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On the Low-Level Structure of a Squall Line

Henry Albert Brown

Abstract

The design of a field operation which took place during the month of May, 1962,
in the Dallas-Fort Worth, Texas, area is described. The purpose of the operation
was to obtain moisture, temperature, and wind observations in the low-levels of a
squall line, The Cedar Hills television tower (1420") proved to be an ideal location
for such an operation. In addition to the instrumentation already mounted on the
tower, temperature and moisture were sampled continuously at six levels, Sur-
rounding the tower, small scale and mesoscale networks were maintained for a
horizontal capability.

The operational results are cataloged in the analysis of a squall line which
passed the area on May 28-29, 1962, High-level time and space sections revealed
the environmental conditions, while low-level sections of wind, moisture, and
temperature revealed the structure of the squall line, Results of the study indicated
that the moisture anomaly, referred to as a "humidity dip", increases in magnitude
with height. Another feature noted was the existence of a low-level moisture maxi-

mum located just ahead of the squall line.

1, INTRODUCTION

Studies of convective activity have been carried out over many years utilizing
data obtained by special devices or networks. Examples include the early work by
Suckstorff (1935) in which the conversion from time to space at a single station was
presented as a means of physical - epresentation of phenomena, The case studies by
Byers (1942) of the data collected by the Muskingum Soil Conservation Network re-

vealed the origin of convective systems from small areas and the production of meso-



scale cold air masses by thunderstorm cooling. Aanalyses of the Lindenberg network
data, Koschmieder (1955), although mainly concerned with the abrupt wind maximum
that accompanies a thunderstorm passage also contained detailed analyses of tem-
perature, humidity and precipitation. The establishment of the Thunderstorm Project
Network in 1946 and 1947 led to the collection of extremely detailed data on thunder-
storms through the operation of a small-mesh (2 miles), small-area (160 square
miles) surface network, which included rawinsonde stations capable of serial ascents,
radar and aircraft. Analyses of these data by Newton (1950) and Fujita (1957) led to
a more complete understanding of the three-dimensional structure of squall lines,
The establishment of the Weather Bureau National Severe Storms Project in the cen-
tral United States produced surface data from a larger-mesh (30 miles), larger-area
(250,000 square miles) network during the season of greatest convective activity.
These network observations, together with radar observations, presented the basis
for the development of the field of mesometeorology through the detailed studies of
Tepper, et. al, (1954), Fujita (1955), Fujita, Newstein and Tepper (1956) and Tepper
(1957).

The need for the design of a network which would be capable of resolving many
of the problems encountered by the mesoanalyst was first recognized by the USASRDL
who, in 1959 through contract with the University of Chicago Mesometeorology Project,
initiated such a project design. The final designs, Fujita and Brown (1960), which
consisted of coastal, plains and mountainous networks, contained, in essence, three
interwoven networks: a large-mesh (30-40 miles), large-area (120,000 square miles)
network, referred to as the &£ network; a medium-mesh (7 miles), medium-area
(2400 square miles) network, referred to as the /8 network; and the possibility of a
third smaller-scale smaller-mesh micro-network, referred to as the J network.

The chance to apply some of the design criteria in the above report on a much
smaller study was presented through a recent study made by Brown (1962) on the
moisture field associated with squall lines. This report established the existence
of a mesoscale anomalous moisture feature, the humidity dip, along the leading edge
of a squall line, The dip was connected with other meteorological parameters in time

and space and several explanations for the possible cause of the dip given. The im-



plications of the dip with respect to the squall line were noted and it was determined

that knowledge as to the vertical extent of the dip was required for further research.
This report will outline, therefore, the design of the operational field study to

accomplish this goal, the data sources and in addition will present some of the re-

sults obtained,

2., DESIGN OF THE FIELD OPERATION

Following the establishment of the need for certain types of measurements in
the low-levels of squall lines, the USASRDL agreed to loan various instruments
for a short-period field operation. The location of a new meteorological research
tower, Stevens and Gerhart (1959), in the area of Dallas, Texas which had the
capability of sensing temperature and wind on an almost continuous basis at twelve
levels up to 1420 feet together with the rather dense existing surface observation
network made this area a logical choice for the operation, The addition of moisture
measuring devices on the tower was accomplished through the cooperation of the
AFCRL, GRD and the EERL of the University of Texas.

The primary data source for the operation under University of Chicago main-
tenance included, Fig. 1, the instrumentation of the tower at six levels, 30', 150',
450', 750', 1050' and 1420', with hygrothermographs, The base and top of the tower
were also equipped with microbarographs. Surrounding the tower was a triangular
network, the locations of which had been established by the Micrometeorology Sec-
tion of the A, and M, College of Texas, These sites were instrumented by the
University of Chicago with hygrothermographs, microbarographs and continuous
wind speed and direction recorders, To the north, west and south of the tower and
the ¥ network, a 8 network which consisted of microbarographs was established and
operated by the University of Chicagn. These stations were so arranged that they
merged with the existing Weather Burean, Air Force and Navy stations to extend the

network over a much larger area. Surrounding the /8 and the ¥ networks was the
larger area NSSP & network which was maintained by the Weather Bureau, Visual
cloud surveillance of the area during the daylight hours was achieved by time-lapse
photography.

Additional data sources for the operation included the wind and temperature



measurements from the television tower, which had been placed on one-minute in-
tegration periods when a squall line passage was imminent. The A. and M, College

of Texas maintained and operated two micrometeorology vans in the area. One was
located at the base of the television tower, the other a short distance to the southeast,
Surface observations and additional recorded data were made available by the weather
stations in the area that were operated by the Weather Bureau, (Carter Field and Love
Field), the Air Force (Carswell AFB), the Navy (Hensley NAS), and the Federal Avia-
tion Agency (Meacham Field). The rawinsonde and the radar observations made by
the Fort Worth Weather Bureau Station were also an extremely valuable addition to

the study.

3. INSTRUMENT CALIBRATION

Calibration of the /8 and ¥ network instruments was essential in order to deter-
mine the vertical and horizontal structure of the moisture and other related fields.
Thus, the wind instruments were calibrated in the laboratory for system characteris-
tics, e.g., amplifier, wind direction. In the field, comparative runs, Fig. 2, were
made over varying periods of time, in order to sample varying conditions of wind
speed. Checks then indicated consistencies and inconsistencies in the response of
two instruments to the same forcing function. Due to the excellent maintenance work
done at the A, and M, College of Texas laboratories the instruments showed excellent
agreement in the field tests. The wind directions were oriented in the field using geo-
logical survey-type compasses and magnetic deviations were taken into consideration.
The masts and the booms on which the instruments were mounted were of a design
that made possible quick, accurate and comfortable orientation,

The microbarographs were calibrated for relative variations of pressure by
twenty four hour runs of all instruments under the same conditions. The responses
of the instruments were then checked for consistency and corrections made for in-
struments which amplified any atmospheric pressure change. The response of the
instruments over larger variations of pressure would have been an additional aid to
the accuracy of the analyses; however, a pressure chamber was not available at the

site. The transportation of the microbarographs into a canyon was not possible, as



it was in the Flagstaff operation of 1961, The tower itself would be ideal for an ap-
proximate 50 mb variation but the size of the elevator precluded the simultaneous
transportation of twelve microbarographs. It was,thus, considered that the twenty
four hour check at the beginning and end of the operation would be sufficient to point
out any impoxrtant instrument discrepancies.

The hygrothermographs were checked prior to installation in the field in a crude
but effective manner. The major effort was to bring all instruments into the same
test environment for the same duration of time. In order to achieve this goal all
instruments (nine) were placed on a rolling table and allowed to come into equili-
brium with the environment room (77.4°F, 66%). They were then wheeled into the
cold chamber (48.5°F, 88%) and allowed to remain for approximately one hour.
After this time they were wheeled back into the environment room (78.0°F, 65%)
and the recovery curves noted. It should be noted that all recording instruments,
microbarographs and hygrothermographs, were equipped with 29 hour gears, thus
equating one centimeter of chart space to one hour, The responses of the instru-
ments to this approximation of a black forcing function were then studied and the
six which showed the best agreement were placed on the tower, The remaining
three were placed in the ¥ network. Since all nine instruments were new, there
was not too great a deviation of the responses,

Prior to their installation in the field and following their return from the field,
all hygrothermographs were subjected to the same twenty four hour test of similar
envrionment conditions as the microbarographs, While in the field the hygrothermo-
graphs were checked by means of a sling psychrometer, the television tower instru-
ments being checked most frequently.

Time consistency of all instruments was insured to a great degree by daily time
checks of the observers with a central location, namely the U, of Texas television
tower system time. It was thus hoped that the comparison of the fast response tem-
perature system data with the slow response hygrothermographs would allow for an-

other check on the temperature variations recorded,

4, CONSTRUCTION OF BASE MAPS, NOMOGRAPHS AND TABLES

In order to facilitate the field operation and allow for some flexibility in the



operation of the network, it was decided to attempt some field analysis of the incom-
ing data and correct for obvious errors in instruments and placements, The daily
servicing of all instruments and collection and inspection of data at a central loca-
tion was augmented by "trouble-shooting" tactics when an obvious malfunction was
noted and telephoned into the central location. The analysis of the incoming data
was effected on a variety of charts which were constructed especially for the area
under study.

For the large-scale study of conditions which would be considered potential
squall line producers, a base map of scale 1; 5,000,000 was utilized. For more
detailed studies of atmospheric features, charts in the scales of 1: 2,000,000,

1: 1,000,000, and 1: 250,000 were used. The locations of the 8 and ¥ network
stations were effectively made through a field survey utilizing geological survey
maps and a pronounced checkpoint when available, namely the 1400’ television
tower in most cases,

The plotting of the television tower data presented a problem until a low-level
thermodynamic diagram, which is based on coordinates of - RT1lnp and In RT, was
constructed, This diagram, the Refsdal (1935, 1937) aerogram, presents several
features which make it most suitable for the analysis of data of the type collected.
The principal feature is that through the particular choice of the coordinates, a
fixed height-coordinate system can be placed on the diagram. Thus, the data, which
is determined at a constant z rather than in terms of p, can be plotted and all re-
lated thermodynamic computations can be made on the assumption that the surface
pressure, over sufficiently small periods of time, varies an insignificant amount,
In this case, reference to Fig. 3 indicates that the horizontal, or ground elevation
line coincides with the 984 mb surface, the Standard Atmosphere pressure for the
elevation of the station.

In addition to the isolines of pressure, calculation and construction of isolines
of potential temperature, @ , (°K) saturation mixing ration, r, (gm/kg) and equiva-
lent potential temperature, Oe (°K) or pseudoadiabatic lines, The diagrams in the
latter part of this report and the conversions from relative humidity to mixing ratio
were effected through use of this chart.

Occasionally there were needs for the rapid computation of divergence and vor-



ticity, Since the ¥ network was a small fixed triangular grid and since the analysis

of winds over the area without a larger area of data coverage could be quite subjective,
it was decided to compute tables, Bellamy (1949), for the computation of divergence
and vorticity based on the assumption of a linear wind distribution between points.

It is recognized that the validity of the assumption that the average of the values of

the wind at two sites is the same as the average value of the wind between the two sites
depends on the variations of the wind field in a smaller space scale. However, lacking
more detailed information it is felt that the values obtained can be considered repre-
sentative within the triangle. The tables thus obtained, Fig. 4, 5 and 6, produce
numbers with dimensions (hr'l) which can be obtained upon entrance with values of
wind direction and speed. Note that the sign of the number is determined by the wind
direction. The sum of the three numbers then gives the value of divergence within

the triangular network for the given values of wind speed and direction, It should also
be noted that the tables apply to any time-averaged wind values which are calculated,
and produce any time-averaged value of divergence which is desired. Examples are
given in a later section of this report, For computation of the vorticity, the tables
should be entered with wind speed and a wind direction which is 90 degrees greater

than the reported one.

5. OPERATIONAL RESULTS
A. PERIOD OF OPERATION

The period selected for the field operation was the month of May, 1962, The
primary reason for the choice of this period was the fact that an intensive severe
storm research operation was being conducted by the Weather Bureau at that time.
The advantages gained by the choice of this time in terms of extra rawinsonde as-
cents, increased alertness of the network personnel, aircraft reconnaissance
flights, etc., was almost offset by the anomalous lack of thunderstorms in the area
for that period of the year. The University of Chicago operation was in full progress
by May 2, 1962, The period of no -thunderstorm occurrence extended from April 30,
until May 22, 1962,
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It would, however, be erroneous to imply that the early part of the month was
a loss in terms of research potential, Under what might be termed quiescent con-
ditions in that area, e.g., 1) moderate southeasterly winds at the surface, de-
creasing at night, 2) low stratus clouds moving into the area in the early morning
and dissipating in the late morning, 3) buildup of a low-level jet in connection with
the low-level temperature inversion and 4) scattered cumuli in the early afternoon,
some extremely interesting temperature and moisture data were collected on the
tower, especially in the upper levels, 750'to 1400'. It is anticipated that this data
will be the subject for further study.

Following a thunderstorm occurrence on the 22nd of May, three additional
squall line passages occurred before the operation was terminated on June 2, 1962,
In all cases the University of Texas tower system had been placed on one-minute
integration operation. The squall line to be discussed in the following sections

occurred on May 28-29,

B. SYNOPTIC SITUATION

The synoptic situation that prevailed during the period of squall line development
and propagation through the network can be discussed by reference to Fig. 7-10.
Throughout the early part of May and also on the 28th and 29th the operational area
was located on the western side of an intense large-scale anticyclone. The upper-
level conditions will be discussed in the next section, however it can be indicated that
the area was in a condition of potential instability, To the west, the conditions con-
sisted of an almost stationary cold front extending southwest from Kansas across the
southeastern corner of Colorado and into New Mexico. A dry front, extending al-
most north-south through the Oklahoma and Texas Panhandles and into southwest
Texas, began to advance to the east on the morning of the 28th initiating severe
storms in the warm moist air of central Oklahoma and Texas. The charts, Fig.
7-10, indicate the progress and the development of the mesosystems as they moved
into eastern Oklahoma and Texas, The conditions that prevailed were quite similar
to a case, Brown (1958), in which the severe storm area was essentially a series of

organized mesosystems which had originated at different times but which were lined
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up in such a manner that the severe storm area appeared to be a macroscale phenom-
enon, Thus, the squall line was composed of individual mesosystems whose ages
varied from old or dissipating in the north, through mature in the central section, to
new or developing in the south, The position of the network area with respect to the
severe weather at the four map times, 1800, 2100, 0000 and 0300 CST can be seen
in the figures,

C. HIGH-LEVEL TIME AND SPACE SECTIONS

The structure of the atmosphere prior to, during and following the severe storm
activity can be represented by means of z-t or x-z cross-sections. The special raw-
insonde ascents made at Fort Worth, Texas were plotted on a modified skew-T ther-
modynamic diagram and then transferred to the time section shown in Fig. 11. The
temperature and dew-point curves are indicated by the dash-dot and dash lines,
Computation of the Showalter Stability Index through the 1730 sounding indicated in-
stability values on the order of 3 to 5 degrees, The low-level moisture inversion
prior to the passage of the squall line is quite evident and shows some lifting with
time. The 2330 CST sounding is indicative of the squall line zone as evidenced by
the cooling in the lower layer and the marked warming in the upper., This is also
shown by the temperature and potential temperature analyses through the upward
bulge in the isotherms and the tropopause and the downward dip in the isolines of
potential temperature., The 0530 CST sounding signifies the return to a more normal
temperature-moisture distribution for that time of the day.

Space sections along a line from Shreveport through Fort Worth to Midland were
constructed for two observation times, 1800 and 0000 CST., At the earlier time the
squall line was located between Midland and Fort Worth, at the later time, between
Fort Worth and Shreveport. The space sections do not indicate an upward bulge in
the tropopause of the same scale as the time section, This is possibly due to the
larger gap between the observation stations in space, but more probably due to the
validity of a simple advection model of the atmosphere, If we consider the shift
from time to space coordinates in Fig, 11, with a conversion of one hour equal to

30 miles per hour, approximately the speed of the squall line, then the coordinates
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of Fig, 11, Fig, 12 and 13 are essentially the same, and the above comparisons

can be made. Re-examination of the time section as a space section and the synoptic
charts, Fig. 7-10, reveals that a sounding made at 2030 CST and again at 0230 CST
would have been an excellent addition to the study in terms of a proximity sounding at

the leading and trailing edge of the squall line system.

D. LOW-LEVEL TIME SECTIONS

The time sections of temperature and humidity recorded by the tower and the
network instruments are of great interest since one of the goals of this study was to
determine the moisture and temperature variation at various levels through squall
lines, The determination of the vertical extent of the humidity dip was an additional
aim of the operation.

The time variations of temperature and humidity at six lower levels for a period
which encompasses the squall line are shown in Fig. 14a and 14b., The most striking
temperature feature first noted is the familiar drop associated with the onset of the
squall, It should be mentioned that time in the figures increases to the left in order
to present a qualitative space representation to the system, which is moving from the
west to the east, The temperature variations can be separated into three segments
for descriptive purposes, The pre-squall temperatures present an adiabatic lapse
rate with height and very little time change at any level, The squall zone (from 2130
to 0330 CST) is characterized by the practically simultaneous drop in temperature at
all levels followed by a rapid recovery of temperature at the highest levels and several
warming periods on the order of thirty minutes while the lowest levels remained re-
latively steady and undisturbed. The post-squall zone is marked by a rapid warming
at the upper levels and the establishment of a strong inversion. The onset of the so-
called post-squall zone is also characterized by a sudden drop in pressure, which is
recognized through the analyses to be the wake low. It is quite conceivable that re-
ports of sudden warmings behind squall lines are simply indications of the penetration
of these temperature rises to the surface,

The humidity traces, Fig. 14b,present a much more complicated variation with

time than does the temperature. The feature which shows up most clearly is the
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humidity dip which occurred at about 2125 CST, or at the same time as the tempera-
ture drop and squall line onset, Upon close examination of the dip it can be seen

that the minimum humidity reached in the dip was approximately 70% at all levels;
thus, even for an isothermal lapse rate, the mixing ratio decreases with height at

the lowest point of the dip. Since the moisture field can be more clearly represented
by conversion to mixing ratios, the utilization of the low-level thermodynamics dia-
gram presented data which will be shown in a later section. However, it can be stated
here that the dips in mixing ratios were of greater magnitude at the higher levels of
the tower than at the lower levels; thus, the conclusion may be drawn that the moisture
anomaly does indeed intensify with height.

In order to illustrate the fact that the humidity dip was a mesoscale feature in
this case and not a local phenomenon, time sections were prepared for the ¥ network
stations, Fig. 15. In addition, pressure traces wexe also shown in order to better
outline the zone of disturbance. It is quite clear that the humidity dip was a charac-
teristic of the squall line at this stage of the squall development. The examination
of surface station data, following the analysis of data of the type collected on the tower,
is disquieting upon consideration of how little can be shown about the atmospheric
conditions only a few hundred feet above the surface, by an analysis of surface data.

Following the examination of the hourly mesoanalysis and the time sections of
the various tower levels and the ¥ network, it was decided to analyse in more detail
the tower data, Fig. 16-18. In order to increase the information previously given on
low-level squall line structure, unedited wind data from the University of Texas in-
strument system were plotted at the twelve observing levels at half-hour intervals
shown in the figures. Superimposed on the winds are isolines of temperature and
mixing ratio, The temperature and moisture analyses are derived from 10-minute
observations of the six University of Chicago instruments, The first chart, Fig. 16,
which is representative of the pre-squall zone is characterized by wind directions
which are predominantly southerly and show little variation with height or time, The
speeds, in general, increase with height if the uppermost level is neglected. Because
of the tower superstructure at this level, Gerhart (1962), the winds are considered

to be unrepresentative. The temperature field, as previously noted in Fig, 14a,
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illustrates an essentially diurnal decrease with time. The temperature variation
between top and bottom of the tower is on the order of eight degrees. Examination
of the diagram, Fig. 3, reveals this to be the adiabatic lapse rate. The time varia-
tions at the lower levels are due to cloud shadows.

The examination of the moisture field of the pre-squall zone reveals an interest-
ing feature. In the early afternoon, 1300 CST, the moisture variation with height can
be represented by a constant mixing ratio of about 15 gm/kg. With the passage of
time, however, mixing ratio values increased at the middle levels, 450" and 750",
more rapidly than at the upper and lower levels, 1420' and 30'. Thus, by 2000 CST,
an hour and a half before the squall line passage, the moisture field indicated a maxi-
mum of 19 gm/kg at 750' with values dropping off to approximately 17 gm/kg at 1420’
and 30'. The validity of this feature, as far as instrument spacing is concerned, is
apparent since it is much larger in scale than the measuring grid. The presence of
such a feature in the pre-squall zone, in an approximately adiabatic environment and
with little wind speed variation, should be verified in other cases in order to deter-
mine whether it is a common occurrence, The implications of such a feature acting
as a low level moisture source to the squall line would also require the elimination
of the possibility of the feature being local rather than general in nature,

The squall zone, Fig. 17, is marked by the abrupt shift in wind direction at
about 2125 CST and continues through the period of westerly winds at the upper levels
and the period of shifting winds, from northwest through west into south, at the lower
levels until appraximately 0400 CST. There appear to be no striking cases of low-
level jets in this zone, A weak jet-like maximum occurs between the 750 and 1050'
level from 0200 until 0300 CST. Between 0300 and 0400 wind speeds decreased at all
levels marking the wind direction shift at all levels to a more southerly direction.
The temperature field of the squall zone is marked by the cold core of the main down-
draft in the leading portion of the zone. Other features are the warm pockets of tem-
perature at the middle levels. These were also noted on Fig. 14a., One of the most
remarkable features of the temperature field is the rapid warming that took place
between 0300 and 0400 at the upper levels, This warming coincided with the surface

pressure drop (or wake low passage). Following this warming, what has been described
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as the post-squall zone of the disturbance is apparent. It may be noted here that the
rapid warming, which is evidently connected with subsidence at the upper levels since
the penetration does not extend to the surface, coincided with surface wind divergence
changing rapidly to convergence. This is in agreement with the study, Brown (1962), on
the vertical motion field in a squall line., The moisture field of the squall zone is char-
acterized by the abrupt change in the leading edge of the squall and the appearance of
the mixing ratio dip which increases in magnitude with height. If the speed of the
system is 30 miles per hour, then the conversion of time to space would indicate that
the dip is on the order of 7.5 to 15 miles wide. This is in good agreement with other
findings, Brown (1962).

The post -squall zone, Fig. 18, is characterized by southerly winds and no pro-
nounced level of maximum winds. The low-level jet was apparently just above the
height of the tower. An indication of this can be seen through the location of 40 mph
wind speeds from 900'to 1421" between 0600 and 0700 CST. The temperature field
which began the period with strong inversion conditions ended the period with a return
to adiabatic conditions. The lifting or dissipation of the inversion shows an interesting
wave-like formation., Examination of the actual traces, Fig. 14a, also reveals this
feature, The moisture field in the post-squall zone is characterized by an apparent
return to high mixing ratio values similar to the pre-squall zone. It should be men-
tioned that the dry front, noted in the mesoanalyses, Figs. 7-10, did not actually pass
the network area during the period under study. Instead, it became stationary following
its initiation of activity, then dissipated and reformed farther to the west on May 29.

The time variation of the network divergence of the surface wind field in the area
of the ¥ network was determined by using the tables, Fig. 4-6, congtructed with a
technique described by Bellamy (1949). The first computation, Fig. 19, was made
using one-minute average winds at ten-minute intervals, Here again it is convenient
to describe the features in terms of squall zones. The pre-squall zone is character-
ized by a convergent wind field which occasionally becomes non-divergent, The
strong convergence noticed at 2130 is partially due to the fact that at that time the
leading edge of the squall line was within the network. The strong divergence values

occurred when the squall line had just passed the network. The divergence values
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within the squall zone decreased following the initial peak and became convergent
between 0100 and 0200. The return to divergent values is connected with the transi-
tion from the squall to the post-squall zone. The beginning of post-squall zone and
the sudden warming at the upper levels, Figs. 14a and 17, at 0400 CST marks the
abrupt change from divergence to convergence in the surface wind field, In order

to compare various averages in the computation of the divergence fields, another
series was prepared, Fig. 20, using ten-minute average winds every 15 minutes,
The results, except for the decrease in the value of pre-squall convergence and some
shift peaks in time, are essentially the same as those produced by the previous aver-

aging process,

6. SUMMARY

In summary, the justification, planning, and operation of a field program for
the attack on a certain parameter of an organized convective system have been given.
The opportunity to test the design of a three-dimensional network with the capability
of recording continuous time variations of various parameters was related and the
descriptions of instruments used in the vertical and horizontal networks given,
Methods of calibration were mentioned. The various map scales, tables, and nomo-
graphs utilized in the field operation and in the analysis of the data were detailed,
and a case study which resulted from the operation was described,

The squall line which occurred in the Fort Worth-Dallas area on May 28-29 had
been initiated along a dry front that extended almost north-south through central Texas
and Oklahoma, High-level space and time sections revealed, in addition to the large-
scale potentially unstable air and the apparent lifting of the tropopause surface in the
squall area, the real need for greater space and time density of upper-level observa-
tions, Low-level time and space sections of pressure, temperature, moisture, wind
and divergence obtained from the 1420 television tower and the /3 and ¥ networks re-
vealed numerous interesting features. The existence of a low-level moisture maxi-
mum in a zane directly in front of a squall line was established., This moisture max-
imum which is not accompanied by a wind maximum or temperature inversion should

be given more detailed study for the proof of its validity and the effect it may have on
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the squall itself, The humidity (or mixing ratio, or dewpoint) dip occurred within
the squall line, and it was shown that not only does the dip exist up to appreciable
heights, but that it also increases in magnitude with height. The surface wind field
was shown to be convergent prior to the squall line passage, divergent within the
squall line and strongly divergent in the zone of the humidity dip, and convergent

in the wake-low portion of the squall line, The rapid subsidence warming in the up-
per levels of the tower during the squall passage and the abrupt warming, almost to
the surface, during the transition to the wake-low portion of the squall line gives an
explanation to the sudden warmings that have been noticed at the surface following
squall passages. Under a strong enough impulse these features could easily penetrate
to the surface. An examination of the Fort Worth (Carter Field) telepsychrometer
revealed such a warming at the surface during this particular squall, It was char-
acterized by a sharp peak in the temperatures and an equally sharp increase in the
wet bulb-dry bulb differences,

Although this report must be categorized as essentially a preliminary report on
the data collected, it nevertheless demonstrates the need for continued detailed anal-
ysis, In addition, as shown above, the experience and results gained by the field
operation and the analysis, have already indicated many improvements that can be
made in future operations which may be concerned with this type of phenomenon.

Even though, admittedly, hygrothermographs are not the precision type instrument
which one might desire for such an undertaking, they would still be recommended as

a low-cost, easily maintained, additional check on any system which consisted of
fast-response devices, As a "mesoscale" instrument, it has proved quite valuable,
Finally, the report has emphasized the potential of this type of field operation and com-
bined study. Another study which should be initiated is the variation of temperature,
moisture, and wind in the low-levels under nocturnal non-disturbed (i.e., by convec-

tive activity) conditions.
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Fig. 4 Divergence (and vorticity) computation table for Station G.



34 36 38 40

26 28 30 32

22 24

18 20

10 12 _14 15

8

21111-1OGJO/8765320975420753186419631853
. e s 8 & . . . .

666665—.—.._SFD_.DCJSSR,S.A..A_.-A..&.A.‘A.3333222211-1..1. O Oo
DODOOMOVINTE NN~ OOV WNIKN= OV~ O =INN OO WNMKMO 0 M

= e s s o (]

555555555&55&4444443333322222111?000
55555&332109875421976420863197420752
- L2

s & & & @ - o . s o o o

555555255554444444333333222211111OOO

2222211098766&.323975&.2086&.20864197;.,20
........... L] -

. -
oo0Oo
GOy Q,98887655.4 1}.20986 -.332086531 9753196.&.2

----------------- *» & & = -lon

I i N N T R T E S e =

6666 555143321. 098 75.4 31. 086531 086.42086.4£n

Tt Tttt T T LT LA AN N NN NNy m e OO OO
AN A QN - © O O\ -0 1N 1V Q O T1D O NI N O DD LY = OV 0 F

..... . « v s 4 o LR T S o

44.4-4-4.-4.44-4.433-333333322222221.1[1.._1..1.00000
0000939887655-4321980&6432OBTS.&.QOQ?F) ) oﬂ

. .

g By B R M B VT I I 00 U O O O O B v v e 98 v O.O O © O
[~ I~ 1-10010 NN NI = O O30 B0 1N A = O &) -0 K1+ O 'O 1IN

------------- " e & = s & & = a s s s s =« a (]

2—33337)333333333222222222111111T00000

44443332211099876?)4521 90)76.4320976.&.31D
?J333333333332222222222111 =000 000

e 4l1.1000998%776#)443210987._!)]4321987_\3.&.31.

e ® & & ® *» @ ® s " & + 8 & & s s+ s s = *« = & & = @ t-ﬂ;

7)33333322222222222222111111110000000
883777766655&.5321009876:4432198765&.21 ]

-------- s s e s e @ . «

&222222222?_2222222211111111100000000
55514.)4.-4-4 33322110098776:;.:43210987654321

* ® ® @ 8 e = & @ " e+ e . e

222222222222222211111111111000000000
221..1.1«:110009988776_)5432210987665}&321

.......... e 8 & ® LA U R .

22222222222111-1..1111.1111..111.00OOOOOOOO
88388888777666.3544 322110988766543n¢21

e & & @& * 8 8 et s 8 s B s e v v & s « 5 e v a o . . «

‘I.-Ia.l111111111111’11‘1‘11‘1111OOOQOOOOOOOD

5555EJ55—.3444}_ 337)20&11009988776 55:4 332110
...... - - - - - - - - - - -

ANAUANAUNAMUNAUNAUNANN~ v~ 00099988777665544332211

® & % 8 ® 8 ® 8 & + W & B s e € 8 B ® 4 @ . ¥ 4 . 4 5 8 " B » s 8 = @

111111111111111100000000000000000000

99999999998888877776665...)5.44)4 33222‘]100
00000000000000000000000000000000000

66666666666553555544444333322221111 -
--------------- « 8 & & & .83 ® @«

0000000OOOOOOOOOOOOODOOO00000000000
a¥ oV a¥ ot aViat al a¥ ol a¥ oY 2 ¥ ia¥ e e\ N el HaV Na VR KAt NV RAVE Sl ol Sl ol ol ol

* ]

5000000 OO00000000000080C000000000 .

.............. . OQQJ.

000000000 COCQOODOCLOOODOCOOCCOCDOOOOOTY

O 1N O 1N O n © 1O N O N CKn O N o N g
O O O >~ B WV VU WL g F MM AN AN e - 6 Jd
S I S VA <V |V |V < o O < I S A S < A o U (N A
O N O N O WO 1N O K O W1 O W 0_5 o 1w g
- - O N M NS F N NN Y W - O o O g
- - - - R o - = -~ - = e - - — -
O 1h © th © ®KhHh O 1N O I © v O ’un O 1 © 1 d
- O O O OO ® @ BN I~ VW Y N i F Mmoo NQ
— -— -

O 1 O ®vnn O In m N O W 0O Y. O W0 I O: W g
(@) [@)) O Q -— - BV Y MmN < < n w0 YO v - 4!
[SUNNE VAN " WY “S W | WY 2 WY 1 o SN " WY 2 MRS ' TN ' WY ' WY 2 W T2 W 12

STATION I-7,

Fig. 5 Divergence (and vorticity) computation table for Station I.
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Fig. 6 Divergence (and vorticity) computation table for Station E,



Fig. 7 Surface synoptic chart, Mesonetwork area is indicated by solid circle. S
(1 barb = 2 mph, 1 pennant = 10 mph) are also noted.
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Fig. 11 Time cross-section of wind (1 pennant = 50 knots), temperature (°C, dash-dot line), and potential
temperature (°K, dash line) at Fort Worth. Vertical soundings of temperature and dew point are also shown.
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Fig. 12 Space cross-section between Midland, Texas, and Shreveport, La, Isolines same as in Fig. 11.
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Fig. 13 Space cross-section between Midland, Texas, and Shreveport, La. Isolines same as in Fig. 11,
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Fig, l4a Time sections of temperatures as recorded by six hygrothermographs placed at selected levels on
television tower.
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Fig. 14b Time sections of relative humidity as recorded by six hygrothermographs placed at selected levels on
television tower.
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Fig. 15 Time sections of temperature, relative humidity and pressure from Gamma network stations,
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Fig. 19 Time variation (10-minute intervals) of divergence of the surface wind obtained from one-minute averages.



0400 0300 0200 0100 (CST) 0000 2300 2200

(@] —
g -30
2

<

m

o)

m

m 20
O

m

T

3z -0

2100

ALY
\V

30N3943AI0

+4.0

Fig. 20 Time variation (15-minute intervals) of divergence of the surface wind obtained from 10-minute averages.
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