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AN UPDATED NOISE MODEL FOR USE IN IONCAP
A. D. SPAULDING & F. G. STEWART*

This report presents an updated and improved noise model
designed for use 1in the HF propagation prediction program,
IONCAP. The model has, however, much more general applicability,
since the frequency range 10 kHz to 30 MHz is covered. The report
gives the history, as near as can be determined, of the existing
noise routines, and then develops the updated model based on
current information. The three noise sources - atmospheric, man-
made, and galactic are treated and a more appropriate means of
combining these three sources is developed. Examples of the use
of the improved model in IONCAP are included and comparisons made
with the existing model.

Key Words: Atmospheric noise, galactic noise, IONCAP, man-made noise, noise

model, overall operating noise threshold
1. INTRODUCTION and BACKGROUND

The determination of radio communication system performance is a matter
of proper statistical treatment of both the desired signal and the real world
noise (or interference) processes; In general, system performance is highly
dependent on the detailed statistical characteristics of both the signal and
the noise as well as the single parameter: signal-to-noise ratio. Often, the
 signal-to-noise ratio (and its variation with time and location) is the only
parameter considered. In general, we have a number of noise processes to
consider: the noiselinterna11y generated by the receiving system; natural
noise, i.e., atmospheric and galactic; unintentionally radiated man-made
noise; and intentionally radiated noise, e.g., undesired (by us) signals.
While, depending on frequency, time, and location, one of these noises méy
dominate, all (or various combinations) may need to be considered. This is
especially true at HF frequencies. The various fonospheric propagation pre-
diction programs- such as IONCAP (ionospheric Communication Analysis and Pre-
diction Program) use algorithms to predict the appropriate (atmospheric,
galactic, and man-made) noise levels and combine them to obtain an estimate of
the overall interfering noise level and its statistical variation. In the
current version of IONCAP (Teters et al., 1983), this is accomp]ished by

*The authors are with the Institute for Telecommunication Sciences, National
Telecommunications and Information Administration, U S Department of
Commerce, Boulder, CO 80303~ 3328



various subroutines, the main one being termed GENOIS. The noise subroutines
have evolved over approximately the past 20 years and are in need of updating,
both in terms of the noise levels used and how they are combined. It is the
purpose of this report to attempt to explain the development of the current
noise routines, especially with regard to man-made noise, to point out the
areas where they are no longer valid, and to develop an updated and improved
version. The improved version is changed only internally, so that it can be
used difect1y in the existing programs. Modernizations which would require
changes in the entire program (e.g., IONCAP) are not made, but left for an
overall updating. The existing noise models which are used in the update are
the new CCIR Repért 322-3 (1986) for atmospheric noise and CCIR Report 258-4
(1982) for man-made noise. The particulars that resulted in Report 322-3 are
gﬁven by Spaulding and Washburn (1985) and for Report 258-4 by Spaulding and
Disney (1974).

We start with some basic definitions for review and to point out how the
receiving system's internal noise is combined with the external noise to
obtain an overall noise operating threshold. While this is, by now, well
known material, it will provide the basic definitions we will use later, treat
one of the noises (internal) listed above, and show how a receiving system's
sensitivity enters into the picture. Basically we need a receiving system
with a sensitivity no greater than that governed by the external noise.
Worldwide minimum noise levels have been estimated for this purpose (CCIR
Report 670, 1978).

The predetection signal-to-noise ratio is an important system design
parameter and is always required knowledge (required but seldom sufficient)
when determining the effects of the external noise on system performance. It
is useful to refer (or translate) the noise from all sources to one point in
the system for comparison with the signal power (desired signal). A unique
system reference point exists: the terminals of an equivalent Tossless
antenna having the same characteristics (except efficiency) as the actual
antenna (see CCIR Report 413). Consider the receiving system shown in Figure
1. The output of block (a) is this unique reference point. The output of
block (c) represents the actual (available) antenna terminals to which one
could attach a meter or a transmission line. Let s represent the signal power
and n the average noise power in watts that would be observed at the output of
block (a) in an actual system (if the terminals were accessible). We can
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define a receiving system overall operating noise factor, f, such that
n = fkTob, where k = Boltzmann's constant = 1.38 x 10'23J/K, T, = the refer-
ence temperature in K taken as 288 K, and b = the noise power bandwidth of the
receiving system in Hertz.

We can also define a system overall operating noise figure F = 10 logqipf
in decibels. The ratio s/n can be expressed in decibels: '

(s/n)gp =S - N (1)
where
S = the desired average signal power in dB (1W)
10 Togyqs, and |
the average system noise power in dB (1W)
10 Togyqn.

=
n

Let us now explore the components of n in greater detail with emphasis on
environmental noise external to the system components.
For receivers free from spurious responses, the system noise factor is

given by
Tc Tt
f = fa + (2c - 1) To + Rc(ﬂt - 1) —T;_ + lclt(fr - 1), (2)
where
fa = the external (i.e., antenna) noise factor defined as
P
f, = —m;
a ”FT;E"
Fq = the external noise figure defined as Fy = 10 log fy,;
P, = the available noise power from a lossless antenna
[the output of block (a) in Figure 1];
lc = the antenna circuit loss (available input power/available
output power);
T. = the actual temperature, in K, of the antenna and nearby
ground;
zt = the transmission 1ine loss (available input power/available
output power);
Ty = the actual temperature, in K, of the transmission line; and



f. = the noise factor of the receiver (F,. = 10 log f,. = noise
figure in dB).

Let us now define noise factors f. and fi, where f, is the noise factor
associated with the antenna circuit losses,

fo=1+0-1 —Ti— (4)
and ft is the noise factor associated with the transmission 1ine losses,
Ty
ft =1+ (zt - 1) - (5)
0
If TC =Ty = To, (2) becomes
f=fy-14+ fcftfr: (6)

Note specifically that even when f. = fi =1 (Tossless antenna and transmis-
sion line), then F = F, + F..
Relation (3) can be written

Pn = Fa *+ B - 204 dB(1W), (7)

where P, = 10 log p, (p, = available power at the output of block (a) in
Figure 1, in watts); B = 10 log b; and -204 = 10 Tog kT,. For a short

(h << }) grounded vertical monopole, the vertical component of the rms field
strength is given by

E, = F, +20 log fy, + B - 95.5 dB(1uV/m). (8)

MHz
where E, is the field strength [dB(1uV/m)] in bandwidth b (Hz) and fyy, is the
center frequency in MHz. Similar expressions for E, can be derived for other
antennas (Lauber and Bertrand, 1977). For example, for a halfwave dipole in
free space,

En = Fa + 20 log fMHz + B - 9819 dB(1uV/m). (9)

The external noise factor is also commonly expressed as a temperature,



Ta, where by definition of f,
£, o= e, (10)

and T, is the reference temperature in K and T4 1s the antenna temperature due
to external noise (in K).

More detailed definitions and discussions (including the case with spur-
jous fesponses) are contained in CCIR Report 413 (1966).

Note that f, is a dimensionless quantity, being the ratio of two powers
(or, equivalently, two temperatures). The quantity f,, however,'gives, numer-
ically, the available power spectral density in terms of kT, and the available
power in terms of kTgb.

We express all our external noises in terms of f,. The next section of
this report covers the new atmospheric noise estimates. Section 3 covers man-
made and galactic noise and Section 4 details the combining of the three fa's
(atmospheric, man-made, and galactic) to obtain the overall f, and its statis-
tical variation. A1l of the techniques used are different from those in the
current routines. Section 5 then presents various comparisons between the
results (outputs) of the new routines developed here and the current ones.

2. ATMOSPHERIC NOISE

Research pertaining to atmospheric noise dates back to at Teast 1896
(A.C. Popoff); however, the research leading to the first publication of
pred{ctions of radio noise levels was carried out in 1942 by a group in the
United Kingdom at the Interservices Ionosphere Bureau and in the United States
at the Interservice Radio Propagation Laboratory (I.R.P.L., 1943). Predic-
tions of worldwide radio noise were published subsequently in RPU Technical
Report No. 5 (1945) and in NBS Circular 462 (1948), NBS Circular 557 (1955),
and CCIR Report 65 (1957). Al11 these predictions for atmospheric noise were
based mainly on weather patterns and measurements at very few locations and
over rather short periods of time. '

Starting in 1957, average power levels (f,) of atmospheric noise were
measured on a worldwide hasis starting with a network of 16 identical record-
ing stations. The frequency range 13 kHz to 20 MHz was covered, and measure-
ments of f, were made using a bandwidth of 200 Hz. Other statistical para-



meters of the noise process were also measured but are not of concern to us
here,

The data from this worldwide network were analyzed by the Central Radio
Propagation Laboratory (CRPL) of NBS and the results published in the NBS
Technical Note Series 18. The first in this series was published in July 1959
and covered July 1957 - December 1958. After this, one in the series was
published every qdarter until No. 18-32 for September, October, and November,
1966. These Technical Notes gave, for each frequency and location, the month-
hour median value of F, along with D.. and Dl’ the upper and Tower decile
values; i.e., the values exceeded 10 percent and 90 percent of the time. In
addition, the corresponding season-time block values were given for the four
seasons, winter (December, January, and February), spring (March, April, and
May); summer (June, July and August); and fall (September, Ottober, and Novem-
ber); (reversed in the Southern Hemisphere), and six four-hour time blocks
(0000-0400, etc.).

In 1964, CCIR Report 322, "World Distribution and Characteristics of
Atmospheric Radio Noise", was pub1ished by the International Telecommunication
Union (ITU) 1in Geneva. This report (small book, actually) presents the world-
wide predictions of Fg, and its statistical variations for each season-time
block and is based on all the available measurements to that date. In 1983,
CCIR Report 322 was reprinted as CCIR Report 322-2 with a revised text and
title, but with the same atmospheric noise estimates. Report 322 gives world-
wide maps of the time block median value of F,, Fam, at 1 MHz. The Fam for
other frequencies, 10 MHz to 30 MHz, is given by "frequency law" curves. The
statistical variations of Fy are'given as a function of frequency,
by D, D

p* "1 %+ %

, and O . Other atmospheric noise parameters are also
given. H am

S
In 1965 (Lucas and Harper), numerical representation of CCIR Report 322-1
became available. It is this numerical representation that is contained in
the current noise subroutines used in IONCAP (for example). The numerical
representation of Lucas and Harper was obtained by the numerical mapping of
values obtained from the CCIR 322-1 MHz maps, rather than by numerical mapping
of the original data points (84 longitude, 100 latitude grid points) which
produced the CCIR 322 maps. This procedure gave differences of over 10 dB
occasionally being noted between the CCIR 322 maps and the Lucas and Harper
numerical representation. The numerical representation of the frequency



variation of F . and Du and DQ variation given by Lucas and Harper are "pre-
cise" being the same numerical routine used to produce these parts of CCIR
322. In 1970, Zacharisen and Jones developed 1 MHz noise maps in universal
time (rather than local time as in CCIR 322) using the "original" Report 322
data; i.e., the 84 x 100 grid points. Mapping in universal time produces
quite high gradients, and the Zacharisen and Jones maps are also substantially
different than the CCIR 322 maps for some times and locations. Also using the
original data used to plot the contour maps in Report 322, Sailors and Brown
(1982, 1983) developed a simplified atmospheric noise numerical model suitable
for use on minicomputers. This model is a simplified (fewer coefficients)
version of the Zacharisen and Jones maps, and therefore even less accurate.
CCIR'Report 322 was originally published in 1964 and was an output docu-
ment of the CCIR Xth Plenary Assembly held in Geneva in 1963. The atmospheric
noise data used were the data from the worldwide network of recording stations
through 1961; that is, the data were from July, 1957 through October, 1961.
Since then, much additional data have become available. Data from the world-
wide network through November of 1966 and many years of data from 10 Soviet
measurement locations are now available along with data from Thailand from
March, 1966 to February, 1968. Al1 these data have been analyzed and an
updated set of atmospheric radio noise estimates produced, essentially in the
CCIR Report 322 format. The details of this analysis, new 1 MHz noise maps,
etc. are given by Spaulding and Washburn (1985). These new and greatly
improved atmospheric noise estimates are also contained in CCIR Report 322-3,
an output document of the CCIR XVI Plenary Assembly, Dubrovnik, Yugoslavia,
1986; currently being printed by the ITU. Figures 2 and 3 are Figures 2a, 2b,
and 2c from CCIR Report 322-3. (Actually, since 322-3 is currently being.
printed, Figures 2 and 3 are from the Dubrovnik documents.) Note that as in
earlier versions of Report 322, the 1 MHz maps are split at the equator, so
that the maps are for a given season, rather than a given three month period,
as in Spaulding and Washburn. A1l the data is identical, however. All of
‘Report 322-3 is available in numerical form, and unlike the earlier versions
of 322 and its numerical representation, the numerical version of 322-3 is
exact. That is, the numerical version and the graphical version give
precisely identical values for all the parameters, including the 1 MHz F,
value,
As with the Lucas and Harper maps, the new 1 MHz F,. maps are given by a
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O Fam : Standard deviation of values of Fom

D, : Ratio of upper decile to median value, Fom
opu - Standard deviation of values of D,

D: : Ratio of median value, Fgmn, to lower decile
ap : Standard deviation of value of Dy

Vam : Expected value of median deviation of average voltage.

The values shown are for a bandwidth of 200 Hz.

Ov,: standard deviation of V4



two-dimensional Fourier sine series,

29 15
Fan(Xs¥) = E:l }[ﬂ by sindy + y ) sinkx + a+ 8x, (1)
= J= 4

where

X = latitude in radians (0»m) or degrees North of South

pole x n/180 |

y = longitude in radians (0+n) or degrees East of

Greenwich x /360,

X = lTongitude coefficient such that F,, (x,0) = Fam (x,m),
and o and B are coefficient such that there is only one value at the North and
South poles for every longitude. The details of the mapping are contained in
Spaulding and Washburn (1985).
The frequéncy variation of Fam (Figure 3) 1is given by

Fon(x,2) = Ap(2) + Ay(2)x + Ag(z)x® + . . .o+ A (il (12)
where
Aj(z) = Bj 1 + By 5z, i=17. (13)

z = the 1 MHz F,(from the contour maps), and

lognf
8 x2 10._11 (14)

X = 4 ]

where f is the frequency in MHz. Also Fy, (-0.75,z) =z (i.e., the 1 MHz

value must equal z). So 14 coefficients represent each of the 24 sets of

frequency variations (each season and 4-hour time block).
The other parameters of concern here, DM’ Dl’ p » Op

, and op are all
given by ‘ H A am

3

+ AT, (15)

2 .
p(x) =A0 + Alx + A2x + A3x 4

where x = 1oglo(fMHZ), and fyy, is the frequency in MHz.

11



A11 the coefficients, bj,k’ i s @, B for the 1 MHz maps, the Bi,l’ Bi,Zs
and the 5 sets of Ay, 1 =0, 4, for each of the 24 season/time blocks are
given in Spaulding and Washburn along with computer algorithms for their
use. In the program IONCAP, the SUBROUTINE ANOIS1 determines the 1 MHz atmos-
pheric noise value by calling SUBROUTINE NOISY, which uses the
bj,k’ X» Os and B coefficients via (11). In NOISY the bj,k X coefficients
and in the array P (29, 16, 8), the o and B coefficients are in ABP (2, 8).

The Fy, at the desired frequency and Du, DQ, oy » Op » and oFam at this

)
frequency are calculated by SUBROUTINE GENFAM. The F,, frequency variation

coefficients are in array FAM (14, 12) and the coefficients for the other 5
parameters are in array DUD (5, 12, 5). These arrays are only for one

season. The 1 MHz maps are in terms of three month periods and P (29, 16, 8)
and ABP (2, 8) are for one three-month period, six four-hour time blocks (the
sets of coefficients for the "7 and 8" indices are maps of the continental
outline and the ratio of F-layer heights to its semi-thickness). The other
parameters are given as seasonal variations (not 3 month), so the arrays FAM
and DUD have the dimension 12 (rather than 6) so that they include the 6 time-
block sets for the Northern Hemisphere and the 6 time-blocks for the Southern
Hemisphere. That is, for example, if the month for which IONCAP is being run
is say, March, this is Spring in the Northern Hemisphere and Fall in the
Southern Hemisphere, so that both the Spring and Fall coefficients are requir-
ed for the three month period, March, April, and May. In IONCAP when the
season is changed, new arrays P; ABP, FAM and DUD (as well as others) must be
read in. For modern computers, this is Very inefficient. In any case, the
new coefficients P (29, 16, 6) and ABP (2, 6) (the "7 and 8" are the same) for
the new 1 MHz F, maps have been installed in IONCAP. Except for this change,
SUBROUTINES ANOIS1, NOISY AND GENFAM have been altered as explained below, and
all the significant improvements are in SUBROUTINE GENOIS, which is the main
noise routine.

It has been shown that the variation of f; for a given season and time
block can be adequately represented by two log-normal distributions (i.e., dB
values, F,, normally distributed), one above the median value and one below.
Therefore, the variation is given by Fam’ Du, and le This is best explained
with an example. Suppose we wanted F, and its variation for the Winter Sea-
son, 0000-0400 time block, for Boulder, Colorado at 3 MHz. From Figure 2 (2a
of CCIR 322-2) F,,, at 1 MHz is 66 dB. From Figure 3 (2b of CCIR 322-3) this

12



translates to 55 dB at 3 MHz. From Figure 3, (2c of CCIR 322-3) the values

for the other parameters are

D =8.6dB, D
| .

= 6.8 dB, o, = 2.6 dB, op

1 Y .

= 2.4 dB, and ¢ = 3.7 dB.
D Fam

The sigmas account for the entire Earth's surface being covered by one value
of D, etc. and represent a location variability and the year-to-year vari-
ability. Figure 4 shows the distributions of F, values estimated via the data
above

(Fyrs D,» D

am® “p* "2 9p » %

, and Op ).
i ] am

On Figure 4, for the given Fy,, all the data measured at Boulder will essen-
tially Tie between the two dotted Tlines with the solid 1ine being the estimate
of the distribution of F, for this season and time block. In determining the
overall variability, however, the GFam myst also be considered. This is

covered in detail in Section 4, where all the noises are combined and the
overall variations determined.
In IONCAP, 1in the computation of the signa]-to—noiée ratio, the signal is
calculated as a month/hour median with corresponding variations (o). As we
noted above the atmospheric noise values are calculated for season (3 month),
4-hour, time-blocks. ’
The routine GENOIS obtains a 3 month/l-hour value for Fam @nd all the
variation parameters by linear interpolation between adjacent 4-hour time
blocks (for the given season). This is done by calling GENFAM twice, using
indices (for the required 4-hour time-blocks) generated in SUBROUTINE
ANOIS1. The interpolation gives values at the beginning of the,réquired
hour. The Fy, value, for example, that is obtained from CCIR 322 is placed at
the center of the time block (beginning of third hour) and is, therefore, the |
value returned by the‘interpo1ation for the third hour. Some consideration i
was given to changing the interpolation to obtain values at the midpoint of ‘
each hour. This would involve extensive modification to ANOIS1 as to how the
required indices are generated. Since the indices that are currently generat-
ed in ANOIS]1 are used throughout IONCAP and not only in GENOIS, this was not
done. A1so; as noted below, it would result in no statistical improvement and

13
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would only be cosmetic.

The question also arises as to the suitability of using the variation
parameters D_and DR which were calculated for a season 4-hour time-block for
the season 1-hour time block. If the season 4-hour data is homogeneous, then
the statistics estimated from this population should apply to sub-
populations. When the original D and D2 estimates were obtained, they were
calculated simply by averaging the month-hour values. These are the values
given in CCIR Report 322-1 and are as reported in the earlier volumes of the
Tech Note ;8 series (i.e., before October 1961). The Du and Da's given in the
later Tech Note 18's were calculated from the raw data; that is, from all the
hourly values for the entire season 4-hour time-block, rather than from
averaging the month-hour values. In the analysis of the totality of data
(Spaulding and Washburn, 1985) that Tead to CCIR Report 322-3, the

Du and DR's "cdrrect1y" Computed were not significantly different from those
computed eariier as given in 322-1. Therefore the variation parameters,
including the frequency variation of F ., are the same in 322-3 as in 322-1.
This gives some indication, at least, that use of the existing season 4-hour
values is acceptable for the season l-hour values. The interpolation on Fy,
to obtain a l-hour value from the 4-hour value was initiated originally,
apparently, to avoid the annoying occasional sharp discontinuity between
adjacent time blocks. No increase in statistical significance, however, is
gained. The Tlinear interpolation on

D,Dy, 00 , 0
VS ) Du D2

, and oFam
makes little difference, since these change quite slowly between time blocks
(for any given frequency).

Some thought was also given to what would be involved and if anything
would be gained if the interpolation was continued (across adjacent seasons)
to obtain a month-hour value from 3-month-hour values. From above, it is
clear that nothing of any statistical importance would be gained. Also, as
noted earlier, going from one season to the next requires the obtaining of
completely new sets of coefficients due to how IONCAP is constructed. Doing
interpolation between seasons would significantly more than double the running
time of the noise value computation. That is, GENOIS would need to call
GENFAM four times instead of two and the second two would require obtaining
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different sets of the coefficient arrays (P, ABP, and DUD). A1l this would
gain nothing. Even so, some preliminary calculations were made to note how
the resuiting month-hour values of F,, might differ from the 3-month-hour
values. For the very few examples looked at, no sharp differences were
noted.

The above covers the determination of the atmospheric noise F,, value and
its statistical variation. Man-made noise and galactic noise have f, values
that also are log-normally distributed. The next section covers the estima-
tion of the man-made noise value, its variation, and the galactic noise value
and its variation. Then Section 4 covers the addition of the three noises to
obtain the overall external f, and its variation.

3. MAN—MADE AND GALACTIC NOISE

As noted in the introduction, one of the major changes in the SUBROUTINE
GENOIS was to replace the current man-made noise estimates with the much more
modern ones as given in CCIR Report 258-4 (1982). As will be shown, these
estimates are substantially different than the ones currently used, and this,
in some situations, will greatly affect the caiculated signal-to-noise
ratio.

Figure 5 shows the man-made noise levels from CCIR Report 258. These
levels and all the associated statistics are directly from Spaulding and
Disney (1974), which gives the details of the measurements and analysis giving
rise to these estimates. Most of the measurements that went into the esti-
mates were from throughout the continental U.S. The quiet rural curve is from -
CCIR Report 322 and is based on world-wide measurements. As noted in Report
258, numerous measurements made throughout the world since these estimates
were developed generally follow them quite closely for the various areas
(i.e., business, residential, etc.) and therefore the Report 258 estimates
serve well throughout.

As an additional example of the applicability of the Report 258 esti-
mates, Figure 6 shows recently analyzed noise measurements from Moscow. When
the new atmospheric worldwide noise estimates were obtained (Spad]ding and
Washburn, 1985), some of the "new" data used was from 10 Soviet measurement
locations. One of these was Moscow. For Moscow, data are available from
March 1958 through December 1964, The frequencies were 12, 25, 35, 60, 100,
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350, 750, 1000, 2500, 5000, 7500, and 10,000 kHz. Various Tower frequencies
down to 3 kHz were added in October 1962. 1In analyzing the Soviet data, the
higher frequencies were not generally ané]yzed as it was soon discovered that
they were contaminated by man-made noise (see Spaulding and Washburn, 1985 for
details). The higher frequency data for Moscow has been ana1yzed for the
winter season (when the atmospheric noise is lowest). Figure 6 shows the
range of median F, values for each of the six 4-hour time b1pcks for 350, 750,
1000, 2500, 5000, and 10,000 kHz. The 350 kHz data contains atmospheric noise
as shown by the large diurnal variation. However, the higher frequency mea=
surements were, apparently, of man-made noise. Assuming that the conversion
method used (Spaulding and Washburn, 1985) to obtain fq from the parameters
the Soviets measured is correct, Figure 6 indicates that the Moscow measure-
ment location (37.3E, 55.5N) was "rural," at least in 1958 thkough 1964. The
Soviet data at the other locations at the higher frequencies (2.5 MHz on) has
not been analyzed.

In Figure 5 (or 6}, the linear variations of F,, with frequency, includ-
ing the galactic noise variations, are given by

_ Fam = ¢ - dlogf, (16)

where f is the frequency in MHz, the constants, ¢ and d, are given in Table 1
below. Table 1 also contains constants for other environmenta1'categories not
given'in Figure 5 (e.g., parks and university campuses).

TABLE 1 -- VALUES OF THE CONSTANTS c AND d

Environmental category c d

Business (curve A) 76.8 27.7
Inter-state highways 73.0 27.7
Residential (curve B) 712.5 27.7
Parks and university campuses 69.3 27.7
Rural (curve C) 67.2 27.7
Quiet rural (curve D) 53.6 28.6
Galactic noise (curve E) 52.0 23.0

The next change is in the values of Du, DR, etcT The current IONCAP
values, for all man-made noise categories, are D_ (denoted DUM) = 9 dB,
D2 (DLM) = 7 dB, oy (SUM) = 1.5 dB, oFam (SMM) = 3 dB and 602 (SLM) = 1f5
dB. Spaulding and Digney (1974) (and CCIR Report 258) give a separate value
of Du, DQ, and-oFam for each category. (business, residential, and rural) and
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each measurement frequency (0.25 MHz - 250 MHz). An analysis of this data has
led to the conclusion that it is acceptable to use, as currently, one value
for each of the parameters for all three categories and all frequencies. The
values used here are designed to be acceptable at all frequencies, but most
appropriate for HF frequencies. These new values are |

) = 7 dB, cDu =1,5dB, ¢

= 5.4 dB, and oy = 1.5 dB.

D =9.7dB, D
H m )

Fa
It is not completely known how appropriate these values are for the quiet
rural category; however, a review of the analysis of the atmospheric noise
Tech Note 18 data indicate that these should also be reasonable values for
this category.

As with atmospheric noise, the variation of fq about its median value,
Fam» for man-made noise is well represented by two log-normal distributions,
one above and one below the median. Figure 7 (from Spaulding and Disney,
1974) shows an example of this. Figure 7 shows the distribution of 10 second
fa values within an hour for Bbu1der, CO and 20 MHz. For this sample of
data, Du = ;0.2 dB and DQ = 6.0 dB. ‘

Galactic noise can also be represented by a Tog-normal distribution about
its median value. The current values used are still appropriate; i.e.,

Du (denoted DUG) = 2 dB, D2 (DLG), = 2 dB, op (SUg) = 0.2 ds, Op (SMG) =
am
0.5 dB and oy (SLG) = 0.2 dB. The current galactic noise representation is,

)
however, somewhat inaccurate. The current representation corresponds to

values of ¢ and d (Table 1) of 49.5 (rather than 52) and 22.0 (rather than
23.0) respectively. The galactic noise representation has, therefore, been
corrected in the new subroutine GENOIS.

Each of our three noise processes, atmospheric, man-made, and galactic is
given by 1og—norma1 distributions and we need to determine the sum of these
three processes. This is treated in the next section, but it is interesting
to present, for the record, the "history" (as well as we can determine it) of
the currently used man-made noise levels and variations and contrast them with
the "new" (Figure 5) values.

The current four Tevels are given in GENOIS by DATA Statement XNINT and
are specified in terms of dB less than 1 watt, that is, the negative of the
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normal units dBW. The four levels are 125, 136, 148, and 164 corresponding to
industrial, residential, rural, and remote unpopulous (quiet rural from CCIR
332) regions. These values are obtained from Figure 4.1 of Lucas and Haydon
(1966, ITSA-1). Figure 8 shows this Figure from Lucas and Haydon (1966). The
Figure supposedly relates man-made noise levels to population of a receiving
area. Also the Dp and Dl values are taken to be 9 dB and 7 dB respec~
tively. The reference to this material is Spaulding (private communica-
tion). Spaulding does not recall supplying any information in the form of
Figure 8, but in any case, these estimates can be based only on very limited
data. While it seems reasonable that man-made noise levels should correlate,
at Teast broadly, with population in urban areas, attempts to correlate aver-
age noise power levels with population density, as measured in U.S. Census
Bureau's standard location areas (SLA's) of 1 to 5 square miles, have not been
successful (Spaulding, et al., 1971), 1In fact, Spaulding (1972) found no
significant correlation between the average population density of an SLA
(ranging from 1000 to 25,000 per square mi]es) to the average values of noise
level taken at several locations within the SLA. The four levels (125, 136,
148, and 164) given in Figure 8 are for 3 MHz. In the original (ITSA-1) the
1inear slope used was 29 dB/decade of frequency versus 27.7 dB/decade (d,
Table 1). 1In the current GENOIS, the slope (but not the 3 MHz Tevels) was
changed to 28 dB/decade. ITSA-1 "added" the three noise processes by simply
selecting the largest, using it, along with its Du, DR’ etc. for the total.
Figure 9 shows the comparison of the CCIR 258 man-made noise estimates and
those currently in GENOIS.

In 1967, Spaulding and Disney prepared an estimate of the man-made radio
noise expected in urban, suburban, and rural locations for the Joint Technical
Advisory Committee (JTAC, 1968). These JTAC estimates are shown in Figure
10. Note the break in the JTAC curves between 10 and 20 MHz. This occurred
when data were combined from measurements made by various investigators at
different times, locations, and frequencies, with no one set of data covering
the whole frequency range. The break seemed not unlikely at the time since
between 10 and 20 MHz the predominant noise sources change from those associa-
ted with power Tines to automotive ignition systems. However, the real cause
was due to the incomplete frequency coverage of the measurements and the
attempt to relate dissimilar parameters.

In 1969, the HF propagation program, HFMUFES, was developed (Barghausen,
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et al., 1969). This program uses the JTAC man-made noise estimates (Figure
10) in its noise routines. As in IONCAP, HFMUFES used linear interpolation to
obtain a 3 month/l-hour F,., etc. values for atmospheric noise using GENFAM
and NOISY. The overall noise Tevel is calculated in SUBROUTINE RELBIL. For
man-made hoise, the JTAC curves are used, with three frequency ranges

f < 10 MHz, 10 < f < 20, and f > 20 MHz. For each of these frequency ranges,
and for each environmental category, urban, suburban, and rural, a

different D is used. Also DR is set equa1'to Du (see Table 4.;, Barghausen,
et al., 1969). A oFam = 3.0 dB and oD2 =0y = 1.5 dB are used. The three
noise processes, atmospheric, man-made, and §a1act1c are ordered in magnitude
(median values) and either 0, 1.0, 1.8, 2.4, 3.0, 3.5, 4.0, or 4.8 dB is added
to the largest value depending'on the various differences between the highest
noise source, second highest, and third highest (see Table 4.2 of Barghausen,
et al., 1969). The Dp and Dl (= Du) for the highest noise source is then used
for the "sum" of the noise processes. Figure 11, from Spaulding and Disney
(1974) shows the comparison of the JTAC man-made noise estimates and the
current CCIR Report 258 estimates.

As noted above, the original subroutine GENOIS simply selected the larg-
est noise source and its statistics for the "sum". Later GENOIS was changed
to attempt to add the three noise processes to obtain the "sum" process.
However, the (inappropriate) man-made noise levels were retained, although, as
noted above, the linear slope was modified. The next section, then, covers
the addition of the three processes.

Finally, the current IONCAP a11dws the user to enter his own man-made
noise value (in dB > 1 watt) at 3 MHz. This feature has been maintained in
the new GENOIS and functions exactly as before. (0f course, the new

D and D, etc. values now apply).

i )
4, COMBINATION OF THE THREE NOISES

In this section we want to detail the changes made in GENOIS as to the
technique used to find the total external noise and its distribution. As noted
in the last section, the original GENOIS in ITSA-1 simply selected the largest
of the three noises (atmospheric, man-made, and galactic) and used its median
value and decile values for the total. Later, HFMUFES did much the same in
that it used the decile and sigmas of the largest noise source, but increased
the largest noise source median value by various amounts ranging from 0 to
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4.8 dB, depending on the differences between the largest, next largest, etc.
The current GENOIS attempts to find the sum noise process and its statistics
as summahized, and commented on, helow.

In the current GENOIS, the three noise median values are given by ATNOS
for atmopsheric noise, GNOS for galactic noise, and XNOIS for man-made
noise. The previous sections of this report detailed how these values are
obtained. A1l three noise processes are represented by log-normal distri-
butions. The median value of the total is obtained by summing the three
individual medians, after converting to watts (ATNOS, GNOS, and XNOIS are in
dBW). That 1is, the sum, XRNSE, is given by |

ATNOS  _GNOIS_  _XNOLS
010 10 40 10},

XRNSE = 1071og | 10 (17)
First, the procedure is not strictly correct, since only the'mggg values add,
and for log-normal distributions, the median value and the mean value are
different. As we shall see, using (17) still is reasonably accurate for most
cases arising in practice.-

| Next, GENOIS states (via a comment statement) that "equation 37, page 29
of The Theory of Errors by Yardly Beers, McGraw Hil11" is used to calculate the
deciles and variance. Equation 37 of Beers is the standard relation that if a
random variable V is given by a function of two random variables x and y,

Vo= V(x,y), (18)

then the variance of V is given by

2 oY 2 (av)e 2. fov\fav
% = ('Ex_) O +("53/—) % +pxy(6x )(Ty") %y (1)

Result (19) 1is for two variables, but is the "same" For any number of vari-
ables. We assume independent noise sources, so that the cross correlations,
pXy = 0, etc. The relation (19) is, of course, an approximation for non-
Tinear functions, but is an arbitrarily close approximation for sufficiently
small o's ,since D. = 1.282¢, (19) also could be used for decile values.
GENOIS does not use (19) for the computation of the de¢11es, but uses it only
for the computation of SIGM, the standard deviation of the "total" median. If
(19) is used for the calculation of deciles (as was once suggested by Rosich,
private communication), a very inaccurate result is obtained. This is due to
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the incorrect relation for the sum (17) and to the ¢'s (or D 's) for the three
variables (ATNOS, GNOIS, and XNOIS) not being small. The decile values for
the sum process are calculated instead by

ATNOS + DUA GNOIS + DUG XNOIS + DUM
DU =10 Tog f10 10 + 10 10 +10 10 | xrwse,
and ‘
ATNOS + DLA GNOIS + DLG XNOIS + DLM
DL = 10 Tog {10 10 +10 10 +10 10 xpase.

The rational behind (20) is obvious, (20) simply adds the powers (watts) at
the 10% level of the noise sources, converts back to dB and then subtacts the
median, XRNSE, computed by (17). If this same rational was followed for DL
(21), then this would require ATNOS - DLA rather than ATNOS + DLA, etc. The
plus DLA etc. was probably used so that if only one noise source is consider-
ed, then (21) returns DL = DLA, for example, and would not if the minus sign
was used. While not theoretically correct, both (20) and (21) do give reason-
able estimates for most cases of interest.

The next parameter calculated is SIGM, the standard deviation of the
median of the sum noise process. GENOIS uses (19) for this calculation. The
three required partial derivatives are termed QPA, QPG, and QPM, and from (17)

ATNOS - XRNSE

_ OXRNSE 10
QPA = ~SATNOS = 10 , etc. (22)
Therefore, using (19),
2 2 2 2
SIGM™ = (QPA x SMA)™ + (QPG x SMG)“~ + (QPM x SMM) (23)

In the computation of the standard deviations for DU and DL, as given by (20)
and (21), (19) was not used (although it should have been). From (20), DU is
a function of six variables, ATNOS, DUA, GNOIS, DUG, XNOIS, and DUM. If (19)
had been used, the required partial derivatives are

DUA - DU

s ' 7ttt ettt e

U _opax 10 10 (24)
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NUA - DU

a0y 10

—ATRoS - = QPA x {10

- 1), etc. (25)
Instead of using (19) with the six partial derivatives given by (24) and (25),
the current GENOIS estimates the standard deviations of DU and DL by

' 2\2 2\2 2\2
SIGU2 _ f{_DUA x SUA x QPA + [.DUG x SUG x QPG + [ DUM _x SUM x QPM , (26)

OU ‘ DU DU

with a similar expression for SIGL. These expressions for SIGL and SIGU (the
standard deviation for DU and DL) provide very poor estimates (as we shall
see) and their origin is a mystery.

We now proceed with the addition and variance estimation methods used in
the updated GENOIS. We start in a fairly general way. Suppose we have N
noise sources, each with their f, values log-normally distributed. We require
the distribution of the sum of the N sources. It turns out that if N is
large, the distribution of the sum is c]ose1y represented by another Tog-
normal distribution. Also, if one of the N sources dominates the others, the
resulting distribution cannot be far from log-normal. However, we are inter-
ested in a relatively small N (3 here) and, quite often, with sources of
similar size. The resulting distribution for the sum is now definitely not
Tog-normal and can be determined by convolution. [The current procedures in
IONCAP, of course, assume the sum is log-normal.] Such convolutions of Tog-
normal pdf's (probability density function) have been performed in the past -
with, for our purposes, some quite interesting results. It turns out that the
method presented below will give quite accurate results for the larger noise
levels (i.e., the small percentage points of the result and distribution) and
appears to be most acurate around the 10% point. [For an indication of the
truth of this conjecture, see Norton et al., (1952); and Appendix A of
Gierhart et al., (1970)]. The method below simply determines the log-normal
distribution that best approximates the true distribution of the sum.

The pdf for our i-th noise source, Nj is

1070 x, - u;\ 2
-1/2 1
_ 4,343 o ~ 01 0<x1<w (27)
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and for the variable y; = 10 logx; = 4.343 lnxi,

i — W

-1/2\7 " o,
py () = =22\ % | ey <, (28)

i ov/2n

that is, a normal distribution with mean ui(dB) and standard deviation,
0;(dB). |
For the log-normal distribution (27), by using the moment generating
function for the normal distribution, it is easily shown that

E[?ﬂ = exp [pilc + % ?/cz], (29)
and

E@%]a exp %ui/c + 20$/c2] , (30)

where ¢ = 4.343. In (29) and (30), E[x;] is the mean value (watts or kT,'s)
and the p, and 0; are dB values (dBW or dB>1kT,). For atmospheric noise, say,
the My is ATNOS (F,p,) and 0 is given by DUA/1.282 (or by DLA/1.282 for the
log-normal distribution representing atmospheric noise below the median
Tevel). If the calculations are carried out in terms of fa, the dB values are
for f, and the "real" units are kTo's or if the calculations are carried out
in terms of watts,the dB values are dBW and the "real" units are watts. Of
course, dBW = F, - 204 for a 1 Hz bandwidth. As we shall see, it is better
numerically to carry out the computations in terms of fy's. If we let Q. de-
note the mean value and Bi denote the variance, then from (29) and (30),

a; = E[Xi], and

8; = EIXG] - E[x,7°
B, = a? [exp(o%/cz) - 1] . (31)

i

The above (29), (30), and (31) can be solved to give
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of = chan(1 + 8,/0%), and (32)
My = c(inay - % o?/cz). (33)

Since our N Tog-normally distributed noise processes are independent, the
mean o, and the variances, BT, of the sum are given by:

N
or = 2 ay, and (34)
i=1 ;
N
By = ;E% By (35)

Then these ar and BT can be used in (32) and (33) to obtain o7 and s with
the resulting pdf then given by

1 _ 172

Py _(¥) = —= 0y ,
T /2no$

where Yy is the sum (in dB) of our N (3 in our case here) noise processes.
Note that (29) gives the actual mean value of the distribution in watts which
is different than the median value in dB converted to watts as is currently
done in GENOIS (17)}. Also, the estimate of the variance (and therefore

Du and DR) via (35) is a much better estimate, in general, than the procedure

currently used in (20).
| GENOIS has been modified to sum the three noise processes via (34) and
(35). The median value and D value are calculated using the three medians
and three Du's. The D2 value for the sum is calculated using the three Dg's.
As the next section shows, for most cases of interest in practice in IONCAP,
the XRNSE, DL, and DU calculated by the current GENOIS are not substantially
different than the "new" ones calculated by the new GENOIS., Some significant
differences will be noted however in the SIGU (26) and SIGL. While the new
GENOIS does not change XRNSE, DL, and DU significantly for the example cases

shown, it does provide better estimates in general, and stands on firm

(36)
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theoretical ground.
The three mean values and the three variances are computed from (29) and

(31) and added (34, 35). The totals are then used in (32) and (33) to obtain

the new median (dB) of the overall distribution. That is, the new variance

(see new GENOIS in Appendix) is given by '

2/ 2

0°/c” = SIGTSQ = on (1 + —5 , (37)

where VU denotes BT and AU denotes Ors and the new overall median is
XRNSE = 4.34294(4nAU - SIGTSQ/2)-204, (dBW) (38)

and the new overall Du is

DU = 5.568/5T6715Q. (39)
The last item is to calculate the "new" Op (SIGM), o (SIGU), and
am K

(SIGL) for the overall distribution.
)
If (19) is used directly on (38), using (29) and (31) for each of the

three means and variances giving AU (the total in watts) and SIGTSQ (the total
in watts squared), very extensive mathematical (and computational) comple-

Ip

xities arise due to the interactions between the individual means and vari-
ances (29, for example). Relation (19) (which is in itself an approximation)
has been used directly and it turns out that appropriate approximations are in
order for the required partial derivatives. For example, we use

&~ = exp[(ATNOS - XRNSE)/c], etc. (40)

The approximation (40) is identical to QPA (22) and amounts to ignoring
the oi's in (29). It is easy to show that using (40) (with corresponding
expressions for the galactic and man-made noise contributions) greatly simpli-

fies the calculation of Op and still produces an acceptably accurate
am
result. Thus, Op (SIGM) is calculated via (23), but of course, using the
am

XRNSE calculated by (38).

In the computation of o and Op » 28 noted earlier, six partial deri-
! v
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vatives are required, since the variations of the individual median values as
well as the individual decile values are important. It turns out, although it
is more difficult to show, that the partials given by (24) and (25) serve as
good approximations. Therefore, the o (SIGU) 1is given by

U

2

2
sug]  + (28U _ sum] & [=0BY__ oua

sual o+ (-9QU

aouG
3 2 2
" \menors M6 )+ {xmors M)

with a corresponding expression for Op (SIGL).
.
The next section gives a few examples (paths) using IONCAP with and

without the new GENOIS andiwith and without the new atmospheric noise and man-
made noise estimates.

5. COMPARISONS AND CONCLUSIONS

As detailed in the previous sections, three major changes have been made
in the noise portion of IONCAP via subroutine GENOIS: the replacement of the
worldwide atmospheric radio noise estimates with the current, much improved
estimates of CCIR Report 322-3; the replacement of the man-made noise
estimates with the much more modern estimates of CCIR Report 258-4; and the
means of summing the three noise contributions and determining the noise
overall distribution and its statistical variations has been updated. While
an unlimited number of examples to indicate the various changes due to the new
GENOIS could be run, we show only a few here to indicate the kind of differ-
ences produced.

Table 2 shows the magnitude and direction of change between the old man-
made noise model and the new man-made noise model (Figure 9). As we can see,
the most significant difference is in the Business category and the difference
decreases to a relatively small value in the quiet rural category. The
correction in galactic noise is also displayed in Table 2 and shows a small
increase from the old galactic noise values. To demonstrate the most signifi-
cant effect of the changes in the man-made and galactic noise, IONCAP was run
with both the old and new values and the results are displayed in Tables 3 to
6. For the Business category and the circuit shown in Tables 3 and 4, there
is a significanf increase in the reliability figures (REL), also the power
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necessary to achieve the required reliability (PRWRG) is reduced. For the
Quiet Rural category and the circuit shown in Tables 5 and 6, the atmospheric
noise is the dominant noise for hours 00, 06, and 12 UT. At 18 UT the man-
made noise is the most significant noise, however,'there is almost no differ-
ence between the old model (Table 5) and the new model (Table 6).

TABLE 2. Difference between the updated and corrected man-made noise and
galactic noise values and the currently used values (i. e., new-

old).

Frequency Business Residential Rural Quiet Rural | Galactic
2 MHz|-15.5 dB -8.8 2.1 +0.1 2.2
4 -15.4 -8.7 -2.0 -0.1 1.9
6 -15.3 -8.6 -1.9 -0.2 1.7
8 -15.3 -8.6 -1.9 -0.3 1.6

10 -15.3 -8.6 -1.9 0.4 1.5
12 ~15.2 -8.5 -1.8 -0.4 1.4
14 -15.2 -8.5 -1.8 -0.4 1.4
16 -15.2 -8.5 -1.8 -0.5 1.3
18 -15.2 -8.5 -1.8 -0.5 1.2
20 -15.2 -8.5 -1.8 -0.5 1.2
22 -15.2 -8.5 -1.8 -0.6 1.2
24 -15.1 -8.4 1.7 -0.6 1.1
26 ~15.1 -8.4 -1.7 -0.6 1.1
28 -15.1 -8.4 -1.7 -0.6 1.1
30 -15.1 -8.4 -1.7 -0.6 1.0

The changes in the atmospheric noise model described in Spaulding and
Washburn (1985) affect noise levels worldwide, and in some particular areas of
the world have a significant effect on the circuit performance predicted by
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the IONCAP program. To demonstrate the effect of this change a test point was
chosen where the new coefficients significantly reduced the predicted value of
the atmospheric noise. Table 7 shows the IONCAP output for the old
atmospheric noise coefficients and Table 8 is a listing based on the new
coefficients. At certain hours of the day, for example 00 UT, the man-made
noise is more significant than the atmospheric noise and there is no detect-
able difference between the two models. At 1200 UT the old atmospheric noise
model shows a noise level of -157 dBW at 3 MHz, while the new atmospheric
model in Table 6 has a value less than the man-made noise which is a decrease
of at least 7 dB. Since the atmospheric noise model at its minimum gives
values close to or below the estimated man-made noise levels, there is no
significant difference for this example.

Tables 9 and 10 show a communication circuit into an area where there is
a considerable increase in the predicted value of the atmospheric noise. This
increase is most pronounced on this circuit at hours 1200 and 1800 UT. The
result of this change in the noise model is a more pessimistic prediction of
circuit performance which is reflected in the service probability (S PRB)
differences in Tables 9 and 10.

An example of the changes caused by correcting the computer subroutine
calculation of the noise statistics is shown in Table 11. These changes are
least significant when one type of noise is dominant and most significant when
2 or more of the 3 noise types are close in magnitude. Table 11 shows the
changes in the statistical parameters that can be typica11y expécted. The
effect of these changes in the output of the IONCAP program may be seen by
comparing Table 10 (the old model) and Table 11 (the corrected model). When
one noise dominates (such as the atmospheric noise at hour 1800 UT) there is
almost no difference between Tables 10 and 11.

The overall effect of the noise changes on the IONCAP predictions is
restricted to the system performance parametérs. One would expect a more
optimistic prediction based on the man-made noise particularly in the business
environment. The changes in the atmospheric noise model will give a reduction
in predicted performance for some areas of the world. In areas of the world
where the new atmospheric noise model gives lower vaiues, the effect can
either be miminal due to man-made and/or galactic noise dominating, or can be
significant in areas where the old atmospheric noise estimates dominated.

Finally, typical differences between the o1d overall noise statistics and

36



the new statistics are given in Table 12. Table 12 is for Boulder, Colorado
for 1100 local time, January, for the various frequencies ranging from 2 to 30
MHz. The 3 MHz man-made noise was set at ~160 dBW and the new atmospheric
noise estimates were used throughout. As can be seen from Table 12, the
greater differences occur when two or more of the noise Tevels are comparable
in magnitude. Also, as noted previously, the greatest changes are in

o and °D£' |

A11 the above examples are for the month of January. Atmospheric noise

is much higher in the summertime, but the above examp]es'shou1d serve to
indicate the kind of changes the new GENOIS will produce.
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TABLE 3.
undated atmospheric noise estimates

METHOD 23 IONCAP PC.10 PAGE 1
JAN 1870 SSN = 100.
BOULDER,COLORADO TO ST. LOUIS,MO. AZIMUTHS N. MI. KM
40.03 N 105.30 W - 38.467 N F0.25 W ?1.84 2B8l.42 702.6 1301.1
MINIMUM ANGLE .0 DEGREES
ITS- 1 ANTENNA PACKAGE
XMTR 2.0 TO 30.0 VER MONOPQOLE H .00 L -.50 A .0 OFF AZ
RCVR 2.0 TO0O 30.0 VER MONOPOLE H 00 L -.25 A .0 OFF AZ
POWER = 30.000 KW 3 MHZ NOISE = -125.0 DBW RER. REL = .90 REQ. SNR =
S UT MUF
.0 16,3 2.0 3.0 5.0 7.5 10.0 12.5 15.0 17.5 20.0 25.0 30.0 FREQ
IFe 1! E 1F2 1F2 |IF2 1F2 ILFe |F2 |1IF2 1F2 1F2 1F2 MODE
23.3 5.0 25.4 18.6 17.1 17.1 17.9 19.7 25.4 25.4 25.4 25.4 ANGLE
-88 -93 -88 -85 -85 -86 -88 -88 -101 ~-124 -193 -198 S DBW
-146 =120 -125 ~131 -136 -140 -142 -145 -147 -148 -151 -153 N DBW
57. 27. 37. &&. 5S5i. S53. 55. S&. 45. 24. -42. -45. SNR
1t7. 37. 27. 17. 13. 11. 10. 10. 3&. ©57. 109. 110. RPWRG
.37 .00 ,03 .17 .31 .41 .48 .55 .25 .07 .00 .00 REL
.23 .01 .02 .10 .17 .21 .24 .26 .13 .03 .00 .00 S PRB
6.0 6.8 2.0 3.0 5.0 7.5 10.0 12.5 15.0 17.5 20.0 25.0 30.0 FREQ
1F2 1F2 1F2 1F2 11F2 1ES 11ES 1ES 1ES 1F2 1F2 1F2 MODE
25.9 21.2 19.8 20.4 27.1 6.6 6.6 6.6 &.6 27.1 27.1 27.1 ANGLE
-73 =72 =72 -7¢ -83 ~107 ~-119 -139 -174 -180 -182 -183 S DBW
-135 ~-120 -1285 -131 -136 -140 -142 -145 -147 ~-148 -151 -153 N DBW
62. 48. 52. 59. 53. 33. 3. 6. -27. =-32. ~31. —-30. SNR
S. ta4. 10. 4. 16. 33. 44. 6&7. 93. 95. 4. 93. RPWRG
W77 19 .38 .75 .42 .10 .06 .01 .00 .00 .00 .00 REL
.3¢ .15 .22 .37 .21 .05 .01 .00 .00 .00 .00 .00 S PRB
i12.0 5.8 2.0 3.0 3.0 7.5 10.0 12.5 15.0 17.5 20.0 5.0 30.0 FREQ
iF2 1F2 1F2 1F2 1F2 1ES 1ES 1F2 1F2 1F2 11F2 11F2 MODE
28.5 29.5 23.1 22.7 28.5 6.6 6.6 28.5 28.5 28.5 28.5 28.5 ANGLE
-78 =74 -71 -72 -103 -119 -151 -175 -176 -177 -179 -180 S DBW
-133 =180 ~1285 -131 -136 =140 ~142 -165 —-147 -148 -151 -153 N DBW
54. 46. S4. ©S58. 33. 2t. -9. -30. -30. -29. -28. -27. SNR
2l. 17. . 7. 39. 60. 88, F4. 93. 92. 1. F1. RPWRG
.48 .16 .43 .66 .11 05 .00 .00 .00 ,00 .00 .00 REL
.22 .11 .25 .33 .05 .,04 .00 .00 ,00 ,00 .00 .OO S PRB
18.0 20.4 2.0 3.0 5,0 7.5 10.0 12.5 15.0 17.5 20.0 25.0 30.0 FREQ
iF 1 E { E 1S (ES 11F1 11F2 11F2 |11F2 |11F2 1F2 1F2 MODE
21.0 4.0 4.5 6.6 6.6 18.7 17.6 16.8 17.4 19.8 25.1 25.1 ANGLE
-87 -188 -181 -137 -111 -%4 -91 -90 -90 -88 -i25 -181 S DBW
-148 -120 -125 -131 -136 -140 -142 -143 -147 ~148 ~151 -153 N DBW
61. -48. -57. -5. 25. 45. §5i. 54. S56. &0. 26. -28. SNR
?. 131, 120. &9. 39. 23. 1la. 10. 7. 8. 55. 104. RPWRG
69 .00 .00 .00 .00 ,11 .29 .43 .58 .69 .08 .00 REL
.30 ,00 .00 .00 .00 .,10 .17 .23 .28 .31 .04 .00 S PRB
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TABLE 4. IONCAP output using new GENOIS, "Business" man-made noise and
updated atmospheric noise estimates

METHOD 23 IONCARP PC.20 PAGE 1

JAN 1970 88N = 100.
BOULDER,COLORADO TGO ST. LOUIS,MO. AZIMUTHS N. MI. KM
40.03 N 105.30 W - 38.67 N G0.25 W - ?1.84 28l.42 702.6 1301.1
MINIMUM ANGLE .0 DEGREES

ITS- 1 ANTENNA PACKAGE

XMTR 2.0 TO B30.0 VER MONOROLE H .00 L -.50 A .0 QOFF AZ .0
RCVR 2.0 TO 30.0 VER MONOPOLE H .00 L -.25 A .0 QOFF AZ .0
POWER = 30.000 KW 3 MHZ NOISE = -140.4 DBW RER. REL = .90 RER®. SNR = 55.0

Ut MUF

.0 16.3 2.0 3.0 5.0 7.5 10.0 12.5 15.0 17.5 20.0 25.0 30.0 FREQ
iIF2 1 E 1F2 1F2 1F2 1Fe (F2 1F2 1F2 1F2 1F2 1F2 MODE
£23.3 5.0 25.4 18.6 17.1 17.1 17.9 19.7 25.4 25.4 25.4 25.4 ANGLE
-88 -93 -88 -85 -B5 -B6 -B8 -88 -10l -124 -193 -198 S DBW
-160 =135 ~140 -146 =151 -154 -157 ~159 =161 —-163 ~166 —-168 N DBW

72. 42. 8Bl. &1. 5. 68. &9. 71, 60. 39. -27. -30. SNR
1. 22. 11. 2. -2. =-4. =6. =5. 20. ¢42. 94, 4. RPWRG

.88 .07 .36 .B3 .95 .97 .98 .98 .60 .22 .00 .00 REL
.44 .07 .17 .37 .47 .52 .56 .56 .26 .10 .00 .00 S FRB i

6.0 6.8 2.0 3.0 5.0 7.5 10.0 12.5 15.0 17.5 20.0 25.0 30.0 FREG |
iF2 1F2 11F2 1IF2 1F2 1ES 1ES 1ES 1ES 1F2 1F2 1F2 MODE |
25.9 21.2 19.8 20.4 27.1 6.6 &.6 6.6 6.6 27.1 27.1 27.1 ANGLE
-73 =72 =72 =71 -83 -107 ~-119 -139 =174 -180 -182 -183 S DBW
-149 -133 -138 -145 -151 ~135 -158 =160 -162 -163 -1656 —-168 N DBW
76. 62. bb6. 73. 67. 48. 3B. 2l. -12. -17. -16. -15. SNR
-10. 0. =6. -l2. 1. 17. 29. S2. 77. 79. 78. 77. RPWRG
.29 .91 1.00 1.00 .88 .34 .21 .05 .00 ,00 .00 .00 REL
.61 .40 .53 .49 .44 .15 .08 .03 .00 ,00 .00 .00 § FRB

i2.0 5.8 2.0 3.0 5.0 7.5 10.0 12.5 15.0 17.5 20.0 25.0 30.0 FREQ
1F2 1F2 1F2 1Fe2 1ES 1ES 1ES 1F2 1F2 1F2 1F2 1F2 MODE
28.5 29.5 23.1 282.7 é.6 6.6 &.6 28.5 28.5 28.5 28.5 28.5 ANGLE
-78 -74 =71 -72 -103 -119 =-181 -175 =176 -177 -179 -180 S DBW
-147 =135 =139 =146 =151 -155 =108 —-160 =148 —-163 ~166 -168 N DBW
69. &0. 68. 72. 48. 36. 6. ~153. ~153. =14, ~-13. -12. SNR
6. 2. -b. -9, 24. 45. 72. 78. 77. 7&6. 795. 75. RPWRG
.81 .83 .99 .99 .34 .18 .01 .00 .00 .00 .00 .00 REL
L40 .36 .57 .62 .15 .09 .02 .00 ,00 .00 .00 .00 S FRB

18.0 20.4 2.0 3.0 5.0 7.5 10.0 12.5 15.0 17.5 20.0 25.0 30.0 FREQ@
iF2 1 E 1 E 15 1ES 1F! 1F2 1F2 1F2 1iF2 1F2 1F2 MODE
21.0 4.0 4.5 6.6 6.6 18.7 17.6 16.8 17.4 19.8 25.1 25.1 ANGLE
-87 -188 -181 -137 -111 -94 =91 -50 -90 -88 -125 -181 S DBW
~163 -136 =140 -147 —-151 -185 ~-137 -159 -161 -1463 =-16&6 ~168 N DBW
76, -52. =-42. 10. 40. 60. b&. &8, 71. 75. 4l1. -13. SNR
-6. 114. 104. BS2. 22. 8. -3. -6. =9. =-8. 39. 89. RPWRG
.97 .00 .00 .00 .03 .69 .97 .99 1.00 .98 .26 .00 REL
.56 .00 .00 .00 .06 .31 .50 .57 .63 .60 .11 .00 S PRB
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TABLE 5.

METHOD 23 IONCAP PC.10 PAGE 1
JAN 1970 SSN = 100.
BOULDER,COLORADO TO ST. LOUIS.,MO. AZIMUTHS N. MI. KM
40,03 N 105.30 W - 38.467 N ?0.25 W ?1.84 281.42 702.6 1301.1
MINIMUM ANGLE .0 DEGREES
ITS- 1 ANTENNA PACKAGE
XMTR 2.0 TO 30.0 VER MONOPOLE H .00 L -.50 A .0 OFF AZ
RCVR 2.0 TQ 30.0 VER MONOPOLE H .00 L -.285 A .0 OFF A2 .
POWER = 30.000 KW 3 MHZ NOISE = -164.0 DBW REQ. REL = .90 REQ. SNR = 55.
JT  MUF
.0 16.3 2.0 3.0 5.0 7.5 10.0 12.5 15.0 17.5 20.0 25.0 30.0 FREQ
lIF2 &8 E 1F2 |IF2 F2 1F2 1F2 1F2 1F8 1F2 |[(F2 1Fea MODE
23.3 14.9 25.4 18.6 17.1 17.1 17.9 19.7 25.4 25.4 25.4 25.4 ANGLE
-88 -93 -88 -85 -85 -84 -88 -88 -10! -124 -193 -198 S DBW
-171 -149 =133 -137 ~160 -1é2 ~-165 -169 -173 =177 -183 -186 N DBW
83. 5é. 65. 72. 73. 76. 78. 80. 72. 853. -10. -12. S8NR
-9. il 1. -7. =10, -1l1., -13. -1¢4. ?. 28. 7L. 75. RPWRG
.97 .54 .87 .98 .99 1,00 1.00 1.00 .80 .46 .00 .00 REL
.62 .23 .41 b2 W69 .74 .78 .79 .38 .18 .20 .00 S PRB
6.0 6.8 2.0 3.0 5.0 7.5 10.0 12.5 15.0 17.5 20.0 25.0 30.0 FREQ
iF2 F2 F2 1F2 11F2 1ES 1ES lES 1ES 1(F2 1F2 1F2 MODE
25.9 21.2 19.8 20.4 27.1 b.6 6.6 6.6 6.6 27.1 27.1 27.1 ANGLE
-73 -72 -72 -71 -83 -107 -119 ~-139 -174 -180 -182 -183 S DBW
-156 -140 -143 -131 -158 ~-16S -171 -176 -179 -181 -184 -186 N DBW
83. &8. 72. 79. 74. 58. 5S5i. 37. &, 1. 2. 3. SNR
-16. -5. =-10. ~-17. =6. 7. 15. 35. 58. ©59. 58. 57. RPWRG
1.00 .98 1.00 1,00 .97 .65 .43 .19 .00 .00 .00 .00 REL
.76 .54 .68 .84 .59 .32 .20 .07 .01 .00 .00 .00 S5 PRB
1.0 5.8 2.0 3.0 5.0 7.5 10.0 12.5 15.0 17.5 20.0 25.0 30.0 FREQ
IF2 1F2 1F2 1F2 1ES 1ES 1ES 1F2 1F2 1F2 1F2 |1F2 MODE
28.5 29.3 23.1 22.7 6.6 6.6 6.6 28.5 28.5 28.5 28.5 28.5 ANGLE
-78 =74 =71 =72 -103 -119 =151 -175 -176 -177 -179 -180 S DBW
i -156 -147 =150 -134 =160 ~-146 -172 -177 -180 -182 -184 -186 N DBW
l 77. 72. 78. 8l1. ©957. 47. 2l. 2. G, & . S. 5. SNR
-2. -7. -13. -16. 15. 33. ©58. 60. 58. 37. 5Sé6. 55. RPWRG
.92 .98 1.00 1,00 .55 .35 .04 ,00 .00 ,00 .00 .00 REL
.52 .57 .74 .78 .25 .15 ,03 .00 .00 .00 .00 .00 S PRB
18.0 20.4 2.0 3.0 5.0 7.5 10.0 12.5 15.0 17.5 20.0 25.0 30.0 FRER
IF2 1 E 1 E ES 2F2 1Ft 1F2 1F2 1F2 |1(F2 1F2 1F2 MODE
21.0 4.0 4.5 4.6 35.5 18.7 17.6 16.8 17.4 19.8 25.1 25.1 ANGLE
-87 -188 -181 -137 -111 -%4 -91 -90 -90 -88 -125 -181 S DBW
~-179 -159 =164 =170 ~-171 -169 -1468 -170 -173 -178 -184 -186 N DBW
91, -29. —-18. 33. 59. 74. 7&6. 79. 83. 0. 39. 3. SNR
-22. 92. 8a2. 30. 4., =-é6. =13, ~16. -20. -23. 2l. 71. RPWRG
1.00 ,00 .00 .00 .72 .97 1.00 1,00 1.00 1.00 .59 .01 REL
.86 .00 .00 .01 .32 .57 .78 .83 .91 .91 .24 .00 S PRB
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TABLE 6. IONCAP output using new GENOIS, "Quiet Rural" man-made noise and
updated atmospheric noise estimates

METHOD 23 IONCAP PC.20 PAGE 1

JAN 1970 SSN = 100.
BOULDER,COLORADD TO ST. LOUIS,MO. AZIMUTHS N, MI. KM
40.03 N 105.30 W - 38.67 N G0.25 W ?1.84 281.42 702.6 1301.1
MINIMUM ANGLE .0 DEGREES

ITS- 1 ANTENNA PACKAGE

XMTR 2.0 T0O 30.0 VER MONOPOLE H .00 L -.50 A .0 OFF AZ .0
RCVR 2.0 TO 30.0 VER MONOPOLE H .00 L -.25 A .0 OFF AZ .0
POWER = 30.000 KW 3 MHZ NOISE = -163.6 DBW REQ. REL = .90 RER. SNR = 55.0

UT MUF

.0 16.3 2.0 3.0 5.0 7.5 10.0 12.5 15.0 17.5 20.0 25.0 30.0 FREQ
1IF2 2 E 11F2 1FEe 1F2 1F2 1F2 1F2 1F2 1F2 1F2 1F2 MODE
23.3 14.9 25.4 18.6 17.1 17.1 17.9 19.7 25.4 25.4 25.4 25.4 ANGLE
-88 -93 ~-88 -85 -85 -84 -88 -88 -101 -124 -193 -198 S5 DBW
=171 -149 ~153 -157 —-160 —1é62 —-165 -169 -172 ~-176 ~183 -187 N DBW
B2. 56. 65. 72. 74. 76. 77. 80. 71. BSB. -10. -12. SNR
-8. 11. 1. -7. =-9. -11. ~-13. -14., 10. 29. 75. 73. RPWRG
.7 .54 .87 .98 .99 1.00 1.00 1.00 .79 .44 .00 .00 REL
.61 .24 .41 .61 .69 .74 .78 .79 .38 .18 .00 .00 S PRB

6.0 4.8 2.0 3.0 5.0 7.5 10.0 12.5,15.0 17.5 20.0 25.0 30.0 FRER
1F2 1F2 1F2 1F2 1F2 1ES 11ES 1ES 1ES 1F2 1F2 1F2 MODE
25.9 21.2 19.8 20.4 27.1 6.6 6.6 6.6 6.6 27.1 B27.1 27.1 ANGLE
-73 =72 -72 -71 -83 -107 -119 -139 -174 ~-1BO -182 ~183 § DBW
~-156 -140 ~143 -151 -158 -164 -170 -176 -180 -182 -185 -187 N DBW-
83. 68B. 72. 78. 74. 358. 351. 37. 6. 2. 3. 3. SNR
-i6. -5. =-10. -17. =6. 7. 185. 383. B57. ©57. 56. B56. RPWRG
1.00 .98 1.00 1.00 .97 .63 .41 .19 .01 .00 .00 .00 REL
.76 .54 ,68 .85 .59 .31 .19 .07 .01 .00 .00 .00 S PRB

i2.0 5.8 2.0 3.0 5.0 7.5 10.0 12.5 15.0 17.5 20.0 25.0 30.0 FREQ
iF2 1F2 1F2 1F2 1ES 1ES 1ES 1F2 1F2 1F2 1F2 1F2 MODE
28.5 29.5 23.1 22.7 6.6 6.6 6.6 28B.5 28.5 28.5 28.5 28.5 ANGLE
-78 ~-74 -71 -72 -103 -119 -1851 -175 -176.-177 -179 -180 S DBW
=156 ~147 ~150 -134 -160 -166 ~171 -177 -180 -182 -1B5 -187 N DBW
77. 72. 78. 8l. 57. 47. @g0. 2. 4. S. &. 6. SNR
-2. -7. -13. -16. 16. 34. ©DB. ©9. 5&. 55. DH4. 54. RPWRG
.92 .98 1.00 1.00 .55 .34 .04 .00 .00 .00 .00 .00 REL
.51 .57 .74 .78 .24 .13 ,03 .00 .00 .00 .00 .00 S PRB

18.0 20.4 2.0 3.0 5.0 7.5 10.0 12.5 15.0 17.5 20.0 25.0 30.0 FRER
iFe 1 E 1 E 1ES g2F2 1F1 1iF2 1F2 1F2 1F2 1iF2 1F2 MODE

21.0 4,0 4.5 6.6 35.5 18.7 17.6 16.8 17.4 19.8 25.1 25.1 ANGLE

-87 ~-188 -181 -137 ~111 -94 -91 -%0 ~-90 -88 -125 -181 S DBW

-178 -159 ~1é64 -170 =170 -168 -168 -169 -173 -177 -185 -187 N DBW

1. -29. -i18. 33. SB. 74. 7&. 78. B3. B892. 6&0. &. SNR’

-21. 91. Bl. 29. S. -6, -13. -146. -20. -23. 20. 70. RPURG
1.00 .00 .00 .00 .69 .97 1.00 1.00 1.00 1.00 .80 .01 REL

.86 .00 .00 .02 .31 .56 .78 .84 .91 .90 .24 .00 S PRB
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TABLE 7. TIONCAP output using current GENOIS, "Quiet Rural" man-made noise and
old atmospheric noise estimates (low atmospheric noise region)
METHOD 23  IONCAP PC.10  PAGE 1
JAN 1970 SSN = 100.
CANTON, CHINA TO TEST PT. ONE AZ IMUTHS N. MI. KM
23.00 N 113.03 E - 62.00 N 155.00 E 24.90 235.64 2894.8  5340.8
MINIMUM ANGLE . .0 DEGREES
ITS- 1 ANTENNA PACKAGE
XMTR 2.0 TO 30.0 VER MONOPOLE H .00 L -.50 A .0 OFF AZ
RCVR 2.0 TO 30.0 VER MONOPOLE H .00 L -.85 A .0 OFF AZ
POWER = °30.000 KW 3 MHZ NOISE = -1&64.0 DBW RER, REL = .90 REQ. SNR =
uUT  MUF
.0 23.5 2.0 3.0 5.0 7.5 10.0 12.5 15.0 17.5 20.0 £85.0 30.0 FREQ
2F2 3 E 3 E 3 E B3F2 3F2 3F2 3F2 3F2 2F2 aF2 2F2 MODE
7.8 1.3 1.6 2.0 14.5 11.0 10.5 10.9 12.3 4.6 9.3 9.3 ANGLE
-184 -267 -248 -184 -142 -129 -123 -120 -120 -124 -148 -236 S DBW
-183 -159 -164 -170 -172 -170 -170 -173 -177 -180 -184 -18&6 N DBW
58, *%%%x -85, -14. 30, 40. 47, 52. S7. 57. 3&6. -50. SNR
22, 174, 150. 78. 33. 23. 17. 13. 12. 1l. 45, 131. RPWRG
.57 .00 .00 .00 .00 .01 .i2 .35 .58 .57 .16 .00 REL
.21 .00 .00 .00 .0{f .04 .10 .19 .23 .26 .06 .00 S PRB
6.0 25.8 2.0 3.0 5.0 7.5 10.0 12.5 15.0 17.5 20.0 25.0 30.0 FREQ
@F2 3 E 3 E 3 E 3F2 2F2 @2F2 &aF2 3F2 3JF2 2F2 aF2 MODE
7.9 1.4 1.7 2.0 13.5 6.7 3.9 3.7 11.4 13.5 &.6 9.6 ANGLE
-125 -355 -339 -2280 -163 -142 -133 -127 -124 -123 -124 -190 S DBW
-184 -159 ~163 -168 -168 -168 -170 -173 -176 ~-180 -184 -186 N DBW
59, *%%x *%%%x -53, S5, 25, 37. 45. S2, S57. S59. =5. SNR
21. 258. 241. 11&. S8. 37. 26. 1B. 12. 10. 2l. B85S. RPWRG
.59 .00 .00 .00 .00 .00 .01 .08 .33 .58 .58 .00 REL
.22 .00 .00 .00 .00 .00 .02 .08 .18 .20 .23 .00 S PRB
12.0 8.9 2.0 3.0 S.0 7.5 10.0 12.5 15.0 17.5 20.0 25.0 30.0 FREQ
2F2 3F2 3Fa2 3F2 2F2 @2F2 aF2 &eF2 2Fa2 aF2 &2F2 2aF2 MODE
11.5 17.9 14.2 13.9 7.0 11.5 11.5 11.5 11.5 11,5 11.5 11.5 ANGLE
-121 -118 ~110 -107 -112 -134 -188 -270 -360 -401 -402 -404 S DBW
-168 -155 -157 -159 -164 -171 -175 -178 -180 -182 -184 -18&6 N DBW
47. 37. 4&7. 92. 53. 36. -12. -92. *xx*k x¥xEx *¥¥#* ¥x#x%x HGNR
34, 25. 16. 10. 13. 44, 93. 172. 260, 278. 277. 277. RPWRG
.31 .02 .16 .32 .37 .17 .00 .00 .00 .00 .00 .00 REL
.15 ,03 .t2 .18 .23 .08 .00 .00 .00 .00 .00 .00 S PRB
t8.0 9.4 2.0 3.0 5.0 7.5 10.0 12.5 15.0 17.5 20.0 25.0 30.0 FREQ

2F2 3F2 3F2 3F2 aF2 2Fa @2aFe e2F2 gF2 2Fe2 &eF2 2F2 MODE
12.5 21.5 16.1 15.1 7.6 12.5 12.5 12.5 12.35 12.5 12.5 12.5 ANGLE
-120 -119 -108 =105 -10%9 -131 ~-221 -3S4 -387 -388 -389 -391 S DBW
-171 =156 -158 -1&61 ~166 -172 -176 =179 -180 -182 -184 -186 N DBW
51, 37. 50, S&6. 58. 41. =45, *%%* kFEk Xxk** k%% x%x*%x SNR
29. 28. 14, 6. S. 39. l126. 255. 2éb6. 263, 264. 264. RPWRG
.39 .02 .28 .55 .66 .25 .00 .00 ,00 .00 .00 .00 REL
.18 .03 .16 .25 34 11 .00 .00 .00 .00 .00 .00 S FPRB
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TABLE 8. IONCAP output using current GENOIS, "Quiet Rural" man-made noise and

updated atmospheric noise estimates (low atmospheric noise region)

METHGD 23 IONCAP PC.10 PAGE 1

JAN 1970 SSN = 100.
CANTON, CHINA TO TEST PT. ONE AZIMUTHS N, MI. KM
23.00 N 113.03 E - 62.00 N 135.00 E 24.90 235.64 28%94.8 5360.8

MINIMUM ANGLE .0 DEGREES

ITS- 1 ANTENNA PACKAGE :
XMTR 2.0 TO0 30.0 VER MONOPOLE H .00 L -.50 A .0 OFF AZ
RCVR 2.0 TO 30.0 VER MONOPOLE H .00 L -.25 A .0 OFF AZ
POWER = 30.000 KW 3 MHZ NOISE = -164.0 DBW RE@. REL = .90 REG@. SNR =

Ut  MUF
.0 23.5 2.0 3.0 5.0 7.5 10.0 12.5 15.0 17.5 20.0 25.0 30.0 FREQ
aF2 3 E 3 E 3 E 3Fa2 3F2 3F2 3F2 3FR 2F2 2F2 2F2 MODE
7.8 1.3 1.6 2.0 14,5 11.0 10.5 10.9 12.3 4.6 9.3 9.3 ANGLE
-184 -2467 -248 -184 -142 -129 -183 ~1280 -1280 -1284 -148 -2346 S DBW
-183 ~-159 -164 -170 -173 -171 -172 -173 -178 -181 -184 -186 N DBW
598. ##%% -83. -14. 31. 4l1. 48. 54. 59. 57. 3&. -50. SNR
e2. 174. 150. 78. 32. 22. 15. 11. 10. 16, 45. 131. RPWRG
.37 .00 .00 .00 .00 .02 .17 .45 .4 .&O .16 .00 REL
.21 .00 .00 .00 .01 04 .11 a2l .24 .27 .06 .00 S PRB

6.0 25.8 2.0 6o 7.5 10.0 12.5 15.0 17.5 20.0 25.0 30.0 FREQ
2F2 3 E E 3F2 a2F2 &gF2 3F2 3Fa2 3F2 2F2 2F2 MODE
7.9 1.4 1.7 2.0 13.5 6.7 3.9 10.6 11.4 13.5 6.6 9.6 ANGLE
-125 -355 -339 -220 -1463 ~-142 -133 -1287 -124 -123 -124 -190 S DBW
-184 -159 -164 -170 -173 -173 -175 -178 -180 -182 -184 -18&6 N DBW
59, *%%x%x kk#x -51, ?. 30. 42, 51, B56. 58. 59. -35. SNR
21. 258. 240. 113. 53. 3i. 20. 1a. 8. 8. 2l. B83. RPWRG
.59 .00 .00 .00 .00 .00 .03 .23 .54 .63 .59 .00 REL
.22 .00 .00 .00 .00 .00 .03 .12 .23 .21 .23 .00 S PRB

5.
3

12.0 8.9 2.0 3.0 5.0 7.5 10.0 12.5 15.0 17.5 20.0 25.0 30.0 FRER
2F2 3F2 3JF2 3Fa2 2Fa a2Fz 2Fe 2F2 2Fz2 2F2 2Fa2  2F2 MODE
11.5 17.9 14.2 13,9 7.¢ 11,5 11.5 11.5 11.5 11.5 11.5 11.5 ANGLE
-121 -118 -110 ~-107 -112 -134 -188 -270 -360 -401 -402 -404 S DBW
-172 —-159 =164 -165 -170 -174 -177 -179 -180 ~-182 -184 -186 N DBW
S51. ¢&61. 353. 58. 58. 40. —-11. —-91l. ##%% *%¥% x%k%% *¥%%* SNR
29. 2t. 9. 3. 7. 41l. 91. 172. 260. 278. 277. 277. RPWRG
4l .05 .42 .74 .65 .22 .00 .00 .00 .00 .00 .00 REL
.18 .05 .2! .31 .32 .10 .00 .00 ,00 .00 .00 .00 S PRB

18.0 9.4 .0 3.0 S5.0 7.5 10.0 12.5 15.0 17.5 20.0 25.0 30.0 FREQ
2F2 3F2 3F2 3Fe 2Fa 2Fe2 2F2 2Fe 2Fa2 2F2 aFe2 2F2 MODE
12.5 21.5 16.1 15,1 7.6 12.5 12.5 12.5 12.5 12.5 12.5 12.5 ANGLE
-120 ~-119 -108 -105 -109 -131 -22] -354 -387 -388 -3B89 ~391 S DBW
~-173 -139 ~-164 -166 -170 =174 -177 -179 -180 -182 -184 -1846 N DBW
S4. 40, 35. 61. 62. G4, =G4, #%%H XHaN HEFK KEE® *xx% SNR
87. 23. 8. 0. 1. 37. 185. 255. 266. 2&65. 264. 264. RPWRG
.46 ,04 .50 ,90 .B8 .28 .00 .00 .00 .00 .00 .00 REL
.20 .04 .24 .38 .45 .12 .00 .00 .00 .00 .00 .00 S FRB
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TABLE 9. IONCAP output using current GENOIS, "Quiet Rural” map—made noise and
old atmospheric noise estimates (high atmospheric noise region)

METHOD 23 IONCAP PC.10 PAGE 2

JAN 1970 : SSN = 100.
CANTON, CHINA TO TEST PT. TWO AZIMUTHS N. MI. KM
23.00 N 113.03 E - 15.00 N 140.00 E 102.463 291.38 1601.4 2965.6
MINIMUM ANGLE =~ .0 DEGREES ‘
ITS- 1 ANTENNA PACKAGE
XMTR 2.0 TO0 30.0 VER MONOPOLE H .00 L -.50 A .0 OFF A2
RCVR 2.0 T0 30.0 VER MONOPOLE H .00 L -.25 A .0 OFF A2
POWER = 30.000 KW 3 MHZ NOISE = —-164.0 DBW RE@. REL = .90 RER. SNR =
UT MUF
.0 33.1 2.0 3.0 5.0 7.5 10.0 12.5 15.0 17.5 20.0 25.0 30.0 FREQ
1IF2 2 E 2 E R2ks 2F2 2F2 82F2 &2F2 2fF2 2F2 LF2 1F2 MODE

7.7 3.0 3.4 5.0 18.3 15.1 14.1 14.1 14.7 16.0 2.8 4.1 ANGLE
-112 -248 -235 -145 -117 ~107 ~102 -100 -103 -102 -123 ~-114 5§ DBW
-187 =199 ~-164 =169 =171 -170 ~-171 -174 -178 ~181 -184 -186 N DBW

75. -89. -72. 24. 53. &3. 68. 72. 74. 78. 61. 70. SNR

5. 154, 137. 39. 11. 2. -3. -7. -10. -12. 3. -1. RPWRG

.85 .00 .00 .00 .42 .85 .96 .98 1.00 1.00h .82 .91 REL

.41 .00 .00 .00 .13 .35 .48 .59 .73 .78. .40 .50 S PRB

6.0 36.5 2.0 3.0 5.0 7.5 10.0 12.5 15.0 17.5 20.0 25.0 30.0 FREQ
1IFE 2 E 2 E @QES 2F2 g2F2 ga2Fe gF2 2fF2 @eF2 1F2 1F2 MODE
8.8 2.8 3.2 5.0 23.9 18.9 17.0 16.5 16.7 17.3 3.8 4.3 ANGLE

-110 -339 -3288 -193 -133 -118 ~110 -106 -103 -104 -121 ~118 S DBW
-188 -159 -164 ~169 -169 -168 =148 -170 -174 —-179 ~184 -186 N DBW
78. *%d% *%x% -24, 36. 50. 58. &4. 70. 73. 63. 68. BNR
-5. 245. 229. 87. 27. 13. 6. 0., =-5. -9. -1. =3. RPWRG
.95 .00 .00 .00 .01 .23 .66 .91 .97 1.00 .93 .98 REL
.57 .00 .00 .00 .02 .13 .26 .40 .57 .73 .52 .63 S PRB

12.0 233.6 2.0 3,0 5.0 7.5 10.0 12.5 15.0 17.5 20.0 25.0 30.0 FREG
iF@ 2 E 3F2 3FE2 @2F2 @2F2 geFe @aeFe2 g2F2 2Fe2 tF2 1F2 MODE
8.7 4.3 23.6 23.0 14,1 14.3 14.6 1S.1 15.9 17.2 3.4 4.7 ANGLE
-116 -103 -99 -92 -90 ~%0 =91 -92 -9& -98 -117 -116 & DBW
-187 =145 -149 -1854 -159 -164 -169 -174 -178 ~181 -184 -186 N DBW
71. 41. 50. 6&2. 69. 74. 78, B8l. 82. B2. b&6. 70. SNR
3. 22. 13. 1. ~-S5. -10. -12. -1l4. -14. -10, 0. 2. RPWRG
.87 .11 .32 .86 .98 1.00 1.00 1.00 .99 .98 .89 .87 REL
.46 .08 .19 .41 .55 .64 .71 .76 .75 .64 .48 .46 S PRB

18.0 18.1 2.0 8.6 5.0 7.5 10.0 12.5 15.0 17.5 20.0 25.0 30.0 FREG
1FE2 3F2 3Fe2 3F2 aF2 g2F2 IF2 1F2 1F2 1F2 1F2 1F2 MODE
7.9 22.8 22.1 22.4 14.0 15.3 2.6 3.5 0.1 7.9 7.9 7.9 ANGLE
-113 -96 -%92 -88 -89 -93 -117 -115 -107 ~-118 -138 ~167 S DBW
~180 ~-143 ~147 =153 -160 -167 -173 =177 -180 -182 ~184 -186 N DBW
68. 4&. S4. &3, 70. 72, S6. 63. 72. 64. 4b6. 19. SNR
11. 18, 9. 1. -1, 1. 12. 10, 6. 17. 34, 6&1. RPWRG
.76 .24 .45 .87 .9t .89 .56 .71 .83 .67 .33 .03 REL
.36 .13 .26 .41 .48 .48 .27 .33 .40 .30 .14 .03 S PRB
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TABLE 10. IONCAP output using current GENOIS, "Quiet Rural" man-made noise and
updated atmospheric noise estimates (high atmospheric noise region)

METHOD 23 IONCAP PC.10 PAGE =

JAN 1970 SSN = 100.
CANTON, CHINA TO TEST PT. TWO AZIMUTHS N. MI. KM
23.00 N 113.03 E - 15.00 N 140.00 E 102.63 291.58 1601 .4 2963.6
MINIMUM ANGLE .0 DEGREES

ITS- 1 ANTENNA PACKAGE '
XMTR 2.0 TO 30.0 VER MONQPOLE H .00 L -.50 A .0 OFF AZ
RCVR 2.0 TO0 30.0 VER MONOPOLE H .00 L -.25 A .0 OFF AZ
POWER = 30.000 KW 3 MHZ NOISE = -164.0 DBW RER. REL = .90 REQ. SNR =

Ut  MUF

.0 33.1 .0 3.0 5.0 7.5 10.0 12.5 15,0 17.5 20.0 25.0 30.0 FREQ

2
ilIFe 2 2 E 2ES g2F2 3F2 3F2 2F2 @2F2 2aFe 1F2 1F2 MODE
7.7 3.0 3.4 5.0 18.5 22.9 23.4 14.1 14.7 16.0 2.8 4.1 ANGLE
112 -248 ~235 -145 -117 -107 ~-102 -100 -103 ~102 ~-123 -i14 S DBW
=187 —-188 -163 -1468 -168 -167 -167 -170 -174 -178 -184 -186 N DBW
7%. =90. =74, 22. 31. 60. &5. 68B. 70. 76. &6l. 70. SNR
5. 155. 139. 4!1. 13. S. 0. -3. =5. -1, 3.. -1. RPWRG
.85 .00 .00 .00 .30 .74 .89 .95 .98 .59 .81 .91 REL
.41 .00 .00 .00 .13 .28 .40 .4B .62 .71 .40 .50 S FRB

6.0 36&.5 2.0 .0 5.0 7.5 10.0 12.5 15.0 17.5 20.0 25.0 30.0 FREQ
. iIF2 2 E E 2ES @gF2 2F2 2aF2 2F2 2F2 &Fz2 1F2 (F2 MODE

8.8 2.8 3.2 5.0 23.9 18.9 17.0 16.5 16.7 17.5 3.8 4.5 ANGLE

-110 -339 -3@8 -193 -133 -118 ~-110 -106 -103 -104 -121 ~118 S DBW

-188 -158 -139 163 -163 -162 -161 -161 -1&4 -169 ~-181 -1856 N DBW
78. #%%x #*¥¥x -29, 30. 43. 50, 55. 60. 4. 60. 68. SNR
-5. 8528. 235. 92. 33. 20. 13. 9. 3. 1. 3. -5. RPWRG
95 00 .00 .00 .00 .05 .25 .51 .73 .87 .78 .98 REL
.37 .00 .00 .00 .01 .07 .14 ,B2 .33 .46 .39 .62 S PRB

12.0 33.6 2.0 3.0 5.0 7.5 10.0 12.5 15.0 17.5 20.0 25.0 30.0 FREQ
iFe 2 E 1F2 3fF2 3F2 3F2 2aFz2 2F2 2F2 gFz2 1F2 1F2 MODE
8.7 4.3 5.9 23.0 23.2 23.8 14.6 15.1 15.9 17.2 3.4 4.7 ANGLE
-116 -103 -9 -92 -90 -%0 =-91 -92 -96 =-98 -117 -116 S DBW
-187 -124 -133 -142 -148 -152 —-155 -159 -163 -1469 -180 -186 N DBW
71. 20. 33. 50. 58. 6l. 63. 65. 67. 70. 63. 70. SNR
3. 43, 30. 13. &. 3. 3. 2. 2. 3. 4. 3. RPWRG
.87 .00 .03 .29 .46 .81 .B3 .85 .86 .85 .BO .86 REL
46 .01 .03 .18 .31 .37 .38 .43 .46 .44 .41 .45 S PRB

18.0 18.1 2.0 3.0 5.0 7.5 10.0 12.5 15.0 17.5 20.0 25.0 30.0 FREQ
1F2 @2Fz2 3F2 3F2 2F2 2F2 LF2 1F2 LF2 1F2 1F2 1F2 MODE
7.9 15.5 22.1 22.4 14.0 15.3 2.6 3.5 10.1 7.9 7.9 7.9 ANGLE
-113 -96 -92 -88 -89 -93 ~117 -115 -107 -118 -138 -167 S DBW
-178 -127 -134 -143 -1351 -158 -165 -171 ~-177 -180 -184 -186 N DBW
65. 30. 4&l. BS4. 62. 64. 48, 56. b9, b2. 46. 19. SNR
13. 34. 22. 11. 7. ?. ao0. 1é. 9. 18. 34. 61. RPWRG
.7t .03 .08 .45 ,73 .73 .13 .54 .78 .65 .33 .03 REL
.32 .02 .08 .28 .82 .35 .16 .25 .35 .28 .14 .03 S FPRB
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TABLE 11. TIONCAP output usipg new GENOIS, "Quiet Rural" man-made noise and
updated atmospheric noise estimates (high atmospheric noise region)

The circuit and ionospheric parameters are the same as in Tables 9 and 10.
METHOD 23 IONCARP PC.20 PAGE 2

JAN 1970 SSN = 100.
CANTON, CHINA TO TEST PT. TWO AZIMUTHS N. MI. KM
23.00 N 113.083 E - 15.00 N 140.00 E 102.63 291.58 1601.4 2965.6
MINIMUM ANGLE .0 DEGREES

ITS- 1 ANTENNA PACKAGE
XMTR 2.0 TO 30.0 VER MONOPCLE H .00 L -.50 A .0 OFF A2 .0
RCVR 2.0 TO 30.0 VER MONOPQOLE H .00 L -.25 A .0 OFF AZ .0
FPOWER = 30.000 KW 3 MHZ NOISE = -163.6 DBW REG@. REL = .90 REQ. SNR = S55.0

Ut MUF

.0 33.1 2.0 3.0 5.0 7.5 10.0 12.5 15.0 17.5 20.0 25.0 30,0 FRER

iIFe 2 E 2 E 2ES g2F2 3F2 3F28 gF2 2F2 2F2 1{F2 1F2 MODE

7.7 3.0 3.4 5.0 18.5 228.9 23.4 14.1 14.7 16.0 2.8 4,1 ANGLE
=118 -248 -2835 ~145 -117 -107 -102 -100 -103 ~-102 ~-123 =114 S DBW
=188 -157 =168 -166 ~167 -167 -167 ~-169 -173 -178 -185 -187 N DBW

76. =91. =74. &21. ©S0. 59. &4. &B. 69. 75. 62. 71. SNR

4, 155. 13B. 4&41. 14. 3. 1. " -2. -5. -9, 1. =-2. RPWRG

.86 .00 .00 .00 .24 .72 .88 .94 .97 .99 .85 .92 REL

42 .00 .00 00 .11 .27 .39 .48 .61 .70 .39 .50 S PRB

6.0 36,5 2.0 3.0 5.0 7.5 10.0 12.5 15.0 17.5 20.0 25.0 30.0 FREG
lFg 2 E 2 E B2ES &2F2 @gF2 2F2 g2Fa2 gFa &gF2 1F2 1F2 MODE
8.8 2.8 3.2 5.0 23.9 18.9 17.0 16.5 16.7 17.5 3.8 4.5 ANGLE
-110 -339 -328 -193 ~-133 ~118 ~110 ~10& -103 -104 -121 -118 S DBW
-189 -152 =158 -163 ~163 =161 -161 -161 =164 ~-169 ~180 -186 N DBW
79, *x%¥* ¥%4% -30. 29. 43. S50. 55. 60. 63. 59. 68. 8NR
-46. 252. 235, 93. 34. £0. 13. 9. S. 1. 4, =6. RPWRG
.96 .00 .00 ,00 ,00 ,0S5 .84 .51 .73 .87 .75 .99 REL
«56 .00 .00 .00 .01 .06 .14 .22 .32 .46 .38 .59 & PRB

12.0 38.6 2.0 3.0 5,0 7.5 10.0 12.5 15,0 17.5 20.0 25.0 30.0 FREQ
IF2 2 E 1F2 3F2 3F2 3F2 g2F2 &F2 2F2 &gF2 1F2 1F2 MODE
8.7 4.3 5.9 23.0 23.2 23.8 14.6 15.1 15.9 17.2 3.4 4.7 ANGLE
-1146 =103 =99 =92 -90 =-%0 =91 <92 =~-96 =-98 -117 -11&6 S DBW
-188 ~124 -133 -142 -148 -152 -155 ~159 -163 -148 -180 -18&6 N DBW

72, 20, 33, 50. S5B. 6&1. 63. 65. &7. 70. &3, 70. SNR
2. 43. 30. 13. &, 3. 3. 2. 2. 3. G, 2. RPWRG

.88 .00 ,03 .29 .66 .81 .B3 .85 .86 .85 .79 .88 REL
46 .01 .02 .18 .31 .37 .38 .42 .45 .44 .40 .45 S PRB

18.0 18.1 2.0 3.0 5.0 7.5 10.0 12.5 15.0 17.5 20.0 25.0 30.0 FREQ®
iF2 @2F2 3F2 3Fe 2F2 &Fe 1F2 1F2 1F2 1F2 1F2 1F2 MODE
7.9 15,5 22.1 28.4 14.0 15.3 2.6 3.5 10.1 7.9 7.9 7.9 ANGLE
-113 ~-96 -92 -88 -89 -%3 -117 -115 -107 -118 -138 -167 S DBW
-178 ~127 -134 =143 -151 -158 -1465 ~-171 -176 -181 -185 -187 N DBW
&5. 30. 41. S4, 61, b4. 4B, Sb6. 69. 63. 4&47. 20. SNR
13, 34. e=2. 11. 7. 10. 20, 17. 9. 17. B33. 60. RPWRG
.71 .03 .08 .45 .72 .73 .12 .52 .78 .65 .35 .04 REL
.32 .02 .,08 .23 .32 .35 .16 .24 .35 .29 .15 .03 S PRB
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TABLE 12.

Freqg.
2.0

10.0
12.0
14.0
16.0
18.0
20.0
2e.0
24.0
26.0

28.0

An example of the differences in the noise parameters calculated by
the current GENOIS and the new GENOIS (updated atmospheric noise
estimates used in both cases and the 3 MHz man-made noise set at

-160 dB)

Month Lat.
1 40,0

ATNOS GNOIS XNOIS XRNSE

~179.4 -161.1 -155.1 -154.1
-179.4 -158.9 -155.1 -154.3
.0 2.2 .0 -.a

-1B1.2 -1467.7 -163.5 -1é62.1

-181.2 -165.8 -163.5 ~162.3
.0 1.9 .0 -.2

=177.3 =171.6 -168.4 =-1&66.4
=177.3 =169.9 =168.3 ~léb.&
.0 1.7 .1 -. !

-173.2 =174.4 =-171.,9 -168.3
-173.2 -172.8 -171.8 ~1&7.7
.0 1.6 o1 .6

-170.3 -176.5 ~-174.6 -168.4
~170.5 -175.0 -174.5 -167.3
.0 1.5 .2 1.1

-169.7 =178.8 -176.9 ~168.4
-169.7 ~-176.8 -176.7 -1467.5
.0 1.4 .2 1.0

-170.7 =179.7 =178.7 =16%9.6
-170.7 -178.4 -178.5 =-168.7
.0 1.4 .2 .9

-173.4 -181.0 ~-180.4 -172.0
-173.4 -179.7 -180.1 -171.1
.0 1.3 .2 .9

-177.7 -182.1 -181.8 -175.3
-177.7 =-180.9 ~-181.6 -174.6
.0 1.2 .2 o7

-183.3 -183.1 -183.1 -178.4
-183.3 -181.9 -182.8 -178.4
.0 . 1.2 .3 .0

-190.0 ~184.0 -184.2 -180.6
-190.0 -1B2.9 -184.0 -181.1
.0 1.2 .3 -.5

-197.4 -184.9 -185.3 -181.9
-197.4 -183.7 -185.0 ~18B2.6
.0 1.1 .3 -.b

-205.4 -185.6 -186.3 -182.9
-205.4 -184.5 -186.0 ~-183.6
.0 1.1 .3 -7

-213.6 -186.3 -187.2 ~183.7

-213.6 ~185.3 -186.9 -1B4.4
.0 1.1 .3 -7

47

Long.
254.7

DU

NDE oo Do NG 1 ed 1 Ng a1 a4 0N ~9049 =9 —O@
VY NO®M ~Me FYHW U D VWD PO PO PNO® WWO M

umo
oo

u o
n oo

oo
[ORE

LMT

-

Lol S
owWww oo N uuo

|
- 0o

1w o
o gf

o o
U o ul

[
oo &

XNOIS
160

SiGu

—
L 1
Ui o

-
NwWa

N . Lol =
M~ W ouwm

n n -
u Ul o o &0

1
0w

— L -
o wF - U F Q0

—

NN - o
-

 pa w
- .

-
(@ 21 N1}

-
EnNOIEN |

Lol )]
(1 S

- (S
u o+ 900

g
£ o0

n n o - [aye
o F o r ¥ n+~ g o 0ow

Lol 1]
owF

- U
mwp

-
O wF

SIGM

o..4=01d GENOIS
4., 5a=New GENOIS
2.1-=Difference

1 VW nn - 0 - n+&En
rOr FOMN UG Owmi

(RN S
o

1 Wer
mo w

== M un I Bw I wF
S om [1 NN B w0 Nw o

- e
N - B

- 0}
N - e

- )
g - B



6. REFERENCES

Barghausen, A.F., J.W. Finney, L.L. Procter, and L.D. Schultz (1969), Predict-
ing long-term operational parameters of high-frequency sky-wave .-
telecommunications systems, ESSA Technical Report ERL™110-ITS 78, U. S.
Dept. of Commerce, Boulder, CO 80303 (NTIS Order No. N70-24144),

CCIR (International Radio Consultative Committee) (1957), Revision of atmos-
pheric radio noise data, CCIR Report 65 (International Telecommunication
Union, Geneva, Switzerland).

CCIR (International Radio Consultative Committee) (1964), World distribution
and characteristics of atmospheric radio noise, CCIR Report 322 (Interna-
tional Telecommunication Union, Geneva, Switzerland).

CCIR (International Radio Consultative Committee) (1966), Operating noise-
threshold of a radio receiving system, CCIR Report 413 (International
Telecommunication Union, Geneva, Switzerland).

CCIR (International Radio Consultative Committee) (1978), Worldwide minimum
external noise levels, 0.1 Hz to 100 GHz, CCIR Report 670 (International
Telecommunication Union, Geneva, Switzerland).

CCIR (International Radio Consultative Committee) (1982), Man-made radio
noise, CCIR Report 258-4 (International Telecommunication Union, Geneva,
Switzerland).

CCIR (International Radio Consultative Committee) (1983), Characteristics and
applications of atmospheric radio noise data, CCIR Report 322-2 (Interna-
tional Telecommunication Union, Geneva, Switzerland).

CCIR (International Radio Consultative Committee) (1986), Characteristics and
applications of atmospheric radio noise, CCIR Report 322-3 (International
Telecommunication Union, Geneva, Switzerland).

Gierhart, G.D., R.W. Hubbard, and D.V. Glen (1970), Electrospace planning and
engineering for the air traffic environment, FAA Report No. FAA-RD-70-71,
December (NTIS Order No. AD718447).

Interservice Radio Propagation Service (1943), Radio Propagation Handbook,
U.S. Department of Commerce, National Bureau of Standards, Washington,
D. C. '

JTAC (Joint Technical Advisory Committee) (1968), Spectrum Engineering - The
Key to Progress, Supplement 9, Unintended Radiation, IEEE, New York,
N. Y. (Library of Congress No. 68-8567). ‘

Lauber, W.R., and J.M. Bertrand (1977), Preliminary urban VHF/UHF radio noise
intensity measurements in Ottawa, Canada, Electromagnetic Compatibility
1977, Proc. of 2nd Symposium on EMC, Montreux, Switzerland, June 28-30,
357-362, IEEE Catalog No. 77CH1224-5 EMC.

48



Lucas, D.L., and J.D. Harper (1965), A numerical representation of CCIR Report
322: High frequency (3-30 Mc/s) atmosphere-radio data, NBS Technical
Note 318, U. S. Department of Commerce, Washington, D. C.

Lucas, D.L., and G.W. Haydon (1966), Predicting statistical performance
indexes for high frequency ionospheric telecommunication systems
(I.T.S.A.-1), Institute for Telecommunication Sciences and Aeronomy, 325
Broadway, Boulder, Colorado, 80303 (NTIS Order No. AD644-827).

National Bureau of Standards (1948), Ionospheric radio propagation, Circular
462, U. S. Department of Commerce, Washington, D. C.

National Bureau of Standards (1955), World-wide noise levels expected in the
frequency band 10 kc/s to 100 Mc/s, Circular 557, U. S. Department of
Commerce, Washington, D. C. '

National Bureau of Standards (1959-1966), Quarterly radio noise data, Tech-
nical Note 18 (1-32), U. S. Department of Commerce, Washington, D. C.

Norton, K.A., H. Staras, and M. Blum (1952), A statistical approach to the
prob]em of multiple radio interference to FM and television service, IRE
Trans. Ant. Prop. PGAP-1, 43- 49

Popoff, A.C. (1896), Apparatus for the detection and registration of electri-
cal vibrations, Russian Physical and Chemical Societies' Journal 28,
No. 1.

Radio Propagation Unit (1945), Minimum required field intensities for intelli-
gent reception of radio telephony in presence of atmospheric or receiving
set noise, Technical Report 5, Holabird Signal Depot, Baltimore, MD.

Sailors, D.B., and R.P. Brown (1982), Development of a minicomputer
atmospheric radio noise model, NOSC Technical Report 778, Naval Ocean
Systems Center, San Diego, California 92152.

Sailors, D.B., and R.P. Brown (1983), Development of a minicomputer
atmospheric noise model, Radio Sci. 18, 625-637.

Spaulding, A.D., W.H. Ahlbeck, and L.R. Espeland (1971), Urban residential
man-made radio noise analysis and predictions, OT/ITS Telecommunications
Research and Engineering Report 14, (NTIS Order No. COM-75-10949/AS).

Spaulding, A.D. (1972), The determination of received noise levels from vehi-
cular traffic statistics, IEEE, 1972 NTC Record, IEEE Cat. No. 72CHOGOl-
5-NTC.

Spaulding, A.D., and R.T. Disney (1974), Man-made radio noise, Part 1: Esti-

mates for business, residential, and rural areas, 0ffice of Telecommuni-
cations Report 74-83 (NTIS Order No. COM75-10798/AS).

49




Spaulding, A.D., and J.S. Washburn (1985), Atmospheric radio noise: Worldwide

levels and other characteristics, NTIA/ITS Report 85-173, (NTIS Order No.
PB85-212942).

Teters, L.R., J.L. Lloyd, G.W. Haydon, and D.L. Lucas (1983), Estimating the
performance of telecommunication systems using the ionospheric
transmission channel, Ionospheric communications analysis and prediction

program user's manual, NTIA Report 83-127, (NTIS Order No. PB84-
111210). '

Zacharisen, D.H., and W.B. Jones (1970), World maps of atmospheric radio noise
in universal time by numerical mapping, Office of Telecommunications
Research Report OT/ITS/TRR2, (NTIS Order No. COM75-11146/AS).

50



APPENDIX
COMPUTER SOFTWARE

In this Appendix we simply 1ist the computer programs from IONCAP that
are used for the various noise calculations. The programs are given in the
following order: SUBROUTINE ANOIS1, which calculates the 1 MHz atmospheric
noise levels for two adjacent four-hour time blocks by ca111hg SUBROUTINE
NOISY: SUBROUTINE NOISY which uses the Fourier coefficients to compute the 1
MHz atmospheric noise value; SUBROUTINE GENFAM, which computes the atmospheric

noise level at the desired frequency and the values of Du, DQ, O
am
op » and Op the new SUBROUTINE GENOIS, which computes the sum noise

i )
process and its statistics; and the old GENOIS for comparison. Additional

information is contained in the various comment statements and the body of
this report.
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SUBROUTINE ANOIS1
THIS ROUTINE DETERMINES THE 1 MHZ ATMOSPHERIC NOISE

FOURIER SERIES IN LATITUDE AND LONGITUDE FOR TWO DISCRETE
LOCAL TIME BLOCKS

O0oo0o00n0

COMMON/ANOIS/ATNU,ATNY,,CC, TM, XEFF ,RCNSE , DU,DL,SIGM, SIGU,SIGL KT, IK
COMMON /CON /D2R, DCL, GAMA, PI, PI2, PIO2, ReD, RZ, VOFL
COMMON / DON / ALATD, AMIN, AMIND, DLONG, DMP, ERTR,
1 PMP, PWR, RLAT, RLATD, RLONG, RLONGD, RSN, SIGTR,
2 TLAT, TLATD, TLONG, TLONGD, FLUX, SS8N, ATMNQO, DP0R, DSOR,
3 DIOR, D908, DSOS, D108
COMMON /FILES/ LUO,LUI,LURS,LUR6
COMMON / TIME / IT, GMT, UTIME(24), GMTR, XLMT(24),ITIM,JTX
COMMON / TWO / F2D(16,4,6), DUD(5,12,5):FAM(14,12),
A BYS(9,16,6), PERR(P,4,6), P(29,16,8),ABP(2,9)
C LMT AT RCVR SITE
IF(F2D(1,1,1)) 90, 90, 100
C.....NO IONOSPHERIC LONG TERM DATA BASE FILE
C.....8ET NOISE TO ZERO HERE (-204 IN SUBROUTINE GENOIS)
C.....THE USER CAN INPUT ANY VALUE AS MAN-MADE NOISE (RESET IN GENOIS)
90 ATNU = 0.0
ATNY = 0.0
RETURN
100 CC = GMTR
KI= &
IF(CC-22.) 105,110,110
105 KJ = CC/4. +1.
110 TM = 4#KJI-2
IF(CC-TM) 115,120,125
115 JK = KJ =-1
GO 7O 130
120 JK = KJ
GO TO 130
125 JK = KJ+1
130 IF(JK) 135,135,140

135 JK =6
GO TO 150
140 IF(JK-6) 150,150,145
145 IJK = 1
C.....EAST LONGITUDE (IN DEGREES)

150 CEG= RLONGD
165 XLA = RLAT * R2D
C.....LATITUDE (IN DEGREES) "+" IS NORTH
CALL NOISY(KJI,XLA,CEG,ATNU)
CALL NOISY(JK,XLAsCEG,ATNY)
RETURN
END
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SUBROUTINE NOISY (KJ, XLA,; CEGs ANOS)

Oo0o00o00o00co0nN0On

NOISY IS A GENERAL PURPOSE ROUTINE USED TO EVALUATE A FOURIER
SERIES IN TWO VARIABLES.
KJ --- NUMBER OF FOURIER COEFFICIENT ARRAY TO BE USED
XLA —--- GEOGRAPHIC LATITUDE. DEGREES,
CEG -——- GEOGRAPHIC EAST LONGITUDE, DEGREES
ANOS ---~ NOISE VALUE, MEDIAN POWER DB ABOVE KTB
ABP —-- NORMALIZING FACTORS FOR FOURIER SERIES
KI = 1 TO 6 1S ATMOSPHERIC NOISE, KJ = 7 IS LAND MASS MAP AND
KI = 8 IS RATIO OF F2 HEIGHT OF MAXIMUM TO SEMITHICKNESS
* NOTE - XLA, CEG, ANOS, ABP ARE NOT ALWAYS AS PREVIOUSLY DEFINED
FOURIER VARIABLES AND ATMOSPHERIC RADIO NOISE
.COMMON /7 TWO / F2D(16,6,6), DUD(5,12,5),FAM(14,12),
A SYS(9,16,6), PERR(Z,4,6),P(29,16,8),ABR(2,9)
COMMON /SWTCH/ INIL ,085N,0OMONTH,OTIME,ODIP,0LAT,0LONG
DIMENSION 8X (185), SY(29), 22 (29)
IF (KJ - 8)105, 100, 105
Cuovo..LIMITS OF FOURIER SERIES
100 LM = 15
LN = 10
GO 70 110
C.....LIMITS OF FOURIER SERIES
108 LM = 29
LN = 15
C.v...HALF ANGLE (IN RADIANS)

110 @ = .00872664646 % CEG
IF(CEG .EG@. OLONG .AND. INIL .EQ. O) GO TO 118
C.....LONGITUDE SINES
DO 115 K =1, 15
115 SX(K)=SIN(Q*K)

OLONG=CEG
118 CONTINUE
C.....LONGITUDE SERIES
DO 125 J = 1, LM
R = 0.

DO 120 K = 1, LN
120 R =R + 8X (K) * P (J, K, KJ)

185 22 (J)y = R + P (J, 16, KJ)
C.....ANGLE PLUS 90 DEGREES (IN RADIANS)
@ = .017433292852 * (XLA + 90.)
IF(XLA .EQ. OLAT .AND. INIL .EQ. O) GO TO 145
C.....LATITUDE SERIES

DO 140 J=1,29
140 SY(J)=8IN(@*T)

INIL=0
OLAT=XLA

145 CONTINUE
R = 0.
DO 130 K = 1, LM

130 R = R + 8Y (K) % 22 (K)

C.....FINAL FOURIER SERIES EVALUATION (NOTE LINEAR NORMALIZATION)
135 ANOS = R + ABP(1,KJ)+ABP(2,KI)* @
RETURN
END
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SUBROUTINE GENFAM(YE,IBLK,FREQ,Z,FA,DU,DL,DMS,DUS,DLS)

GENFAM CALCULATES THE FREQUENCY DEPENDENCE OF THE ATMOSPHERIC
NOISE AND GETS DECILES AND PREDICTION ERRORS FROM TABLES

o000

COMMON /7 TWO / F2D(16,46,6), DUD(5,12,3),FAM(14,12),
A 8YS(9,16,6)s PERR(9,4,6)s P(29,16,8),ABRP(2,9)
DIMENSION V(3)
IF(FED(1,1,1) ) 90,900,995
C.....NO IONOSPHERIC LONG TERM DATA BASE FILE (BET IN SUBROUTINE GENOIS)
90 FA = 0.0
DU=9.
DL=7.
DUS=1.5
DLS=1.5
DMsS=3.
RETURN
25 CONTINUE
IBK=IBLK
Cee...CHECK IF LATITUDE IS5 NORTH OR SOUTH
IF (vy&)100, 103, 103
100 1IBK = IBK + &
105 Ut = - .73

X = .43429 * ALOG (FRE®)
U= (8., # 2, % * X - 11.) / 4.
Kop = 1§
110 PZ = Ul # FAM (1, IBK) + FAM (2, IBK)
PX = Ul * FAM (8, IBK) + FAM (9, IBK)

DO 115 1 = 3, 7
P2 Ul # PZ + FAM (1, IBK)

115 PX Ut * PX + FAM (1 + 7, IBK)
IF(KOP-1) 120,120,125

120 C2 = 2 * PZ + PX
Cz2 =2+ 2 ~ C2
Ul = U
KOP = 2
G0 7O 110

1285 FA = CZ2 * P2 + PX

DO 145 1 = 1, &

Y = DUD (1, IBK, I)

DO 140 J = 2, S

IF (J - 5)140, 130, 140
130 IF (X - 1.)140, 140, 135

135 X = 1.
140 Y =Y % X + DUD (J, IBK, I)
145 V (1) =Y

DU =V (1)

DL = V (&)

DuUs = Vv (3)

DLS = V (&)

DM = V (5)

RETURN

END
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C....

Oo0ooonoaoonon

C.I.
C...
C...

SUBROUTINE GENOIS
THIS ROUTINE COMPUTES THE COMBINED NOISE DISTRIBUTION

COMMON / DON / ALATD, AMIN, AMIND, DLONG, DMP, ERTR,

1 PMP, PWR, RLAT, RLATD, RLONG, RLONGD, RSN, SIGTR,
2 TLAT, TLATD, TLONG, TLONGD, FLUX, SSN, ATMNO, DYOR, DSOR,
3 DIOR, D90S, DS0S, D10S

COMMON/FILES/ LUO,LUI,LUBS,LUR6
COMMON/ANOIS/ATNU, ATNY,CC, TM, XEFF , RCNSE , DU, DL ,SIGM,SIGU,SIGL ,KI, IK
COMMON /TON /ADJ, ADS, ATMO, GNOS, GOT, PWRDB, ZCNSE, REL, SL, SLS
1, SPR, SU, SUS, TIMER, XADJN, ZEFF, XNOISE, XTLOS, ZNOISE, NF
COMMON/FR&/FREL (29) , FREQ , JMODE

COMMON / ION / IANT(3,2), NTR(2), IEA, IFQB, IFQE, IGRAPH, IHRE,
A IHRO, IHRS, JO, LUFP, METHOD, MONPR, NDAY, NES, NOISE, NPAT,
B NPSL, NRSP, NUMO

COMMON / METSET / ITRUN, ITOUT, JTRUN(40), JTOUT(40)
COMMON/RON/RAT(5) ,CLCK(5) ,ABIY(S) ,ARTIC(S) ,SIGPAT(S) ,EPSPAT(S) ,
A FI(3,5),YI(3,5),HI(3,5),FX(3,5),HPRIM(30,3),HTRUE(30,3),

B FVERT(30,3),KFX,AFAC(30,3) ,HNOR(3),HTR(S50) ,FNSQ(50)

COMMON /RTANT /XETA, XSIG, XEPS, XND, XNL, XNH, TEX (4), ITANT, IR
1 ANT, RETA, RSIG, REPS, RND, RNL, RNH, REX(4), TEFF, REFF, KASANT
COMMON / TWO / F2D(16,6,6), DUD(5,12,5),FAM(14,12),

A SYS(9,16,6), PERR(9F,4,6), P(29,16,8),ABP(2,9)

COMMON / 2ZON / ABPS(7), CREL(7), EFF(7), FLDST(7), GRLOS(7),

1HN (7), HP (7), PROB (7), RELY (7), RGAIN (7), SIGPOW (7), SN (7),
2 SPRO (7), TGAIN (7), TIMED (7), TLOSS (7), B (7), FSLOS (7), ADV
C (7),0BF(7),NMODE(7),NPROB,NREL , TLLOW(7) , TLHGH(7)

DIMENSION XNINT(4) |
.MAN-MADE NOISE LEVELS AS GIVEN BY CCIR REPORT 258.

DATA XNINT /76.8, 72.5, &67.2, 53.6&/

DATA DFAC,BFAC,CFAC/7.87384,30.99872,5.56765/

7.87384=SQRT(2*1.282+**2%4 .34294%%2)
30.99872=(1.282%%2) (4.34294%%2)
5.56765=4.342%4+1 .282

.DATA IS FA VALUES AT 1 MHZ

..ATNU, ATNY ARE DB .GT. KTB FOR 1 MHZ
.ATNZ, ATNX ARE DB .GT. KTB FOR DESIRED FREGR,DUM

. »ATNOS, GNOS, XNOIS ARE DB .GT. KTB FOR ALL CALCULATIONS
. .AND ARE CONVERTED TO DBW({1 HZ BWDTH) AT END OF ROUTINE
. JUPPER LIMIT IS 355 MHZ FOR NOISE

DUME = AMINI(FREQ,35.)

MAN=NOISE

C FRERUENCY DEPENDENCE ATMOSPHERIC NOISE

C...

IF(F2D(1,1,1)) 83, 90, 90
..NO IONOSPHERIC LONG TERM DATA BASE FILE
. .FORCE MAN-MADE NOISE OR GALACTIC NOISE

85 ATNOS = 0.
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DUA=9,
DLA=7,
8MA = 3.
suA = 1.5
SLA = 1.5
GO TO 95
20 CONTINUE

C.....FREGUENCY DEPENDENCE

CALL GENFAM(RLAT,KJ,DUME,ATNU,ATNZ,DU,DL,SIGM,SIGU,8IGL)
CALL GENFAM(RLAT, JK,DUME,ATNY,ATNX,DX,DR,5IGZ2,5IGX,SIGSA)

C.....BEGIN OF INTERPOLATION ON LOCAL TIME

non0o0on

c
c
c
>
c
»

c

SLOP = ABS(CC-TM) /4.
ATNOS = ATNZ + (ATNX - ATNZ) * SLOP
DUA= DU +(DX-DU)*SLOP
DLA= DL +(DQ-DL)*SLOP
SMA= SIGM+ (SIGZ~SIGM)*SLOP
SUA= SIGU +(SIGX-51GU)*SLOP
SLA= SIGL+(SIGSR-SIGL)* SLOP

(DUA/DFAC) #»#2=(DUA/1.282) #*%2/ (2%4,34294%%2)
=(DUA/SERT(2%1 .282#*%2%4 . 34274 %%*2) ) **2

=(DUA/7.87384) %2

95 AU=EXP((DUA/DFAC)*%2 + (ATNOS/4.34294))
VU=AU*xAU* (EXP (DUA*DUA/BFAC)~-1.)
AL=EXP( (DLA/DFAC)**2 + (ATNOS/4.34294))

DLA*DLA/BFAC=(DLA/1.282)%%2/(4.34294 ) ¥%2
=DLA*¥*2/30.99872
VL=AL*AL* (EXP(DLA*DLA/BFAC)-1.)
GALACTIC NOISE

IF(FRE@ - FI(3,KFX)) 100, 100, 105

++ 22 «BALACTIC NOISE DOES NOT PENETRATE

100 BNOS = O.
GO TO 110

105 GNOGS = S52. - 23. * ALOGIO(FRE®)

110 DUG=R.
AT=EXP((DUG/DFAC)**2 + (GNOS/4.342%94))
AU=AU+AT
VU=VU+AT*AT* (EXP (DUG*DUG/BFAC)-1.)
DLG=2.
AT=EXP( (DLG/DFAC)*#2 + (GNOS/4.342%94))
AL=AL+AT
VL=VL+AT*AT* (EXP(DLG*DLG/BFAC)-1.)
SMG = .5
sUB = .2
SLG = .2

MAN MADE NOISE
MAN=NCISE

XNOIS = MAN

MA = IABS(MAN)
ZNOISE=XNOIS

IF(MAN) 120, 114, 113
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i ST INDICATES —164 ON USER INPUT

114 MA = &4 :
GO TO 120
C.....CONVERT 3 MHZ DB .LT. 1 WATT INPUT VALUE TO FA AT 1 MHZ
115 XNOIS=204.0-XNOIS+13.22
- C.....0BTAIN FA AT DESIRED FRERUENCY
XNOIS = XNOIS - 27.7 % ALOGIO(FRE®)
GO TO 185

- C....NEGATIVE ON USER INPUT INDICATES INDEX
120 MA = MINOG(4,MA)
CONN=27.7
IF(MA .EQ. 4) CONN=28.6
XNOIS = XNINT(MA) - CONN * ALOG1O(FREQR)
ZNOISE = 204.0 - XNINT(MA) + 13.22
125 DUM=9.7
AT=EXP( (DUM/DFAC) **2+ (XNOIS/4.34294) )
AU=AU+AT
VU=VU+AT*AT* (EXP (DUM*DUM/BFACY-1.)
DLM=&.
AT=EXP( (DLM/DFAC)*%2+ (XNDIS/4.34294) )
AL=AL+AT
VL=VL+At*AT* (EXP(DLM*DLM/BFAC)~1.)
SUM=1.3
SMM=35. 4
SLM=1.5

i C.....RECEIVER ANTENNA EFFICIENCY

CALL GAIN(2,KASANT,0.0,FREQ,GEDUM,REFF)
XEFF = REFF
ZEFF=XEFF :
Covenn SET ARRAY FOR ALL POSSIBLE MODES
DO 196 IM=1,6
196 EFF(IM) = XEFF
C.....NOW DETERMINATION OF NOISE LEVEL I8 ITS-78B(HFMUFES4)
C.....SWITCH TO DB .GT. WATT
ATNOS=ATNOS-204.
GNOS=GNOS-204 .
XNOIS=XNOIS-204.
SIGTSE=ALOG(1.+VU/ (AU*AU))
XRNSE= 4,34294% (ALOG(AU)-SIGTSA/2.) —204.
... «.UPPER DECILE

CFAC=4.34294+*1 .282
=5.96765

sNoRORS Ny

DU= CFAC*SART(SIGTSQR)
SIGTSR=ALOG(1.+VL/ (AL*AL))

C.....LOWER DECILE
D= CFAC*SRRT(SIGTSR)
IF(ITRUN - B) 205, 210, 205

205 QPA = 10. #*¥ ((ATNOS - XRNSE) * .1)

GPG = 10.%%((GNOS —-XRNGE)*.1)

C.....PREDICTION ERRORS

C.....5IGM IS MEDIAN, SIGU IS UPPER AND SIGL IS5 LOWER
GFPM = 10,#%( (XNOIS-XRNSE)*.1)
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SIGM= SERT((QPA*SMA) *%*2 + (QPG*SMB) #%2 + (QPM*SMM) *%2 )

0.23086=1.0/4.34294

oan

PV=QPA*EXP ( (DUA-DU) *,23026)
SIGU= (PV%#SUA) %2+ ((PV-QPA) *SMA) *x2
PV=QPG*EXP ( (DUG-DU) *.23026)
SIGU=SIGU+(PV*SUG) ¥#2+ ( (PV-QPG) *SMG) **2
PV=RPM*EXP ( (DUM-DU) % .23026)
SIGU=SART(SIGU+ (PV*SUM) *#*2+( (PV-EPM) %5MM) %%2)
PV=RPA*EXP( (DLA~DL)*.23026&)
SIGL= (PV*SLA)*#%2+( (PV-QPA)*SMA) *%2
PV=QPG*EXP( (DLG-DL)*.23026)
SIGL=SIGL+(PV*SLG) **2+ ((PV-QPG) *SMG) **2
PVY=QPM*EXP( (DLM-DL) %*.23026)
SIGL=SART(SIGL+(PV*ELM)*%2+ ( (PV-QPM) *EMM) **x2)
C RCVR SITE NOISE = TOTAL NOISE + ANTENNA EFFICENCY (ADDED TO SIGNAL
C WITH GAIN)
210 RENSE = XRNSE + XEFF
ZCNSE=RCNSE
ATMNO=ATNOS
XADJIN=1.
XNOISE=XNOIS
ATMO=ATNOS
RETURN
END
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SUBROUTINE GENOIS

cC
C THIS ROUTINE COMPUTES THE COMBINED NOISE DISTRIBUTION
COMMON /7 DON / ALATD, AMIN, AMIND, DLONG, DMP, ERTR,

1 PMP, PWR, RLAT, RLATD, RLONG, RLONGD, RSN, SIGTR,

2 TLAT, TLATD, TLONG, TLONGD, FLUX, SSN, ATMNO, D90OR, DSOR,

3 DIOR, D908, DSOS, DI1OS :
COMMON/FILES/LUD,LUI,LU25,LURS
COMMON/ANOCIS/ATNU,ATNY,CC, TM, XEFF ,RCNSE,DU,DL,8I6GM,SIGU,SIGL,KJI, IK
COMMON /TON /ADJs ADS,s ATMO, GNOS, GOT, PWRDB, ZCNSE, REL, SL, SLS
1, SPR, SU, SUS, TIMER, XADJN, ZEFF, XNOISE, XTLOS, ZNOISE, NF
COMMON/FRQ/FREL (29) , FRER, JMODE
COMMON 7/ ION / IANT(3,2), NTR(2), IEA, IFQB, IFQRE, IGRAPH, IHRE,

A IHRO, IHRS, JO, LUFP, METHOD, MONPR, NDAY, NES, NOISE, NPAT,

B NPSL, NRSP, NUMO
COMMON / METSET / ITRUN, ITOUT, JTRUN(40O), JTOUT(40)
COMMON/RON/RAT(S) ,CLCK(D) ,ABIY(S) ,ARTIC(S) , SIGPAT(S) ,EPSPAT(3),

A FI(3,3),YI(3,5),HI(3:5),FX(3,3),HPRIM(30,3),HTRUE(30,3),

B FVERT(30,3),KFX,AFAC(30,3) ,HNOR(3) ,HTR(30) , FNGR(30) ,
COMMON /RTANT /XETA, XSIGs XEPS, XND, XNL, XNH, TEX (4), ITANT, IR
1 ANT, RETA, RSIG, REPS,; RNDs; RNL, RNH, REX(4), TEFF, REFF, KASANT
COMMON / TWO / F2D(16,6,6), DUD(5,12,5),FAM(14,12),

A 8SYB8(F,16,6), PERR(9,4,46), P(29,16,8);ABP(2,9)

COMMON / ZON / ABPS(7), CREL(7), EFF(7), FLDST(7), GRLOS(7),

1HN (7)), HP (7)), PROB (7)), RELY (7}, RGAIN (7), BIGPOW (7)), SN (7),

2 SPRO (7)), TGAIN (7), TIMED (7), TLOSS (7), B (7)), FSLOS (7)), ADV

C (7),0BF(7),NMODE(7),NPROB,NREL s TLLOW(7) , TLHGH(7) :
DIMENSION XNINT(4)

Covvn. MAN-MADE NOISE LEVELS
DATA XNINT /125., 136., 148,, 164./
C.....BUT COMBINATION IS NOT
" C.....CALCULATION OF NOISE LEVEL IS ITSA-1
. C.....ATNU, ATNY ARE DB .GT. KTB FOR 1 MHZ
" C.....ATNZ, ATNX ARE DB .GT. KTB FOR FREQ .
I C..»asATNOS, GNOS, XNOIS ARE DB .LT. 1 WATT IN 1 HZ BAND AT FREQ®
" C.....UPPER LIMIT IS S5 MHZ FOR NOISE
‘ DUME = AMIN1(FRER®,33.)
MAN=NOISE

- C FREQUENCY DEPENDENCE ATMOSPHERIC NOISE
IF(F2Dh(1,1,1)) 85, 90, 90
" Cuuv...NO IONOSPHERIC LONG TERM DATA BASE FILE
~C.....FORCE MAN-MADE NOISE OR GALACTIC NOISE
85 ATNOS 204.
DUA
DLA
SMA
SUA
SLA =
GG TO
90 CONTINUE

Lgrr+=undoi

a. -
N
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C.....FREQUENCY DEPENDENCE
CALL. GENFAM(RLAT,KJ,DUME,ATNU,ATNZ,DU,DL,SIGM,SIGU,SIGL)
CALL GENFAM(RLAT,JK,DUME,ATNY,ATNX,DX,DR,SIGZ2,51GX,S5IGSQ)

C.....BEGIN OF INTERPOLATION ON LOCAL TIME
SLOP = ABS(CC-TM) /4.
ATNOS = - (ATNZ + (ATNX - ATNZ) * SLOP) + 204.

DUA= DU +(DX-DU)#*SLOP
DLA= DL +(D®-DL)*SLOP
SMA= SIGM+ (SIGZ-SIGM)*SLOP
SUA= SIGU +(SIGX-SIGU)*SLOP
SLA= SIGL+(SIGSE-SIGL)* SLOP
C.....END OF INTERPOLATION ON LOCAL TIME
C GALACTIC NOISE
95 IF(FREQ - FI(3,KFX)) 100, 100, 105

C.....GALACTIC NOISE DOES NOT PENETRATE
100 GNOS = 204.
G0 TO 110
105 GBNOS = 165. + 9.555 * ALOG(FRER / 3.)
110 DUG = 2.
DLG =2.
SMG = .5
sSuG = .2
SLG = .2
C MAN MADE NOISE
MAN=NOISE
XNOIS = MAN

MA = IABS(MAN)
ZNDISE=XNOIS
IF(MAN) 120, 114, 115

C.....INDICATES ~164 ON USER INPUT
114 MA = 4
GO 70 120
C.....ACTUAL VALUE IF POSITIVE ON USER INPUT
115 XNOIS = XNOIS + 12.160 * ALOG(FRE®@ / 3.)
MA= —MAN
GO TQ 185
C.....NEGATIVE ON USER INPUT INDICATES INDEX

120 MA = MINO(4,MA)
XNOIS = XNINT(MA) + 12.160 % ALOG(FRER/3.)
ZNOISE = XNINT(MA)

MA= —XNINT(MA)
125 DUM =9.
DLM =7.
SUM=1.5
SMM=3.
8LM=1.5
C.....RECEIVER ANTENNA EFFICIENCY
CALL GAIN(2,KASANT,0.0,FRER,GDUM,REFF)
XEFF = REFF
ZEFF=XEFF
C.....SET ARRAY FOR ALL POSSIBLE MODES
DO 196 IM=1,64
196 EFF(IM) = XEFF
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Covenn NOW DETERMINATION OF NOISE LEVEL IS ITS-78(HFMUFES4)

Coven SWITCH TO DB .GT. WATT

ATNOS = ~ ATNOS

GNOS = - GNOS

XNOIS = - XNOIS
C ADD THE NOISES (RANDOM PHASE APROXIMATION=ADD THE POWER IN WATTS)
Covvnns MEDIAN

XRNSE= 4.343%AL0OG((10.%¥*¥ (ATNOS*.1)) + (10.#%(GNOS*.1))
A +{10.%¥%x(XNDIS*.1)))

C CALCULATE THE DECILES AND VARIANCE BY EQ. 37, P. 29 OF THE THEORY OF
C ERROR BY YARDLEY BEERS, MCGRAW HILL. '
»
C.....UPPER DECILE
DU= ABS(4.343%AL0OG(10.%%( (ATNOS+DUAY*.,1) + 10.%%{ (GNOS+DUGB)Y*.1)
A +10.%¥( (XNOIS+DUM)I#*.1))— XRNSE)
C.....LOWER DECILE
DL= ABS( 4.343 *ALOG(10.#*#{( (ATNOS+DLA)*.1) +10.%%( (GNOS+DLG)*.1)
A +10. %% ((XNOIS+DLM)*.1)) —XRNSE)
IF(ITRUN - B8) 205, 210, 205
205 QPA = 10. *%x ((ATNOS - XRNSE) * .1)
QPG = 10.%%¥((GNOS -XRNSE)*.1)
C.....PREDICTION ERRORS
Counn SIGM IS MEDIAN, SIGU IS UPPER AND SIGL IS LOWER

GPM = 10.%*¥ ((XNDOIS-XRNSE)#*.1)
SIGM= SERT((QPA#SMA) *%2 + (QPG*SMG) #%*2 + (EPM*SMM) *#2)
SIGU= SERT((DUA*SUA*QPA**2/DU) *%2 +(DUG*SUG*RAPG**2/DU) *#%2
A +(DUM*SUM*QPM*x*2/DU) *¥%2)
SIGL = SART((DLA*SLA¥QPA**2/DL ) *x2 +(DLG*SLG*QAPG**2/DL.) #%2
A + (DLM * BLM * GPM %% 2 / DL) %% 2)
C RCVR SITE NOISE = TOTAL NOISE + ANTENNA EFFICENCY (ADDED TO SIGNAL
c WITH GAIN)
210 RCNSE = XRNSE- + XEFF
ZCNSE=RCNSE
ATMNO=ATNOS
XADIN=1.
XNOISE=XNCIS
ATMO=ATNOS
RETURN
END
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