
















































































































































































































































































































































































Accurate calculation of the propagation loss requires the elevation of
the antenna sites, the heights of the antennas above their sites, the terra1n
profile between the two sites, and a propagation model capable of using all
this information. In principle, such information and models are avai1ab1é,
but they require large amounts of computer storage and calcutation time. ‘
Some of the alternative propagation loss models and terrain data bases w111
now be discussed, and the options chosen for the SUM data base creation
program will be explained.

Three options were considered:

1. Use the antenna heights from the GMF and a simple smooth-earth
propagation loss model. This is the simplest model and requires the
least calculation time. Recall that the propagation loss must be
computed from each assigned system to many different test points.
For calculations such as those in this report, there may be millions
of such paths. However, if the earth is assumed to be smooth, all
the paths from one assigned system to its test points are the same
except for the Tlength. This simplifies propagation TJoss
calculation. Also, this method does not require a terrain data
base.

The weakness of this method is its inaccuracy. As mentioned above,
system designers often choose the highest local terrain as sites for their
antennas. This puts the height of the antenna above the average terrain along
the path considerably greater than the height of the antenna above its site.
Thus, the antenna can "see" further than would be expected from the antenna
height alone, and will cause interference at a greater distance than would be
calculated using the antenna height alone. Spectrum use bandwidths and
spectrum use factors computed with this method would probably be consistently
smaller than they should be.

2. At the other extreme, there are available digital terrain elevation
data bases, and propagation loss models that use them. Terrain
elevations have been digitized on a threesecond grid. To use this
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approach, a detailed terrain profi]é would have to be retrived from
the data base for each path from an assigned system to a test
point. There could be hundreds of such points for each assigned
system. The propagation models that use detailed terrain profiles
are usually more complex than smooth earth models, and therefore
take more computer time. The total computation time used by this
method might be hundreds of times longer than that required by the
first method.

3. The method chosen for the SUM data base creation program is a
compromise between methods 1 and 2. The method uses an "effective"
antenna height and a smooth‘earth propagation model.

Because of the smooth earth model, all paths from an assigned system are
alike except for the length. This simplifies calculation of the propagation
Toss. The "effective" antenna height captures the most significant effect of
the local terrain.

A data base containing the average terrain elevation for all points in
the United States is available. In most cases, the "effective" antenna height
is defined to be the elevation of the antenna site minus the average terrain
elevation plus the height of the antenna above its site. If the antenna is
sited on a hill, then (very roughly) the "effective" height of the antenna is
the height of the hill plus the tower height. Intuitively, this yields the
correct distance from the antenna to the horizon, which is the important
distance for interference calculations.

In some cases, the definition in the preceding paragraph would vield a
negative "effective" height. For example, consider an antenna in Boulder,
Colorado. Boulder is on the border between the plains and the Rocky
Mountains. Thus, a circle centered on Boulder would include many points much
higher than Boulder, and the computed average terrain height might be several
hundred yards higher than Boulder itself. Then the "effective" antenna height
defined above would be negative, even though the antenna itself could see for
many miles in any easterly directon.
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To handle these exceptional cases, the "effective" antenna heightf is
defined to be the largest of the antenna height above its site and ithe
definition given above. This definition will of course produce errors 1n?the
propagation loss for some situations. However, it is believed that tﬂese
errors will not be consistently biased in either direction, and will "average
out" in the calculation of the spectrum use bandwidth and spectrum use factor.

POSSIBLE REFINEMENTS OR MODIFICATIONS IN THE SUM CREATION PROGRAM

- The SUM creation program is modular, so that it is possible to change the
terrain and propagation decisions made in its development. Two possible
changes will be discussed.

If greater accuracy in the calculation is deemed to be worth much greater
computer time, then the detailed terrain data base and complex propagation
loss models described in the previous section can be installed in the creation
program. This is not a trivial modification. It would only be worth doing if
highly-accurate calculations were desired for a small geographic area.

A much easier refinement would be to change the size of the area averaged
to get the average terrain used in method 3, or to compute the average terrain
on a smaller grid. The data base now used has average terrain elevations
every 15’ in latitude and longitude. The average is computed for a circle
with radius 25 km (16 mi) centered on the point. The FCC sometimes uses an
effective antenna height based on terrain from 3 to 16 km (2 to 10 mi) from
the transmitter along a path. It has been suggested that the average terrain
height be computed for 16 km (10 mi) around the grid point rather than 25 km
(16 mi) to conform to this definition. It is unknown how much this would
change the SUM calculations. It should be noted that "16 km (10 mi) from the
grid point" is not the same as "16 km (10 mi) from the transmitter" because it
is unlikely that assigned transmitters will be located on evenly spaced grid
points. )
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Another possible refinement in the current method would be to use a
smaller grid spacing for the average terrain elevation data base. This would
increase the computer storage required, but would not affect the time. How

much this would affect the accuracy of the SUM calculation needs to be
determined.
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