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April 10, 1978

Dr. Archie M. Kahan, Chief

Division of Atmospheric Water
Resources Management

Bureau of Reclamation

Building 67, Denver Federal Center

Denver, Colorado 80225

Dear Dr. Kahan:

In compliance with Amendatory Agreement No. 1 to Contract No. 14-06-D-7587
between the Bureau and the Department, we are herewith submitting twenty (20)
copies of the interim progress report on the Texas High Plains Cooperative
Program (HIPLEX). The report discloses work performed, all data and infor-
mation obtained, and all results achieved during the period October 1, 1977 -
March 31, 1978 and is composed of four sections:

(1) A description of activity in each of the program areas
addressed in the Texas HIPLEX 1977-78 Operations Plan;

(2) A brief statement of work planned for the next, 6-month reporting
period (April 1 - September 30, 1978);

(3) A list of persomnel involved in the Texas HIPLEX Program; and,

(4) Three appendices, consisting of studies conducted by Department
staff members.

With respect to the study on ice-nuclei concentrations in the Texas HIPLEX
project area (Appendix B), we seek your recommendation on the matter of
maintaining ice-nuclei sampling equipment in the project area during the
field portion of the 1978 Texas HIPLEX Program. Your response to this
request at the earliest possible time will be appreciated.

If you have any questions concerning the interim progress report or if you
need additional details, please do not hesitate to contact us.

Sincerely,

oot W ond~

Herbert W. Grubb
Director, Planning and
Development Division

P.O. Box 13087 Capitol Station e Austin, Texas 78711 e Area Code 512/475-3187
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Several studies related to the Texas HIPLEX Program were concluded
and plans for the 1978 Texas HIPLEX Program were formui.ted during the
period October 1, 1977 through March 31, 1978.

During the 6-month period the Department staff negotiated and
awarded five contracts for work and services in support of the Program
(Table 1). The contract (No. 14-80001) between the Department and
Texas Tech University's Department of Geosciences for the development
of a precipitation climatology for the Texas HIPLEX study region was
extended from the original termination date of December 31, 1977 to
February 28, 1978 to allow the inclusion of data collected from the
Texas HIPLEX recording rain-gage network during 1977.

Amendment Number 6 was made to Contract Number 14-06-D-7587
between the Bureau and the Department on January 18, 1978, thereby
awarding the Department a total of $685,500 in funds for the conduct
of the 1978 Texas HIPLEX Program. |

The Department's Texas HIPLEX Advisory Committee was dissolved on
January 19, 1978 by the Department's Executive Director. The functions
and responsibilities of the Committee were assigned to the Texas
HIPLEX Program's Chief Scientist and the Department's Weather Modifica-
tion Advisory Committee.

In cooperation with the Texas Water Conservation Association and
Texas AGM University, the Department sponsored a conference on 'Weather
Modification Today' in Austin on November 8, 1977. The one-day
seminar served as a forum for the dissemination of the latest information

on the state-of-the-art of weather modification with emphasis on the



TABLE 1. Contracts Awarded by the TDWR During the Period October 1, 1977-
March 31, 1978 for HIPLEX Support Services

Contract Period
Number Organization Begin End Purpose
14-80001 Department of Geosciences 10-3-77 12-31-77 complete development of a rainfall
Texas Tech University climatology of the Texas HIPLEX
area
14-80026 Department of Geosciences 1-16-78 8-31-78 analyze satellite data gathered
Texas Tech University during the 1977 Program
14-80038 Meteorology Research, 11-1-77 10-31-78 collect radar data during the 1978
Incorporated Program and analyze/process
1976/1977 data
14-80039 Department of Meteorology 2-6-78 8-31-79 provide Chief Scientist and
Texas A&M University collect/analyze mesoscale data
during 1978 Program
14-80040 Colorado River Municipal 2-10-78 12-31-78 perform cloud-seeding operations

Water District

and collect rainfall and rawinsonde

data during the 1978 Program

-{7-
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operational, research, socioeconomic, and legal aspects of the
technology.

Three Department meteorologists attended and participated in
the December 5-9, 1977 HIPLEX Workshop in Dillon-Frisco, Colorado.

The Department sponsored a 3-day Texas HIPLEX planning session
of participants in the Texas HIPLEX Program in Austin on January
16-18, 1978. Status reports on all continuing studies in support of
the Texas HIPLEX Program were given by the principal investigators
of those studies, and plans for conducting the 1978 Texas HIPLEX
Program were discussed and formulated by the participants. Subsequent
to this planning session, Department staff and the Chief Scientist
formulated a draft of an Operations Plan for the conduct of the field
portion of the 1978 Program.

A TDWR technical report summarizing all weather modification
operations conducted in Texas during the period 1974-1977 was written
and sent to press during the 6-month reporting period. The report
describes at length the overall goals and objectives of the Texas
HIPLEX Program, as well as the various aspects of the Program, for
the years 1975, 1976, and 1977.

The Department's Meteorological Facility was relocated from Howard
County Airport near Big Spring to the Base Operations building at
vacated Webb Air Force Base near Big Spring on January 23-25, 1978.

The Department's resident meteorologist at Big Spring conducted
several studies related to the Program during the 6-month period
beginning October 1, 1977. He performed a statistical evaluation

of forecasts issued and data collected during the 1977 Texas HIPLEX
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Program. From this analysis a first-generation Texas HIPLEX Forecast
Decision Tree was developed, and a report was drafted which describes
the Decision Tree and procedures used in the analysis of the data.

In addition, an analysis of ice-nuclei count data collected at four
sites during the 1977 Texas HIPLEX Program was conducted during the
period. The study is designed to provide some insight to the horizontal
distribution of concentrations of ice-nuclei throughout the Texas

HIPLEX project area. The resident meteorologist also collected and
archived local climatological data and National Weather Service
facsimile and teletype products.

At Department headquarters in Austin, staff meteorologists,
computer analysts, and economists completed several research projects
having import for the Texas HIPLEX Program. Upper-atmospheric weather
data were obtained from staff files of synoptic charts and analyzed
to refine the thunderstorm prediction model developed earlier in 1977.
Data on the issuance by the National Weather Service Forecast Offices
at Midland and San Angelo of severe weather warnings were catalogued
to ascertain the frequency with which cloud-seeding operations during
the summer of 1978 might have to be curtailed because of the presence
of severe weather in the region. Phase 3 of a Federal-State cost-
sharing study of the economic effects of weather modification activities
in the Big Spring-HIPLEX area was also concluded to assess the effects
of rainfall on the level of municipal and industrial water supplies

and water use patterns in the HIPLEX study region.
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A paper which describes the results from the utilization of the thunder-
storm-prediction model is provided as Appendix A to this interim
progress report. The tabulation and examination of severe weather
events in the Texas HIPLEX project area are provided as Appendix B.
The analysis of the horizontal distribution of concentrations of ice-

nuclei in the project area is included as Appendix C.
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The following paper, entitled "Sétellite Studies in the Texas HIPLEX
Area,'" is an interim progress report written by the Principal Investigator
of the "Satellite-Derived Cloud Climatology' portion of the 1977-78 Texas
HIPLEX Program.
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SATELLITE STUDIES
IN THE
TEXAS HIPLEX AREA

An Interim Report
for the Period October 1977 - March 1978
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Weather Modification and Technology Division
Texas Department of Water Resources
P.0. Box 13087 Capitol Statiom
Austin, Texas 78711

by
Gerald M. Jurica

Department of Geosciences
Texas Tech University
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ABSTRACT

This report under Interagency Contracts IAC(77-78)0745 and IAC(78-79)1055
is an interim report describing work performed in the Texas HIPLEX Satellite Pro-
ject during the period October 1977 - March 1978. Two primary areas of activity
are discussed. The first is a cloud characteristics study based upon 1977 satellite
imagery. This work is a continuation and extension of a similar study performed
upon 1976 satellite imagery. The second effort is an intensive case study effort
based upon 1976 satellite radiance measurements.

The accomplishments in these two areas during the past six months are dis-

cussed, and plans for further work in the near future are described.
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1. INTRODUCTION

The Texas HIPLEX Satellite Project was initiated in Jun. 1976 at Texas Tech
University (TTU) with the objective of providing support to the Texas HIPLEX pro-
gram through analysis of geostationary satellite data. The study area of the pro-
ject is a 300 kilometer by 300 kilometer area centered at Big Spring, Texas (see
Figure 1). The study area encompasses the Texas HIPLEX field site which is located
primary in region 5 with extensions into region 2 to the north and region 6 to the
east, The satellite system selected is the Goestationary Operational Environmental
Satellite (GOES). Data from GOES have been acquired in two formats: (1) photo-
graphic imagery from GOES EAST (sub-satellite point at 75°W), and (2) radiance
measurements from GOES WEST (sub-satellite point at 115°W). The imagery is avail-
able at 30-minute intervals as alternating visible (during daylight hours) and in-
frared photographs. The radiance data are obtained by the Visible Infrared Spin
Scan Radiometer which produces simultaneous sets of both visible and infrared
measurements, also at 30-minute intervals.

All available photographs have been collected for the period 1 June to 15
July for the years 1976 and 1977. They have been acquired by providing the neces-
sary expendible supplies to the National Weather Service Forecast Office in Lubbock,
Texas. NWS personnel have voluntarily assumed responsibility for the laserfax
equipment which produces the images. These data have formed the basis for a satel-
lite cloud characteristics study described later in this report.

The radiance data for selected dates within the 1 June to 15 July 1976 period
have been acquired from the Department of Atmospheric Science at Colorado State
University. These data have formed the basis for an intensive case study data

analysis project described later in the report.

2. ANALYSIS OF 1977 IMAGERY

The Texas HIPLEX program conducted its 1976 summer field program from 1 June
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to 15 July. During this period all available GOES imagery was obtained through
the NWS Forecast Office in Lubbock. Subsequently, the visibl- _..otcg..pgh, avail-
able at one-hour intervals on-the-hour during daylight hours (1200 to 2400 GMT),
were Investigated, cloud parameters extracted and the results analysed. This work
was reported in the April 1977 interim report of this project.

Infrared photographs were also available at one-hour intervals on-the-half-
hour during both day and night. However, they were not incorporated into the study
because they appeared to contain limited quaﬁt%tative information. Enhanced in-
frared images on-the-hour replaced the visible images during the night. They ap-
peared to offer promise because estimates of cloud-top temperatures could be de-
rived. But, they also were excluded from the study because of their availability
only during night:

The Texas HIPLEX program conducted its 1977 Summer field program from 1 June
to 15 July, as in 1976. Once again, all available satellite imagery was obtained
through the NWS Forecast Office in Lubbock. Visible photographs were again avail-
able during daylight hours at one-hour intervals on-the-hour. By this point, how-
ever, enhanced infrared imagery was available around the clock on-the-half-~hour
and on-the-hour during the night. Because it would now be possible to obtain
quantitative data during daylight hours from infrared imagery, they were included
in the study as described below.

2.1. Cloud Cover Categories.

Five general types of cloud condition were defined: (1) Clear Skies, or a
total absence of cloudiness in the study.area; (2) 1Isolated Clouds, small (generally
less than 15-20 kilometers diameter) clouds completely separate from one another and
randomly distributed - fair weather cumulus are common isolated clouds; (3) Area
Clouds, larger clouds than isolated clouds and not distinctly separate - stratus and
cumulonimbus cirrus shields are in this category; (4) Cloud Cluster, several
isolated clouds clearly associated or grouped together; (5) Cloud Line, long and

relatively narrow clouds normally tens of kilomecterslong and a few kilometers across -
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a squall line is in this category.

It is recognized that a considerable degree of subjectivity is inhersnt i
the categories defined above. However, consistency in the results was attained
by having all imagery analysis performed by one individual; a summer's work. Fur-
ther, the categories established are designed to focus attention on the primary
targets of HIPLEX, the isolated cumulus cloud and the complex of convective cloud -
elements.

2.2. Parameters Extracted from the Imagery.

Each satellite photograph was overlaid with a plastic sheet upon which the
boundaries of Texas and the study area of Figure 1 were drawn. The Texas boundary
was matched to the state boundary grid provided by the National Environmental Satel-
lite Service (NESS) and the study area was analysed. Errors in the location of the
NESS grid can be corrected in daylight hours using the Gulf of Mexico coastline and
recognizable landmarks such as White Sands, New Mexico. However, at night the pos-
sibility of location errors of as much as 75 kilometers appears very real.

The cloud type data as well as several other parameters were entered on a data
sheet, hour by hour (see Figure 2). Each box in Figure 2 denotes one of the nine
study area regions, and is coded as described in the example shown below. In the
upper left is the number of clouds in each category found in the region, in the lower

left is the dominant cloud type, in the upper right is

; i:gid 6 the total number of clouds of all classes in the regionm,
; in the lower right is the percentage of the region
45 covered by clouds, and in the center is cloud top tempera-
ture derived from the enhanced infrared imagery and
area 65 coded as given in Table 1. In this example, there are

three isolated clouds, two line clouds, one area cloud,
a total of six discernible clouds which cover approximately 65 percent of the region,

and cloud top temperatures in categories 4 and 5(-31.2 to -52.2°C). The tenth column
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Table 1

National Environmental Satellite Service

Enhanced Infrared Imagery Gray Scale Code

Category

—Code

1

2

Photograph
Color

Black
Gray
White
Dark Gray
Light Gray
Dark Gray
Black

Gray

White

Temperagure
Range (°C
58.8 to  28.2
28.2 to 6.8
6.8 to -31.2
-31.2 to -41.2
-41.2 to -52.2
-52.2 to -58.2
-58.2 to -62.2
-62.2 to -80.2
-80.2 to -109.2
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of entries on the data sheet gives total cloud number for the entire study area.
These numbers can differ from the total of all individual regions because some area
and line clouds overlap into two or more regions. The comments section describes
cloud orientation, thunderstorm location and intensity tendency as well as the mini-
mum temperature found in the study area. Finally, cloud motion vectors are given

as accurately as possible. However, errors in grid placement and the difficulty in
estimating cloud motion from successive photographs limit the reliability of these
last data values.

Several factors arose during the data extraction process which should be men-
tioned, because they introduce limitations to the technique. Firstly, the resolu-
tion inherent in the photographs limited the smallest detectable cloud to a diameter
of three to five kilometers, thus effectively rendering invisible small fair weather
cumulus cloud. This fact should be recalled when evaluating the cloud number data. -
Secondly, nocturnal low-level clouds were often too warm to be distinguished from
the underlying surface and went undetected. Although nighttime hours may not be
of primary concern for eventual cloud seeding activities, this factor does intro-
duce a bias into the cloud number data. Finally, thunderstorms in West Texas normal-
ly develop extensive cirrus shields. These shields often develop quickly and give
an erroneous impression of rapid movement of the cloud system which may be more nearly
stationary. Another effect is to prevent one from establishing the location of pre-
cipitation within the area covered by the cirrus shield.

2.3. Statistical Summary.

Despite the admitted limitations in the satellite imagery approach, we believe
useful information can be derived from this study. Consequently, a statistical sum-
mary of the data extracted from the photographs is being prepared at this time. The
summary will display both diurnal and geographical variations of the selected cloud
parameters during the Texas HIPLEX 1977 field program. Temporal and spatial variabi-

lity on these scales can be of significant importance to the development of an opera-

tional cloud seeding methodology. Further discussion of planned future work om this
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effort is described in the final section of the report.

3. ANALYSIS OF 1976 RADIANCE DATA

The Texas HIPLEX 1976 field program took place during the period 1 June to
15 July. An intensive mesoscale data acquisition was conducted at this time,
making surface, upper air and radar measurements. At the same time Colorado State
University (CSU) personnel operated the ground station at White Sands Missile Range,
New Mexico, gathering visible (VIS) and infrared (IR) radiance measurements from
GOES WEST. On the basis of optimum availability of all data forms, several days
were selected as potential intensive case study days: 3 June, 22 June, 23 June
and 1 July. The raw data tapes were obtained from CSU and preprocessing and reformat-
ting was done to prepare the data for analysis on the TTU computer system. Pre-
liminary data analysis led to the selection of 22 June as the best case for study.
The VIS and IR data are being studied with the objective of determining physical
cumulus cloud properties in the Texas HIPLEX area. Cloud parameters of interest
are initial time and location of development, vertical and horizontal growth rates,
speed and direction of movement, and the relationship of cloud properties to meso/
synoptic scale meteorological events.

3.1. Cloud/No Cloud Critical Value Study.

The visible appearance of a satellite-viewed cloud depends upon several factors,
including physical cloud properties such as thickness and water phase which determine
albedo, as well as non-cloud factors such as solar zenith angle which determines
cloud viewing geometry and atmospheric attenuation. In order to investigate cloud
properties through radiance data analysis, the non-cloud produced variations must
be dealt with. The effect of cloud illumination and viewing geometry upon measured
visible radiances is receiving attention. However, this factor is not yet considered
in our method. A first-order effect is the atmospheric attenuation change with solar

zenith angle.
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A simple means of correcting for attenuation variations caused by solar
zenith angle change through Beer's lgw has been applied to the data. Accordiang
to Beer's law. When a target viewed at a zenith angle 0 is illuminated at a solar
zenith angle 00, the measured direct-beam radiance R is given by

-TsecH -Tseceo
R = aRoe e , 1)

where Ro is the unattenuated irradiance, o is the target albedo and T is the ef-
fective optical thickness of the atmosphere, which is essentially constant for a
given day. For the GOES system viewing the Texas HIPLEX area, 0 is essentially
constant and variations in R are produced by the diurnal variation of 60. The

ratio of R at different solar zenith angles is

-tsech -TsecG02
R(Goz) = aRoe e (2)
R(® ) -TsechH -TsecH
o1 OR e e o1
o
—T(secao - sec9o ) (3)
or R(6 ) = R(B e 2 1
02 01

Eq. (3) is valid if target albedo is constant and second-order scattering effect can
be ignored. Finally, because the VISSR data value is proportional to radiance, (3)

can be written
-T(secb - sec® )
02 (o]

vis, = VIS, e R (4)

where VIS1 and VIS2 are visible data values at solar zenith angles 601 and 002,
respectively.

The Automated Digital Video Imaging System for Atmospheric Research (ADVISAR)
at CSU was used to determine VIS1 and V182 at two times on June 22. The particular
VIS values sought were those which distinguished between cloud and non-cloud pixels.
The times selected corresponded to minimum and maximum solar zenith angle for the day

and were 1845GMT and 0115GMT (June 23), respectively. Choice of these times minimized

error in determining T whose value was found to be 0.124.
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Critical VIS values delineating between cloud and non-cloud pixels were computed for
all times of interest and are given in Table 2. The VIS data range from O to 255 in
increments of 4. Also, some slight adjustments were made for low-sun conditioms.
The adjusted values are listed in the last column of Table 2, and were used for sub-
sequent analysis.

3.2, Cloud Summary Program Results.

A computer program to summarize cloud radiance data was obtained some time ago
from CSU. The program has been adapted and modified for use at TTU. The cloud sum-
mary program searches an array of VIS data and locates clouds. An important input

parameter is the critical value, VISc » discussed in Section 3.1, to distinguish

rit

between cloud and non-cloud pixels. The program algorithm locates isopleths of VIScrit
and defines them to be cloud boundaries. Program outputs include size, mean and
maximum brightness and geometric center for each cloud found. A summary of the re-
sults for 22 June are presented in Table 3 and displayed in Figure 3. Of interest are
the diurnal variation of cloud number, percent cloud cover and cloud/non-cloud bright-
ness ratio. The number of clouds in the study area decreases slightly through the
afternoon. Percent cloud cover decreases until approximately 2200GMT (5 p.m. CDT) and
then rises sharply. The cloud/non-cloud brightness ratio also decreases ungil 2200GMT
and then increases rapidly. The mutual behavior of these three parameters indicates
the arrival of a brightness mass of rather large clouds in the late afternoon. The
Big Spring field site monitored the gust-front cloud system well into the night hours.
The radiance-derived results will be compared to imagery-derived results and

described in subsequent reports.

3.3. Temperature-Time Cross Sections

Utilization of the IR data is principally focussed upon the extraction of cloud-
top temperatures. The IR data can be converted to temperature values using the avail-
able NESS standard calibration curve. Temperatures can then be related to altitude to

infer cloud height if sounding data are available. Such information is available through
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Table 2

Critical Values in the Visible Radiance Data
to Distinguish between Cloud and Non-Cloud Points
on 22 June 1976

Time 6 sec 6 Critical Adjusted
(GMT) _0 ) Value Value
1745 16.0 1.040 115.6 116
1815 11.0 1.019 115.8 116
1845 8.5 1.011 116.0 116
1915 11.0 1.019 115.8 116
1945 16.0 1.040 115.6 116
2015 21.5 1.075 115.1 116
2045 27.5 1.127 114.2 116
2115 33.5 1.199 113.3 116
2145 40.0 1.305 111.8 112
2215 46.5 1.453 109.8 112
2245 53.0 1.662 107.0 108
2315 59.5 1.970 103.0 104
2345 65.5 2.411 97.5 96
23 JUN 0015 71.5 3.152 88.0 84
23 JUN 0045 77.5 4.620 74.1 68

23 JUN 0115 83.5 8.834 44.0 44



Time
(GMT)

1745
1815
1845
1945
2015
2045
2115
2145
2215
2245
2315
2345
23 JUN 0015
23 JUN 0045

23 JUN 0115

Critical
V1s

__Value

116
116
116
116
116
116
116
112
112
108
104

96

84

68

44

Percent
Cloud

Cover

28
29
28
28
26
24
22
20
16
18
20
21
22
31

38

Table 3

Radiance-Derived Cloud Summary Results
for 22 June 1976 in the Texas HIPLEX Area

Number
of

Clouds

66
77
58
51
73
60
46
68
66
50
58
44
52
40

58

Mean
Area

Brightness
110

111
110
112
110
109
107
102
98
93
89
81
70
59

43

Mean
Cloud

Brightness
144

143
140
143
141
140
138
131
128
126
122
111

97

81

57

Mean
Non-Cloud

Brightness
96

98
98
100
100
99
98
95
92
87
80
73
63
50

35

Cloud to
Non-Cloud

Ratio

1.50
1.46
1.43
1.43
1.41
1.41
1.41
1.38
1.39
1.45
"1.53
1.52
1.54
1.62

1.63

-92-
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Figure 3. Variation on 22 June 1976 in the Texas HIPLEX Area of radiance-
derived cloud number, percent cloud cover and cloud/non-cloud
brightness ratio.
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the mesoscale project conducted by Texas A&M University (TAMU). Soundings were
taken at 3-hour intervals at Big Spring, Midland, Post and Robert Lee. Temperature
versus time cross-sections have been constructed for each station and are displayed
in Figures 4, 5, 6 and 7. We see that theisotherms are nearly horizontal with time
and very similar from station to station. It appears justified to use a single
sounding throughout the day for the entire study area, considering inherent limita-
tions in accuracy of both the radiosonde and satellite data. This "average" sounding
is shown in Figure 8. Regions of departure from the average can be accounted for
using Figures 4 through 7, if deemed necessary.

3.4. Computer-Generated Plots

The display of radiance in a hard-copy format is of significant value to the
data analysis. The ADVISAR system at CSU has been modified to generate color video-
tapes of the monitor. 1In this way, a record of activity there can be maintained for
reference at TTU. In addition, printed maps of the raw data have been produced for
detailed analysis.

In addition, computer-generated plotted maps of the Texas HIPLEX area have been
developed. Examples of one type of plot for 1745GMT on 22 June 1976 are given in
Figures 9 and 10 for VIS and IR data, respectively. In Figure 9, each box represents
a region within which the average of VIS data points exceeded the VIScrit of 116 for
this time. The 300 km X 300 km study area corresponds to a VIS data array of 216 X 216
values. These were averaged to a 54 X 54 area, which matches the much poorer resolu-
tion of the IR data array. The 54 X 4 data array was used to produce Figure 9. Thus,
each box represents the average of an 8 row X 4 column array, or a '6 X 6 km area.
Figure 10 is a plot of the IR data, whose inherent resolution for the 300 X 300 km study
area yields a 54 X 54 array. Empty boxes represent a temperature value between O and
-10°C, boxes with a dot in the center represent a temperature between -10 and -20°C and

blank areas represent temperature greater than 0°C. Different symbols are available

for other temperature intervals.
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Figure ¢. Computer-generated plot of VIS data at 1745CGMT orn 22 June 1976 in the
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Study of VIS data plots such as Figure 9 throughout the data period revealed
a problem. The VIS data had been averaged to produce an array of practical size
for the computer algorithm and of comparable resolution to the IR data. However,
small cloud features were found to have been lost in the averaging process. Con-
sequently, another plotting approach was sought. An isopleth contouring algorithm
is being modified to our needs at this time. Examples of the current, but un-
finished, status of the plots are shown in Figures 11 and 12, which correspond to
Figures 9 and 10, respectively. At present isopleths of radiance (isorads) are
unlabelled. This and other.improvements are cﬁrrently underway.

3.5. Infrared Data Location Error.

The VIS and IR sensors aboard GOES simultaneously scan a west to east path,
then step down and scan again. However, a hardware misalignment causes an east-
west offset in the data. Preliminary investigation indicates an offset of the IR
sensor some 2 or 3 IR pixels (12 to 18 km) to the right of the VIS sensors.

Accurate correction of this problem will require well-matched data sets of com-
parable resolution. Consequently, both to solve this difficulty and to improve the
efficiency of the computer-generated plotting techniques discussed in Section 3.4,
an optimum array size is being sought for both VIS and IR data. At this time an
array of 108 X 108 pixels appears best. Generation of arrays of this size will re-
quire averaging in the VIS data to reduce its array size and interpolation in the
IR data to increase its array size. Optimal techniques are being sought for each
case. Care must be exercised in this matter, because of the strong radiance gradients
which exist across cloud boundaries. When matched data sets are produced by this
approach, the IR data offset problem can be solved in a straightforward manner.

3.6. Cloud Motion Vector Study.

A major interest in analysis of radiance data is the determination of cloud
motion in an objective manner. The difficulties encountered in attempting to esti-
mate cloud motion with imagery have served to reinforce the importance of this ob-

jective. Present efforts involve the determination of all cloud brightness center



Figure 11. Computer-generated isopleth analysis of VIS data at 1745GMT on 22 June
1976 in the study area.
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locations in two successive sets of VIS data. A technique is being developed to
search for the spatial displacement in the two arrays which maximizes the corel-
lation of their two patterns of brightness center location. Division of the spatial
displacement by the time interval between data sets yields a mean cloud motion vec-
tor for the area. This effort is just being initiated and will be pursued in the

following months.

4. PLANNED WORK

Future work in the next 6-months consists of six main tasks, described below.

4.1. Comparison of Imagery Results from 1976 and 1977.

The analysis of cloud parameter data extracted from imagery gathered during
the 1977 Texas HIPLEX field program is near completion. As soon as this task is
completed, a comparison between 1976 and 1977 imagery-derived cloud characteristics
will be undertaken. Such a comparison will reveal year-to-year variability in the
cloud populations as well as similarities in the two sets of data. The 1976 summary
was based upon visible imagery alone, while both visible and enhanced IR imagery
were available in 1977. Although a complicating factor in the comparison exists be-
cause of this fact, it may well serve to document the extent to which enhanced in-
frared imagery increased the capability of imagery studies. When the comparison is -
completed a technical report treating the two-year imagery will be prepared and sub-
mitted for approval.

4.2. Computer-Generated Plots.

Several improvements remain to be added to the plotting algorithms described in
Section 3.4. One particularly valuable feature will be thellabelling of isorads.
The availability of good hard copy records of the data will add to analysis capabili-
ties.

4.3. Infrared Cloud Summary Program.

It is planned to develop a computer algorithm to search the IR data arrays in

a similar manner to that already operational for VIS data. The results from such IR
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cloud properties will be of significant value to the tasks described in Sections

4.4, 4.5 and 4.6,

4.4, Radar Data Comparison.

The main goal of the Texas HIPLEX Satellite Project is to develop techniques
by which satellite data can be integrated into an operational water resources
management program. To achieve this end it is necessary to demonstrate that the
satellite data: (1) are consistent with conventional data, such as weather radar,
surface measurements and upper air soundings, and (2) can yield information in
addition to that deriveble from these observation platforms.

To this point, the majority of effort has been devoted to development of analysis
techniques for the satellite data. The availability of digitized radar data from the
Meteorology Research, Incorporated (MRI) installation at Snyder, Texas, provides an
excellent opportunity for inter-system comparison. This comparison will be initiated
on a case study basis in the near future.

4.5. Cloud Motion Vector Study.

The cloud motion vector effort has been initiated and is described briefly in
Section 3.6. This task will benefit substantially in its progress from the success-
ful completion of the availability of computer-generated plots, an IR data summary
computer algorithm and radar/satellite data comparisons.

4.6. Cirrus Study.

The presence of cirrus clouds in the study area substantially complicates the
data analysis process. Cirrus clouds cover underlying area of interest where con-
vection is occurring and prevent the determination of cloud properties below. The
presence of cirrus at upper levels may well influence physical processes below; for
example, the reduced solar irradiance upon the shadowed surface may lead to reduced
free convection.

Once the results are available from the tasks described in Sections 4.2, 4.3

and 4.4, the presence of cirrus clouds within the study area will be given serious
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attention. Techniques will be developed to detect cirrus and account for its

presence in the data analysis.
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The following report is the result of studies by the Principal
Investigator of the program to develop a precipitation climatology for
the Southern HIPLEX Region. The work was conducted under two contracts
(mumbers 14-70029 and 14-80001) between the Department and the Department
of Geosciences, Texas Tech University during the period May 5, 1977
through February 28, 1978. Negotiations were begun during the reporting
period with Dr. Haragan for the expansion of the precipitation climatology
to include a detailed investigation of ‘ storms passing through the Texas
HIPLEX precipitation-gage network and an analysis of case studies in
conjunction with radar and mesoscale data studies being performed at

Texas A&M University and satellite studies at Texas Tech University.
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ABSTRACT

A climatography of clouds and precipitation was prepared for the Hiplex
Southern Region. Results include the frequency of rain periods, the distri-
bution of rainfall amounts during a rain period, the duration of rain periods
and the variation of precipitation based on 7-day running means during the
rainy season. Patterns of clouds and precipitation which characterize the
Hiplex Southern Regién and meso-synoptic events responsible for precipitation
are identified. A study of precipitating ‘cloud cells utilizing 15-minute
recording rain gage data was initiated to provide information on the frequency,

intensity, size, velocity and duration of storms affecting the area.

Key words: Weather Modification, Precipitation, Clouds, Water Resources
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PREFACE

Advances in the science of weather modification have provided an op-
portunity for significant progress in the area of precipitation management.
The problem of designing and evaluating cloud-seeding experiments has been
accentuated, however, by a lack of adequate statistical data to define quanti-
tatively the natural variability of precipitation in the target and surrounding
areas. The climatography presented here provides a data base for the natural

variability of clouds and precipitation in the Hiplex Southern Region.
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I. INTRODUCTION

The proper design and subsequent evaluation of weather modification ex-
periments are dependent ultimately on a knowledge of the natural variation of
precipitation within the experimental or operational area. The purpose of
this study is to provide a quantitative cloud and precipitation climatography
for the Hiplex Southern Region in order to establish a "natural variability"
base upon which a cloud seeding experiment can be designed and evaluated.

The primary objective is to describe as completely and concisely as pos-
sible the patterns of clouds and precipitation which characterize the Hiplex
Southern Region and their variability in space and time. The following analyses
and/or tasks were undertaken in order to satisfy this objective:

(1) Derivation of patterns of mean monthly precipitation based upon 30-
years of monthly precipitation data from the cooperative observer network.

(2) Computation of inter-station correlation coefficients based upon the
monthly precipitation data with implications regarding scale and storm track
analysis.

(3) Computation of rainfall statistics based on approximately 55 years
of daily rainfall records at Big Spring, Snyder and Lamesa, Texas. Results
include the frequency of rain periods, the distribution of rainfall amounts
during a rain period, the duration of rain periods and the temporal variation
of precipitation based on 7-day running means from 1911 to 1969.

(4) Identification of meso-synoptic patterns responsible for precipita-
tion events.

(5) Analysis of the seasonal and diurnal variation of clouds and weather
events based upon hourly observations at Midland, Lubbock and Abilene.

(6) 1Initiation of a comprehensive study of precipitating cloud cells
utilizing 15-minute recording rain gage data. These analyses include informa-
tion on frequency, intensity, size, velocity and duration of storms affecting

the area.
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II. SEASONAL VARIATION OF PRECIPITATION

The Hiplex region of West Texas, shown in Figure 1, is characterized by
rapid changes in temperature, marked extremes and large temperature ranges
both daily and annually. The average annual rainfall at Big Spring is 17.39
inches, two thirds of which occurs during the six-month period, April through
September. The spring and summer rainfall is made up of a few relatively
large storm systems while September rains reflect the occasional flow of
moist, tropical air into the area from the Gulf of Mexico. The period of
interest in this investigation extends from May to September with particular
emphasis in the late spring and early summer.

Figures 2 and 3 show seven-day running means of daily precipitation totals
for the five-month period May through September at Big Spring and Snyder re-
spectively. These curves are based upon 55 years of daily precipitation re-
cords at the two stations. Both curves show a maximum in mid-May decreasing
to a minimum in late June. In both cases there are secondary maxima centered
on July 4 and July 22 with a relative minimum on July 14 and during the first
week of August. Precipitation increases from the early-August minimum to a
broad maximum in late August and early September. From the standpoint of op-
portunities, the period from mid-May to mid-June is probably the most desirable
time in which to conduct a rainfall augmentation experiment. As will be seen
later, however, the efficiency of natural rain producing mechanisms is quite

high during ttis period.
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ITII. SPATIAL DISTRIBUTION OF MEAN MONTHLY PRECIPITATION

Figures 4 through 8 show the distribution of mean monthly precipitation
for the months of May through September based upon the 27-year period from
1944 to 1970. Data from more than 70 reporting stations are used in these
analyses. Extending the period of record to include the years after 1970
was undesirable because of the contamination-potential of an operational rain-
fall augmentation program which began in 1971 under sponsorship of the
Colorado River Municipal Water District.

It is important to realize that the sequence of meteorological events
leading to precipitation in one season of the year are not the same as those
producing precipitation at other times of the year (Haragan, 1976). Precipi-
tation during spring and early summer is usually due to violent convective
activity set off by frontal or upper air disturbances. Once the vertical
motion is provided, precipitation usually results. Summer rains are generally
scattered shower developments which depend mainly on daytime heating, low-
level moisture and an atsence of subsidence aloft.

The distribution in May shows a rather uniform decrease in precipita-
tion from east to west across the Hiplex area. While Midland receives only
slightly more than 2 inches, Big Spring receives about 2.5 inches and Snyder
receives more than 3 inches. 1In June, total amounts of precipitation are less,
but the variation across the Hiplex region is about the same as in May except
for a shift to more of a northeast-southwest orientation. The July pattern
is much less organized as indicated by the 2-inch isohyet. This reflects the
scattered nature of precipitation characterizing the summer season. August
is a bit more organized with a broad maximum running from Muleshoe to Seymour
and generally lesser amounts of rainfall than in July. Precipitation increases
in September and once again exhibits a definite east to west gradient.

Further insight into the nature of the spatial distribution of rainfall is
provided by space-autocorrelation analysis. Correlation coefficients utilizing
more than 2600 station-pairs were computed and smoothed to yield the correla-
tion-distance curves shown in Figure 9. These curves have been smoothed by averag-
ing the correlations over 10-mile distance intervals independent of direction.
Since monthly rainfall totals were used, the coefficients are below those for
individual events but yield information on the average sizes and paths of the

storms. The shape of the curves, showing a rapid decrease of mean correlation
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with distance out to approximately 70 km, results from high precipitation
gradients indicative of local convection. Late fall and winter storms,
characterized by stable air converging toward a center of low pressure or
by frontal waves with a continuous supply of moisture, results in correla-
tions which are higher and vary more slowly with distance (Haragan, 1976).
Figures 10 and 11 show the correlations (expressed as percentages) of
all stations in the network with Big Spring for May and June. 1In May, the
major correlation axis is oriented southwest to northeast suggesting the mean
direction of storm movement. It is interesting and still somewhat curious to
note that the apparent storm track in June has shifted to a northwest-south-
east orientation. Coefficients are also smaller in June reflecting the pre-

ponderance of local showers with higher precipitation gradients.
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IV. ANALYSIS OF PRECIPITATION DAYS

Results of a North Dakota experiment to increase precipitation by cloud
seeding revealed a greater number of rainfall events during seeding periods
(Schleusener and Miller, 1974). More rainfall and a larger proportion of large
rain events were positively correlated with seeding. With this in mind, a
‘climatology of daily rainfall events was produced for the Hiplex region.
Tables 1, 2 and 3 summarize the required data for three stations in the vicini-
ty; Big Spring, Snyder and Lamesa. Table 1 shows the percent frequency of
various numbers of rainfall periods per month based on the total period of
record at each station. A rainfall period refers to a sequence of days all
having a measurable amount of rain. Thus, the ten-day sequence of rainfall,

1st 2nd 3rxd 4th 5th  6th 7th 8th 9th 10th

0 0 .05 .08 0 0 1.06 0 0 0
contains two rainfall periods. In considering the number of rainfall periods
per month, a period extending into the next month counts only for the’ month
in which it began. Note that during some months there were no rainfall
periods, whereas during others, more than seven periods were observed. The
rainfall periods tabulated in Table 1 brought widely differing amounts of rain
shown in Table 3. Note that there is considerable variability among the three
stations in the distribution of rainfall events and the amount of rain re-
ceived per event. The spatial variation is coupled also with a temporal varia-
tion among the five months in the study. It is apparent once again that the
natural variability of rainfall is extremely difficult to evaluate. Table 2
shows the distribution of the duration of rainfall events at Big Spring and
Snyder only. With the exception of September, there is not a significant

difference between the two stations.
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TABLE 1

PERCENT FREQUENCY OF RAINFALL PERIODS

RAINFALL
PERIODS PER
STATION MONTH MAY JUNE JULY AUGUST SEPTEMBER
Big Spring 0 0 3 5 2 8
(1914) 1 2 13 10 10 16
2 18 24 16 22 22
3 18 24 27 . 25 19
4 24 17 31 25 20
5 17 11 3 9 8
6 12 5 5 3 5
7 6 3 3 2 2
>7 3 0 0 2 0
Lamesa 0 2 2 0 3 2
(1910) 1 14 10 13 14 19
2 13 25 21 34 25
3 22 28 27 14 24
4 22 14 24 13 14
5 11 16 13 9 11
6 13 5 1 8 4
7 3 0 1 2 1
>7 0 0 0 3 0
Snyder 0 0 2 5 5 10
(1914) 1 0 13 13 16 8
2 13 16 27 16 22
3 23 27 31 29 25
4 24 18 15 18 21
5 24 10 7 11 11
6 8 10 0 3 3
7 8 2 0 2 0
>7 0 2 2 0 0
TABLE 2
PERCENT FREQUENCY OF DAILY RAINFALL DURATION
DURATION
STATION (DAYS) MAY JUNE JULY AUGUST SEPTEMBER
Big Spring 1 64 69 63 68 49
2 21 20 23 20 31
3 10 6 11 6 11
4 3 3 2 3 7
5 1 2 0 2 1
>5 1 0 1 1 1
Snyder 1 66 73 66 67 63
2 23 19 24 24 23
3 6 5 6 4 8
4 3 2 2 2 3
5 1 1 0 2 1
>5 1 0 2 1 2




-68-

TABLE 3

PERCENT FREQUENCY OF RAINFALL PERIODS PER AMOUNT

AMOUNT
PER PERIOD
STATION (INCHES) MAY JUNE JULY AUGUST SEPTEMBER

Big Spring 0.00-0. 24 50 48 45 49 45
(1914) 0.25-0.49 17 14 22 12 23
0.50-0.99 16 16 16 23 14
1.00-1.49 8 11 7 5 6
1.50-1.99 4 6 4 4 3
2.00-2.99 5 3 3 3 6
3.00-3.99 0 1 2 3 1
>3.99 0 1 1 1 2
Lamesa 0.00-0.24 45 40 39 40 30
(1910) 0.25-0.49 18 23 20 20 24
0.50-0.99 19 17 20 21 21
1.00-1.49 9 9 9 8 9
1.50-1.99 4 5 4 3 5
2.00-2.99 2 4 4 5 7
3.00-3.99 1 1 3 2 2
>3.99 2 1 1 1 2
Snyder 0.00-0.24 29 30 39 28 23
(1914) 0.25-0.49 22 22 24 26 21
0.50-0.99 29 24 17 13 25
1.00-1.49 8 12 7 23 18
1.50-1.99 8 6 5 5 6
2,00-2.99 3 6 4 3 2
3.00-3.99 1 0 2 1 3
>3.99 0 0 2 1 2
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V. MESO-SYNOPTIC PATTERNS RESPONSIBLE FOR PRECIPITATION EVENTS

Rainfall events during the months of May through September were studied
for the six~-year periods from 1972 through 1977 in order to identify the
mechanism responsible for the onset of precipitation. Four categories were
identified as follows: frontal, dry line, upper-level wave and air mass

convection. A summary of results is shown in Table 4.

Table 4 Meso-Synoptic Patterns Producing Precipitation

Number of Occurrences

Year Frontal Dry Line Upper Wave Air Mass
1972 10 0 21 3
1973 9 0 28 3
1974 7 0 19 3
1975 5 1 28 2
1976 4 0 30 0
1977 A 5 0 23 4
Total 40(19%) 1(<1%) 149(72%) 15(7%)

.Upper level waves were responsible for nearly three-fourths of the
precipitation during this period. Of this number, 687 were westerly waves
and 327 easterly waves. Westerly waves were dominant during May, June and
September with easterly waves dominant during July. August was almost evenly
divided between easterly and westerly disturbances.

Only one case could be attributed to the passage of a dry line, this
occurring on May 22, 1975. Most of the frontal rainfall occurred in August
followed by July, May, September and June in that order. Air mass convection

made a significant contribution only during July and August.
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VI. SUMMARY OF CLOUDS AND WEATHER EVENTS IN THE HIPLEX REGION

In order to better define the precipitation climatology of the Hiplex
region, a summary of hourly weather events and cloud occurrences over a
ten year period was prepared. These summaries are provided for Midland (MAF),
Lubbock (LBB), and Abilene (ABI) and are given in Appendix A. Occurrences of
the following clouds or weather events have been summarized:

(1) Cumulus Clouds

(2) Cumulonimbus Clouds

(3) Stratocumulus Clouds

(4) Altocumulus Clouds

(5) Altocumulus castellatus Clouds

(6) Cirrus Clouds

(7) Thunderstorms

(8) Rain showers

(9) Rain and drizzle

(10) Fog
Figures in the tables represent the number of occurrences (hourly observations)
of a particular event during the 10-year period.

Figures 12 through 17 present a graphical summary of the seasonal and
diurnal variation of cumulus and cumulonimbus clouds. Percentage occurrence
is shown as a function of the time of year (month) and the time of day (local
time). As an example, in July and August between 1:00 PM and 3:00 PM cumulus
clouds are reported at Lubbock (Figure 14) about 70%Z of the time. It is obvious
from Figure 13 that the cumulonimbus maximum occurs much later in the day,
between about 5:00 PM and 7:00 PM. Similar patterns are evident at Midland and
Abilene.

Further insight into the development of cumulus convection is shown by
Figures 18, 19, and 20. These figures show the diurnal distribution of cumulus
and curulonimbus clouds for Midland, Lubbock and Abilene respectively. The
month of May, June, July and August are illustrated in each case. Note that
there is approximately a four-hour lag time from the cumulus maximum to the
cumulonimbus maximum. If we define a convection efficiency index as the ratio
of cumulonimbus frequency to cumulus frequency and express the index as a per-

centage at each of the three stations, the following results are obtained:
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Month Lubbock Midland Abilene
May 707 72% 667
June 71% 69% 447
July 66% 60% 417
August 567 50% 25%

The index distribution for Lubbock and Midland is much the same. At Abilene,
however, the index drops off significantly during June, July and August.
Values of mean-monthly precipitable water (expressed in centimeters) are
tabulated for Midland in Appendix B. Computations were made for the 18-year
period from 1954 through 1971. Whereas in most instances the variations from
year to year are small, there are some significant exceptions. Variations of

25-35% are evident between maximum and minimum values at all levels.
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VII. STORM PRECIPITATION ANALYSIS - A CASE STUDY

A meso-scale investigation of storm precipitation is now underway utilizing
rainfall data from the Hiplex recording rain gage network. Spatial resolution
varies from approximately 1.5 km to 12 km (for the 1976 network) and the temporal
resolution is 15 minutes.

Figure 21 illustrates the network rain gages and shows the path of a storm
which occurred during the morning of July 3, 1976. Position X1 is the location
of the storm between 10:45 and 11:00 AM CDT. Subsequent positions are shown
for every 15 minutes until the storm leaves the network at approximately noon
(position 6). Precipitation amounts greater than 3 inches were recorded at some
gages in the path of the storm. Progress of the storm is shown by the isohyetal
patterns for each 15 minute period in Figures 22 through 29. Contours are labeled
in hundredths of inches. Storms were generated on the morning of July 3 by an
upper level westerly wave. The cell which passed through the network developed
rapidly as it moved from northwest to southeast with an average speed of 5 mps
(11 mph). The rainfall intensity increased from a rate of 2.5 inches per hour
between 10:45 and 11:00 AM to about 5 inches per hour during the interval from
11:45 AM to noon. This was probably the time of maximum intensity although it
is not certain since the storm center moved out of the network during the next
15-minute interval. Dimensions of the precipitation area varied. The average
diameter of the rain area was approximately 24 km (15 miles). At the time of

maximum intensity, precipitation was falling over an area of approximately
290 km® (112 mi?).
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VIII. SUMMARY AND RECOMMENDATIONS FOR FURTHER INVESTIGATION

This investigation has answered the following questions for the Hiplex
Southern region of Texas:

1) When does it rain? (Temporal Distribution)

2) Where does it rain? (Spatial Distribution)

3) Why does it rain? (Meso-Synoptic Patterns)

4) How often does it rain?

5) How much rain occurs during a rainfall period?

6) What is the duration (daily) of rainfall periods?

7) What is the frequency of occurrence of thunderstorms, rain showers,

rain and drizzle and convective clouds?

8) What is the distribution of precipitable water?

9) How can precipitating cells be identified and analyzed utilizing the

15-minute resolution rain gage network?

Further work should focus on the recording rain gage network in order to
produce a rain-cell climatology indicating the size, intensity, frequency and
duration of rainfall events. Additional work should include case studies in
conjunction with the parallel investigations utilizing radar, satellite and

meso-network data.
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APPENDIX A

SUMMARY OF HOURLY WEATHER EVENTS AND
CLOUD OCCURRENCES
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LOCAL
TIME

00
01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23

MAF

MAY
LBB

ABI

37
31
28
22
22
25
25
19
12
12

12
12
16
37
34
43
50
59
59
50
34
37

103
102
100
85
64
52

DURING 10-YEAR PERIOD

JUNE
LBB

62
47
31
28
19

ABI

39
36
27
21
18
18
15
12
12

12
15
18
30
36
42
48
57
60
57
51
36
36

40
35
24
26
29
28
35
20
14
10

13
30
60
76
96
104
121
108
96
61
46
31

JULY
LBB

56
44
32
35
30
31
24
15
14
10

12
12
24
45
68
78
82
96
80
82
80
62
50

ABI

18
22
18
18
15
18
24
27
18
18
15
15
31
37
46
59
71
68
74
65
56
34
28
22

MAF

25
20
13
12
12
14
16
12
11
11
8
12
19
28
41
71
83
88
107
113
103
68
43
23

FREQUENCY OF OCCURRENCE OF CUMULONIMBUS CLOUDS

AUGUST

LBB

41
24
19

ABI

19
15
12

12
15
19
12
12
12
12

15
28
34
47
56
62
71
65
62
47
28
22

MAF

20
16
14

SEPTEMBER
LBB  ABI
22 21
12 15
11 15
12 15
12 9
11 9
12 12
10 12

8 6
6 9
4 3
2 3
4 6
9 9
13 2
25 27
38 36
49 36
53 45
50 51
36 39
33 27
24 24
18 21

-VG..
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APPENDIX B

Mean-Monthly Precipitable Water
Midland, Texas
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Introduction

Work under the present contract with the Texas Department of
Water Resources was initiated in late February 1978. The following
interim report therefore covers an actual work period from late
February to 1 April 1978.

The objectives of the MRI portion of the Texas Hiplex program
have been listed as:

a. Acquisition and processing of quantitative radar data

b. Development and interpretation of cloud and radar
climatologies

c. Processing and interpretation of data related to the

mesoscale experiments

Numerous problems related to the processing of the Snyder radar
data have developed in the last two years. These problems have been
caused in large part by errors introduced into the radar data by the
digital processor, by wave guide difficulties in 1976 and, to some ex-
tent, by changes in the Bureau of Reclamation radar data format. A
reevaluation of the procedures for processing the tapes took place in
late September 1977. These procedures are now being implemented
with considerable progress having already been made.

Development of the cloud and radar climatologies requires the
information to be generated from the Bureau of Reclamation radar
summaries. Since all of the Snyder tapes have not yet been processed
into Bureau format little has been accomplished on the climatologies.

Analyses of mesoscale experiments have followed two lines of
approach:

a. Case studies of individual mesoscale events

b. Identification and frequency of occurrence of various
mesoscale patterns

Studies in both of these areas have been initiated under the present
contract.
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Radar Data Processing
In late September 1977 the radar data processing program was
redesigned to make the procedures more efficient and more computer-

oriented. The new design consists of the following steps:

a. Desyntax of the field tape

b. Error search and computer correction
c. Listing of errors and corrections
d. Averaging of three range bins into one
e. Creation of tape in Bureau format

This program is accomplished in one pass through the computer where
the output of the program is a Bureau-compatible tape. Due to the
various bit errors which are introduced by the digital processor during
recording of the data, the error search and computer correction portion
of the program has been the most complex section of the procedure.
This section has been modified twice to include a search and correction
procedure for two types of errors which had previously not been
recognized. In addition to the tape generated by the program, a base-
angle scan is plotted routinely in contour form for all available base
elevation data.

Production runs of all tapes have been started for the available
1976-77 data. Two days of data had been completed by the end of April.
A test tape has been forwarded to the Bureau for a check of format
compatibility with the Bureau processing program.

Mesoscale Analyses

Two case studies from 1976 have been selected for mesoscale
analyses. These cases represent markedly different precipitation
conditions.

June 22-23, 1976

This case consisted of a squall-line passing through the Hiplex
site June 22-23, 1976. A strong band of precipitation was observed
on the NWS radar echo map around 0035Z, June 23 in the Hiplex site,
moving rapidly toward the east. The line triggered heavy thunder-
storms for a few hours and finally dissipated in the early morning of
June 23.
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The present analysis reveals a strong relationship between the
main precipitation zone and a minimum in the surface static energy
field., The line position defined by the surface pressure and wind
field was well correlated with the cloud and precipitation line. The
changes in stability conditions of the vertical sounding were large
during and after the squall passage.

The surface pressure fields were analyzed by using ten surface
mechanical weather stations and neighboring stations. A hand analysis
(Figure 1) was used with special care to match the wind direction-
isobar relationship.

At 0000Z the squall line was oriented approximately northeast-
southwest, passing the vicinity of Post and Lamesa. At 0100Z the
squall line passed Post, and still showed a northeast-southwest di-
rection. At 0200Z, the line passed Snyder trailing down to the Big
Spring area. At 0300Z, the squall line passed Sweetwater and the
orientation of the line changed toward an east-west direction and by
0400Z the line passed Robert Lee.

The static energy field was deduced from the temperature and
dew point data provided by the mechanical weather stations. In Figure
2 a sample time (0200Z) is shown. The analysis shows that in the
vicinity of the squall line there is a large gradient of static energy in
the direction of the line movement. Behind the line, there is a distinct
minimum area (325 7J gm_l), which corresponds with a small high
pressure system near Gail (see Figure 1, 0200Z). The high energy
region is to the southeast of the line and the low energy region is to the
northwest of the line. The distributionof the static energy and the
pressure distribution suggest that the high energy is fed into the line
by the southerly wind. This is believed to be the source of the kinetic
energy for further development of the line system. The minimum
energy area is created by the downdraft associated with precipitation
formation, The enclosed minimum area also suggests that the preci-
pitation and downdraft region is not uniform along the line system.,

The maximum precipitation area should correlate with the minimum
static energy area.

The PPI radar plot about 0200Z is shown in Figure 3, The cross-
mark is the location of Snyder and the outer ring is approximately 137
km from Snyder. The highest dbZ values are in the vicinity of Snyder
and the northeast branch of the line., Local ground effects (within 24
km radius from Snyder) result in blanking out the dbZ pattern near
Snyder, but areas of high reflectivities (>35 dbZ) can be observed
elsewhere. From Figures 2 and 3, the minimum static energy area
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trails behind the major high reflectivity zone near Snyder. This
suggests a relation with the precipitation-induced downdraft area.

Post vertical soundings at 3-hour intervals are given in Figure
4, where § is potential temperature, 6e is equivalent potential temper-
ature and ge* is the equivalent potential temperature calculated with
saturation mixing ratio. At 2100Z, the squall line is to the west of
Post. The sounding shows some instability, however this instability
is not strong enough to develop a large convective system without sub-
stantial mechanical lifting.

At 0000Z, the squall line is in the proximity of Post, the sound-
ing still shows weak convective potential, but around 500 mb the air is
near saturation (6e ~ 6e*). At 0300Z, the sounding is basically neutral,
at 550 mb and above the air remains near-saturated, below 850 mb an
inversion is observed with a very shallow unstable moist layer near the
ground. The squall line passed Post shortly after 0000Z, with a high
dbZ in the area at 0145Z. At 0300Z, no reflectivity was observed
around Post. The stabilization of the sounding at 0300Z then can be
interpreted as follows:

The convective motion in the cloud uses up the kinetic energy
and the vertical distribution of e becomes uniform. The
precipitation falls to the lower layers of the atmosphere and
evaporates, cooling the air near 850 mb and moistening the
low levels. Since the sounding at 0300Z has little convective
potential no cells are observed.

Figure 5 shows a cross sectional view of the ge distribution at
0300Z. All the upper air stations are projected on a vertical plane
through Snyder with a northwest-southeast orientation. At 0300Z the
squall line was passing Snyder and its orientation was roughly north-
east- southwest., The analyzed plane is therefore roughly perpendicular
to the squall line. The purpose of this analysis is to show the ge
distribution in the upper air as opposed to the surface analysis reported
above.

The figure shows that the prefrontal maximum ge region extended
to the upper air (a tongue-shaped contour of 342°K to the left of Big
Spring and Station 4-Snyder). The ground level minimum is located in
the back of the front. The upper air minimum (334 °K contour) is just
below the 400 mb level. The 338°K contour resembles the dbZ contours
of some of the severe storms in the Oklahoma region. In the upper part
of the figure, there are two markings signifying the locations of the high
dbZ zone deduced from the PPI plot. A relation between the high dbZ
values and the minimum 6e zone is suggested.
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July 10-11, 1976

In the 500 mb synoptic analysis at 1200Z (July 10) there was a
low pressure system centered over the Hiplex area. The surface and
upper air analyses show southerly flow in the area. There was no
predominant frontal or squall-line system as in the first case study
(June 22-23, 1976).

The 8-soundings in Big Spring (Figure 6) show moist instability
for most of the observed hours., At 1500Z, the instability was small,
but the closeness of the 6e and @e*s curves show the air was moist at
all levels., At 1800Z (1300 CDT), radiative heating increased the sur-
face temperture (notice the change of 8, from 300 to 305°K), and the
moist instability greatly increased. From 2100Z, the moist instability
decreased continuously. The sounding data show that convective motion
could be triggered by the surface heating in contrast to the June 22-23
case,

The radar PPI plot for 2152Z is shown in Figure 7. At 2152Z,
some convective cells with more than 60 dbZ were located in the vicinity
of Snyder and Big Spring. Roughly thirty minutes later, the cells covered
a larger area, and the maximum dbZ was located to the west of Snyder.
At 23312, the echo area had expanded, and thereafter the cells showed
signs of dissipation.,

The raingage network data of CRMWD, analyzed by the Bureau of
Reclamation, show good agreement between the maximum dbZ area and
the major precipitation area near Snyder and Big Spring.

From the rainfall analysis and PPI echoes the cloud active period
was defined as 2100 to 2400Z in the Snyder-Big Spring area. The
sounding characteristics show that the maximum instability occurred
around 1800Z, but the high dbZ echoes appeared roughly three hours
later.

Figure 8 shows the vertical profile of horizontal winds in the Big
Spring area., The wind speeds below 500 mb level for three time periods
were lower than 10 m/sec:'1 . Wind direction veered continuously from
135° at the surface to about 270° at 300 mb. The shears calculated
by the absolute value of winds at the surface and 800 mb are listed in
Table 1. From 1800Z to 0000Z, the magnitude of downshear increases
with time. This may have contributed to the downdraft development
associated with the dissipation of clouds in the area.
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Table 1. Wind Shear Between Surface and 800 mb
at Big Spring (July 10, 1976)

Time : Units
(GMT) : (m sec™!/km)
1800 -0.31
2100 -2.68
2400 -2.78

1977 Climatology

The synoptic conditions for all of the 1977 operational
days have been reviewed. Deep convective motions are
generally associated with upper air troughs and fronts.

The occurrence of air mass convective showers without the
support of some type of trough condition is very infrequent.
The present direction of the study is to categorize the
types of trough support and to generate a catalog which will
identify these periods of occurrence and frequencies.
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1. PREPARATIONS FOR SUMMER 1978 FIELD PROGRAM

A draft of the Operations Plan for the Texas HIPLEX Field Program
for the summer of 1978 was completed. This draft has undergone several
revisions and is nearing final form. The preparation of the Operations
Plan constituted a major task during this report period.

In addition to the Operations Plan, plans were made for the meso-
scale experiment to be conducted as part of the 1978 Field Program.
Contacts were made with the U. S. Army at White Sands Missile Range
regarding the loan of a rawinsonde unit, the National Weather Service
regarding the purchase of soundings for Midland, the Bureau of Mines
regarding the purchase of helium, and Texas Tech University and NASA
regarding the loan of microbarographs. Five additional hygrothermographs
were ordered and paid for from Texas A&M University funds, and numerous
other aspects handled. The principal task remaining before leaving for
the field is that of building five instrument shelters. This task

will be undertaken as soon as authorization has been received from TDWR.

2. DEVELOPMENT OF A CUMULUS ENTRAINMENT MODEL

Considerable progress was made on this task although a model has
not yet been formulated. The approach has been to consider the environ-
ment as representing conditions in the triangle formed by Midland, Post,
and Robert Lee, determine kinematic parameters for this environmental
volume, and make certain assumptions relating these conditions to those
associated with convective clouds which occupy a smaller volume within
the large volume. Mass continuity equations have been written for the
larger and smaller volume and these combined to specify entrainment
into the convective clouds as a function of altitude. The primary
assumptions in the model is that environmental divergence extends up to
the boundary of the cloud, the only significant vertical motion within
the larger volume occurs in the convective clouds, and the only loss of
water vapor is due to precipitation. The concept of the model is to
determine horizontal divergence at the boundary of the clouds, integrate

this divergence to determine the vertical motion profile within the
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clouds, and from these two quantities compute entrainment. Aircraft
measurements within clouds during the summer of 1978 will be used as the
basis for specifying the vertical motion profile within the cloud

and for verifying model results. It is hoped that the model can be

formulated and initial results available by the end of August.

3. RELATIONSHIPS BETWEEN SYNOPTIC CONDITIONS AND CONVECTIVE ACTIVITY
A study was initiated to determine the relationships between
synoptic conditions and convective activity in the Texas HIPLEX area.
Synoptic conditions are being analyzed and interpreted through the use
of vertical cross sections, constant pressure charts, and thermodynamic
diagrams. Synoptic conditions will be related to mesoscale conditions
observed in the HIPLEX area. This study was begun recently and signi-

ficant results are not yet available.

4, ANALYSIS OF 1977 TEXAS HIPLEX DATA

The analysis of the 1977 Texas HIPLEX data is underway. Computer
programs have been altered to improve efficiency and reduce costs and
the programs checked out. This task has been delayed somewhat due to
a delay in receiving data from the National Climatic Center in
Asheville. It is expected that rapid progress will be made on this task

during the next report period.

5. ENVIRONMENTAL MODELS ACCOMPANYING CONVECTIVE ACTIVITY

The successful modification of cumulus clouds to enhance rainfall
or to suppress hail is a very practical goal in meteorology today.
Before one can begin to modify a complex convective cloud system a
complete description of its natural state and variability must be accom-
plished in order to determine if changes in the system are a result
of natural events or are artificially induced.

Many studies have attempted to describe the synoptic, or large
scale, environment that is favorable to convective development. Much
research also has been conducted to establish interactions between the
individual clouds and their immediate environment. The problem becomes
one of adequately describing the mesoscale environment conducive to

development, maturation, and dissipation of convective elements. In
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addition, the specification of interactions between these elements
and their original environment is also necessary.

The primary objective of this research is to determine from 3-h
rawinsonde data the upper-air characteristics that exist prior to,
during, and after convective activity in the Texas HIPLEX region.

The description of the meso-environment accompanying convective
activity in this research is accomplished in four steps. The steps
include the selection of appropriate atmospheric parameters, the
analysis of time profiles of these parameters in specific case-study
situations, the construction of model time profiles relative to the
time of occurrence of convective activity for each type of convective
regime, and the examination of average profiles for days with and with-
out convective activity.

The parameters chosen in this research include mixing ratio,
moisture divergence, vertical motion, temperature, and lapse rates of
both potential and equivalent potential temperature. Mixing ratio was
selected because it gives an adequate measure of moisture content while
eliminating the interpretation problems that both dew point and relative
humidity have with height. Moisture divergence is important in concen-
trating and supplying the moisture needed for convection, and vertical
motion is important in transporting moisture upward and triggering the
release of its latent heat. Thus, these parameters are also included.
Both of the previous values are 20-point averages near the center of a
grid placed over the Texas HIPLEX area where grid points were 15 km
apart. The average is an adequate representation of conditions sur-
rounding Big Spring. Diurnal variations are incorporated by including
temperature as a parameter. All of the above are presented at 850, 700,
and 500 mb since these levels adequately represent the lower troposphere.

Lapse rates qf potential and equivalent potential temperature were
calculated for the 700-850- and 500-700-mb layers and represent measures
of static and convective stability, respectively. Wind direction and
wind speed were not included as parameters since neither the velocities
nor the vertical shears were large enough to be significant.

The analysis of specific case-study situations was accomplished in
four parts. First, convective activity was classified as to type, i.e.,
squall line, isolated cell, and its location, movement, and intensity

identified. Secondly, time profiles of all selected parameters were
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constructed. Sample time profiles for mixing ratio are shown in Fig. 1.
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Fig. 1. Time profiles of mixing ratio
(gm kg~1) for 22-23 June 1976.

Profiles of mixing ratio and moisture divergence were examined to describe
the initial moisture distribution and its changes with time as a result
of convective activity. Vertical motion profiles are examined and any
synoptic or diurnal effects noted from the temperature profiles. Finally,
the influences on both static and convective stability that result from
any of the above changes were documented.

Having selected appropriate parameters and analyzing each case study,
model profiles were constructed to detail the complete life history of
environmental changes due to convective activity for each regime. Each
model contains profiles of each parameter which are a composite of pox=-

tions of development, maturation, and dissipation profiles obtained from
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each case study. Each profile is then referenced to time of maximum
activity and indicated as 00 hours. Diurnal effects are not included
to insure that profiles remain as general as possible so that applicabi-
lity is not restricted. A typical model profile for mixing ratio is

given in Fig. 2.
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Fig. 2. Model time profiles of mixing ratio
(gm kg~1) for days that experienced
isolated cells.

Finally, all days on which soundings were available were separated
into two groups; those that experienced convection at some time during
the day and those that did not. Average time profiles of the selected
parameters were computed for each group and were analyzed to identify
those features unique to each particular regime.

Conclusions about environmental changes for both moisture and stability
were made as a result of this research and are outlined below.
Moisture: Significant low-level (850 mb) moisture increases were observed
3-6 h prior to convective development. Moisture decreases at the time of
activity because vertical transport exceeds the horizontal supply. Mid-level
(700 mb) moisture remains constant until the time of activity and then in-
creases as a result of the vertical transport of moisture from below. Ex-
tremely low values of moisture at upper levels on days without convective
activity suggest that entrainment may be a key factor in inhibiting convec-
tion. Also lacking on days without activity is an adequate low-level
moisture supply.
Stability: Low-level static stability decreases during days with sufficient
surface heating while upper-level static stability remains constant during
all days. Low-level convective stability decreases significantly 3-6 h

prior to convective development as a result of the increase of low-level
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moisture. Upper-level convective stability remains constant prior to
activity and then decreases during convection; this is a result of the addi-
tion of moisture to that layer. On days without convective activity low-
level convective stability increases and upper-level convective stability
decreases.

The complete results of this study will appear in a comprehensive
technical report now in preparation and expected to be completed by the

end of April.

6. MOISTURE BUDGET ANALYSIS

The primary purpose of this analysis is to examine moisture sources,
and therefore encrgy sources for convective activity. The distribution of
water vapor with height is determined from various moisture-related pro-
cesses.

A triangle was formed over the Texas HIPLEX area by the vertices of
three rawinsonde stations (Robert Lee, Post, Midland), encompassing an area
of 8.31 x 109 mz. The effect of balloon drift was determined to be
negligible; the area was assumed to remain constant with height. The volume
for which the analysis was performed is this area times the vertical dis-
tance between 850 and 300 mb. Sounding data taken at 3-h intervals from
1500 GMT to 0300 GMT for 9 days during the summer of 1976 were used in the
analysis.

The Water Vapor Budget

The equations for the water vapor budget have been derived and will
appcar in a technical report to be submitted soon. The final form of the
water vapor budget terms can be expressed as the following moisture-

related processes:

l(qpa Gé)ndA: The horizontal transport of water vapor through lateral

boundaries of the volume.

r(qpaW)dA: The vertical transport of water vapor through boundaries

s of the volume.

J(qpa—\73)dV: The combined net horizontal and vertical transpo;t of water
Y vapor through boundaries of the volume.

J(qpa)dV: The total mass of water vapor present, defined as the total

v precipitable water within the volume.
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3 (qpa)
JLE%Eﬂ—'dV: The local rate of change in the total mass of water vapor
v

within the volume.

These terms were all evaluated for 50-mb layers from 850 to 300 mb.
Results and time profiles of all these terms will appear in the technical
report that is under preparation.

From the various moisture-related processes previously described, a
complete evaluation of the water vapor budget was made for 9 days from
1976 Texas HIPLEX mesoscale data. Terms involving the continuity of water
substance were used in the evaluation of the total water budget. A summary
of results appear in this section. Complete results will appear in the
technical report under preparation.

Times when convective activity occurred were determined from hourly
radar maps. Conditions concerning convective activity were divided into
four categories: (1) times when convective activity approaches the Texas
HIPLEX area; (2) times when convective activity occurs within or develops
over the Texas HIPLEX area; (3) dissipation or movement of convective activity
out of the Texas HIPLEX area; and (4) times when no activity is reported
near or within the Texas HIPLEX area.

As convective activity approaches the Texas HIPLEX area, a large in-
crease in the horizontal transport of water vapor is obsexrved for most 3-h
intervals preceding activity. Upward vertical transport indicates moisture
convergence in upper layers at these times. This is shown by the local-rate-
of-change of water vapor with a net gain in layers above 700 mb and a net
loss in lower layers. Although the vertical transport tends to "store" watir
vapor in the upper layers, the horizontal moisture convergence into the
Texas HIPLEX area is responsible as the moisture source prior to convective
activity. This was found to be true for both cases of line and isolated
cell movement. Hudsonl(l97l) arrived at similar rcesults concerning the
horizontal moisture convergence being a primary moisture source.

Times when convective activity occurred over the Texas HIPLEX network
reflects a substantial increase in the total mass of water vapor at all
times. However, the local-rate-of-change term continues to show a net loss
in lower layers, which may be attributed to condensation and precipitation.
Vertical transport of water vapor remains upward during activity, and in-
creases in magnitude during convective activity. During development and

especially when convection reaches the mature stage, the contribution of

lHudson, H. R., 1971: On the relationship between horizontal moisture
convergence and convective cloud formation. J. Appl. Meteoxol., 10, 755-762.
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horizontal moisture transport extends from the surface to greater heights
and is the principle moisture source. This can be seen in the case of

July 3-4 from 1500 to 1800 GMT, when an isolated cell formed directly over
the network. At 1800 GMT the horizontal moisture convergence extended from
the surface to 500 mb. This result agrees with that obtained on a synoptic
scale by Fritsch 95'21,2(1976).

During dissipation, or times when convective activity moves out of the
Texas HIPLEX area, the total mass of water vapor decreases accordingly. The
local rate-of-change in water vapor for a 3-h interval following activity
shows a large decrease in upper layers above 700 mb. The increase in water
vapor in lower layers may be attributed to cvaporation of clouds and
precipitation during dissipation. In many cases, the vertical transport of
water vapor becomes downward, which would also tend to accumulate water
vapor in lower layers. However, times when vertical transport remains up-
ward, the magnitude of this term decreases considerably. Once convective
activity has moved out of the network, vertical profiles of moisture begin
to resemble those prior to the activity.

At times when no activity was observed near the Texas HIPLEX area, the
effect of moisture related processes existed. On several cases analyzed,
when no activity occurred, moisture was stratified in several layers. This
stratification was reflected in HIPLEX soundings. Moisture stratification
leads to increased moisture gradients, and to increased turbulent mixing of
moisture in adjacent layers. This mixing is observed in profiles of local
rate-of-change in water vapor throughout the day. Little change is observec
in layers above 450 mb, due to the decreased amounts of water vapor present
in these layers at all times when no activity occurred. Profiles of the
total mass of water vapor show an intense dry layer which develops around
450 mb on all days which convective activity was absent. In each case
studied such a development at one or more times during the day became a
characteristic of "no activity", and may be an important factor in cloud
development when determining whether or not convective activity will occur.
Vertical motions, and therefore vertical transport of water vapor through
constant-pressure surfaces, remained upward and nearly constant throughout
the day. This may be attributed to free convection produced by surface
heating during the day. Although no intense convective activity occurred

due to the lack of water vapor present, surface observations report light

2Fritsch, J. M., C. F. Chappell, and L. R. Hoxit, 1976: The use of large-
scale budgets for convective parameterization. Mon. Wea. Rev., 104, 1408-1418.
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and numerous scattered to broken cumulus during the afternoon. This was
obsexrved to occur mainly on days when a moisture stratification existed.
These clouds form in a moist layer, and their growth appears limited by the
rate of mixing and the entrainment of dryer air below and aloft. Winds
aloft remain fairly strong; these clouds may form within the volume and be
advected out.

Figures 1 and 2 show the total mass of water vapor present in the
entire volume obtained from profile data. The nine days analyzed were
divided into 2 groups: (1) days when no activity occurred within the
network at any time, shown by Fig. 1, and (2) days when activity occurred
within the network, shown by Fig. 2. Specific times with convective activity
were observed and are denoted on these figures. Average values for total
mass of water vapor were obtained from these figures. The results indicate
that a “threshold" value of water vapor of about 2.0 x lO14 gm is needed
over the Texas HIPLEX area for convective activity with precipitation
to occur.

From the hourly totals of precipitation provided by the Bureau of
Reclamation and presented in the February progress report, a definite
correlation between periods of maximum precipitation and maximum amounts
of water vapor was found. The magnitude of the average amount of water
vapor was found to be proportional to the duration of convective activity
which occurred on a given day.

The Total Water Budget

The equation for the continuity of water substance can be expressed
as:
3(qpa) v + -
I At av + (qpavz)ndA (qpaw)dA R
v s s
(1) (2) (3) (4)
where g = mixing ratio
= density of the air
horizontal wind velocity
= vertical velocity

= normal component

< B £ <4O
U

= volume

' s = surface integral

This equation represents a balance of the total water budget at any

particular time expressed in units of (gm/sec). The terms in this equation
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have the following meaning: (1) the local rate of change or the net gain
or loss of water vapor within the volume; (2) transport of water vapor
through the lateral boundaries; (3) transport of water vapor through the
vertical boundaries; and (4) the sources and sinks of moisture (evaporation,
condensation, precipitation, and turbulent flux of moisture through the
boundaries) .

The total water budget was evaluated for 9 days during the summer
of 1976 over the Texas HIPLEX area. Hourly totals of precipitation were
obtained from the Bureau of Reclamation for two of these days. A comparison
of these data to the above equation was made, and the results appeared in a
progress report for February 1978, along with time profiles of the terms in
the water budget equation.

Results for two days analyzed for the summer of 1976 appear in the
progress report for February 1978. In summary, a comparison of the residual
term of the total water budget to the actual precipitation amounts was
made. The area for which these precipitation analyses were available was
approximately half the size of the triangular area used in the total water
budget equation. The residual term was reduced in magnitude (normalized)
by a ratio of these areas. For comparison, a ratio of the normalized
residual term to the total measured precipitation was computed.

Results indicate a good correlation between the residual term and the
observed precipitation for both cases studied. In principle, as the inte-
gration period incrcases, the limit of the ratio should approach unity.

This suggests that over a long enough time period, the contributions by
condensation and evaporation to the residual term tend to cancel thus making
precipitation the dominant factor in the residual term. Turbulent boundary
fluxes were assumed to remain unchanged or insignificant. Results show

that during periods of intense precipitation, and over longer time periods,
this ratio decreases substantially.

A comparison of the terms in the total water budget equation during
precipitation should reveal the source of moisture for the precipitation.
Results show a significant increase in the horizontal moisture transport
(horizontal moisture convergence) into an area of convective activity
during precipitation periods. These results agree with the water vapor
budget study, indicating that the horizontal moisture convergence term may

be the primary moisture source for convective activity.



-140-

It has been established that precipitation becomes the dominant factor
in the residual term, thus a profile of the residual term with height may
indicate a source level for precipitation. Figures 3 and 4 represent
time profiles of the residual term with height for two days previously
studied in the February 1978 progress report. For the case of June 22-23,
Fig. 3 shows a net loss in lower layers to approximately 700 mb, with
maximum amounts occurring in the lowest layers. Above 700 mb, the residual
shows a net gain at all times except at 0300 GMT when a line of convective
activity moved into the Texas HIPLEX area. At 0300 GMT, the profile shows
a net loss in the residual at most levels above 600 mb. In the case of
July 10-11, radar maps show large amounts of convective activity present
at all times over the Texas HIPLEX area. This can be seen in Fig. 4 where
profiles of the residual term show a net loss at all levels for most times
throughout the day. Hourly totals of precipitation indicate a maximum
value at 2200 GMT. Figure 4 shows a maximum in the residual term at
2100 GMT at all levels. Thus, when precipitation is observed, the residual
term increases in proportion to the amount of precipitation.

Figures 3 and 4 indicate that when precipitation amounts are large,
the magnitude of the residual term does not vary much with height. This
shows that during well developed convective activity each layer tends to
contribute equally to the residual term. However, during moderate and
light periods of precipitation, the magnitude of the residual is greatest
in lower layers, and gencrally decreases with height. This may be
attributed to lighter amounts of precipitation falling from stratus-type
clouds, which are not well developed vertically. In this case, precipita-
tion formation is confined to a smaller layer. A comparison of Figs. 3
and 4 shows that although greater amounts of precipitation were obsexved
on July 10-11, the magnitude of the residval term remained nearly equal
in lowest layers at all times. This indicates that the increased amounts
of precipitation are due to increased contributions from each layer above
approximately 750 mb. Therefore, the contributions from upper layers
becomes a function of the depth of the convection, and the heights to
which convective activity extends. These results agree with the water
vapor budget study, indicating a "storage" of water vapor in upper layers

prior to convective activity.
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Comments and Future Plans Regarding the Analysis of Moisture

The results obtained to date are encouraging and support the validity
of the various moisture-related processes described. These preliminary
results indicate the importance of horizontal moisture convergence as
a source term for the formation and maintenance of convective activity.
This is also shown by the relationship between the horizontal moisture
convergence term and the residual term of the total water budget at all
levels. Work is currently underway to determine the level at which this
source term is most important in producing the large residuals. It is
prlanned to evaluate the water budget for three layers (850-700, 700-500,
and 500-300 mb), and determine the relative importance of each of these
layers during various stages of convective activity. It is also hoped
that this analysis will determine the levels at which precipitation ori-
ginates, which will lead to a better unéerstanding of the factors producing
precipitation.

It has been shown that the magnitude of each term in the total water
budget equation affects the magnitude of the residual term. A comparison
of each term to the residual term will be studied to determine the rela-
tive importance of each term in relation to various stages of convective
activity. A ratio of each term to the residual term will provide a relative
percent of that term comprising the residual term. This ratio will vary
depending upon development, maintenance, dissipation, or no convective
activity present. It is hoped that from such a study, an interaction of
these total water budget terms can expla.n the energy source of convective
activity.

Results have indicated that although the horizontal moisture conver-
gence is the primary moisture source, the vertical transport tends to flux
this moisture upward into regions of convective activity. A similar type
study involving the comparison of the total water budget terms will in-
volve a ratio of the net horizontal transport of moisture to the net verti-
cal transport of water vapor to determine if any relationships exist to
produce convective. activity.

Both the water vapor budget and the total water budget will be com-
puted for data obtained during the summer of 1977 for the Texas HIPLEX area.

It is hoped that these results will reinforce the results obtained
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previously, especially with the introduction of 1 1/2-hour rawinsonde
sounding data. Also it is clear that more precipitation analyses are
needed to adequately evaluate the validity of the preliminary results
obtained in this report.

7. COMPOSITE SURFACE AND UPPER-AIR ANALYSIS

Much uncertainty exists as to the atmospheric conditions which lead
to the development, maintenance, and dissipation of convective activity.
The goal of this research is to reduce the amount of uncertainty in the
Texas HIPLEX area by combining various surface and upper-air fields in a
manner which would best reveal the basic physical processes taking place
in the atmosphere during convective activity.

Exactly what diagrams, tables, and figures will be needed has yet to
be established. Shortage of data and problems encountered in combining
surface and upper-air data have made this task anything but simple. A
tedious trial-and-error procedure has been initiated in order to attack
the problem.

Only preliminary results are available for this study. The first
step taken toward an effective analysis of the data was to classify the
radar data into categories which represented the basic stages of convec-
tive activity. Originally, only the days were classified in this manner
for the purpose of performing case studies where each day represented a
éifferent case. Recently, however, it was determined that more conclusive
results could be obtained if the radar data were classified for each hour
into onc of four categories—-nonconvective, development, maintenance,
and dissipation--and that the data included within each category be studied
collectively and compared to that of the other categories. These four
categories were classified according to the following subjective criteria:

1. Nonconvective: Radar echoes did not appear during the hour

within the HIPLEX region, and if so not within 40 km of a surface
or upper-air station used in the analysis.

2. Development:

a. Development was considered to have occurred during the
hour in which an echo first appeared, as well as during
the hour prior to echo formation. If echoes were present
initially, then an increase in areal coverage by the echoes
of 15% or more (without a decrease in intensity) was also
included under this category. ’
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b. Intensification of a pre-existing echo by a minimum in-
crease in vertical extent of 5000 feet, even if other
echoes present during the same hour showed no such in-
crease was considered as development, but only at the
hour prior to the observed increase. If a further in-
crcase was observed during the following hour, as was the
case in part (a), both the hour prior to and during the
initial increase were considered as hours of development.

For example, the following table lists typical echo tops which
might exist to give a classification of development for haurs

17-20:
Hours (CDT) 17 18 19 20
Echo tops (feet) - 20,000 27,000 29,000
Echo formation Dev. Dev. - -
Intensification - Dev. Dev. -

If the echo top reported at hour 20 in the above example had
been 26,000 feet, then only hours 17 and 18 would be considered
as hours of development.

3. Maintenance: Activity was considered to be maintained at a
certain hour if the following two conditions were satisfied:

a. The amount of area covered by the echo during the subse-
quent hour was within f15% of the area covered at the
given hour.

b. Echo tops reported during the subsequent hour were within
5000 feet of those reported at the given hour.

If a situation existed where only one or none of these con-
ditions was satisfied, then thc¢ hours involved would necessarily
be classified under the development or dissipation category.

4. Dissipation: Activity was classified as dissipating for a
given hour if either of the following two conditions were met:

a. The amount of area covered by the echoes during the
following hour had decreased by at least 15% of that
covered during the given hour.

b. One or more of the echo tops during the subsequent hour
had decreased in vertical extent by at least 5000 feet
from the respective echo tops reported at the given hour.
Each hour during the 1976 and 1977 operational periods has been classified
accorxdingly.
This classification scheme admittedly combines into a single category
criteria which do not necessarily represent the same atmospheric process;
for example, echo formation and intensification. However, such a broad

scheme was required due to the shortage of available data, particularly
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during the 1976 ficld project. Other problems which arose in using such
a classification scheme stemmed from the possibility of both development
and dissipation occurring during the same hour in different areas of the
HIPLEX region. The frequency of occurrence of this situation, however,
was quite small. The few such cases that existed were examined carefully
to determine which of these categories would be most appropriate.

In addition to the radar classification, several other results have
been obtained. A computer program has been written to calculate various
quantities from the desired gridded surface fields. For a parameter such
as moisture divergence, these quantities include grid average, percent of
the negative area, maximum intensity of moisture convergence, and maximum
intensity of moisture divergence for each hour. The calculations from this
program are being analyzed, and as yet, only a few conclusions were
drawn from them. During nonconvective hours the cells of moisture diver-
gence and convergence are generally weak and of similar intensities.

During hours of development, although the amount of area covered by
moisture divergence and convergence is about the same, the intensity of

the moisture convergence cells is quite large and exceeds that of moisture
divergence. During hours of dissipation the reverse is seen, with moisture
divergence dominating over moisture ccnvergence.

Several scatter diagrams have been prepared with average surface
values versus upper-level values for several levels and for each radar
category. For instance, moisture divergence at the surface was plotted
against 700-mb moisture divergence ifor the nonconvective cases collectively
and for each of the other radar categories. Unfortunately, only the
1976 data is included in these diagrams, and so any conclusions concerning

these will be deferred pending the analysis of 1977 data.
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""RADAR-ECHO CLIMATOLOGY FOR THE
SOUTHERN HIPLEX REGION'
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From WSR-57 radar film of the Midland and National Weather
Service for the period April-September 1973-1976, data on various
echo characteristics were analyzed during the reporting period as
part of the development of a radar-echo climatology of the Texas
HIPLEX project area. Those climatological characteristics examined
by the study are tabulated below.

(a) Time variation of initial and transient echoes

1. Interannual

2. Intermonthly

3. Diurnal

4. Running means of daily echo frequency

5. Frequency distributions: echoes vs. days
(b) Geographic aspects

1. Interannual comparisons

2. Intermonthly comparisons
(c) Duration of echo existence

1. To 8 km, stratified by size of initial echo

2. To maximum size, stratified by size of initial

echo

(d) Speed and direction of echo movement

In addition, work centered on the determination of what effects cloud-
seeding activities may have had on the occurrence and behavior of radar-
echo populations. Two approaches were used in investigating the geographic
aspects of seeded and non-seeding echo populations: (1) seed vs. no-seed
echo frequency after empirical correction was made for radar bias;

and, (2) seed vs. no-seed echo frequency by paired squares. The
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durations of life cycles of both seed and no-seed echo populations
were also examined.

Furthermore, planning was done for associating various characteristics
of radar echoes with surface and upper-atmospheric synoptic conditions.
This phase of the work had not been completed as the report period
ended.

A final report describing all results obtained from the study is
due to be submitted by the Principal Investigator to the Department no

later than May 15, 1978.
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RAIN-GAGE NETWORKS

All of the Belfort recording rain gages remained on location in the
HIPLEX study area during the report period. District personnel constructed
a newly-designed base for each of the 81 gages to allow easier levelling
and calibration of the gages at their respective field locations.

These bases were positioned in the field preparatory to the calibration

of the gages by Department technicians in April 1978.

RAWINSONDE OPERATIONS

As support for the analysis of mesoscale data being conducted at
Texas AGM University, the District's.rawinsonde technician obtained 1976
and 1977 rawinsonde data from the three HIPLEX sites and prepared
scatter diagrams of numerous upper-atmospheric parmaters. The mean
and standard deviation of such parameters as temperature, millibar
height variation, dew point depression, potential temperature,
equivalent potential temperature, wind speed and direction were

calculated.

CLOUD-SEEDING ACTIVITIES

The District relocated its base of operations from Howard County
Airport near Big Spring to the vacated facilities known formerly as
Webb Air Force Base. Most of the equipment to be used during the 1978
Texas HIPLEX Program was transferred from Howard County Airport to

the new base of operations. The following tabulation gives the location
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and operational status of Texas HIPLEX project equipment as of March

31, 1978:
Operational

uipment Transferred Status
RD-65 Rawinsonde unit Yes No
Anemometer system Yes Yes
Bureau's trailer Yes Yes
700-ASR data terminal Yes Yes
7202-A Graphic plotter Yes Yes
GE terminet Yes Yes
3-cm radar console Yes Yes
3-cm remote scope Yes No

In addition, two VHF radios operating on FCC-assigned frequencies
of 122.9-122.925 and 158.19 were installed near the main operating
console of the FPS-77 radar system at the new operations base. A
license was obtained from the FCC for operating the FPS-77 radar at
frequencies below 5590 MHz.

A sumary and analysis of all cloud-seeding activities conducted by
the Colorado River Municipal Water District was prepared by the District's
radar meteorologist during the reporting period. The report, entitled
'"1977 Weather Modification Program: Precipitation Enhancement Conducted
by the Colorado River Municipal Water District,' describes the purpose and
operational design of the program, equipment used, as well as analyses
of rainfall and cotton yield data for the District's ''target'' area.

Excerpts of the sumary report are provided below.
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'"When individual isohyetal maps (Figures 1-7) representing
the seven cloud-seeding years are considered, an axis of
maximum precipitation @s seen to be) generally associated
with the eastern side of the seeded area.

In each of the seven years, a closed center of maximum
rainfall occurs within the operational area. This is not
typical of the historical precipitation pattern for the area,
for the unseeded period was characterized by a gradual and
uniform increase in precipitation from west to east (i.e.,
no closed center or precipitation).

"Only in 1976 does the area of maximum precipitation (18"
closed contour) appear not to be directly associated with

the seeded area. However, the axis associated with the area
of maximum rainfall observed during 1976 extends from Lubbock
southward through the northwest portion of the target area

to a point immediately south of the Cope Ranch.

When rainfall totals for the seven years of cloud seeding are
compared with the 'historical normal" ... the location of

the greatest percent of normal is (seen to be) essentially
synonymous with the seeded area (Figure 8).

'"When the seven years of cloud-seeding are combined (Figure
10) the isohyetal pattern is in close agreement with that
observed in several of the yearly isohyetal patterns--an
elongated precipitation center (hatched area) meandering
across the eastern half of the target area in a northwest
to southeast direction.

"When the period of the seven cloud-seeding years is compared
to the non-seeded historical record, differences in isohyetal
patterns become evident. Whereas rainfall totals generally
increase from west to east in the historical period (Figure 9),
peak amounts of rainfall occurred within and adjacent to the
target area, with lesser rainfall totals observed both to the
east and west of the seeded area. Another noteworthy feature
is the displacement of the precipitation regime westward.
Particularly important is the fact that the aligmment of the
isohyetal pattern remains north-northwest to south-southeast.
In addition, rainfall totals along the eastern edge of the
operational area appear to be unchanged (note the relative
positions of the 13-inch isohyets in Figure 8 and 9).
Consequently, it may be assumed that the cloud populations
developed within the operational area during both the seeded
and non-seeded periods. That is to say, the same amounts

of moisture existed in cloud form in both periods. However,
the precipitation efficiency of the clouds developing during
the seeded period may have been enhanced through the aerial
application of silver iodide.
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