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13. AUSTMACT

During the year three major objectives were accomplished: (05 an evaluation of
airborne radar systems for possible detection of birds aloft, (M an evaluation of
the FAA airport surveillance radar (ASR-4) for monitoring bird movements in the
vicinity of sirports. =d (-I) an evaluation of the precision approach radar (PAR) or
ground control approach (GCA) radars for monitoring bird movements through airport
landing corridors. The precision approach radar or ground control approach radar
along with the airport surveillance radar were fotnd to provide all the ne:cssar,
data to avoid bird/aircraft collisions. Furthermore, the flight controllers are in
contact -with the pilots and can yarn them of dangerous concentrations of. birds in
their flight paths.,
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6 1EIN2RODYCTION

The following report contains a review of the accomplishments on
_-T grant (FOSSR-7i-19TIA) from 1 Decenber 197. to 1 December I9M2.
During the year three major objectives were accomplished: ) alnl

JU -•evaluation of airborne radar systems for possible detection of birds
aloft, 2) at evaluation of the FAA airmort sur-eillance rddar (ASR.-l)
for monitorling bird novements in the vicinity of airports;, and 3) an
eveluation of the preciion approach radar (PAR) cr -tround control
approach: (GCA) radars for monitoring bird movemzents through airport
landifig corridors. These areas of investigatiron were to provide badly
"0needed jdata onf nigratcrýr and roosting movements of birds in an effort
to redgce the hazsards that birds pose to miJita--ry aircraft and their

ot*'A'bo fCn1 1nn ovii-.enort v; 11 eitnm~ent thbe rroc-ress, that f have
" ad-, along these lines.

fi'i•DRiIE RADAR SYSTJA1S
SInitial work cn she feasibility of using airborne weather radar

vwas underta1-en at Shav Air Force Base at SumterSouth Carolina. The
radar, the A.S-27,'.h.a-s specifications that sugGb if rould readii"
detect birds at ranges 'ithin five nauticall miles. The radar was
operational. in mo-6.6 aircraft, but the cocyapit of the aircraft was
classified, and I was not Fermitted to ure the units directly. instead
35-ILa film of the scope was provided to me for analysis, but this fiim
was made when the Arcreaft was fiying low (2,000 ft) over the ground.
'The film was unacceptable for rV purposes since the exact settings of
the ra-.dar were noz recordea by the pilot. Film of the radar scope
while the aircraft was at the end of the rumway prior to takeoff was
not made availaoble, hopefully, this test can be conducted shovtly.
The Dreci'sion approach radar or ground control approach radar along
with the airport surveillance radar was found to provide all the
necessery data to avoid bird/ai.'craft collisions. Furthe--more, the
flight controllers are in contact with the pilcts and can warn them
of dangerous concentrations of birds in their flight paths.
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AIRPORT SURVEILLANCE RADAR

The evaluation of FAA airport surveillance radar (ASR-4) was
undertaken at the Greenville Municipal Airpor t and Shaw Air Force
Base, South Carolina, in the fall of 1971. The ASR-4 is called the
FPN-1;7 radar at Shav Air Force Base, but it is the same equirment
as that at the Greernille Municipal Airport. The unit is an S-bancd
(2700 to 2900 regacycles) radar with a peak power of 425 kilowatts.
The range resolution is such that targets as little as 615 feet
apart at 6 to 10 mile ranges can be separated. The azimuthal resolu-
tion of equidistant targets is 2.250. The-maximum range is 60-
nautical miles, but birds rarely appear on the radar screen (PPI)

M beyond 30 nautical miles. The radar is equipped with a moving target
indicatcr (iVfI), sensitivity time control (STC), and two cross-section
sensitivity (CSS) circuits. The IMT removes all ground clutter from
the PPI, the STC and CSS circuits reduce receiver sensitivity and
reduce the number of weak ýchoes displayed on the radar screen. The

-• initial work during the fall_-of 197I..demonstrated that the ASR-4 can
detect even small birds. Bibds were present on the radar screen
nearly every night except when hard rain covered most of the surveillance
area. A Polaroid camera mounted on a tripod in the maintenance area
in front of the mia tenance PPI permitted me to record radar data without
disturbing the flight controllers. Because the controls of the radar
are in the main flight control room, I would request that certain
settings be made when I took a-photograph. This was usually only a

weil. SimulTaneou-s direct visual observaticns az nignz were made just
behind the FAA building. On cloudless nights around the full moon
period, I monitored the passage of birds the aid of a 4OX Questar

Sdirected to the noon. These data after a-La6ysis yielded quantitative
estimates of the amount of bird migration taking place and the direction
of moveuemt. On moonless nights i ei-pkoy-e4 a portable ceilometer which
proiceted _t yertical beam of intense light. With binoculars (10 x 50)
dirccted uip the beam, I recorded the numbers and directions of birds as
they passed through the ifield of the binoculars.

Table I shows some of the results of analysis of nocturnal spring
APE migration data. As can be seen, the direct visual data agree very well.

with the radar data. I am now attempting to quantify the radar photo-
* graphs in terns of the quantitative moon-wiatch data with the aim of

having a graded series ot bird echo densities on the ASR-4 radar and
the equivalent quantitative migratln. de nsitics. (idgration traffic rates).
Such a series would greatly aid flight- c6ntrollers in estimating the
numaber of migrating birds aloft based on their density on the radar
screen. Similar data were gathered frkul Greenville and Charleston,
South Carolina this fall and are preseuly being analyzed.
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Thus far this winter I have started gthering density information

on roosting blackbirds in the vicinity of ASR-h radars at airports in
South Carolina. This project will help in quantifying the dot or flock
echoes of birds that. appear on the ASR-4. Preliminary analyses of
duck and shorebird iflocks indicate that they can be readily identified
on the radar screen of-the ASR-4 and some estimate of the number of
birds in each flock is possible. The greatest shortcoming of the fiSR-h
radar system is the lack of accurate altitude information on the bird
echoes displayed on the radar screen.

PRECISION APPROACH OR GROUND CONTROL APPROACH RADARS

At Shaw-Air Force Base and Charleston Airport in Sout.h Carolina
these units are in operation in conjunction with the ASR-h radars. These
approach radars constantly monitor hazardous concentrations of birds
in the sampled air space. The radtxs yield very accurate altitudinal
information, but unfortunately do riot sample altitudes above 5,030 feet.

- - The resolution of the radars is such that individual birds can be seen,

and flocks of birds appear so large as to constitute a problem when an
aircraft is being uatched on the PPI. 21y initial findings with this
unit suggest that it can be vexy .a9bei wrigpltso ad
approaches of birds in their line of flight. This unit and the ASR-I
comprise an excellent system for ronitoring bird movements in the
vicinity of busy airports and for issuing w-i.g• ot hazardous bird
concentrations. Direct visun-1a ident1fication of birds displayed on the
GCA radar is ncw unaeruay and is c-xpected to yield data that will aid

.f] i,..•, control Iers i n identifyina the typtes of birdls disolayved on the
radar screens of the GCA units.
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