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ABSTRACT

In 1985-88 a joint rescarch project was carricd owt by the Tsracl Air Foree (IAF), ihe the Isract
Raptor Information Center (IRIC), Tel Aviv University and the Ministry of Scicnce and
Teehnology, with the purpose of preciscly identilving the central migration routes of hirds soaring
over Israel their flight elevation, dates of their arrival, and the effect of climatic changes on the
character of the migrations.

The study was conducted in the wake of vory severe damage (0 the TAT, mainly during the
migration scasons; preliminary results were published in the Proccedings of the Madrid BSCE
Conference (1988} This article conlains 4 detailed presentation of the applicable methods
developed in the eourse of our rescarch, During the spring (March i-May 30} and (all (August
1-November 20) migrations, for « total of about seven months per year, the 1AF activates a real-
lime warning system based on the data we collected. A procedure regulating flights in Bird-
Plagued Zones (BPZ) was developed.  Detailed maps were prepared and are now distributed io
all aerial units, obligatorily limiting the clevation, location and time of flights.

A "Birdwalching Cenler” was cstablished at (he approach radar of Ben-Gurion International
Adrport. All information about birds throughout Tsracl is channeled to the Center -- from Mighis
towers in TAF bases and from control units in the IAF. Manned 24 hours daily, the Center
produces real-time warnings based on all the information amssed from 1AF radar units, from a
network of birdwatchers across the country, and from drones and a ghider. With the data
collected, TAF flights are able to Ny at low altitudes when bird migration is low.

Following the study and the development of the rcal-time warn- ing system, damage to IAF
aircrafl was significantly reduced, compared o the ten years preceding the study. In 1990, the
civil aviation system began to utilize the military system.

A preliminary report explains how satellites may receive trans- missions from storks fitted with
transmitters, eventually provi-ding a real-time warning system for the approach of flocks.
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- MTRODUCTION

E The location of Israel at the junction of three continents has made it part of & migration routc
#iternational importance in spring and autumn. Because ol the large concentration of birds
i lke extremely limited air space of Isracl, the [sraeli Air Force (IAF) sustained severe dumage

. anlting [rom collisions with birds, mainly migrating soaring birds (Leshem, 1988a).

E Fom 1985-1988, a joint research projecl was carricd out by the IAF, the Isracl Ruptor

b bbmation Center (TRIC), Tel Aviv University and the Ministry of Science and technology. Our

| rsearch addressed several questions:

- 1. Do migration routes on the horizontal plane conform to specific patterns?

2 Do migration altitudes {the vertical plane) conform to specific paticrns?

- 3 Do the birds” dates of passage conform to specific migralory palicrns?

4 How do climalic [actors influence the variables in the migralory system?

: § I is possible to predict changes in the characteristic migralory patterns and appply them (o

. e [AF's activities?

b O research methods and findings are described in the proceed-  ings of the BSCE's mecting
| o Madrid (1988a), as well as in the cited litcrature (1,2,4,5,6,7). As we were carrying oul the
- stove tesearch, we simultancously activated five parallel sources of information.  Each of these
f_ wwres complemented the other, prividing information which wis lacking in the others and thuy
- mang it possible o verily the authenticity of the data collected via these sources: 230
¢ motorized glider flights, on which we accompanied migrating flocks of storks, pelicans, and birds
k' of prey; 29 flight days with droncs; 19 flight days with a Cessna;  thousands of Polaroid photos
® o the radar screens at Ben-Gurion Airporl, of TAF radars, and of meteorological radurs:  and
ko years’ data collected by ground crews of birdwalchers.
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f Predicted times for the start and end of the migratory season are puinied on the meps Varions

- olons are used (o show the arcas where different variclios of birds appear on different Jutes, for

. istance: Large masses of storks migrate south slong the Afro-Syrian Rifl as carly as the middle
L of August, while the great wave of birds of prev arrives only at the start of September, iving
E pimerlly along (he parallel routc to the west. The map also carries detailed instructions for
paaning flights during the migration season and for dealing with any sort of collision with the
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depicts #  Twoseparate maps were published, onc for the spring migration season and one [or the autumn;
. Real- S i the writlen procedures, known as the BPZ Regulations, became parl of the FAFs official
B ©les. The maps are distinguished by high-quality color prinl- ing meant fo stand oul and attract

the eye of every pilot when they are hung, according to orders, in the bricfing rooms of cvery
A squadron,

L "MARKETING" THE BIRD ISSUE AND THE BPZ, AND "SELLING" THEM TCO THE
1AF.

During the course of our research, an elaboratc program was inlroduced into the TAF 1o raise
Pl conscinusness about birds and the 1AFs conlflicts wilth them. A course of lectures
wcompanied by films and slides was delivered to all air squad- rons and other IAF personnel,
neh &8 radar units, who are involved in flight systems. The TAF also produced, in coopera-
tion with IRIC, a scrics of color posters on the subject along with calendars, stickees, explanatory
pmphlets, and a video-cassctic setics which was distributed 1o all flight squadrons during every
migiatory season. Thanks to this “markcting” program and the new army regulations, the bird
Py A it had a significant impact on the largest part of the Air Force, becoming part of the TAF's
- A onsciousness wilhin an unexpectedly short time.

1 DEVELOPING THE REAL-FIMFE WARNING SYSTEM.

Duting the (irst phase of the rescarch, when the first BPZ map was produced, i became clear
- bthe IAF that due 1o Tsrael's special location, 50% of (he counliry’s air space would have to
- becksed to low-shitude flights For hail the year (see Map #1). This conld seriously damage the
* leel of the Air Force's fraining program. Hence the Real Time Warning System was developed,

based on several sources of data:

] EMd_CLobsewers. During the aulumn migralion season, a nelwock of ground crews was
B #piead actoss the enlire country, from Haifa to Beit Sheman (located 20 km. sauth of the Sea of
Galilez - Lake Kinneret), These 17 ground obsery

alion posts were manned by a todal of some
@volumeers (sec M

ap #1). Three vehicles which served as mobile observation posis were al the
bead of the system. The voluntcers, who fargely came from abroad, were lodged free of charge
i local kibbutzimm, systematically followed the migration.
trasmitters [or their communications,
wete gble to obtain inform
beoughout the country,

The Air Torce provided radio
one mobile transmitter for cach posf. Thus the obscrvers
ation within "real time” on (he shifting movement of the migralion

The network ol ground observers made it possible to obtain a relatively accurale picture (which
w bter completed by radar reporls from Ben-Gurion Airport) of the large flocks of birds,
B The IAF was (hen able to begin adjusting and correcting the  regulations according to real-time
i mhrmalion regarding (he birds’ actual appearance.  In years when the migrating birds arrived
b ber than usual, the Air Force could sometimes add a few mare flight days to its schedule.

E The research made it clear that, during about IN% of the migra- fory season, the strenpth of the
E migmaling flocks dwindles to almost nothing, and on such days low-altitude flights can be allowed
p oen in the middle of the migration season. The obser- ver network provided early warning on
g & wilh poor migration. When few birds were scen at dusk, and radar confirmed the report,
L ® developed 2 procedure for informing the TAF. The [ollowing morning aireraft would be
F permilied to make fow-altitude flights; however, if large flocks were siphted in the morning --
 diber by birdwaicher crews or on radar - permission was withdrawn immediately.
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3 ESTABLISHING THE BIRDWATCHING CENTER Al BEN-GURIGN AIRPORT. In
vrder 1o estublish a single center which could coliet all relevant dala regarding movemeni of
birds from alk the sources of information, and Lo distribute this information in real time (o all
parlies in the 1AF who might need i, we cstablished the Burdwalching Center in the contral
fower of Ben-Gurion Airport. It is currently tun 24 hours a day by & retired eadur officer of the
IAF and by four female IAF radar specialists. A direct, private telephone line neur the radur
seeeen ensures that the information is relayed smoothiy and quickly. Input comes from the
network of ground obscrvers, aircraft (motorized glider and civilian and military planes), control
towers of 1AF bases, and radar control unils.

The Birdwatching Center provided ongoing information about Nocks of birds located by radar
which were flying in close proximity 1o JAF air bases or the approaches o them. in

Cooperation with the NRA, a woman soldier trained in birdwatching was positiongd in each LAE
ceatrol tower 1o help locate particular flocks which had been sighted on radar.

We also developed a procedure to calculule the speed of the migraiing Hocks so th
possible 10 deliver real-lime warnings even (o those Air Foree buses which
Ben-Gurion’s radar system,

Al dl wiss
arc out the runpe of

When buge flocks flew over shooling training

areas, a real-time warning was given 1o (he 1AF
eonteol center Lo close the

arca in real time until the birds had completely passed by,

On days of heavy migration, warnings were also delivered 1o 1AF radar conteol anits o calf off
lighs cven outside the BPZ.  Since some of ihe Air Force's largest bases are located in the
wnier of the BPZ, with a high number of landings and take-offs, this real-Gme intormation was
bighly elfective. Officers in the control tuwers thus had the upportunity to change the dircetion
of landings and tuke-offs according (o information about the birds routes which was provided by
the Birdwatching Cenicr. On days with low migralion, we permitted low-altitude Hights in the
BPZ, depending on the high relizbility of radar to immediately signal any new (locks approaching,
The following graph shows the movement of flocks from March 5 - May 31, 19,
data from Ben-Gurion Airport’s approaching radar.  Dala was collected on a (o1
{lhe IAF is not in training on Saturdays and holidays, and therefore the ¢
these times).

according (o
al ol 73 duys
adar is nol manned a

Degree of Migration Birds per Day

Total days
Dejree & 1-100K) 24
Degree 11 1000-500k 25
Depree 11 5000- 10,50 Y
Degree IV P00 26,000 5
Degree V 200,000-200, 0K 9

Total: 73

A shown on the graph, there is a low migration rate on 32.8% of the days.

Operation of the Birdwalching Center is critical because, during cach season, there arc a few days
with dramatic changes in wind dircciion and speesl. These changes, such as NW winds beeoming
southerly or SE, push the flocks out of the BPZ. In such cases (he Center provides immedjate
fports 10 warn the whole system of the changes in real time.
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The Birdwatching Center begins its Real-Time Warning Syslem aclivity on August 1 for the
wtumn migration and on March 1 for the spring season (in cach case, lwo weeks before heavy
migration is expected to begin). The activily ends on November 30 and May 30, two weeks after
the heavy migrations ceasc.

This procedure allows ws to follow the migration [rom the moment it starts to build up in
sigificant numbers, and to provide warnings ahout the presence of smaller flocks flying through
which do not necessitate putting the BPZ regulations inlo effect.  The final two weeks of the
Center's season give the LAF the opportunity to (ly at low altitudes, wilh no limitations in the
BPZ, with the understanding that the Center will provide real-time warnings about small flocks
shich are still prescent and mipht cause problems.

Motorized glider and drones.  Neither Ben-Gurion's approaching radar nor the network of

f gound observers can provide accurale information about the altitudes of migrating locks. The

molorized glider, flying alonp the migration route, is the perfect tool to provide real-time

_ wamings of the hirds' altitudes, and is crucial (0 the success of the Birdwatching Center.  In
E aldition to ils radio, the glider is cquipped with a cellular phone, and from the air it can locate
. the main flocks and their {lying heights and report back to the Center instantancously.

Dee to a shortage of funds, we were not able to [ly (he glider daily. Nevertheless, the nel work

b ofthe Birdwatching Center. as described above, made it possible to signilicantly shorten the BPZ
p Imistions (primarily during the heaviest migration season), closing and re-opening il as needed
F b response 1o real-time warnings.  During the fall, the BPZ was closed about October 10, but
- oiery other day through the end of November, one-four large flocks of pelicans flew across the
f viole country, potentially causing severe problems, We thus developed another procedure [or
- ancelling even the PBZ repulations.  The glider accompanicd the flock from the moment they
- kok eff in the north of the country till they flew over the Fgyptian border. A two-mile zone
[ mound the glider and the pelicans was declared a "maoving BPZ" and closed to all flights.,

f [tead of the glider. on some days we used drones for the same purpose, escorting the birds for
E burfive hours, from the time they ovk ofl in the morning. The drones were alse an ideal
b tool, mapping out the migration routcs for our rescarch, Flying some 4000-500) [cel above them,
. lie drones filmed the birds along the whole length of their flight with a sophisticated video
g omera; a3 far as we know, this is the first time droncs have been used for this purposc
| wywhere in the world.

:'_ Real-Time Warning System for Civilian Flights,. We spent two years devcloping the IAFs Real-
£ Time Warning System, and seeing il through till it was accepted and integrated into the Air
b Roe's operations systems, with data flowing smoothly between the Birdwatching Center and all
E [AF wnits.  Although the warning system was developed for the 1AT, we began providing data
f: rgulacly to civilian systems as well in 1989, They o had well absorbed the significance of the
BFZs, and we received a great deal of mformation [rom them.

E FUL RESULTS

f Sixe the BPZ regulations and Real-Time Warning System were put inte effect, the number of
:Ilirmllisions with migrating birds has fallen dramatically. In the six years since we began the
J opecation, the [AF lost no aircraft due to accidents with migrating hirds, and there was not a
f tiogle instance of its sustuining severe damage in such a collision. Cansidering that, from 1972-

h 198 the IAF suffcred from tens of scrious collisions with birds, this is clearly our greatest
f aticvement.
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REAL-TIME WARNING SYSTEM VIA SATELLITE

Professor L Renner and A Ginati, of the Technieal University of Berlin, West Germany, are
devetoping the TUSBAT projeet - following the migration of 12 white storks fitled with radio
fransmittors which will be trached by satellites in 1991

In April 1990, Renner, Choati, and Leshem cquipped three white storks in Tsrned with transmilters
and fellowed them with the motnrized glider (o check the operation of the systam and whether
eronal the storks can fly freelv carrving the iransmiticrs. The results were nramising {see ciled
dterature. 83 and it s planned to laoneh the salcliite in 1991, We helieve that, ia the sevning
decade. we will be able 1o attach 1ons ot even hundreds of fransmitters Lo migraiing pelicans,
storks and raptors, and these will provide a siperh new real time warning sysiem for the TAF
when flocks approach Israel Trom abroad
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