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FOREWORD

l. Purpose: This report is published to inform forecasters and
other personnel concerned with the development and operational use of
sferics, of the full results of an AWS project to evaluate the meteor-
ological worth of sferics, The detailed observations and charts pre-
sented will facilitate interested personnel in judging the validity
of the conclusions drawn, which have already been published in AWS
Technical Report 105-87 and AWNS Manual 105-38,

2, Scope: The report covers historical background and planning
of the Project, preliminary phases of the investigation, development
of techniques for reducing end analyzing the observations, disocussion
of the snalyzed data, the correlations found, errors in the observa-
tions, conclusions, and Project costs and personnel,
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FINAL REPORT ON THE AWS

SFERICS EVALUATION PROJECT (1951)

PART I. - GENERAL

1. Introduction

Electromagnetic disturbences in the atmosphere or atmospherics
("sferics") have been deteoted, anelyzed, and attributed to various
causal phencmena by eleotronics engineers end meteorologists since
1895. Fublished literature on the sferics problem abounds. A his-
toricel summary of much of this literature (Weather Service Bulletin
No. 1, 1951, pp. 48-60 [ 4_/) was prepared as the first report of the
Sferics Evaluation Project (see below?.

The electronics engineers have been concerned with sferics pri-
marily in regerd to noise level end undesired triggering effects; in
other words, sferics are considered to be operaticnal detriments in
this field.

The meteorologists, on the other hand, have been interested in
the locating of sferics sources by some method, such as triangulation
of bearings derived from a network of radio direction-finding sta-
tions. It has been hypothesized that these sferics fixes are syn-
onymous with the locations of thunderstorms, which, in turn, may be
assoclated with oyclogenesis, air-mass instability, warm-frantal
overrunning, or pre-cold-front squall-lines. The value of such data
is particularly apparent when derived from regions where the normal
synoptioc data are sparse, such as ocean areas.

Although the meteorological interest in the sferics-thunder-
storm assoclation and in the syncptic utilization of sferics data
has been keen in some quarters, proof of this association and its
utilization has not been demonstradbly conclusive to gain the support
of the majority of the meteorologists. In other words, much doubt
accompanied the claims of the sferics enthusiasts. Occasionally
sferics fixes seemed to be misleading; i.e., they were located where
the synoptic patterns were not indicative of strong convective activ-
ity, such as the centers of high-pressure systems. A myriad of other
causes, both meteorological and non-meteorological in nature, was
suggested, but none was given any convincing proof. A problem ex-
isted regarding the origin of sferics. Thus, confidence was low in
the minds of most meteorologists regarding the acceptance of sferics
data as being indicative of thunderstorm activity, and consequently
regarding the utilization of these data.
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2. Activities of Sferics Evaluation Projeot

Frimarily through the efforts of Dr. Sverre Petterssen, who
sought to throw some 1ight upon the sferics problem, the Air Wea-
ther Service initiated a Sferics Evaluation Projeot during the lst-
ter part of 1950. Actual work was begun on 1 February 1951, with
the assignment of a project officer. The facilities of the Air
Weather Service Caribbean Sferics Net were made available to the
project. This net consists of stations at Ramey Air Force Base,
Puerto Rico; Kindley Air Force Base, Bermuda; MacDill Air Foroce
Base, Florida; and Robins Air Force Base, Georgia. For the pur-
poses of the evaluation project, a fifth station was activated at
Fort Monmouth, New Jersey. For a more detailed account of the
sferics equipment (AN/GRD-1A) and allied photographic instrumenta-
tion, the reader is referred to War Department Technical Manuals
11-2693 and 11-2338, respectively. Figure 1, however, is a picture
of this equipment as it is installed at the Net Control Station
(Robins AFB). Figure 2 shows the Sferics Froject and Net Control
buildings at Robins; the box-like structures, on the building at
the left, house the loop antennas associated with the AN/GRD-1A.
Figure 3 shows the radio communications equipment at the Net
Control Station for use in the mutual exchange of directional char-
acteristics and timing of sferics flashes as photographed on the
cathode ray oscilloscope. A reference (4) is cited for a more
detailed account of the normal operational procedures of the Cari-
bbean Net.

With the exception of the Project Director (Maj. C. E. Jen-
sen), the personnel assigned to the Sferics Evaluation FProject and
their respective tours of duty with the project are tabulated in
Appendix I. The results of the project, herewith reported, represent
an outstanding effort on the part of these personnel, both in-
dividually and collectively. Special words of appreciation are
due Captain James W. Green, Captain Mackx Siler, Jr., S5/Sgt. Walter
N. Leneau, and A/1C James C. Kidd. Captain Green exhibited inspired
initiative and courage during the initial phases of the study, and
contributed substantially to the sutcess of the project. Captain
Siler replaced Captain Green as assistant project director in
August 1951 and continued the high spirit of vigorous pursuit of
the project goal. Sergeants Leneau and Kidd were outstanding among
the airmen in developing team spirit and in displaying a sense of
duty well above that normally realized.

3. Statement of Problem

The purpose of the projeoct was to determine the meteorolog-
ical significance of sferics data. This general purpose was di-
vided into two specific problems: (1) whether or not all sferios
fixes have their origin in 1ightning flashes, and (2) if all
sferics fixes have their origin in lightning flashes, how may the
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weteorologsist use such data? The second problem was, of course,
contingent upon results gained in solving the first.

YART II

TRELTDINARY INVESTIGATIONS

l. Introduction

In sttacking che problem to determine the meteorological sig-
nificance of sferics data, it was felt that some knowledge of the
climatology of sferics fixes and of the scope of the Caribbean net
was necesssry. Climetology and scope go hand in hand, in this
instuance, &nd monthly sferics distribution charts were prepared as
a continuing program starting with June 1950,

1t was also deemed desirable to compare the monthly sferics
distribution charts with normal thunderstorm distributions in order
to esteblish at least a general relationship between sferics fixes
and thunderstorms. This was done for an eleven-month period begin-
ning with June 1930,

In addition, the effects of ilonospheric and magnetic storm
activity on sferics propagation were investiguted as possible sour-
ces of interference and error.

2. Monthly Sferics Distribution Charts

For the purpose of geining knowledge relative to the clima-
tology of sferics and to the scope of the Caribbean net, monthly
distribution charts of sferics fixes were prepared for the months
June 1950 through May 1952 and these charts are included as rfigures
4 through 27. They encompass an area enclosed by the meridians 400w
to 105° W and the parallels S5°N to 50°N. Utilizing a grid system
composed of basic squares, 23° of latitude by 5° of longitude, the
morthly total of fixes falling within each square was noted and
isopleths drawn. The data used were derived from the normal runs
of the original four-station Caribbean net. Normal operation during
the period investigated consisted of four-minute runs every six
hours. Fixes were obtained utilizing a 120-flash sampling teoch-
nique (4) for each four-minute run.

An examination of the monthly distribution charts for the year,
June 1950 through liay 1951, shows a gradual diminishing of the
centers Of sferics activity over the eastern United States and an
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intensirication of activity over morthern South America during the
period Junethrough November. HRelative stagnation of the centers
of sferics action occurs from December through February, and a
gradusal northward displacement of these centers takes place during
the period Larch through May.

Much the same pattern changes take place for the year, June
1951 through liay 1952, 1t is noteworthy, however, that the sferics
activity for February and lLiay of 1952 was considerably greater over
the BEastern United States and Atlantic than for the corresponding
months of 1951, The other months compare reasonably well from year
to year.

3, Association of Sferics and Thunderstorm Patterns

Figures 28 through 38 show the association between the monthly
(June 1950 - April 1951) sferics distribution patterns and the
monthly average number of thunderstorm days, the latter after Alex-
ander from his 40-year record (1904 - 1943) (1). Although one year
may vary considerably from the next and thus it is not very signir-
icant to correlate a specific year with a 40-year normal, Figures
28 through 38 are included to show the general area association
between sferics fixes and thunderstorm activity. This ssue type of
study had been accomplished by other investigators in other perts of
the world with similar results. It was felt necessary, however, to
perform this study as a first step in determining the origin of
sferics fixes. It should be noted that the actual magnitudes as-
signed the isopleths of fix frequency wmay not be converted in any
convenient manner in order to be compured directly with the isopleth
values of frequency of thunderstorm days. The two patterns for each
month show ganeral correspondence, although the significance of this
is 1imited, as stated above., This association was made using only
that portion of the United Stutes east of the 105th maridian, Thun-
derstorm data over the ocean areas are not very reliable. Data
after Brooks, however, were used for general area association and
the patterns for each month showed similar correspondence.

4. weighted Montaly Totals of Sferics Fixes

Supplemental information is included as Figure 39 which is a
plot of the weighted monthly totals of sferics fixes for the period
June 1950 through March 1951, Dally averages for each month were
multiplied by a factor of 30, so that a more realistic monthly
fluctuation in the number of fixes could be presented. The graph
shows a maximum number of fixes for July (6550} and a minimum for
January (5350), although fluctuations from month to month do not
appear to be systematioc.
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5. Effects of lonospheric and lhagnetic Storm Activity on
Sferics rropagation

Sudden ionospheric disturbances (SID), periods of abnormally
great ebsorption, are characterized by simultaneous high frequency
conmunication fadeouts over the daylight hemisphere of the earth
when such communication is dependent upon sky-wave propagation.
These are primarily sky-wave absorption phenomena and thus do not
affect the ground wave propagation of the very long waves (10 kc¢)
wherein the maximum power of sferics discharges are concentrated
and with which we are primarily concerned. Ionospheric refrlections
associated with sferics have been observed, however, by Kessler and
others (6). These returns were observed to be well-defined only at
night, and then only for approximately 2.7% of the time. When
these ionospheric returns ococur, they occasionally distort the
aprearance of the ground pulse as detected by the AN/GRD-1A into
an elliptical pattern; the interference being caused by a phase
difference between the return and the ground pulse, when the time
interval separating the two has been reduced by the relative slow-
ing down of the ground pulse.

llagnetic storms are defined as severe electromagnetic dis-
turbances. Little is known about the effects of such storms on the
proragation of low frequencies of the order of 10 kilocycles per
second to which the sferics equipment is tuned. liagnetic storms
(above-normal fluctuations in the magnetic field of the earth) last
from several hours to several days and are very often character-
ized by a sudden commencement which is simultaneous all over the
earth to within a few seconds. lLagnetic storms correlate posi-
tively with sunspots, with the most frequent and violent storms
occurring during and slightly after the maximum of the sunspot cycle.
The most satisfactory theory attributes magnetic storm activity
to the effects of charged corpuscular radietion from the sun.
Bursts of corpuscles, emanating frox the active regions of the sun
which are usually associated with active sunspot groups, are de-
flected by the magnetic field of the earth, producing ring currents
around the earth, and aurora. The appearance of auroral displays
in lower latitudes producss high absorption due to the ionization
at low levels., This low level absorption effect is perhaps the
most important deterrent to the propagation of the very long waves,
An attempt was made to determine the extent of this effect by
comparing the indices of magnetic storm activity (K-indices) with
the monthly average percentage of dnstances when two or less sta-
tions recorded bearings corresponding to designated time groups
called by the controlling station. It should be noted that at
least three-station participation is necessary for the production
of a reliable fix. K-index figures were obtained from daily reports
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of the Cheltenham Magnetioc Observatory.

Figure 40 is a plot of the monthly average percentage of
instances when two or less stations recorded bearings, and the
monthly average K-index for the months, June 1950 through March,
1951. Points plotted correspond to the four daily runs taken at
00004, 0600z, 12004, and 18C0Z, With minor exceptions the two
curves are generally 180° out of phase indicating at first glance
that the greater the magnetic storm activity the smaller the
number of instances when a particular flash will not be detected
by at least three stations. In other words, it would appear that
magnetic storm activity increases the intensity of the original
discharges or aids the propagation of these pulses, or both. In
support of the latter observation, investigators at the Central
Radio Propagation Laboratory of the Bureau of Standards concluded
from a study of the propagation of 18 kilocycles per second pulses
that magnetic storms tend to aid the transmission of such low fre-
quencies although the overall effect is very small (2). In this
connection, however, it should be noted that transmission char-

acteristics may vary appreciably for frequencies separated by only
a few kilocycles.

In an attempt to determine the effects of magnetic storm
activity on the bearings of the discharge pulses, Figure 41 was
prepared showing graphs of the monthly average percentage of fixes
obtained based upon those possible (detection from at least three
stations), and the monthly average "K" index for the months June
1950 through lLiarch 1951, The abscissas are the same as in rigure
40. The two curves appear also to be generally 180° out of phase
with respect to each other indiceting at first glance that the
greater the magnetio storwm activity the smaller the number of fixes.
From this analysis, it may be concluded that magnetic storm activ-
ity influences the directional bearings of sferics to some extent.

Figures 42 and 43 are composite graphs representing by smoothed
curves the data derived from Figures 40 and 41, respectively. Data
for the four daily runs have been averaged for each month. Corre-
lation coefficients of -.212 and -,344, respectively were determined.
These correlation coefficients indicate only that a tendency toward
an inverse relationship exists. The conclusion that may be drawn,
therefore, is that the overall effect of magnetic storm activity
on the propagation characteristics of sferics is small.

6. Diurnal Variation of Sferics Fixes

Supplemental information is included as Figure 44 which depicts
the diurnal variation of sferics fixes for the period June 1950
through March 1951 utilizing mean data for each of the four daily
run times. The curve exhibits a waximum at 0000« and a minimum at
1200z, It should be noted that this graph does not reflect the



AWS TR 105-102

frequency of sferics flashes since 12C flashes were selected at
random for each run and fixes derived from this equal sampling.

The graph does suggest, however, that either the intensity of sferics
aotivity is & minimum at 1200Z resulting in less cases of at least
three-station partioipation, or the propagation of sferics is ad-
versely afrffected to the greatest extent at this time of day. Ref-
erence is made to Figure 40 and to conclusions drawn therefrom. It
is noted that the overall diurnal variation in megnetic storm activ-
ity follows closely the pattern of the curve under discussion exhib-
iting also a distinot minimum at 12004. The conclusions suggested

by Figure 44 may, therefore, offer further substantiation of those
derived from Figure 40,

VART 111

DIgECT ASSOCIATION OF SFERICS AND THUNDERSTORMS

(Complete Flash Analysis)

1. Introduction

The difficulty with studies in the past which attempted to
relate sferics and thunderstorns has been the scarcity of meteoro-
logical data for association purposes. Normal distribution assoc-
iations were made, such as in rart II 3, above, but these are not
considered conoclusive in establishing the origin of sferics fizxes.
To solve the first problem, therefore, it was necessary to find
some means of obtaining special observations of thunderstorm activ-
ity in synchronism with the operation of the sferics net.

2. nstablisnment of Thunderstorm Reporting Network

For this special network of observers, the ocooperation cf the
U. S. weather Bureau and the American Telephone and Telegraph Com-
pany was solicited and gained. Without this voluntary support, the
evaluation program would not have been sucocessful. Approximately
8500 weather Bureau Cooperative Observers, 3000 Bell System Offices,
and all U, S. Weather Bureau first order, CAA and AWS type A, C, D
weather stations located in forty-one states east of the 105th mer-
idian were organized into a special thunderstorm observing net.
Figure 45 shows the distribution of these observers over the area
concerned. This chart was prepared utilizing a grid system of 1/2°
tessera ("squares"); as many as thirty-four observers were reported
in a basic square, such as around the large cities. This same grid
system was utilized in the final superposition of sferics fixes and
reports of thunderstorms.
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Each observer in this dense network waes requested to complete
e special thunderstorm date card, a sample of which is inclosed as
Figure 46, daily during July 1951. As noted on the data card, the
thunderstorm observetions (audible thunder or the appearance of
lightning) were to be made for a two-minute period every hour on the
half-hour. Operation of the sferics net was synchronized with the
time of these observetions, utilizing the time signels of station WWV,

3. Analysis of Data

All film records collected during July 1951 end completed data
cards were mailed to the project location at ftobins Air Force Base.
A speciel Sferics Film Viewer, Repid Flotting, wes designed and con-
structed at the Signsel Corps Engineering Laboretory primerily as a
time seving device in the analysis of the tremendous amount of film
collected (approximetely 37,200 feet of 3S5mm film at a cemera speed
of one inch per second). Figure 47 1s a sample of the film record
showing the wwV tone, flashes with directional characteristics, time
counter, 1/10th and 1 second markers. Figure 48 is a picture of the
speciel film viewer. It permits the simultaneous analysis of the
film from the five perticipeting stations. Sherp beams of 1light
which may be rotaeated menuelly about each station circle by means of
a gear mechanism are lined up in accordence with the ezimuth of the
fleshes reed on the film. when time groups are properly synchro-
nized and the azimuthal 1ight beams aeligned, fixes are rapidly
located.

The following runs were completely analyzed (every discernibdle
flash) by the project and will be discussed in leter sections of the
report:

TIAE DATE

07304 6 July 1951
13300 6 July 1951
15304 6 July 1951
06304 7 July 1951
14304 7 July 1951
11304 9 July 1951
13304 11 July 1951
00302 20 July 1951
06304 20 July 1951
1830Z 20 July 1951

The selection of these ten runs from a possible 744 wes based
upon the following considerations listed in order of their impor-
tanoce:

(1) Five-station participation wes mandatory.
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(2) The film from each &tation had to display a clear WWV
tone indicating correct time synchronism.

(3) The film from each station had to be readable. It was
stipulated that the time markers (1/10 and 1 second) should be
distinct and that the activity be light enough so as to remove

all uncertainties from the reading of the time groups associated
with specific flashes.

(4) Synoptic map-times were considered to be of some impor-
tance s0 a8 to permit synoptic associations of the same data used
for the direct associations,

Because of the limitations (1), (2), and (3), above, it is
estimated that only 5% of the 744 runs made during July could be
considered usable for the purposes of this investigation. The
ma jority of runs were disqualified because of too much "activity"”
appearing on the film, rendering the time-reading of individual
flashes extremely uncertain. This condition can be readily al-
leviated by increasing the film speed. Fallure to receive clear
WAV time signals acocounted for a substantial number of the dis-

carded runs. This discrepancy 1s a propagation and local radio
interference problem.

Since the radio direction-finding equipment i1s considered
accurate to only $#2 and observer uncertainty in readirng the azi-
muths of flashes is estimated as 41 , a fix was plotted if the
rigure defined by at least three azimuths could be closed to a
point by movement of each azimuth a certain amount up to a max-
imum of £3 . In all error triangles up to a "maximum" triangle
(one which can be just closed down to a point by rotating each
azimuth through 3 degrees), the center of the inscribed circle (in-
tersection point of bisectors of the angles) was used as the fix
location. This point is a compromise between the "Steiner"™ point
and the centroid. The former i1s defined as the point at which
each side of the error triangle subtends 120°, The latter is the
intersection of the medians. A comparison study of the aoccuraocy
of the "Steiner” point versus the centroid and the center of the
inscribed oircle was undertaken in the past (author unknown).

The criterion used was: the smaller the magnitude of the sum of
the angular deviation (ZFCﬂ , the more probable the point. Three
*"maximum®™ triangles were investigated with the following results:

(1) Triangle I

S ("Steiner" point) 28,1
I (Center of Inscribed Circle) 32.4
C (Centroid) 56.5
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(2) Triangle II

S ("Steiner" point) 26.0
I (Center of Inscribed Cirecle) 39.7
C (Centroid) 87.9

(3) Triangle III

S ("Steiner”point) 169.0
I (Center of Inscribed Circle) 53.8
C (Centroid) 305.7

The author concluded from the above comparison that "it is
only in the exceptionel case, such as where a station lies between
two vertices of an error triangle (caese III above) that the 'Steiner’'
point gives poor results, as determined by the criterion.” The case:
not discussed by the suthor is the elongated error triangle where
one angle is 120° or greater and the "Steiner™ point is then the ver-
tex of that angle. This type of error triangle results when the in-
dicated bearings at two of the participating stations are almost par-
allel due to (1) the great distance between source and stations,
(2) the orientation of the stations with respect to the source and
(3) the baseline length. The uncertainty in locating a fix within
such an elongated triangle will henceforth be referred to as the
parallel beam uncertainty. For the sake of consistency and after
an evaluation of the results of the comparison study mentioned above,
the center of the inscribed circle was chosen as the fix location
in all types of error triangles. In other cases of a quadrilateral
or pentagon, the fix was placed at the intersection of the diagonals.

4. Discussion of Results

The grid system of 1/8° squares was used In the preparation of
Figures 49 through 58. Squares contalning X's represent sferics
fixes, squares contaeining slanting lines represent thunderstorm
reports, and completely filled 1n squares denote coincidence of fizxes
and reports. Sgme_of these results were included in AWS Technical
Report 105-87 5./ It should be noted that the squares representing
reports of thund-=rstorms and coincidence will appear only over por-
tions of the United States where observers are physically loceated
(see Figure 45). In this section, only fixes felling within this
same area will be discussed. On the original work-charts, the
number of fixes falling within a particuler basic square was entered
in the upper left hand corner, and the number of observers reporting
thunderstorm activity was entered in the lower right hand corner

10
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of each appropriate square. The former numbers reflect the frequency
0of flashes from a particular thunderstorm area and consequently the
severity of thet storm area. Nore will be said concerning this in
fart IV. The latter numbers are a function of the density of ob-
servers, and thus only of passing interest. The two sets of numbers
cannot be compared directly, since the observers were asked to report
thunderstorm activity and not the number of individual flashes.

In the tebulation of the direct association results which
follows, only the mejor areas of fixes and thunderstorms are listed.
With the exception of the phenomenon of fixes "undershooting™ the
sources, the major areas of fixes and reports or thunderstorms over
continental United Stetes esst of the 105th meridian are reasonably
coincident. Further, no mecjor area of reports remained undetected,
nor did any mejor area of fixes rewmain unverified. The suggested
reasons (to be discussed in detsil in Part VIII) for the discrep-
ancy termed "undershooting™ are (1) the inherent instrumental
errors and (&) the phenomenon of parallel beam uncerteinty.

Thunderstorm activity not detected by the net was isolated
or well-scettered. The suggested reasons for this limitation of the
net ere:

(1) The core active 2nd more intense source regions "tlank
out" the film record of the isolated sctivity.

(2) The discherges from the scattered thunderstorms ere per-
naps nct of sufficient strength or power to reach at least three
stations of the net.

The fixes not reasonebly associn%ed (within 1 or 2°) with re-
rorted thunderstorn ectivity were isolated or tlkey comprised sparse
clusters which "undershot" the sources appreclebly. The average
percentege of these scattered fixes versus total fixes is 6% for
the ten runs analyzed. A substentlial portion of the isolated fixes
not verified was located in Florida where an unfortunate incident
deprived the project of the services of the U. S, Weather Eureagu
volunteer cooperative observers. A shipment of 5000 thunderstorm
data cards, which were to be distributed to approximately 170 co-
operative observers in Florida by the U. S. Weather Bureau Section
Director at Jacksonville, was inadvertently misplaced and never
reached its destination., Reports from Florida would, therefore,
only represent the efforts of AT&T offices and AWS, CAA, and U. S.
Weather Bureau first-order stations. The combination of these 1s
still meager in comparison with the number of observing stations
that the cooperative observers would have furnished within the State
of Floride, and consequently the chances for verification of the
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fixes in this region were lessened considerably. Other reasons for

the non-verification of fixes are suggested below:

(1) Errors in location of fixes due to parallel beam uncer-
tainties and to inherent instrumental errors to be discussed in
Fart VIII,

(2) Called frlashes not properly synchronized at other parti-
cipating stations due either to a drift in the electro-mechanical
timing device or to the density of activity on the film record.

The association of the major areas of thunderstorm activity
with the major areas of fixes is tabulated below. The center of

the sferics net mentioned in one of the column headings is defined
as 30°N 73%.,

TABULATION OF DIRLCT ASSOCIATION RESULTS FOR JULY 1951

Association of Major Areas of Thunderstorm Activity with Major
Areas of Flxes

Approximate Center Center Location of
Location of Thunder- lajor Area of Fixes
storm area; Approx- with Respect to Cen-
imate Distance From ter of Lajor Thun-
Center of Net and derstorm Area, and

Run reference Description of Area Description of Area HRemarks
060730Z Fig. 49 40%N 95% Coincident Area of
1500 miles Dense band fixes en-
Dense band velops
thunder-
storm area.
0607302 Fig. 49 47°N 105% 200 miles S. k. Strong evi-
2500 miles cluster dence of
cluster fixes "un-
dershooting"
sources,
061330Z Fig. 50 399N 950 Displaced east- Fresents
1500 miles ward approx, evidence
Dense band 32° Dense band of fixes
"under-
shooting”
sources,
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TABULATION OF DIRECT ASSOCIATION RESULTS FOR JULY 1951

Association of Major Areas of Thunderstorm Activity with Major
Areas of Fixes (Cont'd)

Approximate Center Center Location of
Location of Thunder- Major Area of Fixes
storm Area; Approx- with Respect to Cen-
imate Distance From ter of Major Thun-
Center of Net and derstorm Area, and
un  Reference Description of Area Description of Area Remarks

0615302 Fig. 51 39°N 95°W Displaced east- Fairly strong
1500 miles ward approx. 1°; evidence of
Dense btand Dense %and fixes "un-
dershooting”
sources,
070630Z Fig. 52 47°N 909 Coincident Area of fixes
1500 miles Dense band envelops
Sparse band thunder-
storm area,
0708307 Fig. 52 370N 990w Coincident Although
1700 miles Sparse line this area of
Dense bend thunderstorms

appears lar-
ger than the
preceding one,
the distri-
bution of
sferics ac-
tivity indi-
cates the lat-
ter one to bde
more active.

0714302 Fig. 53 45°N 86°W Displaced south- FPresents evi-
1300 miles ward approx. 1°;  dence of
cluster cluster fixes "under-

shooting"”
sources,
091130Z Fig. 54 39°N 89°%W Coincident Fixes appear
1200 miles Dense band more concen-
Dense band trated than
reports of
thunderstorms.
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TABULATION OF D1kiCT ASSOCIATION nbESULTS FOR JULY 1951

Assoclation of Major Areas of Thunderstorm Activity with Major
(Cont'd)

Areas of Fixes

Run Reference

Approximate Center
Location of Thunder-
storm Area; Approx-
imate Distance From
Center of Net and

Description of Area

Center Location of
Kajor Area of Fixes
with Respect to Cen-
ter of Major Thun-
derstorm Area,
Description of Area

and

Remarks

091130% Fig. 54

111330. Fig. 55

1113304 Fig. 55

200030, Fig. 56

200030% Fig. 56

200630Z Fig. 57

40°N 100°
1900 miles
Dense block

38°N 95%
1500 miles
Dense band

42°N 103
2100 miles
cluster

Extensive
band along
castern sesa-
board and
Gulf Coast

36°N 105°%
2200 miles
cluster

44°N 97CW
1700 miles
Extensive band

14

200 miles S.E,
cluster

Displaced east-

ward approx. 1°

Dense band

250 miles S.E.
cluster

Coincident

Displaced eest-
ward
cluster

Displaced
slightly south-
eagtward
Extensive band

Strong evi-
dence of
fixes "un-
dershooting"
sources,

rresents
evidence of
fixes "un-
dershooting”
sources.

Strong evi-
dence of
fixes "un-
dershooting®
sources.

None

Strong evi-
dence of
fixes "un-
dershooting"”
souroces.

Zvidence of
fixes "un-
dershooting®
sources,
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TABULATION OF DIRECT ASSOCIATION RESULTS FOR JULY 19351

Association of Major Areas of Thunderstorm Activity with Major
Areas of Fixes (Cont'd)

Aapproximate Center Center Location of
Location of Thunder- Major Area of Fixes
storm Area; Approx- with Respect to Cen-
imate Distance From ter of Major Thun-
Center of Net and derstorm Area, and
nun Reference Uescription of Area Description of Area Remarks

20183042 Fig. 58 Zxtensive Coincident

None
line along zxtensive band
Gulr Cosast
terminating
in Florids
201830 Fig. 58 37°N 106°%« Uisplaced east- lajor por-
2300 miles ward tion of
cluster Extensive source re-
cluster gion is

beyond edge

of pap--par-
ticularly
strong svi-
dence of fires
"undershoot-
ing" sources.

The tabulation shows that, within a range of approximately 2000
miles from the center of the net, major areas of sferics are essen-
tially coincident (evidence of slight "undershooting") with major areas
of thunderstorm activity, Beyond that range, the rfixes "undershoot”
the sources to an appreciable extent, as a result of inherent instru-
mental errors and/or the parallel beam uncertainty.

Scattered isolated thunderstorm activity not detected by the net
was negligible and insignificant in proportion to the activity repre-
sented by major thunderstorm areas.

Fixes not verified by thunderstorm activity amounted to approx-
imately 6%. Except for a considerable number comprised in clusters
which undershot the source regions, these fixes were scattered and
negligible in comparison to the major concentrations of fixes,
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The locations of scattered fixes should be eliminated from the trans-
mitted sferics message, which should only reflect the oocurrence of
bands, olusters or lines of fixes., Proper oorrections for parallel
beam uncertainties and inherent instrumental errors should be applied
to the locations of suoh areas when they oocur at dlstances greater
than 2000 miles from the center of the net, or the transmitted
sferics message should only include data within the specified range
of accuracy.

Figures 49 through 58, although only a small sampling of the
avallable data, are believed to be representative of the capabil-
ities end limitations of the Caribbean Sferios Net. The data show
that the net oan detect accurately all major thunderstorm areas
within a radius of approximately 2000 miles from the center of the
net with evidence of undershooting beyond. In other words, the
project felt at this point that the first nroblem had been solved;
i.e., the origin of sferics fixes 1is thunderstorm activity.

PART IV

ASSOCIATION OF SFERICS AND SYNOPTIC PATTERNS

(Complete Flash Analysis)

1. Introduction

The same runs discussed above in relation to the direct assoc-
iation studles were used in relating sferics fixes to characteristic
synoptic patterns. The purpose of making this synoptic association
study is to determine the meteorologicasl worth of sferics data as
an aid in synoptic analysis and forecasting, particularly in the ab-
sence of much ol or all the normal surface data.

The synoptic map-times do not in all cazes correspond precisely
with the times of the sferics runs, but in five of the ten charts
are in deviation by one hour. These synoptic charts (Figures 59
through 60 and 62 through 69) consist of squares containing X's
representing fixes anc synoptioc analyses which were made without
knowledge of the fix locations. The following discussions will be
primarily concerned with the associations between the fixes and
synoptic analyses north of the 25th parallel. Detailed studies for
the tropical regions are recommended for future sesearch.

Results of synoptic associations made during July yield the
following:

(1) Bands of fixes appear in edvance of and parallel to surface
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warm fronts indicating thunderstorm activity caused by overrunning.

(2) Bands and lines of fixes have been noted in advance of
and parallel to surface cold fronts indicating pre-cold front eir
za2ss and/or squall-line activity.

(3) Clusters of fixes are found in cold-air sectors immediately
benind cold fronts indicating either air mass or frontal 1lifting
thunéerstorms in that region.

(4) Dense bands of fixes concentrated on certain portions of
quasi-stetionary fronts are indicative of cyclogenetic activity.

Each synoptic association chart is discussed in detail in the
next paragraph. A sequence of five charts is presented for the 6th
and 7th of July, a sequence of three oharts for the 20th, and indi-
vidual charts for the 9th and 11lth,

2. Discussion of Each Synoptic Association Chart

Figure 59 - 060730Z July 1951, 313 fixes, map time - 0630Z. A
dense band of fixes is oriented parallel to and predominantly north
of the warm front through the liidwest, indicating thunderstorm
activity caused by overrunning. A loose band of fixes "brackets"
the cold front off the east coast, indicating pre-cold front air
mass activity and instability thunderstorms within the cold air sec-
tor. The relatively dense block of fixes located off the Carolina
coasts is difficult to explain unless this activity is indicative of
cyclogenesis in this region. These fixes and the former ones are
verified by ship reports of cunmulonimbi and lightning.

If these sferics data were the only weather reports available for
this area, it appears quite iixkely that the causal synoptic situation
could have been deduced -- the NW-SE orientation of the fixes in the
Midwest suggesting warm frontal activity and the NE-SW orientation
of the fixes off the east coast suggesting the presence of a cold
front.

Based upon the sferics data for this map and the next, it appears
that the northern portion of the cold front in the Atlantic might
well have been displaced eastward of its indicated position which is
based upon scanty reports in this region without the benefit of
sferics data.

Figure 60 - 0613302 July 1951, 453 fixes, map time - 1230Z.
This map presents the six-hour displacement of the frontal system
described above. Sferics fixes are grouped and oriented with re-
spect to the frontel pattern essentially the same as in the last
instance. Greater frequencies, however, occur off the coasts of
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Georgia and South Carolina than was evident for the preceding map

in association with the southern extremities of the cold front. The
number of fixes per 1/20 square run from five to eleven compared
with one to three per basic square for other concentrations of fixes
appearing on this map. Reference is made to Figure 61 which shows
the classic model after Bergeron of a well-developed frontal struc-
ture, such as the one under observation. It is noted that the rela-
tively large frequencies of fixes per basic square in Figure 60 are
located on a portion of the quasi-stationary front which is the same
portion of the model frontal structure which Bergeron classifies as
exhibiting enafront characteristics; i.,e., strong oyclogenetio activ-
ity. The initial intensification by frontogenesis of the quasi-
stationary front in Figure 60 was perhaps directly influenced by the
greater thermal discontinuity experienced off the Georgia and South
Carolina coasts as a result of the Gulf Stream track in this vicinity.
wave formation in this hyperbolic flow region will depend upon the
intensity of the organized combination of the warm-air upgliding and
the cold-eir dcwngliding along neighboring front sectors (6). The
influence of the precipitation processes as personified by the sferics
activity may not be overlooked as strong pressure change causes,
Although a distinct wave did not form on this portion of the quasi-

stationary front, a separate low center might well have been placed
in this region.

The fixes north of the warm front in the Midwest are undoubtedly
the result of the continued forced ascent of warm, moist air.

Figure 62 - 061530Z July 1951, 407 fixes, three-hourly synoptlc
data. This map represents a three-hour displacement of the frontal
system described above. Sferics fixes are grouped and oriented with
respect to the frontal pattern essentially the same as in the last
instance with one exception and that is the disappearance of fixes
ahead of the cold front in the North Atlantic. This indicates that
pre-cold front air mass and/or squall-line activity ceases to exist
when the air ahead of the cold front has experienced a substantial
trajectory over cool water. An interesting feature of this chart is
the even greater frequency of fixes concentrated off the coast of
Georgia end northern Florida in association with the frontal struc-
ture in that region. This may be attributed to, or may be a cause of,

an intensification of the cyclogenetic activity on this portion of
the front.

Figure 63 - 0706302 July 1951, 303 fixes, map time - 0630Z.
This map represents the synoptic pattern fifteen hours later than
that of the last case discussed avtove., The fixes, which on the past
three maps were banded slightly north of the warm front through the
Midwest, are displaced a oonsiderable distance north-eastward, and
are coincident with an isallobaric minimum. This suggests that a
greater amount of 1ift or overrunning is required in the production
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of thunderstorm activity in this particular case. kerhaps, also, a
poor analysis was made in this instance, or an upper front is pro-
ducing the thunderstorm activity. Scattered fixes in the warm sec-
tor are probably the result of the strong warm, moist air advection
in the lower levels overrun with cold dry air aloft. The orienta-
tion and location of the fixes with respect to the cold front in
the Atlantic are essentially the same as on the last map with the
greater number of fixes appearing behind the cold front. The con-
centration of fixes off the Florida and Georgia coasts, however,

is not as striking in this case as in the last instance. A trough
oriented north-south through Florida and Cuba accounts for the re-
mainder of the fixes. Surface synoptic data indicate appreciable
isallcbaric falls coincident with these fixes.

Figure 64 - 071430 July 1951, 329 fixes, three-hourly synoptic
data. The amount of elapsed time from the last map discussed is
eight hours. Fixes associated with the warm front through the Mid-
west are, as in the last case, located over the Great Lakes region
and considerably northeast of the surface front, which now exhibits
8 distinct bulge in that direction. These fixes are again coin-
cident with an isallobaric minimum. Isolated fixes in the warm
sector are undoubtedly the rewains of the thunderstorm activity
on the previous map. « band of fixes, sparse in some portions, con-

tinues to "bracket"™ the essentially stationery front extending through
northern Florida eastward into the atlantiec.

Figure 65 - 0911304 July 1951, 595 fixes, map time - 12304. a4
completely new synoptic pattern exists since considerable time has
elapsed between this map and the map discussed above. The partic-
ularly dense band of fixes through central Illinois and northern
liissouri is associated with cold frontal and quasi-stationary frontal
activity in that region. The compact nature of this area of fixes
(Lee Figure 60) suggests strong cyclogenetic activity. A cluster of
fixes located off the coast of Florida is located east of a trough
and coincident with a field of isallobaric falls.

Figure 66 - 1113304 July 1951, 284 fixes, map time - 12304, &
dense band of fixes is still coincident with a portion of the essen-
tially stationary front (same as in last instance) oriented east-
west through the )Midwest. The compact nature of this band of fixes
suggests, as in the last instance, future wave formation on that
portion of the front. This particular synoptic situation was some-
what unusual because of the persistence of this area of thunderstorm
activity with only slight southward movement through seventy-two
hours or more. The area of the sferics activity appeared to be a
breeding place for a series of small waves or ripples which proceeded
eastward along the frontal surface and finally dissipated. a cluster
of fixes in the Gulf of lL.exico is verified by ship reports of towerinaz
cumuli, end a closer analysis of the synoptic data indicates that a
trough might well have been placed in this region. The clusters of
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rixes located in the southern peripheral region or the sub-tropical
Atlantic high and verified by ship reports of towering cumuli, are
difficult to explain. Large, developed highs are often, however,
characterized by convective activity in the S5SW sector due to pres-
ence of sufficient moisture and rising motion in this sector. 1Iso-
lated fixes In advance of the NE-SW front off the eastern coast are
also verified by ship reports of cumulonimbl and thunderstorms.

rigure 67 - 2000302 July 1951, £92 fixes, wap time - 00302.
This map represents the beginning of a new synoptic series. The syn-
optic pattern in this case exhibits a squall-line which extends froum
the northern Gulf Coast northeastward elong the eastern seaboard. A
brouad dense bend of fixes 1is strikingly centered along this lire.
although the squall-line cennot be precisely located from the surface
synoptic data, the 850-milliter chart shows a long nerrow tongue of
warm, moist air in the same position. The locetions of a substantial
portion of the fixes in the llidwest are erroneous, since they have
"undershot" the true source region, which is at and beyond the edge
of the map (see Part III 4, above)

Figure 68 - 200630Z July 1951, 306 fixes, map time - 0630z, A
six-hour lapse in time has occurred since the last map discussed abcve.
The fixes coincident with the squall-line, which has moved eastward
off the coast, have become sparse relative to the dense band noted
on the preceding map. Isolated fixes now bracket the surface cold
front, indicating that this front is intensifying as the prefrontal
squall-line dissipates. Throuzh the Midwest, overrunning associated

with a warm front produces & narrow band of fixes which is north of
the surface front,

Figure 69 - 201830Z July 1951, 748 fixes, wap time - 18304.
This run had the greatest number of fixes of any plotted in the present
series of ten runs, the average being 433. Twelve hours of time have
elapsed since the last map-time. The squell-line now produces only
a few scattered fixes; it was carried on this synoptic chart on a
continuity basis only. Rather, the sferics activity appears to con-
centrate more on the surface cold front where a loose band of fixes
bracket the front, indicating even more definitely than the previous
case the intensification of the cold front as the prefrontal squall-
line dissipates. A trough over the northern Gulf Coast is marked
by a narrow band of fixes of high frequency. By far the greatest fre-
quency of sferics activity on this map coincides with a NE-SW trough
passing over southern Florida to the Yucatan. A widespread cluster
of fixes is located in the warm sector of an occluded system in the

far Midwest. The pattern of these fixes is greatly biased (see Fart
111 4, above).

3. HRemarks on Utilization of Sferics Data

The foregoing synoptic association discussion (complete flash
analysis) has brought to light certain interesting relationships
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between thunderstorm activity or sferics and characteristic syn-
optic situations as follows:

a. warn Fronts - The several cases of warm frontal activity
have exhiblted compact bands of fixes 200 to 300 miles wide which
heve appeared paresllel to and north of the surface discontinuity.

The length of the band (along the surface front) is a direct function
of the width of the southerly flow of werm moist air normal to the
surface front. The surface isobars, by their spacing and orientation
with respect to the surface warm front, give a good estimate of the
width of this low level warm advection and thus the length of the
thunderstorm band in advance of the warm front. The orientation of
these warm frontal bands, in every case, conforms with the average
surface front orientation; i.e., from the NiW sector to the SE sector.
From the sferics band orientation then, warm frontal activity may

be deduced. From the width and length of the band, the magnitude

and extent of the low level southerly flow may be estimated.

b. Cols, Cyclogenesis, Frontogenesis - Frontogenesis, cyclo-
genesis, and a pressure col are grouped together here because of
their frequently intimate synoptic relstionship and because of the
pertinent sferics cases under analysis. Compact bands of fixes
with the greatest frequency counts per basic 30 square have been
noted to be parallel to and coincident with quasi-stationary fronts
in regions of hyperbolic flow. Figures 60, 62, 65, and 66 are
exawples of this situation. 1n each case the banded structure of
tre fixecs is oriented k-«+, in conformity with the predominant orien-
tation of quesi-stationary fronts. 1ln each case, also, the cyclo-
genetically active portions of the fronts were outlined by the
sferics bands,

c., Cold Fronts - Cold fronts are the most difficult to define
from a sferics standpoint since there arpears to be no intense
banded structure of fixes in association with the frontal surface.
wxclusive of pre-cold frontal squall lines to be discussed in the
next paragraph, sferics fixes appear only to sparsely "bracket" the
surface cold front. The orientations of the loose bands are in
every case parallel to the surface front, with the mejority of the
fixes falling behind the front in association with instability con-
ditions within the cold air sector.

d. _oguall Lines - ire-cold front squall lines as defined by
sferics activity are generally easy to distinguish (see Figure 67)
fron the other synoptic situations discussed above. The banded
structure is particularly evident and the orientation is pre-
dominantly MNe=bw in conformity with the average orientation of
squall lines.

e, rlowiatterns - If sferics data were to be used in con-
junction with little or no other data in synoptic anelysis, certain
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general features of the flow patterns aloft may be deduced in
addition to and in support of the frontal patterns discussed above.
Where a dense band of fixes exists, much can be said about the flow
aloft. A coinocident warm moist tongue must be present at 850 mb
perhaps extending to the 700-mb level. Overrunning this low level
warm air advection will normally be a cold dry tongue at the 500 mbs
level, the two flows intersecting in the three dimensional picture

at a large angle (occasionally 90°) in the region of the sferics
band. The isotach analyses at upper levels will generally show the
region of maximum speed to he along the western and northern edges

of the sferics band. If an extensive banded structure is oriented
NE-SW, as in the case of squall-line and cold frontal activity, the
presence of a major westerly trough may be deduced, displaced slightly
westward of the sferics band. If the band is E-W, as in the case of
quasi-stationary fronts, the flow aloft is more zonal, but cyclo-
genetic processes are present. If the band is oriented NW-SE as with
warm frontal activity, a minor trough may be deduced with displace-
ment slightly westward of the sferics band.

This discussion of flow pattern aloft may be applied cnly to
sferics structures north of approximately the 25th parallel. Trop-
ical and sub-tropical bands must be treated separately in association
with easterly waves, and tropical disturbances.

f. Weather - Not to be overlooked in this deduction process
from thunderstorm or sferics data are the conditions of oloudiness,
icing, turbulence, hail, rain, lightning, and visibility. The major
hazard to flying is thunderstorm activity with all its attendant evils.
+here the sferics band exists there can be no doubt about the pres-
ence of a solid mass of towering cumuli, cumulonimbi, heavy rain,
lightning, severe turbulence, reduced visibility, heavy icing above
the 0°C isotherm, and possible hail. Surrounding the sferics band
will be varying amounts of convective cloudiness inversely propor-
tional to the distance from the band itself. The types of cloud-
iness and the amounts surrounding the sferics bands are also functions
of the causal synoptic pattern deduced above.

EFART ¥

DEVELOFMENT OF ADEQUATE SAMPLING TECHNIQUE

1. Introduction

The sferiQs patterns discussed in karts III and IV, above, were
the results of a complete evaluation of every flash discernible on
each two-minute film record. This type of analysis is not operation-
ally feasible because of the time consuming element. It requires
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approximately ten hours for 5 people to evaluate the film records
containing about 1,000 flashes; the average number of flashes
ocourring on the rilm records of the ten runs discussed in karts
III and IV is 1,054. As many as 12,000 flashes have been known

to occur on a two-minute film record during a very active summer's
day, while 120 flashes may typify an inactive winter's day. The
location of the sferics net with respeot to thunderstorm producing
regions will, of course, have considerable influence on these max-
imum and minimum figures. The figures noted above are based upon
operational experience of the Caribbean Net,

Because of the prohibitive time-consuming element, the ques-
tion arises as to whether results derived from a sampling of the
available data are representative of results gained through a complete
analysis, Further, the size of the sample selected must satisfy the
requirement for a realistic processing time. The same ten runs dis-

cussed previously were used as bases to test the representativeness
of the following samples:

a. 250 flashes, Robins station calling, flashes well-defined
and evenly distributed through two-minute film record.

b. 200 rflashes (same other conditions, as above).
¢. 100 flashes (same other conditions, as above).

The time necessary to process 250 flashes is approximately 23
hours. Beyond three hours, the time element becomes prohibitive.
wWwith regard to the condition that the flashes selected be well-
defined, this does not mean that only the flashes with large ampli-
tudes were chosen, but rather that the azimuths be reliably deter-
mined by the calling station., Since the amplitude of the flash is, in
general, an inverse function of the distance between source and detec-
ting station, a mixture of amplitudes, large, medium, and small, were
selected in order to insure an adequate area representation, In these
respects, the sampling process was purposive in nature.

As mentioned above, the samples were selected from the film
records which were fully analyzed and discussed in Perts III1 and IV.
A goal was set whereby a sample is declared adequate if the squares
derived therefrom represent 60% of the squares derived from the com-
plete analysis, The statistics of the full analyses are as follows:

Date-Time No. of Fixes Estimated Called-Flashes
0607304 July 1951 313 1440
061330z July 1951 453 1200
061530z July 1951 407 1080
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Date-Time No. of Fixes Estimated Called-Flashea

0706304 July 1951 303 840
0714304 July 1951 329 480
09113042 July 1951 595 1320
1113302 July 1951 284 720
2000302 July 1951 592 1920
2008302 July 1951 306 480
2018304 July 1951 748 960

Averages 433 1054

The staetistics, above, included counts where more than one fix
fell within a basic $#° square. In the sampling study, areal distri-
bution was considered to be of greatest importence and, therefore,
the frequency counts of fixes per basic square were eliminated. In
other words, the above tabulation was revised to reflect the number
of basic squares containing fixes, rather than the actual number of
fixes obteined. The number of called flashes was adjusted accord-
ingly on a percentage ratio basis. The following tabulation gives
the revised staetistics:

No. of Squares Estimated No.

Date-Time Containing Fixes Called-Flashes
060730Z July 1951 272 1,251
0613304 July 1951 215 570
061530Z July 1951 191 507
0706304 July 1951 262 727
071430Z July 1951 234 341
0911304 July 1951 153 339
1113304 July 1951 212 537
2000304 July 1951 368 1,194
2006304 July 1951 257 403
201830z July 1951 326 419

Averages 249 629
Total 2,490 6,288
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2. Comparison of Samples

It should be noted at the beginning of this sampling evaluation
that, since the population {total called-flashes) varies from run
to run, the size ol the sample expressed as a percentage of the pop-
ulation will also vury. Normally, a sample representing as much as
30 per cent of the population from which it is taken may be consid-
ered adequate to serve the purpose for which it 1s drawn. Viewed
in this light, samples composed of 250 and 200 flashes meet this
requirement for the large majority of the runs, while the 100-flash
sample falls short completely.

To ascertain more practically the representativeness of the
samples, the fix distributions or patterns derived from the samples
were superimposed upon the fix patterns obtained from the complete
analyses, A count was then made of the number of sample fixes which
either bordered on or were coincident with fixes from the complete
analysis; these sample fixes were denoted as hits, while all others
were misses. osince the flashes called in the sampling process were
also included in the full analyses, some explanation is required
regarding the presence of sample fixes which are classified as misses,
Sample fixes which did not border on fixes frow the complete anal-
ysis were displaced by at least 30 nautical miles. The latter order
of magnitude may readily be attributed to human uncertainties in
reading azimuths and plotting fixes, particularly ir cases of elon-
gated error triangles.

The following table shows the number of hits and misses for
each sawmple:

bate-Time rlashes in Fixes obtained Hits Misses
Sample from gample
060730 Jul '51 250 144 107 37
061330 Jul 'S5l 250 137 111 26
061530 Jul '51 250 125 91 34
070630 Jul '51 250 170 126 44
071430 Jul '51 250 144 110 34
091130 Jul '51 250 114 88 26
111330 Jul 'Sl 250 152 108 44
200030 Jul 'S5l 250 148 121 27
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Date-Time Flashes in Fixes obtained Hits Misses
- Sample from sample

200630 Jul '51 250 165 109 56
201830 Jul 'Sl 250 125 108 17
Total 2,500 1,424 1,079 345
060730Z Jul '51 200 119 82 37
061330 Jul 'Sl 200 108 80 28
061530 Jul 'S5l 200 73 54 19
070630 Jul 'S51 200 91 69 22
071430 Jul 'S5l 200 125 ad 30
091130 Jul 'Sl 200 108 77 31
111330 Jul 'Sl 200 139 98 41
200030 Jul '5l 200 133 115 18
200630 Jul '51 200 127 77 50
20183C Jul '51 200 98 86 12
Total 2,000 1,121 833 288
060730 Jul 'S5l 100 78 50 28
061330 Jul 'Sl 100 54 40 14
061530 Jul '51 100 66 49 17
070630 Jul '51 100 38 25 13
071430 Jul 'S1 100 72 57 15
091130 Jul 'Sl 100 65 49 16

26



AWS TR 105-102

Date-Time Flashes in Fixes obtained Hitg Misses
Sample from sample

111330 Jul 'Sl 100 71 57 14

200030 Jul 'S5l 100 83 74 9

200630 Jul 'S51 100 57 40 17

201830 Jul 'S5l 100 47 41 6

Total 1,000 631 482 149

number of fixes classified as hits; that 1is,

The following table shows the degree of difference between the

the &C

O-flash sample

over the 100-flash sample, and the 250-flesh sample over the 200-

flash sample:

_Date Hits Fercent increase in Hit:
Qige 220 200 400 L2050 over 200 over
_sauwple _sagple _saqple 200 sample _100 sample
060730 Jul 'S5l 107 82 50 +30% 46450
061330 Jul '51 111 80 40 39 100
061530 Jul '51 91 54 49 89 10
070630 Jul '51 126 69 25 83 176
071430 Jul '8l 110 95 37 16 67
091130 Jul '51 88 77 49 14 57
111330 Jul 'Sl 108 98 57 10 72
200030 Jul '51 121 115 74 5 55
200630 Jul '51 109 77 40 42 92
201830 Jul 'S1 108 86 41 26 110
Total 1,079 833 482 +305 L7
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An examination of the percentages in the above table shows a
considerable increase in the number of hits found in the 200-flash
sample when compared with the number found in the 100-flash sample.
On the other hand, increasing the sample to 250 flashes from 200
flashes brought about & relatively smaller increase, so that the
sampling process has approached the point of diminishing returns.

an examination of the number of sample fixes classified as
misses will afford some knowledge regarding the human uncertainties
in the triangulation procedures. The following table gives this
information:

}isses as % flashes

Date Misses in sampl
Time 250 200 100

0
sample sample sample sample sample sample

0607304 Jul 'Sl 37 37 28 15% 18% 28%
061330 Jul 'S1 26 28 14 10 14 14
061530 Jul 'Sl 34 19 17 14 9 17
070630 Jul '51 44 22 13 18 11 13
071430 Jul '51 34 30 15 14 1S 15
091130 Jul '51 26 S 16 10 16 16
111330 Jul 'Sl 44 41 14 18 20 14
200030 Jul 'Sl 27 18 9 il 9 9
200630 Jul 'S5l 56 50 17 22 25 19
201830 Jul '51 17 12 6 17 6 6
Total 345 288 149 14% 14 15%

On e percentage basis, approximately 145> of sample fixes are
plotted with errors of the order of 30 nautical miles.

The preliminary information and tabulations, above, do not in
themselves insure the adequacy or inadequacy of samples under inves-
tigation. The decislon as to adequacy should be governed solely by
the number of fixes derived from the complete analysis which were
coincident with or bordered on sample filxes; that is, a measure of
deteoction. The following table presents the results of this partio-
ulsr count:
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CHAE | courcere | PERCENT SOMAETe
DATE CAONMA'LLY!J: 37'}5352 o:{,’é%’,r'!‘g"" ozr:#:no D!TN!%TT!D
TIME FIXES HITS HTs SAMPLE SAMPLE [BY SAMPLE
250-FLASH SALZ1E
060730.] Jul '51 272 107 1,50 122 55% 45%
061330 | Jul 'S5l 215 111 135 80 63 37
061530 | Jul 'Sl 191 91 125 66 65 35
070630 |Jul '51 262 126 166 06 63 37
071430 |Jul '51 234 110 160 74 68 32
091130 |Jul '51 153 88 105 48 69 31
111330 |Jul 'Sl 212 108 135 79 64 36
200030 |Jul '51 368 121 216 151 59 41
200630 |Jul '51 257 109 112 145 44 56
201630 |Jul '51 326 108 197 129 €0 40
Total 2,491 1,079 1,501 989 60% 40%
200-FLASH SAVXLE
060730 {Jul *'51 272 82 116 156 43% 57%
061330 |Jul '51 215 80 117 98 54 46
061530 {Jul '51 191 54 108 83 56 44
070630 |Tul 'Sl 262 69 141 121 54 46
071430 |Jul 'S1 234 95 146 88 62 38
091130 |[Jul 'S1 153 77 98 55 64 36
111330 [Jul 'Sl 212 98 134 78 63 37
200030 |Jul 'S5l 368 115 204 184 56 45
200630 |Jul '51 257 77 108 149 42 58
201830 |Jul 'S5l 326 86 175 151 54 46
Total 2,490 833 1,347 1,143 54% 46%
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COMPLETE
AN'A& I:IS CAC:JMA’LLst‘I"sz P zARNCA!LNYE IEOF.:;EE b
ore B I g e It AT RS 0
100-FLASH SAMFLE
0607304 {Jul ’51 272 50 93 179 34% 66%
061330 {Jul 'Sl 215 40 80 135 37 63
061530 |Jul 's1 191 49 88 103 46 54
070630 |Jul '51 262 25 76 186 29 71
071430 {Jul 'S5l 234 37 1138 121 48 52
091130 |Jul '51 158 49 85 68 54 44
111330 {Jul 'S51 212 Lzt 97 115 46 54
200030 |Jul '51 368 74 164 204 45 55
200630 {Jul 'Sl 257 40 70 187 27 73
201830u [Jul 'S1 326 41 134 192 41 59
Total 2,490 482 1,000 1,490 40% 60%

when setting up the sampling study, it was assumed that a 60%
detection of the complete analysis fixes could be considered as a
proper measure of adequacy of a sample. Taking this into consideration,
jt 18 noted that, as a group, the 100-flash and the 200-flesh sam-
ples do not meet the standard of adequacy. This is particularly true
of the 100~flash sample. The 250-flash sample fails to meet the
standard of adequacy in only three of the ten runs; namely, 55% for
060730Z, 59% for 200030Z, and 44% for 200630Z. The relatively low
detection in the first two cases (55% and 59%) probably stems from the
fact that the 250-flash sample in these instances represented only 20
and 21% respectively of the total population. The low detection for
the 200630Z run (44%), when analyzed from all points of view, seems
to be due to poor judgment in selecting the flashes to be included
in the sample. In other words, a sample cannot be better than the
poorest judgmen t used in its selection.

The same data es in the last table were reorgenized or an
areal basis, and the following table gives these results:
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Longitude £ Distri- Complete Sample Complete Complete  Perfect complete
bution, analysis hits  4nalysis analysis _analysis fixes
complete fixes fixes de-  fgixes not Detected Not De-
analysis tected by  detected by tected by
fixes sample hits by sample sample sample

250-FLASH SAMPLE
> 105 1% 20 5 8 12 40% 60%
105- 100 8 73 23 26 47 38 64
100- 95 9 214 114 134 80 63 37
95- 90 13 336 162 224 112 67 33
90- 85 14 339 157 219 120 65 35
85- 80 16 399 178 258 141 65 35
80- 75 19 475 210 296 179 62 38
75- 70 9 234 93 126 108 54 46
70- 65 8 211 79 116 95 55 45
65- 60 5 136 50 75 61 55 45
60- 55 1 27 8 8 19 30 70
55- 50 1 24 6 11 13 46 54
50- 45 p; 2 0 0 2 0 100
Total 100% 2,490 1,079 1,501 989 60% 40%
200-FLASH SAMPLE
> 106 1% 20 1 1 19 5% 95%
1Q5- 100 3 15 11 16 57 22 78
100- 95 9 214 70 90 124 42 58
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Longitude % Distri- Complete Sample Complete Complete Perfect complete
bution, analysis hits analysis analysis analysis fixes
complete fixes fixes de- fixes not Detected Not de-
analysis tected by detected by tected by
fixes sample hits by sample sample sample

95~ 90 13 336 121 206 130 61 39
90- 85 14 339 112 184 155 54 46
85~ 80 16 399 159 262 137 66 34
80- 75 19 475 165 280 1958 59 41
75- 70 9 234 81 111 123 47 53
70- 65 8 211 68 114 97 54 46
65- 60 S 136 31 65 71 48 52
60- 55 1 27 8 9 18 33 67
55- 50 1 24 6 9 15 27 63
50- 45 1 2 0 0 2 0 100
Total 100% 2,480 833 1,347 1,143 54 460

100-FLASH SAMXLE

105 1% 20 1 1 19 50 952
105- 100 3 73 6 6 67 8 92
100- 95 9 214 37 76 138 36 64

95- 90 13 336 78 144 192 43 57
90- 85 14 339 58 150 189 44 56
85- 80 16 399 80 191 208 48 52
80- 75 19 475 110 205 270 43 57
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Longitude ¥ Distri- Complete Sample Complete Complete Perfect complete
bution, analysis hits analysis analysis analysis fixes
complete fixes fixes de- fixes not Detected Not de-
analysis tected by detected by tected by
fixes sanple hits by sample sample sample

75- 70 9 234 39 77 157 33 67
70- 65 8 211 40 75 136 36 64
65- 60 S 136 30 59 77 43 57
60- 55 1 27 6 9 18 33 67
55- 80 1 24 5 7 17 29 71
50~ 45 1 2 0 0 1 0 0
Total 100% 2,490 482 1,000 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>