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Characteristics of Z-Band Multipath Fading due to Sea Surface Reflection

YOSHIO KARASAWA, MEMBER, IEEE, AND TAKAYASU SHIOKAWA , MEMBER, IEEE

- Abstract—For low G/T ship-based earth stations in future maritime
satellite communications, the effect of multipath fading due to sea surface
reflection will be very important at low elevation angles. However, a
practical model of the Z-band multipath fading for fade prediction has not
been available so far. A practical fading model is presented based on the
shadowed Kirchhoff approximation theory for the coherent and incoherent
components of the scattered power as a function of sea surface conditions.
Using this model, theoretical fading depths are presented as a function of
elevation angle, wave height, and antenna gain. The resulfs indicate that
intense fading occurs for wave heights greater than 50 cm, and the depen-
dence on wave height is small under these conditions at L-band frequencies.
Theoretical results presented agree well with experimental results obtained
by field experiments.

I. INTRODUCTION

N MARITIME satellite communication systems such as the

International Maritime Satellite Organization (INMARSAT)
system, multipath fading due to sea surface reflection generates
signal degradation at low elevation angles. Although the effect of
multipath fading at L-band is not so significant for the current
standard-A system (ship antenna gain: 20-24 dBi) of the INMAR-
SAT operating at elevation angles greater than 5°, it will be severe
for proposed low G/T systems such as standard —B (gain: 13-16
dBi) and —C (gain: less than 10 dBi) because the beamwidth of the
smaller ship antennas will be much wider than that of the Standard-
A system. In this respect, it is essential to clarify the characteris-

ponents, Gaussian random process is assumed for both prob-
ability density function and space correlation function of the
sea surface profile heights. It is well-known that the probability
density function of the real ocean agrees well with Gaussian
[11], but the space correlation function may be somewhat
different from the Gaussian. Accordingly, the model presented
here is based on simplified assumptions for a practical purpose
against the complicated phenomenon.

First we consider the coherent component of reflected waves
under the condition that the ship antenna is fixed at a given
height above mean sea level of z = 0. In this case, the amplitude
of the coherent component £ relative to the incident field is
given by averaging reflected waves as follows [12]:

ES = |T(6,)G(20) e~ /2 (1)

where G(20) is an antenna gain toward the specular reflection
point (in this case, @ = #/2 — 6i in Fig. 1) relative to the gain
toward a satellite direction, I is the Fresnel reflection coefficient
of the sea surface [12] for an L-band circularly polarized wave.
The roughness parameter « indicating the roughness of the sea
surface is generally given by

.

u = khg(cos 8; + cos ;) )

where 0i = 0s, k denotes the wavenumber in free space and
hn represents the root mean sqguare (rms) surface profile heicht

16
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A New Prediction Method for Tropospheric
Scintillation on Earth—Space Paths

YOSHIO KARASAWA, meMeer, 1EEE, MATSUICHI YAMADA, SENIOR MEMBER, IEEE, AND JEREMY E. ALLNUTT

Abstract—A new method of predicting scintillation fading occurring
on earth-space paths is presented based on the data obtained from a low-
elevation 14/11-GHz wave propagation experiment at Yamaguchi, Ja-
pan. This model includes parameters representing meteorological condi-
tions which have not been covered in existing models and can, therefore,
be expected to be applied to wide regions with different climates.
Moreover, the prediction accuracy of the method is evaluated based on
experimental data collected at four sites in the western part of Japan, as
well as data reported thus far on a world-wide basis. Although data used
for evaluation are limited, the model presented is proved to have quite
good prediction accuracy for frequencies from 7 to 14 GHz and elevation
angles from 4° 10 30°.

I. INTRODUCTION

N SATELLITE communications with frequencies above 10

GHz, signal-level fluctuations caused by tropospheric
scintillation, together with signal-level attenuation by rain, are
among the major problems in radio-wave transmission. In
particular, scintillation generated on propagation paths at low-
elevation angles often produces considerable signal fading in
excess of 10 dB. Therefore, a quantitative understanding of the
phenomenon is required to design satellite systems operating
at low-elevation angles.

Under such circumstances many studies on the tropospheric
scintillation have been carried out both theoretically and

the prediction accuracy of the method will be evaluated based
on experimental data collected at four sites in the western part
of Japan (namely, Hamada, Yamaguchi, Ohita, and Okinawa)
as well as data reported thus far on a world-wide basis.

I1. Existing PrepicTioN METHODS AND THEIR PROBLEMS

Tatarskii introduced a theoretical formulation for the
estimate of log-amplitude fluctuations based on the assumption
that the spatial structure of the atmospheric refractive index is
in accordance with a Kolmogorov-type spectrum [3]. When
the atmospheric turbulence lies in the inertial subrange where
a relation /2, /N < L < I2_/\ where Iys [Inal is the inner
[outer] scale of refractive index irregularities; L is the
effective path length between the boundary of turbulence and
the reception point; A is the wavelength of the radio wave is
satisfied, the variance o, of log-amplitude in dB is given by [3]

2% \7/6 pL
02=42.9 (T) So C3(nr*s dr @B2?). (1)

In this equation C, is the structure parameter of the refractive
index varying along the earth-space path. It is known that the
structure parameter C, depends not only on the variance of the
atmospheric refractive index but also on the outer scale (Ina)

WEEEY,
&
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