis is shown in Figure A5 for 1200 

GMT 12 May 1970. First, the strong thermal ridge associated with 

temperatures greater than 8' C (potential temperature >313' K) 

extends north from central Mexico into central and eastern Kansas. 

Next, the dewpoint depressions were greater than 6° C throughout the 

region indicating the dry character of the lid zone. The overall 700 

mb evaluation indicates a weakening lid due to cold air advection at 

700 mb making the area from MAF-LBB-AMA-DDC favorable for storm 

development during the next twelve hours. Mexico was established 

earlier as the lid source region; therefore, the streamline and 12-hr 

temperature no-change symbols must be reviewed to determine airmass 

advection tendencies. The airmass was lifting along the streamline 

in a trajectory since the region analyzed was east of the weak upper 

troughing. Since the streamlines also intersect the temperature 

gradient at the angle shown, the lid strength should strengthen over 

east Kansas, central Oklahoma, and central Texas. Also, the flow 

pattern depicts a convergent area near MAF, HOB, and LBB. However, 

the temperature no-change line (x-x-x symbol) in combination with the 

streamline advection pattern indicates the area where convection is 
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Figure A5: 700 mb composite upper-air chart for 1200 GMT 11 May 1970 
A thermal trough is evident near ABQ with the lid edge 
estimated by the 8-10** C isotherm. Cooling along the lid 
edge can be estimated with the temperature no-change axis 
(x-x-) and streamline tendency. 
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most likely to occur because of cold air advection and subsequent 

weakening of the capping lid. The strongest lid erosion at 1200 GMT 

appears to be from MAF-AMA-DDC. 

By 0000 GMT, the 700 mb composite chart (Figure A6) verifies 

the anticipated changes. First, the heat ridge did advect slightly 

eastward over east Kansas and branch eastward from CDS along the Red 

River Valley to Arkansas. Meanwhile, the Texas South Plains remained 

in the dry sector of the low-level flow allowing a strong daytime 

heating trend. But, the cold air advection pattern was still evident 

over New Mexico while the streamlines still support eastward 

advection. In addition, the cross-isotherm component of the thermal 

wind was directed from the south toward LBB. This supports 

indications that underrunning of the moist air was possible. A jet 

streak at 700 mb did develop by 0000 GMT and produce a strong 

convergent area (isallobaric field) near PVW through LBB to HOB. 

Again, the 700 mb region was extremely dry due to the lid source 

region. Overall, the most likely convective area is over the Texas 

Panhandle and south to MAF. 

Lid Strength Index Analyses 

The lid strength index analysis for 1200 GMT 11 May 1970 is 

shown in Figure A7(a-b). The operational technique requires individual 

analyses of the Lid Strength (Term A) and Buoyancy (Term B) terms. 

Graziano (1985) recommends a 1200 GMT critical lid strength value of 

+3' C. This isopleth closely parallels the lid edge and must be 

overlayed on the buoyancy analysis. This will highlight the unstable 
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Figure A6: 

Zr'cwlni strengthened over MAF and cooled 
northward. 
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Figure A7: Lid Strength Index composite charts for (a) Lid strength 
isopleths where values < +3" C are critical for 1200 GMT 
11 May 1970, (b) Buoyancy analysis where values < 2* C are 
critical for 1200 GMT 11 May 1970. The shaded area on 
Figure b was derived by overlaying the lid strength 
analysis and highlighting regions of critical buoyancy 
that extend beyond the critical lid strength. 
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region that lies outside the critical lid value. The strongest lid 

values are from MAF-ABI-FTW. However, the advection of the 700 mb 

thermal ridge (1200 GMT 700 mb Composite Analysis Chart) will 

correspond to the onset of stable lid values. When the charts were 

superimposed, the region that appeared most unstable based upon the 

stability (buoyancy) indicies was effectively capped. Therefore, the 

region of immediate concern is highlighted in Figure A7b. This area is 

where the critical lid value of +3' C (or less) was east of the 

potentially latent unstable zone. The zone near SLN and TOP was also 

within a critical region with an added influence of a synoptic frontal 

boundary just west. 

For the 0000 GMT lid strength analysis, Graziano recommends +2* 

C as the critical lid strength isopleth (Figure A8[a-b]). This 

isopleth closely parallels the lid edge. Thus, the region enclosed can 

be clearly outlined and considered effectively capped. The 12-hr 

temperature no-change line showed eastward movement of the lid's 

strongest region. This indicates an increase in the lid strength over 

western Oklahoma and east central Kansas. There was a pronounced 

cooling from 800-850 mb at GLD-GCK at 700-690 over MAF. It should be 

recalled that the lid strength is directly dependent upon the maximum 

saturation wet bulb potential temperature at the lid base. By 

superimposing the buoyancy analysis (Figure A7b), we again find two 

narrow areas along the west and northern edge of the lid. This region 

is most likely to experience underrunning. For comparison, the 

stability indices listed in Appendix C were calculated for 1200 GMT. 
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Figure A8: A Lid Strength Index analysis for critical value of (a) 
Lid strength < +2** C for 0000 GMT 12 May 1970, and (b) 
Buoyancy analysis where isopleths < •••2<' C are critical 
for 0000 GMT 12 May 1970. The shaded area on Figure b 
was derived by overlaying the lid strength analysis and 
highlighting regions of critical buoyancy that extend 
beyond the critical lid strength. 
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Composite Lid Analysis 

Next, the lid composite analysis for 1200 GMT 11 May 1970 is 

shown in Figure A9. This requires a combination of the 6* C dewpoint 

depression isopleth, 850 mb convergence zone, lid strength contours, 

850 mb moist axes, and 850-700 mb shear vector components. The shear 

vectors represent the destabilization over the region caused by 

differential advection. 

At 1200 GMT, the shear vectors over Texas appear sensitive to 

the strengthed nocturnal jet found earlier on the cross-section 

analyses. Therefore, they are biased toward the 850 mb flow 

generated by the strong baroclinic zone of the lid. The dryline 

position can be approximated by the +3' C lid strength isopleth and 

bowed westward over INK at 1200 GMT. 

The 0000 GMT component analysis for the afternoon was quite 

different (Figure A10). First, the 850-700 mb shear components are 

proportional in relative strength. The line denoted by "V" 's 

indicates the change from cyclonic to anticylonic curvature in the 

vector direction. This represents the area where differential cold 

air advection across the lateral lid boundary could first occur and 

cause destabilization. At 0000 GMT, the anticyclonic axis was just 

west of the lid edge, which is a favorable situation for severe 

convection due to underrunning. In fact, the region near LBB had 

the moist axis intersecting the shear axis were the vectors oriented 

perpendicular to the dryline. The same situation existed over SLN. 

Finally, the vector relative magnitude decreased significantly west 

of the baroclinic lid edge. 
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Figure AS Lid composite analysis for 1200 GMT " «»y ̂ f°-
^ e thin solid lines denote lid strength < C) 
with the dash line representing the 6 C de» 
point isodrosotherm. The P^"^^^,"^''"["1.., 
I5S-7OO Wind shear, and the ^hm jne »i h v_ 
denote the axis of -axiBU. »"ticyclonic curva 
ture (maximum cold air advection). Mo'^*-"" 
aSvecti" in northern Kansas is escaping fro. 
beneath the lid. 
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Figure AlO: Composite lid parameters at 0000 GMT 12 May 1970. 
The various chart symbols are defined in Appendix 
D. Moisture advection is escaping from beneath 
the critical lid strength isopleth near LBB. The 
850-700 mb wind shear vector is perpendicular to 
the dryline boundary (long dash-dot line) to indi
cate maximum cold air differential advection. 
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On the 0000 GMT lid composite chart, (Figure A10) the 

significant parameters that would destablize the region are shown. 

At 1200 GMT, the axis of anticyclonic curvature of the shear vectors 

was coincident with the moisture axis and lid edge near TOP. 

Thunderstorms were active across this area. Next, the 0000 GMT axis 

of anticyclonic curvature was coincident with the 850 mb convergence 

zone and was still west of the dryline. Severe focussed convection 

could be inferred over the Texas South Plains and Panhandle plus 

portions of central Kansas due to the rapid removal of the lid in 

these regions. Since the vectors have magnitude and direction, the 

region over TOP and MAF could be high risk areas. Due to eastward 

lid advection, locations east of a line from DRT-ABI-ICT-TOP will be 

effectively capped. 



APPENDIX B 

STATION IDENTIFIERS AND REGIONAL TOPOGRAPHY 

Arkansas 
FYV - Fayetteville 
FSM - Fort Smith 
LIT - Little Rock 
EMP - Emporia 
TXK - Texarkana 

Arizona 
DUG - Douglas 
PHX - Phoenix 
TUS - Tucson 
INW - Winslow 

Colorado 
ALS - Alamosa 
COS - Colorado Springs 
DEN - Denver 
DRO - Durango 
FCL - Fort Collins 
PUB - Pueblo 
TAD - Trinidad 

Illinois 
ORD - Chicago 

Iowa 
CID - Cedar Rapids 
DSM - Des Moines 
FOD - Fort Dodge 
SUX - Sioux City 

Kansas 
CNK - Concordia 
DDC - Dodge City 
EMP - Emporia 
GCK - Garden City 
GLD - Goodland 
HLC - Hill City 
LBL - Liberal 
MHK - Manhattan 
P28 -
RSL - Russel 
SLN - Salina 
TOP - Topeka 
ICT - Wichita 

Louisiana 
LCH - Lake Charles 
SHV - Shreveport 

Mexico 
CUU - Chihuahua 
GYM - Guaymas 
MTY - Monterrey 

Missouri 
COU - Columbia 
JLN - Joplin 
MKC - Kansas City 
STL - Saint Louis 
SGF - Springfield 

New Mexico 
ABQ - Albuquerque 
CUS - Cannon AFB/Clovis 
CNM - Carlsbad 
CAD - Clayton 
DMN - Deming 
HOB - Hobbs 
HMN - Holloman AFB 
LVS - Las Vegas 
ROW - Roswell 
SAF - Santa Fe 
TCC - Tucumcari 

Nebraska 
BIF - Beatrice 
BBW - Broken Bow 
HSI - Hastings 
EAR - Kearney 
LNK - Lincoln 
MCK - McCook 
OFK - Norfolk 
LBF - North Platte 
OMA - Omaha 
SNY - Sidney 

Oklahoma 
LTS - Altus AFB 
BVO - Barlesville 
CSM - Clinton 
END - Enid 
FSI - Fort Sill 
GAG - Gage 
HBR - Hobart 
MLC - McAlester 
MKO - Muskogee 
OKC - Oklahoma 
PNC - Ponca City 
TUL - Tulsa 

Texas 
ABI - Abilene 
.-̂MA - Amarillo 
AUS - Austin 
BGS - Big Springs 
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Texas (continued) 
GRO - Brownsville 
CDS - Childress 
CRP - Corpus Christi 
DHT - Dalhart 
DFW - Dallas 
DRT - Del Rio 
DYS - Dyess 
ELP - El Paso 
FTW - Fort Worth 
GDP - GuadaLupe Peak 
HOU - Houston (IAH) 
JCT - Junction 
LRD - Laredo 
GGG - Longview 
LBB - Lubbock 
LFK - Lufkin 
MAF - Midland 
MRF - Marfa 
PVW - Plainview 
REE - Reese AFB 
SJT - San Angelo 
SAT - San Antonio 
SEP - Stephenville 
TYR - Tyler 
VET - Victoria 
ACT - Waco 
INK - Wink 
SPS - Wichita Falls 
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Figure Bl 
l: Regional topography map analy«« 

in meters 



APPENDIX C 

STABILITY INDICES 

Showalter Index (SI) 

Calculation: 

SI= Temperature 500 mb - Temperature Parcel 

Temperature Parcel = Temperature of the 850 mb air 

parcel after thermodynamically lifting (moist) to 500 mb 

from the Lifting Condensation Level (LCL) 

Application: 

Coverage/Character SI 

Showers Probable, Isolated TSMTS <3' 

Thunderstorms Probability 

Increasing "2 <SI<1 

Severe Thunderstorms Possible SK-3' 

Tornadic Thunderstorm Possible SK-6' 

Lifted Index (LI) 

Calculation: 

LI= Temperature 500 mb - Parcel Temperature 

Parcel Temperatures Find the mean wet-bulb potential 

Temperature for the lowest 100 mb and thermodynamically 

lift the parcel to 500 mb 

Application: 

Coverage/Character 

Showers, Few Thunderstorms LI<4 

LI<-4* Severe Thunderstorms 
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K Index (K) 

Calculation: 

K= Temperature 850 mb + Dewpoint Temperature 850 mb 

• Dewpoint Temperature 700 mb - Temperature 700 mb 

- Temperature 500 mb 

Application: 

Coverage/Character K 

No Thunderstorms Expected K<20' 

Isolated Thunderstorms 20'-25* 

Few - Scattered Thunderstorms 26'-30' 

Scattered - Numerous 31'-35* 

Numerous >35' 

Total Totals Index (TT) 

Calculation: 

TT= Temperature 850 mb + Dewpoint Temperature 850 mb 

- 2(Temperature 500 mb) 

Application: 

Coverage/Strength TT 

Isolated to Few Thunderstorms 44' 

Scattered, Few Moderate ^6 

Scattered, Few Moderate 

Isolated Severe 

Scattered Moderate, Few 

Severe, Isolated Tornadoes 

48* 

50 
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Scattered to Numerous Moderate, 

Few to Scattered Severe, 

Few Tornadoes 52° 

Numerous Moderate, Scattered 

Severe, Scattered Tornadoes 56* 

In general, when TT>50' there is a 92% chance of tornadoes. 

SWEAT INDEX 

Calculation: 

SWEATS 12(Dewpoint Temperature 850 mb ) + 20(TT-49) 

+ 2(Wind Speed (kts) 850 mb) + Windspeed (kts) 

500 mb + *125((SINE Angle 500 mb Wind Direction 

- 850 mb Wind Direction) + 0.2) 

*This term is equal to zero if: 

1) 850 mb Wind Direction is 130'-250' 

2) 500 mb Wind Direction is 210'-310' 

3) 500 mb Wind Direction Minus 

the 850 mb wind Direction is >0 kt 

4) 850 mb and 500 mb Windspeed is >15 kt 

Application: 

Coverage/Character SWEAT 

Possible Severe >300 

Possible Tornado >400 



APPENDIX D 

CHART SYMBOLOGY 

Surface Chart 
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(£ Cool Pocket Warm Pocket " ^ ^ 

^ ^ Thermal Trough Diffluence Zone /"NT^ 

Composite Lid Chart 

N^^—^ 850-700 mb Shear Vector 850 mb Confluent Zone Vi^W 

z ; ^ ^ 850 mb Moisture Axis Lid Strength ^ 

.^' 850 mb Dryline 850 mb Isodrosotherm (6' C) 

^ir^ Zone of Maximum Anticyclonic Curvature of Shear Vectors 



APPENDIX E 

DIFFERENTIAL ADVECTION 

Differential advection is used in this study to describe 

destabilization of the lid edge over a fixed point due to vertical 

wind shear. The analyses were completed on the vertical wind field 

and application in the cross-section analyses and within the Lid 

Strength Index forecast case study. 

Similar applications have been done in severe weather studies 

over the years (Whitney, 1956; Fujita, Bradbury and Thullenar, 1970; 

McNulty, (1979). Basically, where more rapid cooling is indicated 

at the upper than the lower level, stability is decreasing, and vice 

versa. The veering or backing of the wind with height within the 

layer can give a clue as to how the lapse rate may change (i.e., 

veering is associated with destabilization while backing allows for 

stability). 

The dryline and lid edge are the first to experience 

differential advection. Therefore, the air above and to the west 

was analyzed for stability trends through Iribarne and Godson (1973) 
3T 3T, ST 3T 

where stability decreases when: K(IV^T, X V T] » (-̂ -̂̂  - -̂  TA^ 
p d p "' dy dx dx dy 

<0, this is IV T^ • V T sin0. 
' p d' ' p ' 

so when V T vector lies to the right of VT, vector, shear is 
P ^ 

perpendicular to the layer's temperature gradient pattern. The 

850-700 mb layer is the region of concern here because the lid base 

over the case study area lies here. 
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700 SHEAR HAS VEERED 
OR 

STABILITY DECREASED 

In this case study, the region over LBB experienced over the 

12-hour period 1200-0000 GMT and 850-700 mb winds that veered 180* (A 

negative cross product indicates decreased stability). The composite 

hodogram and the lid strength forecast application depict this 

graphically. 
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