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Abstract

The troposphere ducting and sea surface roughness make coastal and over water communication links among the most difficult to
predict. Part | of this work studied the influence of evaporation duct log-linear modified refractivity profile parameters' variations on
the frequency dependency of multipath fading assuming propagation over smooth sea. In Part Il the influence of sea surface rough-
ness is added to evaporation duct conditions. The sea surface roughness is modelled through two roughness reduction factors, one
of them accounting for the shadowing. The same ten microwave frequencies and four hypothetical over the sea links as in Part | are
used. The results are presented in form of path loss standard deviation versus frequencies for fixed ranges. The path loss is com-

puted by the parabolic equation method.

1. INTRODUCTION

Anomalous propagation conditions due to tropo-
spheric ducting are typical for coastal and maritime
areas. They complicate the design and perfor-
mance prediction of microwave radars and commu-
nications systems working in these areas [1]. The
multipath fading is among the problems related to
ducting propagation mechanism. The most common
duct over large bodies of water is the evaporation
duct. Part | of this work, [2], studied the influence of
evaporation duct log-linear modified refractivity pro-
file parameters' variations on the frequency depen-
dency of multipath fading assuming propagation
over smooth sea. Part Il of this work combines the
influence of sea surface roughness with the evapo-
ration duct conditions as described in [2] in order to
check weather a highly frequency dependent propa-
gation mechanism as ducting may result in a rather
slight dependence on frequency for multipath fading
as suggested by some prediction methods [3, 4].

The correct modelling of electromagnetic propaga-
tion over rough sea surface is still an open issue
due to the difficulties in implementing all scattering
mechanisms in the electromagnetic model. A prac-
tical approximate solution is to account for the sur-
face roughness effects by defining an “effective”
reflection coefficient Rer, see (1) in Section 2, rep-
resenting the Fresnel reflection coefficient from flat

surface, Rr, multiplied by a roughness reduction
factor (RRF) Rq [5]. Two RRFs have been widely
used in over-the-ocean microwave propagation: the
Miller-Brown one [6] and Ament's RRF [7]. Compar-
isons of the propagation prediction results based on
combination of these two RRFs with different prop-
agation models to measurements' data do not allow
concluding which of them is more accurate; a good
discussion on this issue may be found in [8]. The
propagation at very low grazing angles, typical for
tropospheric ducting, is additionally complicated by
shadowing effect due to sea surface waves [8, 9]. It
is to be noted that both above mentioned RRFs
affect only the magnitude of the complex Fresnel
reflection coefficient and do not account for the
shadowing. In order to go closer to the observed
experimental results, theoretical efforts have been
made to improve the RRF's accuracy by introducing
the shadowing effect [8, 9].

In [2] the important parameters of evaporation duct
log-linear modified refractivity profile have been
briefly discussed and the parabolic equation (PE)
method [5] used for path loss computation has been
sketched out. For more information on those topics
the reader is referred to [2] and the literature cited
there. Part || makes use of the same ten frequen-
cies of microwave range and four hypothetical over
the sea line-of-site links as in [2]. On the basis of
the “effective” reflection coefficient concept, the sea
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surface roughness is modelled through two RRFs:
the original Ament's roughness reduction factor [7]
and modified Ament's RRF with shadowing effect
included as proposed in [9] and implemented for
ducting propagation in [10].

2. DESCRIPTION OF THE METHOD

To compute the path loss for the studied links, the
log-linear M-profile (1) from [2] for evaporation
duct is combined with the PE method. Equation (2)
below presents the original Ament's roughness
reduction coefficient Ra [7]. The Ry from (3) is ob-
tained in [9] using the same statistics (Gaussian
statistics of sea surface heights and slopes) as the
one assumed for the derivation of the original
Ament's roughness reduction factor Ra. The Rifrom
(3) accounts for the shadowing effect of the sea
surface roughness by introducing a phase correc-
tion to Ra. In (2) and (3) k is the wave number in
free space, ¢ is the plane wave grazing incidence
angle to the rough surface, o is the standard

deviation of the surface height §, m. and & are

the mean value and standard deviation of the illu-
minated surface heights only (see [9] for details),
Q=2ksin(¢).

Ret =Rt Re (1)

Ra =exp[—2kza§ sinz((p)J , (2)
2=2

Ry =exp[— jom, S 2% J 3)

The parameters o, rﬁ§ ,and o, needed to com-

pute (2) and (3) are taken for wind speed of 7 km/s,
see [9, 10] for formulas and details.

3. RESULTS AND DISCUSSION

As in [2], for every frequency the path loss (PL) is
calculated versus height for fixed ranges R =20
km, R =40 km for the same four hypothetical links:
A) z=40 m, &=5% B) zz=15 m, =50 C)
z=40m, & =1%D) z=15m, & = 19, where z
stays for the transmitter height, & and & are the
half power beamwidth and the antenna elevation
angle of horizontally polarized Gaussian beam
source used as transmitter, see [2], formula (3).
Three different values for the critical potential re-
fractivity gradient co (which determines the curva-
ture of the log-linear modified refractivity profile) are
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used for neutral, stable and unstable troposphere,
respectively: co=0.13, co =0.11 and ¢o = 0.19. For
all cases & = 00. The area of interests (determined
by the possible receiver heights z;) extends be-
tween 5 m and 150 m and is divided in the same
two parts as in [2]: z1 from 5 m to the top of evapo-
ration layer, defined here as z_ = 2zq4, see [2], and
2z which ranges from the evaporation layer height
Z. up to 150 m; z4 is the evaporation duct height.

On Figs. 1-4 are shown results for rough sea sur-
face. Figure 1 shows the influence of the roughness
reduction factor Ra from (2) for original Ament
roughness reduction coefficient: the introduction of
R increases the frequency dependency and leads
to reduction of the standard deviation values for
higher frequencies both in z1 and z, areas. Figures
2-4 present comparison between smooth sea and
rough sea modelled with Ra and R from (3): Fig. 2
refers to link A) with zg=15 m, R=20 km; Fig. 3
reports comparison between ¢o = 0.11 and ¢o = 0.19
for Rt from (3) for link A) with zg = 15 m, R = 20 km;
Fig. 4 refers to link C) with zg =35 m, R=40 km.
The roughness with application of shadowing, (3),
increases the frequency dependency in comparison
to smooth sea and in z; often has opposite trend to
that of the roughness introduced through Ra. In 25,
for higher frequencies, the frequency depend-
ency of PL standard deviation for Ry from (3) fol-
lows that obtained for Ra but with higher values. In
[10] it has been demonstrated that the introduction
of the rough sea surface and, especially, of the
roughness reduction factor given by (3), destroys
the (guiding) duct structure and reduces the long-
range ducted propagation. The electromagnetic
energy is scattered by the roughness and this re-
duces the fading depths for all links and distances.
The higher the frequency, the higher the depths re-
duction.

In area z, increases the difference in PL standard
deviation frequency dependency between stable
(co=0.11) and unstable (co=0.19) troposphere
stratification, see Fig. 3.
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Figure 1. Rough sea surface: Ra from (2), za = 35 m, R = 40
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Figure 2. Comparison between smooth sea, original Ament
Ra, and Ry from (3), link A, z&=15 m, R=20 km
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Figure 3. Comparison between co = 0.11 & co = 0.19 for Ry
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Figure 4. Comparison between smooth sea, original Ament
Ra, and Ry from (3), link C, zs=35 m, R=40 km

4. CONCLUSION

On the basis of Figs. 1-4 (as well as other results
not reported here) the following concluding remarks
may be drawn:

— the roughness introduced through Ra in-
creases the frequency dependency of the
PL standard deviation in the same time
decreasing its values for higher frequen-
cies;

— the introduction of shadowing effect influ-
ences both z1 and z; regions, it modifies
the tendency of the original Ament's
roughness reduction factor to reduce the
values of standard deviation for higher
frequencies;

— in further investigations more attention
should be paid on the combined effect of
different from neutral troposphere stratifi-
cation and sea surface roughness;

— the reported results for sea surface rough-
ness influence on frequency dependent
fading can not be assessed using tradi-
tional methods.

More investigations with application of different
RRFs and corrections for shadowing (and, possibly,
attraction of additional scattering mechanisms as
diffraction) as well as further comparisons to meas-
urement data are needed in order to substantiate
the reported results.
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