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R EPO R T  322-2

CHARACTERISTICS AND APPLICATIONS OF ATM OSPHERIC RADIO N O ISE DATA

(Study Program m e 29B /6)

(1963-1974-1982)

LIST O F SYM BOLS

W here a symbol is shown in both lower case and  capital letters, the capital letter is used to represent the 
equivalent, in decibels, o f the quantity  denoted by the lower case letter.

A Instantaneous am plitude o f the noise envelope (dB)

A r m s R oot-m ean-square value o f the noise envelope voltage (dB)

APD  Cum ulative am plitude-probability  distribution  function  o f the noise envelope

b, B Effective receiver noise bandw idth  (Hz) (B  =  10 log b)

C A protection  factor (dB) necessary to provide the required carrier-to-noise ratio for a given percentage o f
tim e w ithin the tim e block

Cu Protection factor (dB) required to provide the required carrier-to-noise ratio  for 90% o f the tim e block

D  D eviation o f an hourly value o f Fa from the tim e block m edian Fam (dB)

Di Value o f the average noise pow er exceeded for 90% of the hours w ithin a tim e block (dB below the m edian
value for the tim e block)

Ds Value o f the received signal pow er exceeded for 90% of the tim e (dB below the m edian value o f the
day-to-day variations in the hourly m edian)

Du Value o f the average noise pow er exceeded for 10% of the hours w ithin a tim e block (dB above the tim e
block m edian)

Ec Expected value o f the signal field strength required for a given grade o f service (dB (pV /m ))

En R oot-m ean-square noise field strength for a 1 kH z bandw idth  (dB (pV /m ))

f  F  O perating noise factor o f a receiving system (F  = 10 log / )

f a, Fa Effective an tenna noise-factor which results from  the external noise pow er available from  a loss-free 
an tenna (Fa =  10 l o g / fl)

Fam M edian o f the hourly values o f Fa within a tim e block

f .  Noise factor o f the an tenna circuit (its loss in available power)

/ mhz Frequency (M Hz)

f r Noise factor o f the receiver

f t Noise factor o f the transm ission line (its loss in available power)

k  B oltzm ann’s constant =  1.38 x 10-23 J /K

P Received signal pow er available from  an equivalent loss-free an tenna  (dB)

Pe Expected value o f P

Pme M edian value o f Pe

pn, Pn Noise pow er available from  an equivalent loss-free antenna (Pn = 10 log pn)

ps, Ps Received signal pow er required for a given signal-to-noise ratio , from  a loss-free an tenna (Ps . =  10 log ps)

r, R S ignal-to-noise pow er ratio required (R  =  10 log r)

Rh C arrier-to-noise ratio  required for a given grade o f service for some percentage of the hour (dB)
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t Standard  norm al deviate

Ta Effective an tenna tem perature in the presence o f external noise

To Reference tem perature, taken as 288 K

yd . Voltage deviation; the ratio (dB) o f the root-m ean-square to the average o f the noise envelope voltage

y dm M edian value o f Vd

A ^  ^  rms

o c S tandard  deviation o f the required protection  factor, C

S tandard  deviation o f D

° D l S tandard  deviation o f Dl

°  Du S tandard  deviation o f Du

® Fam S tandard  deviation o f Fam

a P S tandard  deviation o f estim ates o f the expected received signal power

S tandard  deviation o f R

a T Total standard  deviation; total uncertain ty  o f Pe

<*A S tandard  deviation o f A

1. Introduction

The determ ination  o f the m inim um  signal level required for satisfactory rad io  reception in the absence of 
o ther unw anted radio signals necessitates a know ledge o f the noise with which the w anted signal m ust compete. 
The w hole problem  involves a consideration  o f the type o f m odulation  and the influence o f the detailed 
characteristics of the noise on the recovery of the in form ation  contained in the transm itted  signal.

There are a num ber o f types o f noise which m ay influence reception, although, with a particu lar circuit, 
usually  only one type will predom inate. Broadly, the noise can be divided into two categories depending on 
w hether it originates in the receiving system or externally to the antenna. The in ternal noise is due to an tenna and 
transm ission  line losses, or is generated in the receiver itself. It has the characteristics of therm al noise, and, in 
m any cases, its effects on signal reception can be determ ined m athem atically with a high degree o f precision.

External noise can be divided into several types, each having its own characteristics. The m ost usual types 
are o f atm ospheric, galactic, and m an-m ade origin. All these types are considered here, but since atm ospheric 
noise usually predom inates at frequencies below about 30 M H z, this R eport deals prim arily with this type and 
with its influence on the reception o f signals.

The purpose o f this R eport is to present values o f noise pow er and o f other noise param eters, and to 
show, by exam ple, the m ethod o f using these noise param eters and  their statistical variations in the evaluation of 
the perform ance o f a radio circuit. A dditional exam ples o f the use o f the noise data  in this R eport and  a sum m ary 
o f  the effects o f atm ospheric radio  noise (and sim ilar form s o f im pulsive noise) on telecom m unication systems 
perform ance is given in Spaulding [1981]. Also, recent results concerning atm ospheric noise from  lightning and 
m eans o f developing appropriate  com m unication systems to perform  in this noise are sum m arized by U RSI [1981], 
in R eport 254 and in the references therein. Finally, Reports 258 and  670 give additional in form ation concerning 
m an-m ade and  atm ospheric noise, and  R ecom m endation 339 gives required signal energy to noise pow er spectral 
density  ratios for various systems operating  in the presence o f atm ospheric noise.

The estim ates for atm ospheric noise levels given in this R eport are for the average background noise level 
due to  lightning in the absence o f other signals, whether intentionally  or un in ten tionally  radiated. In addition , the 
noise due to local thunderstorm s has not been included. In som e areas o f the world, the noise from  local 
thunderstorm s can be im portan t for a significant percentage o f the time. This local noise can also be significant at 
frequencies well above 30 MHz.

2. Radio noise predictions

This R eport gives:

— predictions which take account o f a m ajor and  reliable program m e o f noise m easurem ents,
— statistical inform ation on the accuracy o f the predictions,
— a statistical description o f the fine structure o f the noise,
— m ethods o f using the predictions in the estim ation o f system perform ance.
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The data used were obtained m ainly from  the 16 stations show n in Fig. 1. These stations, w ith one 
exception, used standardized recording equipm ent, the A RN -2 R adio N oise R ecorder, and  were opera ted  by a 
num ber o f organizations in an in ternational cooperative program m e [UR SI, 1962] (see R ecom m endation  174 
(W arsaw , 1956)). D ata collected from  these stations during the period 1957 to 1961 [Crichlow  et al., 1959-1962] 
were used in the analysis.

The analysis was done, using a digital com puter, by a technique which required tha t da ta  from  each 
station  should be available for a num ber o f frequencies, spread substantially  over the whole range to  be covered 
by the predictions. It was therefore not practicable to include data from  o ther sources, where the frequency range 
was lim ited or where noise pow er values were not given. However, since it is desirable tha t the pred ic tions Finally 
take account o f  as m uch o f the available in form ation as possible, com parisons were m ade between the new 
predictions and  data from  sources not included in the analysis [Clarke, 1962; L ichter and  T erina, 1960; Science 
C ouncil o f  Japan , I960]. Some m odifications were m ade. The predictions should be reviewed and  m odified tak ing  
account o f the additional data which are now available.

F or these predictions, the data were grouped into four seasons o f the year and  six four-hour periods o f  the 
day in each season. The aggregate o f corresponding four-hour periods o f the day throughou t a season was defined 
as a tim e block. Thus, there are in the year tw enty-four tim e blocks, each consisting o f abou t 360 hours (four 
hours in each day for about ninety days).

The division o f the year into four seasons o f three m onths each was m ade in the follow ing way, although 
it was realized that the seasonal pattern  o f noise variations existing in tem perate regions was no t necessarily 
followed at lower latitudes.

M onth Season
Northern Southern
hemisphere hemisphere

D ecem ber, January , February, W inter Sum m er
M arch, A pril, M ay, Spring A utum n
June, July, August, Sum m er W inter
Septem ber, O ctober, N ovem ber A utum n Spring

The m ain param eter presented is the m edian hourly value o f  the average noise pow er for each tim e block, 
and  the variations in this param eter show system atic d iurnal and  seasonal varia tions o f the noise. The variations 
o f  the hourly values w ithin a tim e block have been treated  statistically.

To facilitate the use of the noise data in this R eport, a com puter program  is available from  the C C IR  
Secretariat which gives a num erical representation  o f the noise pow er da ta  contained  in this R eport (see 
R esolution 63). This is based on a num erical representation o f 1 M Hz atm ospheric noise pow er con tained  in this 
R eport [Zacharisen and  Jones, 1970]. M aps for each hour o f each m onth  are given in term s o f universal tim e by 
m eans o f Fourier analyses perform ed separately o f the periodic functions representing the longitud inal and  
d iu rnal variations o f the original data. The dependence on frequency and  the variability  param eters are evaluated  
using the representations o f  Lucas and  H arper [1965].

3. Description of the parameters used

It is generally agreed that no single noise param eter is a satisfactory index o f interference fo r all types o f 
rad io  service. N evertheless it is desirable to adop t one param eter which can be used universally  for com paring 
noise data  from  different sources, and to which o ther param eters can be related. The m ean noise pow er seems the 
m ost generally useful and  convenient for this purpose and  is the basis o f  the predictions.

The noise pow er received from  sources external to the an tenna is conveniently  expressed in term s o f  an 
effective an tenna noise factor, f a, which is defined by;

fa  = Pn/k T 0b =  Ta/ T 0 (1)

where:

p„ : noise pow er available from  an equivalent loss free an tenna (W), 

k  ; B oltzm ann’s constan t =  1.38 x 10-23 J /K ,

T0 : reference tem perature, taken as 288 K, 

b : effective receiver noise bandw idth  (Hz),

Ta : effective an ten n a  tem perature in the presence o f  external noise.
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Equations (1) illustrate two alternative m ethods o f specifying the noise pow er, by the effective noise factor
or the effective tem perature of the antenna. The value o f T0 has been taken as 288 K so that 10 log kT0 is
equivalent to 204 dB below  one Joule.

Both f a and  Ta are independent o f bandw idth , because the available noise pow er from  all sources may be 
assum ed to be proportional to bandw idth , as is the reference pow er level.

The an tenna noise factor, Fa, in decibels, in this R eport is for a short vertical an tenna over a perfectly 
conducting  ground plane. M eans o f obtain ing the app rop ria te  an tenna noise factor, Fa, for other types of 
an tennas from  the data  in this R eport are given in R eport 670, and the references therein. This param eter is
sim ply related to the r.m.s. noise field-strength along the an tenna (a th ird  way o f specifying the noise level) by:

En — Fa — 65.5 +  20 log / MHz (2)

where:

En : r.m.s. noise field-strength for a 1 kHz bandw idth  (dB (pV /m )),

Fa : noise factor for the frequency, f ,  in question,

/ mhz : frequency.

The value of the field strength for any bandw idth  b Hz, other than 1 kH z, can be derived by adding 
(10 log b — 30) to En. For exam ple, since R ecom m endation 339 gives required signal energy to noise power 
spectral density, the app rop ria te  bandw idth there is 1 Hz. Figure 29 is a nom ogram  for the solution of 
equation  (2) and may be used to derive En from  Fa. It should be noted that En is the vertical com ponent o f the 
field at the an tenna; the conform ation of the incident waves may be com plex, and cannot be deduced from 
m easurem ents on a single vertical antenna.

A tm ospheric radio noise is characterized by large, rapid  fluctuations, but if the noise pow er is averaged 
over a period o f several m inutes, the average values are found to be nearly constant during a given hour, 
varia tions rarely exceeding ±  2 dB except near sunrise or sunset, or when there are local thunderstorm s. The 
A R N -2 R adio Noise R ecorder yields values o f average pow er at each o f eight frequencies for fifteen m inutes each 
hour, and  it is assumed that the resulting values o f Fa used in the analysis were representative o f the hourly values.

In predicting the expected noise level, the system atic trends, that is the trends with tim e of day, season, 
frequency, and  geographical location, are taken into account explicitly. There are other variations which must be 
taken into account statistically. The value o f Fa for a given hour of the day varies from day to day, because of 
random  changes in thunderstorm  activity and p ropagation  conditions. The m edian of the hourly values within a 
tim e block (the tim e-block m edian), is designated as Fam. V ariations o f the hourly values during the tim e block 
can be represented by the values exceeded for 10% and 90% of the hours, expressed as deviations Du and D} from 
the tim e block m edian. W hen plotted on a norm al probability  graph (level in dB), the am plitude d istribution  of 
the deviations, D, above the m edian can be represented with reasonable accuracy by a straight line through the 
m edian and  upper decile values, and a corresponding line through the m edian and  lower decile values can be used 
to represent values below the m edian.

It is natural to expect some correlation of atm ospheric radio noise with sunspot activity, since both 
p ropagation  conditions and thunderstorm  activity seem to be affected by the phase o f the sunspot cycle. Some 
m easurem ents at very low frequencies, m ade m any years ago, did show such a correlation [Austin, 1932], A lthough 
the da ta  used in this revision were recorded only during a period o f high sunspot activity, inspection o f some data
obta ined  over a longer period has not revealed any m arked system atic variation o f  the noise with sunspot activity.
A thorough exam ination o f the data for such an effect, however, has not yet been made. The influence of sunspots 
is m ost likely to occur at high frequencies, but the incidence of galactic noise at tim es when the ionosphere fails to 
suppo rt the propagation  o f atm ospheric noise tends to obscure the changes.

So far, we have dealt with the average pow er as represented by Fa. W hile this is a valuable param eter to 
use in determ ining the required signal-to-noise ratio for m any types o f com m unication  circuits, other param eters 
give better correlation  with character error-rate or message errors in some systems. For exam ple, in determ ining 
the reliability  o f a radioteletype system, it is useful to have some know ledge of the am plitude-probability  
d istribu tion  (A P D ) o f the noise. This shows the percentage tim e (tim e o f occupation) for which any level is 
exceeded; usually it is the noise envelope which is so described. The APD  is dependent upon  the short-term  
characteristics o f the noise, and, therefore, cannot be deduced from  the hourly values o f Fa alone.
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A large num ber o f A P D 's have been m easured in several countries, and  reasonably  consistent results have 
been obtained [URSI, 1962; C larke, 1962; Science Council o f Jap an , I960]. For presenting  the da ta  in an 
operationally  useful form , it is convenient to construct a family o f idealized curves, one o f which can be chosen to 
represent a practical APD  to a sufficient accuracy. This has been done by using a system o f coord ina tes in which 
a Rayleigh distribution  (representing the envelope o f therm al-type noise), is a straight line with a slope o f —0.5. 
The low am plitude parts o f an atm ospheric noise curve have this slope, the high am plitude parts are represented 
by a second straight line, with a greater slope, and the two lines are jo ined  by an arc o f a circle. The construction  
o f these curves involved the use of quantities related to the r.m.s., average, and m ean logarithm ic values o f  the 
d istribution , param eters which have been recorded in routine noise m easurem ents [Crichlow et a l,  1960a, 1960b], 
In practice, because the average voltage and m ean logarithm ic voltage are found to be closely correlated , the ratio  
o f r.m.s. to average voltage, F^(dB) is sufficient to specify the curve which can be used to represent the 
distribution  [Spaulding et a l,  1962], Some o f the curves are reproduced in Fig. 27 in which are p lo tted  the 
differences, A, between the instantaneous envelope am plitude, A, for any probability , and  the r.m.s. value o f A, 
A rm s , for a num ber of values of Vd, all quantities being in decibels. Data for in term ediate values o f  Vd can be 
derived by in terpolation . It should be noted that, if the r.m.s. value o f the noise voltage itself is required , it is 3 dB 
lower than the r.m.s. envelope voltage. The curves can be used for a wide range o f bandw idths, the effect o f 
changing the bandw idth  being to change the value o f Vd and m odify the APD  correspondingly .

Estim ates have also been m ade of the uncertainties in the derived APD  curves. They are expressed as a 
standard  deviation, a A, o f the difference, A, as a function  o f probability  and  Vd (see § 5 and  Fig. 28).

4. Methods used to obtain predictions

Values o f Fam, collected from the network o f stations previously m entioned, were edited to rem ove, as far 
as possible, the effects o f m an-m ade radio  noise and  unw anted signals. The values thus ob ta ined  were considered 
to represent actual atm ospheric radio noise. The tim e block values at each frequency were com pared  with the 
predicted values from  R eport 65 (Los Angeles, 1959) and corrections derived. These were used in an electronic 
com puter program  to m odify the world charts and  frequency curves given in R eport 65 (Los Angeles, 1959).

C om puter techniques were also used to obtain a best estim ate o f the deviations, Du and  Dh o f  the decile 
values o f Fa from  the m edian value Fam, for each tim e block. In a sim ilar m anner the m edian value, Vdm, o f the 
voltage deviation, Vd, was obtained for each tim e block.

To obtain a m easure of the variability o f the noise with respect to the predicted  values in each tim e block, 
all m easured values were com pared with the new predicted values. S tandard  deviations o f  Fam, Du, and Dh 
as functions o f frequency, were found by a com puter program . U ncertain ties in the predicted  am plitude- 
probability  distributions were expressed in term s o f cta , from a consideration  o f the variability  o f Vd. The results 
were determ ined for various values o f Vd as a function o f the percentage tim e o f occupation.

5. The noise data or predictions

W orld charts, showing the expected m edian values of background  atm ospheric rad io  noise, Fam in dB 
above kT0b, at 1 M Hz for each tim e block, in local tim e, are show n in Figs. 2 to 25. U nlike the earlier R eport, 
where only two sets o f frequency curves were shown, one for day-tim e p ropagation  conditions and  one for 
night-tim e, a set o f frequency curves is now given for each time block. This p rocedure is m ore flexible and  is 
com patib le with a more convenient arrangem ent, in which the noise grade charts for a given seasonal tim e block 
and the corresponding frequency curves are adjacent.

G alactic noise levels, extrapolated  to 1 M Hz from  Cottony and Johler [1952] and verified using a vertical 
an tenna, are shown on the frequency curves. W ithin a ±  2 dB tem poral variation  (neglecting ionospheric 
shielding), the values shown will be the upper lim it o f galactic noise, but in any given situation  the received noise 
shouid be calculated considering critical frequencies and the directional properties o f the antenna.

In m any locations, m an-m ade noise is a lim iting factor in rad iocom m unication  for at least part o f the 
time. A lthough this type o f noise depends on local conditions, a curve o f expected values at a quiet receiving 
location has been added. The values plotted are the lowest o f the m an-m ade noise values recorded at sites chosen 
to ensure a m inim um  am ount o f m an-m ade noise and lower values will seldom  be found  anyw here on the E arth ’s 
surface. M an-m ade noise levels, in term s o f Fa, and their variations for various environm ental categories 
(business, residential, rural and quiet rural, etc.) are given in R eport 258. The noise levels for “quiet ru ra l” 
locations given in R eport 258 are taken from this Report. A dditional in form ation  concerning m an-m ade noise is 
sum m arized in Hagn [1981].
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It will be observed that values o f noise at 1 MHz are indicated which are below the expected levels o f  
man-made and galactic noise. These values should be used with caution, as they represent only rough estimates of  
what atmospheric noise would be recorded if other types were not present. They are useful mainly as reference 
levels for low-noise locations, a 1 MHz noise value being assigned by plotting data at other frequencies on the 
noise curve.

Also included on the same set o f figures are the estimated values o f Du, Dh Vd, o Fam, o Du and a Dl. Thus, 
all values relating to one time block are to be found together. Du will normally be used for assessing minimum  
required signal-strengths, but D/ may be needed to determine whether the internal noise o f a receiving system is 
negligible under the quieter external noise conditions.

The values o f o Fam have been derived by comparing actual observations with predictions for the same 
locations, and include such uncertainties as those due to the unpredictable variations from year to year and the 
errors introduced by the necessity o f presenting a large volume o f data in summarized and homogeneous form. 
Larger values may be expected at locations where no measurements have been made since there is an additional 
uncertainty in the process o f geographical interpolation, but this cannot be assessed.

The curves o f c Fam will be seen to extend only up to 10 MHz. At higher frequencies the predominant noise 
at many stations was often o f galactic origin, and it was not considered practicable to try to derive estimates of 
the variability o f the atmospheric noise alone.

Separate curves for Du and a Du were derived using data from stations in temperate and tropical zones as 
defined in Nos. 406 to 411 o f the Radio Regulations, Geneva, 1979. However, the variability o f noise did not 
show a consistent pattern conforming with the defined zones, and, in consequence, the data from both zones were 
com bined to obtain the curves used in this Report. The results o f some work in India suggest that simplification  
o f  presentation may be possible. Further work may show that the variability is linked to some function o f the 
noise intensity rather than geographical zones, though smaller variations would be expected over the oceans rather 
than at places near the main thunderstorm centres. The curves presented should be used with some caution, 
particularly during times o f the day from 0800 to 1600 where the low values in the medium frequency range are 
known to have been influenced by man-made noise at most stations. N o editing to minimize the effects o f  
man-made noise was done in studying the variability, as was done with the values o f Fam.

The figures are used in the following way. The value o f Fam for 1 MHz is found directly from the noise
charts for the time block (season and hour) under consideration. Using this value as the noise grade, the value o f  
Fam for the required frequency is determined from the frequency curves. o Fam, Du, and a Du are obtained for the 
required frequency from the variability curves. If the value o f D  ( =  Fa — Fam), or the value o f c D is required for 
any percentage o f time other than 10%, the values can be found by plotting Du and a Du on a normal probability 
graph (with values in dB), and drawing straight lines through 0 dB at 50% and the 10% value as shown in Fig. 30. 
Values at percentages greater than 50% can be obtained in the same manner using Dt and o Dl.

The same cautionary note applies to the use o f the curves o f Vdm as mentioned in the discussion o f Du and 
o Du. The plotted values o f Vdm are for a bandwidth o f 200 Hz. Since Vd is not independent o f  the bandwidth as 
are Fa, Du, and Dh a method has been developed for converting a value o f Vd, measured in one bandwidth, to 
the value that would have been measured in another [Spaulding et al., 1962]. This conversion can be made by 
using the curves o f Fig. 26, in which Vdn and Vdw are the values o f Vd corresponding to the narrower bandwidth, 
b„, and wider bandwidth, bw, respectively. The corresponding values o f Vdn and Vdw are read at the intersection o f  
the lines defined by the bandwidth ratio, bw/ b n, and the known value o f Vd. The results given in Fig. 26 are based
on ideal assumptions concerning filter impulse responses. Measurements have indicated that Fig. 26 gives the
proper bandwidth conversion o f Vd only for bandwidth ratios o f the order o f 20 or less and generally predicts too  
high a value o f Vd for larger bandwidth ratios. Therefore, Fig. 26 should be used with caution for large bandwidth 
ratios.

APD  curves corresponding to various values o f  Vd, are given in Fig. 27, in which the r.m.s. envelope 
voltage, A rm s , is taken as the reference. The measured values o f Vd vary about the predicted median values. These 
variations are reflected in uncertainties in the precise shape o f the APD  curve, and these are shown in Fig. 28 in 
terms o f  the standard deviation, a A, o f the amplitude deviations, A, corresponding to each percentage o f time. 
Since each APD  curve is specified relative to Arm s , the uncertainties in A near this value are small. Much larger 
values o f  a A occur at higher and lower percentages, with a constant value o f a A over the Rayleigh portion o f the 
curve. There will also be variations in the shape o f  actual A P D 9s for the same value o f Vd; neglect o f  these is 
believed not to lead to appreciable errors. The validity o f the idealized APD  curves, in representing the actual 
distributions, and the way in which they vary with Vd and with bandwidth, have so far only been checked against 
limited data, and further verification is required. For the moment, therefore, the curves and bandwidth conversion  
factors should be used with caution.
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6. Application of noise data to system evaluation

The treatm ent here is not intended to be com prehensive, since the subject, in its b road  aspects, clearly 
involves m any factors other than the atm ospheric radio noise. However, it is considered desirable to give some 
indication of how the data may be used in the study o f system perform ance. A dditional exam ples and  in form ation  
are given in Spaulding [1981] and  the references therein.

The assessm ent o f the perform ance o f a com plete receiving system can be expressed in term s o f its 
operating  noise factor, /  which takes into account the external noise as well as noise generated w ithin the 
receiving system. The factors involved and the techniques o f evaluation are given in [Barsis et al., 1961]. If  it is 
assum ed that the receiver is free from  spurious responses and that all elem ents p rio r to the receiver are at the 
reference tem perature T0, then / i s  given by:

f  — fa ~  1 +  f c f . t r  (3)

where:

/ . :  the noise factor o f the an tenna circuit (its loss in available pow er);

/  : the noise factor o f the transm ission line (its loss in available power);

/  : the noise factor o f the receiver.

The operating  noise factor, /  is useful in determ ining the relation between the signal pow er, ps, available
from  a loss-free an tenna and the corresponding signal-to-noise ratio, r, at the in term ediate frequency ou tpu t o f the 
receiver, since

Ps = f  r k  T0 b (4)

Putting 5 = 1 0  log b, then Ps (dBW ) becomes:

ps =  R +  F + B -  204 dBW  (5)

In evaluating the operating  noise factor, F, for use in equation  (5), it is necessary to consider all o f the 
param eters in equation  (3). However, in m any cases, one source of noise will predom inate , and  only one o f the 
com ponent noise factors will be im portant. At low frequencies, a receiving system with poo r internal noise 
characteristics m ay often be used, since the values o f f a will be high, and  will determ ine the value o f /  In general, 
f a will decrease with increasing frequency, and, at the higher frequencies, the an tenna  tends to becom e m ore 
efficient and / .  approaches unity. U nder these conditions, /  a n d /o r  /  may becom e as im portan t as f a in the 
determ ination  o f /  The values o f /  and  /  can then be determ ined from  calculations involving the design features 
o f the transm ission line and the receiver, or by direct m easurem ent. W hen the an ten n a  losses may be im portan t, 
such as at the lower frequencies when a short vertical an tenna near the ground  is used, / .  m ust be ob ta ined  by 
indirect means. Frequently, an adequate estim ation o f these losses can be m ade from  im pedance m easurem ents 
and  the calculated value o f the rad ia tion  resistance [Crichlow et a l,  1955].

Once the noise characteristics have been determ ined, the interfering effects to a given system m ust be 
deduced. In the past, the perform ance of a given type of service has been expressed in term s o f the ratio  o f the 
required  signal to a particu lar param eter o f the noise, usually the m ean noise power. For m any types o f service, 
use o f  the APD, involving m ore than  one param eter and  em bodying inform ation  on the type o f noise as well as 
the level, can result in m ore realistic estimates o f the probable perform ance o f the system, once the app rop ria te  
relationships have been established. The availability o f inform ation on the varia tions to be expected in the noise 
level also enables the probability  o f  obtaining a required perform ance to be specified in m ore precise statistical 
terms.

It is convenient to define system perform ance statistically in term s o f three independent com ponen t parts; 
grade o f service, tim e availability, and  service probability  [Barsis et al., 1961].

6.1 Grade o f  service refers to the degree o f reliability over a short period o f tim e (which is usually taken as one 
hour, but which may vary from a few m inutes to m ore than an hour), du ring  which the statistics o f the 
signal-to-noise ratio  may be considered to be stationary. It can be expressed, for exam ple, as the percentage o f  
error-free messages, the intelligibility achieved, or the percentage of satisfied observers.



8 Rep. 322-2

6.2 Time availability refers to the percentage o f  the hours, or o ther short periods o f tim e used in defining the 
grade o f service, during which the specified grade o f service or better is achieved. The tim e involved should 
include all o f the expected variations and may be an entire sunspot cycle, a year, a particular season or m onth, or 
certain  hours o f the day during a specified longer period.

6.3 Service probability is defined as the probability  that the specified grade o f service or better will be achieved 
for the specified tim e availability. This com bines statistically the uncertainties o f the m any param eters involved in 
the prediction o f system perform ance.

W hen the desired perform ance o f a system has been defined, it is necessary to evaluate the various factors 
affecting this perform ance. For the sake o f clarity and sim plicity, the perform ance will, in the following two 
exam ples, be evaluated in term s o f the characteristics o f the available signal and noise at the term inals o f the 
equivalent loss-free receiving antenna. In both exam ples it has been assum ed that a short vertical rod an tenna is 
used and  that the predom inant noise is external to the an tenna and o f atm ospheric origin. The seasons and time 
o f day have been chosen so that the noise levels are at a m axim um . In the first exam ple, ground-w ave 
p ropagation  has been assum ed, so that the signal level is steady and only the noise is variable. The calculations 
are based on the use o f the APD , since the type of service is one for which the errors are am enable to reasonably 
precise m athem atical evaluation, when the short term  characteristics o f  the noise are known. The second exam ple 
involves sky-wave propagation  and thus both the signal and noise vary with time. The recom m ended values of 
signal-to-noise power ratios given in R ecom m endation 339, are in troduced in this example. This is the procedure 
which must be followed for a large num ber o f services, and particularly  those involving subjective factors.

The determ ination o f the service probability  involves not only the uncertainties associated with the noise 
param eters but also the uncertainties o f all values involved in the prediction process. Probably the m ost im portant 
o f  these are related to the prediction o f the received signal and the required signal-to-noise ratio. Since the
follow ing exam ples are intended to show m ethods for using the noise inform ation, values o f a  for these other
param eters are assum ed values. W hile probably  representative o f  the m agnitude o f the values o f a  to be 
encountered , they should not be used unless it is im possible to obtain  a better estimate. The determ ination of
actual values to be used for any given circuit can usually be m ade by the use o f inform ation furnished by the
C C IR  in other publications.

6.4 Example I

D eterm ine the perform ance o f an FSK system with reception at G eneva, Switzerland, under the following 
conditions:

Frequency: 50 kHz

Tim e o f day: 2000-2400 hours

Season: sum m er

Bandwidth: 100 Hz

Propagation: ground wave (resulting in a steady received signal)

G rade of service: 0.05% binary  errors are perm issible during a given hour. This corresponds ap p rox i
m ately to 1% teletype errors in a five unit start-stop system [Watt et al., 1958].

The problem  is to assess the probability  that a given received signal-pow er will provide the specified grade 
o f service for any given percentage o f the hours.

The expected value o f received power, Pe, required for a particu lar grade o f service during an hour w'hen 
the an tenna  noise factor is Fa, is from equation (5),

p c =  Fa +  R  +  B -  204 dBW  (6)

where R is the required pre-detection signal-to-noise pow er ratio (dB) for the given bandw idth.

W hen the receiving an tenna is a short vertical rod, the corresponding  field strength, Ee, is given by:

Ee = Pe + 20 lo g /MHz +  108.5 dB (pV /m ) (7)
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M ontgom ery [1954] has shown that the probability  o f a b inary  erro r in a narrow -band  frequency- 
m odulation  system is equal to one-half the probability  that the noise envelope exceeds the carrier envelope at any 
instant. It is, therefore, necessary to determ ine the noise APD  to determ ine the required  signal-to-noise ratio. From  
Fig. 19 the value o f  Vdm at 50 kHz for 2000 to 2400 hours in the sum m er season is 8.5 dB for a bandw idth  o f  
200 Hz. C onverting  to a bandw idth  o f 100 Hz by m eans o f Fig. 26, Vdm becom es 6.4 dB. The corresponding  APD  
can be plotted on Fig. 27 by connecting the ends o f the curve Vdm =  6 and  the curve Vdm =  8 to  the 
corresponding  crossing points on the ord inate and  in terpolating  between the tw o lines at the p roper percentage.

Using the criterion postu lated  by M ontgom ery, the required grade o f service, with 0.05% binary  errors, 
dem ands tha t the noise envelope will exceed the carrier envelope for only 0.1% o f the tim e, and  w ith the APD  
corresponding to Vdm =  6.4 dB, the carrier envelope m ust be 21.0 dB above A rms (from Fig. 27). The carrier 
pow er to m ean noise-pow er ratio m ust therefore also be 21.0 dB, and this is the value to be taken for R  in 
equation  (6). The uncertainty in this value in troduced by possible variations in the shape o f the am plitude- 
probability  distribution  is 1.4 dB (from  Fig. 28).

Fa must now be derived from  the m edian value Fam plus a deviation D consistent w ith the percentage o f 
hours during which a satisfactory service m ust be obtained. From Fig. 19, the 1 M H z value (noise grade) is 78 dB 
and the value o f  Fam at 50 kH z is 135 dB with a standard  deviation, o Fam, o f 3.4 dB. To allow  for uncertain ties in 
the value o f the noise level, Fa, in a given hour, probability  is required that a given deviation, D =  Fa — Fam, 
will occur. The value o f Du (6.4 dB) is derived from  Fig. 19c and from  this, values o f D are p lo tted  on norm al 
p robability  paper as in Fig. 30, it being assum ed tha t the distribution  o f the decibel values above the m edian is 
norm al. In a sim ilar way o Du (1.9 dB) is derived from  Fig. 19c and a curve for a D plotted  in Fig. 30.

E quation  (6) is next evaluated, by taking the percentage tim e availability as 100 m inus the percentage tim e 
that D is exceeded, and Pe is plotted in Fig. 31. If  required, the corresponding value o f Ee can be derived from  
equation  (7). F rom  equation (6), Pe = D — 30 and this is the usual p rediction  o f the pow er required  to produce 
the specified grade of service as a function o f tim e availability. But, since the prediction uncertain ties have no t 
been taken into account, only one-half o f such circuits w ould be expected to m eet the design criteria.

The uncertainties to consider are represented by the following standard  deviations:

o P : the standard  error o f achieving the expected received signal pow er. This m ust be derived 
propagation  and other data and, for the purposes of this exam ple, is assum ed to be 2 dB;

from

°R  ■ uncertainty in the required signal-to-noise ratio, s tandard  deviation assum ed to be 2 dB;

a A : 1.4 dB (from Fig. 28);

°  Fam : 3.4 dB (from  Fig. 19);

°D '■ standard  deviation o f D, which is a function o f the required percentage tim e o f operation  (from  
Fig. 30).

The to tal uncertain ty  a r is deduced, on the assum ption that the errors are uncorrelated , from :

o 2r — <3j> +  a~R +  a |  +  a 2Fam -f Op (8)

a T has also been plotted in Fig. 31 and enables an estimate to be m ade o f  the service probability  that the 
indicated time availability will be achieved, as follows.

For any given value o f received power, P, the time availability can be determ ined as a function o f the 
service probability  from :

/ =  (P  -  Pe) / a T (9)

where t is a function (known as the standard  norm al deviate) of the service probability . Figure 32 gives the values 
o f t as a function o f service probability.

If  a probability  o f  only 0.5 is required that a specified tim e availability  will be achieved, / =  0, P = Pe 
and the required powers are given by Fig. 31; a pow er o f —20 dBW  would, for exam ple, give a tim e availability  
o f 94.6%. This situation is also represented by the point corresponding to 0.5 service probability  on the curve 
P — —20 dBW plotted on Fig. 33. A higher tim e availability , say 99%, requires a higher value o f  Pe ( —16.5 dBW  
with a standard  deviation o f 5.7 dB). W ith the sam e actual power o f —20 dBW , the value o f t is then —0.61 
leading to  a lower service probability  o f 0.27. In this way the relationship  between the tim e availability  and service 
probability  can be plotted for P =  —20 dBW , and  for o ther power levels, as in Fig. 33.
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From  this figure, it can be seen that if P i s  taken as —30 dBW  and a tim e availability o f 99% is desired, 
there is a probability  o f less than  0.009 that the objective o f less than 1% teletype errors will be achieved during 
99% o f the hours o f operation . However, if  P  =  —10 dBW , the probability  w ould increase to better than 0.87. 
W ith P = 0 dBW , the chance o f failing to achieve the required grade o f service during 99% o f the hours would be 
less than  0.002.

6.5 Example II

D eterm ine the perform ance o f an A 3EJN  telephony double-sideband system with reception at Geneva, 
Sw itzerland, under the following conditions:

Frequency: 5 M Hz

Time o f day : 2000-2400 hours

Season: sum m er

B andw idth: 6 kH z

Propagation: ionospheric (resulting in a fading signal)

G rade o f service: m arginally com m ercial for 95% of the hour.

Again the problem  is to assess the probability  tha t a given received signal pow er will provide the specified 
grade o f service or better for any given percentage o f the hours.

Equation (6) is not directly applicable here, since both the signal and the noise vary with tim e, and this 
m ust be taken into account. The value o f R  used in equation  (6) is established for a given grade o f service for 
steady-state signal conditions. Since the signal will vary w ithin the hour due to interference fading, which can be 
represented by a Rayleigh d istribution  (R eport 266), we can let R h be the carrier-to-noise ratio  required for the 
given grade o f service for some percentage o f the hour.

It has been found that the day-to-day variations o f the hourly m edian received signal in dB are norm ally 
d istribu ted  (R eport 266), and thus can be described by the m edian value and  the deviation Ds, o f the value 
exceeded 90% of the time, from  the m edian. Since the values o f Fa can also be considered to approxim ate to a 
norm al distribution , a protection factor, Cu (dB), necessary to provide the required carrier-to-noise ratio  for 90% 
o f the tim e block, can be determ ined, assum ing no correlation , from :

c l  -  D l  +  D l  (10)

By plotting Cu at the 10% poin t relative to 0 dB at the m edian value, using arithm etic probability  
coord inates, a value o f C  for any other percentage po in t can be found, since it will also have a norm al 
d istribution . W ith the values o f R h and  C defined above, the equivalent o f equation (6) can now  be w ritten as:

Pme = Fam + C + Rh + B -  204 dBW  (11)

where Pme is the m edian value o f the expected required signal power.

From  Fig. 19, the 1 M Hz value (noise grade) for G eneva, Switzerland, is found to be 78, and the value of 
Fam at 5 M Hz is 57 dB with a standard  deviation, o Fam, o f 4.1 dB. Also from  Fig. 19, Du is found to be 4.9 dB at 
5 M Hz, and the associated standard  deviation, o Du, is 1.3 dB. A ssum ing values o f Ds o f  7 dB and a Ds of 1.5 dB, 
which are in fair agreem ent with values given in R eport 266, the value o f Cu can be found from  equation  (10) to 
be 8.54 dB. Also, a corresponding value o f the standard  deviation, a Cu, o f  Cu can be found, in a like m anner, to 
be equal to 1.98 dB. Values o f C and  a c have been plotted on Fig. 34.

R ecom m ended values of signal-to-noise ratios for steady signals are given for various services in 
R ecom m endation 339. The required peak radio-frequency signal-to-noise ratio  in a 6 kHz bandw idth  for double
sideband , m arginally com m ercial A 3EJN  telephony is 27 dB for a steady signal, or 21 dB carrier-to-noise ratio. 
Since we are interested in the signal level exceeded 95% o f the tim e for Rayleigh fading, then R h m ust be 11.3 dB 
greater than for the steady signal, o r 32.3 dB.

Equation  (11) has been evaluated by taking the percentage tim e availability  as 100 m inus the percentage 
tim e tha t C is exceeded, and  Pme is p lotted on Fig. 35. can be deduced from  equation  (7). As in Exam ple 1, Pe is
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the expected pow er required to produce the specified grade o f service as a function  o f tim e availability. Also, as in 
Exam ple I, it is necessary to consider various prediction  uncertainties. The to tal uncertain ty , a T, is deduced, as 
before, on the assum ption that the errors are uncorrelated , from :

o 2t =  oj> +  o2r +  o 2Fam +  a l  ( 12)

where:

a P : the standard  deviation o f estim ates o f the expected received signal pow er, assum ed to be 5 dB;

o R : uncertainty in the required  signal-to-noise ratio, the standard  deviation  assum ed to be 2 dB;

o Fam : standard  deviation o f Fam about its predicted value, 4.1 dB (from  Fig. 19);

a c : standard  deviation o f C, which is a function o f the required  percentage o f tim e o f opera tion  (from
Fig. 34).

The values o f a r have also been plotted in Fig. 35.

A gain, using equation (9), Fig. 32, and the values o f a r from  Fig. 35, Fig. 36 can be obtained.

7. The influence of the directivity and polarization of antennas

All the noise inform ation presented in this R eport, including the exam ples given in the last section, relates 
to  a short vertical receiving an tenna. A lthough such an an tenna m ay be used in practice at low frequencies, 
long-distance com m unication at high frequencies is norm ally achieved by the use o f a h ighly-directional an tenna. 
Some allow ance m ust therefore be m ade for the effects o f directivity and  po larization  on the signal-to-noise ratio.

It is assum ed that the signal gain is reasonably  w ell-known, although it is dependent on the relative 
im portance o f the various p ropagation  modes, which varies with time. The effective noise factor o f  the an tenna , 
insofar as it is determ ined by atm ospheric noise, may be influenced in several ways. If  the noise sources were 
d istributed  isotropically, the noise factor would be independent o f the d irectional properties. In practice, how ever, 
the azim uthal direction o f the beam  m ay coincide with the direction o f  an area where thunderstorm s are prevalent, 
and  the noise factor will be increased correspondingly, com pared with the om nid irectional an tenna. O n the o ther 
hand, the converse may be true. The directivity in the vertical p lane m ay be such as to differentiate in favour of, 
or against, the reception o f noise from  a strong source. The m ovem ent o f storm s in and  out o f the an tenna  beam  
may be expected to increase the variability o f the noise, even if the average intensity  is unchanged.

Experim ental inform ation on the effects o f directivity is scarce, and  in som e respects conflicting. In an 
equatorial region (Singapore), the m edian value o f Fa for certain directional an tennas was found to  be som ew hat 
higher (about 4 dB on the average), than  that for a vertical rod an tenna  over the sam e period. This figure is 
considerably lower than the m axim um  possible an tenna gain, as w ould be expected from  the w idespread nature o f 
the storm s, but the fact that there was, on the average, some gain in noise in a wide range o f  storm  conditions 
suggests that there was a tendency for the noise to  be received m ore from  the low er angles o f elevation. In the 
Federal R epublic o f G erm any also, d irectional an tennas had, on the average, higher noise factors [K ronjager and  
Vogt, 1959]. On the other hand, in experim ents in A ustralia, the average noise factors o f several an tennas, beam ed 
in different directions, were a few decibels lower than  that o f a vertical rod an tenna , the in te rp re ta tion  being tha t 
there was significant noise incident at high angles. It appears therefore tha t, in general term s, the gain in 
signal-to-noise ratio  is likely to be approxim ately  that in the signal alone (which m ay, however, be less than  the 
optim um  gain), and that if  m ore precise figures are needed, it is necessary to take in to  account the storm  locations 
and  the critical frequencies o f the ionosphere in addition  to the an tenna po lar d iagram . M ore investigations are 
required  before the allow ances can be m ade reasonably precise, but it appears th a t the differences will usually  be 
less than  6 dB.

Even less inform ation is available on the effects o f an tenna po larization , bu t for a first app rox im ation , it 
m ay be assum ed that the received noise would be com parable with either po larization , prov ided  the an tenna  
height is large com pared with the wavelength.



FIGURE 1 -  S ta tions which prov ided  radio noise data
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FIGURE 2a -  Expected values o f  atmospheric radio noise, Fam (dB above kTob at 1 MHz)
(Winter; 0000-0400 h)
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FIGURE 2c -  D ata on noise variability and character 
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OFam : Standard deviation o f values o f Fam 
D u : Ratio o f  upper decile to median value, Fam 
a  Du : Standard deviation o f  values o f D u 
Di : Ratio o f median value, Fam, to lower decile 
o di ' Standard deviation o f  value o f Di 
Vdm : Expected value o f  median deviation o f average voltage. 

The values shown are for a bandwidth o f 200 Hz.
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FIGURE 3a -  Expected values o f  atmospheric radio noise, Fam (dB above kTob at 1 MHz)
(Winter; 0400-0800 h) <7
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OFam '• Standard deviation o f  values o f  Fam 
D u : Ratio o f  upper decile to median value, Fam 
odu '■ Standard deviation o f  values o f  D u 
D i : Ratio o f  median value, Fam, to lower decile 
o d i  : Standard deviation o f  value o f  Di 
Vdm • Expected value o f  median deviation o f  average voltage. 

The values shown are for a bandwidth o f  200 Hz.
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FIGURE 4a -  Expected values o f  atmospheric radio noise, Fam (dB above kTob at 1 MHz)
( Winter; 0800-1200 h)

R
ep. 

322-2



Fa
m 

(dB
 

ab
ov

e 
kT

ob
)

Frequency (MHz)

FIGURE 4b -  Variation o f  radio noise with frequency  
(W inter; 0800-1200 h)
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FIGURE 4c -  D ata on noise variability and character 
(W inter; 0800-1200 h)

OFam '■ Standard deviation o f values o f  Fam 
D u : Ratio o f upper decile to median value, Fam 
odu '■ Standard deviation o f values o f  D u 
Di : Ratio o f  median value, Fam, to lower decile 
o di '■ Standard deviation o f value o f  Di 
Vdm ■ Expected value o f  median deviation o f  average voltage. 

The values shown are for a bandwidth o f 200 Hz.
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FIGURE 5 a -  Expected values o f  atmospheric radio noise, Fam (dB above kTob at 1 MHz)
(Winter; 1200-1600 h)
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— • — • — Expected values o f  man-made noise at a quiet 
receiving location

------------------— Expected values o f  galactic noise
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FIGURE 5c -  D ata on noise variability and character 
(W inter; 1200-1600 h)

OFam : Standard deviation o f  values o f  Fam 
D u : Ratio o f  upper decile to median value, Pam 
a  Du '■ Standard deviation o f  values o f  D u 
D i : Ratio o f  median value, Fam, to lower decile 
odi ■ Standard deviation o f  value o f  D/
Vdm : Expected value o f  median deviation o f  average voltage. 

The values shown are for a bandwidth o f  200 Hz.
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FIGURE 6a -  Expected values o f  atmospheric radio noise, Fam (dB above kTob at 1 MHz)
(Winter; 1600-2000 h)
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FIGURE 6b -  Variation o f  radio noise with frequency  
( W inter; 1600-2000 h)

---------------------- Expected values o f  atmospheric noise

— • — • — Expected values o f  man-made noise at a quiet
receiving location

--------------------- Expected values o f  galactic noise
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FIGURE 6c -- D ata on noise variability and character 
(W inter; 1600-2000 h)

ctFam '■ Standard deviation o f  values o f  Fam 
D u : Ratio o f  upper decile to median value, Fam 
opu : Standard deviation o f  values o f  D u 
D i : Ratio o f median value, Fam, to lower decile 
o p t '■ Standard deviation o f  value o f  Di 
Vdm ■ Expected value o f  median deviation o f  average voltage. 

The values shown are for a bandwidth o f  200 Hz.
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FIGURE 7a -  Expected values o f  atmospheric radio noise, Fam (dB above kTob at 1 MHz)
(Winter; 2000-2400 h)
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FIGURE 7b -  Variation o f  radio noise with frequency  
(W inter; 2000-2400 h)

------------------ Expected values o f  atmospheric noise

. — • — Expected values o f  man-made noise at a quiet
receiving location

-----------------Expected values o f  galactic noise
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FIGURE 7c -  D ata on noise variability and character 
(W inter; 2000-2400 h)

a  Fam : Standard deviation o f  values o f  Fam 
D u : Ratio o f  upper decile to median value, Fam 
a  Du : Standard deviation o f  values o f  D u 
D i : Ratio o f  median value, Fam, to lower decile 
odi ■ Standard deviation o f  value o f  Di 
Vdm ■ Expected value o f  median deviation o f  average voltage. 

The values shown are for a bandwidth o f  200 Hz.
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FIGURE 8a -  Expected values o f  atmospheric radio noise, Fam (dB above kTob at 1 MHz)
(Spring; 0000-0400 h )
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FIGURE 8b -  Variation o f  radio noise with frequency  
(Spring; 0000-0400 h)

---------------------- Expected values o f atmospheric noise

Expected values o f  man-made noise at a quiet 
receiving location

--------------------- Expected values o f  galactic noise
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FIGURE 8c -  D ata on noise variability and character 
(Spring; 0000-0400 h)

^Fam '■ Standard deviation o f values o f  F a m  

D u : Ratio o f upper decile to median value, F am  

a  Du : Standard deviation o f values o f  D u 
D i : Ratio o f median value, F a m , to lower decile 
o p t '■ Standard deviation o f  value o f  D\
V dm  ■ Expected value o f  median deviation o f  average voltage. 

The values shown are for a bandwidth o f  200 Hz.
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FIGURE 9a -  Expected values o f  atmospheric radio noise, Fam (dB above kTob at 1 MHz)
(Spring; 0400-0800 h)
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FIGURE 9b -  Variation o f  radio noise with frequency  
(Spring; 0400-0800 h)

------------------ Expected values o f atmospheric noise

• — • — Expected values o f  man-made noise at a quiet
receiving location

---------------- Expected values o f  galactic noise
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FIGURE 9c -  D ata on noise variability and character 
(Spring; 0400-0800 h)

OFam : Standard deviation o f values o f  Fam 
D u : Ratio o f  upper decile to median value, Fam 
a  Du '■ Standard deviation o f values o f  D u 
D i : Ratio o f  median value, Fam, to lower decile 
o p i  : Standard deviation o f value o f  Di 
Vdm : Expected value o f  median deviation o f  average voltage. 

The values shown are for a bandwidth o f  200 Hz.
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FIGURE 10a -  Expected values o f  atmospheric radio noise, Fam (dB above kTob at 1 MHz)
(Spring; 0800-1200 h) K>VO
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FIGURE 10b -  Variation o f  radio noise with frequency  
(Spring; 0800-1200 h )

--------------------- Expected values o f  atmospheric noise

— • — • — Expected values o f  man-made noise at a quiet
receiving location

--------------------- Expected values o f  galactic noise
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FIGURE 10c -  D ata on noise variability and character 
(Spring; 0800-1200 h )

OFam '■ Standard deviation o f  values o f  Fam 
D u : Ratio o f  upper decile to median value, Fam 
a  Du • Standard deviation o f  values o f  D u 
D i : Ratio o f  median value, Fam, to lower decile 
odi '■ Standard deviation o f  value o f  Di 
Vdm ' Expected value o f  median deviation o f  average voltage. 

The values shown are for a bandwidth o f  200 Hz.
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FIGURE 11a -  Expected values o f  atmospheric radio noise, Fam (dB above kTob at 1 MHz)
(Spring; 1200-1600 h)
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FIGURE 11b -  Variation o f  radio noise with frequency  
(Spring; 1200-1600 h )

---------------------- Expected values o f atmospheric noise

— • — • — Expected values o f  man-made noise at a quiet
receiving location

--------------------- Expected values o f galactic noise
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FIGURE 11c -  D ata on noise variability and character 
(Spring; 1200-1600 h)

OFam : Standard deviation o f  values o f Fam 
D u : Ratio o f upper decile to median value, Fam 
opu ■ Standard deviation o f values o f  D u 
D i : Ratio o f  median value, Fam, to lower decile 
a o i • Standard deviation o f  value o f  £>/
Vdm '■ Expected value o f median deviation o f average voltage. 

The values shown are for a bandwidth o f  200 Hz.
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FIGURE 12a -  Expected values o f  atmospheric radio noise, Fam (dB above kTob at 1 MHz)
(Spring; 1600-2000 h)
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FIGURE 12b -  Variation o f  radio noise with frequency  
(Spring; 1600-2000 h)

---------------------  Expected values o f  atmospheric noise

— • — Expected values o f  man-made noise at a quiet
receiving location

-----------------------Expected values o f  galactic noise
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FIGURE 12c -  Data on noise variability and character 
(Spring; 1600-2000 h)

OFam '■ Standard deviation o f  values o f  Fam
D u : Ratio o f  upper decile to median value, Fam
a  Du ■ Standard deviation o f  values o f D u
D i : Ratio o f  median value, Fam, to lower decile
o p i : Standard deviation o f value o f  D /
Vdm : Expected value o f median deviation o f  average voltage. 

The values shown are for a bandwidth o f 200 Hz.
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FIGURE 13a -  Expected values o f  atmospheric radio noise, Fam (dB above kTob at 1 MHz)
(Spring; 2000-2400 h)
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FIGURE 13b -  Variation o f  radio noise with frequency  
(Spring; 2000-2400 h)

------------------- Expected values o f  atmospheric noise

■ — • — Expected values o f  man-made noise at a quiet
receiving location

 ---------------- Expected values o f  galactic noise
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FIGURE 13c -  D ata  on noise variability and character 
(Spring; 2000-2400 h)

a  Fam ’ Standard deviation o f  values o f  Fam 
D u : Ratio o f upper decile to median value, Fam 
ar>u ' Standard deviation o f  values o f  D u 
D i : Ratio o f  median value, Fam, to lower decile 
odi ■ Standard deviation o f  value o f  D\
Vdm '■ Expected value o f  median deviation o f  average voltage. 

The values shown are for a bandwidth o f 200 Hz.



FIGURE 14a -  Expected values o f  atmospheric radio noise, Fam (dB above kTob at 1 MHz)
(Summer; 0000-0400 h) ^
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FIGURE 14b -  Variation o f  radio noise with frequency  
(Sum m er; 0000-0400 h)

---------------------- Expected values o f  atmospheric noise

— • — Expected values o f  man-made noise at a quiet
receiving location

--------------------- Expected values o f  galactic noise

(3P
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FIGURE 14c -  D ata on noise variability and character 
(Summer; 0000-0400 h)

OFam Standard deviation o f  values o f  Fam 
D u : Ratio o f  upper decile to median value, Fam 
oou  : Standard deviation o f  values o f  D u 
D i : Ratio o f  median value, Fam, to lower decile 
o p t '■ Standard deviation o f value o f  £>/
Vdm ■ Expected value o f median deviation o f  average voltage. 

The values shown are for a bandwidth o f  200 Hz.

Rep. 
322-2



60' 75* 90* 105* 120' 135* 150* 16? B P  165* 150* 135' 120' 105' 90 45° 30* 15' O' 15' 30* 45' 60*

FIGURE 15a -  Expected values o f  atmospheric radio noise, Fam (dB above kTob at 1 MHz)
(Summer; 0400-0800 h) u>sO
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FIGURE 15b -  Variation o f  radio noise with frequency  
(Summer; 0400-0800 h)

---------------------  Expected values o f atmospheric noise

— . — . — Expected values o f man-made noise at a quiet
receiving location

 --------------Expected values o f galactic noise
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FIGURE 15c -  D ata on noise variability and character 
(Summer; 0400-0800 h)

OFam •' Standard deviation o f values o f Fam 
D u : Ratio o f upper decile to median value, Fam 
odu : Standard deviation o f values o f D u 
D / : Ratio o f median value, Fam, to lower decile 
oui : Standard deviation o f value o f  Di 
Vdm ■ Expected value o f median deviation o f average voltage. 

The values shown are for a bandwidth o f 200 Hz.
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FIGURE 16b -  Variation o f  radio noise with frequency  
(Sum m er; 0800-1200 h)

Expected values o f  atmospheric noise
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receiving location
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FIGURE 16c -  D ata  on noise variability and character 
(Summer; 0800-1200 h)

OFam ■ Standard deviation o f  values o f Fam 
D u : Ratio o f  upper decile to median value, Fam 
odu • Standard deviation o f  values o f  D u 
D i : Ratio o f  median value, Fam, to lower decile 
o di : Standard deviation o f  value o f  Di 
Vdm ■ Expected value o f  median deviation o f  average voltage. 

The values shown are for a bandwidth o f  200 Hz.
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FIGURE 17a -  Expected values o f  atmospheric radio noise, Fam (dB above kTob at I MHz)
(Summer; 1200-1600 h) ■fe.u>
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FIGURE 17b -  Variation o f  radio noise with frequency  
(Summer; 1200-1600 h)

---------------------- Expected values o f  atmospheric noise

— Expected values o f  man-made noise at a quiet
receiving location

--------------------- Expected values o f  galactic noise
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FIGURE 17c -  D ata  on noise variability and character 
(Summer; 1200-1600 h)

a  Fam '■ Standard deviation o f  values o f  Fam 
D u : Ratio o f  upper decile to median value, Fam 
odu '■ Standard deviation o f  values o f  D u 
D / : Ratio o f  median value, Fam, to lower decile 
odi : Standard deviation o f  value o f  D\
Vdm '■ Expected value o f  median deviation o f  average voltage. 

The values shown are for a bandwidth o f  200 Hz.
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FIGURE 18a -  Expected values o f  atmospheric radio noise, Fam (dB above kTob at I MHz)
(Summer; 1600-2000 h) (SI
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FIGURE 18b -  Variation o f  radio noise with frequency  
(Sum m er; 1600-2000 h)

Expected values o f  atmospheric noise

Expected values o f  man-made noise at a quiet 
receiving location

Expected values o f  galactic noise
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FIGURE 18c -  D ata on noise variability and character 
(Summer; 1600-2000 h)

OFam '■ Standard deviation o f values o f Fam 
D u : Ratio o f  upper decile to median value, Fam 
ODu ■ Standard deviation o f  values o f  D u 
D i : Ratio o f  median value, Fam, to lower decile 
o d i  ■ Standard deviation o f  value o f  D/
Vdm •' Expected value o f  median deviation o f  average voltage. 

The values shown are for a bandwidth o f  200 Hz.



FIGURE 19a -  Expected values o f  atmospheric radio noise, Farn (dB above kTob at 1 MHz)
(Summer; 2000-2400 h)
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FIGURE 19b -  Variation o f  radio noise with frequency  
(Sum m er; 2000-2400 h)

-------------------Expected values o f  atmospheric noise

• — • — Expected values o f  man-made noise at a quiet
receiving location

 -----------------Expected values o f  galactic noise
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FIGURE 19c -  D ata  on noise variability an d  character 
(Summer; 2000-2400 h)

a  yam : Standard deviation o f  values o f  Fam 
D u : Ratio o f  upper decile to  median value, Fam 
a  du '• Standard deviation o f  values o f  D u 
D i : Ratio o f  median value, Fami to lower decile 
odi : Standard deviation o f  value o f  Di 
Vdm : Expected value o f  median deviation o f  average voltage. 

The values shown are for a bandwidth o f  200 Hz.



FIGURE 20a -  Expected values o f  atmospheric radio noise, Fam (dB above kTob at 1 MHz)
(Autumn; 0000-0400 h)
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FIGURE 20b -  Variation o f  radio noise with frequency  
(A utum n; 0000-0400 h)

------------------  Expected values o f atmospheric noise

Expected values o f  man-made noise at a quiet 
receiving location

 ---------------- Expected values o f galactic noise
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FIGURE 20c -  D ata on noise variability and character 
(Autum n; 0000-0400 h)

oFam '■ Standard deviation o f values o f  Fam 
D u : Ratio o f upper decile to median value, Fam 
oqu : Standard deviation o f values o f D u 
Di : Ratio o f median value, Fam, to lower decile 
o p i  : Standard deviation o f value o f  Di 
Vdm ■ Expected value o f median deviation o f average voltage. 

The values shown are for a bandwidth o f 200 Hz.
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FIGURE 21a -  Expected values o f  atmospheric radio noise, Fam (dB above kTob at 1 MHz)
(Autumn; 0400-0800 h)

R
ep. 

322-2



Fa
m 

(dB
 

ab
ov

e 
kT

ob
)

180

160 

140 

120 

100 

80 

60 

40 

20 

0 

-20
001 0.02 0.03 005 007 0.1 0.2 0.3 0.5 0.7 I 2 3 5 7 10 20 30 50 70 100

Frequency (M Hz)

FIGURE 21b -  Variation o f  radio noise with frequency  
(A utum n; 0400-0800 h)

---------------------- Expected values o f  atmospheric noise

Expected values o f  man-made noise at a quiet 
receiving location

--------------------- Expected values o f  galactic noise

(B
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FIGURE 21c -  D ata on noise variability and character 
(Autum n; 0400-0800 h)

a  Fam '■ Standard deviation o f  values o f  Fam 
D u : Ratio o f  upper decile to median value, Fam 
odu '■ Standard deviation o f  values o f  D u 
D i : Ratio o f  median value, Fam, to lower decile 
o p /  : Standard deviation o f  value o f  £)/
Vdm '■ Expected value o f  median deviation o f  average voltage. 

The values shown are for a bandwidth o f  200 Hz.
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FIGURE 22a -  Expected values o f  atmospheric radio noise, Fam (dB above kTob at 1 MHz)
(Autumn; 0800-1200 h)
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FIGURE 22b -  Variation o f  radio noise with frequency  
(A utum n; 0800-1200 h)

------------------- Expected values o f  atmospheric noise

Expected values o f  man-made noise at a quiet 
receiving location

 -----------------Expected values o f  galactic noise

Frequency (MHz)

FIGURE 22c -  D ata  on noise variability and character 
(A utum n; 0800-1200 h)

OFam '■ Standard deviation o f  values o f  Fam 
D u : Ratio o f  upper decile to median value, Fam 
odu : Standard deviation o f  values o f  D u 
D i : Ratio o f  median value, Fam, to lower decile 
odi : Standard deviation o f  value o f  Di 
Vdm ■ Expected value o f  median deviation o f  average voltage. 

The values shown are for a bandwidth o f  200 Hz.



FIGURE 23a -  Expected values o f  atmospheric radio noise, Fam (dB above kTob at 1 MHz)
(Autumn; 1200-1600 h) U)
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FIG U R E  23b -  Variation o f  radio noise with fre q u en cy  
(A u tu m n ; 1200-1600 h)

--------------------- Expected values o f  a tmospheric noise

Expected values o f  m an-m ade noise at  a quiet 
receiving location

 ------------ E xpected values o f  galactic noise
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FIG U R E  23c -  D ata on noise variability and  character 
(A u tu m n ; 1200-1600 h )

f'Fam - S tandard  deviation o f  values o f  Fam 
D u : Ratio o f  upper  decile to median value, Fam 
onu  : S tandard  deviation o f  values o f  Du 
Dj : Ratio o f  median value, Fam, to lower decile 
a  di : S tandard  deviation o f  value o f  Di 
Vfim '■ Expected value o f  median deviation o f  average voltage. 

The values shown are for a  bandwidth  o f  200 Hz.
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FIGURE 24a -  Expected values o f  atmospheric radio noise, Fam (dB above kTob at 1 MHz)
(Autumn; 1600-2000 h) tj,
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FIG U R E 24b -  Variation o f  radio noise with freq u en cy  
(A u tu m n ; 1600-2000 h)

------------------- Expected values o f  a tmospheric noise

■ • — ■ — Expected values o f  m an-m ade noise at a quiet
receiving location

 ---------------- Expected values o f  galactic noise

(3P)
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FIG U R E  24c -  Data on noise variability and  character 
(A u tu m n ; 1600-2000 h)

OFam ■ S tandard  deviation o f  values o f  Fam 
D u : Ratio o f  upper decile to median value, Fam 
a  Du '■ S tandard deviation o f  values o f  D u 
Di : Ratio o f  median value, Fam, to lower decile 
odi : S tandard  deviation o f  value o f  £>/
Vdm : Expected value o f  median deviation o f  average voltage. 

The values shown are for a bandwidth o f  200 Hz.
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FIGURE 25a -  Expected values o f  atmospheric radio noise, Fam (dB above kTob at I MHz)
(Autumn; 2000-2400 h)
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FIGURE 25 b -  Variation o f  radio noise with frequency  
(A utum n; 2000-2400 h)

 --------  Expected values o f  atmospheric noise

Expected values o f  man-made noise at a quiet 
receiving location

 ---------------- Expected values o f galactic noise

(9P
)

S

Frequency (MHz)

FIGURE 25c -  D ata on noise variability and character 
(A utum n; 2000-2400 h)

OFam '■ Standard deviation o f values o f Fam 
D u : Ratio o f  upper decile to median value, Fam 
oDu : Standard deviation o f  values o f  D u 
D i : Ratio o f median value, Fam, to lower decile 
odi '■ Standard deviation o f  value o f A  
Vdm : Expected value o f  median deviation o f  average voltage. 

The values shown are for a bandwidth o f  200 Hz.
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FIG URE 26 -  Conversion o f  Vj in one bandw idth to Vd in ano ther bandw id th

b-,v : wider bandwidth 
bn : narrower bandwidth

Corresponding values of I f , ,  and Vdn are read along the appropria te  line 
for the bandwidth ratio
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Percentage o f  t ime for which A  is exceeded

FIGURE 27 -  A m plitu de  probability  distribu tion  o f  the noise envelope
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FIGURE 28 -  Standard deviations,
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FIG U R E  29 -  N om ogram  fo r  transform ing e ffec tive  antenna noise fa c to r  to noise fie ld -streng th
as a fu n c tio n  o f  fre q u en cy

E n ~ Ea + 20 logio/MHz -  65.5 

(En, Fa and /m hz are defined in the list o f  symbols)
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Summer season; 2000-2400 h 
Frequency: 50 k H /

HC i UR h 30 -  E xpected  values o f  D and their standard devia tions a n
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FIG U R E  31 -  E xpected  values o f  Pe an d  their standard devia tions  (77-

Geneva, Switzerland 
Summer season; 2000-2400 h 
Frequency: 50 kHz 
B a ndw id th : 100 Hz 
Binary errors: 0 .05%
Type of  service: FSK
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FIGURE 32 -  Service probability as a function o f  the standard normal deviate t
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Service probability

F I G L J R T  3 3  -  Tim e availability as a fu n c tio n  o f  service probability

Geneva, Switzerland 
Summer season; 2000-2400 h 
Frequency: 50 kHz 
Bandwidth: 100 Hz 
Binary errors: 0.05%
Type of  service: TSK
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FIGURE 34 -  Expected values o f  C and their standard deviations o c

Summer season; 2000-2400 h 
Frequency: 5 MHz
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FIGURE 35 -  E xpected values o f  Pme and their s tandard deviations o r

Geneva, Switzerland 
Summer season; 2000-2400 h 
Frequency: 5 M Hz 
Bandwidth: 6 kHz
A3E JN telephony, marginally commercial service
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Service probability

FIG U RE 36 - Time availability as a fu n c tio n  o f  service p robab ility

Geneva, Switzerland 
Summer season; 2000-2400 h 
Frequency: 5 MFlz 
B a ndw id th : 6 kHz
A3E JN telephony, marginally commercial  service
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