- S S - D - R O A (e Y S S .

(- (-

o %@...

@ https://ntrs.nasa.gov/search.jsp?R=19780025344 2020-03-22T02:00:49+00:00Z

Data Report for December 1976
through March 1978

on

A DEPOLARIZATION AND ATTENUATION EXPERIMENT
USING THE COMSTAR AND CTS SATELLITES

{NASA-CR-/5990/ A DEPOL2RRIZATION AND N78 33267
ATTENUATION EXPERIMENT USING THEE COMSTAR AND NI8-332%
CTS SATELLITES Data Report, Dec. 1976 -

Mar. 1978 {(Virginia Polytechnic Inst. and Unclas
State Univ. 198 HC AQ9/MF AOD1 CSCL 20K G3/32 35786




Data Report for December 1976
through March 1978

on

A DEPOLARIZATION AND ATTENUATION EXPERIMENT
USING THE COMSTAR AND CTS SATELLITES

Text by

. Bostian
Manus

. Marshall

. Overstreet
Persinger
. Powell
Santago

L. Stutzman
H. Wiley

vTEUvoCRZoMO
O OMmI»E"

Graphics by
Cynthia R. Will
Electrical Engineering Department
Virginia Polytechnic Institute and State University
' Blacksburg, Virginia 24061
Prepared for

NASA Goddard Space Flight Center
Greenbelt, Maryland 20771

Contract NAS5-22577
April 28, 1978



1. Report No. 2. Government Accession Na. 3. Recipient’s Cotalog No.

4. Title end Subtitle 5. Report Date

A Depolarization and Attenuat1on Experiment

USTng the COMSTAR and CTS Satellites [ Performing Organitation Code

7, Avthor (), , W tia E A, ManuS £. MArsn Iy 8. Performing Organitation Report No.

? $Saén¥ea%r05t ﬁ % A f7man1ngj JZI l? B ?{ 1978-2

Perfarming Urganization Neme and Address 10. Work Unir No.

Department of Electrical Engineering '

340 Whittemore Hall N RRee shesy

VPI&SU Bl aCkaurg’ V1rg]n1a 24061 13. Type of Re;o; 3nd Period Covered
. 12. Sponsoring Agency Name and Address ' Data Report: . -
| NASA Goddard Space Flight Center Dec. 76 - March 78

Greenbel t Md. 2077] 14. Sponsoring Agency Code
E. H1rschmann, Code 953, Technical Officer ,

15. Supplementary Notes

16. Abstract

This report presents monthly statistical data on ground
rainfall rate and atﬁenuation on satellite down]inks at 11.7 GHz,
19.04 GHz, and 28.56 GHz and on cross-polarization isolation at
11.7 GHz. Regression equations for relating isolation to attenuation,
attenuafion to rain rate, and attenuation at one frequency to
attehudtion at another frequency are also included. Longer-term
statistics are also presented and discussed. '

17. Koy Words (Selected by Author(s)) . | 18. Distribution Stotement

polarization, de?o1arization,

attenuat1on millimeter wave
pagat1on communications satelljtes, Unlimited

CTS OMSTAR, percent-of-time, :

frequency sca11ng, monthly statistjcs

19. Security Classif. (of this report) |20. Security Classil. {of this page) - [21. No. of Poges 22. Price

u - U

® For sale by the National Technical Information Service, Springfield, Virginia 22151,



N N NN NN

TABLE OF CONTENTS

INTRODUCTION . . . . . . e e e e e e e e e e e e e e e e
1.1 Description of the Report . . . . . . . . . . . .. . ...
1.2 Guide to Related Literature . . . . . . . . . . . . . ...
1.3 Discussion of the Report Contents . . . . . . ... .. ..
MONTHLY DATA . . . . . . o o e e e e e e e e e e e e e e e e
.1 December, 1976 . . . . . . . . . . .. ..o .. ..
2 Jdanuary, 1977 . . . L e e e e e e e e e e e e e e e e
3 Debruary, 1977 . . . . . . . e e e e e e e e e e e
4 March, 1977 . . . . .. oL oo e e e e e
5 April, 1977 . . . . . oo e e e e e s e e e e e e
6 May, 1977 . . . . . . e e e e e e e
7dUNe, 1977 L e
2.8 July, 1977 . . . . . e e e e e e e e e e e e e e
2.9 August, 1977 . . . . .. .. .00 0. e e e e e e e
2.10 September, 1977 . . . . . . . e e e e e e e e e e e
2.11 October, 1977 . . . . . . . . i e e
2.12 November, 1977 . .‘ .................. B
2.13 December, 1977 . . . . . . T
2.14 January, 1978 . . . ... . ... ... e e e e e e e e e
2.15 February,.1978 . . . . . . . .. e e e e e e
2.16

March, 1978 . . . . . . . . e e e e e e e e e e e e e



LONG-TERM STATISTICS . . . . . . . . . . . e e e 144
3.1 Introduction . . . . . . . . . . ..o oL .. .. 144
3.2 Calendar Year 1977 less February . . . . . . . . .. ... 145
3.3 June, 1977, through March, 19;8 ....... e e e e e e 145
3.4 July, August, and September, 1977 . . . . . . . e e e 145
3;5 October, Nernber, and December, 1977 . . . . . . . . . .. 145
3.6 January, February, and March, 1978 . . . . . . . . . . . .. 146
3.7 July through November, 1977 . . ... v v v v v v v v v .. 146
3.8 July through October and December, 1977 . . . . . . . . .. 146



Table
Table

Table
Table

Table
Table

Table

Table 2.

Table
Table

Table

Table
Table
Table

Tabje

Table
Table
Table

2.1-1.

2.2-2.

LIST OF TABLES

Key parameters for the month of December, 1976.

Attenuat1on and rain rate percent -of-time data

for December, 1976. . . . . . ¢ . . . .. o o ...

Key parameters for the mohth<of January, 1977.

Attenuation and rain rate percent-of-time data

for January, 1977. . . . . . . . i e e e .

Key parameters for the month of March, 1977. . . . .

Attenuation and rain rate percent-of-time data
for March, 1977. (Values for 19 and 28 GHz
estimated from 11 GHz data.) . . Ce e

Percent of time that 11.7 GHz isolation was
less than the indicated value for March, 1977.

Regression equations for the month of March, 1977.

Key parameters for the month of April, 1977.

Attenuation and rain rate percent-of-time data
for April, 1977. (Values for 19 and 28 GHz are
estimated from 11 GHz data.) . . . . . . . ...

Percentage of time that 11.7 GHz isolation was
less than the indicated value for April, 1977.

Regression equations for the month of April, 1977.
Key parameters for the month of May, 1977. . . . ..

. Attenuation and rain rate percent-of-time data

for May, 1977. Note: 19 GHz points are scaled.

Percentage of time that 11.7 GHz isolation was less
than the indicated value for May, 1977. . . . . ..

Regression equations for the month of May, 1977.

Key parameters for the month of June, 1977. . . . .

Attenuation and rain rate percent-of-time data
for June, 1977. . . . . . . .. .. ..

21

24

26

30

33

34
36
38

41

a4
47
49

52



Table

Table
Table
Table

Table

Table
Table
Table

Table

Table
Table
Table

Table

Table
Table
TabTle

Table

Table
Table
Table

2. 7-3.

.7-4.
.8-1.
.8-2.

.8-3.

.8-4.

.9-2.
.9-3.

.9-4.
.10-1.
.10-2.

.10-3.

L11-4.
J12-1.
.12-2.

Percentage of time that 11.7 GHz isolation was less

than the indicated value for Jdune, 1977. . . . . . .

Regression equations for the month of June, 1877.

Key pérameters for the month of July, 1977. e e

Attenuation and rain rate percent-of-time data

for July, 1977. . . . . . . ¢ o Lo e e e e e e

Percentage of time that 11.7 GHz isolation was less

than the indicated value for July, 1977. . . . . . .

Regression .equations for the month of July, 1977.

. Key parameters for the month of August, 1977.

Attenuation and rain rate percent-offtime data

for August, 1977. . . . . . .. o0 oL

Percentage of time that 11.7 GHz isolation was less

than the indicated value for August, 1977. e e

Regression for the month of August, 1977. . . . . .

Key parameters for the month of September, 1977.

Attenuation and rain rate percent-of-time data

for September, 1977. . . . . . . ... . . . .. ..

Percentage of time that 11.7 GHz isolation was
less than the indicated. value for September, 1977..

Regression equations for the month of September, 1977.

Key parameters for the month of October, 1977.

Attenuation and rain rate percent-of-time data for

October, 1977. . . . . « « v v v i e e e e e e e

Percentage of time that 11.7 GHz isolation was less

than the indicated value for October, 1977. e

Regression equations for the month of October, 1977.

Key parameters for the month of November, 1977.

Attenuation and rain rate percent-of-time data for

November, 1977. e e e e e e e e e e e e e e e e

Page

57
59

62

64
. 67
69

72

75
78
80

83

85
88
90

93

95
97
99



Table 2.12-3. Percentage of time that 11.7 GHz isolation was less '
than the indicated value for November, 1977. . . . . . 104

Table 2.12-4. Regression equations for the month of November, 1977. 105
.Table 2.13-1. Key parameters for the month of December, 1977. . . . 107
Table 2.13-2. Attenuation and rain rate percent-of-time data for
- December, 1977. Data for 11.7 GHz were invalidated

by spacecraft maneuvers. . . . . . . . . .. o ... 110

Table 2.13-3. Percentage of time that 11.7 GHz isolation was less
: than the indicated value for December, 1977. . . . . . 112

Table 2.13-4. Regression equations for the month of December, 1977. 115

Table 2.14-1. Key parameters for the month of January, 1978. . . . . 117
Table 2.14-2. Attenuation and rain rate percent-of;time data for
) January, 1978. . . . . . . . o . e 0 e e e e e e . . 120
Table 2.14-3. Percentage of time that 11.7 GHz isolation was less
than the indicated value for January, 1978. . . . . . 122
Table 2.14-4. Regression equations . for the month of January, 1978. . 126
Table 2.15-1. Key parameters for the month of February, 1978. .. . 128

Table 2.15-2. Attenuation and rain rate percent-of-time data for
February, 1978. . . . . . . . . .. e e e e e e e 131

Table 2.15-3. Percentage of time that 11.7 GHz isolation was less
than the indicated value for February, 1978. . . . . . 132

Table 2.15-4. Regression equations for the month of February, 1978. 134

Table 2.16-1. Key parameters for the month of March, 1978. . . . . . 136
Table 2.16-2. Attenuation and rain rate percent-of-time data for

March, 1978. . . . . . « « « ¢ v i e e e e e e e e 139
Table 2.16-3. Percentage of time that 11.7 GHz isolation was less

than the indicated value for March, 1978. . . . . .. 141
Table 2.16-4. Regression equations for the month of March, 1978. . . 143
Table 3.2-1. Attenuation and rain rate percent-of-time data for

the calendar year 1977 less February. . . . . . . .. 149
Table 3.3-1. Attenuation and rain rate percent-of-time data for

June 1977 through March 1978. . . . . . . .. . . .. 155



Table

Table

Table

Table

'Table
Table
Table

Table

Attenuation and rain rate percent-of-time data for
July, August, and September, 1977. . . . . . . . . ..

Regression equations for July, AugUst, and September,
1977. @ o e e e e e e e e e e e e e e e e e e e e

Attenuation and rain rate.percent-of-time data for
October, November, and December, 1977. . . . . . . . .

Attenuation and rain rate percent-of-time data for
January, February, and March, 1978. The attenuation
values were caused by frozen or freezing precipitation
which the rain gauges did not record. . . . . . . . .

Attenuation and rain rate percent-of-time data for
July through November, 1977. . . . . . . . . . . . ..

Regression equations for the period July through
November, 1977. . . . . .« ¢ v ¢ vt 0 0 e e e e

Attenuation and rain rate percent-of-time data for
July, August, September, October, and December, 1977.

Regression equations for the period July, August,
September, October, and December, 1977. S

187



Figure
Figure
Figure

Figure

Figure 2.

Figure

Figure

Figure

Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure

Figure

N

N

Figure 2

Figure 2

Figure

Figure

N N NN

N NN

N NN NN

LIST OF FIGURES

Attenuation statistics for December, 1976. . . . . .
Attenuation statistics for January, 1977. . . . . . .

Rain rate statistics for March, 1977. . . . . . . ..

Attenuation for March 1977. (Values for 19 and

28 GHz are estimated from 11 GHz data.) . . . . . . .

Rain rate statistics for April, 1977. . . . . . . . .

Attenuation statistics for April, 1977. (Values for
19 and 28 GHz are estimated from 11 GHz data.)

Rain rate statistics for May, 1977. . . . . . . . . .

Attenuation statistics for May, 1977. (Values for

19 GHz are estimated.) . . . . . . . . . .. .. ..
Rain rate statistics for June, 1977. . . . . . . . .
Attenuation statistics for Jdne, 1977. . . . « < . .
Rain rate statistics for July, 1977. e e e e e e
Attenuation statistics for July, 1977. . . . . . ..
Rain rate statistics for August, 1977. . . . . . ..
Attenuation statistics for August, 1977. . . . . . .
Rain rate statistics for September, 1977. . . . . . .
Attenuation statistics for September, 1977. . . . . .
Rain rate statistics for October, 1977. . . . . . . .
Attenuation statistics for October, 1977. . . . . . .
Rain rate statistics for November, 1977. . . . . . .

Attenuation statistics for November, 1977. . . . . .

Rain rate statistics for December, 1977.

Attenuation statistics for December, 1977. Data for
11.7 GHz were invalidated by spacecraft maneuvers.

23
31

32
39



Figure
Figure
Figure
Figure
‘Figure
Figure

Figure

Figure 3.

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

2.14-1.
2.14-2.
2.15-1.
2.15-2.
2.16-1.
2.16-2.

3.8-1.

3.8-2.

Rain rate statistics for January, 1978. . . . . . ..
Attenuation statistics .for January, 1978. . . . . ..
Rain rate statistics. for February, 1978. . . . . . .
Attenuation statistics for February, 1978. . . . . .
Rain rate statistics for March, 1978. . . . . . . ..
Attenuation statistics for March, 1978. . . . . . ..

Rain rate statistics for the calendary year 1977
less February e e e e e e e e e e e e e e e e e

Attenuation stat1st1cs for the calendar year 1977.
less February ...................

Rain rate statistics for June 1977 through March
1978, & . L e e e e e e e e e e e e e e e e e

Attenuation statistics for June 1977 through March
1978, & e e e e e e e e e e e e e e e e e e e

Rain rate statistics for July, August, and
September, 1977. . . . . . . . . e e e e e e e e e

Attenuation statistics for July, August, and
September, 1977. . . . . . . . . 0 e e 0 e e e e e

Rain rate statistics for October, November, and
December, 1977. . . . . i i e e e e e e e e e e e

Attenuation statistics for October, November, and
December, 1977. . . . . . . e e e e e e e e e e e

Rain rate statistics for January, February, and
March, 1978. . . . . . . . . . . o .. e e

Attenuétion statistics for January, February,
and March 1978. . . . . . . . . . . . . ... ..

Rain rate statistics for July through November, 1977.

Attenuation statistics for July through
November, 1977. . . . . . © « v ¢ v v e e e e e ..

Rain rate statistics for July, August, September,
October, and December, 1977. . . . . . . . . . . . .

Attenuation statistics for July, August, September,
October, and December, 1977. . . . . . . . . . .. .



1. INTRODUCTION

1.1 Description of the Report

This report summarizes the precipitation attenuation and depolari-
.zation data collected by VPI&SU from December 1, 1976, through March 31,
1978, on satellite downlinks operating at 11.7, 19.04, and 28.56 GHz.
This was the data collection portion of the period for which the
experiment received funds from the'Defense Communications Agency (DCA),
and the report is submitted to fulfill our contractual requirement of

a final data report for DCA.

1.2 Guide to Related Literature

In this report the data are presented without extensive comment.
For a theoretical discussion of the phenomena involved, a comparison
of theory with experiment, and a computer model for predicting

attenuation and depolarization, the reader-shou1d consult.

R. R. Persinger, "Millimeter Wave Propagation Modeling
of InhOmogeneoué Rain Media for Satellite Communications

Systems, Report 1978-1, NASA Contract NAS5-22577,

VPI&SU, Blacksburg, Virginia, May 1, 1978.

A detailed description of the hardware aspects of the experiment

is given by
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C. W. Bostian‘gg_gl, "Quarterly Technical Progress
Report I on A Depo]arizatfon and Attenuation Experi-

- ment Using the COMSTAR and CTS Satellites," NASA
Contract NAS5-22577, VPI&SU, Blacksburg, Virginia,
December 22, 1976.

For an explanation of the statistical data reduction techniques

used to prepare this report the reader should see

C. W. Bostian et al, "Final Report (Second Year of
Work) on a Depolarization and Attenuation Experiment
Using the COMSTAR and CTS Satellites,” NASA Contract
NAS5-22577, VPI&SU, Blacksburg, Virginia, February 9,
1978.

1.3 Discussion of the Report Contents

DCA funding was formally transferred by NASA to VPI&SU at the end-
of September, 1976, to pay for the construction of COMSTARi19.04 and
28.56 GHz terminals. At that time the University was already operating
an 11.7 GHz attenuation and depolarization experiment for NASA-using
CTS. |

When DCA funds were received CTS was turned off for the eclipse
period, and when spacecraft opefations resumed the VPI&SU receiver was
found to be damaged by a water leak in the parametric amp]ifier
housing. Operations were resumed on a temporary basis in November,
1976; December, 1976, was the first full month of data collection

following eclipse and it is therefore the first month for which data
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are presented in this report.. With NASA's permission we ceased
operations. during February, 1977, to make permanent repairs to the
CTS equipment, and hence no data éppear for that month.

The COMSTAR D-2 28 GHz downlink became operational in April,
1977, and data appear here for that system beginning with the month
of May, 1977. Attenuation data for the D-2 19 GHz system became
'ava{lable in May, 1977, and data collected at this frequency appear
in the report beginning with June, 1977. For the period in which we
have CTS data but not COMSTAR data this report provides estimates
of what the COMSTAR attenuation statistics would have been. These
were deriﬁed by muitip]ying the 11.7 GHz attenuation in dB by 1.48 to
approximate the 19.04 GHz attenuation and by 2.71 to approximate the
28 GHz attenuation. The 1.48 and 2.71 attenuation ratios were
obtained from measured attenuation data taken during the summer of
1977. | |

Chapter 2 of this report is devoted to monthly results and
Chapter 3 coﬁsiders data from longer periods of time. For each time
period reported the following tables appear.

Table 1. Key Parameters summarizes the rain and signal behavior

for the month. It gives the total rain accumulation, the peak rain
rate, and the percent-of the total rain accumulation that fell at

10, 20, 30, 40, and 50 mm/hr. Also presented are the monthly mean
signal levels at IF; these will give the reader an idea of the overall
stability of the satellite beacon transmitters and the receiver gains

from one month to the next. - Where available we have also presented
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agree closely with theoretical predictions. Power curves, on the
other hand, can give similar results for widely differing coefficients.
For this reason our a and b coefficients in the table frequently depart
from theory while the attenuation : rainrate relationship that they
describe agrees well with theory.

Also included in each monthly group are percentage-of-time plots

of the attenuation and rain rate data contained in the tab]e.

_ " PAGE BLANk Nor FILMED
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2. MONTHLY DATA

This chapter summarizes the data collected on a month-by-month basis.
Below is a brief commentary on each month which appears; in it appear
thé total hours of rainfall* during the month and the percéntage of these
hours during which attenuation and isolation data were collected. 1In
reading these figures the reader should keep in mind several factors.

(1) Unless otherwise noted, attenuation measurements were made during
all periods of heavy rain when the receivers could maintain phase 16ck.
Small departures from 100% forAattenuation measurement times generally
.represent intentional interruptions during light rain for equipment
checks, etc. (2) Cross-polarized signal components are almost always
at least 10 dB below the corresponding co-polarized signal components,
and this means that during severe fades the cross-polarized components
will be corrupted by noise first. Thus isolation data will normally
be avéilab1e for a slightly smaller percentage of time than‘is attenuation
data taken over the same time period. (3) For statistical purposes
missed attenuation data can be filled in by frequency scaling.

December, 1976. (Section 2.1) Rain fell for 18 hours, but the
rain rate was insignificant and no rain rate plots are given. CTS
attenuation and isolation data were collected for 100 and 99.9% of the
time. Attenuation values for 19 and 28 GHz were éca]ed.

January, 1977. (Section 2.2) During this month the rain rate

was negligible and no rain rate plots appear. Very light rain fell for

* Raihfa]] is arbitrarily defined as existing when the rain rate exceeds
0.5 mm/hr.
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a total of 9 hours, and CTS iso]étion and attenuation data were collected
for 98% of this time. Attenuation values for 19 and 28 GHz were scaled.

February, 1977. (Section 2.3) No data were collected; the VPI&SU
earth station was closed down for repairs. '

March, 1977. (Section 2.4) Rain fell for 14 hours. CTS attenuation
and isolation data were collected for 75.4 and 75.2% of time time,
respectively. Attenuation values for 19 and 28 GHz were scaled.

April, 1977. (Section 2.5) There were 27 hours of rain in
April.. Attenuatfon measurements were made for 87.0% of this time and
isolation data for 86.5%.

May, 1977. (Section 2.6) This was the first full month of 28 GHz
data collection. Rain fell for a total of 9 hours, and attenuation data
were collected for 93.6% of time time at 11.7 GHz and 87.1% of this time
at 28 GHz. The corresponding firugres for isolation were 92.6% and 77.4%;
problems were encountered with 28 GHz depolarization data because of an
antenna problem which affected the cross-polarized channel.

June, 1977. (Section 2.7) We recorded 23 hours of rainfall and
collected 11.7 GHz attenuation and isolation data for 99.3% and 98.4%
of time time. At 28 GHz attenuation and isolation data were taken for
95.1% and 30.4% of the rain time. Continuing antenna problems were
responsible for the low isolation percentage. The 19 GHz system became
operational during June and collected attenuation data for 88.9% of the
rain time. |

July, 1977. (Section 2.8) This was the first full month of 19 GHz
operational and during 4 hours of rain 19 GHz attenuation and isolation

data wére collected 89.3% and 78.4% of the time. The corresponding
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figures for the 11.7 GHz system were 91.7% and 89%. At 28 GHz attenuation
data were collected during 87% of the rain time. Isolation data at
this frequency were invalidated by the continuing antenna defect which
was located and repaired near the end of the month.
August, 1977. (Sectidn 2.9) Rain fell for six hours and attenuation’
data were recorded for 96.2% of this time at 19 GHi.and 73.2% of this
time at 28 GHz. For isolation the corresponding figures were 77.2%
and 63.3% respectively. The 11.7 antenna positioner malfunctioned and
limited attenuation.and isolation data collection to 38.2% and 38.0% of
the rain time; missing attenuation data were filled in by scaling.
September, 1977. (Section 2.10). September brought 17 hours of
rain. Attenuation data were.collected for 94.2% of this time at 11 GHz,
for 100% of this time at 19 GHz, and for 97.9% of this time at 28 GHz;
the isolation figures were 93.9% (11.7 GHz), 97.9% (28 GHz), 12.3% (19 GHz
vertiéa]), and 99.2% (19 GHz horiéonta]). During this period the CTS
spacecraft was shut down every déy for eclipse; this biased the isolation
data but its effects were removed from the attenuation records.
October, 1977. (Section 2.11) It rained for 15 hours and attenuation
data were collected for 94.0% (11.7 GHz), 100% (19 GHz), and 94.5
(28 GHz) of this time. The isolation values were 90.9% (11.7 GHz, 95.8%
»(19 GHz), and 93.8% (28 GHz).
| November, 1977. (Section 2.12) A total of 25 hours of rain were
recorded. The experiment collected attenuation data for 73.4% (11.7 GHz),
85.6% (28 GHz), and 85.3% (19 GHz) of this time. The percentages for
isolation were 70.8% (11.7 GHz), 85.5% (28 GHz), and 83.8% (19»GH2).
Occasional 1ocalhoscillator malfunction may have biased the 19 GHz data,

however.
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December, 1977. (Section 2.13) December was a period during which
répeated CTS spacecraft maneuvers were conducted.. We were not provided
timely tracking information and were able to collect 11.7 GHz attenuation
.and isolation for 65.3% and 65% of the 14 hours of rainfall. At 28 GHz
the attenuation percentage was 100% and the value for isolation was 99.1%.
The 19 GHz system was disabled by a local oscillator failure and operated
only during 38.2% of the rain time for attenuation and 36.5% for isolation.

“January, 1978. (Section 2.14) This mdnth and the two months following
were marked by heavy falls of snow, sleet, and freezing rain. Data
collected during known periods of antenna contamination were deleted
from the data .base. "Under weather conditions like those experienced,
tipping bucket rain gauges tend to freeze, fill up with ice and snow,
and then send out false indications of rainfall when rising temperatures
melt the gauge contents. For this reason, the rain data quoted for
January, February, and March, 1978, must be treated with cautioh.

During Janﬁary, the gauges reported 53 hours of rainfall for which we
collected valid attenuation data 78.6% (11.7 GHz), 56.9 (19 GHz) and
56.8% (28 GHz) of the time. The corresponding isolation percentages

- are 78.1% (11.7 GHz), 48.7% (19 GHz) and 55.8% (28 GHz). It should be
emphasized that during these winter months we noted occasional instances
of severe attenuation and dépo]arization from sleet. and snow while the
antennas were clear and no precipitation was being observed on fhe'ground.

February, 1978. (Section 2.15) Our gauges indicated rain for
5 hours, but they were probably measuring meiting snow. Attenuation data
for 11.7 GHz may have been influenced by periodic shutdowns of the

spacecraft.
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March, 1978. (Section 2.16) Snow and rain were mixed during this
month, and snow filling the antennas was a recurrent problem. Our
gauges recorded 33 hours of rainfall, some of which was melting snow.
Attenﬁation.data were collected for 62.3% (11.7 GHz), 20.9% (19 GHz),
and 52.7% (28 GHz) of the time that the guages indicated rain.
Corresponding figures for isolation were 61.9% (11.7 GHz), 18.9% (19 GHz),
and 52.7% (28 GHz).
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2.1 December, 1976

Rainfall was insignificant and no rain rate plots are given. 19
and 28 GHz attenuation are sca]éd. There was insufficient data from

which to develop regression equation.
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Table 2.1-1.

Key parameters for the month of December, 1976.

1. Rain Data

VPI&SU Accumulation, 39.83 mm

USWS Accumulation, 72.90 mm

Peak VPI&SU Rate, 12.53 mm/hr

Percent of monthly accumulation at
R > 10 mm/hr, 2.29% R > 20 mm/hr, 0%
R > 30 mm/hr, 0% R > 40 mm/hr, 0%

2. Signal Data

Channel Monthly Mean Maximum Fade,
Co Signal, dBM dB

11.7 -82.25 9.65

19.04V eeeeo : ————

19.04H JR— ——-

28.56  —ceee- : —--

R > 50 mm/hr, 0%

Minimum Isolation
While in Phaselock, dB

20.88
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percent-of-time data for

Attenuation and rain rate
December, 1976.

Table 2.1-2.
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2.2 January, 1977

Rdinfa]] was insignificant and no rain rate plots are given. 19
and 28 GHz attenuation are scaled. The low attenuation recorded did

not justify regression equation.
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Table 2.2-1.

Key parameters for the month of January, 1977.

‘1. Rain Data

|

VPI&SU Accumulation, 10.66 mm

USWS Accumulation, 50.55 mm

Peak VPf&SU Rate, 4.69 mm/hr

Percent of monthly accumulation at
R>10 mm/hr, 0% R > 20 mm/hr, 0% R > SQ mm/hr, 0%
R > 30 mm/hr, 0% R > 40 mm/hr, 0%

2. Signal Data

Channel = Monthly Mean Maximum Fade, Minimum Isolation
Co Signal, dBM dB While in Phaselock, dB

1.7 -82.90 3.39 28.9

19.04Vv  —----- R -

LE TN — | ——-- e

28.56  ceeee- SR ———-
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and rain rate
time data for

-of -
1977.

Attenuation
January,

percent

Table 2.2-2.
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2.3 February, 1977

No data were collected; our station was shut down for repairs.



PREGH gL BIAINE MOY Flafear
- B ..&C’ ’AG‘-‘ SLAINK“ NOT‘ ft’ ,‘u«u.u
Table 2.4-1. LML

Key parameters for the month of March,_1977.
1. Rain Data

VPI&SU Accumulation, 57.00 mm

USWS Accumulation, 53.59 mm

Peak>VPI&SU Rate, 60.93 mm/hr

Percent of monthly accumulation at
R > 10 mm/hr, 31.42% -- R > 20.mm/hr, 19.00% iR> 50 mm/hr, 2.38%
R > 30 mm/hr, 11.21% R > 40 mm/hr, 7.16%

2. Signal Data

Channe] Monthly Mean Max imum Fade, Minimum Isolation

Co Signal, dBm _dB While in Phaselock, dB
1.7 -80.14 10.89 ' 21.28
19.04V e —_— R
19.04H = —-ee-- _—— aaa-
28.5%6 0 eee-e- _— e
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~Table 2.4-2. Attenuation and rain rate
percent-of-time data for
March, 1977. (Values for
19 and 28 GHz are estimated
from 11 GHz data.)
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Table 2.4-2 (continued). Attenuation and rain rate
.percent-of-time data for
March, 1977. (Values for
~ 19 and 28 GHz are estimated
from 11 GHz data.)
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Percentage of time that 11.7 GHz isolation
was less than the indicated value

for March, 1977.
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was less than the indicated value for
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2.5 April, 1977

19 and 28 GHz attenuations are scaled.
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Table 2.5-1.

Key parameters for the month of Apr11,'1977.

1. Rain Data

VPI&SU Accumulation, 107.86 mm
USWS Accumulation, 120.14 mm
Peak VPI&SU Rate, 100.73 mm/hr

Percent of monthly accumulation at

R > 10 mm/hr, 19.5% - R > 20 mm/hr, 7.20%.
R > 30 mm/hr, 4.03% R > 40 mm/hr, 2.22%

2. Signal Data

Channel Monthly Mean Maximum Fade,
Co Signal, dBM dB

11.7 -79.86 - +16.84

19.04V —emeee ememeaea

19.04H | wmama= cecccemae-

28.56 -80.76 Tost Tock

R > 50 mm/hr, 1.21%

Minimum Isolation
While in Phaselock, dB

10.27
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Table 2.5-2. Atttenuation and rain rate
percent-of-time data for
April, 1977. (Values for
19 and 28 GHz are estimated
from 11 GHz data.)
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Table 2.5-3 (continued). Percentage of time that 11.7 GHz isolation
was.less than the indicated value for
April, 1977.
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2.6 May, 1977

19 GHz attenuation values are scaled. _28 GHz isolation data are

suspect because of an antenna defect.
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Table 2.6-1.

Key parameters for the month of May, 1977.
1. Rain Data

VPI&SU Accumulation, 49.63 mm

USWS Accumulation, 67.06 mm

Peak VPI&SU Rate, 133.90 mm/hr

Percent of monthly accumulation at
R > 10 mm/hr, 60.00% R > 20 mm/hr, 42.27% R > 50 mm/hr, 13.08
R > 30 mm/hr, 30.18% R > 40 mm/hr, 19.14%

2. Signal Data

Channel Monthly Mean Maximum Fade, Minimum Isolation
Co Signal, dBM dB While in Phaselock, dB
11.7 -80.20 30.11 16.67
19.04v -81.04 44:56(s)  eeeem
19.04H -84.01 ——— ————-

28.56 -85.96 ‘ 81.60 ————-
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19 GHz points are

percent-of-time data for

May, 1977.

Attenuation and rain rate'
Note:

scaled.

Table 2.6-2.
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Table 2.6-2 (continued). Attenuation and rain rate
.percent-of-time data for

May, 1977.
Note: 19 GHz points are

scaled.
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Table 2.6-3 (continued). Percentage of time that 11.7 GHz isolation
was less than the indicated value for

May, 1977.
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2.7 June, 1977

28 GHz isolation data are suspect because of an antenna defect.
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Table 2.7-1.

Key parameters for the month of June, 1977.

1. Rain Data

VPI&SU Accumulation, 105.22 mm
USWS Accumulation, 145.54 mm
Peak VPI&SU Rate, 136.57 mm/hr

Percent of monthly accumulation at

R > 10 mm/hr, 41.92% R > 20 mm/hr, 31.40% R > 50 mm/hr, 14.46%

R > 30 mm/hr, 24.77% R > 40 mm/hr, 18.95%

2. Signal Data

Channel Monthly Mean Maximﬁm Fade,
Co Signal, dBm dB

1.7 ~79.59 ~14.08

19.04V -83.39 20.85

19.04H -85.07 I

28.56 ~-81.47 38.18

. Minimum Isolation

While in Phaselock, dB
17.67
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ORIGINAL PAGE IS
OF POOR QUALITY
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Table 2.7-2. Attenuation and rain rate
percent-of-time data for
June, 1977.
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Table 2.7-2 (continued). Attenuation and rain rate
percent-of-time data for
June, 1977.
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Percentage of time that 11.7 GHz isolation
was less than the indicated value for

June, 1977.

Table 2.7-3.
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Table 2.7-3 {continued). Percentage of time that 11.7 GHz isolation
was less than the indicated value for
June, 1977.
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Table 2.7-3 (continued). Percentage of time that 11.7 GHz isolation
: was less than the indicated value for
June, 1977.
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2.8 July, 1977

A1l data collected are valid.
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Table 2.8-1.

Key parameters for the month of July, 1977.
1. Rain Data

VPI&SU Accumulation, 48.67 mm

USWS Accumulation, 50.8 mﬁ

Peak VPI&SU Rate, 201.10 mm/hr

Percent of monthly accumulation at
R > 10 mm/hr, 71.65% R > 20 mm/hr, 69.14% R > 50 mm/hr, 56;20%
R > 30 mm/hr, 67.77% R > 40 mm/hr, 64.61%

2. Signal Data

Channel Monthly Mean - Maximum Fade, Minimum Isolation
Co Signal, dBM dB While in Phaselock, dB

11.7 -81.69 " 50 ©11.07

19.04V -85.96 57.26 *

19.04H - -86.92 57.26 , *

28.56 -81.70 114.52 *k

*  System was not yet in operation.

** Antenna problems invalidated data.
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Percentage of time that 11.7 GHz isolation
was less than the indicated value for
July, 1977.

Table 2.8-3 (continued).
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2.9 Auglist, 1977

A1l data collected are valid. 11.7 GHz attenuation values for
the last half of the month were scaled; a pedestal malfunction kept

these from being recorded. .
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Table 2.9-1.

Key parameters for the month of August, 1977.

1. Rain Data

VPI&SU Accumulation, 56.61 mm

‘USWS Accumulation, 161.54 mm

Peak VPI&SU Rate, 121.73 mm/hr

Percent of monthly accumulation at
R > 10 mm/hr, 74,21% : - R > 20 mm/hr,
R > 30 mm/hr, 54.18%° R > 40 mm/hr,

2. Signal Data

Channel Monthly Mean Maximum Fade,
Co Signal, dBM dB

11.7 80.18 13.53

19.04V 85.74 36.59

19.04H 86.87 30.44

28.56 83.04 73.18

64.46% R > 50 mm/hr, 38.77%
48.51%

Minimum Isolation
While in Phaselock, dB

17.68
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Table 2.9-2 (continued).

Attenuation and rain rate
percent-of-time data for
August, 1977.
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2.10 September, 1977

11.7 GHz attenuation data may have been influenced slightly by
daily spacecraft shutdowns for eclipse. Where possible these were
ignored in the statistical calculations. For the same reason the

11.7 GHz isolation data are questionable.
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" Table 2.10-1.

Key parameters for the month of September, 1977.
1. Rain Data

VPI&SU Accumulation, 46.61 mm

USKS Accumulation, 104.90 mm

Peak VPI&SU.Rate, 60.80 mm/hr

Percent of monthly accumulation at
R > 10 mm/hr, 32.20% R > 20 mm/hr, 25.58% R > 50 mm/hr, 6.75%
R > 30 mm/hr, 19.97% R > 40 mm/hr, 12.39%

2. Signal Data

Channel Monthly Mean Maximum Fade, Minimum Isolation
Co Signal, dBm _ dB While in Phaselock, dB
11.7 -81.63 15.38 : 14.48
19.04V -85.42 25.41 '22.52
19.04H -87.01 24.59  aeee-

28.56 -81.51 50.81 15.51
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-
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Table 2.10-2. Attenuation and rain rate

percent-of-time data for
September, 1977.
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Table 2.10-2 (continued). Attenuation and rain rate
percent-of-time data for

September, 1977.
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Percentage of time that 11.7 GHz
isolation was less than the
indicated value for September,

1977.
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2.11 OQOctober, 1977

A1l attenuation data are valid.



Table 2.11-1.

Key parameters for the month of October, 1977.
1. Rain Data

VPI&SU Accumulation, 59.77 mm

USWS Accumulation, 159.77 mm

Peak VPI&SU Rate, 79.45 mm/hr

Percent of monthly accumulation at
R > 10 mm/hr, 33.73% R > 20 mm/hr, 21.74% R > 50 mm/hr, 7.53%
R'> 30 mm/hr, 15.00% R > 40 mm/hr, 12.04%

2. Signal Data

.Channel Monthly Mean Maximum Fade, Minimum Isolation
Co Signal, dBM dB While in Phaselock, dB
1.7 -81.90 27.08 - 19.88
19.04v -87.71 | 28.08 7.91
19.04H -88.57  e==e= emeee

28.56 -85.24 36.16 17.72
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2.12 November, 1977

19 GHz data are questionable because of an intermittent failure in

the local oscillator.
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Table 2.12-1.

Key parameters for the month of November, 1977.
1. Rain Data

VPI&SU Accumulation, 94.79 mm

USWS Accumulation, 188.21 mm

-Peak VPI&SU Rate, 67.78 mm/hr

Percent of monthly accumulation at
R > 10 mm/hr, 26.17% R > 20 mm/hr, 8.69% - R > 50 mm/hr, 3.66%
R > 30 mm/hr, 4.49% : 'R > 40 mm/hr, 3.66%

2. Signal Data

Channel Monthly Mean Maximum Fade, Minimum Isolation
Co Signal, dBM dB While in Phaselock, dB
11.7 -81.31 30.96 11.87
19.04v -86.37 26.60 8.91
19.04H -89.20 B |

28.56 -83.65 32.78 18.72
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2.13 December, 1977

11.7 GHz data were invalidated by repeated spacecraft maneuvers

for which we were not provided timely tracking information.
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Table 2.13-1.

Key parameters for the month of December, 1977.
1. Rain Data

VPI&SU Accumulation, 33.13 mm

USWS Accumulation, 46.74 mm

Peak VPI&SU Rate, 15.98 mm/hr

“Percent of monthly accumulation at
R > 10 mm/hr, 2.35% R > 20 mm/hr, 0% R > 50 mm/hr, 0%
R > 30 mm/hr, 0% R > 40 mm/hr, 0%

2. Signal Data

Channel Monthly Mean Maximum Fade, Minimum Isolation
Co Signal, dBM dB ' ~ While.in Phaselock, dB
11.7 -81.74 43.31* - 10.27%
19.04V 87.57 5.37 ' 5.11
19.04H -92.74 g.14 ..
28.56 -83.67 29.05 15.1

* Data were invalidated by spacecraft maneuvers.
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Table 2.13-3 (continued). Percentage of time that 11.7 GHz isolation
was less than the indicated value for
December, 1977.
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- in . Percentage of time that 11.7 GHz isolation
Table 2.13-3 (continued) was 1essgthan the indicated value for

December, 1977.
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2.14 January, 1978

A1l data are valid. We noted occasionally severe depolarization
and attenuation events caused by.sleet, freezing rain, and snow which
of course are not reflected on our rain statistics. The attenuation
values are valid but they do not correlate well with the rain data.
[A11 known instances of data contamination by snow or ice on the antenna
surfaces have been removed from the data base.] The same comment

applies to the months of February and March, 1978, as well.
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Table 2.14-1.

Key parameters for the month of January, 1978.
1. Rain Data

VPI&SU Accumulation, 102.77 mm (inc]udés melted snow)

USWS Accumulation, 110.49 mm (279.4 hm of snow) '

Peak VPI&SU Rate, 36 mm/hr

Percent of monthly accumulation at

R > 10 mm/hr, 8.27% R > 20 mm/hr, 2.51 % R > 50 mm/hr, 0%
R > 30 mm/hr, .29% R > 40 mm/hr, 0% |

2. Signal Data

Channel - Monthly Mean Maximum Fade, Minimum Isolation
Co Signal, dBM dB - While in Phaselock, dB
11.7 -85.81 12 8.07
19.04V -88.10 33 | 5.71
19.04H -92.45 . -- ———

28.56 -83.68 : 46 7.71
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2.15 February, 1978

11.7 GHz data méy have beeﬁ influenced by daily spacecraft

shutdown for eclipse. See comments for January, 1978.
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Table 2.15-1.

Key parameters for the month of February, 1978.
1. Rain Data

VPI&SU Accumulation, 8.33 mm (includes melted snow)

USWS Accumulation, 14.99 mm (127.0 mm of snow)

Peak VPI&SU Rate, 4.51 mm/hr

Percent of monthly accumulation. at

R > 10 mm/hr, 0% R > 20 mn/hr, 0% R > 50 mm/hr, 0%
R > 30 mm/hr, 0% R > 40 mm/hr, 0%

2. Signal Data

Channel - Monthly Mean Maximum Fade, Minimum Isolation
Co Signal, dBm ' d@ While in Phaselock, dB
11.7 -83.76 50 11.48
19.04V -87.85 50 3.70 -
19.04H -93.08 ' 50  mmea-

28.56 -82.92 50 19.52
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~Table 2.15-3. Percentage of time that 11.7 GHz isolation
was- less than the indicated value for

February, 1978.
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Table 2.15-3 (continued). Percentage of time that 11.7 GHz isolation
' "was less than the indicated value for
February, 1978.
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2.16 March, 1978 .

See comments for January, 1978.
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Table 2.16-T.

Key parameters for the month of March, 1978.
1. Rain Data

VPI&SU Accumulation, 78.58 mm (includes melted snow)

USWS Accumuiation, 121.67 mm (279.4 mm of snow)

Peak VPI&SU Rate, 63 mm/hr

Perceﬁt of monthly accumulation at

R > 10 mm/hr, 5.59% R > 20 mm/hr, 2.72% R > 50 mm/hr, .67%
R > 30 mm/hr, 1.87% R > 40 mm/hr, 1.11%

2. Signal Data

Channel Monthly Mean Maximum Fade, Minimum Isolation
Co Signal, dBm dB While in Phaselock, dB
- 1.7 : -83.48 50 1.86(?) (21.29)*
19.04V -88.37 50 7.7
19.04H -94.63 50  ==ee- :
28.56 -74.23 50 14.32

* The first number 1is probably an artifact of the spacecraft off-on
operations during the eclipse period.
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OF POOR QUALITY
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Attenuation and rain rate

Table 2.16-2.

percent-of-time data for

March, 1978.



RAIN ACTS " AV19 AC28 PER
1 . T e T . 0.010
16 ®. ‘® [ B 00008

- 25 . . . 0.007

26 . . . 0.006
28 - . . 0.004

) 32 .. L] L 0- 003
38 - . . 0.002
42 . - . 0.001
63 50 50 50 0.000

Table 2.16-2 (continued). Attenuation and rain rate
percent-of-time data for
March, 1978.
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ORIGINAL PAGE IS

e e ITY
CICTS. PEKCENT  OF POOR QUAL
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_ Table 2.16-3. Percentage of time that 11.7 GHz isolation
: was less than the indicated value for

March, 1978.
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Table 2.16-3 (continued). Percentage of time that 11.7 GHz isolation
: was less than the indicated value for

March, 1978.
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3. LONG-TERM STATISTICS

3.1 Introduction

Chapter 2 summarized the available data for each month of the report
period. In this chapter we ﬁresent preliminary composite satstistics for
periods ranging from three to eleven months.

Long-term attenuation and rain statistics are valuable for deriving
relationships between attenuatidn and rain rate and for predicting the
‘Tong-term performance of satellite commun%cations systems. In the first
case. it is important that the data base contain only fades due to rain that
was recorded by the rain gauges (i.e. data taken during snow, s]eet, and
rain that fell when the gauges were frozen must be excluded). In our
climate this means that data from the months of January, February, and
March must be excluded when a comparison.of attenuation and rain rate
statistics is made.

Predicting link performance, on the other hand, required a statistical
data base that includes all fades produced by the propagation medium,
whether or not these were associated with meaﬁurab]e precipitation on the
ground. Fades due to equipment failure and unplanned satellite motions
must be excluded un]eés these occurred for insignificant periods of time.
This has been a particular problem with CTS where satellite maneuvers
and beacon shut downs have occurred regularly.

In the pages which follow we present statistics for two long periods
(10 or 11 months) and for several shorter periods (3 to 5 months). These

are organized as follows.
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3.2 (Calendar Year 1977 less: February

In this data base values fér 19 and 28 GHz attenuation were scaled
from those measured at 11.7 GHz (See Chapter 2.) for the months before
which the COMSTAR system became operational. The 11.7 GHz data for
December, 1977, were biased by spacecraft maneuvers. Since a significant
number of sleet and snow fades aré included in these data (and much of
the 19 and 28 GHz data were sca1ed), tables of regression equations are

not included.

3.3 Jdune, 1977, through March, 1978

This section contains data collected for the period beginning with
the activation of both COMSTAR systems. It includes the CTS maneuvers
~and some periods of 19 GHz local oscillator malfunction. However the
28 GHz data were valid for the entire period and the resulting statistics

include the effect of some real snow and sleet fades at this frequency.

3.4 July, August, and September, 1977

This quarter contains rain data for all three frequencies and
provided the data base for the theoretical work in the accompanying

volume. (See Chapter 1.)

3.5 . Qctober, November, and December, 1977

A1l 28 GHz data here are good; the 19 GHz system had local oscil-
lator problems in November and CTS maneuvers biased the 11.7 GHz data

in December. For these reasons regression equations are not included.
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- 3.6 January, February, and March, 1978

Data for this quarter reflect the influence of snow and sleet which

our rain gauges were unable to record.

3.7 July through November, 1977

This is a period of excellent rain data for the 11.7 and 28 GHz
systems and the regression equations represent our largest rain-effects

data base at these frequencies.

3.8 July through October and December, 1977

This period was selected to exclude the 19 GHz local oscillator

failure. It represents our largest data base for 19 GHz rain attenuation.
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Table 3.3-1 (continued).

percent-of-time data for
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Table 3.4-1 (continued).

percent-of-time data for
July, August, and
September, 1977.
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percent-of-time data for
October, November, and
December,” 1977.
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Table 3.5-1 (continued). Attenuation and rain rate
‘ percent-of-time data for
October, November, and
December, 1977.
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Table 3.5-1 (continued).

Attenuation and rain rate
percent-of-time data for
October, November, and
December, 1977..
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Table 3.6-1. Attenuation and rain rate
percent-of-time data for
January, February, and
March, 1978. The
attenuation values were
caused by frozen or
freezing precipitation
which the rain gauges did
not record.
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Table 3.6-1 (continued). Attenuation and rain rate
percent-of-time data for
January, February and
March, 1978. The
attenuation values were
caused by frozen or
freezing precipitation
which the rain gauges did
not record.
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Table 3.6-1 (continued). Attenuation and rain rate

: percent-of-time data for
January, February and
March, 1978. The
attenuation values were
caused by frozen or
freezing precipitation
which the rain gauges did

" not record.
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Table 3.7-1.

percent-of-time data for

July through November, 1977.
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Table 3.7-1 (continued).

percent-of-time data for
July through November, 1977.
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Table 3.7-1 (continued).

percent-of-time data for
July through November, 1977.
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Table 3.8-1 (continued). Attenuation and rain rate
percent-of-time data for
July, August, September,
October, and December, 1977.
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Table 3.8-1 (continued). Attenuation and rain rate
percent-of-time data for
July, August, September,
October, and December, 1977.
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Table 3.8-1 (continued). Attenuation and rain rate
. : percent-of-time data for
July, August, September,

October, and December, 1977.
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