PATTERNS. OF RADAR ECHOES, OF CONVECTIVE PRECIPITATION

|
HIGH PLAINS OF TEXAS, 1961

By
WAYNE QLYMA
Bachelor of Science
Oklahcoma State University
Stillwater, Oklahoma

1958

Submitted to the faculty of the Graduate School of
the Oklahoma State University
in partial fulfillment of the requirements
for the degree of
MASTER OF SCIENCE
August, 1963



OKLAHOMA
STATE UNIVERSITY
LIBRARY

JAN 7 1964

PATTERNS OF RADAR ECHOES OF CONVECTIVE PRECIPITATION,

HIGH PLAINS OF TEXAS, 1961

Thesis Approved:

L/ e

Thesis Adviser

27 2.,

=7

/C/—/)thu%

Dean of the Graduate School

11(.

541874



ACKNOWLEDGEMENT

The writer wishes to express his appreciation to all those who
aided him in this investigation. Numerous individuals assisted by
direct and indirect means.

The writer is indebted to the Soil and Water Conservation Research
Division, Agricultural Research Serxrvice, U, S, Department of Agriculture,
whose sponsorship of the research made this investigation possible and
to Dr. J. R. Johnston, Chief, Southern Plains Branch, for his assistance.

Mr. W. O. Ree, Regearch Investigations Leader, Southern Plains
Branch, furnished much helpful advice in planning this investigation.

The valuable guidance and encouragement of Professor F. R. Crow
throughout this study is greatly appreciated.

The assistance of William E. Fry, Engineering Technician, Southern
Plains Branch, in suggesting the utilization of the coordinate method
of computing areas and collecting the data is acknowledged.

Appreciation is due Mr. D. K, McCool, Graduate Student, Agricultural
Engineering Department, and Professors R. L. Caskey and R. D. McDole,
Mathematics Department, who assisted in various ways in the development
of the method for computing the centroid.

Recognition should be given Professor Herbert Kershaw, Jr.,
Meteorology Department, and Mr. Arlin D. Nicks, Agricultural Engineer,
Southern Plains Branch, for their assistance in matters concerning

meteorology and radar theory and practice.

iii



The assistance of the U. S. Weather Bureau, National Weather
Records Center, Ashville, North Carolina, which made avallable radar
operator's logs on file, is appreciated,

The writer wishes to acknowledge the assistance of the Amarillo
Weather Bureau, from whom the film was obtained. The cooperation of
various personnel of the Amarillo Weather Bureauy, Amarillo, Texas, by
answering questions and making suggestions, aided this investigation.

The writer is indebted to Mr. Glem N. Williawms, Programmer, Data
Processing Center, Texas Engineering Experiment Station, College
Station, Texas, for programming a computer to make the computations for
analyzing the data.

Acknowledgment is due Mr. C. E. Van Doren, Superintendent, and the
staff of the Southwestern Great Plains Field Station, Bushland, Texas,
for their assistance.

To my wife, Marjorie Marie, and son, Gary Wayne, for their

ingpiration and encouragement, thils thesis is dedicated.

iv



Chapter

I,
II.

Iiz.

Iv.

vI.

TABLE OF CONTENTS

INTRODUCTION + « v v v o o e e e e e e e e e e e o
OBJECTIVES + v « v o v 0 v e e e e e e e oo
REVIEW OF LITERATURE + o « « o v v o o v o o v o o s

Principles of Radar Cperation . . . . . . . . .
The Radar Equation . . . o ¢« « ¢ & « o o « & .
Applications of Radar to Hydrology . . . . . .
Geographic and Precipitation Characteristics
of the High Plaims . . . . . . . . « « .+ « .

PROCEDURE . . .« « ¢ ¢ o o ¢ ¢ o o s o o o s s o

Selection of Study Area . . . + « ¢ ¢ 4 . . .
Development cf Procedure for Computing Ares and

Centroid by Coovdimates . . o . . + ¢ & o & =
Data Collection Procedure , . . . . . . . . . .
Data Analysis Procedure . . . . . . . . . . . .

RESULTS . ¢ + ¢ 5 + ¢ « s s o o o 2 5 & s s« a2 & s o

Limitations and Completeness of Data . . . . .
Evaluation of Area and Centroid by Coordinates
Duration, Distsnce, Speed, and Direction . . .
Time and Location of Initiation . . . « . - . &
Echo AT@a . © & « « « o « v ¢ o o o« s o o o

SUMMARY AND CONCLUSIONS . . . .+ ¢« « o + « + v o o
SUWMMATYY -« « o o < o o s 5 & s e 5 = o4 s 0 s o e

Conclusions . . + « « « o + o o + o 2 0 4w e s
Suggestions for Further Study . . . « . » « . .

BIBLIOGRAPHY . . . . &« ¢ & o ¢ o o o s s o o o o a o o s o s

APPENDICES « . o v ¢ v ¢« ¢ v 4 o o o s o s o o o o o o w0 s

A
B.

Sample Input Data for Computer . « « « s o o o o o
Sample Output Data of Computer . . . « ¢ « «+ & & &

12

12

14



Table

II.

III.

Iv,

VI.

VII.

VIII.

LIST OF TABLES

Operating Characteristics of the WSR-57, U.S. Weather
Bureau Radar, Amarillo, Texas + « « « + « « o + « 4

Periods of Usable and Unusable Radar Film, Amarlllo
Texas, 1961 , 4 + 4 v ¢ ¢ 4 ¢ ¢ 4 « & o . .

Classification of Echoes for this Study . . . + +» + .

Comparison of the Number of Echoes Occurring Over Rain
Gages with the Number of Recorded Rainfall Events . .

Duration of Echoes with Complete Data and for Indicated
Intervals « & o v v 4 4 v v v v e e e e e e e e s

Distances Traveled by Echoes with Complete Data and for
Indicated Intervals . « 4 s « ¢ 4 « &+ + o v » & ¢ o &

Speeds of Echeoes with Complete Data and for Indicated
Intervals o v v 6 o « o o s + s s s 4 e e e 4 s e s

Direction of Movement for Echoes with Complete Data and
for Indicated Intervals . « 4 ¢« « o 4 o o ¢ o o & 4

Beginning Times for Echoes that Began in the Area . . .

Duration Weighted, Average Area of Echoes with Complete
Data and for Indicated Intervals . . . . « « + « &

vi

Page

20

21

37

38

43

45

48

51

53

63



LIST OF FIGURES

Figure
1« Block diagram Of & YadaY #0L i + + 5 o 5 o & 5 3 o' & '
2. The plan-position indicator (PPI) scope . « . « « « « &
3. The High Plains of Texas and adjacent territory . . . .
4. Average monthly rainfall at Amarillo, Texas . . . « . .
5. Boundaries of the sample area and rain gage locations .
6. Aun Nesidad palygon O8) « . 5 5 o 5.6 5 6.2 o % & 9 v .0
7. Schematic diagram of the data collection equipment . . .
8. Schematic diagram of an echo at three different times
during $ER TR0 O¥B1E & ¢ & 5 v % e B e v w8 4 me
9. Early stage of a line in which echoes appear randomly
arrauged L] - - - . - - - - - - . - - - - .' - . - - - -
10. Development of early stage of line shown in Figure 9 . .
11. Typical anomalous propagation encountered in this study
12. Typical false echoes caused by airport control tower . .
13. Frequency distribution of durations for indicated
intervalg-of duBaBION: ' i iw 0o e h €058 @ % wow e
14, Cumulative percent of total number less than or equal to
Indipated dur8Eion « o' o« o % wiwe o w w AA e e ek
15. Frequency distribution of distances traveled for indicated
Intervals of digtance ¢ + « 5 v o s o & o % W ¥ w0
16. Cumulative percent of total number less than or equal to
indicated distance traveled . . . . . « « « « ¢« & « .
17. Frequency distribution of echo speeds for indicated

Intervals of 8DE@T o v o« s & 5 v e e K o8 8 o B w e w8

vii

.

Page

11
13
15
23

25

28
29
31

33

41

42

Al

47



Cumulative percent of total number less than or equal to

Distribution of resultant directions of movement of echoes

*

.

by 30 degree intervals and directions indicated , . . . .

Diurnal distribution of echo initiating times . , . .

Four hour moving average of diurnal initiating times

Figure
18.
indicated speed . ., . .
19,
20,
21,
22. Distribution of locations
initiating in the study
23. Distributipn of locations
24. Distribution of locations
25, Distribution of locations
26, Distribution of locations
27. Frequency distribution of
intervals of area . . .
28.

Cumulative percent of total number less than or equal to

indicated average area

of initiation for all echoes

area

of initiation, June 26-30, 1961

.

.

L3

.

of initiation, July 1-3, 1961 ,

of initiation, July 11-20, 1961

of initiation, August 2-12, 1961

o .

. 0

viii

.

»

L]

-

L]

.

.

x .

L]

» & 2

L]

4

.

average echo areas for indicated

.

-

%

.

v

-

Page

47

49
52
52

23
56
57
58
59°

62

62



CHAPTER I

INTRODUCTION

Results from studies by other research workers indicate that radar
can be used to increase the knowledge of precipitation patterns for an
area. A study of radar echoes would result in data concerning their
mean, median, and extreme characteristics. Also, a computer may be
used to speed the interpretation of radar data, if the characteristics
of the radar echo can be presented in digital form.

Having access to film from the U. S. Weather Bureau at Amarillo,
Texas gave the opportunity to make a study of radar echoes for the High
Plains of Texas. Many of the storms that contribute precipitation to
the High Plains are believed to be multicellular, and scattered rain
gages do not provide an accurate characterization of the areal distri-
bution of precipitation. Radar scope pictures, because of their
complete areal coverage, provide a better characterization of the
precipitation patterns.

This thesis presents the results of a study of the characteristics
of radar echoes of convective precipitation for the High Plains of
Texas. Methods revised and developed by the writer to facilitate data

collection and analysis are also presented.



CHAPTER 11

OBJECTIVES

The objectiveé of this research project were as follows:

1.

Develop a procedure for converting to digital form radar
echoes depicted on the plan~peosition indicator scope to
facilitate computation and summarization of their character-
istics by a high speed computer.

Determine the initiation, growth, and dissipation characteris-
tics of radar echoes of isolated or randomly occurring

convective precipitation for the High Plains of Texas.



.CHAPTER III

REVIEW OF LITERATURE

Principles of Radar Operation

Before the potential applications of radar to hydrology can be
developed, some understanding of the principles of radar operation is
necessary. Thus, a brief review of the principles of radar operation
and precipitation detection will be presented.

A radar set consists basically of a transmitter, which produces
radio energy; an antemnna, which radiates the energy and intercepts the
returned energy; a receiver, which detects, amplifies, and transforms
the received signal into video form; and an indicator, on which the
returned signals can be displayed. A schematic diagram of such a radar
set is presented in Figure 1. Most radar sets use a single antenna to
transmit and receive the signal. An automatic switch is used to shut
off the receiver during the short interval that the transmitter is
operating.

Several types of indicators are available for use in a radar set.
The indicator used for this study was the plan-position indicator (PPI).

A schematic diagram of a PPI scope is presented in Figure 2.

The Radar Equation

Several authors (1, 2, 3) have presented the theoretical comsider-

ations on which the equation describing the detection of meteorological

3
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phenomena is based. The equation presented by these authors describing
the average power returned to a radar set by randomly distributed

particles in space is:

- 2 2
Pf,r?rt9¢hAp k|2 = (13

: 72 X rl

ir is the average value of the power received at the radar

Py is the power transmitted by the radar

0 is the horizontal width of the beam in radians

¢ is the vertical width of the beam in radians

h is the pulse length

Ap is the apertural area of the antenna

2

|Kl is the complex index of refraction and for water drops is
equal to approximately 0.93 and for ice particles 0,19

z is the symbol to designate z:;niﬁand is the "reflectivity
factor" Vol.

:Diﬁ is the sum of the total backscattering of all particles
Vol. within the volume intercepting the radar beam

r is the range of the target particles intercepting the beam

) is the wave length of radiation

Certain factors in equation [1] are constants for a particular
radar. They can be evaluated and equated to a constant C;, where:

5
¢ =T 2 0 $na &b _ (2]
72 o

Equation [1] then becomes:

Pr =0 z : [3]
rz

Thus, the average power received by the radar (the ability of the radar



to detect water droplets) is largely dependent on the size of the
droplets and the range at which they occur.

Equation [1] is the general equation for the average power received
by a radar. However, the equation does not hold for certain conditions.
For example, if the beam is wider than the group of particles intercepted
and only part of the beam is filled, equation [1] must be modified by a
factor,LP, which is the fraction of the cross-sectional area of the
beam filled. (2). When the radar operates at short wave lengths,
attenuation may occur. Attenuation is the reduction of power received at
the radar by the absorption and scattering effects of the medium through
which the electro-magnetic waves travel in reaching the target. (2).
Attenuation is not a problem when wave lengths of 10 cm. or longer are

used. (1, 2, 3, &, 5).
Applications of Radar to Hydrology

The identity of the first person to decide that certain radar
echoes were of meteorological origin is not known, but use of radar in
meteorology is known to have occurred as early as 1942. (1). The basic
theory explaining the occurrence of weather echoes was developed by
Ryde (6) using Rayleigh's (7) and Mie's (8) theory of the scattering of
electromagnetic waves. A summary of the early work in the field of
radar meteorology has been made by Kerr. (9). More recent summaries
can be found in Marshall et al. (1) and Nupen. (10). Proceedings of
the Weather Radar Conferences are excellent sources of literature on

the application of radar to weather and precipitation.



The applications of radar to hydrology are varied. There is no
unique relationship between the signal received by a radar and quanti-
tative rainfall. Therefore, many applications have been concerned with
additional information that can be gained by using radar to supplement
rain gages. Other applications have dealt with the development of
empirical relationships between rainfall and the signal received.

Truppi (11) used radar in conjunction with rain gages to increase
the knowledge of precipitation patterns. His study area was 144 miles
square and was broken down into grids that were 12 miles square. At
intervals of time he listed the squares containing echoes. Then
various types of correlations were made between rainfall and the number
of echoes within the grid. The resulting pattern of precipitation using
the radar and rain gages provided more detail than the rain gages alone
could supply.

Flood forecasting with radar has been practiced by Tarble. (12).
Multiple exposure photographs were used to determine location and areal
extent of stationary cells. An occasional rain gage was used to
determine the magnitude of rainfall associated with a particular echo
return. Flood areas were predicted from the combination of radar
photographs and rainfall measurements.

Clark (13) studied convective precipitation patterns for south
Texas and used computer techniques to assist in summarizing the data.
He used an azimuth and distance to the apparent echo center to locate

the echo. Total distance traveled, velocity, and duration were studied.



Changnon (14) used radar for a climatological study of squall lines
and other types of precipitation lines. Some characteristics that he
studied were: (1) direction of movement, (2) speed of movement, (3)
dimensions of lines, (4) duration, (5) time of occurrence, (6) daily and
monthly line frequencies, and (7) location of line centers. Mean, median,
and extreme values for the above properties were computed based on the
mean values of each line determined from all measurements during the
line duration.

Further development of computer science to speed the interpretation
of the volumes of data radar accumulates was made by Truppi. (15).

Radar displays of precipitation echoes were transformed to a digital
form using an analogue to digital converter. Projected images of the
PPI scope were overlaid with a grid. The grid squares containing echoes
were identified by a four digit output from the converter. The digital
outputs were placed on cards for further computations by high speed

computers.
Geographic and Precipitation Characteristics of the High Plains

The Texas High Plains, an area of approximately 22 million acres,
includes most of the Texas Panhandle (Figure 3). This area is a plateau
bounded on all sides by a rather abrupt escarpment. The surface is
nearly level with an average slope of approximately 10 feet per mile
from the northwest to the southeast. Its topography is characterized
by numerous enclosed basins, or playas, with only a small portion of the

area drained by streams.
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Figure 3. The High Plains of Texas and adjacent
territory.



10

The climate of the High Plains is classed as semiarid. Average
annual precipitation for the area decreases from south to north and from
east to west. Precipitation ranges from 18.3 inches at Big Spring,
Texas, in the south to 17.9 iaches at Dalhart, Texas, in the north. (16).
The east-west range is from 21.9 inches at Shamrock, Texas, (16) to
16.8 inches at Tucumcari, New Mexico. (17). Rainfall for the area tends
to have a summer peak (Figure 4). For example, at Amarillo, Texas,

51 percent of the annual precipitation comes during June through
September. (18).

Moisture for rainfall for the High Plains is predominantly tropical
maritime and is supplied principally from the Gulf of Mexico. Two
triggers for precipitation that falls on the area are localized heating,
which results in convective thunderstorms, and polar fronts.

Convective thunderstorms may furnish appreciable rainfall to the
area. These thunderstorms produce precipitation characterized by its
relatively small areal extent and vary from a trace to several inches of
rainfall. Usually this type of precipitation is not of great hydrologic
importance. However, the topography of the High Plains makes the area an
exception. The storms result in appreciable amounts of runoff as the
closed basins have drainage areas of only a few acres to normally less
than 3 square miles. This is because the runoff is contained in the
basin, accumulates in the low spot, and cannot spread over larger areas

to reduce the runoff volume per unit area.






CHAPTER IV

PROGCEDURE

Selection of Study Area

To study convective precipitation patterns for the High Plains of
Texas, a portion of the area was selected. Thus, the High Plains was
assumed to be approximately meteorologically homogeneous, Any sub-
sample of the area would be representative of the total area. Any
meteorological heterogeneity that may exist would be reflected by a
small uniform change in climatological characteristics from one location
to another. The radar echoes of precipitation were assumed to occur
randomly over the High Plains. These assumptions permit a study of only
a portion of the area.

The sample area selected was bounded by two sast-west lines
25 miles to the gouth and 25 miles to the worth of an cast-west line
through Kress, Texas. The eastern and western boundaries were defined
by two north-gouth lipes 25 miles past the eastern and western edges of
the escarpment. The boundaries are ghown in Figure 5.

The sample area location was selected for the following reasons:

1. It was approximately centrally loecated in the High Plaing from

north to south.

2. It was about at the widest east-west point of the High Plains.

3. It was far enough from the radar site that normal ground clutter

did not interfere with the tracking of precipitation echoes.

12
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Development of Procedure for Computing
Eche Area and Centroid by Coordinates

In hydrologic studies, the location and area of a precipitation
echo must be known with precision bécause this is the area of potential
runoff. Several authors hgve studied the cccurrence of radar echoes.
They have employed either grid coordinates, composites of echo tracings,
or planimetering to determine echo areas. Accurate determination of
écho location and area by these proeedures is laborious. Simplification
of thg procedures, to reduce data processing labor, results in undesirable
approximations of location and area, Thus, the following procedures were
devised to determine the area and the centroid (center of mass) of
Precipitation echoes. |

From analytic geomefry it can be shown that the area of any polygon
can be determined from the coordinates of points bounding the figure.
Several systematic procedures are available for computing the area of a
polygon (such as Figure 6), One method considers the polygon as a
series of trapezoids each with one side onbthe Y axis.

To further aid in sygt&matic area computations for.a polygon, the
trapezoids may be divided into rectangular and triangular areas. The
area of the trapezoid 1, 2, yg, yi, 1l in Figure 6 is:

for the rectangle
Ay = (y2=y1) *1 (4]
for the triangle

Ae = (y2~y1) jf&%ﬁll 5]

The area of the trapezold would be
Ap = A, + A [6a]

or
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Figure 6. An N-sided polygon (N=5),
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AT = (y2-y1) =1 + (rpmyyp) Sx2oxD) [65]
)

The area for the polygon in Figure 6 would then be the algebraic sum of '

the area of the trapezoids.

Ay 7 (yomy1) x1 + (y27vy) .(.’_‘.2:23&?;
+ (y3-yp) xp + (y3-yy) (%3-%3)
> ‘ )
+ (y4my3) =3 + (ygys) Ba%3)
2

+ (y50ys) x4 + (yseys) $857%4)
2

+ (y17y5) x5 + (yq-ys) F17Xs)
17Y5 8 J17¥5 =5 [7]

Equation [7) can be generalized for any N~-sided polygon such that
the area:
N+ 1

A, = (Aynxn + AYnA%n) 8]
n =1 Tz

Where:
Ay is the total avea of any N~gided polygon
y subscript denotes the trapezoids have one side on‘the y axils
N  is the number of (x,y) coordinates used in bounding the area
and N+1 is also 1
bxp = Ey 41 "X @ =1, 2, 3,..., N, ML) [9]

AVa = ¥n +1 Yo (@ =1, 2, 3,..., N, N+1). [10]
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The area A.y will have a positive or negative algebraic value depending
on whether the polygon is traversed in a counterclockwise or clockwise
direction. In any event we may use the absolute value of Ay'

N+1.

(Aynxn + AynAxp) [8a]
n=1 z

A_y:

The centroid of a plane surface is described as a point that
corresponds to the center of gravity of a thin homogeneous platé of the
same area and shape. Methods for determining the centroids of symmetri-
cal figures or figures for which the boundaries can be represented as
an equation have been presented many times. To the writer's present
knowledge, the following method for determining the centroid of an N~
sided polygon has not been presented.

The moment of an area with respect to an axis has been defined as
the area of the figure times the normal distance from the axis to the
centroid of the area. Thus

M, = AX ]

Where:

My is the moment with regpect to the y axis,

A is the area of the figure

X if the normal distance from the y axis to the centroid of the

area A.

If an area 1s divided into a number of subareas, the moment of the
entire area is equal to the sum of the moments of the subareas., In the
formex notation, this may be stated mathematically as:

My:AT1§1+AT2§2+...+ATNT{N ElZ]
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Equating the right-hand sides of equations [11] and [12] and solving
for X:

X = apy X + Ap, X4 ...+ Ap Xy [13]
L — IN

The quantity (AT1 il) is the érea of a trapezoid times the normal
distance from the Y axis to the centroid of the area, Ail. The trapezoid
again may be considered to consist of a rectangle and triangle, Equations
[4] and [5] represent the computations of the areas of the rectangle and
triangle, respectively. The sum of the moments of the two portions of
the trapezoid would represent the moment of the trapezoid. Inserting

the moment arm Cil) for the trapezoid in equations [4] and [5] results

in:
Aty X1 = [(rzmy1) x1]Gx1) +  (yaoy1) Geo=x1) (=1 + xp-x1) f147]
Xz Tz '3

Similar solutions can be obtained for the remaining trapezoids.
* These values can be substituted in equation r3j for X. The resulting

equation can be generalized (as [8] was from [7]) and the following

obtained:
w )2 + Gy )(Bx) (x +8%)
I P A n’ P M T2 [157]
X='.‘Fz‘= 2=l 2 3 T3
Al |A]

By similar methods:

N+-1 2
_ ‘§j Bk ly)? + (8%) (A4¥) (va '*'AYn)]
T=M-1Tm Ll — 3
N [A|

[16]

Equations [8a7] and [15] and [16] were used in computing the area

and centroid, respectively, of the radar echoes.
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Data Collection Procedure

Film of the radar scope (PPIL) at Amarillo, Texas, from May 1, 1961,
to September 1, 1961, was used for the study, Operating characteristics
of the WSR-57 radar from which the film was obtained are listed in
Table I. Certain portions of the film were rendered unusable because of
malfunctioning equipment or because the camera was not in operation.
Periods of time for which film was usable and unusable are presented in
Table II with the primary reasons why the f£ilm was not usable. Film for
dates other than those shown in Table II was not usable because the time
on the film was not readable. Periods when the camera was not in
operation usually are periods of little or no rainfall within the area
covered by the radar,

Other basic data also came from the U, §. Weather Bureau. These
included Radar Reports (RAREPS) from the National_Weather Records Genter,
Aghville, North Garoliné, synoptic weather maps, and hourly precipitation
data for Texas and New Mexico.

The equipment uged for data collection is shown schematically in
Figure 7. The 16 mm. film was placed on a projector. Individual frames
ﬁere then inspected manually or viewed at a wide range of film speeds.
Plate glass, 1/4~inch thick, was used for a screen. A map1 on which the
study area was delineated was placed on the back (with respect to the
projector) of the screen. Over the study area was placed a transparent
plastic oGerlay on which lines representing 5-mile grids had been drawm.
A 20-mile square consisting of l-mile grids was moved on the map from one
" location to another when measpring an echo. The 20-mile square was used

as a vernier to obtain coordinates to the nearest mile.

1Lambert Conformal Conic Projection, Standard Parallel at 33°, and a
scale of 1:1,374,400,
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TABLE T

OPERATING CHARACTERISTICS OF THE WSR~57, U.S. WEATHER BUREAU
RADAR, AMARTLLO, TEXAS

Peak Power Output o 500 kw.
Wave Length 10 em.
Pulse Length (long) 4 usec.
Pulse Length (short) 0.5 usec.

Minimum Detectable Signal
Long Pulse 103 dbm.l
Short Pulse 93 dbm, !

Pulse Repetition Frequency

Long Pulse 164 per sec.

Short Pulse 656 per sec.
Antenna 12' Parabolic bowl
Beam (horizontal and vertical width) 2.2 degrees

LTheoretical value
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PERIODS OF USABLE AND UNUSABLE RADAR FILM, AMARILLO, TEXAS, 1961

‘Not
From To Us~ Us-
Day Hour Day Hour able able Remarks
1961 1961
June June
26 0800 26 1100 x Over exposure and time gaps in
film
26 1100 27 0718 X
27 0718 27 1707 x No record (RAREPS indicated no
precipitation in the area)
27 1707 28 0606  x Two echoes not measured at N. M,
line because of no ending time
28 0606 28 16086 x No record
28 1606 29 0036 X AP extended south from G, C,
29 0036 30 1652 x No record (RAREPS indicated one
small area of precipitation)
30 1652 30 2158 x
July
30 2158 1 0200 x No record (RAREPS did not indicate
precipitation in the area)
July
1 0200 1 0518 x No echoes measured~considerable
AP present
1 0518 1 1203 x No record
1 1203 3 0037 X 1900-2300 line dissipated in the
area; 7/1-2200 to 1014 7/2 3 lines
in the area; 5 echoes on scope at
end
3 0037 3 0800 x No record
3 0800 3 1948 x No echoes measured-beginning times
were not available on most of
echoes 50 none were measured
3 1948 5 1059 x No record (RAREPS indicated pre~
‘cipitation in the area on 7/4)
5 1059 6 0152 X No echoes in area
6 0152 6 1405 x No record (RAREPS indicated no
echoes in area)
6 1405 7 0656 x No echoes in area
7 0656 8 1621 x No record
8 1621 9 1953 b1 Line in area-no echoes measured
9 1953 10 0310 ' x No record
10 0310 10 0348 x Not long enough record
10 0348 10 1555 x No record
10 1555 11 0926 X 0600-0800 line in area., Roll of

film ended at this time,



TABLE II (Continued)
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Not
From To Us~ Us~
Day Hour Day __Hour able able Remarks

11 0926 11 2335 x Break that occurred with change
in £film roll

11 2335 15 1829 X Continuous except for occasionally
one echo

15 1829 16 0256 x Time not readable

16 0256 16 0455 x Film for 100 mile range

16 0455 16 1259 x No record

16 1259 17 0213 X

17 0213 17 1633 x No record

17 1633 17 1758 % Time undistinguishable

17 1758 18 0106 b4

18 0106 18 1634 x No record

18 1634 20 0808 X Remainder of film had undistinguisgh-
able time. Roll of film was changed
and initial portion of film time
was undistinguishable

August August

2 2000 3 0455 X

3 0455 3 1703 x No record

3 1703 3 2045 b4

3 2045 4 1009 x Time undistinguishable and no record

4 1009 4 1056 X

4 1056 5 1759 x No record

5 1759 5 2343 x Blank film and undistinguishable
time ’

5 2343 7 1429 x

7 1429 8 1801 x No record

38 1801 11 0538 x Several areas of precipitation
classed as lines

11 0538 12 0108 x Radar operated on 100 mile range
and undistinguishable time

12 0108 12 0836 X Air mass showers-no echoes measured

12 0856 12 1949 X Numerous convective echoes-film

roll ended at 1949.
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Figure 7. Schematic diagram of the data collection equipment.
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Observation procedure: The image projected on the screen was

oriented both vertically and horizontally by matching reference points on
the screen and frame of film. Desired picture scales were obtained by
comparing known distances in the picture to known distances on the screen.

An observation of an echo consiséeqvof noting the time, tendency, and
towns over wﬁich it had oceurred and obtaining x,y coordinate readings on
the periphery. The distance separating the readings around the echo was
determined by approximating the periphery by a seriss of straight lines.
The x,y coordinate readings were taken frequently enough to obtain the
areca over which the echo was present. Figure § presents a sample echo as
it would appear on a portion of the screen. The eircles correspond to
points where x,y coordinates were obtained. The data input and output of
the computer for the eche (No. 12) afe presented in appendices A and B.

To obtain consistent data throughout the collection'period, certain
rules were established for specified situatioms., The following
situations were handled by specific rules.

Three criteria were used in determining the frequency with which
measurements were made. These were: (1) speed, (2) initiation and
dissipation points, and (3) changes in shape, afea, and tendency?2,
Frequent readings were taken on fast-traveling echoes. This gave more
accurate speed and directian variations during their life cycle. Read-
ings were also ébtained at the points of echo initiétiom and dissipation
to show total distance traveled. As appreciable changes in shape, area
and tendency oécurred, readings were obtained, The ending time used in
computing echo duration wag that time when it could no longer be szen on

the scope.

ZTeﬁdency as used by the writer indicates strength or brightness of
the echo image on the PPI scope.
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All the towns over which the echo occurred were listed. This was
done to compare the occurrence of rainfall at the U. §. Weather Bureau
rain gages within the study area with the occurrence of an echo over a
particular leocality. This was used to test the validity of the assump-
tion that the radar echo represented actual precipitation on the ground,

Merging and separating echoes: Merging and separating echoes were

measured as congistently as possible. If one echo separated into two
distinet parts, the echqes after Sepatgtiqn were given two new numbers.
However, 1f no erroneous travel disﬁéﬁce resulted, one of the parts
retained the original number. Merging echoes were handled in a similar
manner. As long as the outlines of the merging echoes could be deter-
mined, the two echoes were recorded as separated.

Separating and merging echoes give erroneous values for speed and
distance traveled when computed using the centroid of the eche. The
values are erronmeous because the changes are not entirely due to movement
of all points on the echo an equal distance per unit of time. The values
for movement are partially due to an increase in echo size in one
direction which results in the centroid moving in that direction. Thus,
translation and propagation are combined in the movement.

Echoes included in study: Echoes were included in the study only

when an ending and beginning time were available. (For purposes of this
study, the time echoes éntered owileft the area was also considered to be
their beginning or ending times, respectively.) For example, the peried
of record ocn July 3, 1961 (see Table II) was eliminated because numeroué
echoes had developed before the film record started, These were eliminated

because there were no beginning times available.
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Echoes originating or moving outside the study area: Echoes

originating outside and moving into the area and those originating in the
area and moving outside were studied using the following procedure. When
an eého entered the area the time was noted and an obserxvation obtained,
provided most of it was within the area. Thus, a representation of the
echo configuration was obtained. If the echo was moving slowly with only
a small fraction in the area, no observation was obtained; however, a
notation of the time was made,

Delineation of line: To be clasgified as a line one echo or group

of echoes must have: (1) Rectilinear appearance, aligned along an
approximate straight line with a length of 50 miles or more and, in
addition, for a group of echoes, four had to be present at a minimum
distance of 50 miles with not more than 10 miles between any two; and
(2) sharply defined outlines, especially on the leading edge. To be
meésured, an echo could not have been part of a line during its life
cycle. Thus, echoas were studied before they moved into the area and
after they moved out to determine if at any time they would have been
classified as a line. Figure 9 shows the early stage of several echoes
that would not be classified as a 1iﬁe. However, in less than two hours
they had developed into a line as shown in Figure 10.

Determination of ground elutter: Ground clutter as used in this

thesis is defined as that return immediately around the radar site that
is normally a part of the return on a PPI scope. Ground clutter is
identified in Figures 9 and 10. One of the reasons for the selection of
the study area was that ground clutter would not normally interfere with
the measurement of precipitation echoes. However, on several occasions
it did expand and extend into the study area. Normally, when precipi-

tation was occurring, ground clutter was not present within the area.



Figure 9. Early stage of a line on July 2, 1961 at
1541 in which echoes appear randomly arranged.
(Arrows point to random echoes).



Figure 10, Development of early stage of line shown
in Figure 9 into a line at 1720, July 2, 1961,
(Arrows point to lines).



30

Abnormally 1arge ground clutter patterns were observéd whehvwéather
was detected at long rangeé. As fhe weather moved in toward the radar
station, the.ground clutter pattern shrank to its normal size. Hiser and
Freseman (21) observed the same phenomena and attributed it to super-
refraction of the radar beam resulting from stable atmospheric conditions.
The weather destroys the stability and the ground clutter shrinks to a
normal sizem

Anomalous propagation (AP): A detailed discussion of the phenomena

of anomalous propagation is beyond the scope of this thesis, but detailed
discussions have been presehted many times; e.g. Battan (2) and Hiser and
Freseman, (21). AP is defined in this thesis as the detection of ground
targets at abnormal ranges. It is produced by abnormal bending of the
electromagnetic waves propagated by the radar. The waves strike the
ground at great rangés, and the return is presented on the PPI scope.
Temperature inversibns, gteep molsture lapses, or a combination of both
form ducts that trap the waves and. produce the abnoxmal bending. The
conditions whereby the ducts may be‘formed are not usually present when
precipitation is in the area., Thus, the presence of AP and precipitation
echoes within the same area on the scope does not occur frequently.
However, occasionally both may occur during the decaylng stages of a
thunderstorm.

RAREPS, prepared by the radar operator, and rainfall records were
used asg alds to iden;ify precipitation echoes from AP. An example of
the type of AP that occurrved during this study is presented in Figure 11.
This was judged to be AP because: (1) no preciplitation was measured in
that area, (2) the area was not llsted in the RAREPS as prepared by the
radar operator, and (3) the size of the return fluctuated rapidly from

frame to frame.



Figure 11. Typical ancmalous propagation encountered
in this study, June 28, 1961 at 2126, (Arrow
points to portion of the return that is AP).
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False gchoes: Another return frequently seen on the radar scope was
apparently caused by the Amarillo Airport control tower, The false echoes
occurred to the southeast of the radar. When precipitation occurs to the
northwest of the radar, a portion of tlie signal that returns to the antenna
travels past the antenna and strikes the control tower. This is in turn
reflected to the antenna by the tower. The signal may be bounced back and
forth from the tower to the precipitation echo and back so that a sweep
trace may present several echoes at varying ranges in ap elongated, radial
pattern from the radar site. An example of the false echoes that occurred
during this study is presented in Figure 12.

Becauge of the magnification of the film, aircraft produced returns
that ranged from 3 to 5 miles in diameter. These echoes were distinguish-
able as aircraft because thay were less than 5 miles in diameter, had
durations usually less than 9 minutes, and traveled at the rate of 3 to
5 miles per minute. Therefore, echoes of this type were eliminated from
congideration.

In summary, some of the criteria used £o determine whether a
particular radar echo was a precipitation echo or some other type of
return were: (1) Was the speed of the echo excessive? (2) Did the echo
occur over a towﬁ so that it could easily be the return from a grain
elevator? (3) Was the rate of change or fluctuation of the echo area on
the scopé eicéssive? (4) Did the echo move during its life cycle? (5)
Was there any preciﬁitéticn recorded for any of the towns which the echo
was over during its life cycle? These procedures did not guarantee that
all echoes measured during this study were from precipitation but did

tend to limit the number of non-precipitation ones included in the study.



Figure 12. Typical false echoes caused by airport
control tower that occured in this study, July 14,
1961 at ‘0012, (Arrow points to the radially pro-
jecting echoes caused by tower).
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Data Analysis Procedure

The data obtained for radar echoes were punched on cards for analysis

by a high speed computer. Each .card contained an echo number, time of

echo occcurrence, data that identified the card to facilitate computer

computations, and x or y coordinate values for that observation.

An IBM 709 computer was programmed3 to make the following computa~-

tions:
{a)
(v)
(c)
(@)
(e)
()
(g

(h)
(i)

(i)

Area, A

Centroid, E, Y

Time interval between successive readings

Distance traveled between successive readings

Direction toward which echo travels between successive
readings~--defined as an azimuth from 0 to 360 degrees in a
counter-clockwise direction with north as 0O

Average speed between successive readings

Total duration

Total digtance traveled

Resultant direction toward which echo travels as determined by
the initiating and ending points of the echo--defined ag an
azimuth from 0 to 360 degrees in a counter-clockwise direction

with north as O

Average speed of the echo-~determined by a ratio of the total
digtance traveled to total duration

Appendices A and B may be consulted for samples of data input and out-

put, respectively, for the computer.

Iprogrammed by Glen N. Williams, Data Processing Center, Texas
Englnearing Experiment Statlon, Collegs Statlion, Texas.
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A duration weighted, average echo area was computed in the following

mannext

% (a,+a, ) (tyuq = ty)
Al e TS i+l i )
Ay = __1i=T « o » ané ay = a g ri7]
-1 7L

Am is the duration weighted, avarage echo area

a is the echo arsa determined at time, ¢
i=1, 2, 3, ..., n. indicates sequential values of area and time.
Frequency distributions of the data were then made to indicate the

variation of echo charactexistics,



CHAPTER V
RESULTS
Limitations and Completeness of Data

The results presented for this study have certain limitatioms.
These are results from one year, 1961, and for specified intervals of
time that are intermittent, Thus, the characteristies of radar echoes
presented here represent charzcteristics for pertions of 1961 omly.

Table IIX gives a classification of echoes for this study. Most
of the data presented are for only those echoes which stayed in the study
area from initiation through dissipation, Approximately 52 percent of
the echoes assigned numbers were in this class and had complete data for
their life ¢ycle. Forty-two of the numbers assigned were assigned to
combined or split echoes.(Table III) and formerly carried a different
number. Thus, in reality, 64.4 percent of the total number of echoes
had complete data. The primary réason for the lack of complete data for
an echo was that the echo initiated outside thé aréa.i Mérging or
'separatlng of the echoes was the next reason for lack of complete data.

" To-evaluate the reliablllty of radar echoes representing
measureable rainfall at the ground surface, attempts were made to relate
rainfall to the presence of an echo over a rain gage. The'results
obtained are presented in Table IV. Forty-two times echoes occurred

36



TABLE III

CLASSIFIQATION OF ECHOES FOR THIS STUDY

Percent of

Class Code Class Deseription Number _Total
Complete Data for complete life cycle

available 171 51.7
IA Came into area after imitiation 49 14,8
0A Passed out of area after

initiation 20 6.0
Separated Separated intp two or more echoes 5 1.5
Joined Joined, or was joined by, another

echo 38 11.5
Fmly Formerly another echo number. New

number assigned because it Broke

Up or was Joined 42 12.7
Omit Omitted for various reasons 6 1.8

Total; 331 100.0
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over rain gages and 10 times rain was recorded. Thus rainfall was recorded
at a rain gage approximately 25 percent of the time that the radar showed
an echo over a gage, Of the 32 times no rain was recorded, 8 times the
gage was under the edge of the echo and 7 times the echo was initiating or
dissipating when over the gage. The absence of measured rainfall was at
least partially due to the following factors:

1. The lack of continuous coverage with time of the radar film.

2. Detailed accounting of precipitation from echoes classed as

"lines'" was not made. \
TABLE iV

COMPARISON OF THE NUMBER OF ECHOES OCCURRING OVER RAIN GAGES WITH
THE NUMBER OF RECORDED RAINFALL EVENTS

Number of echoes
occurring over
rain gages 42

Number of times
rain recorded ’ 10

Number of times
gage on the
edge of echo 8

Number of times
echo initiating
or dissipating
when over the gage 7

Meteorological factors which may have contributed to the absence of
measured rainfall when an echo was present over a rain gage were:
1. Wind shear causing the rain to fall on an area other than the
area over which the radar depicted the echo,
2. Virga which results in the evaporation of rain drops before they

reach the ground.
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3. Speed of droplet fall which results in a time lapse between the
time the radar beam intercepts rain drops at a particular eleva-
tion and the time the drops reach the ground.

Factors related to radar operating characteristics were:

1. Distortion of the radar eche from its true shape due to the
effects of the pulse length and beam width.

2. Earth curvature effects on the location of the echo by radar and
the true location of the rainfall area.

3. Effect of range on radar echo representation.

The writer believes that the poor comparisouns between the presence of

an echo over a rain gage and measured rainfall were more related to the
limitations of procedure used than to poor reliability of the radar

depicting actual rainfall,
Evaluation of Area and Centroid by Coordinates

A method was developed whereby radar echoes depicted on the PPI
scope were converted to digital form by a sequence of x,y coordinates
obtained around the periphery of the echo. These data were then placed
on punch cards and summarized by a high-speed computer. Further
mechanization of the data collection process may be accomplished by
utilizing an analogue to digital cenverter.

The accuracy of the coordinate method for computing areas and
centroids is determined by the precision with which the echo periphery is
defined as a sequence of straight limes. Thus, any dégree of accuracy
can be obtained. Areas determined by the coordinate method deviate less
than 5 percent from those obtained by planimetering. In gemeral, these
errors are conservative; i.e., the area computed by the coordinate method

will be slightly less than the actual echo area.
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Duration, Distance, Speed, and Direction

Figure 13 presents a frequency distribution of echo durations for
which complete data were available, The frequency distribution is
different from the conventional in that it has unequal duration intervals.
The short intervals of 0,1 hour frem 0 to 0.6 hour were used to show in
detail how a large number of the echoes varied in duration. The interval
was changed for the longer duration intervals for the following reasons:

1. For the longer durations, whether the echo lasts 1.5 or 1,6
hours makes little difference.

2. Due to the small size of the sample, anomalies would occur in
which several short intervals would be zero and one would pre-
sent a small peak,

Thus, each interval was reduced to an equivalent number per 0.1 hour
interval; e.g. for the 0.6 to 0.8 hour interval the total number thét
occurred was divided by 2 as this interval was twice the 0.1 hour
interval.

Median duration of the radar echoes of convective precipitation was
0.6 to 0.8 hour and the mode was 0,2 to 0.3 hour., Figure 14 and Table V
show that 80 percent of the echoes had durations of less than or equal
to 1.5 hours.

Distance traveled by each echo for which complete data ﬁere avail-
able is shown in Figure 15 and Table VI, Most frequently the echoes
were stationary and the median distance traveled was between O and 5
miles. These movement characteristiecs are intermediate between resul;s
obtained in Arizona and South.Iexas. Iq studies of convective |

precipitation in Arizona (19) all echoes traveled less than 6 miles.
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TABLE V

DURATION OF ECHOES WITH COMPLETE DATA AND FOR INDICATED INTERVALS

Interval Number  Percent cf Total Number Per 0.1 Hour
(Hours) Accum. Number Accum. Interval
>0<0.1 4 4 2.3 4
>0.1<0.2 4 8 4.6 4
>0.2<0.3 23 31 18.1 , 23
>0.3<0.4 13 44 25.7 13

> 0.4 <0.5 13 57 33.3 13
>0,5<0.6 12 59 40.3 12
>0.6<0.8 25 o 54.9 12.5

> 0.8 < 1.0 17 111 64.8 8.5

> 1.0 < 1.5 26 137 80.0 | 5.2

> 1.5 < 2.0 16 153 89.4 3.2
>2.0<3.0 12 165 96.4 1.2
>3.0<4.0 5 170 99.3 0.5

> 4.0 1 171 99.9 0.1
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TABLE VI
DISTANCES TRAVELED BY ECHOES WITH COMPLETE DATA AND FOR INDICATED
INTERVALS
Interval Number Percent of Total Number
(Miles) Accum. Accum,
0 64 64 37.4 37.4
> 0< 5 34 58 19.9 57.3
> 5< 10 27 125 15.8 73.1
> 10 < 15 22 147 12.9 86.0
> 15 < 20 10 157 5.8 91,8
> 20 < 25 6 163 3.5 95.3
> 25 < 30 2 165 1.2 96.5
> 30 < 35 b 169 2.3 98.8
> 35 < 40 1 170 0.6 99.4
> 40 < 45 1 171 0.6 100.0
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Most of the echoes studied by Clark (13) in South Texas had greater
movement. The High Plains is geographically intermediate between these
areas and could be expected to have intermediate meteorological
characteristics.

Sixty percent of the echoes studied traveled less than or equal to
six miles (Figure 16) while 92 percent traveled less than or equal to
20 miles. These relatively short distances traveled decreases the total
area covered by any ome stovm, but increases the pogsibilities that one
watershed will receive runoff-producing rainfsll. The smaller the area
covered by the cell the grester the volume per unit area of rainfall. The
greater the volume per unit area of rainfall the more likely runocff will
occur.

The frequency distribution of average echo speed (Figure 17) is
similar to the distribution of distances traveled. The mode was no
movement, and the median speed was 0 te 5 miles per hour (mph). Ninety-
six percent of the echoes had an average speed of less than or equal to
20 mph (Figure 18). Table VII presents the data for the frequency and
cumulative distributions of echo speeds.

Direction of movement of radsr echoss of couvective precipitation
{Figure 19) shows two prevailing directions of movement. Thirty-seven
percent of the echoes had no movement, but of those that did move, north
and south were the two direéti@ms most frequently travelad. No dominant
direction of movement was indicated.

Preliminary studdes by the writer of U. S. Weather Bureau synoptic
weather maps for the period during this study indicated upper winds were
predominantly to the mnorthesst. Results by Byers and Braham (20) and

Ackerman {(19) indicated echoes travel in the direction of the mean wind
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TABLE VII

SPEEDS OF ECHOES WITH COMPLETE DATA AND FOR INDICATED INTERVALS

Interval Number Percent of Total
(UPH) Accum, Accum,
0 : 54 64 37 .4 37.4
> 0< 5 26 g0 15.2 52.6
> 5<10 43 133 25.1 77.7
> 10 < 15 23 156 13.4 91.1
> 15 < 20 8 164 4.7 95.8
> 20 < 25 3 167 1.8 97.6
> 25 < 30 i 168 0.6 98.2
> 30 < 35 1 169 0.6 28.8
> 35 < 40 0 169 0 98.8
> 40 < 45 1 170 0.6 89.4
> 45 < 50 0 170 v 99.4
> 50 < 55 ¢ 170 0 99.4
> 55 < 60 0 170 0 99.4
> 60 <70 0 170 o 99.4
> 70 < 80 0 170 0 99.4
> 80 < 90 1 171 0.6 100.C
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between the cloud base and top. The data presented in Figure 19 and
Table VIII do not indicate this to be true for the High Plains of Texas.
One possible explanation is that the echges occurring in the area are
usually agssociated with frontal passage. That is, they aré;prefrontal or
post-frontal because continental c¢irculation patterns are usually
conducive to moisture influx to the area when fronts traverse the area,
Study of consecutive upper ‘air maps (500mb) by the writer for the period
covered by this study indicated that upper winds usually underwent a

360 degree rotation in direction at intervals of one to seven or more
days while fronts approached, entered, and passed through the study area,
The direction traveled by the echoes would change as the winds changed.
This would then explaiﬁ the lack of a dominant direction of travel for

the echoes.
Time and Location of Initiation

A diurnal distribution of imitiation times of all echoes for which
the beginning times were available (Figure 20) and Table IX indicated two
dominant periods of initiation. This may be more readily.seen in
Figure 21. The data plotted is a four hour moving average of echoes
initiating in the indicated hour. The given hour and the three hours
previous were used in computing the average. The dominant periods were
shortly after moon and lasting most of the afternoon, and in the evening
lastiﬁg until 3:00 a.m. The most prevalent period of initiation was
centered around midnight (Figure 21).

The afternoon peak in activity is explainable as the normal period
in the diurnal c¢cycle when convective activity would be most prevalent,
The afternoon is the period of greatest heatimg, and the initiation

process depends on localized heating.
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TABLE VIII

DIRECTION OF MOVEMENT FOR ECHOES WITH COMPLETE DATA AND FOR INDICATED
INTERVALS

Intervall Number Percent of Total Number
(Degrees) Accum, Accum,
> 345 < 015 14 14 8.2 8.2
> 015 < 045 12 26 7.0 15.2
> 045 < 075 7 33 4.1 19.3
> 075 < 105 6 39 3.5 22.8
> 1053 < 135 5 44 2.9 25,7
> 135 < 165 & 52 4.7 30.4
> 165 <€ 195 16 68 9.3 39.7
> 195 < 225 8 76 4.7 &h.4
> 225 < 255 14 90 8.2 52.6
> 255 < 285 5 95 2.9 55.5
> 285 < 315 2 97 1.2 56.7
>‘315,5 345 10 107 5.8 62.5
No Movement 64 171 | 37.4 99.9

INorth is zero aud the degrees ave 0 to 350 in a counter-clockwise
direction.
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TABLE IX

BEGINNING TIMES FOR ECHOES THAT BEGAN IN THE AREA

Four Hour Moving Average

Interval Kumber Parsent of Perceat of
{Bours) Acoumn. Total Number Wumber Total Number
0001 - 0100t 15 15 5.3 14.00 5.8
0101 - 0200 8 3 3.3 13.50 5.6
020%L - (300 14 37 5.8 13.25 5.5
0301 - 0400 3 &0 1.3 10,00 4,2
0401 - 0500 3 43 1.3 7.00 2.9
G501 - 0500 11 54 &, 7.75 3.2
0601 - 0700 & 58 1.7 5.25 2.2
C70L - 0300 3 61 i.3 5.25 2.2
0801 - 04900 3 64 1.3 5.25 2.2
0501 - 1000 & 68 1.7 3.50 1.5
1001 - 1100 G 78 0 2,50 1.0
1161 - 1200 2 70 0.8 2.25 0.9
1201 - 1300 19 89 7.9 6.25 2.6
1301 - 1400 8 97 3.3 7.25 3.0
1408 -« 1500 24 12% 10.0 13.25 5.5
1501 - 1600 8 129 3.3 14.75 6.1
1601 -~ 1700 16 145 G.7 14.00 5.8
1701 - 1800 10 155 4.1 14.50 6.0
1801 - 1900 13 168 5.4 11.75 4.9
1601 - 2000 15 133 6.3 13.50 5.6
2001 - 2100 156 159 G.7 13,50 5.6
2101 - 2200 10 209 4.1 15.50 5.6
2201 ~ 2300 15 224 6.3 14.00 5.8
2301 - 2400 16 240 6.7 14,25 5.9
100.5 240,00 95.6

10000 is midnight.
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Nighttime activity cannot be explained on this basis as there is no
localized heating to initlate the convection process. Byers (22) has
explained the phenomena of nighttime thunderstorms in the following
manner.

In large arsas of the middle western United States thunder-
storms occur predomimantly at amight., These are not to be con-
fused with evening thunderstorms left over from the daytime
convection; in fact, they show a peak of occurrence between
midnight and 4:00 a.m. Studies have showm that they are caused
by a diurnal variation in the large-~scale wind system over the
continent which is faverable for preducing convergence in the
low levels in the regions comcerned at night.

Byers further comcluded that these nighttime thunderstorms have very
nearly the same precipitation patterns as those occurring during the
daytime. The data presented in Figure 21 agree. well with the above
explanation as the peak ccecurs near midnight, and the High Plains is
geographically leeated in the middle western United States.

Locations of initlation for all echoes that began in the area are
shown in Figure 22. Three areas of dominant echo occurrence are shown.
Several areas over which no echoegs initiated are also indicated.

0f the three aress of dominant ecsho cceurrence, two corregpond to
the northwestern and southeastern edges of the escarpﬂent. The escarp-
ment appears to furnish enough lifting in addition to that present in
convection to consistently cause echoes to initiate adjacent to it,

Figures 23 through 26 show the aress of prevalent echo initiation
for four different periods of time during the study peried. These
figures 1llustrate how the prevalent areas of initiation vary from one
period of convective activity to amother. The prevalent areas for the

four periods (Figures 23-26) differ from the three dominant areas for the

complete study period (Figure 22). The dominant areas for the complete
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study were a result of a few echoes consistently initiating there. The
prevalent areas for each of the four periods moved during each time
interval. They usually did not correspond to the three dominant loca-
tions of eche initiation,

The random location of prevalent areas ifor the four time periods
(Figures 23-26) agrees with two well known characteristics of convective
thunderstorms.,

l. The location of their initigtion is random,

2. Once a thunderstorm begins, there is a greater probability of
another thunderstorm initiating adjacent to it than at any
specified greater distance away. (20).

The second characteristic listed above could result in imcreased
amounts of runoff accumulating in a playa. Since the thunderxstorms
initiate adjacent to each other, this would increase the possibility
that their paths would overlap. Additional amounts of rainfall would
then occur on an already saturated soil and runcff would Be more likely
to occur.

Data such as that presented in Figu:@a 22-26 ¢ould assist
hydrologists in another mannery. The selection of watersheds for
studying rainfall-runoff relationships is a complex problem. In
addition to considering soll, land use, accessibility, and many other
factors, the watershed location must have the same meteorological regime
as the area for which data is desired. Radar film for an area under
consideration could used to obtain data such as that preséented in
Figures 22-26 to ascertain the meteorological homogensity of the area.
Then the watershed site would be selected that has the same meteorological

-

regime as the total area for which data is desired.
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Epho Ares

A frequency distribution of duration weilghted, average echo areas
is shown in Figure 27. The distribution has unsqual srea intervals and
the discussion concerming the unesqual intervalg in the duration frequency
digstribution applies.

The medal average area was 10 to 15 square miles and the median
average area was 25 to 30 square miles (Figure 27 and Table X). Ninety
percent of the areas were less than or equal to 70 square miles
(Figure 28).

Of spacial interast is the fact that 90 perveent of the average
areas were equal to or greater than 13 square miles. A thunderstorm can
be assumed to be an approximate square acgording to Byers and Braham.
{20). Then, 90 percent of the storms will have an average width equal
o or greater than 3.6 miles and 50 percent an average width equal to or
greater than 5.4 miles (Figure 28). The watershed of playas were
indicated to be normally less than three square miles in area. Therefore,
the width of many thunderstorms is gréatar than the diameter of a playa.
Playas centrally located under a thunderstorm will have their watersheds
completely covered. The possibility of appreciable amounts of runoff is
increased bacause the playas will have their watershed completely covered

by rainfall.
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TABLE X

DURATION WEIGHTED, AVERAGE AREA OF ECHOES WITH COMPLETE DATA AND FOR
INDICATED INTERVALS

Interval Number Percent of Total Number Per
(Sq. Mi.) Acgum, Number Accum. 5 Sq. Mi.
> 0< 5 0 o 0 0

> 5< 10 3 3 1.8 3

> 10 < 15 24 27 15.8 24

> 15 < 20 23 50 29.3 23

> 20 < 25 17 67 38.2 17

> 25< 30 23 90 52.7 23

> 30 < 40 27 117 68.5 13.5
> 40 < 50 18 135 79.0 9

> 50 < 75 23 158 92.5 4.6
> 75 < 100 6 le4 926.0 1.2
> 100 < 150 4 168 98.3 0.8
> 150 < 200 0 168 98.3 0

> 200 < 300 2 170 99.5 0.4

> 300 1 171 100.1 0.2




CHAPTER VI

SUMMARY AND CONCLUSIONS

Summary

Patterns of radar echoes of convective precipitation for the High
Plains of Texas were studied for 196l. Radar echoes were represented
in digital form by a sequence of x,y coordinate readings around the
periphery of the echo. The area and centroid of the echo were then
computed by a high speed computer utilizing formulas revised or developed
by the writer. Duration, distance traveled, speed, direction of movement
and other characteristics of the radar echo were then computed and
summarized.

Distribution of echo durations revealed the most frequent duration
to be from 0.2 to 0.3 hour and the median duration to be 0.6 to 0.8 hour.
The median distance traveled was between 0 and 5 miles, but most
frequently the echo was stationary. Most prevalent average speeds of
echoes was no movement, and the median speed was between 0 and 5 mph.

North and south were the most frequently traveled directions by the
echoes, but the two directions were not dominant. Thirty-seven percent
of the echoes had no movement. The two peaks of echo initiation during
the diurnal cycle occurred during the middle of the afternoon and at
midnight. The two peaks correspond to two types of thunderstorms--
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daytime thunderstorms that oceur during the afternccn dus to localized
heating, and nighttime thunderstorms that occur due tc convergence in the
lower levels.,

Dominant areas of echo initiation cccurred but appeared to vary
randomly from one time interval to another. Two of three azeas of
initiation that were dominant corresponded to the southeastern and north-
western edges of the study area along the escarpment.

A frequency distribution of duration weighted, average echo areas
indicated the most frequent area was 10 to 15 square miles and the

medizn area was 25 to 30 square miles.

Conclusions

Conclusions drawn from this study were:

1. Radar echoes of convective precipitation can be converted to
digital form and their characterigtics computed and summarized
by a high speed computer.

2. Most frequent and median characteristics of radar echoes of

convective precipitation in the High Plains of Texas were:

Characteristic Modal Median

Duration 0.2-0.3 0.6-0.8 hour
Digtance traveled ' 0 0-5 miles
Average speed 0 0-5 mph
Resultant direction No movement - =

Average area 10-15 25«30 square miles

3. Dominant areas of initiation occur but vary from one time
interval to another. Considering all echoes included in the

study, two of the three dominant areas of initiation correspond
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to the southeastern and northwestern edges of the escarpment
in the sample area. Thus, the escarpment appears to furnish
enough orographic effect to cauge echoes to consistently

initiate adjacent to it.
Suggestions for Future Study

Future investigations should determine the year to year variations
in precipitation patterns. Relating of echo characteristies to synoptic
data should be attempted. Installation of a dense raingage network for
a portion of the study area would assist in determining rainfall
characteristics of convective precipitation. Future studies of precipita-
tion patterns for the High Plains should include a study of the
characteristics of precipitation lines. The proportion of precipitation
contributed to the area from convective activity and from precipitation

lines neads investigation.
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APPENDIX B

SAMPLE OUTPUT DATA OF COMPUTER

=== PRECIPITATICON PATTERNS BY RADAR ECHCES -—-—

OELTA -
ECHO N+l OBS. YEAR MONTH DAY HOUR MIN TIME AREA DISTANCE x-BAR SLOPE Y-BAR VELOCITY
_12. 13 _ 4 1561 7 13 1111 63,0000 132.5793 o 12,2540 -
0.433 ) 5.78387 250.918 13.349
12 17 4 1961 1 13 11 43 106.5000 138.0454 10,3631
6.300 4.39571 242.085 14.650
_12__ 10 __4__ 1981 7 13 12 1 35.5000 141.9296 ___ _ 8.3052
0.333 o- 0. 0.
B ¥ 04 _ 1961 7 13 12 21 0. Q. 0.
SUNS AND AVERAGES - 0.10666504E 01 0.1C179576€ 02 0,24710473€ 03 0.95434988E 01
1319 S 1961 7 13 16 23 107.0000 63.3489 _12.4907
0.617 17.61041 244.217 . 28.556
1311 5 1561 1 1317 0 89.5000 79.2141 4.8473
0.367 4.18221 220.957 11.407
138 5 1961 7 13 17 22 30..0000 81.9555 1.6889 )
0.233 4.92933 271.597 21.125
13 12 5 1961 7 1317 36 47.0000 86.8830 __1.8262
. 0.583 0. c. 0.
13 0 5 1561 7 13 18 11 0. 0. 0O
 SUMS’ AND AVERAGES - 0.17999878E 01 0.26721953E_02 _0,24562244€ 03 __ 0.14845630E 02
14 8 3 1961 7 13 17 0 28.5000 96.7134 1.3216
0.600 2.71955 305.127 4.533
14 10 3 1961 7 13 17 36 45.5000 98.9377 - 2.8864
0.267 0. o. 0.
14 0 3 1961 7 13 17 S2 0. 0. R
SUNS AND AVERAGES - 0.86663818E 00 0.27195549E_01 0.30512706E 03 0.31380510E 01
15 73 1961 7 13 17 22 27.0000 o 7.2099 . 48,7407
0.233 417734 196.142 i7.503
15 11 3 1961 7 1317 36 184.5000 8.3713 44,7281
C.133 0. 0. C.
15 0 3 1%61 1 1317 44 0. 0. 0.

SUFS AND AVERAGES —

0.36663818E-00

0.41773386E 01

0.19614226E 03

0.11393626E 02

€L
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