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Additional Bibliography

The following references were evaluated but not cited in this work. They are however included for

potential use, in the broader context, for other researchers.

1)

2)

3)

4)

5)

6)

Ahmad, B. and Tyler, L., “The two-dimensional resolution kernel associated with retrieval of
ionosphere and atmospheric refractivity profiles by abelian inversion of radio occultation phase
data,” Radio Science, Vol. 33, No. 1, pp. 129-142, Jan.-Feb. 1998. This is a very modern paper
using satellite technology for tomography to scan the planetary atmospheres. This approach
constitutes a study on its own and deserves to be evaluated for the purpose of building and
analysing the vertical structures of refractivity models, using this technique to gather the necessary
data.

Allen, K.C. and Liebe, H.J., “Tropospheric Absorption and Dispersion of Millimetre and Sub-
millimetre waves,” IEEE Transactions on Antennas and Propagation, Vol. 31, No. 1, pp. 221-
223, January 1983. The algorithm of the program is described and a sample of calculations
provided.

Altenhoff, W., Baars, J., Downes, D. and Wink, J., “Observations of anomalous refraction at radio
wavelengths,” Astronomy and Astrophysics, (West Germany), Vol. 184, No. 1-2, pp. 381-385,
Oct. 1987. The paper is related to astronomy observations and the problems of refraction brought
about by the atmosphere and its characteristics, namely water vapour content and temperature.
Altshuler, E., “A Simple Expression for Estimating Attenuation by Fog at Millimetre
Wavelengths,” IEEE Transactions on Antennas and Propagation, Vol. 32, No. 7, pp. 757-758,
July 1984. The attenuation due to fog is analysed as a function of wavelength and temperature.
Anderson, K., “Remote sensing of the evaporation duct using an X-band radar,” Conference on
Remote Sensing of the Propagation Environment, (AGARD-CP-502), pp. 3.1-3.9, 1992, Cesme,
Turkey. The results of measurements for unstable conditions validate propagation model
predictions of reduced radar detection ranges within the radio horizon.

Andrews, L., Philips, R. and Weeks, A., “Propagation of a Gaussian-beam wave through a
random phase screen, ” Waves in Random Media, Vol. 7, No. 2, pp. 229-244, April 1997, UK.
The paper revolves around the model of the refractive index structure to which the propagation

path is confined. Random medium is considered.
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7)

8)

9)

Armand, N., Kibardina, I. and Lomakin, A., “Anisotropy coefficient of refractive index,” Radio
Engineering and Electronic Physics (USA), Vol. 26, No. 6, pp. 6-9, Jun 1981. The use of
Kolmogorov-Obukhov’s isotropic model for fluctuations in the refractive index of the atmosphere
shows a divergence between theoretical and experimental results.

Arsenian, T., Korolenko, P., Kulagina, Y. and Fedotov, N., “Estimation of Structure Characteristic
of Fluctuations of the Index of Refraction from the Distribution of Waterfront Dislocations in an
Interference Pattern,” Journal of Communications Technology and Electronics, Vol. 39, No. 12,
pp. 121-125, 1994. The structural characteristics of the fluctuations of the index of refraction
along a troposphere path are analysed and a method to estimate these is proposed.

Babin, S. and Rowland, J., “Observation of a strong surface radar duct using helicopter acquired
fine-scale radio refractivity measurements,” Geophysical Research Letters, Vol. 19, No. 9, pp.
917-920, May 1992. The measurements acquired by helicopter-based system are used in a
computer model (TEMPER) for predicting microwave propagation in the first 400 m above the
ocean surface when a very strong surface duct was observed. An interesting energy pattern is

obtained (Fig.4) using (Kerr, 1988).

10) Babin, S., Miller, R. and Rowland, J., A High-Power, “Dual-Frequency Monostatic Acoustic

Sounder for Studying the Atmospheric Boundary Layer,” Journal of Atmospheric and Oceanic
Technology, Vol. 10, No. 4, pp. 486-492, August 1993. The vertical profiles in the lower marine
troposphere are evaluated for microwave operational predictions. The program is mainly

concerned with water vapour pressure profiles.

11) Banjo, O., Al-Ahmad, H. and Vilar, “Tropospheric amplitude spectra due to absorption and

scattering in Earth-space paths,” Portsmouth Polytechnic, Department of Electrical and
Electronic Engineering, U.K. This paper reports on the refractive index structure, particularly the
temporal frequency spectrum of amplitude scintillation’s, examined for low elevation satellite

paths at X-band.

12) Barakat, R. and Newsam, G., “Remote sensing of the refractive index structure parameter via

inversion of Tatarski’s integral equation for spherical and plane waves situations,” Radio Science,
Vol. 19, No. 4, pp. 1041-1056, July-August 1984. The paper presents the work related to the
structure of the refractive index and refers to the Tatarski integral equation. The results indicate
that for typical parameter values with the vertical profiles make them more difficult to reconstruct

than horizontal ones.

13) Barrios, A. E., “A Terrain Parabolic equation Model for Propagation in the Troposphere,” /IEEE

Transactions on Antennas and Propagation, Vol. 42, No. 1, pp. 90-98, January 1994. The paper

presents a method of modelling tropospheric radiowave propagation over land for range
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dependent refractivity. The numerically efficient split-step Fourier algorithm, to solve the
parabolic equation, is offered. The other known models are described as being in agreement with
the method presented.

14) Ben-Yosef, N., Tirosh, E., Weitz, A. and Pinsky, E., “Refractive-index structure constant
dependence on height,” Journal of Optical Society of America, Vol. 69, No. 11, pp. 1616-1618,
1979. The paper considers different models of the vertical structures of a turbulent atmosphere
and investigates the statistical significance of the correlation coefficients for the 42 data points.

15) Berrada, H., Gole, P. and Lavergnat, J., “A model for the tropospheric excess path length of radio
waves from surface meteorological measurements,” Radio Science, Vol. 23, No. 6, pp.1023-1038,
Nov.-Dec. 1988. The paper compares two models proposed for prediction of the excess path
length for radio waves from ground-based measurement of pressure, temperature, and humidity at
zenith, and at a given apparent elevation angle.

16) Bialoruski, T.,” Importance of the radio-meteorological data for the field strength prediction in the
VHF, and the UHF frequency bands,” Second Joint Symposium on Antennas and Propagation
and Microwave Theory and Techniques, pp. 35.1-35.13, South Africa, August 1988. This paper is
of a general nature. It stresses the importance of gathering measurements, in order to build up the
regional Southern African database, in order to serve the interests of radio planning and radio
propagation. The particulars presented are mainly the known formulas and ideas already published
by many other sources.

17) Blanchetiere-Ciarletti, V., Sylvain, M. and Weill, A., Physical interpretation of the effect of the
antenna heights on multipath propagation occurrence, Radio Science, Vol. 30, No. 1, pp. 1-10,
Jan.-Feb. 1995. The paper deals with multipath fading and the vertical space diversity of antennas.
It looks at the agreement of the data obtained from the proposed fit functions and the observations.

18) Blanchetiere-Ciarletti, V., Lavergnat, J., Sylvain, M. and Weill, W., “Experimental observation of
horizontal refractivity gradients during periods of multipath propagation,” Radio Science, No. 6,
pp. 705-724, Nov.-Dec. 1989. This is a serious and protracted paper with far-reaching
ramifications. It combines much experimental work involving a radio link, tethered balloon
soundings and aircraft. For the data analysis the air dynamics theory is used, the wind speed is
considered for the horizontal refractivity gradient values and the ray-tracing method is applied. All
are employed to explain the additional influence of the gradients on multipath fading.

19) Bolgiano, R., “The Role of Turbulent Mixing in Scatter Propagation,” IRE Transactions on
Antennas and Propagation, pp. 161-168, April 1958. This is an old paper on the atmospheric

structure related to the fluctuations of mean gradients of refractive index. The paper concludes
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that the scatter theory, as it was known at that time, of atmospheric turbulence, can provide, at
best, an incomplete description of transhorizon propagation.

20) Bremmer, H. and Lee, S., “Propagation of a geometrical optics field in an inhomogeneous
medium,” Radio Science, Vol. 19, No. 1, pp. 243-257, Jan.-Feb. 1984. The paper treats
propagation in a tube, or a ray pencil, and basically deals with the cross-section ratio between two
points on a ray, thereby defining the divergence factor. In the paper several integral expressions
are derived as well as the related formulae that govern energy along a ray.

21) Butler, J., Strickland, I. and Bilodeau, C., “VHF and UHF Propagation in the Canadian high
arctic,” Conference on VHF and UHF Propagation in the Canadian High Arctic, pp. 27.1-27.8,
Spatind, Norway 1983. The paper deals with experiments on radio links in the VHF and UHF
bands. An effort is made to tie up the effects of propagation on the links with the arctic seasons,
their climate and the weather, in order to explain the observed multipath fading and ducting.

22) Bye, G. D., “Radio-meteorological aspects of clear-air anomalous propagation in NW Europe,”
British Telecom Technology Journal, Vol. 6, No. 3, pp. 32-45, July 1988, UK. The meteorological
approach to anomalous propagation is applied and the climatic impact of weather on the radio
planning is stressed, especially with regard to interference propagation in the higher frequency
ranges.

23) Christopher, Paul F. and Debroux, Patric S., “New applications of Bullington’s tropospheric
reflection model,” IEEE Military and Communications Conference, Vol. 3, pp. 886-892, 1987,
New York, USA. The paper proposes an extension to the Bullington method by adding the
tropospheric reflection and pointing out the benefits of diversity. The model is coded as a
FORTRAN programme that predicts both field strength and data rate versus distance.

24) Clow, D.G., “Weather and Microwave Radio Propagation,” Weather (GB), No. 6, pp. 174-178,
June 1984. Different propagation modes concerning microwave planning are described, along
with radio-meteorology interaction.

25) Cornbleet, S., “On the eikonal function,” Radio Science, Vol. 31, No. 6, pp. 1697-1703, Nov.-
Dec. 1996. The approach offered here is a new and original one. It could be worth following up,
especially in its final discussion. There is, however, no conclusive link directly to the statistical
theory of propagation.

26) Cook, J., “A Sensitivity Study of weather data inaccuracies on evaporation duct height
algorithms,” Radio Science, Vol. 26, No. 3, pp. 731-746, May-June 1991. The paper offers a
comparison between five algorithms for the determination of the evaporation duct height. The

data set was generated in the way most conducive to different types of error mitigation and

Electrical, Electronic and Computer Engineering 159



University of Pretoria etd — Palmer, A J (2004)
APPENDIX

evaluation. The conclusions indicate a suitability of different models, from the errors
characteristics point of view, for operational requirements of the US Navy.

27) Chaudhuri, S, Sleator, F. and Boerner, W., “Analysis of internally reflected and diffracted fields in
electromagnetic back scattering by dielectric spheroids,” Radio Science, Vol. 19, No. 4, pp. 987-
999, July-August 1984. The paper deals with back scattering mechanisms by dielectric objects
such as prolate spheroids, and is of interest to monostatic radar systems. The extreme symmetry of
this geometry gives rise to some internally reflected waves.

28) Chrissoulidis, D. and Kriezis, E., “Detection of near-water ducts by the wave tilt probing
method,” Radio Science, Vol. 24, No. 4, pp. 499-509, July-August 1989. The paper refers to the
theoretical study indicating the possibility of detecting near-water ducts by airborne tilt
measurements.

29) Clark, W., Green, J. and Warnock, J., “Estimating meteorological wind vector components from
mono-static Doppler radar measurements: A case of study,” Radio Science, Vol. 20, No. 6,
pp.1207-1213, Nov.-Dec. 1985. The paper deals with dynamics of the troposphere and examines
the vertical velocity of winds. The estimation of the wind components is analysed theoretically
and then used to derive the wind profiles. In conclusion the accuracy of the wind components near
mountainous terrain is appraised for accuracy.

30) Clifford, S. P., Hill, R. J. and Fritz, R. B., “Line-of-sight millimetre wave Propagation
Characteristics,” Conference on Scattering and Propagation in Random Media, (AGARD-CP-
419), pp. 16.1-16.7, Rome, Italy, May 1987. The paper deals with propagation, in the atmosphere
of millimetre waves in different weather conditions, resulting in meteorological characteristics and
the wave signatures.

31) Claverie, J. and Klapisz, C., “Meteorological features leading to multipath propagation observed
in the PACEM 1 experiment,” Annals de Telecommunication, Vol. 40, No. 11-12, pp. 660-671,
1985. Multipath fading is investigated on the basis of meteorological observations and computer
simulation.

32) Darnell, M., Riley, N. and Melton, D., “Beyond line-of-sight radio systems in the low-VHF
band,” Second Bangor Symposium on Communications, pp. 71-76, May 1990, Bangor, UK. The
propagation mechanisms to provide transmissions below 100MHz for several hundreds of
kilometres are described

33) Deam, A., Straton, A., and Dodd, J., “Surface Refractive Index Differences at 14 250 Feet
Elevation,” IEEE Transactions on Antennas and Propagation, pp. 365-368, May 1968. The paper

deals with the atmospheric structure of a refractive index mode on top of Mt. Evans. The
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amplitude distributions and structure functions are presented. The results were found to be similar
to those obtained from similar measurements made at Austin.

34) Dockery, G. D. and Thews, E. R., “The Parabolic equation Approach to Predicting Tropospheric
Propagation Effects in Operational Environments,” AGARD Conference Proceedings No. 454.
(AGARD-CP-453), pp. 18/1-18/9, San Diego, CA, USA, May 1989. The paper presents a tactical
tool to predict the propagation of radio energy accurately in an environment with complicated
refractivity characteristics. The Parabolic equation propagation program combined with the
atmospheric measurements is used to provide a useful aid for operational systems.

35) Douchin, N., Bolioli, S. and Combes, P., “Fluctuations Analysis in a Near the Horizon Satellite-
ship Path,” Seventh International Conference on Antenna and Propagation, ICAP 91, Vol. 2, No.
333, pp. 820-823, April 1991, York, UK. The parabolic equation is used to solve the problem of
propagation in an inhomogeneous medium.

36) Douchin, N., Bolioli, S., Christophe, F. and Combes, P., “Theoretical study of the evaporation
duct effects on satellite to ship radio links near the horizon,” IEE Proc. Microwave Antennas
Propagation, Vol. 141, No.4, pp. 272-278, August 1994. The paper offers a new approach to the
calculation of radio propagation effects between a moving satellite and a ship. When the elevation
angle is very low, i.e. when the satellite is rising or setting at the horizon, the evaporation duct is
considered to be a dominant mechanism. The link is split between two parts, one in the duct and
the second above.

37) Oka, Eiichi, “Ray-Tracing Analysis of Anomalous Propagation through Horizontally Nonuniform
Surface Duct,” Electronics and Communications in Japan, Part 1, Vol. 74, No. 2, pp. 79-87, 1991.
The paper studies the problem of propagation in an inhomogeneous atmosphere with an arbitrarily
shaped refractive index in both the horizontal and the vertical directions. A refractive index
model, in which the duct height varies only in the horizontal direction, is introduced. The ray flux
and the arrival angle at the receiving point are studied.

38) Eliseev, S. and Yakovlev, O., “Using millimetre radio waves to probe the Earth’s atmosphere,”
Izvestiya Vysshikh Uchebnykh Zavedenii, Radiofizika, (USSR), Vol. 32, No. 1, pp. 3-10, January
1987. Satellite technology is used to analyse the vertical model of the atmosphere and monitor
distribution of moisture density and cloud cover.

39) Evans, N., “Seasonal propagation effects in an obstructed rural radio path at 462 MHz,”
Electronics Letters, Vol. 31, No. 8, pp. 674-675, 1995. The paper reports on the measurements for
short radio paths using the UHF lower frequencies for telemetry link purposes. Clutter attenuation

affecting the signal levels over all European seasons is investigated in the rural area.
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40) Farrag, A. and Mahmound, S., “Application of hybrid ray/mode theory to microwave links in the
presence of atmospheric duct,” Seventh International Conference on Antennas and Propagation,
Vol. 2, No. 333, pp. 314-317, April 1991, York, UK. The paper proposes a combined model using
ray theory and mode theory. The model uses the k-factor approach to the refractivity profile,
refers to the Airy equation and makes use of Maxwell’s equations to calculate the fields.

41) Felsen, L. B., “Propagation in Longitudinally Varying Ducts, With Emphasis on Guiding to anti-
guiding Transitions,” Radio Science, Vol. 22, No. 7, pp. 1204-1210. The paper deals with ducting,
its creation and disappearance. Longitudinal changes in the refractive index profile are used to
analyse these mechanisms. The approaches and difficulties in modelling are pointed out.

42) Felsen, L., “Longitudinally varying ducts with guiding to antiguiding transitions,” Conference on
Terrestrial Propagation Characteristics in Modern Systems of Communications, Surveillance,
Guidance and Control, (AGARD-CP-407), pp. 5.1-5.7, October 1986, Ottawa, Ontario, Canada.
The paper discusses the appearance and disappearance of adiabatic ducts as a two dimensional
function of the refractivity index and the modal propagation, including leaky modes.

43) Fischer, K., “VHF-, UHF-, and SHF-propagation limitations in the marine atmosphere,” AGARD
Conference Proceedings, No. 331, pp. 3.1-3.22, May 1982, Copenhagen, Denmark. The paper
reviews aspects of the marine atmosphere and related problems in propagation as influenced by
meteorological processes.

44) Fruchtenicht, Hans W., “Notes on Duct Influences on Line-of-Sight Propagation,” [EEE
Transactions on Antennas and Propagation, Vol. AP-22, No. 2, pp. 295-302, March 1974. The
paper treats the phase variations as a function of the duct thickness and points out that the phase
discontinuity amounts to integer multiples of 2.

45) Freude, W. and Grau, G., “Rayleigh-Sommerfeld and Helmholtz-Kirchhoff Integrals: Application
to the Scalar and Vertical Theory of Wave Propagation and Diffraction,” Journal of Lightwave
Technology, Vol. 13, No. 1, pp. 24-32, January 1995. The paper deals with difficulties regarding
the approximation of Rayleigh-Sommerfeld integrals for electromagnetic fields as far as the
solutions of the scalar Helmhotz equations are concerned.

46) Frolov, O. and Yampolsky, V., “Model of the Temporal Variation of a Signal on long-range
Tropospheric Propagation paths,” Soviet Journal of Communication Technology and Electronics,
US4, Vol. 33, No. 2, pp. 14-19, Feb. 1988. The paper deals with the statistical modelling of the
radio characteristics of a path in long-range tropospheric propagation by computer simulation.

47) Furnes, N., “Practical results from FM broadcasting coverage in coastal areas and mountainous

terrain in Norway. Use of methods to reduce or avoid propagation problems,” Telektronik, No. 1,
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pp. 57-78, 1984. The lecture deals with broadcasting coverage propagation problems. Multipath
and reflections are discussed, and numerous measurements presented.

48) Gorbunov, M., “Three-dimensional satellite refractive tomography of atmosphere: Numerical
simulation,” Radio Science, Vol. 31, No. 1, pp. 95-104, Jan.-Feb. 1996. The paper deals with
satellite scanning of the atmosphere in order to estimate an accurate refractive index with
determined errors of tomography. It is realised on two-satellite networks, namely the GPS global
positioning system and the LEO low-earth orbiting satellites. The idea is that the first satellite
network provides accurate time-space co-ordinates of its position and the second satellite network
takes the measurements.

49) Gorbunov, M. and Gurvich, A., “Remote sensing of the atmosphere using a system of
synchronously orbiting satellites,” Radio Science, Vol. 28, No. 4, pp. 595-602, July-August 1993.
The paper is based on satellite scanning of the Earth’s atmosphere and considers the technique for
meteorological predictions. The refractivity profiles are obtained by use of Gorbunov’s algorithm,
which gives an important insight into the functions used for the inversion and possible refractivity
profiles.

50) Gorman, A., Anderson, S. and Mohindra, R., “On caustic related to several common indices of
refraction,” Radio Science, Vol. 21, No. 3, pp. 434-436, May-Jun 1986. The paper presents three
analytic indices of refraction as functions of one variable and the solution of the reduced
Helmholtz equation.. The medium considered is stratified.

51) Gossard, E., Neff, W., Zamora, R. and Gaynor, J., “The fine structure of elevated refractive layers:
Implications for over-the-horizon propagation and radar sounding systems,” Radio Science, Vol.

19, No. 6, pp. 1523-1533, Nov.-Dec. 1984. A number of measured profiles are presented, the fine
structure of stable layers from carriage traverses is analysed and specular reflection from
atmospheric layers is discussed.

52) Gossard, E. and Sengupta, N., “Measuring gradients of meteorological properties in elevated
layers with a surface-based Doppler radar,” Radio Science, Vol. 23, No. 4, pp. 625-639, July-
August 1988. The paper treats the properties of the atmosphere and its structure, including profiles
of temperature, humidity and refractivity gradient from the dynamics of the air point of view. The
most interesting idea is the method of determining the temperature profile by acoustic radar
sounding for this component in order to determine the refractivity of the air and its gradient.

53) Goldhirsh, J. and Dockery, G., “Measurement Resolution Criteria for Assessment of Coastal
Ducting,” Proceedings of the 9" International Conference on Antennas and Propagation, Vol. 2,

No. 407, pp. 317-322, Stevenage, England 1995. The paper contemplates errors obtained through
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inaccurate data input injected by distorted measurements into the evaluation of propagation
models. The resolution criteria for assessment of coastal duct characteristics are analysed.

54) Grzybkowski, M. and Wojnar, A., “Validation of the fourth-power law in Radio Propagation,”
Seventh International Wroclaw Symposium, Vol. 51, No. 16, pp. 403-413, June 1984, Poland. The
paper contemplates the possibility of providing an algebraic formula to fit the empirical data into a
fourth order polynomial. It relates attenuation to distance and claims different accuracy over
different frequency ranges and propagation modes.

55) Helvey, R.A. and Rosenthal, J.S., “Guidance for an Expert System Approach to Elevated Duct
Assessment over the North--Eastern Pacific Ocean,” IEEE International Geoscience Conference
and Remote Sensing Symposium, Proceedings of IGARSS 1994, Vo. 1, pp. 405-409, Pasadene,
California, USA, 1994. The paper mainly considers ducting and its predictions regarding altitude
of the ducts. Climatic and meteorological features are discussed.

56) Herring, R. and Rotheram, S., “A versatile wave-guide mode for tropospheric propagation
modelling,” Fifth International Conference on Antennas and Propagation, (ICAP 87), Vol. 2, No.
274, pp. 355-358, April 1987, York, England. A specialised paper which proposes a new method
to solve the electric field equation for a variety of refractivity profiles. The finite-difference
method is employed for determining the eigenvalues of refractivity profiles by root finding
algorithm.

57) Herben, M. “Multipath propagation experiments on 8.2 km LOS path at 30GHz,” Radio Sciences,
Vol. 23, No. 3, pp. 419-427, May-June 1988. The paper compares multipath propagation with the
temperature inversions measured with two vertically spaced thermometers. The results of both
long-term and short-term signals measured during multipath propagation events are described.

58) Herring, R.N., “General ray-tracing techniques for predicting fields in arbitrarily varying
troposphere,” Marconi Research Centre, U.K. The General Electric Company, pp. 279-282, 1984.
The paper discusses how ray-tracing techniques may be used for producing a graphical display of
the two-dimensional distribution of field strength near the earth’s surface.

59) Hewitt, A., Moulsley, T. and Vilar, J., “18 GHz wide band LOS multipath experiment,” /EE
Conference Publication, No. 256, pp. 112-116, 1985, London, England. The measurements are
compared with computer-simulated results. In particular a comparison is made between the
Fourier and autoregressive (maximum entropy) techniques for extracting the multipath delays and
amplitudes from the measured transmittances.

60) Hewitt, F.J., “Super Refraction,” Air Pollution Research Group, CSIR-Report 1978. The paper
reports on the South African initiative regarding the measurements of the refractive index profile

by a means of an instrumented tethered balloon in the Phalaborwa area. The super refraction
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phenomenon caused problems with the microwave communications in the area and that justified
further investigation.

61) Hinson, D., “Strong scintillation during atmospheric occultation: Theoretical intensity spectra,”
Radio Science, Vol. 21, No. 2, pp. 257-270, March-April 1986. The paper presents results
obtained by a satellite system from space observations of atmospheric dynamics. Remote sensing
during occultation experiments provides an opportunity to observe common features regarding the
rapid signal fluctuations.

62) Hitney, H., “Engineer’s Refractive Effects Prediction System (EREPS)” NTIS Technical Note,
July 1989, pp. 6-1, 6-10. The paper describes a computer program to assess environmental effects
on the performance of operational systems, such as shipboard radar. It is specifically designed for
operational uses. EREPS was used by industry to investigate potential propagation effects on
systems being considered for development.

63) Hocking, W., “Measurement of turbulent energy dissipation rates in the middle atmosphere by
radar techniques: A review,” Radio Science, Vol. 20, No. 6, pp.1403-1422, Nov.-Dec. 1985. The
paper presents work relating to the structure of the refractivity index and other closely associated
effects such as turbulence and wind shear. The radar techniques for measuring the power of back-
scattered from the mesosphere are discussed. The importance of removing non-turbulent
processes in the considerations is stressed.

64) Hodson, K. “Transmission Link Simulators,” Communication Systems Research Ltd, llkley, UK,
pp. 117-122. The paper does not contain any propagation-related information.

65) Hogg, D.C., “Propagation Effects in an Automatic Tropospheric Profiling System,” Third
International Conference on Antennas and Propagation, ICAP 83, Vo. 2, No. 2, pp. 1-3, April
1983, Norwich, England, 1983. The paper deals with atmospheric measurements regarding
temperature, water vapour content and wind speed at different altitudes by specialised radar
techniques.

66) Hughes, K., “CCIR propagation studies for Africa,” Telecommunication Journal, Vol. 55, No. 1,
50-66, January 1988, Switzerland. The paper outlines the radiometric initiatives of the CCIR for
Africa. The radiorefractivity and rainfall measurements are planned for implementation mainly for
the VHF and UHF bands to facilitate the coverage planning for the FM radio and TV.

67) Isaacs, R. and Deblonde, G., “Millimetre wave moisture sounding: The effect of clouds,” Radio
Science, Vol. 22, No. 3, pp. 367-377, May-June 1987. The paper outlines a satellite technique for
scanning the terrestrial atmosphere for the effect of clouds in different frequency bands for the
radiative transfer, and results. The water vapour profile retrieval models are used, the results

demonstrated, errors assessed and discussed.
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68) Ishihara, T. and Felsen, L., “Hybrid Ray-Mode Parameterisation of High Frequency Propagation
in an Open Wave-guide with Bilinear Transverse Refractive Index: Numerical Results and
Quality Assessment,” IEEE Transactions on Antennas and Propagation, Vol. 39, No. 6, pp. 780-
788, June 1991. This paper should be studied with its companion paper, which contains a
numerical study of various parameterisations developed for source-excited wave propagation in an
open wave-guide with a bi-linearly varying refractive index used for modelling of surface ducts.

69) Ishihara, T. and Felsen, L., “Hybrid Ray-Mode Parameterisation of High Frequency Propagation
in an Open Wave-guide with Inhomogeneous Transverse Refractive Index: Formulation and
Application to a Bi-linear Surface Duct,” AGARD Conference Proceedings, No. 453, pp. 17.1-
17.15, San Diego, California, USA, 1989. The paper adopts a general methodology for a plane
stratified medium with a bilinear refractive index profile making a continuous refracting open
wave guide an idealised model for a leaky surface duct in the earth’s troposphere. The
conventional alternatives, modal and ray fields are then developed, and the detailed
implementation of these options is presented.

70) Jha, K., Verma, A. and Tewari, R., “Radio wave attenuation due to formation of tropospheric
thermal lenses,” Indian Journal of Radio and Space Physics, Vol. 21, No. 1, pp. 1-4, February
1992, India. The attenuation of thermal lenses is outlined in the lower atmosphere and the
additional attenuation, which needs to be taken into account for beyond the horizon services, is
evaluated as a function of range.

71)Jha, K., Verma, A. and Tewari, R., “Atmospheric Effects and Interference in Point to Point
Communication,” Journal of Institution of Electronics and Telecommunications Engineering, Vol.
35, No. 6, pp. 317-322, 1989. The concept of thermal lenses is reviewed. The instantaneous
changes of meteorological conditions leading to various types of fading are coupled with the
tropospheric propagation characteristics.

72) Jones, T., “The Role of Fronts in Anomalous Microwave Propagation,” Seventh International
Conference on Antennas and Propagation, ICAP 91, Vol. 1, No. 333, pp. 185-188, April 1991,
York, UK. The paper deals with a radio-meteorological study of the weather fronts in Europe and
their influence on microwave radio links. The possibility of producing a signature of signal levels
for different front/link configurations exists.

73) Ju Zhenle, Fu Junmei and Feng Enxin, “A simple wide-angle beam-propagation method for
integrated optics,” Microwave and Optical Technology Letters, Vol. 14, No. 6, pp. 345-347, April
1997. The paper deals with propagation in an optical wave-guide and not in free space. The 2D

scalar Helmholtz equation is formulated for the electric field transverse component.
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74) Kalinin, A. and Nadenko, L., “Current problems of the Propagation of Radio waves in line-of-
sight RRL,” Telecommunication Radio Engineering 1, Telecommunications USA, Vol. 44, No. 2,
pp- 29-34, February 1989. The paper basically deals with the operational problems originating
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76) Kalinin, A., Nadenko, L., Gavrilina, V. and Panova, R., “The Influence of Multipath
Propagation on the Performance Characteristics of Line-of-sight Radio-Relay Channels,”
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77) Karayel, T. E. and Hinson, D. P., “Sub-Fresnel-scale vertical resolution in atmospheric profiles
from radio occultation,” Radio Science, Vol. 32, No. 2, pp. 411-423, March-April 1997. This is a
recent paper. A description of applications of satellite scanning of the atmospheres of the solar
planets is investigated in the form of vertical resolution in atmospheric profiles retrieved from
radio occultation measurements.

78) Kawaguchi, Y., “Long Distance Propagation in a Stratified Atmosphere with an Even Power N
Profile,” Electronics and Communications in Japan, Vol. 76, No. 5, pp. 67-78, 1993. The non-
uniform atmospheric characteristics are analysed as a modified index of refraction by means of
the Frobenius method.

79) Kheirallah, H. and Rizk, M., “Statistics of layer formation in Mersa Matruh, Egypt,” Electronic
Letters, UK, Vol. 24, No. 7, pp. 381-382, March 1988. The paper presents the statistical
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Letters, Vol. 25, No. 17, No. 1172-1174, August 1989. The monthly surface refractivity in
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compared with refractivity figures calculated from meteorological data. Both sets of numerical
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81) Kheirallah, H., Rashwan, H. and Aboul-Saoud, A. “M-profile ray tracing technique for multipath
propagation,” Electronics Letters, Vol. 23, No. 2, pp. 82-83, January 1987. A profile is defined
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and the path trajectory reviewed according to the transmitter height and the angle-of-arrival along
the path length.

82) Knorr, J., “Guide EM waves with atmospheric ducts,” Microwaves & RF, Vol. 24, No. 5, pp. 67-
70, May 1985. This paper is of a general or even popular nature. It explains how the elevated duct
layer works, what the features are and its characteristics. The treatment is simplified and of a little
scientific value.

83) Ko, H., Sari, H., Skura, J., J., “Anomalous microwave propagation through atmospheric ducts,”
Johns Hopkins APL Technical Digest, Vol. 4, No. 1, 12-26, January 1983. This is a classic
overview with classification regarding different propagation modes. The traditional vertical
profiles of tropospheric refraction are discussed and the anomalous propagation is described,
including the operational effects. Typical models stemming from the parabolic equation solutions
are given.

84) Koshel, K., “Numerical Solution of the Tropospherical Propagation Problems for Ultra-short
Radio Waves. An Elevated Receiver,” Soviet Journal of Communications Technology and
Electronics, USA, Vol. 32, No. 11, pp. 151-153, Nov. 1987. The paper is a continuation of a
previous one, dealing numerically with a solution to the propagation in surface atmospheric
layers.

85) Koshel, K. and Shishkarev, A., “Influence of layer and anisotropy fluctuations of the refractive
index on the beyond the horizon SHF propagation in the troposphere over the sea when there is
evaporation duct,” Waves in Random Media, Vol. 3, pp. 25-38, 1993, UK. The paper is one of
many covering the broader field of research by this group of authors. It therefore treats only
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gaussian function characteristics.

86) Kriezis, Em.E., Pantelakis, P., Antonopoulos, C.S. and Papagiannakis, A.G., “Full Vector Beam
Propagation Method for Axially Dependent 3-D Structures,” IEEE Transactions on Magnetics,
Vol. 33, No. 2, pp. 1540-1543, March 1997. The paper presents an application from the field of
integrated optics, possibly fibre optics, with a changing refractivity index along the direction of
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87) Krutikov, M., Muzafarov, R. and Rodionov, M., “Tropospheric Fluctuation Error of Ranging
Measurements on Oblique Maritime Routes,” Telecommunications Radio Engineering 2, (USA),

Vol. 44, No. 8, pp. 61-6, April 1989. The paper deals with structural functions of the refractive
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index gradient, spatial distortions in a randomly inhomogeneous troposphere and the introduction
of layers in the troposphere along altitude.

88) Kukushkin, A. and Sinitsin, V., “Rays and modes in a Nonuniform troposphere,” Radio Science,
Vol. 18, No. 4, pp. 573-581, July-August 1983. The paper considers tropospheric super-refraction
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diffraction.

89) Kukushkin, A., “Coherence Function of the Field in the Stratified-Nonuniform Troposphere,”
Izvestiya Vysshikh Uchebnykh Zavedenii, Radiofizika, Vol. 27, No. 1, pp. 18-27, January 1984.
The paper deals with duct propagation above seawater. A modified M index of refraction is used
and a statistical approach is adopted using the Schroedinger equation for the trapped modes. The
paper is complicated, difficult to follow, and of little practical value.

90) Kulshrestha, S. and Srivastav, S., “Characterisation of Indian troposphere in relation to
communication: Radio refractivity gradients and ducting,” Indian Journal of Radio and Space
Physics, Vol. 19, No. 5-6, pp. 319-325, Oct.-Dec. 1990. The paper presents the results of a
refractivity study around India obtained by processing of meteorological data from the weather
stations. All forms of ducting are described from the vertical profiles point of view, along with
particular seasonal and climatic differences.

91) Kuo, Shen, Fu, Chao, Rottger, and Liu, “Altitude dependence of vertical velocity spectra observed
by VHF radar,” Radio Science, Vol. 20, No. 6, pp. 1349-1354, Nov.-Dec. 1985. The paper relates
to the structure of the media and gathers data by a means of radar in the mesosphere-stratosphere-
troposphere region for gravity waves. The data is interpreted by using existing theoretical
results/models. Curve fitting techniques are also applied.

92) Kursinski, E., Hajj, G., Hardy, K., Romans, L. and Schofield, J., “Observing tropospheric water
vapour by radio occultation using the global positioning system,” Geophysical Research Letters,
Vol. 22, No. 17, pp. 2365-2368, September 1995, USA. New GPS technology is used to monitor
and measure the water vapour content in the troposphere below the tropopause. The accuracy of
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93) Lake, Julian S., “Atmospheric Refraction: A Neglected Fundamental Comes of Age,” Defence
Electronics, pp. 22-23, October 1982. The paper gives a general overview of ducts and their
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94) Lam, W. 1., and Webster, A. R., “Microwave Propagation on Two Line-of-sight Over Sea Paths,”
IEEE Transactions on Antennas and Propagation, Vol. AP-33, No. 5, pp. 510-516, May 1985.
The paper reflects on a study of propagation on two radio links operating on a frequency of 10
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GHz. A typical method of direct and reflected rays is used in order to analyse the severe fading
characteristics associated with those meteorological conditions, exhibiting relatively slow
changes. It was also found that the combined effects of the specular (mirror-like) sea reflection
and the formation of atmospheric layers cause most of the severe fading.

95) Lang, R. P., “Angle of Arrival Measurements on Slanted Paths at 11.6GHz,” Third International
Conference on Antennas and Propagation, ICAP 83, Vol. 2, No. 2, pp. 166-168, April 1983,
Norwich, England. Experiments regarding the monitoring of a radio link arereported, propagation
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96) Lekner, J., “Properties of a chiral slab wave-guide,” Journal of the European optical Society, Vol.
6, No. 3, pp. 373-384, May 1997. The paper deals with wave-guide propagation and is not of
direct interest to the present survey.

97) Levy, M. and Craig, K., “Assessment of anomalous propagation predictions using mini sonde
refractivity data and the parabolic equation method,” AGARD Conference Proceedings No. 453,
pp. 25/1-25/12, San Diego, May 1989, USA. The parabolic equation method is used to
accommodate measurement errors, fluctuations in the refractivity data, and noise from mini
sondes. This serves for forecasting microwave propagation in the troposphere and in some cases
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98) Levy, M., Craig, K., Champion, R., Eastment, J. and Whitehead, N., “Airborne measurements
of anomalous propagation over the English Channel,” Seventh International Conference on
Antennas and Propagation, (ICAP 91), Vol. 1, No. 333, pp. 173-176, York, UK, 1991. The
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2-dimensional refractivity structures leading to super-refraction and ducting in the area.

99) Levy, M., “Parabolic equation Modelling of Propagation over Irregular Terrain,” Electronics
Letters, (UK), Vol. 26, No. 15, pp. 1153-1155, July 1990. This presents an extension of the finite
difference method implemented in the parabolic equation method to accommodate diffraction
over irregular terrain for the field strength calculation with arbitrary two-dimensional refractive
index model.

100) Liebe, H., “MPN-an atmospheric millimetre-wave propagation model,” International Journal
of Infrared and Millimetre Waves, Vol. 10, No. 6, pp. 631-650, 1989. The radio refractivity of the
troposphere is analysed as a function of frequency in addition to normal meteorological

parameters. This paper is outside the scope of the present research interests.
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comparison of attenuation with that obtained from the parabolic wave equation.
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with the horizontally stratified ionosphere and offers the general analytical solution for the waves
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104) Maekawa, Y., Chang, N. S. and Miyazaki, A., “Rapid changes in depolarisation due to
thunderclouds obtained from the CS-3 beacon signal observation,” /1992 IEEE, pp. 744-751.
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105) Marcus, S., “Propagation in surface ducts over irregular terrain,” Antennas and Propagation
Society Symposium 1991 Digest, Vol. 3, pp. 1784-1787, London, Ontario, Canada, 1991. The
paper analyses a duct over rough irregular surface. A bilinear modified profile is adopted up to
10m in height using the implicit finite difference/Green function.

106) Markina, N., Naumov, A. and Sumin, M., “Determination of the altitude profiles of the
refractive index of the atmosphere at optical and microwaves wavelengths from atmospheric
thermal radio emission,” Radiophysics and Quantum Electronics, Vol. 30, No. 8, pp. 704-712,
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107) Masoudi, H., Jamid, H. and Al-Bader, S., “Effect of elevated tropospheric layer on radio-wave
propagation in surface duct,” Electronics Letters, Vol. 25, No. 11, pp. 748-750, May 1989. The
parabolic equation is used with the modified refractive index and the bilinear model to determine

the confinement within the duct.
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108) McArtur, R., “Propagation Modelling over Irregular Terrain Using the Split-Step Parabolic
equation Method,” International Conference — Radar 92, IEE Conference Publication 1992, No.
365, pp. 54-57, Brighton, England 1992. The paper extends the split step solution of the parabolic
equation method of an existing computer model used for propagation over a smooth spherical
earth to irregular terrain.
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July 1958. The paper investigates a troposcatter link at 1GHz frequency and at 370 km distance
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evaporation duct height in the sea surface boundary layer,” Radio Science, Vol. 27, No. 5, pp.
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112) Narayana Rao, D., Krishna Reddy, K., Ravi, K., Rao, S. and Kesava Murthy, M., “Effect of
Fresnel zone clearance on propagation characteristics of microwave links in hilly terrain,” Indian
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113) Narayana Rao, D., Bhaskara Rao, S., Ravi, K. and Krishna Reddy, K., “Tropospheric effects
on microwave propagation in hilly terrains,” Seventh International Conference on Antennas and
Propagation, (ICAP 91), Vol. 1, No.333, pp. 58-62, April 1991, York, UK. The paper examines
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remedied by space diversity. Two separations of the antennas diversity systems are therefore

recommended as a solution.
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114) Narayana Rao, D. and Kesava Murthy, M., “Microwave Propagation Characteristics over
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severe fading degradation of the quality of reception.
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radar profiler observations,” Radio Science, Vol. 25, No. 5, pp. 1039-1047, Sep.-Oct. 1990. The
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117)  Okafuji, Satoshi and Inenaga, “Tatsuya Excitation Analysis of Symmetric the Waves Guided
Through Symmetric Kerr-Like Non-linear Slab Wave-guides,” Electronics and Communications
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118) Oyinloye, J., “Characteristics of non-ionised media and radio wave propagation in equatorial
areas- A Review,” Telecommunication Journal, Vol. 55, No. 2, pp. 115-129, 1988, Switzerland.
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surface refractivity over a year. The second part describes the rainfall characteristics in equatorial
regions.

119) Pappert, R., Paulus, R. and Tappert, F., “Sea echo in tropospheric ducting environments,”
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a simple elevated layer,” Radio Science, Vol. 17, No. 2, pp. 305-322, March-April 1982. The
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paper describes conversions of the modes in tropospheric ducts in the microwave frequency range
(e.g. 3 GHz) between layers of different elevations.

121) Patterson, W., “Comparison of evaporation duct and path loss models,” Radio Science, Vol.
20, No. 5, pp. 1061-1068, Sep.-Oct. 1985. The paper primarily evaluates the three deterministic
computer models for the accuracy of their predictions based on the quality of the meteorological
input data, which is so difficult to obtain. In conclusion it is pointed out that the statistically sound
input data is difficult to get. This presents a major obstacle.

122) Paulus, R., “VOCAR: An Experiment in Variability of Coastal Atmospheric Refractivity,”
IEEFE International Geoscience and Remote Sensing Symposium, Proceedings of IGARSS 1994,
Vol. 1, pp. 386-388, Pasadena, California, USA, 1994. The aim of the paper is to provide a
method to remotely sense the refractive structure of the atmosphere. The ducting occurrence is
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123) Paulus, R., “Practical application of evaporation duct model,” Radio Science, Vol. 20, No. 4,
pp. 887-896, July-August 1985. The paper mitigates the propagation measurements of the duct
heights with those from the evaporation duct model, as the occurrence of duct heights over sea is
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124) Pereira-Netto, A. and Dhein, N., “Reduction of fading due to ducts in line-of-sight links by
path inclination,” Proceedings of ISAP 85, No. 252-4, pp. 1071-1074. The conference paper
reports on microwave links situated in the tropical equatorial region of the Amazon where
tropospheric ducts are observed. The M-profiles are measured and depicted with the results
showing an improvement by comparison with a computer simulation.

125) Ponomaryov, V. and Gorb, A., “Determination of turbulent atmosphere, statistical
characteristics,” Fifith International Conference on Antennas and Propagation (ICAP 87), Vol. 2,
No. 274, pp. 239-241, 1987, London, England. The paper deals with a solution to the restoration
problem as one of inverse problems. A statistical approach is adopted as usual.

126) Prasad, M., Dutta, H., Sarkar, S. and Reddy, B. “Fading reduction in microwave LOS links
using antenna beam tilting techniques,” Radio Science, Vol. 26, No. 3, pp. 751-758, May-June
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127) Prasad, M., Sharma, S., Sain, M. and Reddy, B., “Transhorizon VHF TV signal propagation
over mixed land-sea paths,” IEEE Transactions on Broadcasting, Vol. 38, No. 1, pp. 33-37,
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these to different percentage of time for events and further relating those to different modes and
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mechanisms such as ducting, scattering and reflections. The effort ties up these observations with
the climatic and seasonal weather effects, as well as with mixed over land and over sea
propagation.

128) Rana, D., Webster, A., and Sylvain, M., “Statistical characterisation of line-of-sight links,”
Radio Science, Vol. 27, No. 6, pp. 783-796, Nov.-Dec. 1992. The paper presents the statistical
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129) Rao, D. N,, Reddy, K. K. and Bhaskara Rao, S. V., “A comparative study of scintillation
analysis over two LOS links at 7 GHz in Southern India,” Propagation IEE Conference
Publication, Vol. 2, No. 407, pp. 174-177, Stevenage, England 1995. The paper deals with the
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130) Rao, D., Ravi, K. and Murphy, K., “Multipath Effects observed over long hop hilly terrain
Line-of-sight microwave links,” 20" European Microwave Conference 1990, Vol. 2, pp. 1437-
1442, September 1990, Budapest, Hungry. The paper correlates the deep fading periods with
different atmospheric structures, and attributes the percentage of time for events to certain hours
of the day, as a form of the refractivity gradient on the specific link.

131) Ranger, M., Regnier, J-L., Andreu, M. and La Pape, Y., “A program for the calculation of
radio-wave transmission loss over the spherical Earth and over obstacles,” Conference on
Terrestrial Propagation Characteristics in Modern Systems of Communications, Surveillance,
Guidance and Control (ADARD-CP-407), pp. 9.1-9.12, Ontario, Canada, Oct. 1986. The paper
basically compares two different algorithms in the form of computer programmmes to evaluate
the path loss. It makes mention of the exponential atmosphere refractivity model.

132) Reddy, L., “Some Factors Affecting the Performance of line-of-sight microwave links over
the southeastern parts of India,” U.R.S.I. Open Symposium on Wave Propagation and Remote
Sensing, pp. 9.5.1-9.5.6, Bradford, UK. Unique daytime multipath fading over coast and the
nocturnal power fading are described. A two-path quadruple diversity system with adaptive
receivers is proposed as a remedy for line-of-sight microwave links in tropical maritime climate.

133)  Ricci, P. and Florio, A., “ MM-Wave Region Propagation Experiments by Satellite,”
Conference on Atmospheric Propagation in the UV, Visible, IR and MW-Wave Region and
Related Systems Aspects (AGARD-CP-454), pp. 12.1-12.10, Copenhagen, Denmark, Oct. 1989.
The paper deals with a satellite experiment for RF propagation at higher frequency bands of 30-50
GHz for broadcasting purposes, initially, with a possible extension to the 90 and 135 GHz bands.
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The attenuation from ice, water and other impairments to the signal is evaluated in the long-term
observations.

134)  Richhardia, M., “Simulate tropospheric amplitude scintillation,” Microwaves & RF, pp. 79-82,
April 1985. The paper deals with effects of atmospherically induced amplitude scintillation on RF
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propagation in a turbulent atmosphere.
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Propagation Characteristics in Modern Systems of Communications, Surveillance, Guidance and
Control, (AGARD-CP-407), pp. 11.1-11.9, Oct. 1986, Ottawa, Ontario, Canada. The paper offers
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136) Robinson, S.E., “The profile-algorithm for microwave-delay estimation from water vapour
radiometer data,” Radio Science, Vol. 23, No. 3, pp. 401-408, May-June 1988. The algorithm for
estimation of tropospheric microwave path delays from Water Vapour Radiometer data has been
developed. It first uses the observable with an emission model to determine an approximate form
of the vertical water vapour distribution profile, which is then explicitly integrated and estimates
the wet path delays. The accuracy of this algorithm has been examined for two channels, water
vapour radiometer (WVR) data, using path delays and simulated / computed results from archived
radiosond data.

137) Rocken, Ch., Van Hove, T. and Ware, R., “Near real-time GPS sensing of atmospheric water
vapour,” Geophisical Research Letters, Vol. 24, No. 24, pp. 3221-3224, Dec. 1997. The paper
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138) Rogers, T., “Statistical Assessment of the Variability of Atmospheric Propagation Effects in
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Symposium, Proceedings of IGARSS 1994, Vol. 1, pp. 389-393, Pasadena, California, USA. The
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139) Rogers, T., “Effects of the Variability of Atmospheric Refractivity on Propagation Estimates,”

IEEE Transactions on Antennas and Propagation, Vol. 44, No. 4, April 1996. The paper’s

objective is to minimise the error of propagation estimates obtained from radio measurements.

The temporal and spatial samplings of atmospheric refractivity are taken from a propagation
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requirement for which the observations are made and the statistics attached.
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