5. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

The current information on worldwide atmospheric noise levels and other charac-
teristics is contained in CCIR Report 322 (1964). Since the publication of this
report, additional measurements and other investigations have identified some main
areas where the current atmospheric noise estimates could be improved. These areas
are summarized below.

A great deal of additional measurements have become available and more locations
on the earth's surface, making it possible to improve the estimates of atmospheric
noise levels (field strength) worldwide. In this report, the analysis of this addi-
tional data (as well as the original data) has been presented and new improved
estimates obtained, both in graphical and numerical form. These two forms are
"identical," which is not the situation currently. Also, the new results are sub-
stantially different (on the order of 20 dB in some cases) from the current CCIR
estimates for some areas, especially around the "new" measurement locations.

In order to determine the effects of the non-Gaussian atmospheric noise on
system performance, the APD (cumulative exceedance distribution of the received
noise envelope) is always required information (but sometimes not sufficient). The
APD is a function of the receiver bandwidth and the present method of converting
from the CCIR Report 322 bandwidth (200 Hz) to the required bandwidth has been shown
since the publication of CCIR Report 322 to be greatly in need of modification.

This report presents a new bandwidth conversion procedure based on a very extensive
analysis (Herman and De Angelis, 1983). While this procedure is strictly valid
only at MF, its use in place of the current method should be a substantial improve-
ment. Also, preliminary analysis of wideband noise measurements at HF tend to
indicate that the MF results will also be valid at HF. This report also presents
numerical algorithms for the bandwidth conversion and for the APD itself. Care
should be exercised when applying this new procedure to lower frequencies (i.e.,
LF, VLF, and ELF) as the pulse time structure of the atmospheric noise is differ-
ent at these lower frequencies and, therefore, perhaps affected differently by

the receiver bandpass. Also, the original analysis that led to the current CCIR
Report 322 bandwidth conversion relationships assumed Gaussian-shaped receiver
filters (i.e., no ringing), whereas the study by Herman and De Angelis (1983)

used essentially rectangular shaped bandpasses (thus better representing modern
communications receivers). The bandwidth conversion of the APD, is, therefore,

in need of further study and refinement, both with measurements (especially at the

Tower frequencies) and with analytical investigations.

173



Previously, numerical representation (coefficients) were available for only a
few of the noise parameters given by CCIR Report 322. Here, we have given the
numerical representation of all these parameters. We have also done this for
parameters that were not explicitly included before in Report 322 (i.e., ay > Ld’
and ch). d

The CCIR Report 322 presents estimates for average background atmospheric radio
noise, with any effects caused by local thunderstorm activity removed from the data.
In various areas of the world, local thunderstorm activity is present enough of
the time to be an important factor. Also, noise from this local activity can be
important at frequencies above HF. Information concerning the effects of local
thunderstorm activity is given in the report by Hagn and Shepherd (1985). However,
additional information on the effects of local thunderstorm activity is required
and should be obtained by measurements, perhaps coupled with satellite observations
(Kotaki, 1984). The report by Hagn and Shepherd (1985) also gives the relationships
between Fa and rms field strength for antennas other than a short vertical monopole
(the only antenna treated by CCIR Report 322), along with recommendations for addi-
tional needed efforts in this area.

The above should remove the main drawbacks present in the current atmospheric
radio noise estimates. There are, however, other areas that still have not been
treated in any systematic way. These include noise directionality and polarization.
Also, measurements exist at only a very few locations in the Southern Hemisphere,
so additional information is needed here to further improve the estimates there.

It is possible that data from satellites can supplement ground-based observations

to improve the estimates for these regions (Kotaki and Katoh, 1983 and Kotaki, 1984).
The results of Kotaki (1984) (and any similar results) should be compared with the
new estimates obtained here to define areas where additional measurements would be
fruitful. In addition to measurements (e.g., Hagn et al., 1968), the procedures
developed for obtaining atmospheric noise directionality and polarization results
from thunderstorm distributions (Maxwell et al., 1970, Kelly et al., 1981, and
Ortenburger et al., 1971) can be used to develop worldwide "directivity factors"

to use in conjunction with the current omnidirectional estimates. These techniques
can also be used, of course, to generate omnidirectional noise "data" for areas of

the world where measurements do not exist.

174



6. ACKNOWLEDGMENTS
The authors would 1ike to express their appreciation to John Herman of GTE

Sylvania, David Sailors of NOSC, George Hagn of SRI International, Steve Matsuura
of USACEEIA, and Lenora Cahoon of ITS for their invaluable discussions, comments,
and suggestions after reviewing the draft of this report. The efforts of these
colleagues have resulted in an improved and clearer presentation of the new atmo-
spheric radio noise model.

7. REFERENCES

Akima, H. (1972), A method of numerical representation for the amplitude probability
distribution of atmospheric radio noise, Office of Telecommunications Research
and Engineering Report 27 (NTIS Order No. COM75-10819).

CCIR (International Radio Consultative Committee) (1957), Revision of atmospheric
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 (International
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 Telecommunica-
tion Union, Geneva, Switzerland).

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

Chindahporn, Rangsit and E. L. Younker (1968), Analysis of medium- and high-frequency
atmospheric radio noise in Thailand, Stanford Research Institute Special
Technical Report 37, Contract DA 36-039 AMC-00040(E), May.

Conda, Alyce M. (1965), The effect of atmospheric noise on the probability of error
for an NCFSK system, IEEE Trans. Commun. Technol. COM-13, pp. 280-284.

Crichlow, W. Q., C. J. Roubique, A. D. Spaulding, and W. M. Beery (1960a), Deter-
mination of the amplitude-probability distribution of atmospheric radio noise
from statistical moments, J. Res. NBS 64D, No. 1, pp. 49-56.

Crichlow, W. Q., A. D. Spaulding, C. J. Roubique, and R. T. Disney (1960), Ampli-
tude-probability distributions for atmospheric radio noise, National Bureau of
Standards Monograph 23.

Disney, R. T., and A. D. Spaulding (1970), Amplitude and time-statistics of atmos-
pheric and man-made radio noise, ESSA Technical Report ERL 150-ITS98.

175



Fulton, F. F. (1961), Effect of receiver bandwidth on the amplitude distribution of
VLF atmospheric noise, J. Res. NBS 65D No. 3, pp. 299-304.

Hagn, G. H., R. Chindahporn, and J. M. Yarborough (1968), HF atmospheric radio noise
on horizontal dipole antennas in Thailand, Special Technical Report 47,
Contract DA 36-039 AMC-00040(E), Stanford Research Institute, Menlo Park, CA
94025 (NTIS Order No. AD681 879).

Hagn, G. H. (1982), Man-made radio noise, Chapter 8, Handbook of Atmospherics,
Hans Volland, Editor, (CRC Press, Inc., Boca Raton, Florida).

Hagn, G. H., and R. A. Shepherd (1985), Selected radio noise topics, Final Report,
Contract NT83 RAC-36001, SRI International, Arlington, VA.

Halton, J. H., and A. D. Spaulding (1966), Error rate in differentially coherent
phase systems in non-Gaussian noise, IEEE Trans. Commun. Technol. COM-14,
pp. 594-601.

Herman, J., and X. DeAngelis (1983), Bandwidth effects on the impulsiveness param-
eter Vd of median frequency atmospheric radio noise, Final Report on

Contract NT83RAC36002, GTE Products Corp., Strategic Systems Division,
1 Research Drive, Westboro, Massachusetts 01581.

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

Kelly, F. J., J. P. Hauser, and F. J. Rhoads (1981), Computer program model for pre-
dicting horizontally and vertically polarized VLF atmospheric radio noise
at elevated receivers, Naval Research Laboratories Report 8479 (Naval Research
Laboratories, Washington, D. C.).

Kopal, Z. (1961), Numerical Analysis (John Wiley and Sons, Inc.), p. 36.

Kotaki, M., and C. Katoh (1983), The global distribution of thunderstorm activity
observed by the Ionospheric Sounding Satellite (ISS-b), J. Atmospheric and
Terrestrial Physics, Vol. 45, No. 12, pp. 833-847.

Kotaki, M. (1984), Global distribution of atmospheric radio noise derived from
thunderstorm activity, J. Atmospheric and Terrestrial Physics, Vol. 46, No. 10,
pp. 867-877.

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.

Lawson, C. L. (1982), C] surface interpolation for scattered data on a sphere, Proc.
of the Surfaces Symposium, Stanford Univ., July 1982. Available through the
Rocky Mountain Mathematics Consortium, Department of Mathematics, Arizona State
University, Tempe, AZ 85287.

Likhter, Ya. I., and G. I. Terina (1960), Some results of an investigation of the

intensity of atmospheric radio noise in Moscow, Byulleten Mezhdunarodnogo Geo-
fizicheskogo Goda, Vol. V, No. 3, pp. 91-97.

176



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

Maxwell, E. L., D. L. Stone, R. D. Croyhan, L. Bull, and A. D. Watt (1970), Develop-
ment of a VLF atmospheric noise prediction model, Westinghouse Georesearch
Laboratory Report 70-1H1-VLF-No-R1, Boulder, Colorado.

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

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 fre-
quency band 10 kc/s to 100 Mc/s, Circular 557, U. S. Department of Commerce,
Washington, D. C.

Ortenburger, L. N., D. A. Schaefer, F. W. Smith, A. J. Kramer, and V. R. Embry
(1971), Prediction of HF noise directivity from thunderstorm probabilities,
GTE Sylvania, Electronics Systems Group, Western Division, Report EDL-M1379
(GTE Sylvania Inc., P. 0. Box 205, Mountain View, Calif. 94040).

Osinin, V. F. (1982), Radioshumi estestvennich istotchnikov na vostoke SSSR,
M., "Nauka."

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

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

Remizov, L. T. (1981), Models for radio noise of natural origin (Review), Radiotech-
nika i Electronica, 26, No. 2, pp. 211-237.

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, pp. 625-637.

Shaver, H. N., V. E. Hatfield, and G. H. Hagn (1972), Man-made radio noise parameter
identification task, Final Report, Contract NO0039-71-A-0223, SRI Project
1022-2, Stanford Research Institute, Menlo Park, California, (NTIS Order
No. AD904-405).

Spaulding, A. D., C. J. Roubique, and W. Q. Crichlow (1962), Conversion of the
amplitude-probability distribution function for atmospheric radio noise from
one bandwidth to another, J. Res. NBS 66D, No. 6, pp. 713-720.

Spaulding, A. D. (1966), The characteristics of atmospheric radio noise and its

effects on digital communication systems, 1966 IEEE International Communications
Conference, Paper No. CP-1126.

177



Spaulding, A. D., W. H. Ahlbeck, and L. R. Espeland (1971), Urban residential
man-made radio noise analysis and predictions, Office of Telecommunications
Research and Engineering Report 14 (NTIS Order No. COM75-10949/AS).

Spaulding, A..D., and R. T. Disney (1974), Man-made radio noise, Part 1: Estimates
for business, residential, and rural areas, Office of Telecommunications
Report 74-38 (NTIS Order No. COM75-10798/AS).

Spaulding, A. D. (1976), Man-made noise: The problem and recommended steps toward
solution, Office of Telecommunications Report 76-85 (NTIS Order No. PB253 745/AS).

Spaulding, A. D. (1977), Stochastic modeling of the electromagnetic interference
environment, Conf. Record-International Commun. Conf., IC'77, Chicago,
42.2-114-123 (IEEE Catalog No. 77CH1209-6C SCB).

Spaulding, A. D. (1982), Atmospheric noise and its effects on telecommunication
systems performance, Chapter 7, Handbook of Atmospherics, Hans Volland, Editor,
(CRC Press, Inc., Boca Raton, Florida)-

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).

178





