APPENDIX

1977 MODIFICATION OF THE LONGLEY-RICE COMPUTER MODEL

The Longley-Rice model was originally developed for use with rather low
antennas in irregular terrain, and was tested against data from measurements
made with low antennas at frequencies from 20 to 100 MHz. Very few of these
original test paths had terminals within radio line-of-sight. Later tests
against data obtained with higher antennas and at higher frequencies showed
rather poor agreement with the line-of-sight area predictions.

The present study was undertaken to improve the formulation in the area
prediction model for possible line-of-sight paths. As a first step computa-
tions made using the original propagation model for smooth earth conditions
were compared with values obtained from smooth earth theory. Then comparisons
were made between calculated values and data obtained from measurements over
irregular terrain. These studies indicate the need for several changes in the
line-of-sight model for area predictions.

In considering propagation over a smooth earth, the model makes no at-
tempt to predict the "lobing" that occurs with high antennas at UHF as a re-
sult of alternate enhancement and cancellation of the direct ray by one re-
flected from the surface of the ground. This "lobing" is illustrated in fig-
ure A-1, which shows field strength as a function of distance over a smooth
homogeneous earth at a frequency of 100 MHz, for several antenna heights. The
horizon distance is marked by a dot on each curve, while the dashed line rep-
resents the free space field. Our "area" prediction model calculates atten-
uation relative to free space for distances beyond that at which the field is
last equal to the free space field. For shorter distances we assume that the
field is equal to the free space field, disregarding both the enhancement and
cancellation that may occur. We made this decision because the model is
intended for use over irregular terrain, where changes in the surface features
break up the regular reflection pattern that occurs over smooth terrain.

In the propagation model, two distances, dy, d;, smaller than the smooth-
earth horizon distance, d;s, are chosen, and the attenuation relative to free
space is calculated for each of these three distances. A smooth curve is then

fitted through these three points to provide an estimate of attenuation as a
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function of distance within line of sight. As both frequency and antenna
heights are increased the line-of-sight attenuation tends to become simply an
extrapolation of the line which represents diffraction attenuation as a func-
tion of distance. The prediction model includes a weighting factor, wy, that
chooses smoothly between the calculated line-of-sight and extrapolated
diffraction values of attenuation at dy and d;.

Comparison of theoretical smooth-earth values with those calculated using
the Longley-Rice model showed very good agreement at all tested frequencies
with low antenna heights, but poor estimates for higher antennas even at a
frequency of 100 MHz. Comparisons with data from measurements over irregular
terrain showed that the original propagation model tended to overestimate at-
tenuation for paths whose terminals were within radio line-of-sight.

To overcome these observed deficiencies in the original Longley-Rice,

model the following changes in formulation were made:
(1) Change equation (3.16) page 3-6 as follows:
For A 2 0, define
do = 4 x 10 he; he, £ km, or 0.5 d;, whichever is smaller.
d; = do + 0.25 (dy—dy)
For A < 0, define
d; = -A.4/mg or 0.25 d;, whichever is larger.
do = 4 x 10 he; he, £ or d;, whichever is smaller.
If k2 = O, define kl = (ALS - Al)/(dLS - dl) .
(2) Change equation (3.18) page 3-7 as follows:
In (3.18a) delete “or A, whichever is smaller”.
In (3.18b) delete “or A;4, whichever is smaller”.
Replace (3.18c) with

wo = [1 + (f Ah 107%) /0.1 dis] ™t for dis = 10 km
If dys < 10 km, set dys = 10 km.
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Some comparisons of calculated theoretical smooth-earth values of attenu-
ation relative to free-space loss with those calculated by the original Long-
ley-Rice model, and as modified above, are shown in figures A-2, A-3, and A-4.
These three figures show attenuation below free space as a function of dis-
tance over a smooth earth. 1In all three figures one antenna is at a fixed
elevation, with the other at the elevations shown which range from 5 to 2000
m. The solid dots are at the horizon distance on each curve. The solid lines
were drawn using the proposed modifications, and the dashed lines were calcu-
lated using the original Longley-Rice 1968 Model. The open circles are calcu-
lated points based on smooth earth theory, which are connected by smooth
curves. These figures clearly show good agreement of the model with
theoretical values with low antennas, and the improvement using the modified

prediction with higher antennas.
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