The sum of the elevation angles is

8 =0 +86 or -d_/a radians, (6b)
e e1 ez L

whichever is larger algebraically. In (6) all distances are in kilometers
and heights are in meters,

For transhorizon paths the path length d is equal to or greater
than the sum of the horizon distances d_. . The angular distance for a

L
transhorizon path is always positive and is defined as

0= Be + d/a radians, (7

where d is the path length and a is the effective earth's radius, both in
kilometers,

These additional path parameters, he1, , 7 dLl, 2 Bel a0 and B,are
used in computing reference values of attenuation relative to free space
Acr , Oor transmission loss Lcr . When only the basic parameters are
supplied, estimates of these additional parameters are calculated using
equations (4) through (7). When detailed profiles are available for de-
sired paths,these additional parameters are obtained as described by

Rice et al, {(1967) and outlined in annex 3.

3. TRANSMISSION LOSS CALCULATIONS

This section describes how the various parameters discussed in
section 2 are used to compute transmission loss. Median reference
values Acr of attenuation below free space are computed first. The
reference values Lcr of transmission loss are then the sum of the free
space basic transmission loss, Lbf' and the reference attenuation relative

to free space, A
cr

L = +
(a5 3 Lbf Acr & (8)
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The free-space basic transmission loss is
L‘bf= 32.45 + 20 log10£+20 1og10d dB, (9)

where the radio frequency f is in megahertz, and the distance d is in
kilometers.

The reference attenuation Acr is computed using methods based on
different propagation mechanisms for three distance ranges. Well
within radio line of sight, the formulas of two-ray optics are used to
compute attenuation relative to free space. Just beyond line of sight,
diffraction is the dominant mechanism. The prediction method computes
a weighted average, Ad , of estimates of diffraction attenuation over a
double knife edge, and over irregular terrain. At greater distances,
well beyond the radio horizon, the dominant propagation mechanism is
usually forward scatter. The prediction method for this distance range
is a modification of the.scatter computations described by Rice et al.
(1967). The reference attenuation Acr for transhorizon paths is either
the diffraction attenuation Ad or the scatter attenuation As , whichever
is smaller. The distance at which diffraction and scatter losses are
equal is defined as dx.

To provide a continuous curve of the computed reference attenuation

Acr as a function of distance the following methods are used.

3.1 To Compute Acr Within Radio Line of Sight

When transmitting and receiving antennas are within radio line of
sight, the two-ray optics formulas described in annex 3 are used to com-

pute attenuations AO and A, at specified distances do and dl that are

1
well within the horizon. The distance d0 is chosen to approximate the

greatest distance at which the attenuation below free space is zero. The
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distance dl is greater than do but well within the range for which two-
ray optics formulas are valid. The methods described in the next sub-

section are used to compute the diffraction attenuation ALs at the

smooth earth horizon distance dLs . These three values of attenuation,

AO, Al , and ALS

pectively, are used to determine the slopes k

, computed at the distances do’ dl’ and d g Tes-

L

1 and kz of 2 smooth

curve of A versus distance for the range 1 =d =d
cr Ls

A=A +k/ (d-d)+k,log  (d/d ) dB. (10)

Note that the smooth-earth horizon distance dLs may be greater than
the actual horizon distance dL :

Equation (10) may be simplified by defining a term Ae i

Ae =Ao-k1 do-kz loglo do dB . (11)
Then for all distances greater than one and less than dLs » reference at-

tenuation is defined as

= k d dB. 2
Acr Ae+k1d+ Zloglo B (12)
Detailed methods for computing k.l and kz are given in annex 3.

Whenever the value of Acr computed from (12) is less than zero, it is
assumed that Acr = 0. This prediction method does not attempt to des-

cribe the lobery within line of sight over irregular terrain.

3.2 To Compute Diffraction Attenuation Ad

The diffraction attenuation is computed by combining estimates of
knife-edge diffraction, based on Fresnel-Kirchhoff theory, with a modi-

fication of the method for computing diffraction over smooth terrain

=L



developed by Vogler (1964). Vogler's method estimates the diffraction
attenuation, Ar , over the bulge of the earth in the far diffraction region,
and is applicable for smooth terrain. Knife-edge diffraction theory is
used to estimate attenuation over an isolated hill or ridge. In this ap-
plication the knife-edge attenuation, Ak’ is computed as though the radio
path crossed two sharp, isolated ridges. In general, for irregular ter-
rain, the diffraction attenuation, A, is computed as a weighted average

d

of the two estimates Ar and Ak:

Ag=(l-w)A +wA_ dB, (13)

where the weighting factor, w, is determined empirically as a function
of radio frequency and terrain parameters and is defined in annex 3.
The diffraction attenuation A is calculated at distances d3 and

d
d4 in the far diffraction region using the formulas given in annex 3. A

straight line through these points (A3, d3) and (A4, d4) is then defined
by the intercept, Aed’ and slope, md, as follows:
= - - dB/ k 1
m, = (A, AB)/(d4 d,) B/km, (14)
and
A =A +A -m_d, dB, {15)

ed fo - d 4

where Afo is a clutter factor defined in annex 3.
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The reference attenuation Acr at any distance d greater than
the smooth earth horizon distance dI_s and less than the distance dx
where diffraction and scatter attenuation are equal is
Acr=Ad=Aed+mdd dB, for dLsSdex. (16)
3.3 To Compute Forward Scatter Attenuation AS
When the path length d or the angular distance 6 is large, the
forward scatter attenuation As may be less than the diffraction atten-
uation Ad . Therefore, when the product of the distance in kilometers
and the angular distance in radians exceeds 0.5 (8d >0.5), forward
scatter attenuation AS is computed for comparison with Ad.
For large values of 8d, the scatter attenuation AS is assumed to

have a linear dependence on distance; therefore, A5 is computed at two

large distances d5 and dg,' A straight line through the points (AS, dS)

and (Aé, d(,) is then defined by the intercept Aes and the slope m_ 38
follows:
A =A_ - d dB
es 5 ms 5 ’ (iva)
and
=(A, -A d, - .
m_= (A, g/ld, -d) dB (17b)
The reference attenuation Acr at any distance d greater than the

distance dx where diffraction and scatter attenuations are equal is

given by

A =A =A +m d dB, for d=d . (18)
cr s es s b'e

1B



The detailed equations and techniques required to compute the ref-
erence attenuation Acr as a function of distance are given in annex 3.

Figures 3 through 8 show computed and measured values of attenua-
tion below free space plotted as a function of distance. The data were
obtained in a measurement program described by Johnson et al. (1967).
Measurements were made at frequencies of 20, 50, and 100 MHz in
three areas. Figures 3 and 4 show data from northeastern Ohio, with
corresponding predicted values. Figure 3 shows medians of data re-
corded at distances of 10, 20, 30, and 50 km from the transmitter,
using both vertical and horizontal polarization at 100 MHz, and with re-
ceiver heights of 3, 6, and 9 m. The number of measurements at
each distance is tabulated, and corresponding medians of point-to-point
predictions based on individual profiles for each of the measurement
paths are shown. The lines represent computed reference values Acr s
based on frequency, antenna heights, and the asymptotic value of terrain
irregularity Ah. Figure 4 shows data and predicted values at frequen-
cies of 20 and 50 MH=z.

Figures 5 and 6 show measured and predicted values of attenuation
below free space for an area in the plains near Boulder, Colorado.
Measurements were made at distances of 5 to 80 km from the trans-
mitter. Medians of data and the number of measurements made at each
distance are shown, with corresponding point-to-point predictions. The
lines represent computed reference values Acr » based on the asymptotic
value of terrain irregularity Ah.

Figures 7 and 8 show measured and predicted values of attenuation
below free space in the Colorado mountains west of Boulder. The com-
puted values of Acr represented by lines assume Ah = 650 m. Actually
the shorter paths extend only into the foothills. For the 5-km paths the
median value of Ah(d) is 100 m. The triangles on figures 7 and 8 show

values computed using these estimates of Ah.
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