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MESOSCALE CHARACTERISTICS OF THE TEXAS HIPLEX AREA DURING SUMMER 1978

by

Meta E. Sienkiewicz, James R. Scoggins, Steven F. Williams,
and Myron L. Gerhard
Department of Meteorology
College of Geosciences
Texas A&M Unjversity
College Station, Texas 77843

ABSTRACT

This report contains an analysis far 26 days on which mesoscale
meteorclogical data were obtained in the Texas HIPLEX area during the period
Junpe 1 to July 26, 1978. Rawinsonde soundings were made at 3-h intervals
between 1500 and 0300 GMT on 17 of the 26 days at Midland, Robert Lee, Post,
and Big Spring. Surface data consisting of 10-min average values of temper-
ature, humidity, pressure, and wind direction and speed were available from
20 stations for all 26 days. In addition, data were available from the
National Weather Sexvice radar at Midland.

The data were analyzed and results presented for each day separately.
In addition, composite analyses of surface variables, and upper level
kinematic, moisture, atmospheric and energy processes associated with
convective activity are presented. Variables considered in the surface
analysis faor each day include temperature, dew point'depression, mixing
ratio, velocity divergence, vertical motion, vertical flux of moisture,
moisture divergence, equivalent potential temperature, vorticity, pressure
change, and relative wind fields. Charts of analyzed fields determined
from data placed on a 15~km grid are compared with radar data coded on a
similar grid. Variables considered in the upper-air analysis include mass
divergence, vertical motion, moisture divergence, and budgets of latent
heat energy, kinetic energy, and water vapor. Composite analyses are
presented for the surface and upper-air variables as a function of

convective activity.
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The results show pronounced inter;ctions between the envircnment and
convective activity. Marked changes in nearly all surface and upper-air
variables occur in association with convective activity. The analysis of
individual days as well as the camposite analyses suggest that surface
processes indicated by moisture divergence, vertical flux of moisture, and
vertical motion are impartant in the formation and maintenance of convective
clouds. The importance of these same variables also is reflected in the
upper-air analyses as well as energy processes and time changes.

The results presented in this report are consistent with and support
similar analyses for 1976 and 1977. Results for all three years show the
importance of the lower atmosphere, including the surface layer, as the
source region for initiating and maintaining convective activity. The
convective activity derives much of its energy through horizontal
convergence of moisture in the lower 3 km above the ground which is then
transported aloft by vertical motion where condensation takes place.

The results show variations in these processes as "function of the intensity
and other éharacteristics of the convective activity, but their importance

is demonstrated beyond doubt.
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1. INTRODUCTION

Convective activity is perhaps one of the least understood phenomena
today because of the complex relationship between convective clouds and
their environment. A basic understanding of these interactions both at
the surface and aloft is essential in the development of rainfall enhance-
ment technology.

Mesoscale experiments have been conducted during the summers of 1976,
1977, 1978, and 1979 as part of the Texas HIPLEX program. The primary
objective of these experiments is to investigate interactions between
convective clouds and their environment to determine factors and environ-
mental conditions responsible for the initiation, growth, maintenance, and
dissipation of convective clouds. A report was prepared (Scoggins et al.,
1978) which presented a case study analysis of 15 days including a composite
surface analysis and average atmospheric energetics for times with and with-
out convective activity using data collected during the summer of 1976. A
similar report analyzing mesoscale data on 19 case study days during the
summer of 1977 also was prepared (Scoggins et al., 1979), which included an
extended surface analysis of pressure and pressure change, and average
moisture processes as a function of convective activity. The present report
contains a mesoscale analysis for 26 case study days from data collected
during June 1 through July 26, 1978. An expanded surface station network
and surface fields of dew point depression were added to the analysis of
1978 data. A complete listing of the data used in this analysis can be
found in the document prepared by ‘Reynolds, et al., (1979). Computational
procedures for the analysis of surface and upper air are identical to those
used in the analysis of 1977 data and are presented in Section 4.

This report contains a description of the mesoscale experiment for
1978, a brief discussion of the data used and processing procedures, methods
of data analysis, results for each case study, a composite analysis of
surface data, average conditions of upper-level moisture processes, and
kinematic and atmospheric energetics as a function of convective activity.

A standard format was used in the presentation of the results to facilitate
the retrieval of information for any case study day as well as for making
comparisons between case study days.

It is not the purpose of this report to present a comprehensive

interpretation of the results, but rather to present an analysis and



description of the results with sufficient depth to permit the interpretation
and integration of mesoscale conditions with other phases of scientific
research such as radar, satellite, and aircraft data analysis. Also the
similar presentation of mesoscale data to previous analysis reports provides
an addition to the data set for use in stratification of results by

convective regime, the development of models, and comparisons of various years,
all of which lead to the establishment of environmental conditions associated

with convective activity.



2. THE MESOSCALE EXPERIMENT

The 1978 mesoscale experiment was bounded approximately by Midland-
Robert Lee-Clairemont-Tahoka-Seminole-Midland, an area larger than the 1976
and 1977 experiments covered. All data for both surface and atmospheric
soundings were taken within this area.

2.1 Surface Measurements

A network of fifteen special surface stations was in operation
during the entire period of the 1978 mesoscale experiment. The locations
of the stations are shown in Fig. 2.1.1. The instrumentation at each station
consisted of a hygrothermograph for measurements of temperature and
relative humidity, a microbarograph for measuring pressure, and an MRI
automatic weather station for measuring wind direction and speed as well

as temperature. A standard-type instrument shelter was used at each station

® Special Surface Station
% NWS/Air Force Station
% Lubbock /A Rawinsonde Station
Vv A
© ® Post ®
Qé\ Tahoka Clairemont
®
® @ Rotan
Seminole Lamesa Gail
Snyde
.® ® Interstate 20
Vincent
® Roscoe Abilene
Andrews
\\ Lenorah
Midland
*A ®A
Garden City Robert Lee
San Angelo

Fig. 2.1.1 Target area and locations of special surface and rawinsonde
stations.



to house the hygrothermograph and microbarograph. The instruments were
calibrated routinely at 3-day intervals during the entire experimental
period. The hygrothermograph data were checked by use of an aspirated
psychrometer, and the microbarograph data by use of an ‘aneroid barometer

that was checked against a fortin-type barometer each day at Big Spring.

The accuracy of the wind data could not be checked to the same extent that
the thermodynamic data’were checked, but estimates of wind speed and
direction were made to determine whether or not the equipment was functioning
properly.

2.2 Upper Air Measurements

Atmospheric soundings were made at four locations including Midland,
Post, Robert Lee, and Big Spring. These locations are shown in Fig. 2.1.1.
Arrangements were made with the National Weather Service for the purchase
of soundings for Midland. The Colorado River Municipal Water District
operated the sounding station at Big Spring, and Texas A&M University operated
those at Post and Robert Lee. Soundings were made on 19 selected days at 3-h
intervals beginning at 1500 GMT (1000 CDT) and ending at 0300 GMT (2200 CDT).

All stations used the same type of radiosonde. An RD-65 rawinsonde set
was used at Big Spring, while GMD-1lb units were used at the othér locations.
All sounding stations provided comparable data although the tracking equip-
ment was somewhat different.

2.3 Radar

An M-33 radar located at Snyder, Texas, and operated by Meteorology
Research Inc., was dedicated to the task of obtaining radar data for all
convective echoes over the Texas HIPLEX area during the mesoscale experiment.
Excellent data were obtained in digital form for all mesoscale days.

The National Weather Service (NWS) radar at Midland was operated
continuously by NWS personnel during the experiment, and a copy of PPI
(Plan Position Indicator) overlays and the radar operator logs were made
available for our use. The data were coded and used in this report to
locate convective echoes.

Additional radar data were collected by the FPS-77 radar located at
the Big Spring Municipal Airport (formerly Webb Air Force Base). This radar

was used primarily for aircraft operations and photographic documentation.



2.4 Rainfall

Rainfall measurements were made at approximately 162 locations during
the experimental period. There were approximately 81 recording raingages,
and the same number of fencepost gages. Since these data are not used in
this report no further discussion of the data will be provided.
2.5 Other

Surface data were obtained from four locations in addition to the
fifteen special surface stations discussed in Section 2.1 above. The four
stations included Lubbock (Reese AFB), Midland (NWS), San Angelo (NWS), and
Big Spring (Texas Agricultural Experiment Station). Hourly data from Big
Spring were extracted from strip charts and treated as a special surface
station. All other surface data coilected from Midland, Lubbock, and
San Angelo were obtained from teletype data for each hour on the hour which
coincides with the measurement schedule for the fifteen special surface
stations. All teletype and facsimile data consisting of routine observations
and charts prepared by the National Weather Serviée were obtained from the
Texas A&M University Weather Station and archived for future reference and
use. Ln addition, complete surface observations and regqularly scheduled
rawinsonde releases made by National Weather Service personnel at Midland
were obtained. Cloud observations at time of balloon release also were

recorded at all stations.



3. DATA

3.1 Processing Procedures
3.1;1 Surface

All data collected at the fifteen special surface stations as well as
Big Spring were recorded on strip charts continuously as a function of time.
Ten-minute average values of temperature, relative humidity, pressure,
wind speed, and direction were extracted from the charts each hour on the
hour. These data were keypunched, checked and cross-checked for errors,
and appropriate corrections made as necessary. The final data set was
placed on magnetic tape for subsequent analysis.

3.1.2 Soundings

All atmospheric soundings made as part of the mesoscale program were
processed by two methods. The method developed by the Water and Power
resources Service (WPRS) is based on criteria for determining significant
points in a sounding. The soundings including baseline data were coded and
placed on magnetic tape, and processed on the WPRS camputer in Denver
following the field program.

The second method used to process the soundings was a method developed
at Texas A&M University as part of NASA's Atmospheric Variability Experiments
in which data are extracted from the sounding records for every pressure
contact and later interpolated to 25-mb intervals. The contact data providés
the greatest accuracy and resolution possible for the rawinsonde system, ‘
while the 25-mb data generally provides more resolution than the significant
point data provided by the WPRS method. The significant point method is
essentially the same as used by the National Weather Service and is adequate
for most purposes.

Data for the soundings pfocessed at Texas A&M University were placed
on magnetic tape and a data report prepared (Reynolds, et al., 1979). The
25-mb data were used in the analysis presented in this report.

3.1.3 National Weather Service Radar

Radar data obtained from the National Weather Service station at
Midland consisted of the operators log and PPI overlays at approximately
20-min intervals during periods when significant convective activity

existed. Information was provided on areal extent of the echoes, movement,



intensity, and height. The PPI charts were digitized by overlaying a

grid and coding the echoes for each grid point as a function of height.

If an echo appeared within one half a grid distance from a grid point, a
code was assigned to that grid point of either 1, 2, or 3. A code of 1
represents an echo whose height did not exceed 6.1 km (20,000 ftf, a 2 was
used for echoes whose height was between 6.1 and 9.1 km (20,000 and 30,000
ft), while a 3 was used to denote an echo exceeding an altitude of 9.1 km
(30,000 ft). These data were keypunched, checked, and used in this report
to locate convective echoes.

3.2 Data Inventory for 1978

Surface data were collected each day during the period June 1-July 26,
1978, while sounding data were collected on 19 days during this period. Some
instrumentation difficulties were encountered which resulted in the loss of
some surface and sounding data. A complete description and presentation
of all surface and sounding data were presented by Reynolds et al., (1979).
Results are presented in the present report for all days on which consecutive
soundings were made at all four stations as well as a number of days when

only surface data were obtained.



4. METHODS OF DATA ANALYSIS
4.1 Gridding of Data

. An objective analysis scheme developed by Barnes (1964) was used to
interpolate the HIPLEX surface data to an 18 x 18 grid (Fig. 4.1.1) with
approximately a 16-km spacing between grid points. The analysis scheme
‘operates by making successive corrections to a "first guess field" (usually
a constant value over the network) and results in a Fourier representation
of the variables after gridding. Each gtid point in the array was also
assigned a terrain height from a standard topographic map and an analysis of
the terrain (hundreds of feet) is also shown in Fig. 4.1.1.

In addition to the HIPLEX mesoscale surface stations (two letter
station identifiers), data from surrounding National Weather Service and Air
Force stations (three letter station identifiers) were used in the surface
analyses (stations shown in Fig. 4.1.1). Only the four rawinsondes
(Midland, Big Spring, Robert Lee, and Post) were used in the upper air
analyses but these data were not gridded. The five basic variables
objectively analyzed onto the grid surface were temperature, mixing ratio,
pressure, and the "u" and "v" wind components. All other surface parameters
were computed from these basic fields.

The "scanning radius" of influence around each input station was
specified for the objective analysis program based upon the station spacing
at the surface. The final gridded fields contained features and systems
consistent with the spatial and temporal resolution of the input data. A
comparison between these fields and carefully hand analyzed fields was used
to "fine tune" the gridding program.

4.2 Surface

The basic meteorological variables were objectively gridded onto the
18 x 18 array each hour of every day for 56 consecutive days starting
June 1, 1978 and ending July 26, 1978. These gridded variables were used
to approximate the parameters that follow by using centered difference
computations over two grid distances and applied to the center point.

4.2.1 Velocity Divergence

Surface wind velocity divergence was calculated using the expression

> du ., dv _ uz2 - 0 vy - v
7,-Vz = ax | dy  20x * ToAy

where it is understood that all expressions refer to surface variables and

8
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Fig. 4.1.1 Analysis of terrain heights (hundreds of feet)
drawn from computer-gridded data. The grid is
indicated by tick marks.

have their usual meteorological meanings. The subscripts "1" and "2" are
grid point values surrounding the "center point"” and in the positive
direction, respectively, and Ax=Ay=16 km.

4.2.2 Moisture Divergence

Surface moisture divergence was computed by use of the expression

T, .au, = 0(qu) _ d(qv) _ qeuz - qawm , 92V2 ~ Q11
V2 qv, 9x dy 2Ax * 20y

The subscripts have the same meaning as above, and all computed values were
applied to the center point.
4.2.3 Vertical Motion

In computing vertical motion 50 mb above the surface, both terrain-
induced vertical motion and velocity divergence of the surface wind were

considered. By assuming the surface wind field as representative of the



mean wind through a 50-mb deep layer above the surface, the equation of

continuity in pressure coordinates

> ow
ﬁz V2 = 3p
can be integrated from the surface to the top of the 50-mb layer to give

the vertical motion through the top of the layer. Thus,
1>8+
w =
(P, - 50 mb) ~ “p_* J($Z'Vz)dp
(Pg - 50 mb)

where w=g% and Ps is the surface pressure. The magnitude of wp, can be

approximated by the terrain-induced vertical motion

u(hz - hy)
2Ax

v(h - hy)
2Ay

- . (on gh,
wT = u(Bx) + v(ay) +

where h is the terrain height. For the range of surface temperatures and

pressures in the Texas HIPLEX area

-1, _ ~1
wT(cm s ) = -is(ub s 7).

Therefore, the resultant vertical motion at 50 mb above the surface was

calculated using the expression

w = ~w_ + (V2-V2)A
(p_ - 50 mp) -~ ¥p* V2valle

1]

where Ap = 50 mb.

4.2.4 Vertical Flux of Moisture
The vertical flux of moisture is given by the product of the vertical
velocity 50 mb above the ground (cm s-l), the surface mixing ratio, and

. . . -2 -1
air density. Units are g cm 2s .

4.2.5 Vorticity

The vorticity of the surface wind was calculated using the expression

3 % O = v _du _ vy - v _uz -
2 9x 9y 2Ax 24y

where subscripts have the same meaning as before.

4.3 Upper-Level Kinematic Parameters

The data analysis procedures used for the 1978 data are identical to

. those used to analyze 1977 data.

10



4.3.1 Horizontal Velocity Divergence

For a given time period and pressure surface, the horizontal velocity

divergence was computed by use of the expression

“aat ¥Ac

where A is the horizontal triangular area determined from the three rawinsonde
balloon locations (MAF, PO, and RL) projected onto a constant pressure surface,
A is the average area of the triangle between two pressure surfaces 50 mb
apart, and AA is the change of triangular area that occurs as the balloons
move through a pressure layer 50 mb thick in time At.

4.3.2 Horizontal Moisture and Mass Divergence

Horizontal moisture and mass divergence were determined using the

vector identit >

Y V ecV, =¥,V c+cV v

P 2 'p p 2
(1) (2) (3)

where C is any scalar. For moisture and mass divergence, q (mixing ratio)
and p (air density) were used in place of C. Then term 2 was computed by

the centered finite difference formula

> = _ 3, AC _ _(Cp-Cl) , olCo - Cp)
v2.§pc =V T Voy TV a2mx t VY by

where u and v are the average wind components over the network along a pressure

C2 - C1 C2 -C1
surface, and ™ and 20y

gradient of C in the "x" and "y" directions, respectively. Term 3 was

are the horizontal vector components of the

calculated by multiplying C (an average for the pressure surface) by the
horizontal velocity divergence computed previously. ‘Since the velocity
divergence represents a 50-mb layer mean value, term 2 was actually computed
as a mean horizontal advection by averaging data from three 25-mb data levels
constituting the 50-mb layer used in the velocity divergence calculation.

4.3.3 Vertical Motion

Vertical motion was computed on constant pressure surfaces using the

formula X .
- ->
(W) = w_ + L(Vp V,), (4p)

where (wp)k is vertical velocity on a constant pressure surface k, w_ is the

11



>
vertical velocity at the ground, ($§'V2)k is the 50-mb layer mean divergence
below layer k, and Ap = 50 mb.
4.4 Energetics

4.4.1 Total Energy Budget

The budget of total energy (kinetic, internal, and gravitational

potential) per unit volume is given by

a 3 v > y?
pa%—ﬂp(-é—-’-gZ'l'CvT)'*'V'pV(z +gz+cPT)
D s gz + cm) - pU-F
+ 3 pw(2 + gz cp ) p .
2

In this equation 2 is kinetic energy, gz the gravitational E?tential energy,
cVT the internal energy, cpT the enthalpy or sensible heat, F the frictional
force, all per unit mass, and Q the heat added by diabatic processes. Other
symbols have the standard meteorological meanings.

The above equation written in integral form in the x, y, p, t system is

1 {ag., _1[3 v?
g [ E%dv =3 | 3e%2 + gz + ch)dV
1| v v? >
+ = (3 +gz +c T)V dv
g | 2 g p)
1 [ s v?
+ - (- + gz + c T)w av
[
- L1197 av.
9 |

This is the form of the equation evaluated in this research.

Diabatic heating can be evaluated from the first law of thermodynamics

in the form

dQ: .a—'r-+ .*. + .a_'].'-‘._c

at cp 3¢ ch 3& (cp D w.
The net effect of the various forms of diabatic heating such as evaporation/
condensation, radiation, and sensible heat transfer is obtained from this

equation in integral form.

4.4.2 Latent Heat Energy Budget

The budget of latent heat energy is given by

3

ap(Oqu) =R

P >
tora) + V- (ora¥) +

12



where L is the latent heat of vaporization and q is specific humidity. All
other symbols have their usual meaning. The term on the right of this
equation represents evaporation and/or condensation and energy processes
that cannot be resolved in time and/or space using the available input data
and computational procedures. Since.this term is computed as a residual,
some error from the remaining terms is included as well.

The integral form of the latent heat energy budget in the x, y, p, t

system is .
a—f at(Lq)dV + 3 I 'V' (Lg)vav + = I ap(Lq“)

which is the form of the equation evaluated in this research.

4.4.3 Computational Procedures

The above equations were integrated vertically to obtain the energy
balance of each atmospheric layer. The friction term in the first equation
was not evaluated in this study. Values of all other terms were computed as
averages per unit volume through a depth of 50 mb and horizontally covering
the area bounded by the MAF-PO-RL triangle. A description of the method of
computing vertical motion has been given earlier in this report. Terms were
evaluated at the surface and at 50-mb intervals from 850 mb to 100 mb.
Vertical integration was performed over 50-mb intervals except in the lowest
layer which extended from the surface (about 920 mb) to 850 mb. The
trapezoidal rule was used for integration purposes.

4.4.4 Interpretation of Results

Accuracy of the energy budget terms is an important consideration.
Again, it is difficult to estimate accuracy without introducing errors in
the input data and observing the results. While this has not been done so
far, values of the energy budget terms show reasonable vertical consistency
and time continuity. Recent results by Vincent and Chang (1975) and
Kornegay and Vincent (1976) indicated that random errors in input data do
not affect seriously the results of synoptic-scale kinetic energy studies.

Kung and Tsui (1975) described the interpretation which should be
given to energy budgets obtained from subsynoptic-scale data. They noted
that energy processes can be strongly influenced by the presence of nearby
convective cells but that features due to the larger scales of motion are

not filtered out. They suggested that the type of energy budgets computed

13



in this study "should be taken as the energy budget computed with sub-
synoptic~scale network data."

‘ The hydrostatic assumption, used in computing radiosonde data, is a
potential source of distortion during times of convective activity. A
few sondes are thought to have entered severe updrafts or downdrafts
during the Texas HIPLEX 1978 program and have been identified for use in
data analysis and interpretation.

4.5 Water Vapor Budget

The equation for the continuity of water substance can be expressed as

J ﬂ%%aldv + I (qpav'n)ds + f (qp w)dA - R = 0

\' _ s A

where:
q is mixing ratio,

pa is density of the air,

Vn is the component of the horizontal velocity that
is normal to the surface S, :

w is vertical velocity,
V is volume,
A is the horizontal area,

R is a residual representing the sources and sinks
of moisture (evaporation, condensation, preci-
pitation, and turbulent flux of moisture through
the boundaries), and

S is the lateral surface area.

The terms in this equation from left to right represent: the local rate-
of-change or the net gain or loss of water vapor within the volume; the
transport of water vapor through the lateral boundaries; the transport of
water vapor through the vertical boundaries; and the residual. All terms
in this equation except the residual were evaluated at 50-mb intervals from
850 to 300 mb over the triangle formed by Robert Lee-Post-Midland. The
residual represents the sum of all other terms in the equation.

4.5.1 Net Horizontal Transport of Water Vapor

The net horizontal transport of water vapor was computed as the

algebraic sum of the transport of water vapor through all lateral boundaries

14



of the volume. This value represents the transport of water vapor out of
the volume minus the transport of water vapor into the volume through lateral
boundaries of a 50-mb layer.

4.5.2 Net Vertical Transport of Water Vapor
The net vertical transport of water vapor was computed for each 50-mb
layer as the difference in the transport of water vapor between the top
and bottom boundaries of the layer. This value represents the transport
of water vapor out of the volume minus the transport of water vapor into
the volume through vertical boundaries of 50-mb layers.

4.5.3 Vertical Transport of Water Vapor Through Constant Pressure Surfaces

The vertical transport of water vapor through constant pressure surfaces
was computed directly from Term 3 of the equation for the continuity of
water substance at each pressure level. This value represents the vertical
transport of water vapor through vertical boundaries at 50-mb intervals.

4.5.4 Combined Net Horizontal and Vertical Transport of Water Vapor

The combined net horizontal and vertical transport of water vapor was
computed as the algebraic sum of the net transport of water vapor through
lateral and vertical boundaries of a 50-mb layer. This value represents
the total net transport of water vapor leaving the volume minus the
transport of water vapor entering the volume through all the boundaries of
a 50-mb layer.

4.5.5 Total Mass of Water Vapor

The total mass of water vapor was computed as the total precipitable
water in each 50-mb layer.

4.5.6 local Rate-of-Change in the Total Mass of Water Vapor

The local rate-of-change term was computed for each 50-mb layer applying
a 3-h forward time difference at 1500 GMT, a 6-h centered time difference at 1800,
2100, and 0000 GMT, and a 3-h backward time difference at 0300 GMT.
4.6 Composite Surface Analysis

The analysis of surface parameters for each day and hour were stratified
by several criteria to determine relationships between each parameter and
radar echoes. Parameters considered were velocity divergence, moisture
divergence, vertical motion 50-mb above the surface, and the vertical flux
of moisture 50-mb above the surface. Contingency tables and frequency

distributions were prepared for various categories of convective echoes.
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4.7 Average Conditions of Upper-Level Kinematics and Atmospheric Energetics

During Times With and Without Convective Activity

The analysis of upper-level kinematics and atmospheric energetics for
each sounding time were stratified and averaged according to "convective"
or "non-convective" conditions to summarize the case studies from 1978 data.
Parameters averaged included mass divergence, vertical motion, moisture
divergence, horizontal and vertical flux divergence of latent heat energy,
local change of latent heat energy, residual of the latent heat energy
equation, diabatic heating, horizontal and vertical flux divergence of
energy, local change of kinetic energy, horizontal and vertical flux
divergence of sensible heat energy, local change of internal energy,
horizontal and vertical flux divergence of potential energy, and local
change of potential energy. Average vertical profiles for each of these
parameters were prepared and are presented in Section 5.28 with a description
of the stratification criteria used.

4.8 Average Moisture Processes as a Function of Convective Activity

The analysis of the water budget from each sounding time was stratified
and averaged according to "convective" or "noncoﬂvective" conditions to
summarize the case studies from 1978 data. Average vertical profiles for
net horizontal transport of water vapor, net vertical transport of water
vapor, vertical transport of water vapor through constant pressure surfaces,
combined net horizontal and vertical transport of water vapor, local
rate-of-change in the total mass of water vapor, and the residual of the
water budget equation were prepared and are presented in Section 5.29 with

a description of the stratification criteria used.
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5. RESULTS

In this section, figures are labeled in either Central Daylight Time
(CDT) or Greenwich Mean Time (GMT), although GMT is used in the text. GMT
is obtained by adding five hours to CDT.

5.1 1 June 1978
5.1.1 Radar
There were no radar echoes observed on this day.
5.1.2 Surface

Patterns of surface temperature (Fig. 5.1.2.1) changed constantly
through the day. Lowest temperatures were in the west and northwest. Some
warm and cool centers formed but did not last more than two hours.

Dewpoint depressions (Fig. 5.1.2.2) increased with the general temperature
increase through the day and decreased after 0000 GMT. Minimum depressions
were located near Roscoe with maximums near Garden City.

Surface mixing ratios (Fig. 5.1.2.3) and equivalent potential temperatures
(Fig. 5.1.2.4) were similar in pattern throughout the day. ‘Maximum values
were near Roscoe before 0000 GMT. The mixing ratios and equivalent
potential temperatures were moderate in value.

Terrain-induced vertical motion (Fig. 5.1.2.5) was small throughout the
day and patterns were variable.

Figure 5.1.2.6 shows the surface velocity divergence. Divergence
preddminates up to 1800 GMT when moderate convergence formed near Walsh-Watts.
At 2300 GMT a center of convergence formed near Midland and persisted
throughout the remainder of the day. This center was strongest at 2300 GMT.

The vertical motion 50 mb above the surface (Fig. 5.1.2.7), surface
moisture divergence (Fig. 5.1.2.8), and vertical flux of moisture 50 mb
above the surface (Fig. 5.1.2.9), all exhibited patterns similar to those
of the surface divergence. Values of these parameters were moderate. The
strongest upward motion and moisture convergence took place at 2300 GMT
near Midland.

surface vorticity (Fig. 5.1.2.10) also shows moderate values. A center
of positive vorticity was present near Big Spring and Garden City between
1800 and 2300 GMT.

Surface pressure changes (Fig. 5.1.2.11) were mostly small. At 0100 GMT
a strong pressure rise is indicated at Lenorah. This shows the difference
between an interpolated value of pressure for that station before 0100 GMT
and the actual station pressure at 0100 GMT.

17
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Relative surface winds (Fig. 5.1.2.12) were from the northeast at

1500 GMT but shifted to the east by 1900 GMT. Winds were generally easterly
after that time.

5.1.3 Upper Level Kinematic Parameters

For these figures only the 1500 GMT profile was available because
wind data were missing at the other hours.

At 1500 GMT mass divergence extends to 350 mb (Fig. 5.1.3.1). Convergence
is present near 300 mb below the level of highest winds. Vertical motion
(Fig. 5.1.3.2) at 1500 GMT was downward at all levels though small in the
lowest levels. Also, moisture divergence (Fig. 5.1.3.3) was present in
most levels though it is near zero above 500 mb. The presence of a deep
layer of mass divergence, downward vertical motion, and moisture divergence
is characteristic of a day with no echo activity. ‘

5.1.4 Energetics

For all fiqgures except Fig. 5.1.4.3, only the 1500 GMT profile is
available. 1In Fig. 5.1.4.3, dealing with local change of latent heat, only
the 0300 GMT profile is shown.

Figure 5.1.4.1 shows that the horizontal flux of latent heat at 1500
GMT was outward at most levels. The largest outflow occurred at low levels
and values were near zero in upper levels.

The profiles of vertical transport of latent heat (Fig. 5.1.4.2) at
1500 GMT indicate transport downward from upper levels into lower levels.

Layers into which heat is transported are near 650 mb and below 750 mb.
' The profile of local change of latent heat energy (Fig. 5.1.4.3) for
0300 GMT indicates small losses in low levels and somewhat larger gains in
upper levels.

It was not possible to compute profiles of the residual of the latent
heat energy equation and of diabatic heating for this day.

Horizontal transport of kinetic energy (Fig. 5.1.4.4) was outward in
lower and middle layers at 1500 GMT. 1In upper layers near the jet. stream
level there was strong inflow. The profile of vertical transport of kinetic
energy (Fig. 5.1.4.5) shows transport into nearly all layers. The maximum
value was near 300 mb.

5.1.5 Water Vapor Budget

The profile of net horizontal moisture transport (Fig. 5.1.5.1) at

1500 GMT shows moisture outflow in lower layers with small inflow aloft.
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Fig. 5.1.3.2 Vertical profiles of vertical motion on 1 June 1978.
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Fig. 5.1.4.1 Vertical profiles of the horizontal flux of latent heat
enexrgy on 1 June 1978.
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Fig. 5.1.4.2 Vertical profiles of the vertical flux of latent heat energy
on 1 June 1978.
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Fig. 5.1.4.3 Vertical profiles of the local change of latent heat energy
on 1 June 1978.
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Fig. 5.1.4.4 Vertical profiles of the horizontal flux of kinetic energy
on 1 June 1978.
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. Fig. 5.1.4.5 Vertical profiles of the vertical flux of kinetic energy
on 1 June 1978.
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Fig. 5.1.5.1 Net horizontal transport of water vapor through boundaries of

50-mb layers (gm s'l) over the Texas HIPLEX area for 1 June
1978.

This is consistent with the lack of echoes noted on this day.

The net vertical transport profile (Fig. 5.1.5.2) at 1500 GMT shows

gains near the surface and also near 650 mb and losses in other layers.
This is similar to Fig. 5.1.4.2, the profile of vertical transport of
latent heat.

Vertical transport of moisture through constant pressure surfaces
(Fig. 5.1.5.3) is downward at all levels at 1500 GMT. The profile of
combined net horizontal and vertical transport of moisture (Fig. 5.1.5.4)"
shows net losses at all levels above 800 mb with gains only near the
surface. The resemblance of this profile to Fig. 5.1.5.2 shows that vertical
transport predominated on this day.

Figure 5.1.5.5, the profile of total mass of water vapor, does not
show any exceptionally dry or moist layers at 1500 GMT. Since only the

1500 GMT profile was available, the local rate-of-change profile could
not be computed.
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Fig. 5.1.5.2 Net vertical transport of water vapor through boundar