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Abstract

United States Air Force Bird-Aircraft Strike Hazard (BASH) Team is sponsoring
research to utilize an algorithm designed to detect birds on the nation-wide Next
Generation Weather Radar (NEXRAD) system currently being developed. A phased
approach to the task of algorithm development separates flying radar targets into
several classes: waterfowl, passerines, blackbird roosts, gqulls, raptors, bats. and
insects. Dpata was collected for all classes and a draft algorithm was prepared for
waterfowl in the first phase. A second phase is underway to test the waterfowl
algorithm and to draft and compare a migratory passerine algorithm., Research has
confirmed that the NEXRAD system can distinguish the different classes ol targets
and can distinguish birds f{rom weather. Ultimately this system will provide
real-time bird hazard warning information on a continent-wide scale. '




H In* roduction

& comprebensive new svstem of weather radars, termed the Neoxt Generation Weatler
Fadar (NEXRAD) 1s being built in the Unlted States. The NEXRAD system (Fiqure 1)
1s desigued with the goal of Weni ifying dangercus andg aconomically significant
weather  paiterns automatically, inciuding  torradoes, hurricanes, hail, and
flood-proeduclng rains.  In 1982, the Bird Atlreraft Strike Hazard ‘eain at Tyndall
21y Frice Base began to 1nvestiqate the possibility that this powerful radar
system could be used to identify birds also. This paper will discuss the
potential of the NEXRAD radar system to warn plliots automatically of potentially
hazardous flying birds.

Research to determine the feasibility of automatic recognition of blrds and to
program such ability into the NEXRAD system is being carried out by the 11linoils
Natural History Survey in Champaign. Tilincls, USA.

In the remainder of the paper we deccribe the essentials of the NEXRAD radar
system and 1ts capabiiities, show the abpearance of some hird targets and weather
tarqets on NEXRAD, touch upon the real time warnling aspect of the projecrt and
finish with a filwm of “Ring Bnjals” on a NEXRAD |ike raday,

The KNext dGenaration wWeather padar System presentiy ig in the advanced stages of
protolype developrent., scheduled to be compietwd in ihe 2arly 1990's.  NEXRAD
wili be bLased opn a larqe S-hband pilned Guppler radal with a narroke beawm and great

power (i megawatt) and sensitivity 90 4B dynamic rangel.  This radar is pilctured
af vhe Rader Data Acqguisit ion SUbsYetem of NREXRAS, ty ds ilmportant that there
ara Tuko Gthe! suboystems 10 NEXRAD, The Kadar Proaducts daneration Subsystem. and
the Principal User Prowessor  Qubsyst e, NEXREAD iz desighned o be heavily
camputerized, and  all displays of  NRERAD  infocrmat ion avallakle to users are
desived trom computer dtEplays. Foo avlomot ic piocessing of weather data. large

computsr programs are being writier to spalyze the digital NEXDAD weather data
whitle the data are being drquired  ami wake dJdecisions on hazardous winds  and
rain.  WNEXRAD processing will also be avallable for making decisions on bird
targets withio the 1ange of NEXRAD eacarz; because hirds usuvally aveld severe
weather ., we expect that considerable processing time will! be available when
severe weather is absent.

NEXRAD radars fabouc 170 of them) wiil provide ceverage of a large part of the
Continental Untted States. A Few orle:; NEXRAS radars wlil Le located at uU.s.
mitdvary Insisllations and NRTO facitities outside the Tontinencal United States.

I1. Bird Tergeis oy NEYRAD Prof-stye Railag s

targe  Doppler  radars, similat  in characteristics  to WEXRAD, are used for
metecrological rezearch in several places in the United States. Hers we present
color lmajes of flyving birds on some of frewe research tadar s and shosw that the
NEXRAD radar cervalnly wiliy be abile to dotscr olrds end that discinguishing blrds

from wWeathne: s pessibio.

NEXRAL can deltect bhirds out oo Ceguicable distan-ng. Far lnstance, calodlations
show that o slngle Herding fal? wotld e owvinible as o faint (acget at a distance
of 450 km. it 18 olear LhaT otfor FAviar.. HSusie oan rnteviering ground clutter and

the curvaiure of e earli. are @ors  isiasrtant  Fhen gengirivity in determining
NEXZAD'S runge in dat el bivds oF thig eivn,




Echos of song blrds durlng migration often extend out to beyond 100 km on NEXRAD
images.

In Figure 2, velocitiecs of migrating birds are visible covering wuch of Lhe New
England regilon. e radar at the center of thig image 1is located at the
Massachusetts institute of Technology and all of the radar echoes appeating on
the map are migrating birds. The radar measures the radial velacity of the birds
and, because the birds are flying in a southerly direction in the fall, birds on
the top half of the image are receding away from it. The speed of these targets,
which includes the speed of the wind, is about 13 meters per second.

Sometimes birds appear as complete sheets on these MNEXRAD images (Figure 3). The
migrants in this image taken from the Air Force Geophysical Laboratory also in
Massachusetts, appear in all directlons. Because the 40 elevation of the radar
slants up through the dense layer of migrating birds. and hecause the wind s
exhibiting shear with altltude, the velocities show that the directions of the
higher birds are different from the directions of the lower ones. Note the small
cloud somewhat higher than the bird images, to the southwest. The targets in
this photogqraph were more than half waterfowl. This is known from wingbeat
records and tracks of individual birds taken concurrently with a small tracking
radar unit operated by the Illinols MNatural History Survey and co-locatedd with
the NEXRAD prototype radar.

We now turn our atteption from the general appearance of widespread hlrd hazaids
on NEXRAD radars to the potential wmethods of distinguishing such bHird tavgets
from other targets such as weather. Although insects, woving ovean waves, and
other Xinds of targets must also be dlscriminated from birds, distinguishing
precipitation, clouds, and other weather echos 1s more important than attempt ing
to assess bird hazards using these radars. As shown in Figures 4 and 5, weather
often has distinctive characteristics on radatr. These post-cold-itont clouds are
rather uniform patches of echo extending to rather high oltitudes. often their
echos on radar are much stronger than echos of birds because clowis {11l huge
regions with water, whereas birds package thelr water in feathery bundles.
Clouds also move at the speed of the wind and pay little atrention to time ot
day. topography. or the apptopriate migratory direction, unlike birds.

In Figures & and 7. images of bird show the opposite characteristics; they are
inhomogeneous {a characterlstic we have bequn to call "stipple"). less intense in
their echos, and sometimes following topographic features or other aspects of the
underlying geography. Birds alsoc fly with a velocity different ftrom that of the
background wind velocity.

In this discussion we have been ceonsidering birds as targets and weather as
“noise” against which the bird targets should be recognized. Howevel, Ve Cai
slso look at this from the opposite polint of view. Most computer progtams
running at NEXRAD radar sites will be concerned with the recognition of weather
targets and will consider targets other than weather to ba “nolse." In our
analysis of bird targets on these radars, we have concluded that many of the
methods for automatically recognizing weather features on NEXRAD radars will
often be troubled and will sometimes report incoirect results, due o bird
targets., In Figure 8 we see¢ an Image taken with the research radar operated Dy
the Illinois State Water Survey and the University of Chicago. This image 15
complex, with a wmesoscale structure 1ncluding preclpitation eches to the
southeast and a swall frontal system extending diagonally across the cented oof
the display toward the northwest. The redion of interest in this ilovade is on a




Hne extending from about  0453% 1o about 2359, Note  that there is
censiderable shear alony this iine. Targets close to the radar, and therefore at
low altitudes, are moving away; whereas targets farther oyt (at high altitudesg)
are approaching. The opposite is trye along the 545 ]ine from the center.

Large differences in wind at different altitudes constitute wind shear. In some
situations, such shear can be hazardous to aircraft; however, in this particular
situation the "wina shear" is actually "bird shear. " due to birds flying 1in
different directions at different altitudes. Thus, we see that bird Largets can
generate misleading resylts from weather recognition schemes that do not take the
tature of the targets Into account,

IIT. Real Time Recognition of Bicds Oh NEXRAD

The Tllinois Natural History Survey is bpresently engaged in Writing computer ized
Frocedures, called algorithms, ¢ allow  WEXRAD tadars o automatically
discriminate birds from other faigets and to estimate ctheir densities.
Presently, a concentrated effort ia being made 1to Provide racognition of
migrating Passecines and waterfowl and  of  the larger local movements of

waterfowl . It future vyears, this will be expanded to inciude coasting and
roosting movements of gulls and movemernits of starlings and blackbirds to and from
large winter roosts, Unfortunately, MEXRAD radars will be unlikely o detect

single Flying pirds nor to detect birdg fiving at treetop altitude or lowesr .
Therefore, some Classes of bird hazards, such as individual hunting or migrating
raptors, will remain undetected and wireperted by NEXRAD Systems. Nevertheless,
warnings of other ¥inds of bird tarqgets described above should be given in an
automatic and timely fashion, with data available aboyut every 15 minutes.

Output from the NEXRAD computers will consist of both printed text nessages and
images on sophlsticated color displayvs such as those seen in the ¥lqures for thig
Paper. Our present idea s that the MNEXRAD fadars will teport bird hazards with
reference to large geoqraphical areas, not pinpolnt locations. and to estimate
the deqree of hazard 1in differemnt altitude strata over these reqions. The U.s.
Alr Force has the responsibility  For communicaticg future warnings from sych
summaries to pilots in the air and before takeoff.

IV. Ring Angels on Loppler Weather waldar

Winter roosts of starlings and blackbirds are an mportant hozard. lLarge numbers
of these birgs, Up te miltions byt Usually tens or hupdieds of thousands, roost

together in sheltered areag for extended Fericds Jduring the winter . T early
morning, thev take off in massed fashion, with pulses or waves of bircs leaving
the roost and other pulses tollowiong a minute or more later, The <clusters

present a distinct hazard.

Tmages taken during a morniing in early Decembsr in Champaiqgn, 1llinois at the
Illinois state Water Survey show almost no targets at atl before dawn . Operating
the radar “on the deck”  at minimal elevation, the images show buildings,
highways, and hilts, but no moving targets except s=cattered specks. A few
minutes later, (Figure 2} we See about 100,000 starlings leaving a roost 10 km
north of willard Airport. Flying in calm conditlons, the birds depart almost
uniformly in 411 directions and ope can clearly see the waves of departing
birds. They are flving at about 30 meters altitude ARGL. ‘The birds fly 30 km or
more to their feeding areas, returning in smaller, but still hazardous, grotips in
late afternoon.




One notices that there appear to be fewer moving targets to the South in this
"bull's ey=" pattern than in the notth part. This is because the small cities of
Champaign and UrBana have tall targets, namely buildings. and the average speed
aof & small target such as a bHird and a large target such as a bullding is nearly
Zeroc.

These results are encouraging because they demonstrete the potential ol NEXRADR
Doppler weather radars to obseirve clear bird hazards even at very low altitude.




Figure 1. NEXRAD (Next Generation Weather Radar) logo.
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Figure 2.

PPI (Plan Position Indicator) of migrating birds
New England. The legend on the right in each of the PPI displays in
this paper provides information in the following format:
Radar location (MIT), Date (8-Sep-83), Time (19:26), a bhar graph
indicating the color codes, the units of data recorded
{meter/second), the type of data (Doppler), the iLvpe of display
{PPI), the elevation angle of the radar beam (0 ), and the range
from the center to the perimeter of the display 440 km).

flving south over
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Figure 3. PPI of birds flying south over New England (see text for details).
Data were not collected between 0° and 30° (N-NNE).
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PPI of post-celd-front clouds passing 45 kilometers north of
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Figure 4.
radar site (see text for details},

- 143 -

-

MIT
L4--MR—E5
15- 48

-A
FYia
l a
i
{
' LR
+7¥
meterssac
DO
PP
3.8 TG
F= 248 km

the




6_KM MIT
': [ 14 -MAR -85
16:54:28
a RHFLECTIVITY
2
RH1
O DEG. AZ
0l ' = 60KM
) 1o 20 30 a0 50 60 KM
Figure 5. RHI (range height indicator). This display is a vertical cross

section of the data shown in Figure 4 going towards the north. The
post-cold-front clouds are seen starting at a range of 45 kilometers
and extending from ground level to an altitude of 3 kilometers.
Reflectivities ranged from 10 to 25 dBZ. The legend on the right in
each of the RHI displays in this paper provides information in the
following format:

Radar location (MIT), date (4-Mar-1985), time (16:54), type of

data (reflectivity), type of display (RHI), azimuth angle of the

radar beam (0°), and total range shown (60 km).
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Figure 6.

PPI showing characteristically ichomogeneous echos from migrating
birds (see text for details).
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RHI showing a vertical cross section towards the west of the birds
shown in Figure 6. Reflectivities ranged from 10 to 20 dBZ.
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PPI showing "bird shear" (see text for details).

Figure 8,
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Figure 9., PPI showing approximately 100,000 starlings leaving a roost 10
kilometers north of the CHILL radar in at least 5 discrete waves.
These "ring angels" are described more fully in the text.
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