


This is demonstrated in Fig. 1 for two different ducting refractivity pro
files, each produced in three ways, each having significantly different
values of z0. Despite widely different z0 values, closely replicated pro
files are achieved, by varying the value of p.
Fig. 2 is a similar demonstration for two nonlinear sub refractive

profiles, as well as the linear p = 1 case, which is independent of z0.
Thus we may, for practical purposes, choose to define z0 to be the

physical parameter roughness length, for all values of p and then let p
be the parameter which controls the shape of the refractivity profile.

Practical significance of different p values super refraction:
Considering ducting propagation, different propagation characteristics
would be expected because of differences in duct height. In the
example of Fig. 1, with z0 = 0.00015 m, and the same mean gradient
in the lowest 15 m, duct height is 15.8 m with p = 0 and 3.8 m with
p = 0.25.

Practical significance of different p values sub refraction: Modelling
of sub refraction conventionally assumes a linear refractivity profile
[3, 4] or p = 1 in terms of (4), but nonlinear profiles, particularly in
the region of p = 0.5, may result in greater diffraction loss than the
linear case. This may be an important for predicting sub refractive
fading, as this type of fading predominantly occurs in a stable atmos
phere prior to sunrise [4]. In a stable atmosphere, the refractivity
profile is expected [1] to be logarithmic at heights below the Obukhov
length L; and essentially linear at heights exceeding L. Although some
thing of the order of 20 m may be considered typical, L is proportional to
the cube of wind speed and inversely proportional to heat flux [1], hence
the value of L would vary considerably. The model presented here, with
p = 0.5, may be a useful compromise for predicting sub refractive fading,
as it seems to be close to a worst case profile, and mid way between the
type of profiles expected above and below the varying Obukhov length.

100

+20

–20

0 dB

–40

–60

–80

–100

80

60

40

20

0
0 10 20 30

distance, km
40

he
ig

ht
 z

, m

w r t
free

space

Fig. 3 Predicted field relative to free-space, and ray tracing, for p 1

Sub-refraction +400 M-units/km: M(0) 300, M(80) 332
Transmitter: 10 GHz at 80 m, with traced rays 0.2 milliradians apart
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Fig. 4 Predicted field relative to free-space, and ray tracing, for p 0.5

Sub-refraction +400 M-units/km: M(0) 300, M(80) 332
Transmitter: 10 GHz at 80 m. GM 0.12 M-units/m and z0 0.05 m
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The impact on radio propagation of different refractivity profiles, for
the same mean gradient, may be studied using the parabolic equation
method [6, 7]. Field strength predictions for the three refractivity
profiles of Fig. 2, at 10 GHz, with a transmitter height of 80 m, are
shown in Figs. 3 5, for p values of 1, 0.5 and 0, respectively.
Considering diffraction loss to receivers at low heights, more than
30 km from the transmitter, the linear case p = 1 of Fig. 3 suffers less
loss than the logarithmic case p = 0 of Fig. 5, but the greatest loss is
encountered by the p = 0.5 case of Fig. 4.
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Fig. 5 Predicted field relative to free-space, and ray tracing, for p 0

Sub-refraction +400 M-units/km: M(0) 300, M(80) 332
Transmitter: 10 GHz at 80 m. GM 0.12 M-units/m and z0 0.05 m

Conclusion: We have shown that the conventional logarithmic evapor
ation duct refractivity profile model, and the simple linear refractivity
profile model, are both special cases of a general ‘log power’ model,
readily differentiable, with parameters p and Dp, which may both be
varied to produce a range of surface refractivity profiles, while maintain
ing the same values of the parameters of roughness length z0 and
standard modified refractivity gradient GM.

We have demonstrated that for a given mean refractivity gradient in
the surface layer of the atmosphere, varying the power parameter p
may result in considerable differences in the predicted radio field
strength. Information about a shape parameter such as this may be
required for accurate field strength prediction, in addition to the usual
parameters of surface refractivity gradient or duct height.
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