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Foreword

This report covers effort carried out during the period

of April 1 through June 30, 1964, by the Ionospheric
Research and Propagation Division and the Radio Systems
Division of the Central Radio Propagation Laboratory,
National Bureau of Standards. The effort was conducted
under the following NBS projects which cover the SS-267
tasks as shown:

NBS Project No. SS-267 Task
82431 7648
82466 7664
85409 7645

). 7659
& 7660
85529 7646
s 7642
85439 7040
13 7647



RADIO FREQUENCY PROPAGATION AND
PREDICTION SYSTEM, SS-267

Objective: To develop the concept for a system which will provide the
Naval communication a capability for the selection of best operating
frequencies for Navy HF circuits; and for predicting the time of onset,
the intensity and duration of ionospheric disturbances and their effect
upon Navy communications.

Progress: To achieve the objectives of this program the Central Radio
Propagation Laboratory is carrying out studies and experimental tasks
to develop information and techniques for improving predictions of HF
radio wave propagation; to select best circuit operating frequencies;
and, to improve predictions of the expected time of onset, duration and
intensity of ionospheric disturbances which affect HF radio communica-
tion services. In addition to the above studies, consideration is being
given to the formulation of system concepts for incorporating increased
capabilities in the above areas into the Naval communications. Four
discrete system areas are under study: (1) a frequency prediction system,
(2) a frequency selection system, (3) a disturbance warning system,
and (4) a master frequency control center. The composite system will
be termed the Radio Frequency Propagation System (RFPS).

During the past quarter, effort in all tasks has been directed toward
providing information to be used in establishing an initial concept

for the RFP System. Approximately a year has been spent in pre-
liminary investigations to establish the overall requirements for the
system, the bounds or limits within which the system must operate,
and the state of our knowledge of the techniques and components which
are to be considered as building blocks for the system.

Because of the complexity of the RFP System and its interface require-
ments with other systems both in and outside of the Navy and the short
time schedule to operational employment, it is considered desirable,
in fact essential, to develop a system concept as early in the program
as practical. Documentation of the initial system concept started in
May and was scheduled for completion by the end of June. Some
unanticipated events will cause a delay of about three weeks in the
schedule.

The initial concept will be directed principally to ship/shore communica-
tion circuits, but with due consideration of other Naval communication



requirements. It is expected that some reorientation of the tasks under
this program will be required after an acceptable system concept has
been developed.

Visits were made during the quarter to discuss various aspects of the
system with the U. S. Army Radio Propagation Agency; Radio Frequency
Spectrum Division, CNO; Stanford Research Institute and the Navy
Electronics Laboratory.

Plans for next quarter: The initial concept will be completed during the
next quarter. The concept will be evaluated within NBS and by such
other groups as are designated by the Bureau of Ships. Based upon the
results of the evaluation, the various tasks will be carefully reviewed
to assure optimum alignment with system requirements.

Program coordinator: D. W. Patterson



5 ANALYSIS AND DEVELOPMENT

55- 267 SYSTE:
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Task 7645 Program Aspal

@%je@:ﬁiﬁ@; Te perferm analysis, iategration and coordination functions
of the 88-267 prograzn te provide enbayvalem compatizility and com-
patibility with related programs of the NCGS and NCS.

/Pm?f'ww 53 Preliminary system concenis for t}m RFPS were gumpleted
and presesnted for discaesion sarly iu this quarter, Vollowing theae
discussione among various CRPL staff members and the BuSibips project
sagineer, stiorts were underiaken to make the necessary revisions aod
clarificaiion of these conicepts, avd to prepare a comprehensive reporl
covering the initial concepts and required new study areas to be published
at the end of the guariler.

As a result of some serious guestions izow the Mavy regarding the pro-
gram sffort, the entire program was subjected to internal review and

a briefing of ithe orgenization, progress, objectives, elc. was prepared
for presentation to the Navy on Jaly 14, 1964, 'This effort bas resulted
in delaying poblivation of the initial a.ya?:em@ concepls, which iz now
gcheduled 1o sccur the last week of Ju'y

On May 4-6, project persopnel (including contractor reprasaniatives)
vigited the Fregusacy Management Office, OP-944, to obtain firet-hand
informaton on Trequency mansgement proceduras, roguirements, report-
ing functions, and future plans. Thia visit was very informative and
many of the results are incorporzted in the initial system concepts,

On May 7, project persoonel visited the U. 8. Army Radieo Propagstion
Agency at Fort Monrmouth to discuss the work of that Agescy relaied to
the requirernents of the 55267 program, The main discussions covered
the resnife of, and future plans for, experiments employivg obligue
sounders. Tesats to estadlish spatial correlation of sovnder data, plapmed
to commence very shorfly, should supply information needed in the 85-267
program for determining the utility of a sounder network to provide
current lfonoapheric mape. Discussion of the details of the resulis of
most of the RPA technics] program was deferred for discussion ai the
vigit to the Stanford Research Laboratony.

Or May 11-12, a visit was mwade to SRI to discuss the results of sounding
tests and the application of sounders to the SS-267 prograrn., The results
of oblique path measurements between Washington and Palo Alto, and
Fort Monmouth and Pale Alto were discussed. These resulis indicate



pical sepazation cbligne sounder data
0 : L .hlﬁ g&rwﬂs of Hims, Additional
information will be @bﬁineﬁ .f:mm the mgmmmm program being
conducted for RPA. &h@iﬁmg on the technlgqaens for providiog kard copy
outputs from obligus sounders was gives by SRI personnel and discossions
were held on the pxﬁ&biﬁma cfmﬁ:m‘tmg the use of soundsrs for commmmica
tion irprovement.

Ou May 13, NEL was visited as part of the continuing liaison hetween
55-296 and S85-267. Discussione were held with the Operationa Analysin,
Beection on ehip traffic studles, and with the techmical sections copcerned
with transmitters, receivers, modulation, antemnas, filters and mulii-
couplere, SOAS, and communication processing. To addition, a hriefing
was given to a group of 55-296 project leaders ‘on the status of the efforl
ang plans for the 55-267 program, The discussion following this brief-
ing was very beneficial toward establishing the interface requivements
between the two systems. Most disconcerting was the concern of the
filter and muliicoupler personnel of having a large number of poseille
oparating frequencies available lo the ship. With the namber of trene-
mitters on major fleet veszels planned for gimultaneousr operation, the
availuhility of a large number of passible operatiog frequencies will
increase the potentizl pumber of spuvious signals which could cause
interfevence to reception o a point where it iz not feapible to provade a
capability for predetermining the Interference potential prior to coming
up on a frequency. T this indeed proves o be a sericus problem, the
planned capability of the S5-267 systern to provide a suitable opervating
frequency from a pool of frequencies may be negated. Means to over-
come this problem are being studied.

Plans for next quarter: Complete and distxibute repart on initial system
covcepts, begin evaluation of these and formulation of final concepts,
eveluate rols of exieting tasks in supporting these concepie, prepare
detailed proposals for modification of existing taske and or implements-
tion of new taska.

Persomnel: 0. W. Patterson, W. R, Hinchman, K. P. Dixon, D. N. Hatfield

Taek 7659 Study and Determine the Type of Radio Fre eguency Prediction
System Imgtallamm fezr Ship and ﬁh@r@ Locaticns

Objective: To provide system engineeriug for the iuplementation of
RFP System couipraent for ship and skore locations.

Frogress: The initial report on present technigques and proceduses in
Navy frequency assigument and control was prepared and submitted by

L



the contractor, This information is beiug included in the initisl systems
report. A summary report covering the frequency sssignment and exmuploy-
ment foformation n JANAF . 195(:1) bas also been submiitted. Ivformation
on present and future ship shora paval communication facilities iz also
beiug assembled. Dats processiog requirements were cstimated for

the initial systems concepis and will be included in that wepori.

Review of a report cotitled "Communications, Data Processing, and

isplay Requirements of the Numbered Fleetl Flags' prepared by NEL
was undertaken as an indication of pozsible operational environment of
the RFP Systan.

Plans for next quarter:s Operations analysis and evaluation of the initial
syster concepte will be initiated during this quarter, Particular emphasis
will be placed on determining the number and cost of ;@mnase@i facilities
and eguipment. The study of data transmission and processing require-
ments will continue as will the asvembly of background type inforniation

on present and future naval commurications facilities,

Personnel: W, R. Hinchmaa, K. P. Dixon, D. N. Hatfield, Colline
Radie Company

it o
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Objective: Teo provide for the integration of the MFCC functions which
do not relate dirscily to frequency prediction oz selection, or to
disturbance warning, but which are essential ia the overall operafion
of the REY System.

Ff@g‘z’&ﬂﬁ:—: A detailed breakdown of the functions and procedures of the

srezent Frequency Management Office was prepaved, based largely on
;ﬁ%icrr mation obtained during the visit of May 4-0 fo this organization,
These are now being analyzed to determine peripheral eguipment reguire -
ments for the MFCC, Logic programs for the MPCC funetions bave been
prepared and will be inclhuded in swmmary form within the initial systems
roport.

Plans for next guarter: The initial requirements and logic for the MEFCC
will be reviewed ard evaluated as part of the operations described under
Task 7659.

Dersconel: W, R, Hinchman, K. P, Dizen, D. N, Hatfleld, Collins
Radio Corupany
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85-267 PREDICTION TECHNIQUE EVAILUATION

Taak 7646 &m{fam mzd Correlatios of O

e —— A EEET—r— (o ———

Liharaety i

Dbjectives This task will :ucsitor and analyse the characteristics of
signals received over an oporationsl Navy HE circuil and will coy _
cireuit performaues with opsracing frequescy and propagation conditions
as determined by obligue and vertical jonssvheric soundings and with
stancdard predictions. '

Daring this cuarter, the taling of initial tes! data was completed snd
analysis of these data was started,

The initial plaws called for simmultanecis Ineasureme
ané ergosl-to-neise ratio of signals received at the Ka oS

and secondary frequencies over the operationzl path hetween Hawali
and Cheltevbain, Marylana, However; NBS was adviscd just helere
the experimeutal work was slarted ihzt the ztation did not have the
ninal equipment seceesany for the axperiimunt o he pexlor
: encize. The experimeont was thus performved using
fi}'l@ Mflm 8 primary frequendies culy with serious loge in the naefil.
nesg of the data. The necessary termina! e roent was ordered by
NBS with the hope that seme simultaveous data on pairs of froauencics
could be abtained before the sxperinental perind was vorupleled, tmt
it was not possibile to pet the eouipment delivered, installsd; and
adjusted in time to do this,

ot of exror rate

fre

Atterepte weve made to take €ata on a full-time basis between Apeil 7
and May Tion a hali-time basis belween May 7 and May 27. When _iu];lz-
fimne data takiog was atlen i

4, bowever, i was auly possible to
obtain weable data a fajvly small pevcentage of the thme hecause of the
nature of the Navy's norn a;.‘ cparating procedure and the poor ammlft:y
of the obligue iuncidence redords that were producad during the experi..
ment. The following is a list of causes of loss of datas

{1} Duriag conditione of poor signal, the experimental chanoels
ware commbined with regulsr communication channels ina
twirning oper

{2} During condiiions of poorer signal, transipissions weze
taken from the Ssvovr antecnan at LaFPlata,

S



{3) During most of the sxperiment the obligus incidence
gounder was not adjusted for proper contrast and in many
cases the timne could not be read from the reccrds. The
operation of the sounder wag not under NBS control.

{4} The Cheltenham Station kept no log on times of frequency
changes and had no positive method of advising NBS on
the exact time that irequency or operating changes were
made,

In spite of these difficulties, epougb quantity and quality of data were
obtained to give a useful evaluation of the sounder as a distortion measur-
ing device relative to 75-baud FSK eignals. Meoreover, the data obtaived
shouid be of value in determining the optirnum operating frequency relative
to the valie of MOF,

Experimmertal procedure; Measurements were made on two channels
of the multiplex package of the Navy communication circuit,. Trans-
missions were single sideband FSK with a data rate of 75 bande (100
wpm), Omne of the experimnental chaonels {chanuel 10} was beld at a
constant tone {mark signal], but the tone was cui off for Z-minute
pericds svery ten minutes in erder that sigeal-tornoide ratio could be
monitored by a receiver with a 30 cpe bandwidth. Most of the "noise"
measured was actually interference {rom adjacent channels in the
multiplexed arvangement of signale, DBecause of this, the signal-lo-
noise ratios remained nearly constant at about 20 db except during
periods of weaker signals.

Ow the other experimental channel (channel 8), a 75 bavd peseudo-
random teat signal was transmitied continucusly from a pattern
generator. An idemntical vattexrn gemerator was compared with the
signzl at the receiving end, and any disagrsement between the two
was recorded ag an error. The error rates were prioted out in
errors per minute.

The signal-to-npoiee measurements were made at two-minute noiee
breaks in tinse coincidence with the obligue sounder records. By

taking one-minute samples of error recorded during the cenfer of the
peried of the noise breaks, near simultaneous measurements of erver,
signal-to-neise and oblique sounding were obtained. The error rate
data were made from signzls taken from the operational Navy cormumi-~
cation receivars. These receivers operate with two rhombic antennas



feeding them in a space-diveraity arrangement. The signal-to-noise
and obligue sounder records were made without diversity using the
mast officient of the two rhombic antenwas. Signals from one of the
aptennas were about 10 db stronger than from the other.

In addition to error rates snd signal-to-moise measurements, a mage
netic t ape recording was made containing samples of error palses
and timing pulses. Short-term error distribution curves will be
derived from these data,

Results: Figure | shows cumulative distributions of error rates for
sigoals with differcnt values of rmultivath distortion., Multipath dis-
tortion is defined here as the percentage of the bit length {13. 3 ms)

of multipsih slongation measured in the received pulse. For example,
zero multipath distortion would yield a received pulse of | ma on the
obligue souvnder record. I a received pulse of 2 ms duration is re-
celved, it has been elongated by 1 ms. The percentage distortiov ‘n

this case im - 135 ¥ 100 = 7. 5%,

T

A sharp increase in error rate at distortion perceniages above aboul 20% is
evident from figure 1. Thie corresponds to multipath dslays of 2,7

me and greater. For delaye less than this, the error rate does not

vary greaily for signale using this bit lenpth; for example, error

rates in the 16 to 20% disiortion bracket are onay L. 4 timnes greater

0% of the time than those iz the 6 - 10% bracket, Error rates for
signals with measured distortion of 5 pexrcent and less are grealer

than those with scmewhat higher distortion. The error rate averaged
over 90% of the time for signals in thie low distortion bracket is greater
than in all other distortion brackets up to and including the (6 - 20%
brucket. This effect is caused by fades of relatively long duration of
gignals Lhat are measured near the nosge of the vblique incidence ioro-
grezo. There is a region near the nose of {he icnogram where the gig-
nal ie unstable part of the time. This is purt of the well. Jmaiam Ynose-
extension” that causee the MOF to be generally greater than the classi-
cal MUF. It mzy be causged by scatiering. The curves in figure |

tend to cross 2( values of higher czror rate showiog that there are times
when higher multipath readings do not indicate lower error rates. These
are probably times when long duration fades are present on the sigrals
that measure less mwultipath distortion.

The curves in figure I show the variation of error rate for signals
received at different frequencies compared to the MOF, Frdguencies
with values of 76 to 80% of the MOF yielded the lowest error rates.
Again the curves fend to cross.
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Figure | - CUMULATIVE DISTRIBUTIONS OF ZRROR RATES FOR SIGNALS
WITH DIFFERENT VALUES OF MULTIPATH DISTORTION
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Plane for nest quarters To complete the dats amalysis and issue a

report on the results. It is not believed that taking more data on the
same experimenial setup could serve much useful purpose. Experi-
menial work should be contipued on a cireunit on which all the para-
meters can be controlled. Circuit behavior, using different transmission
rates and types of modulation, could then be investigated,

Perscnmels J. C. Blafr, W. B. Schlsk, Jr., L. L. deGraffenried, G. E.
Wasson

Task 7652 Data Analysie and Commercial Sounder Evaluation

Objective; To avaly=c obligue, vertical and backscatter ionospheric
sounding dats to determine the extent to which such information ia
applicable to evalvation of propagation conditions and seclection of
operating frequencies for naval commuunication circuits.

Progress: An attempt was made to use oblique sousder data frem the
Hawaii-~Cheltenham path to make short-termn forecasts of MOF valucs
for the month of August 1963,

A five-day running median MOF curve was used as a guide for exiva-
polating expected values of MOF on the day following the five-day
period., Feorecasts for various short intervals were made during each
hour for the entire month, and the forecast errors were measured by
comparing them with the ghserved values.

The reliability of a five-day running median as a tool for predicting
values of MOF one-bhalf and twoe hours in advance is shown in figure 3.
If 2 maximum forecast error of I Me/e is allowable, 66% of the one-
balf hour forecasts and 36% of the two-hour forecasis would be
satisfactory.

A separate report has been written giving more details of this fore-
casting technigque. Additional work is being done on forecasting the
times when the MOF falls below epecified values,

Plans for next quarter: A report covering the amalysis of cbligus sounder
data for short term prediction will be prepared and issued during this
quarter, Studies will be carried out to determine the sxperimental
programm which should be conducted on the Washington-Londonderry
eircuit asswming that thie circait will be mnade available for propagation
tests.

Personnel: J, C, Blair, H. E. Petrie
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£5.267 PREDICIIONS OF Gl COIT PERFORM ANCGE
AND USEFUL FREQUENCY RANGE

Task 76417 Analysis and Correlation of IGY and Other Dats

Objective: This task is to enlarge avd Lmprove knewlcdge of the rela-

Honskipe among the solar/geopiyaical variables and their effect on HF
eomrounications.

Progress: Frincipal effort ducing the quarter was devotsd to comple-
tion of the report en digtribution of MUF g, 1o further covrelation
compuiations for the Avrorel Alisorption Effects stady and the Magnetic
Activity ve. MUF piudy, and to preliminary work on garrelation of
foF'2 in Space and ‘Tave. Tn addition the studies of Es Probabilities and
Sveten Loas acd the stitdy of Pelar Sporadic-E were copfinued,

2y

In the MUF -Disteibution study, the final form of presentation of sesulls
was sslected, Enal computations were made, and the drait of the report

£ Tt was decided to smooih the results from 13 stations
and present thera as 2 function of geographic latitude, 6 loeal timme hours,
% gsasons, and 3 gunspot mambers., Figure 4 95 an example of the pre-
gectation, A method was found for fiiting the observed distributions of
MUF to a standarcd distribution by ‘atroducing the coefficient of skewnessa.
Statistical fests were used to confirm the validity of bausing the analysis
on each fourth bour of local time. Confidence intervals at the 95% level
were computed for all the lower and upper decile ratios al Washington,
Fairbanks, and Mauwi, The variations of the ratios with geographic
latitude, loeal tine, season, acd sunspot nunber were szplicitly deter-
wmined, The repoct is expected to be available about September 1, 1964,

2.8

=

15

tion Effects were investigated by computivg the correlation

Anroral Absor

of rmagnetic index Ko with excess system losg on the 4700 -kan Barrow
to Boulder path. The analysic was made for sach mouth from Augast
1959 to Angust 1260 at 4 frequencies, 5, 10, 15 and 19 Mo/ 5.

The stofy of the influence of magnstic activily on the Maximumn Usadle
Freguency was continned by determining the relationship between the
twe variables at several additional locations and time periods. The
Washington ve. Frederickaburg cerrelation was found for 1954-55; the
Fairbanks correlation was found for 1954-55 and 1957-58; the Maui-
Honolula coropatation ior 1957-58 was completed. Additional correla~
fion camputati w in procesg

ione for high sunspet number conditions are nc
for the following MUF va. K-figurse Jocations:




MUF EXCEEDED 10% AND 90% OF HOURS
{Katio of MUY to Monthly Median}
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Sunepol Number: Meditm No. Hewin.: May, Jene, July, Avgust
Seagong Sumnner Sa, Hgmis.: Nov. , Des., Jan., Feb.
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Upper Decile
so° 1.27 1.23 1. 20 1.18.  1.25 | 1.23
70* 1.23 119 1,19 1.17 .47 1.19
(A 1.20 .18 1.19 1,17 1.14 1,17
- &g° 1.17 .19 i.21 1,17 1. 15 1.16
22 1,23 1,18 1,17 1,17
30¢ 1.20 .30 1.22 1.19 1.19 1.18
20° 1.26 .38 117 1.23 1.23 1.28
10 1,26 1. 44 1. 32 1.28 1. 28 1,22

40° .17

Bt et

=

Lower Decile :
a0* .82 . 80 8z .85 . 80 .19
70* .83 . B2 .79 .82 . 82 . 82
60° .83 . 82 77 19 . B2 . 83
50° .81 .81 = ( G M T | .82
40* .78 .78 .75 .78 .18 .78
30° T <13 s <79 i .74
zo® 37 .69 .78 .82 - 18 N
10# 7y .63 .84 .88 . 81 i d




White Saods ve. Tucson
Heykiavik ve. Reykiavil
Okinavws wi. Aso

Huancayn ve. Huapeayo

The study of fo72 with itacll nuder conditions of simultaneous time and
space separation is designec to secure laformation recuired to make

use of ioncsonde ohasevations al a reference siation to predict usable
froqmencies at another location at a different time. Esrlier sipdies of
separate space and time autocorralationg of foFZ were helpfal in chaosing
the most promising approach to thin problam. (Sowme of the saxlier work
was undertaken vnder Task T664.) Initial compulaticns involving fol'2
observations at Wasbington, Wiite Sands, and Sau Francisco in June
1958 bave been garried wal.

Various methods of attack op ﬂ:wr* sporadic. Y tasks bave ‘r‘m&g; congidered
d;wmp ﬁhﬁb qua:;i,er ﬁww ; e were made o secure orig saé reeord-
2 Bigh-latitade paths for use in the

9@1@@ Eﬁﬁf Inven %gamﬁm .

R. M, Davis, Jr. attended the Spring Mesting of URSE] in Washingtow
D, ©. Several papers in the fieldes of avproral absorplion and spow
E eeflection coctficients were perGnenf to this task,

Plaos for next quatter; Reporis on two tasks - Auroral System Loss
and Magnetic Activity vs. MUY - are secheduled for complefion nesl
gquarter. Extensive coroputations for the Er System loss and Polar
e tasks will be carried oul. & e correlations of {oF2 will
receive a substantial effort, Fimelly, the stady of (Quality Character-
isties of cirevits will be inftiated.

Personnel: R, M. Davis, Groome

Task 7650 Develop Frequency Prediction and Assignment Seport Forzaat

Objective; Thie task will develap data formats suliable for tracemitting

equency prediction and assigament information over the NCS.

Progress; Actvity during this guarter was in three areas:

t;_z,ti‘ml of montkly propagation prediction formats: and
elinzinary consideration of short term {day-to-day or hour-to-
hour predictions.)
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Iy the inveatigation &:;lf mmtﬁl’y reophyeical and selar data formata, the
evolution of the prediction formats nsed within CRPL and the formate
eorrently heing used by other organizations were considered. The
following formats are recommended in the initial AFPS syaiem,

(1} 52 region - {a) Monihly median fo72 and M {3000)1°2 in predicted
coefficients on punched cards provided monthly by CRPL or in case of
emergency generated by an inferpolation between coefficienis corzazpond.
ing to solar activity extremes. (b) Predicted dispersion of the F2 MUFs
in the same format as (a) above,

(2} ¥1 region - Mathematical expregsion for the F1{3000)MUF as a
function of sun’ g zenith augle and the solar activity index: No iwonfaly
precicilons ox formats are required.

{3} B region - {a) Predictions of ragulsr E-layer 2000 MUK as a
mathemstical expression as a function of gun' s senilth angle and solar
activity Index, (b} Predictions of sporadic-E layer in terms of the
monthly median Es 2000 MUF apd the predicted dispersion as expresced
ky coefficients as for the F'2 laycr.

(4} D region ionization - A prediction of the lonospheric zbsorption A
as 3 function of sun' g zéunith angle and solas activity index. No monthly
predictions needed.

(%) Atmospheric noise - Numerical representation of the worldwide
distribufion, time and frequescy dependence. No menthly predictions
needed.

(6] Geomaguetic latitude - Mathematically expressed. No monthly
predictions needed,

(7} CGround conductivity and dielectric constant -~ World maps of land
masses moverically reprevenied for comptter showing only a distriba-
tion betweexn land and sea water. No monthly predictions needed,

{(8) Solar sctivity - A prediction of an eyuivalent 12-month moving average

Zurich sunspot vamber. A single prediction not to exceed 3 digits is
needed monithly. ' ;

{9) Zenith angle of the sun - Expreased maﬁﬁ&méﬁéfaﬁuy 25 a funection of

gengraphic location and the subsolar pofst. No menflly predictions
needed,

T



A deaft teport " Freguency Prediction and 4 ent Fovmats for the
. .S, Nevy Badio miﬁgﬁmﬂ?‘ Propagation ami Prediotion Byatern,
Repest Number 1, "Montbly Geophysical and Solar Data Formats, "
leadiag to the am@wz recommendations was prepared.

Tu the investigation of montbly propagation formats, the formats used
by other organization: such as U. §. Army, the Brazilian Nave, etc,,
were congidered in addition to the prediction formais whick we bave
developed in connecticn with computer pragrams. It was concluded that
reany propagation related characteristice of high frequency sky wave
coruourication cireuita are currenily predictsble. Thkese include
Maximum Wgeful Frogaency (MUF), system loss, available eignal-ia-
noise ratfo, relialiflity, Lowest Usehil Frecuency (LUF), ete.

For the initial RFPS, a prediction of the frequercy range which fs likely
to provide the m;{,m,a.z*:zaf} service was congidered esseniial and, therafoze,

a basic format for the nitial system is this useful Ireguency range. The

useful freqgaency range will vary with fare, mlg‘,,ﬂ of circyit, and guo-

grapbic location, apd will depend upon the cireuil scaimpoent and traffic
reguiroment. Time variatiovs will be repye "‘h*“ﬁfﬂ@ﬂ, Ty eomputations at

ene-howr intervals for each month. The length of the circuit and the

geograpbic location variations will Se repvosented by dividing the required

service area of each Naval Comrrunicatios Station info appropriate
sectors, Initizl plapning should assume sectors geverates! by a sevies
of eiveles spaced gt 500 kilometer intervals of 10 degrees. Variationg
of circuit eguipmernt and fraffic requirements will be represented by a

clapgification of these eguipmenis and reguircments. A siady is reguived

toe determiine the nunber of classificationa involved, but initial planning
need not consider move than eight reference circuils from dny NMaval
Carnmuatiication Station.

The divroal variations of the useful frequency ranges for the cight
vefersnce circuite will be predicted at least one month in advance and
will be provided te the Naval Comrunication Station in the form of a
hard cepy, L. ¢., tabaiations f rom the commputer plug 3 magaetic tape
for use in cwnputer facilities at the Naval Communication Station, The
veeful frequency Iimite will be expressed in two significant figureq.

A draft report "Frequeney Prediction and Assignoient Formals for the
. 8. Nawy Radie Freguency Propagation and Prediction £y stom’
Report Wimber 2 "Monthly Propagation Pradiction Formats" in support
of the above conclusions was prepared,
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In the s=sliminary cupsideration of short term (duy to-day or hoar-to-
7 N ignis, f1is concluded that information will be ﬁ?m@d

the Naval Camm’immcmmm Station it %ﬁj»wi&n«mt@ m ﬂw uﬁa*ﬁ'
f,;mgie I:maesi om m@:ﬁ.ﬁﬂy pracict

:v;.; nthue and vertical fonosonde 'mﬂx,m&mﬁm Fevision
i mp? {ﬂxe*_"sﬁ rwﬁﬁiemﬁ are Imw &mﬂawﬁ on the basig
& i planned).

B mﬁm in mrma o

3 im:mm. h&o;""ﬁf & fﬁ_j&wﬁ

The updating ui@wmanm WL] be transmitl
pﬁarzf;mv mge dnpe;dm@rnfa m hﬁth m&&fgl Froouen

ion @f ﬁw ﬂ"&?ﬁﬁ mg ﬂ:“»f@:@"ﬁf‘ﬁhm &&ﬁgﬁ@d 'ha,s @d on
eing. The

; ‘ :g:; i:w_lua..
chasrvaidone such as oblique fonosvndes and broadeast racnit
Haval Communicaion Station should be able fo evaluate its curvent
pituation and depend upon the rromihly propagation jeformation fc.h amn
extrapolation of this gitmation,

Hountine lialson with other organizaiions continned, This Hfaisen is

_ nate, bul js often guiie spplicable to the
geneval nroblex LR ed HF cireuit predictions, Durimg {he past
& “tm“ 'd 1“@%‘ LY a-%as“u;'i@ & were held with zepreseatatives of Staniond

FPersoonel: G, W. Haydon, G. G. Gilbert

Tagk 7040 Cinmmﬁ.ef Praﬂm,m@ and Studies

e S e

Ohje r*aw; : To wppand exisling compufter program and to develop new

u:s@_ﬁ;gm: ; F preciciing the percentzye of time circuit per-~
forTina excecd a given ihraf}uﬁseﬂ g a iunmum »;xf: 'ime ﬁf 6 ;

pdreadl ﬂhﬁ neteristics,

==ovide informatior for f A
opjective is 1o develop a catmmghh uﬁf p?atimi:mg perl
Eers, ... dailly a

Tnsice on & ghﬁﬁ_ﬁ

ol Lasis,
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This task is basically divided into two areas of efforts (1} refinement
where desirable, of existing computer input data; aad investigation

of possible new sdurces of inpul data in an effort to improve the accuracy
of [IF propagation predictions; and (2} development of appropriate
computer programe as required to utilize most effectively all input data
resulting from mvestigation,

Progress: A prﬂmtypa HF propagation prediction program (figu=c 5),
which includes revised signal distribution and noise distributions, is
being checked against actual operating circuits both obligue sounding
and fixed frequency operations.

The prototype program translates the probability of an adeguate sigpal-
to-noise ratio of various moden of propagation to the overall probability
that the signal-to-neise will be adequate for the circuit. Sporadic-E
modes are recogrized as important contributions, and further work oo
less important contributionse of the high angle rays, off -great-circie
propagation and nonconcentric ionosphere are being deferred until puch
time the sporadic-E contribution can be evaluated.

A report "'A Numerical Representation of the High Frequency (3-30 Mc/ s}
Atmospheric Radio Noise" including a numerical representation of the
revised atmospheric radio noise and the distributions contained in CCIR
Report Number 322 is in the typing and editorial processers, A sample

numerical map and it' s distcibution is shown in figures 6 and 7,

Liaieon with other agencies was nil the past quarter with no agenciss
viaited.,

Plang for next quarter: Tnclude sporadic-E into the cgmgntar routine to
make a falr evaluation of progress thus far on the prototype model.

Visite to Stanford Resezrch Institute, NAVCOSSACT, OPNAV 944G, and
‘Collins Radio are tentatively planned,

Persormel: D. L. Lucas, BR. A. Hanson, i, D. Harper, Jr.
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Quarterly Reporf
bpril 1, 1984 - June 30, 1964
Almanac Tets Compilatios (Navy)

82431 Task 7648 of Navy 88-26/ Progras S. M. Ostrow

e

set mnp yr&z@ﬁﬂw.._ﬁm ﬁ@w @fiiﬂ ent curr
as roquired,

OBJECTIVES | %‘E}?& WARTER: ( 1‘; &mm’l'piﬂ i;ix@ 5@1@1‘&"5:&3., ﬁmm@rimg.inn and

distributlion, ﬁ&ppﬁy thss malw%m im da&:a tmm aaditiwm j@ﬂ am'i‘.@ﬁ%* by
Contipun work on mwwerical mapying of LoFs. (3) Continue work on mm@r‘ie:,al
mapping eof W'E . ¥F2, (&) Continve stvdy of somparisene of the correisiic
Washington fob2 with different solar indicss, FExtend the comparis
date from other locations, (51 ?%wmn investigatisn of the parsbolic e
ion Lo the vertical ienizalien éistribution for possible wse with lonospl
Herfons in copmunicetions problems. {6) Begls fuwvewstipstion of the teasi-
I of uging obligue incidence and satellite sounder data in jovospheric
wﬂwiagg

ACTIVIIY SUMMARY: (i) The resolts of the swalysis of Washingion £oF2 and
M{3000)F2 data by use of the BEdgeworih series as s stetisticsl model
indicated that the model was satisfactory for deeceibing the veristion of
these data avoved Che wmoeatlily wedian veluss, The study of the posgible
varistions of the stabisiical parsmeters of the sevies for Washingion data
was contioued, and evaluaiion was in progress the sod of the quarter, Data
for Christ {*hwf_@h and Mavi were proc r*%@esﬁl by the compuisr program, and sumnas-
vization aad evaluarion of the recults was begun. Prevarsilon of dsta from
other selected stations for analysie was carvied on cencurranbly, Pralininarcy
resvlts indicate significant divrval, seasonal and solar cycle varistions at
a given location in the statistical paraseters. The standazd devyistion also
seems to vary with averype level of disturlance Z2uring a given mopin, and en
attempt to derive s quani itstive velationship Iz belpg mede. The evaluation
of the analysis of &-hlmﬁst&fﬁﬂfﬁh and Meuwl datva is not yet sdvenced enough to
permit conelusinns about: posaible differences with geographic Iocution.

(2} Work continued om nomericel mapping of foBs. £oEs davsa for Mazch, June
Sﬁﬁm%ﬂ&@f snd Decembar (the "sessousl" novihs] was prepared snd organlzed, and
medieng snd deciles vomputed for solar cycle minimim and waximum yesrs,
Numezical wappilug of medisn foEs was redoune for June soler maxiwee and minimom
in texmes of wagoetie dip instesd of geographie latitude, providing a more
accurate rapresentation. The new June wedisn foEs maps wers GLurned over o
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Quartezly Bepoch - Task 7648, Nevy Frogrem

. Luzas for applicacion in Task 7040, to teplace the preliminary memple
ana mape prepered in the previgus quarter. Pyoparation of median foEs
mape For Mareh, September snd Décember wes Leguo. Because of the large
emownt of work thet fs necesgaxy to inelude the longitude varisrion jn the
nmerivsl represenvarion, the four “sessonal' wonths will be xzepresenied Ffiret
in two dimengioms ouly, mmﬂt::l;ﬁ di@ and local mean time, Thess will be avall-
gble by the middle ¢f July for- immediste use hy Task 7040, The remalning eighi
mosthe of fols data bave bean emsmsmtaﬁ for keypunching apd are fo bs delivered
July 18,

{3} Work continued on preparation of additiosal h'E,¥2 date for nuserical
mapping of h'F. B2 Some preifmivary work on mppimg w'¥, 2 dats was done,

bub progress was ?imii:ed because most of the effort of thé group was directed
ko other aspects of Task 7648 and 55-267 in sccordance with scheduleﬁ @mmh fease

{47 Comparison of the correlation of foF2 with each of the three indices of
sotar setivity, 10.7 cm Ottewa soiar radio nolse flux, Zurich supspot mmbern,
and Mionis TP2 ioncepheric index of molar activity, were nmzpmmﬂ for six
represeatative doncsphere statione, Thule (inside the suroxal zone) , Collsge
{aurorel Zoue), Washington (mid-latieude), Msvi (I w-larirude), Buancayo
(equatorial) snd Christchureh (southers hemispheve, mid- Lagziipudﬁ} The
vesults from all stations confirmed the initisl resuvlts using Washington dste,
and the anslyeis is considered cowpleted. As expected from the earlier zesults
imdicaring very high correlatious beiween the three solar indlces. no elgnifi-
capt difference was found betwees correlatiomns of foF2 with each of the three
golar indices. In a1l cases the correlations were high, usuelly sbove 0.9,

and the differences between the vorrelation coefficients with different solar
indices were of the ovdexr of .04, which is not signifleant. While ususily

the sorrelskion with IF2 was .0l or .02 higher than the others, 1t is duteresting
to note thet this difference wae not greater even though data of several of the
iopospherie stations veed for thie study were also used to establish the IFZ
index. Coniimming previous CREL work, the cecond degree relativuship hetween
foF? gnd eech solar index often had a significantly better covrelation cosfficient
then the firat degree relationship. A prelinmivary memorandum report om the
results of the study was mubmitted to D, W. Fsiterson, the program cosrdivstor.
Work was begwm on drafting & finsl report for this work.

(5) An investigation of the pessibility of deviving the parameters ef the
sarabalic spprovimation to the verticsl lonizstion distribution from suxrenlly
available predicted iomospheric phrameters was hegun, By use of the Appleton-
Beynon squation, a relationship wias developed to derive the semi-thickoess, ¥,
of =u assumed yam}w = layar by an iterative computation, using the MUF factor
and %'¥2 as dnput. The veletionship has mot yet been tested for sccuracy and
economy of compubation.
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OBTECETVES BOR NEXT QUARTER: (L) Complote

Buarterly Report - Task 7648, Navy Progreu

6) T ‘o begin the lnvestipation of the feasibility of uelng obligne incidence
ings data dn dopospheric mapping, Wre, Marpo Leftin visiied the Stauiord
Research lpstitube., This provided in‘orwstion on curreat SRI methods for
Tying MOE data from oblique jooggrams dnd on thelr program for comverting
nblique ineidenmce data to vertical dncidence. Several wonthas of HOF dara
from the vetwork of obligue sowmders coutrolled by SRY were shtained for use

in the CRPL studies,

In ccoperation with Task 7664 (Forecast Povemeters), verticsl incidence
govnder data was collected for selected biue periode for wdilich rup-aide
#atellite ieposphevie sovndings were aveilsble, and the dats prepared for
use in couputor programs., Synoptic paps of the verticsl iucidence FoF2 data
for Sephambac 1963 sre being prepured for this study.

=

Late the evaluation of the statistidsl
snalysis of Wm&mirqmm data, and complete the summarizatior and evaluvation
af the analyesis of Manl sad Christchozeh dula. Propare a report on thaze
reoults, Apsly the sualysis progran to datas from additiesal fovosphers
stations, well distributed gengzraphically. In order to estaslish possibie
werkd pm.mm@ in the stotdstical parameters. (2) Complete pimerical mappiug
of mediga folz for sclar neximuwm aod mindmum for March, September and Mecember
in latitude and local mean time, to counlete the set i Yasanonsl! mopths,
A:Fpam foEs data for the remasining sight woaths of #he year, for mumerical
maps, compuling wedions gad deciles, Prepsave final median foEs maps for
all twelve mosths of the year in three dlmensions, latitede, longitude avd
time., ZJegln work on the preparation of upper and lower decile mups for the
same months, {3) Continue work ou museric a.\,-fﬁapping: of h'P F2, aad prepare
g pample map, (4) Complets final report on sorrelations between Jdiffevent
ealar indicss, and on the comparison @ﬁt the correlation between foPl2 and
each of the %1&1 indices. : of Bl=layer MOF. (5} Complete study
of the dnp 1 alic approsisation to the verbtieal fenization
ddstrib ty the accuracy of the methods developad. Frepare
zeport en ff‘ﬁ# wdy. (&) Comtinue work ou the applizaiion of oblique and
= wheric B ".ug data fo iodpsgheric mappivg, with smphasis
(541 thﬁ 'ﬂfﬂ“ﬁﬂ"‘ﬁilna 5 olff w ostilc mapes for eelected guiiet dnd disturbed peiicds,

‘zepared by:

8. M. Gstrow, 7T/8/65
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Quartecly Repoxs

April = June, 1964 |
J. ¥, Tincols ‘
8260-40-82466 ¥orseasl Serameters Prepared byl
Tyl mfy Dale B. Bucknam

Ohjectives of Program: Thiz project iz to pecform studies te Improve our
preseol kmuwlesﬂge af whwh solar and geopliyeicsl parametsts Ll BhgELe
time vaviations in the lonpephere. 'The timg-correspondsnce
certaloty taplicit in the relationships, will be studied to oo z*pa‘xa?p
this fiformatios inte a format compatilils with computer programs to fn-
crease the efficiency of existisg aud fubure Navy HF comsmnication systens.

This projsct iz divided ifure sub-tasks which have been described in the

quarterly report submitted for Januscy-March 1964&.

divided ace=

zapping: To keypunwh the foF2 dats for Septembes
the devel .;m'., of the compuber program to
i ¢ maps of foF2. To continue the

w&ypmm""mmg m E"hc %’éﬂpfﬁuﬁjﬁt &:%‘? deza, which is to Se inserted into
the progiam as soon as it is avalleble.

Mﬁre ﬂm :?ﬁﬂwwm f h :
lation studies, dpd to prepare s e:‘sraﬂ report describing L'Em wu’rk gmsi
the Tesnlis.

Riometer vs, f-wir: Tssue a repori covering this subtask.

Propagation uchance parmmeters: To keep shregst of seieut
11 phure deal g wish polar-terrestyial relarionships. Te
utilize rémlw of other N2S ~spme:g@r é weasfm:rh in thesce £ields
improve our eurtent

Auroral ghac
gikEvey, to Do
gens the &;&“@:m

: ,g_ i a:xewg;y apec i"‘fh‘ a;mc’i the
ﬁﬂiegzﬁ:m fiux iﬂt‘“fmiﬁ:y of proions dﬁring BOA events.

Preparation of .,.iif'*jﬁi format _for disturbance warning: To prepare
Mo andin ?s&;ﬁx@ft to Fask 7645 on a disturbance warning subsysten

availsble as of July 1, 1964,
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Activity Swmmarys Progress in the various aub tasis is sumsarised
helow for t;his qu&rte;m

Synoptic disturbsice nappiog: L“Tmzig feptember 1963 dsts, work has
concinved ixp #h«a dﬁ%l@pmm ¢i the computer program for preparing
gynoptic maps, Ope trisl map of fo#2 has been made valng this data.
The map looks promisiog., However, it now appesrs that maps of devia-
tious of ZoF2 A the erxpected pedian wenld be more useful to the
computer program. Therefore gelded by thils and other conelderzticns
favther medificatioos snd lmprovemeats sre being wade to the compu-
ver progeam in order to prepare such maps. I’rﬂm{uﬁry program
teating, uping data frow the 20 Jaly 1963 eclipse, was instructive
in the developwent of the pregrewm. The puached cards of the data
fur Beptesber 1957, which will be used in the evaluation of this
work, have been returmed. The punching was complened by a sub.
contractor. These cavds wust now be tested for accurscy and run
Ehixough a program for determiaing median valucs bofore tliey will be
uged in the a%yﬁmpt:m wapping program. ftudies iv related fields by
Obayashi. Yavrova, Joves and Callek. 1 | L1, and others, have agnin
been reviewed. Ti should be pointed cut that alt%umaﬁn the curxent
gtudies utilize data frowm vertivcal incidence fonoecndes almost

entire ly; ¥2 layer critieal fu;qwnm values moasvred by other meass
such as By satellites or ebligue-incidense loncanides eonld be willxed.
Data from suwch sources, if properly intezpreted and L€ in sufficleny
qeastity, could provide information for broad zopiong of the earth
from which verticel Lmitﬂem@ merEbrements are bof asvailsble. Progeor
techuigues devised snd teated, however, Dy using vertiecal incidencs
dats should be equally &paﬂiﬂghlﬁ to any approsciste deta acquired
by whatever means.

deiliry of a single starion to predict mmygm;grm: genditions: This
work has “J“Ugfﬁtﬁﬂ&d very nicely, vielding resulits which were not en=
Cirely expectes. A report is now belng drefted. The time-esubc corre-
lgtion abudy hes compaved foF2 values at iniriel times with values at
howrly time increments up to 4Af=houre later. The study uwtilizes dets
from five stations, Fuaacayo, Maui, Weehiogton, Apchorege, and Thule
for the months June, September, 2nd December of the years 1558 snd 1962.
In general, the corzelation coefficient sxceeds 0.50 over a time fne
crement of four to flve hovrs, bowever, in a grest many cases (perhaps
30%) 1t falls below 0.50 i{n twe hours or less:. For sy given statibn,
and for any time iocrement over which the correlstion is to be isken.
the autocorrelation coefficient can very widely depunding wpon the
initfal time used, The significasce of this work 1s that fonospberic
conditions (ox HF conditlons}, at any imstant, can not be reliably
extrapolated forward in time at a piven locaticn over more than fwo
hovts. Thus new £ vequenny predicticns, or sysuphic maps, msy be ze=
quired as frequently ass every two hours. At this polat the siudy is
much too limited ih scope Lo provide ey clear picture of the d&pgﬂﬂamm

=il
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of the variation fa corvelation upon initial time. seascr, pusition
in sunmspot «ynle, or geosagnelic Jlaiitude. Pspess yead foeloded
these by Lavrova and Liaknova.

Aurogal sbsorpiion pacticle effect stedy: The literstuve survey

on this subtask has continved. The survey indicates rhat at this
time, there is conzidersble wazextainty fn the ddentification of
ehe pavticles or radisfion coptribuiiue o auroral sbegrpiion
events as observed by grovnd based lnstrumentation. For this ryes-
o, 1t 1s Telt thet a fruitful contipuacion of this sublask is
bavond the siope of Task 7664, Consequeis l,v? the zub-task ds being
drvopped from Taek 7664 sz of this guarter, Relared works reviewed
inciuded those by Maehlom and G"frien; Kendup Brown and Parcus:

e=

Frank, Van Allen and HWills: Webber sud Weoder: Odintsova: and Mellvain.

Polar cep ebsorption particle cffect study: Computations and apalysis
aﬁm"imms in this sub=task, The ljtevature seviewed insluds fhe

studies of Railevw: Melilisin: Bell: ¥remk, Van Allen, Whelpley
Graven) Freiler and Webber: MeDonald; Malitson and Webber; ¥lclce
Gues, and Ogilevie; MeCracken; Lingeofebter gnd Klsww; Rsusy; am&

atheirs .

Propagation disturbapce persseters: Papers ceviewsd, for specific

or gensral appl ion te Task 7664, Include fhose by Blilison:
MeRenns) Lewrence, Littls, asd Chivers) ‘ﬂtﬁ.?lf‘j', Soyder; Rerblay;
Goncharovay Bakura, Takensshite and Otsukly Dbaysshi; Reid; Brumek;
Dalgs e, MeElroy apd Molfetr; Brace, %.W"mmi @mi Garignan; Anderson:
*‘a{sgam o snd Pizport: Marsvshizg: Obamsnl Akassotu; Segiura; Compbel’!

Asveovomy and Space" are regularly surveyed for pertisent articles.

e

Breparation of inirisl format for disturbance warning: A memo toport
wWas p‘!”%p&?:“@d and submibted to “asx 7645 deseriblog fhe present capa-
bllity of the Nationgl Burssw of Stendaxds Ceptral Radio Prepngetlon
Lahovarory To provide s disturbance warais -Lg sbsyeten o the Navy
Uopmunication System. Ir slse outlined several steps the Navy could
take now Lo pr&’%ﬁitﬂﬁ thelr own menitoring e:r.t dlsturhance paramsiers.
Yarious digturbsnce parsseters snd their sippiflosiecs snd use, were
dipcussed in the report, as well o5 means of momitering commuicstion
conditions.

Riometer ws feomin: The cepert of the Riometer vs frmin Correlatioa
Btudy, though ‘svailsble in draft form some Cime ago, hes been delayed
in #iasl eﬁitar{ai gpproval and therefore prioting sad digstribation.

The report should be shortly fortheoming.

A report will be written discvesing an attempt st weaking mathematicul (ox
wechanical) predictioas of geonagoetic sctivity on the basis of dally flare
and redic nolse lodices. This pilot study is felf ro be of signiflicance ‘o
the project aingce the results indicate that the methods of snalysie held

promise. Beifter bime resclution and the inclusion of additicnsl disturbacce

S5 I
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perameters are sepected to improve the precieion of the forsessts. It would
be necessary to ohtain the dats vsed for these ludices ou a repid worldwide
veport ing schedule. Thie f& an NBS finded propram,

Another siudy, for apother NBS project, surveved the publlshed solar flare
prediction papers with an evaluation of their efpgnificence. The most promis-
tug appesred Lo be Avery, L. and U, E. 8!/11Ings in dstvo-Geophysics Memo.

No. 163 (1$64), and Muzrsy, A. B., and U. M. Vossler la Cormell Aeromeuticsl
Laburstory Report No. VE-1749-X-1, As vet no method appareéntly is betrer
than a ixained cheerver, watching east Linb activity snd knowing & veplon's
setivily the rotatiop before thereby predictivg flare produciivily in the
pregent rotation.

During the quarter J, V. Liuncols attended the Airlie House Space Eavironwent
Forecasilog Syuposium fpril 2-4 wheve mission requirements and pregent capa-
bilitiee were discupsed by many govermment and mivergicy gr other groups.

In particular, discussions were beld with J. H, Meek of DETE, Canada. She
aleo attended the "In-houde solar secting” at Santa Fe where the sesearch
resulis of the past: year sod programa for vext yesr of Sacremerto Peak, High
Alticude Ohservatosy, Jolot Institute for Telioratory Astzophysics, Califorcis
Tostitute of Techoology, Mt. Wilson Observatory, Kitt Feak Observacory and
the Geophysicgl Institite of Hawail were discussed.

Aceompanying this report is a collection of CEPL-BWE information lesflets.
These leaflets describe in considerable detall vadle propagsticon fovecasting,
the pareseters involved, and the service currently available from the National
Bureay of Standards, CRPL Radie Warning Services. The format for providing
clireuit suality in terme of 1-9 will not be used in the RFPS. A new format
providing for dizect jnterpretation of disturbanee severiiy inte change in
path freguspey aseignment will be developed, '

Objectives for mext quazter: The curvent PERT schedule calls for the
completion of the 'Fs;a‘llmwmg steps during the next quarkter,

EWQQE,;&“ disturbance mapping: The developwent of the computer program
ig to be wmplg,wd “and work is to F’mgrma on the production of trial
maps. The maps will be in terms of the percent devilation from the
medias, FoF2 values,

Urility of a singl= station to predict iotuospheczic condition: The esport

of the work, discussed under Activity simmryi will be printed and dis-
tributed.

Prepsration of an initisl format for disturbance warning: New formats
will be cousidared Tand 8 lew@ and work will be:gia on a draft veport .
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ﬂwgaﬁi@m ﬁiﬁmﬂamm“ parameters: A rﬁj}nl"t w:‘i "ﬁ ‘E;w pwmaw a:i amd

auwwﬁd fﬁeﬂ Aotted Ly Smary) m@ tha fwg*az,hm wf ﬂ;h@ u:hm: ﬁubu
tagks as well as vor-Navy funded tasks.

Efforta will be wade to
1 e pmi;m ?@ﬁﬁ ) apecwxm and‘ mtagml ‘Eitm Aptensity to BF
propagation. Work will begin on a deafe Tepovt.
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APPENDIX A

mimmﬁsg@ CRPT RADIO WAHNING BERVICES Meonk 1. 196k
: Centiral Badio Propsppulon lﬂhmmi'mzy‘
Nationsl Barcau of Shtauc
Toulider, Colersds B0

Mlvsnce forecaste of radio propugstilon conditlope lssued by the CRPL

Rudio Warning Services of m:e Tetiona] Buvesyu of Standards inclnde the OHEL-

J reporte for thes North Atlanbic arcs, the CREL-Jp reports for the North
Pacific aren and ke (REL-Jb reports Cfor peneys]l poopeproiic disturbances -

Advance Sorocwste of radlo gﬁvﬁﬁmﬁa*im eonditions are based primayily

on two Pustor i1} the statistica)l sssocistions between sctive roglops
on the sun wnd gromsgpelilc or radlc propageiion disturbences apd (2) toe

2f-imy Tecurrence tendency of geomsgnetic and rdic condilions.
The ~(-day recurrence tendeney is strongest, and hevce the most

relialle aid, Lrom mboub bhree 3@%3 before euue @m miﬂm;m mg 1 8 -g:ﬁpw

monthe after i ﬁm . S

f?"’ﬁm. ‘W‘%E 'ﬁﬂ'i;i{a ‘ "1.";1.

th? ﬂr'ﬂ%'ﬁ,w rwurmnm F:,&,L, me wiil &;’;mm m 'Me m; ' %ﬁmr i;? &@mw
forceusting. This 27-day nberval eorrveapoods, of course. L the period of
one salar I”Q“’é%"":iﬂn as scen Trom bthe earth. A recurresl sericsg of disturbsnce
m 'mrrhﬁ ‘m & m@g 'gv%:éxmu a&s wi’; pources on the sun to
iibely ddentified.

yo . they are very rarcly of

e

&"f;«mmgh tm-v am@ms my Tmsi mm NTE e five
great storm soverity, iz torme of # ~mgaxz;m=tnh aebivity. Because of the
great veduction in the normal usedvl vange of fhe vadio frecvency specioum
dgaring suiepot windwum, bowever, the redio propagatics disturbances may
appesr to be as severe as, 17 noh more severe than, the dlsturbapecss during
the eheat peomseretic gtorme of sunspot mERlmm.

At sunspot minimm the relstlon bebwoen disturbance and active solsy
vegion 1s mach less sf:l-&i&f‘ than during suaspoet meximus. Central seridian
passage of an sctive voplon (ovidenced hy green vovonal line emiesion) 1
foliowed, after 2 or % days, by & decreasc in ﬁiﬁﬁmb&m@m Peaks of ac
oeotr 3 or b days before [MP of tie region, and H-10 fays &ﬁ;@m atrebance
tends o wm’m abtoot 2 daye after CMP for gl ag of expecialiy low
m ﬁ%’ﬁwty \or ten gaye afier a daoy when coronal dntengity was exceptilomally

ow st eanst 1iab).

Durlng the maximom phase of the sunspob eycle, relliaree for Torecszting
wag placed prissrily on statintical e iatlonsbine betveen solar soiivity
and geomnsoelic or radic propagation ﬁlﬁﬁu'bmu » Jdn this cypole sunspot
maxlman oecuresd Mereh i Ak &}m present phese of the oycle, sufden
commeneement. storme noreslly of Jodo 2 @&Efb si*amwuﬂ can o ched oy
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mrely. In order to evaluate scbivity in solsr veglons, dally detsiled
reporis are mgei%a at the fmmﬁm&g centers of the Toliowing phencmena
plage reglons, suispols, flares, propizences, emiselon corons apd solar yadio
noise emigsion (t‘i@uwibiaﬁ int, TRPL-FWS- %}ﬁ March 16, l%i} "ossary of Terms
used in Bedio Disturbance Forscasbing”). The maﬂ; comnpuly arpliied suh-
earth melasionshipe are:

(1) A geopsgnelie storm with asscciated radio pmmﬁiﬁn Alsturs-
ance s ewpected to bagln within 1 - 2 daye of the ocourrence
of &p importance 3 or 3 (viry grest) flave, réguridlese of its
vogition on the sun. The wﬁmmﬁﬁy of distarbence is grenter
if the flare occuye in the sun's cential zone. The probability
of disturbanes da lowered urless toere sre concurvect solsx
mdio nolee outlmrdn, sod la groatly Incressed 1 a polur cap
ebrorpbion svent in mssociaiesd with the flare.

(2} When a— solsr redls nolse cuthurat at Cragquencies & 200 Me ooeurs
with its Tirst part in the pre-paximum phese of 8 solsr flare
followed by a second part that is often more intenge snd of
longer duration. geomegnetic disturbence may be expecied 1o be«
gln wvithin 1 - i days. The more important the flare snd the
nearer to the sun's ceplral meridian, the gresler the sewverity
of the disturbsnce. The proferred Zime delny for the onset of
the geomagnetic disturbasee i of the order of 2 days. If the
oulburst 1e also claspificd as Uype TV, the peobabiliiby of dls-
turbence following la Incressed.

(3] 'ﬁh&n & glant supepot group with compley mgnetle p@l&?’i sies s

6t (MP; there is likelihood that 2 madio disturbance may result.
me proabllity of & Aisturbsnce is helghtened 1f the reglon is
slec the source of other forme of sular acllivity.

() BRelstively insciive areas on the sun cecanionally my exbibit an
exceptionally tspid increasc 1n size, brighiness or asﬂsahvigym
This Inoresse iun sovdvity may gmtimg be asgociated with a geo-~
magnetic @lsturbance 1 -~ 2 days leter. Bueh evente ere used &8
the only likely solsr cause o explain disturbsnees thel develop
wexpectedly, more than to prediet disturbance in Bdyence .

(5) Early determination of the sclivity potential of a reglon can be-
made by observatlons as it appeare st the east liak of the sun.
Brd. gh’é: yellow gorona emisslon, surges. loop or spray prominernces,
or ivcrease v bechground £ am of solar radic nolse cubbursts
during the Tirst Jays of tympiih of &8 reglon across the saolar
disk suggest the region to be of high setivity potential.

It must be noted that all the sbove relaticosbips sre derived from
statistlical ammlyses. Thus, In individus) cases the disbturbence may material -
1ze B day or so earlier or laicr then expected and, In some cases, not st sll.
In the jong rin, however, the vrobab!lilby of disturbance is Leigbiened con days
selected vsing the sbove criteria.

= A=d
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APPENDIX B

CRPL RADID WARNING SERVICES Mavel 16, 1964
Central Radio Propagation leboratory
Watiopal Bureau of Standavds
Boulder, Colorsds, 80301

The CRPL~J, Jp #nd JE series of reporte each incliunde a hilel ;
cugsion of the solar, geomagpetic and lovospberic data on whick rhe fore-
gashs are based. Some technical teras and abbrevistions are necessary to
mike these discussious brief and r@«gﬂu@tw Followlng is an explanation of
such terme for this cootest.

* R K

Active region (om the swn) is & restricted area of the sun's disk
which hes woususl charecteristics., An active segion mey be Likened to a
diszurbance in the solar asimosphere and may laclude sumspots, prozisences,

fiares, plagee, bright coreoma, ebec,

Swagpots (or spots) are dark markings on the sun's disk, The
spotes are cooler than their surroundiugs and thus appear black by cootrast.

Floceuld are height or dark clouwd-like formations mhove the suo's
vimible surface.,

Plages are extonsive patches of bright Flocculi,

Promioences are e ofections of lumivous gas against the sky be-
gl the ?“dgf" of the sun's disk, The same pes-clouds when seen on the disk
weeally appear as dark fleccul:l,

Flares are eruptions of very hot material in the sun’s atwospbera.
They zarcly lsst more than an bour and appear bright against hackground oi
the sun's disk. Flarves are observed in a nsrrow bant of Vight, uwsually Ea.

va 18 the outer layer of the sun s atwosphere, ¥t can be
Ligh, while projected against the sky, The coroma can
xj Ezv in mAny wm@zimﬁ-tm of iight, bui woasi promipent
vy, & green live. A coromal
region is a Wz‘ﬁ:xm @‘5 the sun’s aﬁm&@h&re in which the graen line corona
is upnauslly bright. A coromal fron: is the sharp division betwesn an area
of fafor sud en area of bwighﬁ covona. A vegpion of miahle corons is one
in which the ilpteraity of the red line is greatey thsn the preen an Line,
Vellow corona ls chserved ravely, It ds an {ndex of unusval sepfvicy..




CRPL-RWS-59 ~ March 16, 1964
Central @iﬂiﬁg is the imsginary lise at sny glven time theough
the canter of i;‘h@ pun's disk commecting its porth aud south polanta,

CMP (Ceutral lﬁ!ﬂ’ridian Passage) vefers to the time an agtive solar
tegion erosses the sun's ceostral wmeridian.

The Limb is the edge of the sun's disk., The east limb {s the on-
couwiveg edpe of the rotating som.

A evele (1s this context a solar rotation or a recurrence cycle)
ts & dl-dzy i{nterval or approximetely the time required for one complete
rotation of the suwn. (This should not be confused with sunspot eyecls which
ig the slow wariation io solar secivity. The average interval between
minima of solay scrivity fe¢ 11.2 years, hut the varistion fe oot a surictly
periodic phespomenon.}

A common wnit of avea of a colar region 1s a millionth of the sun's
visilile homisphere, Unless otheiwise stated, areas are cormected for fore-
shortenisg. Arvea is oftem also piven in sguare degrees,

% W o

Magnetic mstmbama is characterized by relative large variatious
in ths Infaneity and direction of the carth's magnetdic field, A comnon
measure of magnetie disturbance is the F-index, which s a character Sigure
based om Che range of variation ix 8 standard 3-hour interval. The scale
i 0 to 9, the larger the number, the greatey the distuchbance; Azsother
measure is the A-index. IL is based on the eight K-indices for the Green-
wich day and thus chavscterizes the magpvetic activicy on a whole day basis.
A-indices = 05 are qulet; those < 25 ave disturbed, The storm index as
uged in the GRPL-J gnd Jp ssporiz 1= a d-lodex for the wmost disturbed 24
bour pericd following the onset of a storm.

Sudden commencenent or sc describes one type of begimning of mague-
Eie disturbsnce. This type of disturbance 1s asgociated with solar sctiwicy
and is uwevaliy not ¢f extended duvation.

Suddzn Toncspheric Disturbances or §ID axe abrupt large Incraases
in sheorption in the D- or iower *‘-’r&gi.xm of the icnosphere. They axe of
short duration, affecting sky-wave transwissioms on the daylight side of

the world ouly. 8ID are associated with solar flares. When chserved as
shoctwave fadeouts on HF OW field atrength recordings, they arve cslled SWF.
I£ observed by sudden cossic noise absorptien they are eall SCNA: if ob-
sepved on very low Irequencies they mav be recorded as either sudden enbance=
ment of atmospherics SBA, sudden rhsre anomelies SPA, or audden mmmmewmt
cf sigonls SER; 1% ﬂbEEW@ﬁ by HF Doppler Lechmiques they sre koown a

sudden freguency deviations SFD.
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Polax Cap Ahsorptlion Bvent (FGA) is a lerge increase in shsorption
ogeurcing in n the lowsr ﬁmaspb&m over the polar roglons. These events are
upsociated with the asrival of a stream of sofar protons with enexgica of
10 £o 100 Hev., Thess streams originate at the tine of some zreaf solex
flsres. Within the polar caps the iocveased absorpbiom le u:mifm“m e ey
be sutfictent to hlack out the uorsal ionwespherie frequensies. Outeide the
poiar repions, redic propagatiom conditions axe not affected by POA ovents .
These cvents begin on the sverage before a geomagpetic storm develops.

Solar Rad s ~The observatiod of veusval solar “nolse™ atr
radio ::;”r@q,k@m.m 5 Indic the prescoce of a centey of solar activity gome-
where on the disk. Dsuslly it ie oot possible © lecate the sctive vegion
unambiguons iy from the solar noiss measurements slome. Three types may be
ment icned in discossing sus-esveh relatlonships:

L. Evhanced redistion - the geneval backgrouvnd radiztion,
Jevel of vhe quielt s ﬁ tneressed, IL wsually reaches
meximm 2¢ tlse of CMP of an active solar veglou.

sts ~ increascd solay radic noise for g few seconcs on
lese. The burst rate is indicative of the acitfelity of the
solar veglions on the disk.

3. Outbursts - an increase in solar vadic moise lastiung frowm

& few to many minvtes. These oifen occur simsltanecusly with
solar Flares sand SID.

Type IV cutbursis are especially importent, They arve recopnized oo radio
spectrographs as a high favensity burst lasting several minvtes covering
a broad basd of frequencies, sspocially in the centimeter region of the
gpecirum.,
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(tiupersedes Genicral Badio Fropspabion Laboratory

CRPL-BIS 68 Naf-Lonal Bitvesu of Standavis
Bouldezr, Colovads - 80301

NOTE_ OV (R¥L PADTO GUAVITY SCATE
Since 1942 the CRPL and many orher institotlops working on cadie praopa-

gation distorbances, have expressed “qualiry™ of radio propagation conditions
on & seale sanping from 1 fe S, with the foliowine adjestive equivelenita:

I = Uselscs & + Foor-Lo-rsiy 7 - Good
2 -~ Very poor 5 « ¥air g - Very good
% - Pooxw 6 = Fain E0eEooe 8 - Fxzcellent

This scels hae been us@:d
forecasts, The istyedocltion of s
whieh ie also widely employed in iz
te imply thet xadioc guality ig thoughr ro ‘k:sq, mam1r&b'ﬂe i1 move t!zan 5 g,raglai icmm
Ezcept under spesial circumstances ve e web so. Uswally not more than 5
staps can be distinguished by rhe iypical eperatos of a radio cirewir.

The 9-sien scale, however, (s needed im the derivation »f gua ity vat-
ings from cowbined reports. The reasons for this include:

(1) The 9-=iop aa.m g, in affect, ‘open ended", While most quality
reports fox a giwyt sivenit way _ie, say, within the ranges 3 o 7, an opersior
a&n ﬂ;p@?t th@ v?'ry um;su.aﬂy Maammmﬂ or the opbenglly whaies mtwﬂ& by diszits
The extremcs of the sesle are ubed in thie same way

. it is possible fo cowpere ratings of slwllar
waliny, without restricting the range of

! by "goos" and perhaps never gets worse
ipally n the rabge 5 te 8. Another cle-
cult on about the same trgm.a&rm,am path may nave less asultable equipment ox
gevere requivements and thus be rated pr im*w@lw im the range 2 to 7. Ex-
perience has shown that neither of Chesw cizgrits can be pu ﬁp&“*lﬁ' reprensnted
on a b

&i.théff» ’mms 8 g,i;.«
than fair, may be glﬁ&m r;@;r 1;:

S-step scslz. In the firs. case the S-atep scale does not distimguish be-
tween the seversl grades of guiet condivicss. In fhe gecond cage a wide range
of disturbed conditions must be lumped wnder a single quality figure, Only a
few reporters wosld adfuetr the cwiteria for yuality grade assignwents so that
the norm would €all mear the center of the range.

(32 The quelify of propagation comaitions on quiis differest trans-
mission paths can be compared when quality feports sre made on a 9-step scals,
¥Yor instence there ls an obvicusly real difference between the quality of con-
difions on an asrorel sore transxission path and the gualiry of a widdle Tari-
tude path. This can only be sccounted for 1f the operstors have & wide ramge
from wonich €o seleci theiy gualice grades.
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Tt will be usted thet as meny as %0 persect of the CRFL Morth Atlaatie
quality ratings sud forecasts fall within the vange 3 fo 7, because on the average
this is the rvangs of repuried quelilty vatings by commnications sgencies, Tn an
wyerage of reports ou & S-step scale, however, sbour 8% perceui would fall fu three
grades, Thas the uee of & 9-step Ls necessary Lo obtalu the desired range of
qualivy Figezes, end im sddition it permite discingeishiog of extreme conditicons.

Calibration of CREYN Q-8cale. The scale of the Noreh Atleutic Rsdio Quality
Figuves is hased on the aversge experisnce z,@p@tmd h}r shout 0 mmmi&atim,
both comercial and militery, and mouitoring sgencien. These ave ashed to Tepovt
the perfotmence of their efrcuites on the L te 9 seale, having zegard for the ad-
jentive equivelents of the guelity grades. The distridbution of gll ratings by
all these reporters in a pevied of, eav, 12 months Ls vegurdad ss the "waster”
digtribarion. Tn ordexr to calibrate the quelity scale of individual zeporters,
regerdiess of whetber or not the veports ave on the L to 9 scele; the distribu~
tion of guslity grades veported by the fmdividisl is relared to the "master” cla-
tribution for the seme inferval of time. Otherwise stated, the distribulions are
forced to agree at esch pewvceniile. This vresults in & conversion scale for xe-
docing individuel veports to the North Atlantic Q-scals. BRecsuse there is a sig-
pificant diuvensal varistios in nuality as ceporred to CRPL, separste distributions
are devived for sach siv-hour intervel of the day.

A typics) "master” distribution is shown in Figere 1, and with it fe¢ the Jis-
tribufion of guality grades Ly one of the ladiviiual reporters which used the ! te
¢ scale snd Lhersfore helped detexmine the "mantex™ digtribution escept at the ex-
treme quist end of the scale.This
reporier consistently graded com-
dictons less disturbed thanm mvex-
sge. Thus; while his reporte are
on the 1 to 9 scale, they must be
adjusted dowawsrd for best agree-
went with the average of several
such reperters. The individusl
distrikucios is thus forced to
agree with fthe “master™ dletribu-
fiom, and current indices for a

3]
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The G-ucele is thus calibrated agelust the average axperience of
several opevating commnigations zgencies. 1If these are typical, the fscale
with ite 2d8lective eqguivalence hes some weauing. Fech observer E radio propa-
zation conditfoas, however, must determine the relatil tonehip between hie own
scale and the O-sezla either subleci i%:ﬂgﬁ or hy a statlsticsl acalysis such as
hes beon deseribed, and iuterxpret the guality € figuves ond furecasts avcordinzly.

Norih Pacific Bsdlo Path ~- The CRPL quality figurea, Qp, are eompi led
b the Worth Pac ac LTic Radio War Wa?uﬂgg service (NPRWS), the CRPL for ning center
at Anchovage, hlaska frow messurements made at the station of field-strvength
and fadine-rake charecteristics on soveral suitable transwissions, on shsorprion
cheracter ica as measuved by wiomoter, and om repoits of radio traffic data
from the U.5. Alr Yorce, Federal Aviation Agency snd Radio Corpovation of
Américn, These dats indicate propagstion conditions for moderately lowg trans-
mission patha in thz NWorih Pacific equivalent to Sestile-to-fnchorage Y
bachorape-to-Takyo.

The orlginsl data are seported om various scales and for wvezious Liae
intervels. The obsecvations for esch 8 bour ox 24-hovr pexied are averaged on
the origlieal seale. This average is comparved with reports for the same period
fn the preceding mu swonihes mﬁ“ sxpreassed as a devistion from the F-wonth mean.
’Jﬁw devistions sre put on the 1 to 9 scsle of quality which is sssumed to have
& stonderd deviation of 1.25 sand 2 mean for the various periods &s follows:

0313 aowes BT 5.3% 19-02 hour UT 6.00

The &-hour and 24 E‘amr fadires Qp are determined separately. FRsch index ja &
welghted mean of the data available for the period. ;

(4]
v
£

o
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APPENDIX D

CRPL-RUWS - B8 CRYL RADIO WARNING SERVICES Mazch 12, 1964

(Bupersedas Central Radio Peopagatior Iabovaiety
CREL~RWS~75) National Buresu of Standands

Bouldet, Golorado -~ 80701

Degeription and Exa!;&x exprefation of Kedio Fropagetion Yorecasts

mrn

The two radle propagstion forscasting ceutors of the Cepirsl
Radio Propagation laborstory vegulsriy issue three typee of forecssts of
radio propagation condinions. These forecasts apply to sky-wave propaga-
tion (ueally within the freguency range 3 to 30 Me) over cartsin parti-
ealarly lmpovtsot radio paths. Thz Noxth Atlaptie Radio Warnlng Sexvice
forecasts epply primarily to tcassmission over paths sweh as New York to
Tondon or Washington to Faris; their foreecasts will apply to a lesser gs-
tent on userhy parhs like Boston to North Afvica, Maine to Greswland, ete,
The North Pacific Radic Warning Sevvice forecasts are desipgned fox ;_wtha
Iike Tokyo to Adnehorage, San Framcisco to Palrbanke. or Apchorage Lo
Seattle; however, they van be given special loterprotation for other paths
such as the shorter inira-Alasks civewins, but sgaie with less welisbility.

Each forscast statement gives the average geality expectad in a
speciited 6, 8, 1#, or 24 hour pevicd. ALl times are Dniversal Time (UW
or GCT). The CRPL radio quality scale is used in nll forecusts expressed
as & quality flgure. The GRPL O-sesle can be described in words as follows:
1 ~ usels am,., 2 - yvary poor: 3 ~ poung & = @ﬁyﬁd;fkﬂ feirs 5= Fairs B = fajr-
to-yond: 7 ~ gouvd; B - gery good; 9 - excellonn

These forecsscs must be interpreted in terms of sach user’s own
exporience. A formeast of "IV means that the conditioms experienced should
be reletfvely moor, but the operator mmet interpres this in temms of the
expected performsice of his civenir. I€ the forecast is correct, on ne
more then 5 or 10% of 21l daye should radic pxopagsiion conditione be so
poor., There mey be, hovever, & systematic difference between the word-
descript ions wesd ‘b}» the operator and by the forecester, and the cparsfor
must taks this $iffevence inte account in interpreting the forecest. For
instance. the operstor msy be used to calling conditions "very poor f when
the forecaster calle them “poor", or the operatur of another, perbaps move
efficfent, circult may never see conditione as worse than “fair”. The scale
used by the forecsst center corveeponds Lo the average experience reported
on typleal civenits. i

Rach uvser may go still further in copvertciog the forecasts to his
owm perticular situstion, ¥For sxample, when he receives a forecast of =
“4". be may know from past experfence that in ozder to maintain ihe desired
level of communications efliclency be must change to the night operating
frequency an hour sarlier thap uwsuel, ov pesalbly he will be able to pass
txatiic on nnly twp chanoels of his four-chsume! equipment.
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On ¢he higher end of the mcale, o forecast of "8" should correspond
to normal conditfons. A Y7 wonld fndicsre berter-than-averzge operation
could be antieipeted. The forecasts gemevally ragge Erom "2 to "7"; the
ends of the scale (1, 8 or 9) are rescrved for extreme counditiens, which are
yarely obsezwed and even more ravely fovecast.

The first tvpe of forecast issued by the two forecusting groups ia
the advance forscast. This forecast is issued waekly. It dncludes & peneval
forecast of intervals expecied Lo be disturbed within the following 25 days
and a detailed fovecast of the expected guality of radio yrﬁpﬁgﬁiiuﬂ fone
ditiors {on the CRPL quality acale} for sach of the next 10days. The fore-
cant is distributed Ly woil, teletype snd telepbonz. The telatype sud fale-
phone messages are, of vecedsity, brief bhut the mailed versiom (CRPL-J and
CEYL-Jp reporte) incliudes a review of propesgation gonditions, gsomeguetic
disturbances, it any, sud the geneval lewel of sular activity during the
past seven days. The factors which have affected the forecast, sueh as cep-
tain phenomens on the sun, sre also described wnd specisl notes are fre-
quently oo inded, Specisl Distvrbsnce Wernings (SIN) are isesued (on desir-
able) between the regulariy scheduled forecasts.

ihe second type of forecast is the 2b=hour forecast or medimm term
forgcast . This forecast is availakle by E?L&pﬁ@ﬁﬁ and te. fﬁﬂ?tyﬁ@ and du iseved
daily. This forecast includes s statement concerning the expected level of
geomagnetic antivity and associsted radic propsgation conditions durivg the
ensuing 24-hour pericd end a statement which suggests the range of overating
frequencies on whilch the expected propagation conditions should be Tealized.
The statements ere designed o differentiate between nighttime snd daytime
propagation cenditions. The propagatiom terecast, in this {fnstasce, is pot
ezxpressed as & qualitcy flgure but rather as a class of conditions eorres~
ponding roughly to guiet, unestiied or disturbed,

The third type of forecast Issusd by the CRPL zadio forecasting
centere is the short tevm forscast. These are issued on regular schedules
three snd four vimes dally for the North Pacific snd Nerth Aplantic vegions,
respactively, and in&iﬁﬁta_tke expected propagation comditfions in the 8 and
6 hours lmmedistely following izsue. Each forecast statemeni consiats of
a letter and a pumber; o.g, N-4, The letier incicates the lavel of condi-
tione prevailisg in the Zeohour intcrval imnedistely preceding the forecsst,
and the muwmber imdicaies the conditions expecied im the forecsst period.
There are three possibilities for che lettex--N, U or W, Whem an "N" is
issued as part of the forceast statement. conditions were guiet in the 2-
hour pevicd preceding the forecast (guiet means dn the range 6 to 9 on Lhe
CREY, quality scale); a "I would mean conditions were unsettled (guelity 5);
and a W indicates that conditions curzently ere disturbed [quality 4 ov
lower) . The number psrt of the statement is the forecast. The pumbers sre
on the 1 to 9 scale @etiae@ ehuwe amﬁ LS %@ interpmateﬂ the manner das-
exibed eariier.
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he letter, a rating of current conditious, Is incliuded in the
forecast statement to enable esch user fo interprel the forecast (the
gomaber) in terms of his own recent., or gurveat., evaluation of condirlions.
For exsmple, 1f an "W-5" jorecast fs issucd and the opevator la alzesdy,
at the time of the forecast, experviencing what he would call unsebiled
fqusiity 5) eoaditlions, then he should expect conditicns to become even
worege, The statement N-5 indicates that the Forecuster expeocts & deverlore-
tion of at least ome guality grade duving the forscast pericd, The walue of
this scheme is obviower-the gperator is concerved with expected chanpes in
conditions and so ls pives information to tle in with his current experience.
if the 3" had been lsaved without the "N the operator would not have begn
prepared for a g i geality sincs bhe was alresdy expeviencing what he
palied quality "2" conditions, although the consensus available to the fore~
caster rated conditions "normal”.

Additional iuformation counerning the vadlo foresasting sevvices
may be ohtaiped from:

Por the North Atlantic sree:

Noxth Atlantie Badic Warniog Service (or NARWS).
Watiocpal Bureauw of Staadacds '

P. . Box 178

Fort Belvoir., Virginfa 22060 7

(Telspbone Washingron, D.C., 780-1444, area code JD3)

For the Nerih Paciiic and Alaskan areas:

Morth Pacific Radic Warniog Sexviece {(or NPRWS)
Neklonal Buresu of Standavds

P. 0, Bax 1119

Avehordage, Alaska 28501

olephone = §Xyline 3-2211 or SEvline 3-7210,
arsa code 907 ‘

fou
i

TR
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CHPL-RWS 91 NORTH ATLANTLIC RADLO WARNING SERVICE mareh 19, 1966
Hupersedes Bational RMuresu oF Stapderds
CEFL~RWE~62) Box 18, Fort Belvoir, Va. 22060

fervicos Available fron North Atlestic Radic Werpiog Service JAGTNARN
Tperated 26 hours a A by« BVEYY ez,%gﬂjv of che year)

The North Atlavtic Zadic Werping Service fs a fleld stetdop of the Central
Radio E*mgsg.ggatimz taboraiory (Roulder, Colozade), under the Mational Bureau of
&@:amlamsg U.8, Departwect of Comesice, whose primayy fenction iz the forecast-
ing of zadio propagstion conditions cver North Atlantic trapsmission paths.
Under the svepicas of the Inmternstional Ursigram snd Woerld Isys Serwice (LIWDS)
it serves as the Western Hemfsphere RBegilouva) Warufng Center fox providing esolars
gpeushysical date and T8Y Alerts to sclentific Institueions In the western Themi=
ephere. AGIWARN alas serves as the World Werniag Aprocy and is charged with the
responsihility for sssensing solar and peophysical phevomena snd originsting
daily alerts in comneccion with the worli-wide geophysical alert progrem for the
fwtgm&timﬁﬂ Yeavs of the Quiet Sun, 1964-65 (XGST), This dally slert is fn-
troduced into the World Meteorological Ozgenisation and AGTWARN commuication
aetworks and 18 given world-wide dissesination. Vnder the saspicss of the
Committee ou Space Resesvch (COSPAR), snd supportad im (his endeaver by the
‘Fational peronmeutic and Spece Administration, AGIWARN zlise serves as a Satellive
Beglonal Wernipg Ceunter for introductng ifnto the SPACEWARN metwork messages
concerning laumch sppoupcements, ouliitel elements and tvacking inforwstion for
ercificisl cavth sarellitas anud interplanetary space probes,

Ihe follmwing tsbulation is a listing of eatablished messages distributed tele-
graphically from vhis office and contuing 2 brief deseription of the informa-
tiow in gagh message. Many of the messuges, pogeibiy dn nllight 13& different

form, are &£lso distributed by mail (incloding air sail) @migm iy telephons.
Eddivional [nformution concerning these gervices may be o’ht&ingd from this office.

L = Radio Propagation Forecasts

\  (Advance Forecast North Atlsotic Ares) - Forecasts of radio
wrep&gmhm conditions over North Atlantic trsnemisslion paths;

igened weekly (Wedneadsy), and supplemented whenever circumstsnces
warrant. These gre often applicable as advance prediatiouvs of im~
pending geomagnetic disturbances. Alihosgh this sevvice is distwibuted
by teletype when rapid notificetion is desirable, primary distribution
is by air mail ({densified ss the CRPI=J Series). This mail veraion
carries «lsc a veviow of vadio propagefrion conditions, penexal solax
ectivity and geomagnetic disturbances during the previows week. Tele-
phone distribition also is made locally.
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2.,

il - Solar-Geos

L.

iy

MIAFQ (Medlum-terw Forecast Atlautic Aven) - Forecasts of radiu
pmp&g&mm conditions over North Atlautie psths for the past
Greemwich dav; fssued daily at about 2000 Universal Time (UT or
QUT) . Distribution i sccrmplished by teletype and, locally, by
telaphone .

STAFO (Rhori-term Forecast Atlantic Area) - Forecasts of North
Atlantic radio propagation sonditious; issued every six hours for
the subsequent six-bour pericd. These forecasts are distributed
by telatype and, locally, by telephone and are broddesst by Redie
Statien WWY .

GEOCAST (Geomsgretic Aciivivy Forscast) = Gemeral forecast of geo-
magoelic sctivity for the Tollowing Graenwich day, issved about
1900 VL each day.  Distributlon is by teletype; teiephons uway be
uged localily,

hysical Dats Messages

WASHAGL (Pate Sumwery Message) ~ Daily data message, sent telesra-
phically st sbout 1800 UT., which conteius a supmary of the most
importent solar activity #nd gé@ph_gﬁie;@_; date collected during the
previoug 24 bhours. These date, in syooptic code, include Teports
of outstanding solar flares -msl radlc nolse events, important ab-
sorption events, cosmlc ray events, peomagnetic activity, sumspots,
etc. Although the primary wmethod of distribution {s wia teletvoe,
mall distribution lz avallable if rapid deliyery e not recuired,

WASHFLAR (Tmportant Flare Beport) - Message issued %mé&i&mly upo
receipt at this office of a report (less than 24 hours old) of an
foportsnce 3 or 3 plus solar flare; alao issued impediately if an
importonce 2 or 2 vlus flare is rey@w:ge& while still is progress,
This wessage is distributed by teletype to individuals or institu-
tions who reauira rapid mot ification of the eccurremce of these
events. For othexr users, these flare reports are contained in the
daily WASHAGL message., These reporte asre usually io coded form.

WASHION (Tomospheric data) - Daily message, issued telegvaphically
about 1800 UT, which gives the eritieal frequency of the locail
(Washington) iomcephere (Fy; Layer) at six~-houwr intervals within the
previous 24 hours. The message iz in synoptic zode,

WASHMAG (Geomagnstic Data) - Deily telepraphic message issued shortly
after the end of each Greenwich day, providing indices of geomspnetic
setiviry for the preceding 74 Hours. The message, in coded fors,
contains & deily A-fndex and 3-hour Refipures. (Similer inforazatiom,
covering a sllightly different time period, is provided In the daily
WASHACL wessage described above). Théss peomagretic observations
are made locally (Washimgron avea).
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TIl « - Solar-Geophynical Alerts for 10SY Program

1. AGIWARN (TQSY ADAIERT) = (Advance Geophysipsl Alert) - keglonal
Alert issued {mmediately upon receipt at thie office of a veport
(usually from a Western Henfsphers absorvatory) of 4 sipuificant
solar flare; or of a sigunlticant cosmic ray lvnresse ox decrease]
or sfter the rocogoition of the existence of a siguificsnt geo-
mapnetic atorm, These Alerts may be issued either on the basis
of unueuslly hiph or. extrenely low solsr getivity or extvemely
gquiet wagnotic conditions. Distribuiion is primcily by teletype
but may be sccomplisbed locsily by tolethons,

2. 1QSY GEOALERT (World-wide Geopbysleel Aleri) ~ Alert messsge
Isaved d&ilg at 0400 UT. Popitive alerts are ismued following the
opevrrence of g coswic roy fnersape; during & 2igwificact geomag-
netic disturbance; vpon determination of the exisience of a sig=
nificent warming in the atratospheve {currastly confived te the
porthern bewisphere): duving periods of an wnuswally high level
of solar sctivity; in pericods of extremely low molar or geomag-
netis activity; or when a significsnt geomagnetic é?zi.;::ﬁ:‘ rhance is

3 i to begin within the following 24 hours. When no poritive

ﬂﬁ"‘“ﬁ“ exists, the word "ail" is emploved. The primary distriburion
me,t hod for these Alerts is via the Woxld Meteoralogical Setwork

(WMO}. In the United States this ie sccomplished through the

Service € teletype mebwork of the U.5. Weather Buzesw, For those

who 'm&;;u ve these Alerts hut have oo resscnable sccess to Weather

Bureaun (or WMC)} cirevits, direct telegraphic seyvice s offerec

by AGIWARN wheun the Alert is positive. This dizect mervice fs

imitiated gt about L1300 UT. Telephooe service is available in the

Washington area,

3. TOSY ADALERTPRESTO (Rapid Plave Alerc) - Specilal Alert issued im-
mediateiv on the basis of the probable occurrence of am fmpoxtant
flare as indicated by wecovdings of 10 em solar radic moise. Thls
is intended as an extremwsly vapid warning system for coesmic ray
studies. Whenever feasible, telephove or direct X service is
employed for distzribution,

108y STRATAIERT (Wloter 5*1‘&&@@%?*1,@ Warmiog &love) - Begiomsl
Alerts issued d daily dering the winter esason (Docesber 1 to April
30). The U.5. Weather Buresu is the origicating agency o these
Alerts in the Western Hemisphere. These coded messages are ln-
troduced into the Service C network of the Weather Boreau at abour
1800 UT. Upon vequest, arrangements cau be made for distribution
telegrephically From AGIWARN .

-3
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TV - Artificisl Barth Satellite Ynforgation

SPACEWARN ~ messages relating to launch laformation, orbital clewonts,
ephemerin for optical observations and ceports of bracking observations,
distributed when sppropriste to intevested chservatories or aclemtific
organizations, Jsunching sowouncements are plein language wessages
which annowice the launch of satellites from the Dnited Stafes or other
eountries. Messages containlag the code word "SATR™ are coded messsges
carvying modified orbital elements for prediction purposes. These

two types of message are velessed Ly an agency or sgeocies withio the
lavoehing country and ave imtroduced ints the SPACEWARN metwork by
AGTHARK for ths hepefit of Western Hemisphere statfons. Currently
SATOR messages ave distributed in this henisphbere for US-laumched satel-
lites omly. Telegraphic or wsil distribution is offered. Messages
containing the code words SATAT {for commmication of the crhemcria

for opticel observations et individusl statioms) and SATEV (for veports
of tracking chservetions) are specisal messages and usunlly are not
bandled by AGIWARN,

The above seivices are available currently at noe cost to the subseriber
1€ miliftary (usually sdlitery establishments mlﬁ or pgovernment Lele-
type systems can be urilimed. If the subscriber’s desires or commmui~
cation facilities ave such that commercisl TWX or Western Unifon systems
must be used, the services are them available ar the cost ¢f transg-
mitting the messages (collest). Note that the government teletype
chbenuel opeistes on a daytime schedule, five deys a week; night, week-
end or holidey messages deliveéred Ly this system are beld at AGIWARN
untll the following normal work day, except that upon request the week-
end-hol iday-night messages will be distributed at the normal time,
collect, vis TWX or Western Uuion.

Any of the following addresses mey be used to tramsmit commmications
to this effice by electrical means.

Te lophowe Alexandrias, Va., Area Code 703, 780-1444 ox
780-1436
Gable and Radlo gram: AGTHARN WASHINGTON
Telegraphic: NORTH ATIANTIC RADIO WABNING SERVICE
WUX WASH DC
TWE s 703-335-5771
Yeletypes - AGIWARN BUSTAN FT BELVOIR VA.
KA
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CRPL-NWS -85 GREL RADLO WARNING SERVICRS March §. 1964
(Bupersedes Gentral Radio Fropspaticn Laberatory
CRPL-BWS-~717) Nstional Bureau of Standards

Bonlder, Colorado - BO3OL
SHORT TURM BADTO FORECASTS

APPLICATION - These Fforecusts ap@;q; ‘to propapatiopn guaiity on radio
transpission paths such as Washington o Jondon for the North Ailsptlc Radio
Warning Sevvice or Aunchorsge o Tokyo for the North Facifiec Radio Warning

Service. In geneval, peths which weach higher latitudes will be more ddse-

turbed and paths in ﬂme letitades will be lesr disturbed,

TIMES OF [SSUE -
Moxth Atlsutic: They ave issucd four times & day st
nomdnal 8ix-hour intervale: 0500, 1200 (1100 o scawmer),
1700, and 2300 UT. Each fovecsst -m:-i‘”f_a-wrgi primorily to the
giz-hoae pariod beginning one houy sfter the time of
tgsue ~- for sxample, the (500 forepast refers especially
to the 0600-1200 T newiod;

North Pacific: They ere fssued thuee times g day at
aomingl eipht-hour ilntervals: 0200, 0900, and 1800 UT.
Hach Forecast refers primscily to the cight hnur perdod
hegiining an hovy afier the time of issve ~- for ex-
ample, the 1800 forecast refers wepeciclly to the 1900-
0300 UT pexiad.

FORM - 'The fovecasi stetement consists of a lerter and a nunser;

the pumber is the forecast while the letter ideptifies the qualiiy of
redio pr propegation conditions prevailing at the time the foracast is issued,

LB

A typicel forecast statement is 6" - which means, "propagation ¢
tfons ave wmew unsettled but radio guaiity ds expected to impzove te
to-geod during the howrs covered by the forecast®,

NUMBER - The zadio quality which s forecast for the cemipg period
is expressed in E’h@ follewlng guality gpradess

L -~ useless, 2 - very poor, 3 - poor, & = poor-to-fair,
5 » fFair, 6 - faiv-ta-good, 7 = g@uﬂ 8 - wery good nmi
g ~ efce Ll&*m -

IETTIER - The radic guality at the time ol fssue of the forecast fs
ddentifiad as follows:
¥ - disturbed (puality 1 Z, 3, or &)
¥ = uogectled (ouslity 5
N - normal (euslity 6, 52 B, or %)

The Jotter deseribes the aversge cuality in the two hours preceding the lssue

time -~ 0300 o 0500, 1000 vo 1200. 1560 #o 1700, or 2100 vo 2300 UT for the

the Mowrth Atlantic Redio Warniog Sexwvice: 0000-G200, 0700 o 0%00, or 1600 to

1800 UT for the North Pacific Radio Worniog Service.
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DISTRTBUTION - Short term forecasts ere telepboned by the Radic Warning
Services o the local outlets of several commsicatioms services where they are
Eurther distributed by some of the services through thefr facilities. The Norih
by lantis Forecaste are sise broadeast by the NBS Standsrd Frequeucy Radle Btatiom
WWY om 2.5, 5, 10, 15, 20, and 25 Me; the announcement is given in Tuterpsiional
Morse code every Eive winutes. A npew forscast is £irst broadeast promptly sltec
pack time of issus, and is Tepested every flve minotes mwill the nmext fovecast is
{neued. The North Pecifis fovacasts are broadcast by the MBS Stendard Frequency
Radio Staiion WWVH on 5, 10, snd 15 Me: the aonouncement is gived in Jeternationsl
Mores code every Five miputes. A new forscest ie firsc broadeast st 0239, 2839,
and 1839 UF, apd is wepeated svery five minutes until the rext forecast 1n tegued,

MEANING OF THE NUMBER-FORECAST - Each user must interprec the Forecast
in terme ¢f bis own exporience with previous forecasts end with the guidancs pro-
vidad by the iettev-fdentificatfon. In this way he should be able te judge the
amount of euisge or other distucbamce eflfects to be expected wilh each cuality
grade. ¥or & gplven forecser rwber these effects will vary widely secozding to
the service, trensmission path, type of equipment, snd avallable frequencies. To
penerdl, ome can espect uvrmel or high maximum ussble frequencies (MUF) when the
gualite foreceet is € or greater, thongh “maltizsth" troubls fs scill poasibla.
With qualiiy geades of 4 or iess, normel or low MUF can wveually be expedted, to-
gether with low signal of severe fadiug.

Quality grades are interpreted in 8 nusber of ways: relstive amounts of
cutsge time, pumber of "hirs”, traffic speed which cen be maintsised, relative
signal strength, velative imteiligibiliity, or 4 subjective combinstion of twoe of
more of thess.

Remedial measures to be taken during vropagetion disturbsnces depend
greatly on the service lmvelved. Trensmission quality may sometimes be improved
by deviating frow habitual fraquency vsege; in any event unususi frequency shenges
at unwsual times way be expecied. PFreguency or space diversity, 1f avallable
ghould be umed. Tn some sitvations, slower traffie speads will provide more efifi-
clent operations. BRelaying tvaffie by low latitude routes will smcpessfully edr-
cumvent a1l but the wmost severe disturbances.

MEAXING OF THE LETTER-IDENTIFICATION - One of the purposes of the letter
ia the forecest statement is to indicste whes significent clisanges may he e¥pected
to téke pisce in propagetion conditions. Foxr ivstence, if eonditions are normal
when the Torecast is issued but 2 severs disturbames is awxpected, the forscast
statement would be "N-3". The letter alsc serves to relate the guality meals of
the forecasters to that of the user. Since standarvds of various kinds of services
vary widely, the user may need to compsre his own quslity vating In the epesified
2-hour period with that of the forecesting center, '

SPECTAL FORECASTS - Occasiomally radic conditicns will deterlorate unex-
pectadly. Under these circumstances apecisl short term forecaste may prove haipful
to commnicetions sgensles. Such forecasts are issuved by the North Atlantic Radio
Warning Service for telephone customere in the Weshimgtom, n.G. area ooiy, but they
are ot brosdcast by WWV. They are fesued ouly when tha need is apparent earlier
than two hours after the regu'ar forecast was lssued. The special forecast gives
the quality of comditions st the iime of issue and a veviead forecast for the re-
mainder of the G-bour period. $Similay telephone revislions sre masde by the Horth
Pacifie Radio Warming Sexvice which are pot broadeast by WWVIL.

NOTE: All times sve given in Universsl Time (U7 or GOT)

Fuz
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APPENDIX G

CRPL-AWS -84 NORTH ATTANTIC RADIC WARNING SKRVICE - March 6, 1964
(Bupevpedey Fational Burcau of Standazde
CRPL-RBWS-73) Box 178, Pt. Belyoix, Wirglais ~ 22060

A

HESCRIPTION OF RADIO PROPAGATION F@EE@%&T SERVICRG

m‘mt‘h Atleatic Arss)

Advause Fovecssus - Tha series of reporte described below iz avatlzble
to upﬁmgﬁmfu sl sddvessos by mall or airmsil on request. Yelegraphic
summacies are provided by special arrsugement -- normally on @ cellest
basis if comercial commupicarions chanue ls must be wellized.

1. CRPL-J report -~ lssued esch Wedsesday - includes:
4. General forecsst listing the intervale . wichiu the

following 25 davs., sxpecied to be disturbed in terms
of whole~day zadio zeception qualisy indices.

=
&

Detailed forscast of vadle propagetion conditions for
the firge 10duys after fssue, reporting the quality of
reception expected for esch day oi the cm&z, 1 te &
scele of radio quality which is defined in © below.

¢. Discussion of curvent solar activily as xelated to the
forecaat .

d, Review of propagation conditions during the past seven
dave based on 10 immedistely availsble zepovts; thise
review summarizes conditions by listing the whole-day
ard sis-hour guslity indices for each day.

e, Notificeitlon and brief veview of gﬁ@mgfa&tiﬁ disturbasce
which oceurred during the past week: also an anslysis of
these and earliex storms, which glves an indicarion of
sevevity, prabable sssociation with sclist sotivicy when-
ever possible, and other information suggesting ihe like-
lihood thet ithe disturbsnce should be sxpected Lo rTecur
27-days later,

£. Chart phiowing the history of geomaguetic and radio dle-
tarbances during ﬂf past Elve Z7-day recurrence cycles.

2. @peciel Disturbsnce Warninge (SIM) -- These fovecasts are of two

Lypes . Both are lssusd on an frregular schedule, as vequired,
and both are in eifect for the date given and the remaining daya
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of the forecast wesk, and occasionally teyond the forecast week
if this is enmidemd appropriate foxr the forecast, Botrh are
issued Ly postceard, tslegram snd telephone.

a, ‘The fifsr type of SDW is to predict a disturbanee which was
uot foressen at the time of issue of the lzat CRPL-J zeport.
Tf an outstanding sclar phepomenon bans been raported snd is
expecied to be followed by a redio propegation distutbance
thie type of SOW will be lawusd. Auticlpation of such a
disturbance nermally would not hav@ neen possiblz In the ragu-
Lar QRPI.-J

. The second type of SIW ig (o sdvise of a disturbance which
has alreasdy bepon, bub which was nor predicted by an eselier
CRPL-J or SDM. In meny instances this may be preceded by a
SPECWARN message Issued as a special plain languepe fovecast
covering sn unforsseen disturbence which appears to be Lumi-
aent or whieh haes just recentrly begun ~- this type gf
SPECWARN message, distvibuted only by telegram and felephore,
is lssued when it is not fessible ¢ issve an SDW fmmediately.

These advance iorecasts are besed on the tendency of geonagnetic
and radio disturbence o recur af 27-ddy intervals, and on atatie-
tical relationshiips between ascrivity on the son (for exsaple;
solar flares) and wnnsusl conditions in the earth's toncephers.
the 27-day vecurrence tendency is currently the primacy basis for
forecasts as we spprosch sunspot winiouws. The forecssts are in-
tended to apply eepecially to radic transmission in the Noxth
Atlsutic area. They pay therefoye differ in detall from other ad-
vance forecasts of the NBS-CRPL Radio Warning Scrvices -- rvadio
propagstion forecashs isswed by the North Pacifie Radio Warning
Service st Anchovage, Alaska, and the geomagnetic forecasts issued
from the NBS Central Radio Propagatiom labovetory for general users
of shortwave radio.

Although the advance “ovecasts of radiv propsgsiion conditicus are
mot primarily intended as Eorecasts of geomagnetie sativity, they
may he inferpreted as such. The fovecasts are based uvpom enticipated
geomagnetic conditions, and foreeasts of disturbed radie conditions
{gualicy 4 or lower) thus suggest a atrong likelihood of gevmagnetic
disturbsnce durlpg intervale 20 fovecast.

B. Medium Term Forecasts -~ Word statement type Kﬁxecggms ouvering wadio
pr@pag&*i@ﬂ zonditions on North Atlantic pathe the following Gresowich
day are available daily st 2100 UT (2000 duriag the ﬁﬁmmer) In addis
tiom te geveral statements cobce'ming radlo reception, the forecssts ia-
clude general information comcerning Optimmm Traffie Frequency (FOT) and

G-2
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NOTE

Lowest Usable High Freguency (I.Hg) during the forscest poiled, The
gtarements are preparcd ia sich 4 manner a8 to give consldersiion to
local times of day, 1.e., daybime, uighttime, dey-to=wight trapsition
and vight~to-day transition. These forecasta are distzibuted by tele-
type god belephous.

Short Teym Forecsein - Forecasts are {aaued fonr times daily. at 0506,
1200 {11@@ ww-}? 700, and 2300 W, givicg estimates of radls gualivy
exnacted during the @r_:xei‘mv’f neriod begluping about one hours afier vine
of fssue. They are distribured by telerypn and telephone and are bioad-
cast every five minwies by NBS stacles WWV (2.%, &, 10, 15, 20 snd 25 W)
in Tntersational Morse Code. Kach forecast io beoadcast: mwimrugﬁd Ll
the mest rogalay fovecsst ls lasued.

The fovercsst statemeni comslstes of a letter and a mumber. The latiexr
is an ﬁu&mf Mi«mt' on ﬁf f,f:llﬁ:’r‘yﬁ‘f‘ fs}@iﬂ t@f:-JJ‘" = h is;*émw,i;,ifip 'yifﬂ}fam

t&sm& &ﬁﬁi my beé f“#g:ﬂ?m %@d i) mw @f Hﬁ'z(-‘e graﬁ@gg E[ wm]l R = i
setiied, and W » disturbed. m@ pumber 1s the forepast -~ it glvas the
expacted yuslity on the CRAPL L to 3 9 scale of radio quality which ig
defined as follows: L - useless, 2 -~ very poor, 3 - poor, 4 = peor-ito-
fair, 5 ~ fafer, 6§ - fuir-to-good, 7 - good, B - vouy good, and 3 - ex-
cellent. "N corvesponds to Q6 to 9, "UM to 05, and “N° to QL to A,

A typicsl forecast statement is "U4", L.e., "Conditions are now Eaiy
and are expected to he poor-to-fviz (moderately disembed) in the next
6 howrs.

The above fevecasts apply only to vadio propapation gualiry se affected
by tonospheric conditlons. They xefsr to typical lopg-distance vadio
trsnswission peths such as New York - lomdon or Weshiungrom - Mapkjawrtl.
Radio disturhsnces have their grearest effect on travsmissiom slong
pathe crossing the avvorel zone and thelr lasst effect, or nonme st sl_,
on paths in lower lativudes. The forecasters assume that the mosh
suitable vadio frequencies for communicarions (as piven, for lnstance,
by the CRPIL "Tongspheric Predictiona") are available vo the operafor
and that thev are in use. Typlesl effects of disturbances ave rapid
fading, low signal strengch, complete blackowt . Interferepce Ifom ad-
jscent frequsnce channels is wswally ragwégaﬁ as not belug a disturbance
affect. Becsuse of disturbed conditions, i1t may be necessary Lo meke
wnschaduled changes i operabing freguency in order to oktbain the beat
commmications possible. If a frequency near the puedicted OWF fopti-
mup working frequsncy) is eustoneri Ly im uvse on undisturbed dsys, Lhe
first chofce In attespting to waintain communications during a4 dis-
turbance, as 4 general vule, iz the next lower availshle frequency.

TE this doss mot work, then M,glwt than pormal Trequencies should he
attempted since in the begiuning phasss of a distarbance lntense
speradic B may support commenications, st least erraticaily, on Erio-
guencies higher than those useful during quist comditions. As the dig-
turhance becomes severs, all radle Frequencies may be blacked out,

G=-3
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NOTE ¢

Sudden ionospheric disturbunces, f.e., briet siwmitanecus fadeouts in
the entire bigh freguency spectrum om pathe on the daylight side of
the esrth {called SID or, move properly, SWE) are not predicted by
sither of the above forscaste or the brosdeaste from WHY. Fadeout
warnings are aveilable, however, as described im Section I below.

Fadeout (SWF) Wernings -~ Warnings for brief shortwave fadeouts are
available daily on request: The warnings express the wwobability that
ope or more such fadeouts will occur durisg the daylight hours of the
following day, Thers are three grades of warnisg. Crade 1 - slight
chance, Grade 2 - fair chence, and Grade 3 - good chance. Wilh the
decvease in activity at this sclar cwvcle epoch SWP ars muwch lassy fre-
quent then at the maxioum of the aolar cycle.

Special Services -~ Taformation om current radio propagation conditions
and general informstion on fomospherin disturbance and Fforvecasts may be
obtajued 24-hours a day from the North Atlamtic Radio Warning Scxvice.
Tolephions: Washington, D.G,, 780-14464, TWX: (703) 338-5771L. Goverament
Teletvpe -~ Military commmications agencies: AGIWARN BUSTAN FT, BELVOIX

Wh: etber: NARWS FT BEIVOIR VA or AGIWARN FT BELVOIR VA.

A11 times are given in Universal Time (UT or 60T .

R b .
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CRPL-RNS -96 NORTH PACIFIC RADLO WARNING SERVICE March 10, 1964
(supernedes Kational Buresn of Standerds
CRPL-TWS 723 Box 1119, Aochorage, Alseks, 99501

DFSCRIPTION OF BAUTO VPRUPAGATION ¢ORRCAST SERVICES
(Norih Peacifis dres)

Advauce Porecasts - A sevies of zeports, s described below Is svallehie fo

operelional addresses by mail or alrmail on request. ‘felegraphic sumwmries
are provided by spocigl srrangement.

L.

CRPL-Jp report ~- issuad each Wedneaday -- includes:

&. General fovecust listing the iﬁwgva}‘.s@ within the ifsllowing
25 daye. expectsd to be disturbed in terms of whole-day radic
reception quality indices.

k. Detefiled forecsst of radio propagsation conditions for the first
1Y daye aftexr issue, rveporting the qualivy of receplion expscted
£or esch day on the CRPL 1 te 9 scale of t’a&i@ yuality which is
defined iu B below.

g. Discussion of current solay setiwity as velated to the forecsat.

de Review of propsgation conditions during the pest seven days based
on o few imecdiately avsileble reporte; this review summarizes
conditions wvaivg the whole-day and eight-hovwr guality indices for
each day.

e. FNotificatiop and brisf review of geomagnetic disturbapce which op-
curred during the past week; also sn apalysis of these and earlier
storms, whick gives an indication of severity, probasble associa-
tion with solar activity whenewer y@ssibl@b and other information
goggest ing the likelihood that the disturbance ghould be expecied
o Tecur 27=dave later.

£, Chart showing the hilstory of geomagretic and zadio distuzbances
doring the past five 27- -day recurrenge cycles.

’E@t%u mm iﬂm@d efm P irmguim mﬁmﬂul@m as mgﬂir@d gnd bm:h m:a in
effect for the dete marked and the remaining d&"gg of the forecast week.
Meecasionally, Special Distuchance Warnilngs will be effective beyond the
forecait week 1f it is considered appropriste for the forecast. JBoth
ave lssued by pustcard, telegram, amd, §f warrented b5y telephons.

&. The £izst type of SDW i a prediction which was not loreseen at the
time of lssue of the last CRIL-J zeport. Uhis type of SDW will be
issued 1f an ouistand ing saler phenomencr has been veported wiich ia
expected to be followad by a radic propagarion disturbance. Tsually
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suticipation of suck & disturbence would pot have been possible
in the regular GRPL-Jp.

B. The second type of SDW is Lo advise that s disturbapce ia in
progress but was not sxedicted Ly en esxlier CREL-Jp or SIW.
In eany i,m!:mw@ﬁ this may lm pmﬂ@ﬁeﬂ by a SPECWARN message
which iz a ppecisl, piain language, forecast of an woforesesu
disturbance which appeazs to be faminent. The SFECWARN messsge
is dimtributed only by telegram sod telephone.

Advence forecasts are based on the tecdency of seomagnetic and radic dis-
turbanee £o recur st Z7-~day Intervals, sud oo statistical relst L@mahsﬁpa e=
bW wrlvfitv on the min (for exswple, solar flarea) and mmm&& gonditiscs
L the earih's lowoapbeze. The 27-day recurrence tendency will be the poi-
mary busie for the predictien: during the next two or three yesrs dizedng e
spot minimsy epsch, The forecsste are intended to apply especirlly to zadio
pransmissions in the North Pac’fic Azes. They way therefore differ in dstail
from cther sdvacce forecasts of the NBS-CRPL Radio Warning Services -- the
redio propagstion forecasts fssved by the North Atlantic Redic Warning Secvice
at ¥, Belunir, Vizginia and the gecwagrecic forecasts tssusd from the NBS
Centzal Radio Propegation Laboratory for gencral users of shortwave radic.

Short Term Forecasts are issued dally st 0200, 0900 and 1800 UT and are for

the pexiods 03C0-1100, 1100-1900 and 1900-0300 UL, respectively. Whenever

the forecssiers expect radio propagation conditione on the east peth (Anchoruge
to Ssatcle) will he different From those on the west path (Anchorage iLo Tokyo),
geparate forecasts will be mede for the two paths. They are distributed by
telephone in the Anchorage ares and by telegram by speclel arrangewent. The
foreecars for the gooveral North Pacific ares are lrosdeast on NES redlo station
WWVE, Meui, Hawail (5, 10 and 15 Me) fin Internsifounal Morse code every five
minutes after the time anmouncement aud the staticn idestification, The 0200
forecast e first bromdeast at 0239 UT snd every five wminutes through 0900 UT.
The 0300 forecast ie first broadesst at 0939 UT sud every five minutes through
1809 T, The 1800 forecust te flve: broadcust st 1839 UT aud every five misutes
through 0209 UT, The ehort term forscasts ave avellsble slso at most FAM,
stations in the Worth Pacific and Alaskan areas.

The forecast statement consists of & letter and 8 mmber. The jetlfer is an
ddentification of current radic guality =- it indicatas the ofusm !.t:y ty of propa=
gation conditions on North Pacifie transmiesion psths at the time of fssus,
expressed in three grades: N - mormsl, U - umsettied and W - disturbed. The
nusber is the forecast -- it gives the expected gualiicy for the following 12-
hour period on the CRFL scale of rxadio guality: 1 ~ ussless, 2 -~ very poor,

3 = poor, 4 - poor~to~falr, § - fair, 6 - failv-to-good, ¥ = good, 8 ~ very
good, 9 - excellent. "N sorTes pomde to Q6=9, "IV to Q5 and "W teo Ql-4. A
typieal forecast statement fs " m” s Bils, ﬁﬁﬂdi;ﬁifém sre now falr (unsettled)
and sre expected to be popi-to-fair fn the mext WZ-hour perind. '

The sbove forecasts apply only Lo tadio propsgation guality as affected hy
icnospheric disturbance, They refer to typlesl long-distsoce redio trapenissien

H-2
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paths such an Anchorage-Seatile, Tokyo-Apchorege or Ban Francleen-Faivbanks
ualess specifisd. Radis disturbances have their grestest effect on traus-
wmission along paths cvossing the suror-al zone and their least effect, or
nope at sll, on pathe ln lower latitudes. The fovecasters assume that Ll
oet suitable radio Fregvencies for pommuwicstions (es glves, foi Instance,
by the CRPL Lovospheric Predicticas) are availsble te the operator and thet
they are in wse. ‘Typica) effects of distewrhances axe wapid fading, low sig:
nal strsogth, couplnke Intexferevce frow adjasent frequency
ghannels is wsually regarded as wot being a disturbarce effeci. Decause GE
digtorbed c tong, it mAy be necessary to make upscheduled cheanges in
aperating frequency in order tu cbtaln the best communicstions possilile. I€

a frequency vear She predicted OWF (nptimm working frequency) fs custowicily
in use oo undisturbed days, the fisst cholce in stkempiing to malotzin comm-
wigations during s distourbapee 1s the pext lower svailable freguescy. TF wleis
does mot work, then bigher than sormal frequancies should be attemnted since
in the begiantag phoscs of a disturbsnce inteage sporadic-~K may scpport com-
mavicarfons, abt least srratically, on frequencies higher than those wseful
during quiel conditivms. As the disturbance becomes severe, all zsdio Ere-
dpensies may be blacked out,

Sudden lonpepheriz disturbances, i.2., brief similtaneous fadeonts jn the
gntire high frequensy specirum on paths on the daylizht side of the world
jcalied, ST, or more properly, SWF) are mor predietsd by the above forecasts
of the broadcusts of WWVE, but fadesur warnings ave swallable as described im
Sfecitlon D below.

Sepsrate Psth Forecssts ~-- Beginoing Mavch 16, 1984, forecasters will yeivide
separate short tewm fovecasts for the Apchorege fo Seattle and Anchorage to
Tokvo radio paths. These forecasts will be given vsing the same letter and
pumber formal as is uvssd for the genevsl North Pacific arsa short term fore-
cast. The separaste psth forecasts will be dilstributed only to televhovs
customers in iLhe Anchorage area,

Optinm Fyequency Forgcasts -« Forecasters will provide, upon requesi, on a8
triel hasis, the sstizsted in and out times for two fregquenciss each on the
Anchorage to Seattle and Anchovage to Adak radlo paths (Seattle 12 and 5 Mo/s,
Adak 10 and & M:/s). These will be provided three times Cally te the wsers
who receive the forecasts by telephone. This information should serve 85 a
guide foxr MUP-1LUF use of the vaviows Frequencies allocated to the user.

Fadeout (SWF) Warnioge ~- Warniugs fov brief shertwave fadeonts (EWF) ave

‘svailable om requast at sbout 0200 UT sach day. The warniugs express the

probability that onme or more such fadeoufs will otcur during the snsulng asy-

Iight bours. There arc three grades of waring: €Grade 1 - slipht chance, ‘
Grade 2 - fair chance, and Grace 3 - pood chamce. 'The decrease iu solar

et lvity at swaspot minfmam eposh mskes the scecurrence of SWF rare ab presant.




NOTE ¢

Merch 10, 1964

ecial Serviges -- Information on current radic propugstion conditions and
g@mmi inﬁamtmm oni ienogpbexic disturbances and forecests may be obtained
during normel duty hours, G/00 to 2300 150° WM, (or hy specisl srrengement}
from the North Pacific Radio Werning Service. 'E&gleyh@eﬂw &nchorege SKylins
3-2211 or SRyline 3-7210. Twletype address: RUSTAN EIMENDORF AFB ALASKA

All forecast times ave given in Universal Time (UT or GET).

PO s
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CRPL-BHS 50 CHPL RANTO WARNING SFRVICES © O Mareh 3, 1964

(Supareedes Central Radio Propsgscion Iaboratory
CRPT-BWS~07) National Buresu of Standards

Boulder, (olorado 80301

FORECASTS OF SUDNEN IONOSPERRIC DISTURBANGES OF THE

T SHRT-WAVE mm [0 FADEOUT (SWF) TYVE

The CRPL Radio Warning Services mske available peaersl forecasts on
the chance of cccourrence of SWF -~ the radio fadeouts or suddan ﬂaw%rhwﬂ
di sturbances which aifect all deylight ¥ Jgh=frequency radlo cirenits fof .
periods lasting from & few mizutes up te aboul an boor. The SWF forscast will
be issued only when there is a wm‘s\gﬂmﬂ;m chance that s SWF will opcur on
the following cay. There ave three grades of warninge:

Crade 1 ~ smull bul appreciable chabce
Grade 2 -= falr cbasce
Grece 3 -~ good chance

The forecast 1s avallasble at the forecasring cepters every sfternoon
at sbout 4:00 PM local timo, Tt is given to telephone and teletype vecipients
on t‘h@ next f@“'iwiﬁg radlo disturhance forecast, "The forecast is expressed
in ‘plaia | ﬁ‘i,.-:;—;@ﬁ‘ ~ for exsmple., “"There £# a fair cbance that a SWF will
ocewr July 22.% I must be emphusized that the SWP Waruliog raf&zfa 0 the
chance thet a fadeout will occur and wot Lo the fmpurtance of a SWF that wight
be observed.

_ BAGKGROUND

Now that the selar cyele is approsching mmim wettvity, the oe=
currence of flaye prodmcing solsr regions fs wery rate. Asacciated SWF, I
evex, still may be & eignificant factor in the operatios of long-~distance
vadic communications. These shortwave fadeouts affect radie transmission
paths which are, at least partially, ja daylight at the time of the flare.
Redio communications are shruptly interrypted by the sudden apd large in-
crease Iin absorotica which im ecailed SWP. On the average, commmications
may be impossthle for twenty to thirty minutes, after which aorme 1 field
strengih is gradually recovered, SWF are most nﬁtit"ﬁ&ﬂlﬁ on tha Emer of
the normal freguencies in ume aud on paths that pass close to Lhs san'a sub-
wolar polat.

Tn generel, mo steps should be teken by the radio operator to obtain
cominicaiione on pormel lonospheric freguencics while a SWF s in progrens.
other than to remain on the highast of the assigned frequencies which would
normally be in use at that time of dsy. The wadis sigoals will again be
sropagated novselly as soon as the lonosphere zecovers from the affecta of
the aclar flave, If ap IF Llink is in operation, 1t 18 likely thet imtelligible
communications will be possible on LF throughout the SWF.




ity 5 Mazch 3, 1964

Theae dsylight fadeouts are not smsidemdin the weokly CRYL-J ox
3 Radio Propagstion ¥ovecasts nor in the short term distuchance forecssts.

The hases for the fovecasis sve summarized below. WNote that there
ig no atzempt Lo forccast the time of any individusl SWF. The forecsasts give
an indicacion of the likelihocd of one or more SWF ogeurzing at some Cime
during the day specified. ;

Grade 1: There ia & flave-producing reglon on the sun; tberefore &
SWE may oceur romorrow even though to date no SWF has been sesociated with
this solar wegion.

Grade 2: (faiv chance): A brief SWF has been observed today: simce
the soler region is likely to remsin somewhat active for at least sncther day,
there i a fair chance a SWF will occur tomorrow.

Erade 3: (good chevee}: A prolovged SWF oz goveral brief SWF were
observed todey; therefore the solar region is very sc¥ive, snd there is a
siill betiter chance a SWF will occur tomorsow.
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