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BSCE 11 

SUMMARY 

The Eleventh Annual Meeting of Bird Striko Committee burope i«iu held m Umiloti 
between the 24th and 28th May. The Committee is a joint Civil-Military com- 
mittee, and is currently led by the Chairman Monsieur V E Ferry of Prance and 
Vice-Chairman Mr L 0 Turesson of Sweden, both of whom are elected by the BSCE 
members. This year*s meeting in London was organised by the Ministry of 
Defence Procurement Executive, and was attended by members and observers from 
Belgium, Canada, Denmark, Prance, West Germany, Israel, Italy, Netherlands, 
Norway, Poland, Spain, Switzerland, Sweden, Turkey, united Kingdom, USA, USSR, 
and an ICAO observer. 

The meeting commenced with two days of specialist Working Group meetings, 
followed by a two day Plenary Meeting. On the final day a visit was made to 
Heathrow Airport to see the work on bird control, and to the RAP Museum at 
Hendon. 

The Committee's work inoludes the use of radar to track bird migrations and 
movements in order that warning to pilots can be issued, research and trial of 
measures to discourage or move birds from aerodromes, collection and analysis 
of bird strike data, compilation of maps of European bird movements, collec- 
tion of information on structural testing of civil airframes, and the estab- 
lishment of communications systems for pilot warnings. 

A considerable number of Papers were presented at the meeting including: 

Report on Overseas National DC 10 Accident at Kennedy Airport 

Bird Strikes to Engines 

Height Distribution of Bird Movements in Southern Sweden measured by Radar 

Presentation of Bird Intensity on an 8 Point Scale Display Unit 

Scaring of Birds by Use of Lights and Lasers 

Growth Prohibiting Substances and Effects on Grassland 

Allocation of Finance to Strengthen Aircraft Structure 

Attempts to Get Rid of Wood Pigeons from Orly Airport 

Bird Strikes during 1974 to European Registered Civil Aircraft 

Bird Problems at Projected Munich 2 Airport 

Trials of Bird Repellant Substances at Ben Gurion Airport 

A Radar Study of Waders 

Migrating Birds and their Danger to Aeroplanes 

The Problems of Planting Trees and Shrubs near Airfields 

The venue of the 1977 Meeting has not yet been arranged, because a world wide 
meeting wars under consideration for that year. 
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BSCE 11-1 

THE BIRD STRIKE COMMITTEE EUROPE RECOMMENDATIONS 

A  Based on the work of Bird Movement Working Group 

1 Bird concentration and bird movement maps should be published in the 
AIP of each State (See Stockholm recommendation A-1 and Appendix 1 
of ICAO Annex 15 to Chicago Convention). 

2 The Working Group is to undertake the task of studying bird strike 
risk maps. States are invited to send indications about their bird 
numbers according to weight (see C7) for their particular risk areas 
or submit maps of their bird strike risk based on actual strike 
experience and ecological comparisons by 1 October 1976. 

3 The Chairman of Working Group is requested to send a jet navigation 
map to all participants together with an indication of the information 
required on bird concentrations and bird movements. 

4 The Working Group is to ask Belgium and Germany to transfer the infor- 
mation requested by the above recommendation on to a large scale bird 
concentration and movement map for Europe. 

B  Based on the work of Communications Working Group 

1 That a special effort has to be made from the communication point of 
view in order to convince people of the urgency of the information 
carried by BIRDTAM or Bird Warning forecast. 

2 That a complete set of already agreed practices (format of the 
message, code used, prefixes) be published again in the 11th Meeting 
Report. (See Section 5) 

3 This code of practice should be proposed to International Organisations 
as standard practice, with the final aim of becoming a part of Docu- 
mentation already published (ref Airport Services Manual - part 3). 

4 That the Working Group should include work on Plight Procedures. 

C  Based on the work of Aerodrome Working Group 

1 The Working Group is to prepare a summary document to be used by air- 
port manager. The information provided by Working Paper No 24 is to 
be transferred into a check list by the Working Group. 

2 Each State shall provide details about 

a) successful bird dispersal devices 

b) devices judged to be unsuccessful 

in order that the Chairman of the Working Group can distribute a 
consolidated report for the next meeting. 

>T 
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3 Each State shall provide local and national regulation« applying to 
Garbage Dumps and to controllable bird movements (eg racing pigeons) 
(See Stockholm recommendation No C.2) 

4 In order to avoid duplication, niembero are requested to provide 
information they may have through their national organisations about 
the activity of the International Organisation on matters relating 
to the Group activity. 

5 Chairman of the Aerodrome Working Group will collect observations 
made by States on ICAO Document 9139-AN898 Part 3 "Bird Control and 
Reduction", and send the agreed amendments by an ad hoc group of 
those received before 1 January 1977» 

D  Based on work of Analysis Working Group 

1 The Committee recommends that all countries should be asked to review 
their reporting system on non-damaging as well as damaging strikes. 

2 The Committee recommends that all countries should establish a system 
for the proper identification of bird remains, noting that identifi- 
cation is possible from remains as small as one feather, or from a 
colour photograph of a carcass* 

3 That the Chairman ask ICAO to request each State that: 

a) on receipt of a bird strike report involving an aircraft of 
that State but occurring at an airport in another State, to send 
a copy of such report to the State in which the strike occurred 
and, 

b) that the state in which the strike occurred should in turn 
forward it to the aeordrome concerned. 

4 That all Countries should institute the measures of para 3(a) and 3(b) 
by sending the report to the appropriate name on the list to be 
supplied by the Working Group Chairman. 

5 That the Chairman of the Working Group should send the appropriate 
members of the Working Group modified sets of Analysis Forms, in 
order to make the changes agreed at the Working Group Meeting. 

6 That the Chairman of the Working Group shall circulate proposals for 
a Computer based data storage and analysis system. 

7 That it is recommended that for Design Requirement and Test purposes 
the specific bird weight should be quoted, and words should not be 
used: 

ie  110 g 
675 g 
908 g 
1.8lKg 
3.63Kg 

However for statistical and descriptive purposes etc the following 
should be used: 

r 



ICAO is to be approached by the Chairman of the Committee to adopt 

this proposal. 

R   Thnt the Association of European Airlines be.approached with the 
information conlaincd in Bird Striker, to European Registered Civil 

Aircraft. 

9   That information on Serious Civil accidents due to bird strikes 
be sent to the WG Chairman in order that Quarterly Bulletins 

may be circulated. 

E   Based on work of Radar Working Group 

1 The Radar Working Group reminds all BSCE members that future 
radars currently being developed may incorporate digital or 
computer-aided data processing, which will exclude unwanted 

targets - such as birds. 

2 In the case of radars with electronically-scanned aerials, data 
processing may be used at the input of the radar, and in other 
cases data processing may be performed at the radar which may 
be sited a long distance from the airfield. 

3 The Committee then recommends that these types of radar be fitted 
with raw radar data display or output monitoring possibility which 
could be used for bird observations. 

p   Based on work of Structural Testing of Airframes Working Group 

1 That, in support of para 1, 2(i) and (iv) of the terms of reference, 
Members should supply to the Chairman of the Working Group. 

a) results of any bird impact structural testing together with 
geometric details, which have been completed by their organisa- 

tions, 

b) details of any future testing programmes by their organisations. 

2 That, in support of para 1.2(ii) and (iii) of the terms of 
reference, members should supply the Working Group Chairman with 
details of any methods of analysing the bird impact resistance of 
structures correlated as far as possible with testing experience, 
which have been done by their organisations. 

3 In order that the Chairman can commence the work of drafting the 
initial manual material in time for the next meeting, reports should 
be sent as early as possible but, preferably not later than the 

end of October 1976« 

G   Recommendations from Plenary Meeting 

During the session, the following have been proposed and accepted as 
Bird Strike Committee Europe recommendations: 

1 The Chairman of Working Group Analysis is to continue the publication 
of Civil Incidents Quarterly information bulletin« Each State is 
asked to provide relevant Civil information. 

2 The Chairman of the Committee is invited to ask Bird Strike National 
Committees to ensure that proper information is forwarded for the 

s 



completion of the documont on disperninR devices. 

The Chairman of the Committee \o  required» 

3.1 to review recommendations issued at previous meetings and 
publish a comprehensive list of those still in force, 

3.2 to call ICAO attention to the standardisation in process inside 
BSCE of the description of weight ranges of birds. 

3.3 to approach Airports Associations about the information shown 
by Bird Strike analysis tabulated by airports. 



BSC15/11  - 2 

SECTION 2      -     List of Participants 

>. 



BSCE 11-2 

(0 
(4 
0) 
4J 
01 
fc 
o. u 
0> 

4-> 
c 
M 

xi • u 
0> c 
(0 01 
3 u 
o BH » > x: (0 o •«* 
u rH 
a bO 
Ä c 
u W 

tw » 
o JC 

(0 
■p •r« 
c rH 
o W 
L. u 

<M M 

c > 
•rt u 

c 
b0 0) 
c u 

•H bt 
■o 
£2 0) 
ca X 

■p •M 
(0 

<M » o 
h0 
C 0) 

• H c 
+J o 
0) 
V w 

23 •H 

8) » 
^3 .* 
4-> SH 

<Ö 
to 4J 
c CO 

■H 

"3 c 
C o 
V to 
+J • r-l 
4J r-t 
(0 <* 
4) U} 
w « 
o •H 
ä a 
4-> . •> •*> 
<M ■a 
o as 

rH 
ft 
3 0) 
O u £ 

CJ s-** 



BSCS/11 ->  2 

Working Groups 

§ 

% 

+ 
+ 
+ 

+ 
+ 

+ 
+ 

I 
o u 
o> 

+ 
+ 

+ 

+ 

+ 
+ 

+ 
+ 
+ 

+ 
+ 

•p 
ö « 
s 

as 

+ 

T3 -X3 

o> -P 
■M 10 
■p a> 
«* 2. 
o o> 
+» u 

•3 8. 

o 
o 

o 
o 

o 

o 

o 
o 

o 
o 

BELGIUM 

Mr M Haerynck 
Lt Col G Reekmans 
Major L Cornelissens 
Cdt T Jacobs 
Mr J F Boomans 
Dr M J Heirman 
Mr Delanghe 
Dr M Louette 
Secretary, Western European 
Airports Association 

CANADA 

Dr V E F Solraan 
Dr F R Hunt 
Mr H Blokpoel 
Mr R M MacGibbon 
Mr A J Bosik 
Mr Grant Wilson 
Mr R J Hebert 
Mr J Thompson 
Major W J Carpenter (CAF Europe) 
Mr W H S Bird 
Capt C E Hansen, FS3-2 
Flight Safety Section, 
CAF HQ, Europe 

DENMARK 

Mr H Dahl 
Dr H Lind 
Mr A M Glennung 
Mr Kurt Pedersen 
Mr B Junker-Hanson 
Capt K V S^rensen 
Lt P R Clausen 
Capt F D/fetrup 
B Prendal 
Col Schneider 

AUSTRALIA 

Sqn Ldr J R McCulloch 

^L 



uücj-yn - ?. 

Working Groups 

u 

+ 
+ 

1 
U -H 

2 n 
4* fl» to e« 

+ 
+ 

10 

g 

« 

+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

10 

+ 
+ 
+ 

•p 

J 
as 

+ 
+ 
+ 
+ 

+ 
+ 

a> +> 
■p m 
+> 0) 

O V 
+> « 

Id 

+ 
+ 

o 
o 

o 

o 

FINLAND 

Mr K Salonen 

FRANCE 

Mr V E Ferry 
Mr A Attig 
Mr Marc Laty 
Mr Marqueze-Pouey 
Mr Briot 
Mr Mugnier 
Cdt Prigent 
Capt H Cesbron Lavau 
Mr fiochas 
Mr Clamagirand 
Mr M Sonnette 
Mr Vondermuhll 
Mr B Devoge 

WEST GERMANY 

Dr J Hild 
Dr Werner J Keil 
Mr Ulrich Kempkens 
Mr Walter Schabram 
Dr D Volk 
Mr Becker 
Mr Klaue Linke 
Mr C Fussmann 
Mr Rudolf Germander 
Mr Johannes Maron 
Mr Peill 

ICAO 

Mr J F Montgomerie 
Mr Kenneth K Wilde 
Mr C Eigl 



BSCE/11 - 2 

Working Sroup G 

s 

10 

g 
•H 
-P 

o 
•H 

o 
Ü S

t
r
u
c
t
u
r
a
l
 

T
e
s
t
i
n
g
 

<t> 
B 
o 

u 
< 

•H 
10 

B
i
r
d
 

M
o
v
e
m
e
n
t
 

O
n
a
b
l
e
 
to
 
at

te
nd

/ 
R
e
p
o
r
t
 
r
e
q
u
e
s
t
e
d
 

ISRAEL 

i 

+ + 
+ 
+ 

Mr Guyora Dar 
Lt Col R J Stone 
Dr G D Rosen 

ITALY 

' + Lt Col Carmene Cianci, I 

NETHERLANDS 

+ + 

+ 

+ + 
o 

Drs A M Peeraer 
Mr R J Zuidema 
Mr J A Van Wijngaarden 

+ + Lt Col Y Baanstra 
+ + 

+ + 
+ 
+ 

+ 

0 

Drs L S Buurma 
Drs J Klooster 
Mr C W Van Santen 

NORWAY 

i 

+ 

+ + 

o 

o 

Capt S Hestnes, RNoAF 
Mr Gunnar Lid 

POLAND 

Dr Maciej Luniak 

PORTUGAL 

Major M B R d'Azevedo 

SPAIN 

Col Ricardo Ferrer (Air 
Attache to UK) 

X 
/ 

y7 
1 



B3CE/11   - 

Working Groups 

I 
s 

+ 
+ 

+ 
+ 

+ 
+ 

a to 
O «H 

2 to 
4*   0 

+ 
+ 
+ 

+ 

+ 

4> 
B 
O 

O u 
«I 

a 
n 

I 
6 

+ 
+ 

a © 
a» -p 

+>   (0 
■p a> 

«& o a> 
■p fc 

a> +> 

is 

o 
o 

SWEDEN 

Berti1 Larsson 
L Jonsson 

Mr Lars-Olof Turesson 
Mr 
Mr 
Mr M Thomas Alerstam 
Mr Johnny Karlsson 
Mr Eric Nilestam 
Major Bo Näsell 
Mr Gunnar Maltegard 
Mr L Bellinger 
Mr Thomas Ahaberger 

SWITZERLAND 

Dr Bruno Bruderer 

TURKEY 

Mr Vural Eren 

UNITED KINGDOM 

Mr N Sharp 
Mr W W Coles 
Mr D W G Way 
Mr W R Hudson 
Mr E W Houghton 
Mr F Blackwell 
Mr R W Wright 
Mr R S Bruce 
Director, Aerodrome Standards, 
CAA 

Mr J E Lodge 
Mr W R Denley 
Lt Cdr R Parkinson USN 
Mr G W Underwood 
Mr J S Williams 
Mr B J Walters 
Mr A F McCarthy 



BSCE/11   - 2 

Working Groups 

TJT) 
C «> 
0> -P 

J3 ■P 10 
+> a> 

•i-t 
05 2. 

■P i-l o* 
05 (d 0) O <D 
o U e (0 +» ■p (-1 
•H 3 bO O •H Ö 

u 
•P Ö 
O -rl * 

(0 d> s 
0> 4J 

# I u m 
o 
u 

rH 

1 
x> o 
as P< 

A O 
Ü 

+> 0) < 
•H O £ r? 

O 

O 

+ + 
+ + 
+ + 

+ 
o 
o 
o 

+ 
+ + 
+ 

o 
+ 

o 
o 
o 
o 

o 
o 
o 
o 
o 
o 
o 
o 
o 

UNITED KINGDOM (contd) 

Mr S F Marshall 
Mr R J Osborne 
Cdr D G Heighway 
Sqn Ldr T S Austin, RAF 
Mr E N Wright 
Mr T Brough 
Mr I I McNaughtan 
Mr D G Gotel 
Mr T Ward 
Mr P Kitchen 
F/lt M 0'Donovan, RAF 
Dr H Roberts 
Mr J Thorpe 
Mr P F Richards 
Mr N D New 
Mr E P Church 
Mr P Sharp 
Mr D B Bell 
Mr K T Mackenzie 
Mr W J Campbell 
Mr H S Lodge 
Mr B G Deal 
Mr N Millington 
Mr L W Curry 
Mr R Betton-Foster 
Dr Ian Macgregor 
Mr B Piggott 
Sqn Ldr J W Sutherland 
Mr A E Smith 
Capt J Manning 
Mr D A Marsh 
Mr J Thompson 
Mr G P Neesham 
Mr K Welling 



BÜCE/11 - 2 

Working Groups 

10 
a o 

•r» 
+> 1-1 

a
t
t
e
n
d
/
 

q
u
e
s
t
e
d
 

at at » o  © 
o u a m 4-> +» ^ 
•rl a   b0 o •w Ö 

u «5 $ 
(0 0) 

B 
ID -P 
H    »4 

«8 
•Ö 

A o 
o "S

tr
u 

T
e
s
t
 o 

» 3 B
i
r
d
 

M
o
v
e
 

U
n
a
b
 

R
e
p
o
 

+ 

+ 
+ 
+ 

+ + 

+ 
+ 

+ 
o 

+ + + + 
o 

+ + 

+ 

+ 

+ 

+ 

o 
o 

o 

+ + + + 
+ + 

+ 
+ 

+ 
+ 
+ 

+ 

A 

USA 

Major E J Carr, USAF 
Mr R E Wittman 
Mr T J Reinhart 
Mr J L Seubert 
Major L E Wagy, USAF 
Capt L T Clark, USAF 
Major A T Driscoll, USAF 
Mr M M Casey 
Capt J M Davidson, USAF 
Mr George L Westenbaker 
Mr George Wiser 
Mr V C Gallardo 

USSR 

Dr 
Mr 
Mr 
Mr 
Mr 

Jacoby 
Ragozine 
Lebedev 
Smykov 
Nikitine 

Mr Berdnikov 



ADDRESSES 

BELGIUM 

Mr M Haerynck 
Ministry of Communications 
Administration de l'Aeronautique 
World Trade Centre 
Tower 1, Floor 8, Bus 60, 
Blvd E Jacquemain 16? 
1000 Bruxelles 
BELGIUM 

Lt Col G Reeckmans 
Chief Flight Safety Section 
Etat Major de la Force Aerienne 
Caserne Prince-Baudouin 
Place Dailly 
1030 Bruxelles 
BELGIUM 

Major L Cornelissens 
Flight Safety Officer 
Etat Major de la Force Aerienne 
Caserne Prince-Baudouin 
Place Dailly 
1030 Bruxelles 
BELGIUM 

Cdt T Jacobs 
Master Controller 
CRP SEMMERZ 
Molenstraat 7 
97^0 GAVERE 
BELGIUM 

Mr J F Boomans 
Senior Metereologist 
Meteo Wing Luchtmacht 
Belgian Air Force 
Lange Eikstraat 86 
1970 Wezembeek 
BELGIUM 

Mr M Delanghe 

Regie des Voies Aeriennes 
Direction Exploitation 
Avenue des Arts *H 
1000 Bruxelles 
BELGIUM 

Doctor M Louette 
Koninklijk Museum voor Midden Afrika 
B-198O Tervuren 
BELGIUM 

Secretary 
Western European Airports Association 
Rue Belliard 12 
B-10U0 Bruxelles 
BELGIUM 

Dr M J Heirman 
Biologist 
Centrum voor Bosbiologie 
B-36OO Bokryk-Genk 
BELGIUM 

AUSTRALIA 
S/Ldr J R McCulloch 
RAF Staff 
Australian High Commission 
Australia House 

The Strand 
London WC2 
UNITED KINGDOM 

if 



CANADA 

DrVEF Solman 
Chairman Associate Committee on Bird 

Hazards to Aircraft 
Canadian Wildlife Service 
Sir Wilfred Laurier Building 
*400 Laurier Ave W 
Ottawa 
Ontario 
CANADA 

DrFR Hunt 
Electromagnetic Engineering Section 
Radio & Electrical Engineering 
Division 

National Research Council of Canada 
Ottawa 
Ontario 
CANADA, KIA 0R8 

Mr H Blokpoel 
Scientific Officer 
Canadian Wildlife Service 
2721 Highway 31 
Ottawa 
Ontario 
CANADA 

Mr R M MacGibbon 
Secretary, Associate Committee on Bird 
Hazards to Aircraft 

National Research Council 
Montreal Road 
Ottawa 
Ontario 
CANADA, KIA 0R6 

Mr A J Bosik 
Associate Committee on Bird Hazards 

to Aircraft 
Structures & Materials Laboratory 
National Aeronautical Establishment 
National Research Council 
Montreal Road 
Ottawa 
Ontario 
CANADA, KIA 0R6 

Mr Grant Wilson 
Associate Committee on Bird Hazards 

to Aircraft 
Air Canada 
75 Cedar Avenue 
Pointe Claire 
Quebec 
CANADA, H9S ^Y3 

Mr K J Hebert 
Manager, Technic.il Engineering 
Canadair Ltd 
PO Box 6087 
Montreal 101 
Quebec H3C 369 
CANADA 

Mr J Thompson 
Chief, Structures & Materials Technology 
de Havilland Aircraft of Canada Ltd 
Downsview 
Ontario 
CANADA, M3K 1Y5 

Major W J Carpenter 
Staff Officer Air Traffic Control 
Canadian Forces Europe 
1 Canadian Air Group HQ 
763 Lahr 
WEST GERMANY 

Mr W H S Bird 
Associate Committee on Bird Hazards 

to Aircraft 
Air Canada 
75 Cedar Avenue 
Pointe Claire 
Quebec 
CANADA, H9S *tY3 

National Defence Headquarters 
Department of National Defence 
Ottawa 
Ontario 
CANADA, KIA OK? 
Attn; DFS Capt C E Hansen, FS  3- 

Canadian Air Force HQ, Europe 
Flight Safety Section 
CFPO 5000 
D-763 Lahr 
WEST GERMANY 

Dr R McNeil 
Centre de Recherches Ecologiques de 

Montreal 
**101 est rue Sherbrooke 
Montreal '♦06 
Quebec 
CANADA 

y 



DENMARK 

Mr Kontorchef H Dahl 
Luftfartsdirektoratet 
G1 Konpevej 60 
185O K/benhavn V 
DENMARK 

Mr H Prendal 
Danish Flight Safety Council. 
Stokkebrohun 3 
Raageleje 
DK-3210 Vejby 
DENMARK 

Dr Hans Lind 
Zoologisk Laboratorium 
Universitetsparken 15 
2100 K/benhavn 
DENMARK 

Flyvesikkerhedssektionen 
Flyverstaben 
Flyvestation Vedbaek 
DK-295O Vedbaek 
DENMARK 

Mr Luftfartskontroll/r A M Glennung 
K/ifoenhavns Lufthavnsvaesen 
K/^benhavns Lufthavn Kastrup 
2770 Kastrup 
DENMARK 

Flyvesikkerhedssektionen 
Flyvertaktisk Kommando 
DK-7^70 Karup J 
DENMARK 

Mr Kurt Pedersen 
Copenhagen Airports Authority 
Planning Section 
Copenhagen Airport 
DK 2770 Kastrup 
DENMARK 

Mr Bent Junker-Hanson 
Vildtbiologisk Station 
Kalo 
8*t10 Ronde 
DENMARK 

Capt Nielsen 
Tac Air Command 
7470 Karup 
DENMARK 

Col Schneider    . 
Danish Air Attache 
NATO 
Oslo 
NORWAY 

Capt K V S^rensen 
Flight Safety 
Royal Danish Air Force 
Tactical Air Command 
DENMARK 

Lt P R Clauson 
Royal Danish ir Force 
FSN, STE '+773 Stensved 
DENMARK FINLAND 

Capt Finn D/fstrup 
S Fulcusalle 30 
Drac/n 
DENMARK 

Mr K Salonen 
Insp Flight Operations 
National Board of Civil Aviation 
Flight Safety Department 
Siltasaarenkatu 12A 
OO51O Helsinki 51 
FINLAND 

J 



FRANCE 

Mr V E Ferry, 
Directeur General de 1'Aviation Civile 
93 Bvd du Montpernesse 
75006 Paris Cedex 15 
FRANCE 

Etat Major de 1»Armee de l'Air 
3 Bureau 
24 Boulevard Victor 
F 75 Paris 15 
FRANCE 

Monsieur 1'Ingenieur General Hoerter 
Inspecteur General de 1'Aviation Civile 

246 rue Lecourbe 
F 75 Paris 15 
FRANCE 

Mr A Attig 
Inspection Generale de 1'Aviation Civile 
246 rue Lecourbe 
F 75 Paris 15 
FRANCE 

Mr Mnyc Lstv 
Service Technique de la Navigation Aerienne 
Region Sud-Est de 1'Aviation Civile 
21 Avenue J Isaac 
13100 Aix En Provence 
FRANCE 

Mr Marqueze-Pouey 
L'Ingenieur de l'Armement 
Chef du Groupe Aerodynamique 
Ministere de la Defense 
Centre d'Essais Aeronautique de Toulouse 
23 Avenue Henri Guillaumet 
31051 Toulouse Cedex 
FRANCE 

Mr J L Briot 
SGAC 
Service Technique de la Navigation Aerienne 
246 Rue Lecourbe 
75OI5 Paris 
FRANCE 

Mr J P Mugnier 
Secretariat General a 1'Aviation Civil 
SFATC/T/Ü 
93 Gd du Monparnasse 
75015 Paris 
FRANCE 

Cde Prigent 
Ministere de l'Air 
5 Bis Avenue de la Porte de Sevres 
75996 Paris 
FRANCE 

Capt H Cesbron Lavau 
52 Rue Montmartre 
75002 Paris 
FRANCE 

Mr Rochas 
Ministere de la Defense 
Centre d'Essais Aeronautique 
de Toulouse 

23 Avenue Henri Guillaumet 
31051 Toulouse Cedex 
FRANCE 

Mr Clamagirand 
Avions Marcel Dassault (ste) 
37 Rue du Professeur Panchet 92420 
Vaucresson 
FRANCE 

Mr J C Sonette 
Pilot, Air France 
Cometec (Technical Group) 
SNPL 
Cedex A213 
94396 Orley Aerogares 
FRANCE 

Mr M Vondermuhll 
Societe de Turbometre 
Bordes 
64320 Bizanos 
FRANCE 

Mr B Devoge 
Direction Technique 
SNECMA 
Villaroche 
77 Moissy 
Cramayel 
SM 
FRANCE 

Mr J M Riche 
Air et Cosmos 
Aviation Magazine 
6 Rue Anatole de la Sorge 
Paris 75017 
FRANCE 

y 



WEST GERMANY 

Regierungsdirektor Dr J Hild 
German Military Geophysical Office 
558 Traben-Trarbach 
Mont Royal 
WEST GERMANY 

Mr C Fus8man 
BWB - ML 
Landshuter Alec l62a 
8000 München 19 
WEST GERMANY 

Direktor Dr W Keil        „ 
Deutscher Ausschuss zur Verhütung 
Von Vogelschäden im Luftverkehr 
D-6OOO Frankfurt am Main 61 
Steinauer Str kk 
WEST GERMANY 

Mr ü Kempkens 
Director 
Deljfag Luftfahrt Versicherung 
5 Köln 21 
Von Goblenz Str 2-6 
WEST GERMANY 

Mr W J Schabram 
Manager Claims Dept 
Delflag Luftfahrt Versicherung 
5 Köln 21 
Von Goblenz Str 2-6 
WEST GERMANY 

Dr D Volk     „ 
Messerschmitt-Bolkow-Blohm 
2103 Hamburg 95 
Kreetslag 10 
Postfach 950109 
WEST GERMANY 

Mr Becker 
Messerschmitt-Bölkow-Blohm 
2103 Hamburg 95 
Kreetslag 10 
Postfach 950109 
WEST GERMANY 

Mr Klaus Linke „ 
Messerschmitt-Bolkow-Blohm 
Kreetslag 10 
Postfach 950109 
WEST GERMANY 

Mr R Germander 
Ministry of Transport 
53 Bonn 
WEST GERMANY 

Mr J Maron      „ 
Air Post Company München Ltd 
Ludwig-Thoma Str 31 
8pi2 Ottobrunn 
München 
WEST GERMANY 

Luftwaffe 
Luftflotten Kommando 
505 Porz-Wahn-Fliegerhorst 
WEST GERMANY 

Bundesministerium fur Werkher 
Abteilung Luftfart 
53 Bonn 
Bad Godesburg 1 
Kennedy Allee 72 
WEST GERMANY 

Dr Hans Lechleitner 
Bayerischer Rundfunk 
FS-Berichte und Wissenschaftsmagazin 
8 München 2 
Postfach 2OO508 
WEST GERMANY 

M R Mucke 
Dir 
Flughafen Bremen 
WEST GERMANY 

Mr Stalinski 
GF 
Flughafen GMBH 
Essen Mulheim 
WEST GERMANY 



WEST GERMANY (Contd) GREECE 

Mr Bodenschatz 
Del Vag - Luftfahrt 
Versicherung In 
Deufcche Lufthansa 
5 Köln 21 
WEST GERMANY 

Hellenic 
GAS/FSD 
Holargos 
Athens 
GREECE 

Air Force Command 

Mr Peill 
Embassy of the Federal Republic of Germany 
23 Belgrave Square 
LONDON SW1X 8PZ 
UNITED KINGDOM 

EAST GERMANY ICAO 

Dr Gerhard Grun 
Vogelschutzwarte Seebach      „ 
EAST GERMANY 5701 SEEBACH - Kr Muhlhausen 

Der Direktor 
Institut für PflanEenechutzforschung 
Kleinmachnow 
1532 
Stahnsdorfer Dann 81 
EAST GERMANY 

Mr J F Montgomerie 
ICAO Representative, European Office 
International Civil Aviation 
Organisation 

3 Bis, Villa Emile Bergerat 
92200 - Neuilly-sur-Seine 
FRANCE 

Mr K K Wilde 
Chief of Aerodromes, Air Routes & 
Ground Aids Seen, of ICAO 
Headquarters 
International Civil Aviation 
Organisation 
Montreal 

c/o Mr J F Montgomerie 
3 Bis, Villa Emile Bergerat 
92200 - Neuilly-sur-Seine 
FRANCE 

a '3 

Mr C Eigl 
International Civil Aviation 
Organisation 
3 Bis, Villa Emile Bergerat 
92200 - Neuilly-sur-Seine 
FRANCE 



ISRAEL 

Mr U Dar 
A.snia Maabarot Ltd 
8 Bavli Street 
POB 211^1 
Toi Aviv 6?3J1 
ISRAEL 

Lt Col R J Stone FICAM FRHS FZS 
Sphere Laboratories (London) Ltd 
12 Onslow Mews East 
London SW7 3AA 
UNITED KINGDOM 

DrGD Rosen 
17a Colinette Road 
London SW15 
UNITED KINGDOM 

Mr Shalom Zuaretz 
Chief Ornithologist 
Nature Reserves Authority 
16 Hanatzin St 
Tel Aviv 
ISRAEL 

ITALY 

Italian Air Force 

Lt Col Cianci Carmene 
Ministero Delia Difensa 
Telecomdife 
f>0 Divisione 
Roma 
Viale Universita h 
ITALY 

Stato Maggiorc Aeronautica 
3e Reparto - k  Ufficio SV 
Vialle dell Universita k 
00100 Roma 
ITALY 

Direzione Generale dell Aviazione Civile 
Piazza del Grande Archivio 
001 Mt Roma 
ITALY 

Consiglio Superiore dell Avizione Civile 
Piazza del Grande Archivio 
001 kk Roma 
ITALY 

Regietro Aeronautico Italiano 
Via del Tritone 
169 
OOI87 Roma 
ITALY 



NETHERLANDS 

Drs A M Peernrr, Biologist 
Directie Fnunabeheer 
Ministerie van Landbouw en Visserij 
Bezuidenhoutseweg 73 
The Hague 
NETHERLANDS 

Mr C W Van Santen 
c/o Calorieweft 
Hanganr f> 
Schiphol-Oost 
NETHERLANDS 

R J Zuidema 
Luchthaven Rotterdam 
Sint Jacobsplaats 1 
Rotterdam 
NETHERLANDS 

Mr J A van Wijngaarden 
Inspector Aerodromes Division 
Ministry of Transport & Public Works 
Civil Aviation Department 
S'Gravenhage 
Plesmanweg 1-6 
The Hague 2019 
NETHERLANDS 

J C N van Boldrik 
Chairman Netherlands Bird Strike 
Committee 

HQ RNLAF, Directorate of Safety 
1   van den Boschstraat 8 
The Hague 2022 
NETHERLANDS 

Lt Colonel Y Baanstra 
Chairman Netherland Bird Strike Committee 

| Chief«Flight and Ground Safety of the 
RNLAF 

j Ministerie van Defensie 
i Luchtmachtstaf 
: Prin6 Claur.laan 8 
rfGravenhage 

i NETHERLANDS 

Drs L S Buurma 
Secretary Netherlands Bird Strike 
Committee 

Air Staff 
The Hague 
Prinz Clauslaan 8 
NETHERLANDS 

Dr C W Stortenbeker 
Research Institute for Nature 

Management 
Kemperbergweg 11 
Arnham 
NETHERLANDS 

Inspector J J M Van der 
NV Luchthaven Schipol 
Amsterdam 
NETHERLANDS 

Mr M H J Shoot 
Dep. Head of Operations 
NV Luchthaven Schipol 
Amsterdam 
NETHERLANDS 

Heyde 

Drs J Klooster 
Air Staff 
The Hague 
Prinz Clauslaan 8 
NETHERLANDS 

Mr I Tengeler 
Lab voor Electronische 
Ontwikkelingen 

Van de Krijgamacht 
Haarlemmerstraatweg 7 
Cestgeest 
NETHERLANDS 

-8f 

45T 



NORWAY POLAND 

Capt Svein Hestnes, R NoAF 
Air Force Station 
Graakallen 
NORWAY 

VIT Konsulent Gunnar Lid 
Soological Museum 
Sarsgt 1 
Oslo 5 
NORWAY 

Trafikinsperktor P W Pedersen 
Directorate of Civil Aviation 
Storgt 10B 
Oslo Dep 
NORWAY 

Forsvarets Overkommando 
Flight Safety Inspector Huseby 
Oslo MIL 
NORWAY 

Dr M Litniak 
Polish Academy of Science 
Institute of Zoology 
Warszawa 
ul Wilcza 6k 
POLAND 

Mr R Vik 
Professor in Zoology 
University of Oslo 
Sarsgt 1 
Oslo 5 
NORWAY 

PORTUGAL 

Maj Pil Av Manual Bessa Rcdrigues 
d'Azevedo 

Portuguese Air Force  , 
c/o ETADO MAIOR FORCA AEREA AVLNIDA 
LIBERDADE 252 

Lisbon 2 
PORTUGAL 

Estado-Maior Da Forca AeVea (3 a Rep) 
R Rodriques Sampaio 99 
Lisbon 
PORTUGAL 

Capt J M da Graca Reis 
Chief of the Training & Flying 

Personnel Division 
DGAC 
Av da Liberdade 19 
Lisbon 
PORTUGAL 

^ 

4 



SPAIN 

(Jo'I.  Hici.ird'i  K»Tr«r 
Air Attache to the Spanish Embassy 
Plat \ 3 Hans Crescent 
London SW1X OLN 
UNITED KINGDOM 

SWEDEN 

Mr Lar:;-01af Turer.r.on 
Ground Facilities Department 
Board of Civil Aviation 
S 16189 Bromma 
SWEDEN 

Domingo Ramos Alegre 
Subdirector Servicio Seguridad 
Velasquex 150 
S-Madrid 6 
SPAIN 

Mr Bertil Larsson 
Kungl. Krigsflygskolan 
Fack 
S-2607O Ljungbyhed 
SWEDEN 

Ministerion del Aire 
Piazza de la Moncloa 
Madrid 
SPAIN 

Mr L Jonsson 
Board of Civil Aviation 
S 16189 Bromma 
SWEDEN 

Subsecretaria de Aviacion Civil 
Piazza de la Moncloa 
Madrid 
SPAIN 

Mr Thomas Alerstam 
Ornithologist 
Zoological Institute 
Ecology Building 
Dept of Animal Ecology 
University of Lund 
S-223 62 Lund 
SWEDEN 

Mr Johnny Karlsson 
Board of Civil Aviation 
Zoological Inst University of Lund 
Ecology Building 
Helgonavagen 5 
S-223 62 Lund 
SWEDEN 

Mr Eric Nilestram 
SAAB-SKANIA AB 
Fack     M 
58188 Linkoping 
SWEDEN 

Maj BO Ngsell 
Swedish Air Force 
RABY GARD 
72590 VHsteras 
SWEDEN 

>" 



SWEDEN (Contd) 

Mr Gunrmr MaltegRrd 
International Aviation Dept 
Skandia Insurance Co 
Fack 
10360 Stockholm 3 
SWEDEN 

(UK Contact Office) Ltd 
Mr L Bellinger 
Skandia Insurance 
Plantation House 
5_8 Mincing Lane 
London WC3M 3JP 
UNITED KINGDOM 

Mr Thomas Ahsberger 
Executive Secretary 
Svensk Pilotforening (SPF) 
(Swedish Air Line Pilot's Association) 
Olofsgatan 10,2 tr 
11136 Stockholm 
Postgiro 19 90 83-7 
SWEDEN 

SWITZERLAND 

Dr B Bruderer 
Schweizerisch« Vogelwarte 
CH-6204 Sempach 
SWITZERLAND 

Mr M LÜthi 
Abteilung der Milit'arflugpl'atze 
CH-86OO Dubendorf 
SWITZERLAND 

Service de l'Aviation et de la DCA 
Kasernenstrasse 27 
3OOO Berne 25 
SWITZERLAND 

Office Federal de 1'Air 
Bundeshans Inselgasse 
3OO3 Berne 
SWITZERLAND 

Mr R Roed 
The Aeronautical Research Institute 

of Sweden 
(FFA) 
System Studies & Flight Safety Section 
Bromraa 
SWEDEN 

9i 



TURKEY UNITED KINGDOM 

Mr Vural Eren 
Operation/) Director 
Yesilkoy Airport 
Istanbul 
TURKEY 

Mr Necdet Tanay 
General Director State Airports 

ft II   luJ II 
DHMI Genel Mudurlugu 
Hava Enforraasyon MD 
Antera 
TURKEY 

Mr Turan Cankurtaran 
Airport Chief Manager  (| f| 

DHMI Hava Limani Bas Muduru 
Yesilkoy 
Istanbul 
TURKEY 

Turkish Air Force Representative 

( Turkish Ambassador 
( Turkish Embassy 

Care of ( 43 Belgrave Square 
( London SW1 
( UNITED KINGDON 

Mr N Sharp 
Director, Aircraft Mechanic.nl/Kloctricnl 
Engineering Equipment Research and 
Development 

Chairman UK BIRD Committee 
Ministry of Defence, Procurement Executive 
St Giles Court 
St Giles High Street 
London WC2 
UNITED KINGDOM 

Mr W W Coles 
Hat field Division 
Hawker Siddeley Aviation Ltd 
Hatfield 
Hertfordshire 
UNITED KINGDOM 

Mr D W G Way 
Structural Test Department 
Hatfield Division 
Hawker Siddeley Aviation Ltd 
Hatfield 
Hertfordshire 
UNITED KINGDOM 

Mr W R Hudson 
Structural Test Department 
Hatfield Division 
Hawker Siddeley Aviation Ltd 
Hatfield 
Hertfordshire 
UNITED KINGDOM 

Mr E W Houghton 
Royal Signals & Radar Establishment 
St Andrews Road 
Great Malvern 
Worcestershire 
UNITED KINGDOM 

Mr F Blackwell 
Royal Signals & Radar Establishment 
St Andrews Road 
Great Malvern 
Worcestershire 
UNITED KINGDOM 



UNITED KINGDOM (Contd) 

Mr R W Wright 
Technical Manager, Aircraft & Special 

Products Division 
Triplex Safety Glass Co Ltd 
Kings Norton 
Birmingham J50 
UNITED KINGDOM 

Mr G W Undorwoi'il 
Company Co-Ordinnt iug Knginr«M' 

(Systems Research) 
Hawker Siddeley Aviation Ltd 
Richmond Road 
Kingston upon Thames 
KT2 5Q3 
UNITED KINGDOM 

Mr R S Bruce 
Chief Designer, Aircraft P< Special 

ProductsDivision 
Triplex Safety Glass Co Ltd 
Kings Norton 
Birmingham 30 
UNITED KINGDOM 

Director Aerodrome Standards 
Civil Aviation Authority 
The Adelphi 
John Adam Street 
London WC2 
UNITED KINGDOM 

Mr J E Lodge 
Chief Fire Service Officer 
Civil Aviation Authority 
The Adelphi 
John Adam Street 
London WC2 
UNITED KINGDOM 

Mr W R Denley 
DFSO 
Civil Aviation Authority 
The Adelphi 
John Adam Street 
London WC2 
UNITED KINGDOM 

Lt Cdr R Parkinson, USN 
DNAW 
RN Flight Safety Centre 
RN Air Station 
Yeovilton 
Ilchester 
Somerset 
UNITED KINGDOM 

Mr J S Williams 
Asst Company Co-Ordinating Engineer 

(Systems Research) 
Hawker Siddeley Aviation Ltd 
Richmond Road 
Kingston upon Thames 
KT2 5Q3 
UNITED KINGDOM 

Mr B J Walters 
Materials & Manufacturing Development Dept 
British Aircraft Corporation Ltd 
Warton Aerodrome 
Preston 
Lancashire 
UNITED KINGDOM 

Mr A F McCarthy 
Stress Office 
British Aircraft Corporation Ltd 
Military Division 
Warton Aerodrome 
Preston 
Lancashire 
UNITED KINGDOM 

Mr S F Marshall 
Mechanical Test Dept 
British Aircraft Corporation Ltd 
Military Division 
Warton Aerodrome 
Preston 
Lancashire 
UNITED KINGDOM 

Mr R J Osborne 
Mech 2 
Ministry of Defence, Procurement Executive 
St Giles Court 
St Giles High Street 
London WC2 
UNITED KINGDOM 

3<? 
s6 



UNITED KINGDOM (Contd) 

Crir D ü lleir.hway, Hond of CG'; 
National Air Traffic Servicer, 
Civil Aviation Authority 
Room 4?2, The Adelphi 
London WC2 
UNITED KINGDOM 

MT- T Ward 
Airr.ide Safety & Operation« 
British Airportr, Authority 
Room 313 
2 Buckingham Gate 
London SW1E 6JL 
UNITED KINGDOM 

Sqn Ldr T S Austin 
MOD DFS(RAF) 
1/6 Tavistock Square 
London WC1H 9NL 
UNITED KINGDOM 

Mr E N Wright 
Pest Infestation Control Laboratory 
Ministry of Agriculture, Fisheries 

& Food 
Tangley Place 
Worplesdon, Guildford 
Surrey GU3 3LQ 
UNITED KINGDOM 

Mr P Kitchen 
APD 
Department of the Environment 
Charles House 
Kensington 
London W14 
UNITED KINGDOM 

Fit Lt M 0'Donovan 
Flight Safety 
HQ RAF GERMANY 
BFPO to 

Mr T Brough 
Pest Infestation Control Laboratory 
Ministry of Agriculture, Fisheries 

& Food 
Tangley Place 
Worplesdon, Guildford 
Surrey GU3 3LQ 
UNITED KINGDOM 

Dr H Roberts 
AD/ADR 
Ministry of Defence, Procurement 
Executive 

St Giles Court 
St Giles High Street 
London WC2 
UNITED KINGDOM 

Mr I I McNaughtan 
EP Dept, Royal Aircraft Establishment 
Farnborough 
Hampshire 
UNITED KINGDOM 

Mr D G Gotel 
Eng D1, MOD(PE) 
Room 1^9, St Giles Court 
St Giles High Street 
London WC2 
UNITED KINGDOM 

Mr J Thorpe 
Airworthiness Division 
Civil Aviation Authority 
Brabazon House 
Redhill, Surrey 
RH1 1SQ 
UNITED KINGDOM 

Mr P F Richards 
Head of Structures 
Civil Aviation Authority 
Brabazon House 
Redhill, Surrey 
RH1 1SQ 
UNITED KINGDOM 

3l 



UNITED KINGDOM (Contd) 

Mr N D New 
Mech ? 
Ministry of Defence, Procurement 
Executive 

St Giles Court 
St Giles High Street 
London WC? 
UNITED KINGDOM 

Mr H S Lodge 
Mnnager, Air Traffic Services 
British Airways, European Division 
Bealine House 
Huislip 
Middlesex 
UNITED KINGDOM 

Mr E P Church 
Accident Investigation Branch 
Dept of Trade 
Shell Mex House 
Strand 
London WC2 
UNITED KINGDOM 

Mr B G Deal 
Superintendent Air Traffic Services 
British Airways, European Division 
Bealine House 
Ruielip 
Middlesex 
UNITED KINGDOM 

Mr P Sharp 
Chief Designer 
Lucas Aerospace 
The Airport 
Luton, Bedfordshire 
UNITED KINGDOM 

Mr D B Bell 
Design Engineer 
Lucas Aerospace 
The Airport 
Luton, Bedfordshire 
UNITED KINGDOM 

Mr K T Mackenzie 
Deputy Chief Designer 
Westland Helicopters Ltd 
Yeovil 
Somerset 
UNITED KINGDOM 

Mr N Millington 
Rolls Royce (1971) Ltd 
Hucknall 
Nottingham 
UNITED KINGDOM 

Mr L W Curry 
Guild of Air Traffic Control Officers 
Leavesden Aerodrome 
Nr Watford 
Hertfordshire 
UNITED KINGDOM 

Mr R Betton-Foster 
CATC Secretariat 
Commonwealth Air Transport Council 
Shell Mex House 
Strand 
London WC2R ODP 
UNITED KINGDOM 

Mr W J Campbell 
Flight Safety Adviser 
British Caledonian Airways 
Gatwich Airport 
Horley, Surrey 
UNITED KINGDOM 

Dr Ian Macgregor 
Ministry of Defence, Procurement 
Executive 

8 foot Wind Tunnel 
Royal Aircraft Establishment 
Bedford 
UNITED KINGDOM 

1* 



UNITED KINGDOM (Contd) 

Mr B Piggott 
TRD3 
Civil Aviation Authority 
Room 193 
Shell Mex House 
London WC1 
UNITED KINGDOM 

Mr ü P Noeshnm 
Technical Secretary 
International Federation of Air Line 
Pilots Associations 

1 Hyde Park Place 
Marble Arch 
London WC2 2LH 
UNITED KINGDOM 

S/Ldr J W Southerland 
R&D Flying Ops B 
Room 355 
St Giles Court 
1 St Giles High Street 
London 
WC2H 8LD 
UNITED KINGDOM 

Mr A E Smith 
Airclaims Ltd 
Tech Info Services Division 
Epsom Square, Heathrow Airport 
London, Hounslow TW6 2BQ 
Middlesex 
UNITED KINGDOM 

Capt J Manning 
Secretary 
UK Flight Safety Committee 
Epsom Square, Heathrow Airport 
Hounslow 
Middlesex 
UNITED KINGDOM 

Mr D A Marsh 
Rolls Royce (1971) Ltd 
Dept *H 3^ 
Moor Lane 
Derby 
UNITED KINGDOM 

Mr J Thompson 
Chief, Structures fc Materials Technology 
The de Havilland Aircraft Co of Canada Ltd 
Downsview 
Ontario 
CANADA 

Mr K Welling 
Chief Airworthiness Engineer 
Rolls Royce (1971) Ltd 
PO Box 31 
Derby DE2 8BJ 
UNITED KINGDOM 

Mr Spooner 
Lloyd's Aviation Underwriters 
Association 

Lloyd's Building 
Leadenhall Street 
London EC3 
UNITED KINGDOM 

British Airline Pilots Association 
81 New Road 
Harlington 
Hayes 
Middlesex 
UNITED KINGDOM 

International Federation of Air Line 
Pilots' Associations 

1 Hyde Park Place 
London W2 
UNITED KINGDOM 

Guild of Air Traffic Control Officers 
Secretary 
Mr T H Harrison 
45 Otterline Drive 
Troon 
Ayrshire 
Scotland 
UNITED KINGDOM 

? 



UNITED KINGDOM (Contd) USA 

International Federation of Air 
Traffic Controllers 

c/o Mr T H Harri Ron 
hlj  Ottfrline Drive 
Troon 
Ayrshire 
Scotland 
UNITED KINGDOM 

Major Edward «I Cnrr 
USAFE/IGFF 
Department of the Air Force 
Headquarters United States Air Forces 

in Europe 
Ramstein AB 
West Germany 
APO 0901? 

Mr Gadd 
Secretary 
Aerodrome Owners Association Ltd 
Airfields and Airports 
18 Orchard Street 
Bristol 
Avon BS1 5DX 
UNITED KINGDOM 

Mr James Gilbert 
Editor, Pilot 
Lernhurst Publications Ltd 
The White House 
Church Road 
Claygate 
Surrey KY10 OJP 
UNITED KINGDOM 

The Editor 
Flight 
Dorset House 
Stamford Street 
London SE1 9LU 
UNITED KINGDOM 

The Editor 
Aviation Week 
J>h Dover Street 
London W1X 3RA 
UNITED KINGDOM 

Robert E Wittman 
Program Manager 
Improved Windshield Protection ADPO 
Department of the Air Force 
Air Force Wright Aeronautical 

Laboratories (AFSC) 
Air Force Flight Dynamics Laboratory 
Wright-Patterson Air Force Base 

Ohio h**33 
USA 

Mr Ted Reinhart of the Air Force 
Materials Laboratory (AFML) 

Chief Plastics & Composites 
Department of the Air Force 
Air Force Wright Aeronautical 

Laboratories (AFSC) 
Air Force Flight Dynamics Laboratory 
Wright-Patterson Air Force Base 
Ohio ^35 
USA 

Mr J L Seubert 
Chief, Section Animal Depredations 

Control Studies 
Patuxent Wildlife Research Center 
Laurel 
Maryland 20810 
USA 

Major Larry E Wagy 
Aerospace Safety 
Department of the Air Force 
Headquarters United States Air Force 
N2 AF/IGD 
Norton 
California 92UOh 
USA 

so* 



U.'JA (Contd) 

Capt Larry 'i' Clark 
Environmental Biologist 
Directorate of Environics 
USAF Bird Aircraft Strike Hazard Team 
Air Force Civil Engineering Center (AFSC) 
Department of the Air Force 
Tyndall Air Force Base 
Florida 32*t01 
USA 

Mr V C Gallardo 
Applied Mechanics Engineer 
Advanced Design Analysis Methods 
Aircraft Engine Group 
General Electric Company 
Cincinnati 
Ohio 45215 
Mail Drop K69 
USA 

Major A T Driscoll 
USAF 
AFISCR/SEFF 
Norton 
California 92*K)9 
USA 

Major Charles D Kirkpatrick 
HQ/USAFE/GE 
Ramstein Air Base 
West Germany 
APO 09012 

Mr M M Casey 
FAA Representative 
US Embassy 
Grosvenor Square 
London W1 
UNITED KINGDOM 

Mr Herold A Sherman 
Flight Safety Foundation, INC 
1800 N Kent Street 
Arlington 
Virginia 22209 
USA 

Capt Jerry M Davidson 
HQ USAFE/DEMO 
Ramstein Air Base 
West Germany 
APO 09012 

Major William P Bubose III 
Chief Medical Entomology Branch 
USAF/BSC 
62 Wiesbaden 
Erbenheim Flugplatz 
Postfach 5078 
GERMANY 

Mr George L Westenbaker 
US Administrator of Aeronautics 
Mission of the USA 
Tempelhof Airport 
Berlin 
WEST GERMANY 

Mr George Wiser 
Sierracin Corporation 
12780 San Fernando Road 
Sylmar 
California 913^2 
USA 

4 



USSR 

Dr V E Jacoby 
Chief Scientist 
Academy of Sciences of the USSR 
Institute Severtseva 
Morphology and Animal Ecology 
Lenin Ave 33 
Moscow W-71 
USSR 

Mr V Z Ragozine 
Chief Engineer 
Foreign Relations Dept 
Ministry of Civil Aviation 
Leningradsky Prospekt 37 
Moscow 125167 
USSR 

Mr V S Lebedev 
Ministry of Civil Aviation 
Leningradsky Prospekt 37 
Moscow 125167 
USSR 

Mr V G Smykov 
Chief Engineer 
Ministry of Civil Aviation 
Leningradsky Prospekt 37 
Moscow 125167 
USSR 

Mr M Nikitine 
Meteorlogist 
Ministry of Civil Aviation 
Leningradsky Prospekt 37 
Moscow 125167 
USSR 

Mr Berdnikov 
Ministry of Civil Aviation 
Leningradsky Prospekt 37 
Moscow 125167 
USSR 

/ 3 



BSCS/11 - 3 

ili^ 

SKCnOH 3 - Opening Speech 

/'] n 



BSCE 11-3 

* 

4) 
a 
a, 

•rl 

IS 
JITJ 

<D 
•P 0) 
<H Ö 

«J -H 
h   M 
o S 

-rl 

h o 
„   O -H 
CO -P U 

O -P 
z 4> o 

u v 

» 

! 

■p 

<M   © 0g 
■P   0) 
e «M 
a> 4> 
B t-4 
P< 
O <H 

rH    O 
4) 
> >.** 
®   h   4> 
a -p «> 

(0 X 

O J3   faO 
tj (0 
CO -H 
0) -P 
(0 -H 
a> JH 
as m 

e 
H 
Ö 
01 
P. 
O 

o 
•rl 
•P 
CO 

ß -H 

•SS 
-■Si 

>> 4> 
fci   P. 4) 
rH     (0   "O 
4)   C 
h H   « 

H 
W   4>   «f 

> +>»« 
C 

fc <MX4> s o a 

£ 

•H 
■P 
4) 

si 
■P 

o 

.5 5 
o O 

«< M 

-P   4) 
faO C   U 
cue 

■H   E ,4) 
rH     ft'M 
4)   O 4> 
4> rH Q 
S   4) 

•H    > «M 
hb 4) Q 

O 

4) 
-P 
4) 
IH 
O 

■P 
u 

- 4» 
* U 
4> -H 
Z O 

Q   4) 

Z -P 

55   O 

U 
4) 

rH 
(4 
> 
« 
O 

■H 
a 
A u 
41 
S 

bO 
a 

■H 
>> 
tl 
■P   , 
(0   4) 

■iH 
s: 4> 

rC    -P 
(0 

•rt  «H 
■P  o 
•H 
h    >> 

c 
4> 

•H   -P 

jf O 

■P 
4) 

O 
4) 
10 

(0 
(0 
4> 
Ö 

•H 
JÖ 
■P 
!H 

» O 
4)   » 
& (H 
^ -H 

.8* 
E-t   4> 

•"3  -P 

** 
bO 
C 

■H 
■P 
4) 

Ü 
■P 

bO 
C 

•iH 
(0 

•■H 

3' 
bO 
ti 
O 

<H 
o 



C?/CLO 

raoij/n - 3 

OF5TTTTIG SPEECH 0? VfRLCOT-TF. !1Y l!R I! SHARP,  A DIRECTOR OP TIES BRITISH 
HTi::r.vpi<Y OK IH^II'I^TCK, PROGUIH-TTIIIT EXECUTIVE 

Monsieur Perry, Gentlemen 

My name is Norman Sharp, and I im  responsible in our Ministry of Defence, 
Procurement Executive, for directing programmes of work on what may be'broadly 
described an electrical <and mechanical equipment of systems for military and 
civil aircraft.  I nay broadly because included is work on Vctrious hazards to 
aircraft, including the hazard from birds. VJith this responsibility, I om 
Chairman of the United Kingdom Bird Impaot Research a™1 Development Committee and 
it is with this interest that I welcome you all to London for the 11th Meeting 
of the Bird Strike Committee Europe. I do this with great pleasure extending 
a particular welcome to those of you who are visiting our country from overseas. 

In the UK, we continue to tackle the problems which birds present through various 
organisations and approaches, and undoubtedly of great importance is the UlC BIRD 
Committee. Represented on this, we have several official bodies, namely, the 
Ministry of Defence (Procurement Executive), with its Directorate of Aircraft 
Mechanical and Electrical Engineering Equipment, its Directorate of Engine 
Development, and its Research Establishments engaged with programmes on bird impact 
and on radar etc: the Ministry of Defence (Air), with its Directorate of Plight 
Safety: the Ministry of Defence (Naw) with its Plight Safety Centre: the Civil 
Aviation Authority with the Chief Fire Service Officer, the National Air Traffic 
Services and the Airworthiness Division: the Ministry of Agriculture, Fisheries f* 
Pood with its Pest Infestation Control Laboratory at Morplosdon in Surrey: and, 
of course, the International Air Transport Association comprising British Airways 
and the independent operators. 

This Committee takes an extremely active interest in virtually all the problems, 
that is in the many various measures to combat the hazard including detection 
and control methods, investigations of bird population and behaviour, habitat 
management and dispersal, as well as in the engineering aspects of the hazard 
as affecting the integrity of aircraft structures and propulsion engines. Uhile 
the Committee has no funds at its direct disposal, it encourages and promotes 
research through its essential bodies and has an active interest in policy making, 
as, for example, affecting aerodromes and aerodrome environs. Several members 
of the Committee arc active in this 11th Meeting of BSCE. 

While awareness of the high annual cost of repair to both the British Military 
Forces and to the British Civil Aircraft operators is enough to ensure that 
serious attention continues to be given to the bird problem, the occurrence last 
year of what, I suppose, one might coldly describe as an isolator! accident 
involving a small jot taking off from an airfield in Surrey, gave us a sharp 
reminder of the over present throat from bird impact to life and property.  In fact 
this accident resulted in f» innocent percons in a passing car being killed, and it 
wa3 indeed harrowing. 

The message is that vie must press forwards with the objective of a steady increase 
in our knowledge and control of the problem and a related decrease in the risk 
from a hazard which is bound to persist. In this process the 11th Meeting of BSCE 
is without doubt of considerable value and I am sure that we will all benefit from 
the opportunity for communication which it affords and the fostering of further 
collaboration in dealing with a truly international problem. If anything, the 
basic nature of the bird problem is such that it is intensifying. With the 
advent of the jet, there was a 3teep increase in risk due to the higher speed of 
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those aircraft  an compare)  with their piston opined processor» ,m<1  wo may now 
expect  limited types of jet  aircraft  to operate for all   tamo at the relatively 
low altitudes in which birds have evolved through the countless years,    fortunately, 
because of the limitation of their normally aspirated motors and other air density 
affects, we have little worry that birds will decide to chance their normal 
operating habits to    create a new traffic problem at the more popular aircraft 
altitudes. 

It is evident that the programme for the meeting comprises a range of remarkably 
interesting and pertinent topics.    To avoid the possibility of stealing the 
thunder of any of our contributors to this Meeting,  I shall say no more than these 
few words except,  in welcoming you, to wish you all success, not only at the 
Meeting, but also in the future,  and I trust that you have a pleasant and enjoyable 
sojourn here in London. 

Now I hand over to Monsieur Perry. 

iO 
A 
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THIS HALL OF CHURCH HOUSE 
WAS AS OCCASION REQUIRED DURING TFE 

YEARS 1940 1941 a 1944 
THE CHAMBER § THE HOUSE § COMMONS 

WITHIN ITS WALLS 
THE PRIME MINISTER WINSTON CHURCHILL 

IN TH E DARKEST DAYS OF THE WAR 
SPOKE TO TH E <MMÖHS AN D TO TFE NATION 

THE WORpfllERE RECORDED 
• ;'■■'." ■   ' ■ . ' ,<A''->'     .- •','. :,      ■ "'• ■•.'   ; 

'■ V"..   ■ "''■'•    ''       .?•; .-'■ ■■W./mü&:*'■■' .:      : -''..:,v   ■ 
,  ■ p ■<■■ ;' **> , :  «•   ' '    •':!■ 

"Today, in inauguratiÄgfdtiW Session of Parliament, 
^proclaim the dept|^|*^föcerity of our resolve tp keep 
%<al and active, e^n ihllpmidst of our struggle for fife 
even under the fire of tft^nemy, those parliamentary 
institutions Which have served us so Well.Which have proved 
themselves the most jfle^ble ifistruments for securing ordered 
unceasing change and progtestfWhich.While they throWopen 
tneibortals of the fufure/<^1^rMfonvard also the traditions 
and; glories of the past aMvphickat this solemn moment 
iiri the world history, are defence the proudest assertion of 
British freedom and the(Äiession of an unconquerable 
national Will: '    ^ 21stNovember 1 S>40 

1 

Plaque in the historic Hoare Memorial Hall in Church House, Dean*: 
Westminster, in which the main meeting was held. 

Yard, 

49- 
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Introduction by the Chairman, Mr V E Perry 

It is a great honour for the Chairman of the BSCE to open this session 
in this Hall where so many historic decisions were taken during the 
difficult period of the blitz. Let us hope that the solemnity of these 
walls and the wisdom of the then members of parliament will inspire our 

work. 

The last meeting of the BSCE was held in Stockholm, 9 to 12 June 1975. 

Although the report of the meeting was very large, it was distributed 
in good time with a small addition a few months later. Because we had 
entered the second deoade, the Stockholm meeting was exceptional for its 
quality and hospitality and will be difficult to excel, so let us officially 
express our thanks to the Swedish organisation. 

On the whole the year»n activity, on the post bag side, has been very 
busy, almost 200 letters received and 100 letters sent, some of which 
were circulars in order to save the poor Chairman^ time. Letters 
have brought confirmation that questions unsolved at the last meeting 
were being studied, and some solutions have been brought to the Chairman's 

attention. 

One recently formed working group has been firmly established and 
proposals for a new one have been received. That question has been put 
on the Agenda of this session for further consideration. In connection 
with the formation of the Structural Testing Group we were fortunate 
enough to enter into close contaot with ICAO and become involved in the 
last Airworthiness Committee Meeting. 

As instructed by the Committee we have tried to improve our contact 
with ICAO and IATA and have achieved a certain amount of success. We 
hope that, through the years, we can envisage a olose collaboration in 

the future. 

In Europe the European Civil Aviation Conference (ECAC) is entering 
into the bird business, so to speak, and we hope that we will be officially 
invited to attend their meeting. We will learn that answer during the 
next meeting of the Director Generals of Civil Aviation to be convened 
in June in Strasbourg. Some help is needed from your representatives 
and that will appear in the Agenda. 

We are glad to have with us today representatives of Italy and Turkey. 
Also a large USSR delegation is amongst us. We hope that the new parti- 
cipants will be very active and bring us the benefit of their experience. 

Czechoslovakia, who announced her participation for the 1976 meeting is 
not present, but every country is experiencing problems due to the crisis, 
and we expeot to have them with us for 1977« 

Professor Jacoby, travelling in Prance, is unable to join us and has 
asked me to convey to you his wishes for the success of our meeting. 
A letter from Colonel Schneider also expresses the same good wishes. 
With such backing as this we will certainly meet with success. 

n 
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As you will remember some changes have to be introduced in the structure 
of the Committee. We have to elect a vice chairman and explore the 
possibility.of having a permanent structure. The Chances are good for 
this last question, but let us wait and see. 

This year was darkened by a fatal accident at Dunsfold in England 
and by the occurrence of the DC10 crash at Kennedy Airport last November, 
both caused by bird strikes. These accidents highlight the relevance 
of our work and we hope they will serve to impress upon our authorities 
the importance of finding solutions to bird hazards to aircraft. 

The Newspapers were full of information, two days ago, about the new trans- 
lantic system that cuts travelling time by half, so if I want to stay in 
line, I had better cut short my introduction. My last words must be to 
thank the British Organisation for the arrangements they have made here, 
and for their efficient and good organisation whioh are guarantees of 

success for our Meeting. 

yi 
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1»   Title:  BIRD MOVEMENT 

2. Terms of Reference: Study of bird concentrations and movements 
and preparation of special maps for the information of aircrews 
and aviation services. 

3»  Progress report: 

a. The bird concentration and bird movement maps, published 
in 1973/74 have and are being revised in the light of the 
latest information. 

b. Most countries published concentration and movement maps 
in the Civil and/or Mil AIP. 

c. Belgium has drawn up a first draft of a bird strike risk 
map in accordance with the recommendations of the 9th 
Meeting. Netherlands, Denmark and Germany are preparing 
similar maps. 

4«  Future Programme; 

a. Periodic revision ofnaps should be continued. 

b. Where required further maps of airfields and their 
surroundings will be produced. 

c. Bird strike rates in existing low level flying areas will 
be used as a basis for predicting strike rates in other 
areas and maps will be prodiiced. 

5.   Re c ommendati ons; 

a„ - Bird concentration and bird movement maps should be 
published in the AIP of each country. 

b.  Chairman of W.G. is requested to send a jet navigation map 
to all participants together with an indication of the 
information required on bird concentrations and bird 
movements.  Participants should provide their latest data 
on these maps and return it to the Chairman by 
1st October 1976. 

c„   Belgium and Germany are requested to transfer this informa- 
tion on to a large scale bird concentration and movement 
map for Europe. 

d. Countries which are interested in bird strike risk maps 
are invited to send indications about their bird numbers 
according to weight for their particular risk areas or to 
submit maps of the bird strike riskbased on actual strike 
experience and ecological comparisons.  (Deadline 
1st October 1976). 

Dr J. HILD 
Chairman V-€ 
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ACTIVITIES OF THE WORKING GROUP 

1. Title: COMMUNICATIONS 

2. Recommendations from the 10th Meeting - Stockholm - June lyy*. 

As the group WüS officially suspended for a time, no recommendation 
was proposed to the Committee. However the group accepted to carry 
out the following tasks required by the Committee; 

? 1 check NOTAM circulation dealing with bird movement during 
toe autuSS migration period as well as the mode of transmission 
of these messages and their use of the addresses, 

282.  check and complete if necessary tie NOTAM addressees when 
dealing with bird activities, ■ 

2 \      send to each Chairman of the National Bird Strike Committees 
the complete list of NOTAM address for action. 

3. Progress report 

\ 1      the survey of Birdtarn was made and revealed no more infor- 
mation thantheyprevious one.  It was noted that some countries 
had introduced automatic detection of bird activity and that 
messages were also sent in a completely automatic mode.  It was 
also pointed out that migration forecast messages were helpful 
so they needed to be continued, 

3.2.  a complete list of addresses used by Belgium is provided 
as an.example: 

EBMBZP, EBBEZP, EBLGZP, EBSTZP, EPFNZP, EPFSZP, EBBLZP, EBSZZP, - 

EBGLZP EBSZZP, EBVAYN, EBBRYN, EBBRSN, EDDYZQ, EBZZNA, EBCIZP, 

EBOSZP! EDAAYO, EDEEYO, EDDZYN, EGGNYN, EGVCYO, EHMCYO, EKMCYO, 

ENFBYN, LFZZNH, LFYXYRSM, LIIAYN, LIJJYA , LIZZNA, EHZZNH, 

LXGBYN, LFZZNH, EDNVY0, ELMO, EBWMYM, LEZZNE, LTBSYN, EI'.VAYG, 

WWZZNKS 

Renresentatives from Countries agreed to provide their iist &nd 
prSpo-se amendments to the comprehensive summary that would be made 
available in the near future. 

3 *.  no action was taken in order to improve the phraseology; 
the experimental period was consequently extended by one year, 

3 4.  some discussions took place on a draft proposal about the 
establishment of a new working group whose terms ofreference 
would include the development of flight procedures.  It was 
agreed Shat if needed the Communications W.G  could participate, 
as a group, in the work dealing with associated phraseology. 

N 
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4,   Chairman's report: 

(1.1.  From the discussions it appears that a spcoi.vl. effort has 
to be made from the communication point of.view in order to 
convince people of the urgent need for Wie information carried 
by Bird tarn or Bird Warning forecast. 

4.2. It has been suggested  that a complete set of already 
agreed practice (format of the message, code used, prefixes) be 
published again in the 11th Meeting report. 

4.3. This code of practice should be proposed to the 
International Organisation as standard practice, with the 
final aim of becoming a part of Documentation already published 
(ref Airport Services Manual - part 3). 

V E PERRY 
Chairman 

Si 
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AERODROME BIRD STRIKE WORKING GROUP, 
CHAIRMAN'S REPORT 

1 Recommendations of 10th Meeting, Stockholm, 12 June 1975. 

1.1 It is recommended that a list should be prepared of the 
technical specifications of all currently used bird dispersal 
devices for distribution by the Chairman of the Working Group. 

1.2 It is recommended that countries provide local and 
national regulations applying to garbage dumps and to 
controllable bird movements (eg racing pigeons). 

1.3 New recommendation 

It is recommended that each country be requested to include on 
their bird strike reporting form the following new questions: 

"Were lights being used 

Landing Yes   No 

Strobe anti-collision    Yes    No 
i - 

2 Progress report: 

2.1 Recommendations No 1 

Only Denmark, Switzerland and Germany send material to the 
chairman, The given survey contains the used methods in these 
countries. But it is known that eg Belgium, Britain, Prance 
and the Netherlands use with much success a variety of 
technical specifications for bird dispersal devices. The 
chairman hopes that the other nations will give their devices 
to the chairman of the working group in the near future. 

2.2 Recommendation No 2 

On the basis of this recommendation the chairman received 
answers from Denmark and Switzerland. It seems that only one 
country - Germany - has local or national regulations applying 
to garbage dumps. The same must be supposed about controllable 
bird movements, as with racing pigeons. 

In Germany we have had regulations since February 197U. All 
participants of the 9th meeting of BSCE received an English 
translation. The regulations were also printed in the congress 
minutes of the Frankfurt meeting. 

5"3/ 
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The German regulations say that garbage dumps have to be 
closed inside the fence of the aerodrome. The same had to be 
done outside the aerodrome over special distances. 

This regulation of the Federal Ministry of Transport has been 
used with great success on civil aerodromes in the past two 
years. 

2.3  Recommendation No 3 

The third recommendation has been in use for two years by the 
Deutsche Lufthansa. But it was not possible in the short time 
to assess the effect of the measure. The Luftfahrtbundesamt 
issued a special note to general aviation in Germany to use 
landing lights during the approach-phase of the flight. Prom 
other countries no reports about the recommendation were 
received. 

2.k      Check list for the airport manager 

It was not possible to hold a special meeting to discuss the 
proposal made for the check list. Squadron Leader Lake who 
was responsible for it was transferred to another place. 
But Squadron Leader Austin gave a special report about the 
list under Working Paper No 2k. 

2.5  Meetings of the working group 

The intention to hold the future meetings of the WG separately 
from the main meeting of BSCE must be given up (financial and 
time reasons). 

Finally it should be noted that the co-operation of the WG 
members must be improved. 

Future work 

3.1 Preparation of a document to be used as a check list by 
the airport manager 

3.2 Exchange of all information about bird dispersal devices 
and completion of the survey of the list for distribution to 
the member States. Information about successful devices should 
also be provided. 

3.3  Collecting of national regulations applying to garbage 
dumps, gravel pits eg. as far as available 

3.U  In order to avoid duplication, members are requested to 
provide information they may have through their national 
organisations about the activity of the International 
Organisation on matters related to the group activity. 

Frankfurt/M. 
20 May 1976 

li 

Dr Werner Keil 
Chairman 
Aerodrome Bird Strike 
Working Group 
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2*tth May  19/6 

BIRD STRIKE COMMITTEE EUROPE 

Activities of Working Group Established by BSCE 

Working Group - ANALYSIS 

1. Recommendations of 10th Meeting, Stockholm, June 1975 

1.1 The following recommendations from the Analysis Working Group were 

endorsed by the Plenary Meeting 

1. That those European countries which did not provide analyses 

using the BSCE layout should again be requested to provide the 

information. 

Note; The countries concerned are Germany, Italy and Norway. 

2. That the Authorities responsible for civil airports with above 

average strikes should be informed, and asked to investigate 

and take appropriate action. 

3. That the available evidence which indicates differing 

abilities of various parts of civil aircraft including intakes 

end engines to withstand bird strikes, should be further 

investigated. 

k.    That every effort should be made to obtain the cost of 

engineering repairs caused by bird strikes on Civil aircraft. 

5. That all European air forces should be approached at the 

appropriate level by the BSCE Chairman in order that security 

will allow the use of both movement and strike rate information. 

Each delegation should give this appropriate name and address 

to the BSCE Chairman. 

6. That information should be provided to the United States NTSB 

as the BSCE contribution to their current survey on bird 

ingestions by large fan engines. 

7. That the Aerodromes W.G. resolution on the reporting of the 

use of lights is fully endorsed. 

M 



1.2 The following work programme was agreed for the Analysis Working 

Group 

i)   insist that all BSCE-states have to use the BSCE-forms 

for the yearly report of the distribution of bird strikes 

recorded by each state (civil and military reports). 

ii)  produce a BSCE bird weight classification to avoid 

inconsistencies in the national reports. 

iii) continue the special analysis on strikes to engines with 

an investigation oriented to the ability of intakes and 

engines to withstand bird strikes. 

iv)  study the effectiveness of the use of aircraft landing 

lights for driving birds away from aircraft path. 

2.  Progress Report 

2.1 Notes of the Analysis WO Meeting in Stockholm were sent to those 

who attended the meeting, in addition to the Chairmen of the other 

Working Groups. 

2.2 The attachment shows those countries which have sent their Analyses. 

The Civil Analyses have been added together to produce"Bird Strikes 

during 1974 to European Registered Civil Aircraft BSCE/11-WP 2, 

which is being presented at this meeting.  Owing to inconsistencies 

in individual reports, and the very high workload on the UK RAF 

representative, it has not been possible to present a consolidated 

report on Bird Strikes to European Military aircraft at the meeting. 

However a summary of the important points will be given, and the 

report will be included in the Meeting Report'. 

2.3 Little progress has been made in obtaining costs due to bird strikes, 

all countries were circulated but very few countries were able to 

supply information.  The evidence suggests that the cost to 

European Airlines is at least k million US dollars per annum. 

2,k   The NTSB were sent a copy of the 1973 European Civil Aircraft Paper, 

which included an Appendix on Strikes to Engines. 

-Ü- 



2.5 Some countries have now included a question on the Use of 

of Lights on their National Bird Strike Report Form. 

2.6 It has not been possible for the BSCE Bird Weight Classification 

document to be produced, owing to pressure of work on the 

appropriate representative.  However work is currently in progress« 

2.7 The special study of Bird Strikes to Engines is presented as 

BSCE/11-WP 3 at this meeting.  This Paper was presented to the 

ICAO Airworthiness Committee Meeting in Montreal during March 1976» 

2.8 The adoption of the ICAO definition of a Confirmed Bird Strike 

should be noted: 

"A bird encounter is considered a •confirmed1 bird strike if 

it leaves, on the aircraft concerned, a trace of bird impact, 

or ingestion into the engine, and this either 

a) in the form of damage to the aircraft; or 

b) where no damage occurs, a blood smear or bird 

tissue or feathers visible somewhere on the aircraft." 

Note: The above terminology is extracted from 

ICAO State letter AN 3/32 - 71/150 of 

28 October 1971. 

2.9 The Chairman compiled a Civil Incidents Quarterly Information 

Bulletin which contained definitions of 'Serious', together with 

brief details of 1975 incidents/accidents.  No 1 dated 27 January 

1976 was sent to the Chairmen of Bird Committees and the person 

responsible for Civil analysis in each country. 

J Thorpe 
Chairman, Analysis WG 

/IM *y- 
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May 1976 

197*» BIRD STRIKE DATA RECEIVED FROM BSCE MEMBERS 

MILITARY 

Canadian Forces Europe 
Belgium 
Denmark 
France 
Netherlands 
Norway 
Spain 
Sweden 
UK 

CIVIL 

Denmark 
Finland 
France 
Germany* 
Netherlands 
Norway 
Sweden* 
Switzerland 
UK 

•BSCE Analysis Forms NOT used. 

Lw 
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CHAHMAN'S RBPORT AKD PROGRESS 

Tasks assigned to the RADAR WORKING GROUP 

Following the resolution of the main meeting at Stockholm, Dr F Hunt (NRC, 
Canada) has written a paper relating radar bird observation and bird strike 
probability. The paper is entitled: "The probability of bird-aircraft 
collisions based on radar data". The paper has been reviewed by three referees, 
and also it was discussed by members of the Working Group. Dr Bruderer agreed 
to include some of the main points brought up in the Group discussion in his 
own report to Dr Hunt. Dr Hunt will make alterations to the paper and issue it 
later this year after he has considered criticisms from the referees. 

Chairman's report and progress 

The Belgian Air Force has now put into operation their computer-aided bird 
density evaluation method, whereby bird intensity (scale 0 to 8) obtained by 
radar is automatically printed out on an electronic display device. Cdt Theo 
Jacobs described the Belgian project and gave copies of a leaflet "Belga Radar" 
(SEROS Semmerzake Radar Operating System) to the delegates. 

The Danish Air Force who pioneered electronic-counting of bird echoes has now 
designed and fabricated their own electronic system for measuring bird densities. 
This system is called "Faust". One equipment has been installed and two further 
equipments will be fitted shortly. More details of this project are given in 
Peter Clausen's note accompanying this report. 

Germany, besides maintaining their photographic analysis scheme on 15 radars, 
are currently evaluating an electronic counting system. 

In Norway the current use of radar as applied to the Bird Strike Problem is 
concentrated in part of Oslo and Trondheim FIR districts. Polaroid pictures 
are being taken of the PPI and the 8 point scale is being used for evaluation 
and bird warnings. Warnings are sent to civil and military airfields and when 
possible to a/c in flight in the two FIRs. 

Sweden has revived the interest in predicting bird intensity from weather factors 
using multivariate analysis methods. Swedish scientists have also been looking at 
the height distribution of bird movements by radar and this work was reported 
during the main meeting. 

In Switzerland Dr Bruderer has been continuing his bird migration studies with 
a tracking radar. This time with the radar at 1950 metres above sea level on 
a pass in the Bernese Alps. A brief note on this work will be issued with this 
report. 

The Royal Nederlands Air Force have restarted their radar work. 

Dr Fred Hunt (Canada) was unable to be present, but he has sent a progress report 
which is attached to this report. 

As a result of collaboration within BSCE, Thomas Alerstam (Sweden) and Luit Buurma 
(Nederlands) have worked with Bruno Bruderer in Switzerland for a short time and 

also Lars-Olof Turesson (Sweden) and Luit Buurma (Nederlands) have visited the 
Royal Signals and Radar Establishment (UK) for discussions on the bird identi- 
fication analysis methods used in Britain. 
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Actions pending 

Dr Hild asked what steps could be taken to calibrate different types of radar 
on different sites in order they could be used for comparison purposes. Could 
correction factors be devized? After a short discussion the matter was closed 
until the next meeting. 

E W Houghton 
Chairman 
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P.H.Clausen BSCE 11 - ?E 

19th May 1976 

PRESENT STATUS OF THE DANISH KLECTRONIC COUNTING tiYüTKM 

now named : "FAUST". 

1« The old electronic counting systom, using a commercial electronic counter 
HP 5325B, has, as mentioned at the last meeting, been in operation 8-10 
times a day since June 1973* 

2. After approximately 3 years in operation the old electronic counting 
system, in our opinion, had prooved its ability to judge bird density. 
Designing the "FAUST" system we decided that it should be contained in 
one box, without the use of an external electronic counter, but with an 
internal display directly giving the results for each antenna revolution. 

3. The basic principle of the bird density measurement in "FAUST" is purely 
time integration. 
Actually the system measures in how much of the possible receiving time, 
inside the azimuth and range gate, signals greater than the thresholds 
are received ( radar vldoo mlnuB SLB video ), 
This measurement is expressed in percent and after calibration of the 
"FAUST" system to the specific radar, this percentage will give the 
bird density from 1 to 8. 
For each antenna revolution the internal counters are read by the ALU 
(Arithmetic Logic Unit) and presented on the displays together with the 
calculated percentage. 
"FAUST" has 3 fixed/preset counting areas and one manually controlled 
area, which can be placed anywhere inside the radarcoverage by means 
of switches on the front panel. 

4. "FAUST" has lately been installed and connected in parallel to the old 
electronic counting system on one site in Denmark, but will in the near 
future be installed on two other sites. 

5»  I am very sorry that I am not able to present official detailed drawings 
and descriptions at this meeting, but as mentioned before, "FAUST" has 
just left the workshop of the Air Material Command and the paper work 
has not yet been completed. 

0000000OOQ0000000 

P R Clausen 
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Progress report BSCE 11 - 5^ 
Radar Switzerland Radar Working Group 

1. Bird migration studies with a tracking radar in the Alps 

In autumn 1975 as already in autumn 1974 we carried out a two month program 
of migration studies in the Alps. The tracking radar "superfledermaus" as well 
as some 100 m of mist nets were placed at 1950 m above sea level on a pass in 
the Bernese Alps. 

During a night we usually tracked about 150 birds, 3 pilot balloons for wind 
measurements and we recorded the vertical distribution and frequency of echoes 
passing above the station each hour. 

In the early morning we released the night migrants captured during the night 
at about 100 m above ground. The horizontally flying individuals (about 10% of 
all) were tracked, their echo signatures and wing-beat movements being recorded 
simultaneously on magnetic tape and on film respectively. 

Evaluation of the date is not very far; so I can give only some indications 
instead of definite results: 

Height of migration; As in the low lands birds prefer those levels with the 
best tailwinds. On an average migration is closer to the surface at an alpine 
pass than in the low lands. Maximum heights were 3500 m above station, that 
is about 5500 m above sea level. 

Intensity and direction of migration; A first glance on the number of echoes 
crossing the beam per unit time (without any calculations or corrections) shows 
that the frequency of echoes in the Alps is about 40$ lower than in the low 
lands, indicating that the Alps are a real obstacle for parts of the migrants. 
This confirms the observation that bird migration between the Jura and the Alps 
is deflected to a certain degree by these chains of mountains. Once over the 
Alps the bird's flight paths are influenced to a very small degree by topo- 
graphy as long as they have railwinds. In headwinds they tend to follow the 
valleys and passes, but always prefer direction SW. 

As an effect of the collaboration within BSCE we had Thomas Alerstam from 
Sweden and Luit Buurma from the Netherlands at our station, where they worked 
with us during one week and could get - I hope - valuable information for their 
own work. 

2. Visual and Radar observations on roosting gulls (Larus ridibundus) near 
Zurich airport       , ,'  . . 

Counts of the inflight of gulls above the town of Zurich towards the lake have 
been carried out in the early fourties. These counts were repeated and accom- 
plished by observations with the surveillance radar at Zurich airport during 
winter 1975/76. 

From October to March there are always a large number of gulls wintering in the 
area of Zurich«, Roosting flights in the order of 20,000 individuals following 
the valleys and the open landscape without woods reach the lake of Zurich each 
evening especially from sector N. Numbers have not increased during the last 
20 years; this perhaps because of a new roosting place on an artificial lake 
about 30 km to the NW. The distances flown by the roosting birds each evening 
may roach 25 km. The roosting flights concentrate in the time between sunset 
and darkness. But even after complete darkness some inflights and especially 
changes of the roosting sites may occur. 

(o 0 
B. Bruderer / 6.5.76 
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iv.r,v.  11 - r;K 
KADAR DETECTION 01' BIRDS 

Canada, 1975 

F. R. Hunt 

The Sector Automatic Detection Equipment (SADE) was developed in order 
to count flocks of large water fowl in selected sectors of a surveillance 
radar's coverage.  It was first tested at Winnipeg Airport during the spring 
snow goose migration of 1974.  It performed satisfactorily but several modifi- 
cations were made in order to improve its performance. One modification 
allows the direct display of the number of flocks in a sector to the controller, 
i.e., he does not have to read the flock number from a chart. A second modifi- 
cation provided a small display for the controller which could be remoted from 
the main unit.  Since the experimental model had only a single sector, its 
azimuth dial was calibrated in terms of the runway in use. The sector's azimuth 
extends ±50° on either side of the runways center line and in range from 5 to 20 
nautical miles.  Thus the sector corresponded for the most part to the area in 
which aircraft fly below 5000 feet on landing at airports. 

The equipment was installed at Ottawa Airport for the spring and autumn 
migrations of 1975. The spring tests involved operation by personnel from the 
National Research Council.  The autumn tests were carried out by ATC personnel 
with NRC responsible only for installation and maintenance. Both trials were 
satisfactory and a Field Note is in preparation. Recommendations for the 
installation of operational models have been forwarded to the Ministry of Trans- 

port. 

As part of the spring trials, scan-by-scan photography was made of the PPI. 
These were analyzed by a contractor in order to provide information on flock 
densities and possible flight patterns of water fowl flocks (chiefly Canada 
geese) in the vicinity of Ottawa. 

A report on the operation of an automatic detection equipment attached to 
vertically-looking radar has been issued (F. R. Hunt, Automatic Radar Equipment 
to Determine Bird Strike Probability, Part I, night-time passerine migration, 
NRC Associate Committee on Bird Hazards to Aircraft, Field Note No. 69, April 
1976, Ottawa, Canada). The height measurements made with the vertically-looking 
radar of the night-time migration of 1975 are still being analyzed. 
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BSCE/11 -5F 

2kth  May 1976 

BIRD STRIKE COMMITTEE EUROPE 

Activities of Working Groups Established by BSCE 

Working Group - INFORMATION ON STRUCTURAL TESTING OF AIRFRAMES 

1. Recommendation of 10th Meeting - Stockholm, June 1975 

1.1 It was proposed that a new Working Group be formed called the 

"Information on Structural Testing of Airframes Working Group". 

1.2 The terms of reference were proposed as follows: 

(i) To exchange information on the results obtained from: 

(a) Bird impact research testing of materials, 

structural specimens, windscreens etc. 

(b) Tests to meet compliance with Civil Airworthiness 

requirements. 

(ii) To discuss and evaluate the information in order to 

provide design guidance material for satisfactory methods 

of producing bird impact resistant structures, windscreens etc. 

(iii) To exchange information on analytical work. 

(iv) To establish liaison on future research programmes in 

order to avoid duplication. 

1.3 It wasproposed that there should be a meeting of the new Working Group 

in London in approximately 6 months time.  During the next 6 months 

Mr Thorpe will invite the appropriate specialists in BSCE member 

countries to attend this meeting where a chairman will be appointed. 

2. Progress Report 

2.1 Notes of the Stockholm Working Group Meeting were circulated to those 

who attended the WG, as well as to Chairmen of the other Working Groups. 
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?.? Tho Rapporteur wrote during July 1975 to the Chairmen, or 

representative, of each member country, requesting the name(s) of 

the specialists) in each country. It took a very considerable 

time for all replies to be received and the list of representatives 

to be completed, and it was therefore not possible to arrange the 

Autumn 1975 meeting as had been originally planned. 

2.3 The appropriate specialists have been invited to the 11th BSCE Meeting 

in London, and a most useful meeting resulted. 

2A    In the absence of anyone from a European Country other than the UK, 

who was prepared to undertake the chairmanship, P F Richards, of 

the UK Civil Aviation Authority agreed to act as Chairman. It was 

noted that this will unfortunately mean that 3 Working Groups now 

have UK Chairmen. 

J THORPE 

Rapporteur 
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BIRD STRIKE COMMITTEE EUROPE 

LONDON, 24th-28th May 1976 

Ref:   BSCE/11 WP/2 

BIRD STRIKES DURING 197*+ TO EUROPEAN 

REGISTERED CIVIL AIRCRAFT 

J Thorpe - UK 

SUMMARY 

The Btrikes, reported during 197^ throughout the World 
by nine European operators, to aircraft greater than 
5700 kg (12,500 lb) have been analysed.  The results 
are discussed, some problem areas highlighted and 
recommendations proposed. 

As this Paper is the work of an individual member of 

staff, any opinions and conclusions contained in this 

Paper are not necessarily the final views of the 

Civil Aviation Authority. 
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1 INTRODUCTION 

1.1 In the past reports containing data on bird strikes have been 
produced by different organisations, such as airlines, aviation 
authorities and ornithologists.  The information has been presented 
in various forms, using different guidelines. These reports have 
seldom contained data on aircraft movements, such that the most 
useful form of comparison, strike rate, can be determined. 

1.2 In order that a common basis for the analysis of bird strike data 
could be agreed, a Working Group of the Bird Strike Committee Europe 
was formed in 1972, led by the representative from the United Kingdom 
Civil Aviation Authority Airworthiness Division at Redhill.  After 
consultation with other member countries sets of Analysis Tables 
with Explanatory Notes were circulated to all members of the BSCE, 
together with a request that each country produce an Analysis of 
their Bird Strikes. At the 1973 BSCE Meeting in Paris it was agreed 
that each country would provide a separate Analysis of their Civil, 
and of their Military bird strikes, commencing with 1972.  At the 
197^ BSCE Meeting in Frankfurt the Analysis Reports for the year 1972 
were presented.  The Civil Report was subsequently produced as CAA 
Airworthiness Division Technical Note No. 110.  At the 1975 BSCE 
Meeting in Stockholm the Analysis Reports for the year 1973 were 
presented. 

1*3 This report contains the Third Annual assessment of the data which 
has been provided by BSOE members, and covers strikes to civil aircraft 
recorded during 197^*  The strikes to military aircraft are reported 
separately. 

l.k   Appendix 1 contains the tables of data related to this report. 

1«5 Appendix 2 lists reportable accidents caused by birds, world-wide 
during 197^ and 1975. 

1.6 A separate report has been produced of bird strikes to engines 
during 1973 and 197^ (see BSCE/ll-WP/3). 

2 SCOPE 

For the following reasons, the detailed analysis only includes civil 
aircraft of over 5700 kg (12,500 lb) maximum weight (i.e. light aircraft 
are excluded): 
(a) the airworthiness requirements relating to bird strikes are different 

for the smaller class of aeroplanes, 

(b) much more is known about the reporting standard, and movement data 
of operators of transport types, and the movement data is more 
readily available than that from air taxi or private owner aircraft, 

(c) the 5700 kg and less classification is, in general, a much slower 
aircraft with a different mode of operation, requiring less airspace, 
and a noticeably different strike rate would be expected. 

*)< 
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3 COUNTRIES (see Table l) 

A total of nine European countries (2 more than last year), have 
provided information on 11^6 bird strike incidents. The data from 
Germany was not available using the comprehensive BSCE layout and 
could only be used in some of the Tables. The overall strike rate 
ie k.l  per 10*000 movements (two movements per flight). This compares 
with a rate of 3.5 for 1973 and 3.1 for 1972 for the countries which 
reported in those years. As in previous years the Netherlands and 
Germany reported the highest strike rate.  Since the rates are for 
strikes reported world-wide, it should be noted that it is probable 
that two factors affect the rate reported by a particular country 

- Reporting standard 
- National bird strike problem 

Furthermore since some countries were unable to provide their movement 
data, estimates using ICAO sources have been used. 

^ AIRCRAFT TYPES (see Table 2) 

4.1 General 

It may be that aircraft types which appear to be similar to humans, 
are not similar to birds, and that there are other factors, such as 
noise patterns, size, and use of lights, which affect the rate.  The 
continued long term collection of statistics will provide fuller 
information. 

k»2   Jet Aeroplanes 

As in the previous report there appears to be little correlation, 
possibly for the reason suggested above, between aircraft of similar 
types the DC8 rate again being much higher than the Boeing 707. The 
707 and DC8 are in wide use and operate on many identical routes, so 
a similar rate could be expected, although the rate for a type used 
by an operator who makes a high percentage of his movements at one 
particular airfield which has a bad bird problem, could affect the 

results.  As a group, the wide-bodied aeroplanes, the Boeing 7^7, 
Douglas DC10, Lockheed Tristar and Dassault Mercure all show above 
average, although not the highest, rates, with the exception of the 
A300 B Airbus which had only made a small total of movements. 

if.3 Turboprop Aeroplanes 

The extent to which turboprop aeroplanes are used has declined 
considerably, however the BAC Viscount, and H.P. Herald have a 
significant strike rate. The average rate for all turboprops is 
slightly lower than that for jets. 

kek    Piston Aeroplanes 

The Convair ^0  is the only one which is in wide use which has been 
reported on, and has a rate similar to the rate for jets. 

+. 
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k,3    Helicopters 

Only four strike« wer« reported to helicopters, and these were 
not able to be related to hours or flights to provide a comparative 

rate. 

5 AERODROMES  (see Table 3 and 3A) 

5.1 The aerodrome data is of particular importance as it shows where 
bird control measures may need to be taken. Again, several countries 
were able to provide data on Nationally registered Transport Aircraft 
movements at each aerodrome. The number of strikes would be expected 
to be high at, for example, Paris-Orly, which is a particularly busy 
airport. 

5.2 In Table 3 the rate for Copenhagen relates to the strikes to, and 
movements by, aircraft registered in Denmark. It can be seen that of 
the airports where movement data is available some of the smaller 
Scandinavian airports have a high strike rate, and that of the major 
airports Basle, Belfast, Ronaldsway-Isle of Man and Glasgow appear to 
have a rate that is well above average. 

5.3 The strikes reported by several different countries at one airport, 
and thus for which no movement data is available, are shown in Table 3A. 
The number of strikes will be very dependent on the movements made by 
European operators, and the number of strikes can only be used as a 
guide. 

6 BIRDS (see Table <f) 

'  It can be seen that of the Wf reports where there was identification 
of the bird species, 5*# were gulls, (1973 - 53#i 1972 - 58#). The 
most commonly reported sort of gull was the Black-headed Gull (Larus 
ridibundua).  The next largest total were Lapwings (vanellus Vanellus) 
and Swallows (Hirundo rustics), with 7.9#.  Only 2 strikes were known 
to involve birds of over 1.8 kg Cf lb) in weight. 

7 MONTH OF THE YEAR (see Table 5) 

As data on aircraft movements in each month is only available from two 
countries, it has been assumed that these are typical of the whole of 
Europe, in order to calculate a comparative strike rate. The months 
with the worst strike rates are October and September. 

8 TIME OF DAY (see Table 5A) 

The data provided for this year shows that only 71# of strikes occurred 
during the day, when most of the aircraft movements take place, and when 
the majority of birds are active. However l8.5# (1973 - 12#* 1972 - 2CJS) 
of the strikes were at night when the number of aircraft movements are 
comparatively low.  The short periods of "dawn" and "dusk" also account 
for a significant percentage of strikes.  Unfortunately, in very few of 
the incidents at night ware the birds identified, and further investigation 
of night time strikes should be made, with particular emphasis on 
identification of remains, feathers, etc. 

4- 



9  AIRSPEED 

Since only 6.7% (1973 - 3*7%)  of strikes occurred at speeds up to 80 
knots, it could be concluded that at low speed the birds generally are 
successful in avoiding the aircraft. Between 80 and 100 knots a 
further 16.7% (1973 - 13.6%) of strikes occurred, which tends to 
support the above conclusion.   Only a snail proportion (2.8%) of 
strikes occurred at high speed, mainly because the aircraft are 
above the altitude at which birds are common.  These percentages 
may well be affected by the amount of time that the aircraft spends 
in each speed band. 

10 ALTITUDE (see Table 6A) 

Overall 75% of the strikes were recorded as being between 0 and 200 
ft., with 9.5% between 201 and 800 ft. However 8.9% occurred at 
altitudes above 2500 ft., where, unfortunately the bird species is 
seldom identified. The percentages are virtually identical to those 
of the 1972 and 1973 Reports. 

11 FLIGHT STAGE (see Table 7) 

The take-off accounted for a slightly higher percentage of strikes 
than the landing (36.3% as against 36%), but 16% were recorded during 
the final approach.  It should be noted that during the Climb, Cruise 
and Descent 9*2% of the strikes were recorded, the phases when speeds 
are high.  The percentages are again very close to those of the 1972 
and 1973 Reports. 

12 PART OF AIRCRAFT STRUCK (see Table 8) 

The nose section, including the radome received 3^.2% of strikes 
(1973 - 32%), of which the radome received 6.0% (1973 - 9.3%). 
Engines received l8.2% (1973 - 18.*»%), and windscreens 13-7% 
(1973 - 16%).  In 197^ there were only k incidents which affected 
more than one engine, compared with 10 in 1973 (1973 - 1.6% of incidents). 

13 EFFECT OF STRIKE (see Table 9) 

13.1 One of the most notable aspects is that a total of 37 engines were 
changed (30 in 1973)» 13 of the cases were on twin-engined aeroplanes. 
There were also 29 cases of damage necessitating repairs to fans/rotor/ 
propellers. Paper BSCE/II-WO/3 gives more detailed analysis of selected 
engine strikes. 

13.2 A total of 10 windscreens were changed (1973-2), out of the 
160 strikes on windscreens.  There were 12 cases of radome change 
(14 in 1973) out of the 70 cases where the radome was struck* 

l*t EFFECT versus AIRSPEED versus WEIGHT OF BIRD (see Table 9A) 

The number of cases where damage is caused and the airspeed and bird 
weight are known, are comparatively few. However from the limited 
information so far available it appears that the greatest risk of 
damage lies in the 101-150 knot range, from birds of weight up to 
1.8 kg (4 lb). Continued collection of data will provide a better 
sample. 
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15 COST    (see Table 10) 

Only four countries were able to provide information on cost, 25 
incidents costing a total of 803,000 US dollars. If the cost from 
these four countries (218 strikes) is related to the 11^6 strikes 
covered in this report, the total cost for this one year is in 
excess of k million US Dollars. 

16 AIRCRAFT OPERATORS  (see Table 11) 

This table provides a guide to the airlines which either suffers the 
worst strike rate, or has the best reporting standard. It is probable 
that it is considerably affected by the airport(s) at which the airline 
has its main base. 

17 CONCLUSIONS 

17.1 The overall rate for the nine European countries which have 
provided information is 4.1 per 10,000 movements.  This is 
slightly worse than 1973 (3*52). The Netherlands again has the 
highest rate, or possibly the best standard of reporting with a 
rate of 9.2 

17.2 There does not appear, on the available data, to be any 
correlation between the strike rate and the aeroplane type. 

The strike rate for the group comprising wide bodied aeroplanes, 
on the evidence of this year, does appear to be above average. 

17.3 Of the major airports where movement data was available Basle, 
Belfast, Ronaldsway and Glasgow have markedly above average strike 
rates. 

17.4 Gulls were struck more frequently than other species, being 
involved in 5h% of the incidents. Only two  incidents involved 
birds of greater than 1.8 kg {.h lb). 

17*5 Th* month with the highest strike rate, and number of strikes 
was October. 

17.6 Although the majority of strikes occurred during daylight, l8.5# 
(similar to previous years) occurred at night, when the number of 
aircraft movements is very low. 

17«7 As 93# of strikes occurred above 80 knots, it appears that up to 
that speed there is a very good chance that birds can successfully 
avoid aircraft. 

17.8 A total of 84.5$ of the strikes were recorded below 8OO ft., 
however, 8.9% were above 2,500 ft. where speeds tend to be much 
higher. 

17*9 The final approach and landing, as in the previous reports, 
accounted for the same percentage of strikes as the take-off. 

17.10 The nose section and radome ware struck in 3*$ of the incidents, 
whilst engines accounted for 18.4$. 

17.11 The major effect on the aeroplane is that one in six radome strikes 
necessitated a radome change (1 in k  in 1973)« There were a total of 
37 engine changes and 29 eases of fan repairs. 



17.12 Based on the information provided by four countries, the 
estimated total cost of bird strikes to European airlines was 
approximately $ b  million for 197^. 

17.13 The percentages in certain aspects of the investigation have 
been consistently the same for each of the three annual reports. 
The aspects concerned are Month of the Year, Time of Day, Airspeed, 
Altitude, and flight Stage. 

18 PROPOSED ACTIONS 

18.1 That those European countries which did not provide analysis 
using the BSCE tabulations should again be requested to provide 
the information. The countries concerned are Austria, Belgium 
(expected for 1975). Germany, Italy, Portugal and Spain. 

18.2 That the Authorities responsible for airports with above average 
strike rates should be made aware and requested to investigate and 
take appropriate action. 

18.3 That investigation of those aspects for which the answers are 
now known, i.e. Month, Time of Day, Airspeed, Altitude and Flight 
Stage, should be deleted from the BSCE analysis in order to 
concentrate attention on those areas where further information is 
needed. 

l8.^ That Analysis of:- 
Aircraft Type 
Aerodrome 
Bird Species 
Part Struck 
Effect of Strike 
Effect versus Airspeed versus Weight of Bird 
Cost 

should be continued. 

18.5 That the use of Landing and High Intensity Anti-Collision Lights 
be investigated. 

18.6 That greater emphasis should be placed on the need for identification 
of bird remains recovered from aircraft. 

-h 



APPENDIX 1 

BIRD STRIKE ANALYSIS 

EUROPEAN OPERATORS 1971* 

CIVIL AIRCRAFT OVER 5700 KG. (12,500 LB.) MAXIMUM WEIGHT 

NotesI 0.1 The following are NOT included in this Analysis: 
(a) aircraft of «axLsum weight 5700 kg. (12,500 lb.) and under, 
(b) all Military type and operated aircraft 

0.2 All Tables are for strikes reported World-Vide, except for 
Table 5 snd 5A which are for Europe only. 

0.3 The TOTAL columns of «any of the Tables are different, as sone 
countries have not been able to provide full information for 
every Table. 

ft 



TABLE 1 - COUNTRY 

Number of Rate per 10,000 
Country Number of Incidents Movements Movements 

— 

Denmark 46 175,950 

129»800t 

2.6 

Finland 7 0.5 

France* 62 354,270 

489,025/ 

1.75 

Germany"* 325 6.60 

Netherlands 187 203,370 9.20 

Norway 39 206,710 

223,8oor 

1.8 

Sweden 58 2.6 

++ 
Switzerland 52 182,940 2.8 

United Kingdom 370 911,150 4.1 

TOTAL 1146 2,877,000 4.1 

Notes:-   1.1 There are two movements per flight 

*1.2 Data from France does NOT include piston-engined aircraft 

**1.3 Data from Germany used only in Tables 1, 2, 5 and 8 

+1.4 From KIM airline only 

fl.5 Approximate movement data from ICAO sources 
++1.6 Data from Switzerland only includes jet aeroplanes 

1.7 Movements Total does not correspond exactly to Table 2 
Total, since in Table 1 some unspecified aircraft with 
stated movements but nil strikes have been included. 



TABLE 2 -  AIKCHAJ-T TYPE 

?. 

Number of Strikes 

Type Aircraft Countries 
Reporting 

No. of 
Strikes 

No. of 
Movements 

per 
10,000 
Movements 

JET 
4 engined Douglas DC8 6 95 100,72'» 9.48 

Boeing 747 7 37 73,840 5.0 
Boeing 707/720 5 88 184,290 4.8 
BAC VC 10 1 12 41,196 2.9 
Convair 990 Coronado 1 6 19,636 3.1 
HS Comet 4 1 3 19,450 1.5 

3 engined Boeing 727 4 134 275,570 4.9 
Douglas DC 10 5 32 46,948 6.8 
HS Trident 1 80 170,610 4.7 
L 1011 Triatar 2 4 3,696 10.8* 

2 engined A300 B Airbus 1 ro 
237,'o84 ,°n Boeing 737 5 162 6.8 

Douglas DC9 6 152 453,170 3.3 
BAC 1-11 2 62 240,500 2.6 
Sud 210 Caravelle 6 »to 241,520 1.7 
HS 125 1 3 11,660 2.6 
Jet Falcon 2 it 13,880 2.9 
Lear Jet 2 2 2,970 6.7* 
Dassault Mercure 1 2 2,180 9.2* 
Fokker F28 Fellowship 4 12 52,754 2.3 
Corvette 2 2 - - 

TURBOPHOP 
BAC Viscount 2 76 161,524 4.7 4 engined 
BAC Vanguard/Merchantman 1 10 30,360 3.3 
BAC Britannia 1 1 5,000 2.0* 
HS Argosy 1 1 2,220 4.5* 
Canadair CL 44 • 1 0 7,720 0* 

2 engined Herald 1 22 56,090 3.9 
Fokker F27 1» 15 88,972 1.7 
HS 748 2 3 32,710 0.9 
Short Skyvan 1 1 5,630 1.8* 

. DH Twin Otter 1 1 76,290 0.1 
Nord 262 2 4 22,674 1.8 

PI&TON 
ATL Carvair 1 2 15,550 1.3 
Convair 440 4 50 127,765 3.9 
Douglas DC3 1 1 12,790 0.8 
DH Heron 1 0 2,270 0* 

UNKNOWN 1 25 - - 

HELICOPTERS 
S 61N 2 
Bell 212 - 1 . - 
Bell 47 1 - - 

TABLE 2A - SUMMARY OF AIRCRAFT TYPES 

Jet 932 2,196,078 4.2 
Turboprop 134 489,190 2.7 
Piston 53 158,375 3.3 
Helicopter 4 - - 
Unknown 23 - - 

TOTAL - Including those with NIL Strikes 1146 2,844,000 4.1 

Notes:- 2.1 There are two movements per flight. 
*2.2 Rates for types with less than 10,000 movements are included in the Table, 

but are subject to some error« 
2.3 Rates for aircraft types where 1CA0 data has been used are only approximate 

(ICAO data on Charter Operators is not comprehensive). 



TABLE 3 -  AIRFIELD   - EUROPEAN DATA 1974 

INCIDENTS TO 
NATIONAL 
REGISTERED 
AIRCRAFT 

MOVEMENTS OF 
NATIONAL 
REGISTERED 
AIRCRAFT 

STRIKES PER 
10,000 
MOVEMENTS 

DOMESTIC - 

Denmark 

Strikes reported by the airlines of the individual country, 
related to the movements by those airlines. 

Copenhagen,Kastrup 
Arlborg 
Esbjerg 
Rjrfnne 
S/nderborg 
Tirstrup 

France 

Paris, Orly 
Paria, Le Bourget 
Nice 
Lyon-Bron 
Marseilles 
Saint Yan 
Bordeaux 

Norway 

Oslo, Fornebu 
Kristiansand 
Lista 
Bergen 
Trondheim 
Tromso 

Switzerland 

Zurich 
Basle 
Geneva 

UcKe 

Blackpool 
Ronaldsway, Isle of Man 
Glasgow 
Birminghais 
East Midlands 
Luton 
Liverpool 
Teeaid® 
Prestwick 
Bristol Luisgate 
Newcastle 
London Stansted 
Glanoorgan/Rhoose 

See next page for footnote to this Table. 

11 71,635 1.5 
2 2,430 8.2» 
3 2,781 10.8* 
2 1,464 13.7* 
2 3,500 5.7* 
2 2,233 9.0* 

7 211,000 0.3 
2 100,000 0.2 
5 45,000 1.1 
5 103,000 0.5 
3 65,000 0.5 
2 94,000 0.2 
2 67,000 0.3 

3 76,310 0.4 
2 21,435 0.9 
2 1,624 12.3* 
6 31,668 1.9 
3 39,181 0.8 
2 15,333 1.3 

5    ■..-• 

■ 

51,888 1.0 
9 9,775 9.2 
5 31,949 1.6 

37 22,700 16.3 
9 6,100 14.7 * 

15 13,100 11.4 
30 37,400           ! 8.0 
13 19,450           I 6.7 

8 13,800           ! 5.8 
11 20,850 5.3 

8 14,400 5.5 
4 7,700 5.2* 

14 27,450 5.1 * 
3 6,050 4.9 * 
6 12,200 4.9 
9 18,600 4.8 
4 9,150 4.4 * 

ft 



TABLE 3A 

U.K. (cont.) 

Edinburgh 
Southend 
London Heathrow 
Aberdeen 
London Oatwick 
Manchester 
Wick 
Kirkwall 
Exeter 

9 
3 
35 

k 
11 
6 
2 
2 
2 

23,050 
11,750 
1*0,800 
20,500 
62,850 
35,200 

5.9 
2.5 
2,i» 

1.9 
1.7 
1.7 

TOBFTOM - Alphabetical list of airfields where «ore than one strike has 
been reported by European countries, and where the Movements 
are not known. 

Anchorage (US) 2 
Amsterdam (Netherl.) 7* 
Alicante (Spain) 2 
Angelholm (Sweden) 3 
Aalborg (Denmark) 3 
Banjul (Gambia) * 
Beirut (Lebanon) 3 
Barcelona (Spain) 2 
Brussels (Belgium) 6 
Berlin-Temp (Germany) 3 
Copenhagen (Denmark) 16 
Colombo (Sri Lanka) 2 
Calcutta (India) 3 
Curacao (Antilles) 2 
Düsseldorf (Germany) 5 
Dakar (Senegal) 6 
Dublin (Eire) 3 
Delhi (India) 3 
Esbjerg (Denmark) 2 
Entebbe (Uganda) 2 
Frankfurt (Germany) 2 
Freetown (Sierra Leone) 2 
Gottenburg (Sweden) 2 
Glasgow (UK) 3 
Groningen (Netherl.) 3 
Guernsey (UK) 3 
Halmstad (Sweden) 2 
Hamburg (Germany) * 
Helsinki (Finland) 5 
Istanbul (Turkey) 6 
Jonkoping (Sweden) 2 
Jersey (UK) 5 

Kuopio (Finland) 
London-Heathrow (UK) 
Le Touquet (France) 
Lisbon (Portugal) 
Malaga (Spain) 
Monastir (Tunisia) 
Munich (Germany) 
Manila (Phillipines) 
Milan-Linate (Italy) 
New York-JFK (US) 
Nairobi (Kenya) 
Nice (France) 
Norrkoping (Sweden) 
Ostend (Belgium) 
Palma (Spain) 
Paris-Le Bourget (France) 
Port of Spain (Trinidad) 
Paris-Orly (France) 
Rome-Leonardo (Italy) 
Rotterdam (Netherl•) 
Rome-Fuman (Italy) 
Stockholm-Bromma (Sweden) 
Stockholm-Arl (Sweden) 
Sundsvall (Sweden) 
Tel Aviv (Israel) 
Tunis (Tunisia) 
Umea (Sweden) 
Venice (Italy) 
Visby (Sweden) 
Zurich (Switzerland) 
Zagreb (Yugoslavia) 

3 
11 
3 
3 
* 
2 
3 
2 
2 
7 
2 
2 
3 
2 
k 
5 
2 
3 
3 
k 
3 
if 

3 
3 
2 
2 
2 
3 
3 
5 
2 

Other airfields with single strikes 
En-route 
Unknown 

TOTAL 

11* 
23 
63 

016 

Notes:  *3.1 

3.2 

Bates for airfields with less than 10,000 movements are 
included in the Table, but are subject to some error. 

Some airfields appear twice, first - where the strikes are 
related to movements, and second - where the reports are by 
several different countries and cannot be related to movements. 

3*3 Poes not include German data. 
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NUMBER % 
ENGLISH NAME SCIENTIFIC NAME 

APPROX. 
WEIGHT 

CATEGORY OF 
STRIKES 

BASED ON 

•Gull' Larus sp. 300g-) 
1.8Kg) 

B 199 - 

Black-headed Gull Larus ridibundus 300g B 22 ~ 

Herring Gull Larus argentatus l.lKg B 12 
6 

■* 

Common Gull 

TOTAL GULLS 

Larus canus 

Vanellus vanellus 

*<50g 

250g 

B 

B 

53.8 

12.6 

239 

Lapwing 56 
Swallow Hirundo ruotica 15g A 35 7.9 
Pigeon Columba sp. *5Qg B 26 5.8 

"Sparrow " 
• 

Small - Passeriformes l8-*K)g A 16 3.6 
1.8 
1.8 Birds of Prey ialconiformes jpto 800g B 8 

Rook/Crow Corvus spp. too- 550g B 8 
6 Kestrel Falco tinnunculus 200 B 1.5 

Swift Apus apus 30g A k 0.9 
Oystercatcher Haematopus ostralegus 550g B 3 0.7 

0.7 Heron Ardea sp. up to 1.8 kg B 3 
Large unknown birds - - C 3 a» 

Tern Sterna sp. 40-2*f0g B 3 0.7 

Starling Sturnus vulgaris 85g A 
_ 

2 ■" 

Sparrowhawk 
Hawk 

Accipter nisus 200g 
assumed 

B 
B 

2 
2 - 

Pheasant Pnasianus colchicus 1.2Kg B \ ■■ 

Barn Owl Tyto alba 200g B 2 — 

Black Kite Milvus migrans IKg B 2 «- 

Buzzard Buteo sp. 800g B 2 

Sandpiper Fam. Scolopacidae 20-3O0g ; J - 
Curlew Numenius arquata 800g B \ 
Vulture - assumed 2 1 
Owl 0. Strigi formes 170-) 

380g) 
1 Kg 

B 1 

Kite Milvus sp. B 1 
Golden Plover Pluvialis apricaria 200g B ? 0,7 

Ringed Plover Charadrius hiaticula 50-60g A \ 
Thrush Turdus sp. 60-120g A \ 
Redstart Phoenicurus ph. 12g * 1 "• 

Skylark Alauda arvensis 40g A 1 •• 
Snow Bunting Plectrophenax nivalis 35g A 1 *• 

Wheatear Oenanthe oenanthe 2«fg A 1 ■* 

Sand Martin RLparia riparia 15g A 1 M 

Redpol Acanthis flammea I** A 1 "" 
Stork Ciconiiformes ip to 3 kg C 1 •* 
Jackdaw Corvus monedula 230g B 1 ** 

Tawny Owl Strix aluco 400g B \ ~ 

Wig« em Anas penelope 900g I \ 
Egret Ciconiiformes _ I 1 - 
White Crow Corvus albus 500g B 

Unknown *" " " 
373 

TOTAL - I - 818 
'■ 

Notes: 4.1    Bird weights and Latin names are based on Canadian Field 
Note No.  51 by G.  Kaiser, unless there is positive 
evidence to the contrary, the AVERAGE weight is assumed. 

k.Z    The Bird Categories based on current Civil Airworthiness 
requirements are: 

CAT A    -    below 110g (i lb.) 
CAT B    -    110 to 1.81 Kg.  (i lb. to k lb.) i.e. includes 

all "gulls" 
CAT C    -    Over 1.81 Kg.  to 3.63 Kg.  Cf lb. to 8 lb.) 
CAT D    -    Over 3.63 Kg.   (8 lb.) 

4,3    Those birds not positively identified are tabled a6 Unknown. 

k.k    Percpr.tnft'es nre based on incidents where birds are identified. 

>*r t& 



TABLE 5 MONTH OF YEAR 

! 

MONTH 
WEIGHT» 
UNKNOWN 

CAT A 
and 
CAT B 

CAT C 
and 
CAT D 

TOTAL 
NUMBER OF    : 
MOVEMENTS 
(UK & Swits.) 

COMPARATIVE 
RATE 

i 
1 January 19 18 

! 

,    - 
37 48,200 .37 

; February  , 11 15 26 44,900 .28 

March 50 17 _ 67 52,100 .61 
: 

April 32 12 - 44 58,800 .36 

M»y 27 15 42 62,600 .32 

June 37 33 - 70 68,300 .48 

July 45 3** - 79 71.300 .52 

August 38 52 l 91 71,000 .61 

September 58 56 114 67,800 .80 

Ootober 87 37 - 124 58,900 1.00 

November |  30 33 l 64 j 
48,400 .63 

Deoember 29 14 «—- i   43 49,100 .41 

Month 6 11 ** !   17 - - 

Unknown 
 i— 

TOTAL 469 347 2 
8l8 i 

• 
- 

TABLE 5A TIME OF DAY 

TIME 
WEIGHT 
UNKNOWN 

CAT A 
and 
CAT B 

CAT C 
and     TOTAL 
CAT D 

%  BASED ON 
367 

Dawn 

Day 

Dusk 

Night 

Unknown 

1 

51 

1 

36 

6 

19 

209 

16 

32 

7 

1       21 

1      261 
• 

1 

68 
1 

13 

5.7 

71.1 

4.6 

18.5 

—• 

• TOTAL 95   j  283 2   j  380 

Notes!- 5.1 Restricted to strikes reported in Europe. 
5.2 Table 5 includes data from Germany. 
5.3 Table 5A does not include data from Germany, Sweden and Netherlands. 
5.4 In the absence of Movement data from all countries, the Movement 

data from Switzerland and UK has been used to produce a comparative 
rate. 

5.5 Percentages are based on known totals. 
  _.  



TABLE 6 AIHÜPEED 

AIRSPEED 
(kts IAS) 

WEIGHT 
UNKNOWN 

CAT A CAT B CAT C 
& D TOTAL BASED ON 

kj>2 

0-80 

81 - 100 

101 - 150 

151 - 200 

201 - 250 

Over 250 

Airspeed 
Unknown 

9 

63 

25 

17 

10 

72 

2 

6 

37 

10 

1 

9 

23 

56 

15 

5 

1 

118 

1 

2 

1 

1 

2 

29 

72 

2k5 

51 

23 

12 

201 

6.7 

16.7 

56.7 

11.8 

5.3 

2.8 

TOTAL 200 65 361 7 633 - 

TABLE 6A ALTITUDE 

ALTITUDE 
(ft) 

WEIGHT 
UNKNOWN 

CAT A CAT B 
CAT C 

& D 
TOTAL 

% 
BASED ON 

560 

0-200 

201 - 800 

801 - 2500 

Over 25OO 

Altitude 
Unknown 

93 

23 

20 

35 

29 

*5 

11 

2 

k 

3 

278 

19 

16 

9 

39 

3 

2 

2 

*fl9 

53 

38 

50 

73 

7^.8 

9.5 

6.8 

8.9 

TOTAL 200 65 361 7 633 - 

Notes!- 

6.1 When the Altitude is not specifically stated, but the Flight Stage is 
quoted as take-off or landing the 0 to 200 ft division is assumed. 

6.2 Birds found dead on the runway are included in the 0 to 200 ft 
divisione 

6.3 The percentages are based on the known totals. 
6A      These Tables do not include data from Netherlands and Germany. 

st 



TABLE 7 FLIGHT STAGE 

STAGE 
WEIGHT 

UNKNOWN 
CAT A CAT B 

CAT C 
& 0 

TOTAL 
% 

BASED ON 
664 

Taxying 1 0 3 0 k 0.6 

Take-off 49 21 131 2 241 36.3 

Initial climb 6 0 if 0 10 1.5 

Climb 18 3 6 1 30 4.5 

Cruise 11 2 5 0 19 2.9 

Holding 0 1 0 0 1 0.1 

Descent 10 0 1 1 12 1.8 

final Approach 42 6 38 0 103 15.5 

Landing 31 25 196 0 239 36.0 

Touch & Go/ 
Overshoot 1 1 3 0 5 0.7 

Unknown 27 5 37 2 153 - 

TOTAL 196 64 424 6 817 - 

Notes:- 

7.1 It is not possible to provide a precise definition of these stages 
as the altitudes vary with aircraft type, and particular operation. 

7.2 Birds found dead on the runway are divided equally between take-off 
and landing. 

7.3 The percentages are based on the total where the stage is known. 
7.4 Does not include data from Germany. 

*9 



TABLE 8 PART OF AIRCRAFT STRUCK 

PART 
WEIGHT• 

UNKNOWN 
CAT-A CAT B 

CAT C 
& D 

TOTAL BASED ON 
1168 

Fuselage 73 9 40 - 122 10.4 

Nose (excluding 
radome and wind- 229 19 82 ^ 330 28.2 
acreen) 

Radome 4l 13 14 2 70 6.0 

Windscreen 103 17 ko - 160 13.7 

Engine number 
unknown 93 - - - ■ 93 

1 engine struck 4o 1 72 3 116 

2 out of 3 strud <   0 - 2 - 2 j 18.4 

2 or more of 4 
struck 2 - - - 2 

all engines stru 3k - 2 - 2 

Wing 136 2 60 - 198 16.9 

Landing Gear 25 1 36 1 63 5.4 

Empennage 11 - 3 - Ik 1.2 

Part unknown 73 10 87 - 170 - 

TOTAL 826 72 438 6 1342 ■- 

Notes*- 

8.1  The totals in Table 8 are higher than the others, as one bird can 
strike several parts. 

892  The percentages are based on incidents where the part struck is known. 
8.3  Where both landing gear, or both wings are struck« two incidents are 

recorded. 
•8.4  The data from Germany and Netherlands for which the weights are not 

known, are included. 

c,0 



TABLE 9    EFFECT OF STRIKE 

EFFECT 
WEIGHT 
UNKNOWN 

CAT A CAT B CAT C CAT D TOT Al, 
% 

BASED ON 

Loss of life/aircraft 0 0 0 0 0 Ü 0 

Flight Crew Injured 0 0 0 0 0 0 0 

Engines prematurely 
Changed on:- 

2 engined aircraft 3 - 9 1 - 13 1.7 

others 17 - 7 - - 2h 3.2 

Windscreen cracked 
or broken 5 - 5 - - 10 1.3 

Radome changed 9 - 3 - - 12 1.6 

Deformed structure 9 - 5 2 - 16 2.1 

Skin torn, light 8 1 h - - 13 1.7 

broken 

Skin dented 10 1 20 - - 31 k.l 

Propeller/Rot or 
damaged/Fan 

21 — 8 — ™" 29 3.8 

Aircraft system lost 2 - k - - 6 0.8 

Nil damage 301 61 237 2 -. 601 79.6 

Unknown 27 zk 69 - - 120 - 

TOTAL 412 87 371 5 - 875 - 

TABLE QA    EFFECT -   ATqappm -  WEIGHT OF BIRD    .. . ..... ..   . - 

EFFECT 
AIRSPEED 0-80 81-100 101-150 151-200 201-250 over 250 

WEIGHT A&B C&D A&B C&D A&B C&D A&B C&D A&B C&D A&B C&D 

Loss of Life/Aircraft 

Flight Crew Injured 

Engines Prematurely 
Changed on:- 

2 engines aircraft 
other aircraft 

1 
1 

5 
5 

1 

Windscreen Cracked/ 
Broken 1 1 2 1 

Radome Changed 1 1 

Deformed Structure 2 1 

Skin Torn 3 

Skin Dented 3 13 1 1 

Propeller/Rotor 
Damaged 1 5 

TOTAL 7 1 36 2 2 1 1 

Kotes:- 9.1  Data from Germany is only ineluded for engines and fans in Table 9« 

9.2 If, for example, skin is torn in two places, or both 
windscreens are broken, two incidents are recorded. 

9.3 The TOTALS of Table 9A are very low as it includes 
only damaging strikes where bird weight and airspeed 



TABLE 10 COST - »TRANCE, DENMARK, SWEDEN AND SWITZERLAND ONLY 

TYPE OF STRIKE INCIDENTS 
TOTAL COST 
(US DOLLARS) 

Where cost is known 

Where cost is known to be NIL 

a5 

102 

803,000 

0 

AVERAGE COST # 6,322 

Notess- 

10.1 The cost includes the following:- 

(a) Engineering rectification costs. 

(b) Loss of revenue* 

(c) Incidental costs, i.e. diverted aircraft, passenger 
acooaoodation etc. 

10.2 The engineering rectification cost on HKJINBS is offset by 
the hours remaining before overhaul. 

77 



TABLE 11 AIRCRAFT OPERATOR HE I "ORTINC STRIKES 

NUMBER OF NUMBER OF STRIKES PER 10,000 
OPERATOR STRIKES MOVEMENTS. MOVEMENTS 

DENMARK 
2 9,360 2.1* Clmber Air 

Ccnair 3 7,012 U.5* 
Maersk Air 3 23,1>86 1.3 
SAS 27 85,1*86 3.2 
Sterling Airways 9 1*7,150 1.9 
Others 2 1,966 10.2* 

FINLAND 
6 - - Flnnalr 

Helicopter Service 1 ™ 

FRANCE 
Air France 25 301,660 0.8 

Air Inter 22 95,325 2.3 
UTA 3 15,W» 1.9 
Air Ceylon/Afrlque 1» 21,263 1.9 
Air Alpes 1 214,000 0.1» 

TAT 1 17,000 0.6 

Unl Air 1 3,902 2.6* 

Euralalr 1 • ■" 

EPS 1 6,765 1.5* 

Serrlce de la Formation 
Aeronautlque 3 ■* 

NORWAY 
SAS 26 85,500 3.0 
Braathen Safe 9 65,601» 1.1» 

Helicopter Service 3 51,8»»2 0.6 

widert» 1 76,291» 0.1 

SWEDEN 
SAS 25 ™ 

Llnjeflyg 30 ■" 

—* 

Transair AB 2 "* 
SWITZERLAND 

52 182,91*2 2.8 Swissair 
UK 
British Airways European) 

li»l 
_ » 

Scottish & Channel Dlvs ) 
British Airways Overseas 50 ~ M 

British Caledonian 30 •" «• 

British Island Airways 21 ~ ™ 

Dan Air 7 •• ** 

Laker 8 — "" 
Britannia Airways 18 ~ 

— 

Cambrian 21 •• "" 

Court line 8 •• *" 
Monarch k ■• 

«• 

MAM 1 • ** 
McAlplne 2 ■• ^ 
British Midland 9 

— 

British Air Ferries 2 ■• "" 
International Av Services 1 •• * 

Air Anglla 1» •• — 

British Alrtours 3 ■• ** 
Invlcta 1 • 

— 

Air Bridge Carriers 1 •• M 

North East li» 

TOTAL 906 - 

not Included. 
11.2 Leased aircraft are Included against the operator. 
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SERIOUS BIRD STRIKE INCIDENTS WORLD WIDE 1971» 

6.10.74   Douglas       PH-MBG     Martinair        Amsterdam 
DCIO-3OCF 

During night take-off from Amsterdam using full power from runway wet with 
light rain, birds were struck at approx 140 knots. After rotation but before 
gear-up vibration felt and flight engineer stated "maximum vibration engines 
2 and 3" and that engine 3 Ni rpm had touched 114#. Thrust was decreased on 
engine 3 but vibration remained at maximum and engine was shut-down«, During 
shut-down Tower reported seeing flames, there was no fire warning but one 
extinguisher shot was used. Vibration decreased, and at 2,000 ft aircraft 
was cleaned up. Increasing power to maintain 277 knots caused vibration to 
increase and engine 2 vibration reached maximum at 76# N-|. Fuel jettisoned 
for return to airport at max landing weight of 191 tons, but last part of 
tank 2 took too long so landing at 1.98 tons was prepared. Made radar 
monitored ILS approach with 2 engined procedure. During the initial 
approach with flaps 22°, power on engine 2 had to be increased to MOT in 
order to keep flying level. On the glide path engine 2 kept at 7% N<|, with 
varied power on engine 1. Automatic approach down to 100 ft, landing normal 
with minimum descent at touchdown, reverse idle on engine 1 and 2.  Approx 
20 dead gulls found on runway, the only complete gull weighed 450 gm (1 lb). 
The core of engine 3 showed blade rub on compressor stages 2, 3, 4 and each 
stage had a few blades with nicks or a curled tip. Damage was only slight 
and operationally insignificant.  The core of engine 2 was not damaged, 
but fan debris oaused dents and punctures of inlet duct, and bellmouth seal 
was pierced near fan speed sensor.  No debris passed outside engine cowls. 

25.9.74    Lear Jet Business Air     Vasteras 
2*fD Service 

During early morning take-off struck gulls at 135 kts,30 ft, both engines 
were damaged such as to be unserviceable. 

12.12.74   SN 601 Air Alpes        Chambery 
Corvette 

During take-off struck jackdaws (Corvus monedula ) at 50 ft, 120 kts. 
Both engines were damaged and both pitot tubes required replacement (total 

cost of incident 60,000 US dollars). 

<?-/ yy 



#j> fielt 11*2 

BIRD STRIKE COMMITTEE EUROPE 

LONDON, 24-28May 1976 

Ref:   BSCE/11 VP/3 

BIRD STRIKES TO ENGINES 

J Thorpe - UK 

SUMMARY 

Data on bird strikes to engines from four 
countries for 1973 and 197^ has been analysed 
to show some of the factors affecting strikes 

and damage. 
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BIRD STRIKE COMMITTEE EUROPE 

Ref: BSCE/11 WP/3 

LONDON, 24th May 1976 

BIRD STRIKES TO ENGINES 

1.   Introduction 

1.1   An earlier version of this Paper was presented under Agenda Item 7 
to the Eleventh Meeting of the ICAO Airworthiness Committee in Montreal 
on 1st March 1976.   This version is slightly modified to take account 
of later numerical information, the text remaining unaltered. 

1.2   For some years the Bird Strike Committee Europe has been collecting 
statistical information from its members.  An aspect of major concern has 
been engine strikes, and this Paper shows some trends from analyses made 
in this area. 

1.J   It should be appreciated that the information in this Paper is only 
as good as the reporting standard of the Countries from which the information 
was obtained.  Furthermore the sample sizes are in some cases still quite 
small. 

1.J»   In view of the above, definite conclusions cannot be drawn;  however, 
although as with many Airworthiness subjects, the figures do not always agree 
in a tidy manner, possible trends even at this early stage should not be 
ignored. 

2.   Source of Information 

2.1 Data from France, Germany, Netherlands and U.K. for the years 1973 and 
197*+ have been used in compiling this Paper, as shown in Table 1.  This was 
in order to provide a wide variety of aircraft and engine types used by 
countries with a fairly high annual flying rate. 

2.2 In order to take account of 2, 3 and k  engined aircraft the data has 
been changed from the more usual movements (two per flight), to engine 
flights (i ^ engine flights = Movements x number of engine8 per aircraft). 

-S* 



2.3 The weight of bird has been ignored, since in Europe only 1# of 
cases where the bird is identified, involves a bird weight greater than 
1.81 Kg (4 lbs). 

2.4 The term "damage" ranges from bent or torn blades sufficient to 
require replacement, to uncontained engine failure.  Cases where blade 
damage is dressed out, or carried over to the next overhaul, have not been 
included in the category "damaged".  Thus there is considerable variation 
in the degree to which usable thrust has been lost. 

3.   Discussion 

3.1 It is suggested that bird strikes reported as having struck engines 
are based on the following factors:- 

- (a) engine location 

1) a strike is dependent on  r"   - (b) engine frontal area 

'"-(c) circumstances, i.e. route, time 
of day, etc. 

„(a) operators reporting standard 
2) reported rate is dependent on __(b) how easy to detect 

__ (a) a strike 

3) damage is dependent on  r ll_(b) engine strength 

3.2 Much of the data used in this Paper is from many operators, 
from several countries and using many different routes.  Thus it is 
believed that 1) (c), and 2) (a) and (b) can probably be ignored, allowing 
this Paper to examine the other factors. 

4.   Results 

4.1 Factor 1 (a) - Engine location 

4.1.1 This is shown in Table 2, the reported strike rate per million 
engine flights.  The Conway in 707, JT8D in 737, JT9D in 747, 
JT3D in DC8 and CF6 in DC10 show above average strike rates. 
These are all wing mounted podded installations, (except for 
the DC10 which is 2 + 1).  The difficulty of drawing conclusions 
is demonstrated by the considerable differences between the 
various types of Boeing 707 and the DC8, where similar rates 
could be expected. 

4.1.2 When all the engine types are combined into Table 3, irrespective 
of aircraft type a clearer pattern emerges. It can be seen that 
the wing mounted engines have an average strike rate around 
4 times that for aft mounted engines. 

4.2 Factor 1(b) - Engine frontal area 

From Table 3 and Fig. 1 it can be seen that in general where there 
is a reasonable sample size the trend of increasing strike rate with 
increasing area is apparent.  It is very probable that the larger the 
engine, particularly with the high by-pass ratio fan engines, the less 
likely it is that a non-damaging strike will be noticed, in fact the 
bird can exit through the by-pass leaving no noticeable trace. 

^A-Jkl  



h.J,        Factor 3(b) - Engine strength 

h.3.1  It can be seen from Table h  that the percentage of reported 
strikes which cause damage is subject to considerable variation. 
This gives a measure of each aircraft/engine combination's 
resistance to bird strike damage. 

4.3.2  Subject to the cautionary note of para 1.2 about small samples 
it can be seen that the mean is 30$, and that the RR Avon in 
both Comet and Caravelle, Conway In Boeing 707, P & W JT9D in 
7V7 and GECF6 in the DC10 are significantly above the mean 
figure.  The Avon and Conway are both relatively old engine 
designs which were produced before the current Airworthiness 
Requirements on medium (l£ lb) bird testing were introduced. 
However the JT9D and the CF6 are very recent designs which it 
might have been expected would have a better resistance to bird 

strike damage. 

*t.3.3  The P & W JT8D appears best able to withstand the effect of bird 

strikes. 

lf.4   Damage Rates - a combination of all factors. 

h  4.1  From Table 2 it can be seen that the worst damage rates reported are 
the CF6 and the JT9D, whilst the best rates are the Speym Trident 
and RB211 in Tristar.   The aft mounted JT8D in the Boeing 727 
and the Douglas DC9 have an identically low rate, whilst the same 
engine wing mounted in the Boeing 737 shows the higher rate due to 
its more vulnerable installation. 

k.h.Z      Table 5 shows the damage rate per million engine flights for each 
engine type.  The rate of 79 x 10"° (i.e. 7-9 x 10-5) for the 
JT9D and CF6, falls well within the Reasonably Probable rate in 
British Civil Airworthiness Requirements, i.e. between 1 per 1000 and 
1 per 100,000 flights, whilst other engines are mainly well within 

the Remote area, 
5.   Conclusions.    Although in some instances there is as yet inadequate 

evidence, the data from 1973 and 197^ does show some trends that at this early 

stage should not be ignored. 

5.1 Wing mounted engines are more likely to suffer bird strikes than aft 
mounted engines, perhaps by a factor of about k. 

5.2 The strike rate is, in general, dependent upon engine intake area, 
although it may not be linear.  It is possible that the probability of 
undetected strikes increases with intake area. 

5.3 Soma engine designs appear much more prone to damage than others, and 
relatively low resistance to bird strike damage is not confined to the older 
designs.  Two of the most recent designs, approved to later, but not the 
latest Airworthiness criteria appear to have the highest vulnerability, namely 
the General Electric CF6 and the Pratt and Whitney JT9D, and these rates are 
well within the Reasonably Probable area of BCAR.   The limited data 
available for the Rolls-Royce RB211 does not as yet show this trend. 

?(. i*- 



5.*f   The Pratt and Whitney JT8D appears best able to withstand bird 
strikes, it would be interesting to have the Manufacturer's comments as 
to the reason for this. 

5.5   The results of this Paper support the necessity of continued 
collection of bird strike data in order to monitor trends in respect 
of damage to engines and hence decide whether any specific or general 
action is needed to avoid undue hazard to aircraft from this cause. 

t 



Table 1 - Source of Information 

Aircraft 
Type 

Engine 
Type 

Germany* France Netherlands UK 

HS Comet k RR Avon + 

BAC 1-11 RR Spey + + 

Boeing 707 P & W JT3D ♦ ■* + 

"   707 RR Conway + 

»   707 P & W JT*tf> 4 + 

••   727 P & W JT8D + ■  + + 

737 P 8e W JT8D + + 

«   7^7 P & W JT9D ■ + + - + + 

Caravelle RR Avon + 

1! P & W JT8D + 

Douglas DC8 P & W JT8D + + 

••   DC9 P & V JT8D + 

"   DC10 GE CF6 + + + + 

BAC VC10 RR Conway + 

HS Trident RR Spey + • 

L1011 Jrietar RB 211 + 

•Note 1.1 Data for 1973 only. 

* 1.2 Data for 197** only. 
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Table k  - Aircraft Type - Percentage of Damaging Strikes 

Aircraft Engine Engine No. of No. of %  of strikes 
Type Type Location engine 

strikes 
engine 
changes/ 
repairs 

which cause 
damage/repair 

HS Comet *f RR Avon _ k   * k 100* 

Boeing 707 P & W JT*f A W 1 * 1 100* 

Douglas DC10 GE CF6 - 7 * k 57* 

Caravelle RR Avon A 9 * 5 55* 

Boeing 707 RR Conway W 12 6 50 

Boeing 7^7 P & W JT9D W 37 18 49 

BAC 1-11 RR Spey A 11 k 36 

Hiä Trident RR Spey A y 1 33* 

Boeing 707 P & W JT?D W 15 3 20 

Douglas DC8 P & W JT3D W 57 11 19 

Boeing 727 P & W JT8D A 16 3 19 

Boeing 737 P & W JT8D W 27 5 18 

BAC VC10 RR Conway A 7* 1 1V 

Douglas DC9 P & W JT8D A 10 1 10 

Caravelle P & W JT8D A 0* 0 _• 

L1011 
Tristar 

i .  ■ 

RB 211 - 
* 

2 0 0* 

'IX )TAL/MEAN 21« 67 31# 

Notes: k.1    Engine locations A = Aft, W = Wing mounted 

*4.2 Small sample size, the results should be treated with caution. 
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A RADAR STUDY OF WADERS 

E W Houghton, F Blackwell, T Brough* and T A Wilmot 

SUMMARY 

This is a preliminary study of the radar characteristics of two wader species, the 
dunlin, Calidris alpina. and the oystercatcher, Haematopus ostralegus. Some results 
are given on the curlew, Numenius arquata, but these are limited because only two 
were captured. Flight and echo data were obtained by means of a high-resolution 
auto-following pulse radar from wild birds released from a 90ft tower. A new 
method of obtaining the multi-aspect dynamic radar echoing area of a target is 
demonstrated and values are given for the dunlin and the oystercatcher.  Bird 
activity modulation waveforms, spectral diagrams and auto-correlation functions 
have been analysed for the three wader species. 
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3.2 Radar, Recording and Computing Facilities 

3.3 Visual Acquisition and Radar Putting-On Operations 

4 RESULTS 

4.1 Flight Characteristics 

4.2 Echo Characteristics 

4.2.1 Dynamic Echoing Areas 

4.2.2 Bird Activity Modulation Waveforms, Spectra and Correlation 

Functions. 
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1 INTRODUCTION 

During the Nato-Gibraltar Bird Migration Study, the PPI of an S-band (10cm) 
surveillance radar at Gibraltar revealed in the Autumn broad front movements of 
large well-spaced echoes at dusk and during the night. Some of the movements 
came from Europe heading south or south-west into Africa but others from the east 
could have originated from any part of the Mediterranean and passed into the 
Iberian Peninsula. A proportion of these targets,many of which consisted of only 
one or two birds, were sampled by an X-band (3cm) high-resolutionautomatic- 
tracking radar and wingbeat spectra were obtained from the echo signal data. The 
fundamental frequencies of these spectra ranged from 3.5 to 10 Hz and it is 
possible that the birds producing them could have been waterfowl, especially 

ducks. 

Waterfowl occur throughout the world and many species undertake long migrations. 
They can be hazardous to aircraft because of their size and numbers,^ Although their 
movements in some parts have often been studied by radar, their echoing area and 
wingbeat spectra for identification purposes have not been extensively investigated. 
However» a study of the mallard, Anas platyrhynchos, has recently revealed some of 
their important radar characteristics (1). 

Alternatively the echoes in question could have been produced by waders, ie rela- 
tively long-legged shore-birds of small to medium size and which also undertake 
long migrations. 

This paper is art interim statement on an investigation to determine the radar 
characteristics (eg dynamic echoing area and wingbeat spectra) of waders in order 
to elucidate further the data obtained during the Nato-Gibraltar Bird Migration 

Study. 

2 BIRD SPECIES 

There are ten relatively common species of waders or shore-birds in Britain which 
might be suitable candidates for examination. Waders are not the easiest of birds 
to catch, however, especially when there is a need to have available freshly-caught 
birds for release at a radar site at a particular time, During this trial only 
three species of wader were obtained viz. dunlin, Calidris alpina, curlew, Numenius 
arquata and oystercatcher, Haematopus ostralegus. 

The dunlin is one of the smallest and most numerous waders.  Its average weight 
is only 50 g but the peak winter population in England, Scotland and Wales exceeds 
300j000 birds and large compact flocks occur. Dunlin are widely distributed and, 
despite their small size, have been involved in collisions with aircraft and they 
are. particularly troublesome at Vancouver Airport in Canada. 

In Britain the. dunlin nests on moors and marshes but it is betterknown outside 
the breeding season as a passage migrant and winter visitor when it frequents the 
seashore and mud-flats of both fresh and salt water.  Birds which breed as far 
north as Greenland in the west and western Siberia in the east frequent our shores 
and migrants winter as far south as North West Africa. Movements of dunlin may, 
therefore, be detectable by radar at Gibraltar. 

/ 
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Thci curlew, in contrast with the dunlin, is the largest wader ini Europe (average 
we right 800 g).  As a breeding bird in Britain it is more common than the dunlin, 
ne pi ting on moors, marshes and meadows, and outside the breeding season it frequents 
mu/d-flats and estuaries. The peak annual population in England, Scotland and 
Wale8 may exceed 50,000 birds. Although it is not generally seen in large flocks, 
small parties may occur on some airfields and collisions with aircraft have occurred. 

Many of the curlew which winter in Britain come from Scandinavia, with some from 
the Low Countries and the USSR. Curlew from North and Central Europe winter in 
South Europe and North Africa and some may therefore be observable by radar from 
Gibraltar. 

The oystercatcher is a medium-sized wader (average weight 550 g) which is very 
common along coasts and in the breeding season it also occurs locally inland. The 
peak winter population in England, Scotland and Wales, augmented by birds from the 
Faroes, Iceland, Scandinavia, the USSR and Holland, is in the order of 150,000 
birds. Large flocks frequently occur and oystercatchers often create a strike 
risk on coastal airfields. 

During the winter months the oystercatcher is widespread along the northern shores 
of the Mediterranean and around the Iberian Peninsula and hence may be detected 
by radar at Gibraltar. 

3    EXPERIMENTAL WORK 

3.1  Capture, Transport and Release of Birds 

The birds used in the trial were all caught either in cannon nets or mist nets 
under a licence granted by the Nature Conservancy Council. They were taken in the 
late evening or early morning as they were forced up the beach by rising tides 
at the high tide roosting places on the Dovey Estuary, Dyfed. As soon as possible 
after capture they were put into boxes or pigeon baskets in which they had plenty 
of room to stand and move about and were taken by road 65 Km to the radar site at 
Aberporth. Over a number of days, 2 curlews, 23 dunlins and 25 oystercatchers 
were transported in this way and all flew strongly on release. Most of the birds 
were released within eight hours of capture but some caught after nightfall were 
retained longer than this for release the following morning. 

The birds were released individually from a wooden box at the top of a 90ft (27.Am) 
metal tower using a technique which had been perfected the previous year with feral 
pigeons Columba livia var. The box used (Fig 1) was originally intended for carry- 
ing rabbits and was slightly wider at the base than at the top so that when a number 
of such boxes were stacked together the ventilation holes could not be cut off. 
Any such box of similar proportion would satisfy the present requirement. A metal 
ring was attached to the base of the box so that it could be hauled upside down up 
the tower. The hinged lid, then forming the floor of the release box, was fitted 
with a sliding pin catch which could be actuated from the ground. The pull cord 
for this release catch passed through a number of simple wire loops bound with tape 
onto the main rope to prevent it from twisting around the main rope or from being 
blown by the wind and fouling on the tower. When the box was at the top of the 
tower and all was ready, a sharp tug on the pull cord withdrew the peg and the 
bottom of the box swung open on its hinge and the bird dropped out. 

By attaching the tail end of the rope used to pull the box up the tower to the base 
of the box some control could be exerted over the box to prevent it from swinging 
too much in the wind. 

Generally two people were required to handle the birds, pull up the box, take care 
of slack in the rope, operate the telephone link with the radar, pull the release 
cord and lower the box again. 
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3.2 Radar, Recording and Computing Facilities > 

The C-band (5.5 - 5.6 cm wavelength) instrumentation pulse radar used for thes^e 
experiments has a range precision of 8 feet and an angular precision of 0.15 , 
military mils (0.0084 degrees). The diameter of the radar resolution cell at a 
range of 10,000feet is approximately 140 feet. 

The radar can track automatically a small target and generate 3 dimension positional 
data in polar coordinates, and an amplitude-time record of the echo signal. Flight 
and radar echo signal data together with time (GMT or ZT) code and voice descriptior 
of each radar target were recorded on multi-track magnetic tape for subsequent 
analysis. 

Target trajectory data were fed into the RAE data and computing centre on site, 
where polar coordinates were transformed into cartesian coordinates and velocity 
and acceleration information were obtained by means of mathematical curve-fitting 
procedures.The quantized mean signal levels were also converted to (S/N) ratios and 

range data pairs. 

Wind velocities at appropriate altitudes and times were obtained by using one of the 
instrumentation radars to track balloon-borne reflectors. 

3.3 Visual Acquisition and Putting-on Operations 

The acquisition and putting-on problems encountered when dealing with a low level 
moving target were described in some detail in a previous paper (1). As a result 
of lessens learnt in the mallard trials great improvements were made in the acquisi- 
tion and putting-on operations for this study. 

The difficult problem of where to release the bird was solved by putting it into 
a box and hoisting it up a 90ft tower. The top of the tower was fully illuminated 
by the radar beam and at a known distance from the radar. A television camera with 
a telephoto lens, fixed to the radar aerial, enabled the radar operator to put the 
radar on to the bird box visually. A telephone line to the tower solved the 
communication problems. Thus the radar could be set up in all three coordinates 
and be ready for acquisition immediately the bird was released. Furthermore the 
radar operator was able to watch the release of the bird on the tv viewer and follow 
its movements during the initial tracking operation. He also had a limited warning 
of ground clutter situations by watching the bird's attitude and picture background. 

From the roof of the radar building, angular data from special binoculars was used 
to redirect the radar in those cases when it lost the bird after release (the field 
of view of the tv viewer was generally too limited for «acquisition). 

4    BESULTS 

The results of the trial held on the 19th, 20th and 21st November 1975 were highly 
successful with 22 out of 23 dunlins, i2 out of 14 oystercatchers and both curlews 
being tracked. 

Not only did this show a great improvement in the numbers of released birds auto- 
followed by radar compared with the earlier mallard trial, but there was an improve- 
ment in track duration. Whereas the longest mallard track lasted for 100 seconds, 
the average wader track was 240 seconds duration. The longest track during these 
wader trials was of a dunlin which was followed for 595 seconds. 

4.1  Flight Characteristics 

A map of the operational area was given in a previous paper (1), With a few 
exceptions all the waders flew towards the sea and followed the coast line and, 
unlike tha mallard, none dived immediately towards the sea. Most were lost by the 
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radar when they flew behind the cliff edge or into a region generating heavy ground 
clutter. The waders flew in level flight much longer and more slowly than the 
mallards and about 100-500 ft higher. 

The altitude of dunlin flights ranged from 600 to 1000 feet above sea level. The 
altitudes of oystercatcher flights ranged from 400 to 7.00 feet ASL. In general 
the dunlins flew higher than the oystercatchers. 

Air speeds obtained from 10 runs ranged from 20 to 29 knots for the dunlins, and 
25 to 36 knots for the oystercatchers, when head and tail winds were less than 

8 knots. 

4.2.1  Dynamic Radar Echoing Areas 

We need to know the echoing area characteristics of birds in order to estimate 
the maximum distances they can be detected and tracked by radar. The echoing area 
of any moving target made of heterogenous material and complicated in shape is 
very difficult to measure and specify, because its echoing area is a multi-valued 
quantity which varies with target aspect and radar parameters. 

In the past we have made static radar echoing area measurements on freshly killed 
birds "set" with their wings close to their bodies or outstretched in flight. 
The birds were rotated in azimuth and their echoing areas were measured at every 
azimuth aspect. Echoing area diagrams were plotted in azimuth over 180 degrees 
from head-on through broadside-on to tail-on aspect. Each diagram was plotted 
for a single value of radar frequency, radar aerial polarisation and aerial elevation 

angle. 

However, birds.flap their wings and their body shape changes in flight, and so it 
is desirable to measure their echoing areas under dynamic conditions of flight. 
Opportunities have occurred to make dynamic echo area measurement of birds in flight 
at suitable vertical and horizontal aspects. Static and dynamic broadside-on 
aspect echoing area results agree fairly well, but in all cases dynamic values 
have been found to be smaller than static values (2). 

Recently new recording apparatus has been fitted to the Aberporth FPS16 radars, 
which has made it possible to record continuously target signal to noise ratio and 
radar range. With these facilities it has been possible to measure and record the 
relative signal to noise (S/N) ratio versus range of a reference sphere of known 
echoing area and shortly afterwards of flying birds of a known species. The echoing 
areas of the birds can then be calculated in terms of the echoing area of the sphere. 
By exploiting the erratic flight of a released wild bird and using many birds of the 
same species, a multi-aspect value of dynamic echoing area is created, which can be 
specified as a mean value with limits of one or two standard deviations from the mean. 
In Appendix A it is shown that the fluctuations about the mean value are fairly 

symmetrical. 

In practice there are limits to the number of birds which can be captured and 
released, and the number of days the radar can be obtained. Consequently the results 
given here are tentative and may be updated in the future. Basically the method is 
a good one, because for the first time the echoing area is obtained from many birds 
in a great variety of aspects in full flight. Furthermore the value is a practical 
quantity because it has been obtained by a radar during normal operation. 

The experimental procedure and calculation of results are given in Appendix A. A 

summary of this work is given here:- 

Radar wavelength:  5.6 cms; Aerial Polarisation: Vertical 

The signal to noise (S/N) ratio obtained at the output of a radar receiver system 
from a moving target of echoing area (o) is given by the radar range inverse fourth 
power law equation: 



10 log (S/N) - 10 log (K)(o) - 4(10 log R/Ro)      ••• (D 

where K is a constant for a known set of radar and propagation parameters. 

R is the radar (slant) range and R is the normalizing range, which 
for the FPS16 operating on small birds is conveniently made 1 nautical 

mile. 

The logarithms are to the base 10. 

If all the quantities are measured or expressed in decibels (dB) we can write 
equation (1) as a linear equation with negative slope: 

Y(dB) - b(dB) - mX(dB)   (2) 

Radar echoing area of 12 inch dia metal reference sphere 

At the radar operating wavelength of 5.6 cm, the radar echoing area of the sphere 

is approximately 700 sq cm. 

Dynamic radar echoing area of a dunlin 

The dynamic radar echoing area of a dunlin was calculated by making use of the 
(S/N) ratio versus normalized range (R/RQ) ratio data obtained from the reference 

sphere and a number of dunlins, and equations (1) and (2). 

Dynamic REA of a dunlin - 4 sq cm —13 dB 

where 4 sq cm is the average value and 13 dB is twice the standard deviation from 

the mean. 

The (S/N) ratio and range data for the sphere and the dunlins were measured on the 
same day. Over three hundred pairs of data points obtained from fourteen dunlin 
flights were used to compute the mean value and standard deviation. 

Dynamic radar echoing area of an oystercatcher 

The dynamic radar echoing of an oystercatcher was calculated in the same way as that 

of the dunlin: 
+ 

Dynamic REA of an oystercatcher =■ 13 sq cm —15 dB 

where 13 sq cm is the average value and 15 dB is twice the standard deviation from 

the mean. 

The (S/N) ratio and range data for two sphere runs and two sets of oystercatcher 
runs were made on different days. Over 180 pairs of data points obtained from 
eleven oystercatcher flights were used to compute the mean value and standard 

deviation. 

4.2.2   Bird Activity Modulation Waveforms 

If the relatively slowly changing average current component of the bird echo signal 
is removed there is left a rapidly varying alternating current component called 
bird activity modulation (BAM). The BAM waveform is generated by periodic wing 
flapping and transient changes in body shape and movement. 

Generally, birds whose physical dimensions are less than the radar wavelength 
usually produce simple periodic BAM waveforms, while birds whose dimensions are 
larger" than the radar wavelength produce complex BAM waveforms. Usually these BAM 
waveforms, simple or complex, can be assessed by using an electronic analyzer to 
extract the Fourier components of the waveform which are displayed as a spectrum 
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diagram.  This is true for steady flight such as during migration, but erratic 
flight, such n?i occurs when a wild bird is released, affects the cyclic pattern 

of tin- wiivoloi-m. 

The spectrum of an "erratic" BAM waveform can suffer in two ways:  the components 
of the periodic spectrum can be reduced or lost and additional unwanted fluctuating 
components can be introduced. The consequences of additional components can be 
mitigated by filtering or, better still if they are caused by stationary pseudo- 
random effects, by using correlation techniques in place of or before spectrum 

analysis. 

The BAM Waveforms of Waders 

The BAM waveforms of two dunlins taken from runs 04D and 041 are shown in Fig 2. 
These waveforms are made by a species which continuously flaps its wings.  Both 
records were taken after the birdB had been in flight for about 1 minute.  In both 
waveforms, although there are strong periodic amplitude components, the overall 
pattern changes from second to second. Furthermore although there are some 
toothlike pattern similarities they are not clearly similar. 

The BAM waveforms of two oystercatchers are shown in Fig 2b.  Again there are cyclic 
components, the overall pattern of which changes throughout. Comparison of the 
waveforms reveals superficial pattern similarities of a weak kind. 

The BAM waveforms of two curlews are shown in Fig 2c. Again there are pattern changes 
throughout each record. Comparison of the waveforms reveals pattern similarities 

of a weak kind. 

The striking short and long term waveform pattern similarities which are a feature 
of the BAM waveforms generated by small birds on migration, like the swift, Apus 
apus, are almost entirely absent in these wader BAM waveforms. 

There is no doubt in the case of these released birds that flighttends to be erratic 
even some minutes after release. Furthermore the physical dimensions of these 
waders are comparable to or greater than the radar wavelength in use. It seems possible 
that both these effects are responsible for these very complex fluctuating BAM wave- 
forms which in the form of amplitude waveforms are not easy to interpret. 

4.2.3  The Spectra of Waders 

The BAM waveforms of all the wader flights were analyzed by means of an electronic 
spectrum analyser. A moving "strobe" on the spectrum display coupled to an inter- 
polation oscillator, permitted the response peaks to be calibrated accurately. 

The dunlin 

The spectral diagrams obtained from a dunlin, run 041, are shown in Fig 3a. The 
top diagram is the analysis of a 40 second portion of the BAM waveform obtained 
after the bird had been flying about 1 minute. The Fourier analysis was performed 
on all amplitude levels of the BAM waveform and then the resultant coefficients 
of the analysis were summed. The bottom diagram is a Fourier analysis of the same 
BAM waveform, but in this case only the peak values were averaged. 

Both diagrams have prominent fundamental responses whose peak values occur at 
5.5 Hz for the summed Fourier coefficients and 5.6 Hz for the peak value analysis. 
Broad second, third and fourth harmonic responses occur at very much lower amplitude 
than the fundamental in both sum and peak spectrum diagrams. 

Spectral diagrams obtained from eight dunlins are shown in Fig 3b. These are 40 
second sum analyses such as mentioned above but taken after 1 or 2 minutes of flight 
time. This is the reason for the fundamental spectral response of run 041 being 
5.6 Hz rather than 5.5 Hz as in Fig 3a. Runs 04D, 04H, 041, 05B and 05E have 



similar overall diagrams, while runs 04C, 04F, and 05G have spectra with strong 
broad harmonic responses.  Often the peak values of these harmonic responses are 
not simple multiples of the peak value of the fundamental frequency, although they 
are multiples of some element of the fundamental response. 

Note that there are a wide range of fundamental component peaks from 5.5 to 7.7 Hz. 

The oystercatcher 

The sum and peak spectral diagrams obtained from the oystercatcher, run 03G, are 
shown in Fig 4a. Both diagrams have strong fundamental frequency components which 
peak at 4.9 Hz. Harmonic response occurs in both examples, but the second harmonic 
response is more prominent in the peak evaluation. 

Spectral diagrams obtained from nine oystercatchers are shown in Fig 4b. In the 
case of the oystercatcher although the spectral diagrams of flight 03G are different 
in Fig 4a and 4b the peak value of the fundamental response occurs at the same 
frequency 4.9 Hz. Some of the diagrams like 03G have low harmonic response, whereas 
others like 03C, 03E, 06C and 06H have very strong harmonic responses. The funda- 
mental responses of the nine oystercatchers ranges from 4.9 to 5.7 Hz. 

The curlew 

The spectral diagrams for summed and peak values of a curlew, run 06D, are given 
in Fig 5a. Both diagrams have prominent fundamental responses and relatively strong 
harmonic responses. They are quite different patterns and the peak values of the 
sum diagram and peak diagram are 4.1 and 3.9 Hz respectively. 

The spectral responses of curlews, runs 06D and 06E, are shown in Fig 5b. These 
are sum diagrams averaged over 10 seconds rather than 40 seconds. The top diagrams 
were analyzed first, then the second diagrams and so on. This method of analysis 
enables changes in the spectral pattern to be detected. The fundamental component 
peak value of 4.0 Hz remains constant throughout this short analysis for curlew, 
flight 06D, but changes slightly for curlew, flight 06E, from 3.7 to 3.8 Hz. 

4,2.4  The Correlation Functions of Waders 

The theory and use of correlation techniques for comparing complex BAM waveforms or 
for searching for the relatively weak periodic wing beat component m a BAM wave- 
form mutilated by severe fluctuations have been given in a previous paper {I). 
Obviously it is not easy to deal with complex BAM waveforms such as is shown m 
Fig 29 but the use of spectral analysis usually enables the principle frequency 
responses to be identified. Auto-correlation and cross-correlation are methods 
which can be relied upon to deal with the most awkward cases of randomly fluctua- 
ting waveforms and they only fail if the signal is absent or very badly distorted. 

The wader waveforms were not' ,t> seriously mutilated to need correlation techniques, 
but it seemed worthwhile to look at them with a correlator in order to simplify 
them and so improve measuring accuracy. An electronic correlator was used to obtain 

autocorrelation functions. 

The dunlin 

The bottom waveform in Fig 6 is the autocorrelation function of dunlin run 041 after 
the B&M waveform had been passed through a 20 Hz low pass filter. Most of the 
randomly fluctuating components of the BAM are confined to the central peak, which 
is et'delay time zero, and the adjacent sidelobes. Although the periodic components 
which appear at both sides of the central response are distorted and relatively small 
in amplitude, they are much easier to interpret than the original BAM waveform (also 
passed through a 20 Hs low pass filter) in Fig 2a. The chief periodic components 
of this autocorrelation function is 5.7 Hz, and this is most clearly shown in the 
top autocorrelation function for dunlin 041, where the 20 Hz filter was replaced by 
a 9 Hz bandpass filter. Again the fluctuating components of the BAM waveform are 
confined to the centre of the pattern and adjacent sidelobes, with, the periodic 
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components of low amplitude at each side.  The 5.7 Hz sinusoidal timing waveform 
in the centre of the figure is for comparison purposes.  Note there is a small 
difference in the estimates of the fundamental correlation periodic waveform freq- 
uency and the fundamental frequency found by spectral analysis. 

The oystercatcher 

The autocorrelation function for the oystercatcher, run 03G, is shown in Fig 7. 
The very pronounced central and 3 adjacent sidelobes contain most of the complex 
randomly fluctuating components of the BAM waveform.  Again we find there is a small 
difference between the value of 5 Hz given here for the periodic fundamental com- 
ponent and the peak response of 4.9 Hz given in the spectral diagram of Fig 4a. 

The curlew 

The autocorrelation function for the curlew, run 06D, is shown in Fig 8. The 
fluctuating frequency components are again prominent in the centre of the diagram. 
In this case the estimated fundamental periodic waveform is 4.2 Hz as compared to 
4.0 Hz obtained by spectral analysis. 

5    COMMENTS AND CONCLUSIONS 

1 30 birds were tracked successfully out of 39, and the average track lasted 
for a duration of 4minutes. This remarkable improvement in results over those of 
the mallard trials was due to 

(a) a more imaginative response and greater flexibility in trial planning, 
and 
(b) better release, acquisition and putting-on facilities 

Although these advances gave successful trials with three species of wader and the 
herring gull, Larus argentatus, it is not possible to guarantee what will happen 
with other species. Duck, for example, tend to seek the nearest water, but the 
better arrangements should still result in longer useful records. 

2 The waders usually circled the release point and then climbed in altitude 
before settling down to a period of fairly straight and level flight. Even in the 
periods of fairly uniform trajectory there were continuous aspect fluctuations. 

3 Air speeds ranged from 20 to 29 knots for dunlins flying at altitudes 600 - 
1000 feet, and 25 to 36 knots for oystercatchers flying at altitudes 400 - 7.00 feet. 
These speeds were measured when head and tail winds were less than 8 knots. 

4 A new method of measuring, calculating and specifying a multi-aspect value 
of dynamic radar echoing area has been demonstrated. The dynamic REA of a dunlin 
is 4 sq cm + 13 dB and the dynamic REA of an oystercatcher is 13 sq cm +15 dB. 
The new method has also been vjped to obtain the dynamic REA of the herring gull. 
This bird has been employed as a reference in the past in other ways of determining 
radar echoing area. A comparison of the different REA results on the herring gull 
showing the advantages of the new specification will be reported later. 

5 Released waders like released mallards generate very complicated BAM waveforms, 
which are difficult to interpret. Usually spectral analysis enables the periodic 
components to be extracted, but in some cases and at low echo signals it may be 
necessary to use correlation techniques. Perhaps surprisingly for birds that flap 
along strongly and continuously some of the waders stopped flapping for relatively 

long periods. 

The fundamental frequency components from 9 oystercatcher BAM waveform records 
measured 1 minute after release had an average value of 5.1 Hz, a standard 
deviation of 5% and a range of 4.9 - 5.7 Hz. The inflight frequency variations in 
terms of the average fundamental were 3 to 4% for durations of 40 seconds for any 
bird (total length of flight about 4 minutes). The two curlew BAM records gave an 
average value of 4 Hz and a range of 3.9 - 4.1 Hz.  8 dunlin BAM records gave an 



average of 6.3 Hz, a standard deviation of 13Z and a range of 5.5 to 7.7 Hz. 
Inflight variations were of the order of 8%. 

From cine film, Griffiths (3) found the average wing beat frequency of 8 oyster- 
catchers was 5.95 Hz with a standard deviation of 9% and a range of 5.3 - 6.3 Hz. 
Five curlews gave an average of 4.64 Hz and a range of 4.5 - 4.9 Hz.  13 dunlins 
gave ait average of 11.91 Hz, a standard deviation of 9% and a range of 10.7 to 
13 Hz. 

Comparison of the radar and cine-camera results for the pystercatchers and curlews 
show reasonable agreement, but the dunlin results are markedly different. Griffith's 
results have often been higher than any radar results and differences up to 20% 
have been found, but these do not explain the differences in the dunlin results 
given here. 

A possible explanation lies in work done by Vaughn (5). He shows in Fig 11a of 
;his paper the BAM fundamental frequency component of a semi-palmated sandpiper, 
Calidris pusillus, falling from 11.3 Hz to 7.1 Hz in about 60 seconds after release. 
20 seconds after release the BAM fundamental was still above 10 Hz. Griffiths 
specifically states that several species of small birds were filmed after being 
released by hand. Almost all the film records were short possibly only 5 seconds 
or so. Consequently if dunlin behaved like the sandpiper (they have already been 
shown to be more variable than the oystercatcher) and were hand released the average 
value obtained by the cine-camera could be much higher than the radar value obtained 
a minute after release. A convincing explanation of the differences will probably 
have to await the simultaneous radar and cine-camera recording of another batch of 
dunlins. 

6      Serious departures from the periodic BAM waveform generated by wing flapping 
|do affect measurement accuracy.  Indeed the relatively large rapid aspect changes 
|characteristic of released mallard and the waders used in this exercise produced 
distorted BAM waveforms which could not be measured accurately using the spectrum 
analyser. Correlation techniques were used to improve these measurements and they 
yielded slightly higher values than the spectrum results. 
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AI'J'KNIMX A 

DYNAMIC RADAR ECHOING AREAS OF BIRDS 

By exploiting the erratic flight of a released wild bird and by using many birds of 
the same species, a fluctuating (multi-aspect) distribution of the echoing area 
is created. The echoing area of each species is given as a mean value, plus and 
minus two standard deviations from the mean. We show that the distributions of 
(S/N) ratios about the mean values are approximately gaussian, and consequently two 
standard deviations about the average value are a measure of 95% of the echoing area 

fluctuations. 

Note that all values are rounded off to two decimal places, but six places of decimals 
were used in the calculations. 

The method and calculations are as follows:- 

12 inch diameter metal reference sphere 

Twelve inch diameter metal spheres carried by balloons were tracked and their relative 
(S/N) ratios and radar ranges were recorded at 5 second intervals. A graph of a 
typical sphere run, 03A, made during the wader trials is shown in Fig 9. The verti- 
cal scale is the relative signal to noise ratio in dB, and the horizontal scale is 
the normalised radar range ratio in dB. 

Note that when the radar (slant) range R is 1 nautical mile, the normalised range 
(R/Ro) ratio in dB » 0, and when R is 0.5 nautical miles and 2 nautical miles 
respectively, the normalised range ratios are -3 dB and +3 dB. Each value of the 
sphere (S/N) ratio has been plotted at the appropriate value of normalised range 
ratio. Using a programme to compute the least-square fit and correlation coefficient 
of 76 pairs of data points a first degree function was sought. A straight line 
equation of the form:- 

(S/N) dB - 55.34 dB - 3.95 (R/Ro) dB  (1A) 

was found to give the best fit with ä sample correlation coefficient r =■ -0.99 (the 
negative correlation coefficient occurs because the (S/N) ratio decreases as range 
increases). With such an excellent fit the population correlation coefficient 
p =-0.98 to -0.99 at 95% confidence level. The linear equation (1A) has been 
drawn through the data points in Fig 9. Ideally one might expect the slope of 
equation (1A) to be -4 and identical to that of the functional equation (Din 
chapter 4, but equation (1A) is best described as an SI equation (the description 
given by NBS (4) to an equation with a statistical distribution in the vertical y 
plane only) because the measured values of the (S/N) ratio fluctuate about the 
mean value. There are also uncertainties in the value of the (R/Ro) ratio, but in 
this project they were very small and can be neglected. 

The chief reason for scatter on the (S/N) ratio results is because the echoing area 
of the sphere includes fluctuating echoing area contributions from the shrouds and 
the balloon, which although small are not negligible. 

The dunlin 

A graph of the results taken from 14 dunlin flights shown in Fig 10.  The radar 
parameters were identical with those used during the sphere run. As might be 
expected with birds showing all aspects from head-on through broadside-on to tail-on 
positions there is a wide scatter on the (S/N) ratio data. 
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Using the least-square fit programme on 305 pairs of data points, two regression 
equations were obtained:- 

(S/N) dB = 33.00 dB - 3.85 (R/Ro) dB   (2A) 

(R/Ro) dB = 1.89 dB - 0.11 (S/N) dB   (2B) 

sample correlation coefficient r = -0.65 

population correlation coefficient p = -0.57 to -0.71 at 95% confidence level 

The straight line obtained from equation (2A) is shown plotted over the experimental 
scatter diagram in Fig 10 (two different equations are generated because estimating 
y from x is not just the reverse of estimating x from y except when the correlation 
coefficient r = +_ 1). 

The dynamic radar echoing area of the dunlin is computed by first finding the 
centre of scatter diagram, using the cross-over of straight lines given by equations 
(2A) and (2B). This occurs at a relative (S/N) ratio of 44.02 dB and when the 
normalised range ratio is -2.86 dB.  Inserting this range ratio into equation (1A) 
we obtain the relative (S/N) ratio for the 700 sq cm reference sphere as 66.68 dB. 
As the sphere and dunlin results were obtained at close range with identical radar 
parameter we can write:- 

Average dynamic REA of a dunlin (over a large number of different aspects) is 
(66.68 - 44.02 =22.66 dB below 700 sq cm) = 4 sq cm approx. 

A measure of the fluctuating characteristics of the dunlin's echoing area as its 
aspect changes can be obtained by drawing a straight line, using the functional 
equation (1), chapter 4, through the cross-over point of the (S/N) data and then 
calculating the standard deviation of all data points from this mean value line. 
The distribution of (S/N) ratio fluctuations about the mean is shown in the histogram, 
Fig 11, for 305 data points. Superimposed on the (S/N) ratio distribution is the 
equivalent gaussian distribution and by comparison we note the fluctuations are 
fairly symmetrical about the mean, and the standard deviation is approximately 6.6 dB. 

The oystercatcher 

A graph of results taken from 11 oystercatcher flights is shown in Fig 10.  The radar 
parameters of trial 03were identical with those of sphere run 03A, while those of 06 
with those of sphere run 07A (not shown) made on different days. The radar para- 
meters of trial 06 results have been adjusted to permit them to be used with those of 
trial 03. Using the least-square fit programme on 181 pairs of data points, two re- 
gression equations were obtained:- 

(S/N) dB - 38.89 dB - 3.89 (R/Ro) dB  (3A) 

(R/Ro) dB - 4.61 dB - 0.15 (S/N) dB   (3B) 

sample correlation coefficient r = -0.72 

population correlation coefficient p - -0.64 to -0.77 at 95% confidence level 

The straight line obtained from equation (3A) is shown plotted over the experimental 
scatter diagram in Fig 10.  The dynamic echoing area of the oystercatcher is computed 
in the same way as for the dunlin.  The cross-over of lines given by equations (3A) 
and (3B) is at a (S/N) ratio of 46.52 dB and at the normalised range ratio of -2.13 dB 
The (S/N) ratio for the 700 sq cm reference sphere is 63.75 dB at that range ratio. 
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Hence we can write:- 

Average dynamic REA of an oystercatcher (over a large number of different aspects) 
is (63.75 - 46.52 = 17.23 dB below 700 sq cm) = 13 sq cm approx. 

The distribution of (S/N) ratio fluctuations about the mean is shown in the histogram, 
Fig 11 for 181 data points. As with the dunlin results, the fluctuations are fairly 
symmetrical about the mean, and the standard deviation is approximately 7.4 dB. 
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BIRD STRIKE COMMITTEE REPORT 

LONDON, 2k-28 May 19?6 

Ref: BSCE/11 WP5 

MIBRATINa BIRDS AND THEIR DANGER TO AEROPLANES 

V E Jacoby - USSR 
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BIRD STRIKE COMMITTEE EUROPE 

Migrating birds and their danger to aeroplanes 

V E Jacoby, USSR 

The analysis of more than 1700 birdstrikes in the USSR civil aviation has 
shown the peaks in the periods of the spring and autumn migrations and in 
the summer - within the period of the young birds flight and of postnest 
nomadic phase. The comparison of the birdstrike rate at the southern air- 
ports, at the airports of the middle zone and at the northern airports in 
the European part of the USSR has shown that the wave of strikes comes from 
the South to the North in parallel with the spring migration wave. Comparison 
of these data with the seasonal distribution of flight intensity of the 
civil aviation planes shows that peaks of strikes are connected, in the 
first turn, with the general increase of birds number at airports during 
migration and as a result of reproduction. However at the series of airports 
the tremendous accumulation of settled birds - crows, jackdaws and Others - 
do not represent any danger for planes. The adult migrating and settled 
birds local nesting at the airports (ducks, lapwings, pigeons, crows, 
jackdaws) strike with planes extremely seldom. When these birds appear at 
an airport ~ the process of fast learning to avoid strikes with planes 
apparently is taking place by birds. Generalizing the data obtained from 
the analysis of time of birdstrikes, and the age and species structure of 
victims we came to the conclusion that collisions occur with the birds 
who see for the first time a plane at close distance. First of all young, 
unexperienced, bad orienting birds are victims of strikes. 

This conclusion bears direct relation to the selection and carrying out 
of measures for the prevention of bird strikes during migration: 

1. The shooting and catching of both - birds migrating across an 
airport and the local nesting migrating and settled birds - are 
completely uneffective and inexpedient. 

2. The most effective way is admittedly to create such a situation 
at airports which would be ecologically unattractive for birds 
in all aspects. 

3. In connection with the fact that it is not always possible or 
economically justified to create ecologically unattractive situation 
at an airport - it is effective and expedient to use various means 
of active bird frightening : pyrotechnic, bioacoustic etc. These 
means frighten in the most effective way the migrating birds and 
young birds who appear at an airport for the first time and con- 
sequently who are most dangerous for planes. 

k« The use, outside an airport, of the network of visual and radar 
observation posts makes it possible to notify airports at large 
space about the approach of the birds wave dangerous for flying 
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planes. On the basis of many years observations at the concrete point 
it is already possible to forecast mass bird migration in connection 
with meteorological and other conditions. 

It seems to be expedient in the future to connect the adaptive peculiari- 
ties of the birds behaviour in flocks during migrations with the fore- 
casting of the nature of mass migration during the day and in the night. 
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BIRD STRIKE COMMITTEE EUROPE 

LONDON, 24-20 May 1971 

Refs BSCE/11 WP6 

PROPOSAL CONCERNING THE DISTRIBUTION OF 
BIRD STRIKE REPORTS 

L-0 Turesson - Board of Civil Aviation, Sweden 
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Paper to be presented at BSCE - 11 for Working Group Analysis and for the 
Main Meeting. 

Proposal concerning the distribution of bird strike reports. 

The present distribution of bird strike reports within the European countries 
is arranged in a way that the pilot is handing over the report to his company 
to be forwarded to the aviation authority of the country where the company is 
working. The reports are analysed annually and the analysis is the following 
year distributed nationally and internationally. (This includes analysis 
using the BSCE and the ICAO forms) 

In this way it takes a long time until a report is reaching the airport manager 
of the airport where the bird strike occurred. Sometimes more than one year is 
passing and the airport manager will not in due time be aware of risks for the 
air traffic originating from an increasing frequency of bird strikes. 

The procedures described here are normally the only ones for international as 
well as domestic distribution of bird strike reports. In order to improve 
these conditions the Swedish National Committee for bird strike problems to 
aviation proposes a supplementary system for distributing according to the 
following: 

1. Domestic distribution 

BSCE recommends that the aviation authorities (civil and military) of each 
country should immediately after the receipt of a report from a bird strike 
within its own territory submitted by an air company or the airforce of that 
country, send it to the relevant airport authority if the strike occurred in 
the airport area or its vicinity. 

2. International distribution 

BSCE recommends that the aviation authorities of each country should immediately 
after the receipt of a report from a bird strike which has occurred abroad, sub- 
mitted by an air company of its own country, send it to the aviation authority 
of the country concerned to be forwarded to the relevant airport authority if 
the strike occurred in the airport area or its vicinity. 

Note. 

Alternatively to the proposed system for international disbrituion there is a 
possibility that the air company concerned should send the report to the 
aviation authority of its home country with a copy to the aviation authority 
of the country where the bird strike occurred. 

Organisers* Note. 

Discussed and agreed by Analysis Working Group, and accepted by ICAO represen- 
tative. Subsequently ICAO have issued the attached State Letter. 
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INTERNATIONAL CIVIL 
AVIATION ORGANIZATION 

ORGANIZACIÖN DE AVIACIÖN 
CIVIL  INTERNACIONAL 

ORGANISATION DE L'AVIATION 
CIVILE INTERNATIONALE 

MEWflyHAPOflHAR  OPrAHH3AI4HR 
rPAWAAHCHOR   ABHAUMH 

P.O. BOX 400. SUCCUHSALE: PLACE DE L'AVIATION INTERNATIONALE, 
1000SHERBROOKE STREET WEST, MONTREAL, QUEBEC, CANADA H3A 202 

CABLES:   ICAO MONTREAL 
TELEX:     05 24513 
CENTREX 
OFFICE TEL.: 

Ref.: AN 3/32 - 76/111 14 July 1976 

Subject: Damage to aircraft caused by bird 
strikes - Provision of bird strike data to 
ICAO 
Action required: Submit bird strike data 
as outlined in paragraph 2 

Sir, 

1. I invite your attention to my letter AN 3/32 - 71/150 dated 28 October 1971 in 
which I had requested your Government to provide ICAO with yearly analyses of the bird 
strike data. Approximately twenty-five States have been submitting regularly the required 
analyses and these have been found to be very useful by the Airworthiness Committee in its 
study of aircraft design problems related to bird criteria. 

2. It has been suggested that the existing bird strike reporting system could be 
further utilized to identify locations where bird problems have arisen by sending copies 
of the individual bird strike reports, in Bird Strike/Incident Report Form attached to 
State letter AN 3/32 - 64/195 dated 5 January 1965, direct to: 

a) the State in which the bird strike is determined to have occurred; and 

b) in the case of a strike in the immediate vicinity of an airport, also 
to the Airport Authority where the strike occurred. 

It is believed that this action would alert local authorities of the possible need to 
initiate bird control measures. For maximum effectiveness, such reports should be trans- 
mitted as soon as they are prepared. 

3. May I request your Government to take the necessary action to provide the 
additional service referred to above. The yearly analyses of the bird strike data 
requested in State letter AN 3/32 - 71/150 dated 28 October 1971 should continue to be 
sent to ICAO. 

Accept, Sir, the assurances of my highest consideration. 

Atk3.l\le<*4M**f 

f- Assad Kotaite Secretary General 

/ ■•. 
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BIRD STRIKE COMMITTEE EUROPE 

LONDON, 2^-28 May 1976 

Ref: BSCE/11 WP 7 

HEIGHT DISTRIBUTION OF BIRD MOVEMENTS IN 
SOUTHERN SWEDEN MEASURED BY RADAR SEPT-OCT 1976 

B Larsson, Sweden 

Complete Paper 
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BSCE/11 WP7 

BIRD STRIKE COMMITTEE EUROPE 

HEIGHT DISTRIBUTION OF BIRD MOVEMENTS IN SOUTHERN SWEDEN MEASURED BY RADAR 
by B. Larsson, Meteorologist, Swedish Air Force 

Within the frame of a project of developing methods to reduce bird hazards 
to aircraft, surveillance radars have been used for several years in order 
to detect and define areas of especially high concentrations of migrating 
birds over southern Sweden. But a problem with the MSRE" is that you 
cannot determine the height of the bird echoes. During the period 25 Sep 
to 10 Oct 1975 another type of radar was employed in order to find out 
the height distribution of the migrating birds. 

The radar used was a Selenia Meteor 200 (X-band, peak-power 200 kW and 
beamwidth 1.65 degrees, normally used as a weather and wind-finding radar) 
located at Ljungbyhed in the southern-most part of Sweden. With the wind- 
finding equipment it is possible to measure the height of a bird echo 
with an accuracy of ^50 m within a distance of 15 km. Beyond 15 km the 
radar can only detect flocks consisting of many or/and big birds; mostly 
due to the low peak power and the fact that a flock will not "fill the 
beam" at a longer distance. Measuring the height of each echo randomly 
encountered was found to give an erroneous picture of the height dis- 
tribution. 

However, the PPI was also photographed with Polaroid film every hour from 
06 to l4 hrs LMT (Monday to Friday, if there was not too much precipita- 
tion). Photos were taken at the elevations of 1.5» 3*75i 6.0 and 9.0 
degrees (sometimes also 15 degrees and a RHI photo). The exposing time 
was 1 to 3 minutes. About 200 pictures were taken and the result can be 
seen in appendix 3 and k.    The evaluation of the pictures was carried out 
as follows. Within a "window" with a ground area of 25 km2 located over 
a suitable area of the picture all echoes were counted. From the 1.5 
degree photo the concentration of echoes in the layer 100 to 200 m was 
obtained, from the 3.75 degree photo that between 200 and 500 m, and so on. 
No measurement below 100 m was possible due to many disturbing ground 
echoes. 

In the beginning of the period the weather was rather cloudy and rainy 
with low clod bases and mostly southerly winds. Therefore little migra- 
tion took place. Some days, however, birds were flying between or over 
clouds even if the lowest cloudlayer was complete. On 5 Oct a rather deep 
low passed southern Sweden, and behind it a strong northerly wind brought 
down dry and cold air (see appendix 2). On the following days the most 
intense migration of Wood-Pigeons for the whole autumn was recorded. As 
seen in appendix 1 the maximum height repeatedly exceeded 1500 m. On 
8 Oct there were so many echoes on the screen in the morning that it was 
almost impossible to count them on the photo. Therefore no photoes were 
taken at lower elevations between 0630 and 08^0 hrs LMT, which, in retro- 
spect was a mistake. 

During the period 29 March to 9 April 1976 a new series of measurement 
using the same technique has been collected. This time also Ronneby and 
Kalmar were involved (see appendix 5). Visual bird observations made by 
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military pilots flying at Angelholm, Ljungbyhed, Ronneby and Kalmar were 
also collected Monday to Friday during these two weeks. The results from 
this period are not yet available. 

Conclusion 

The Meteor 200 is very useful to determine the height distribution of 
bird migration within a distance of 15 km. If special equipment for the 
purpose is unavailable, it is possible to take Polaroid photos and to 
evaluate the echo concentration by hand. At present it is impossible to 
determine the different species. Radar work therefore should be coupled 
with field observations of the migrating birds carried out by competent 
ornithologists. To get a complete picture of the migration pattern over 
a larger area it is necessary to use the X-band radar in combination with 
a surveillance (L-band) radar. 
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He: LRht Distribution of Bird Ec hoes evaluated from Polaroid Photo ̂rat)hs. 

Time Number of Echo es per 100m and 25 km'" V.aximu 

Date_ (LMT| J00z200m 200-500 _500-1000 1000-2000_ 2000-3000 Height 

25 Sep 1115 4 200 

26 Sep 0920 2 200 

29 Sep 0600 tm ^ _ 22        14 245O 
O64O 7 15 7 5 I4OO 

0835 6 21 11 4 1750 
. 0945 4 7 2 850 

1100 11 5 2 6 1200 

30 Sep 0630 10 200 

0740 20 11 5 1000 
i 0910 19 10 2 2 1350 

1010 10 6 2 1 1400 

1 1320 1 2 750 

1 Oct 0625 
0650 

2 
16 

2 500 
200 

0750 8 4 3 650 

1330 1 200 

2 Oot 0600 12 18 17 8 1250 

0700 3 4 1 1 1450 
0800 9 2 500 

a 0915 8 5 500 

1110 Z 5 2 1000 

- 6 Oct 0930 2 2 500 

7 Oct 0820 15 4 3 3000 

8 Oot 0545 24 19 17 10       9 2200 

0630 -. - 13       6" 27OO 

0650 _. _ - 5       6 2600 

0720 _ - - 8       3 3000 

0750 — - - 11        4 2700 

0840 _ _ M) 12       3 2700 
. 0930 9 15 12 3 1800 

1125 3 3 2 1000 

1305 1 2 1000 

- 
9 Oct 0425 15 11 4 2 1700 

0455 18 12 4 3 1200 

0540 11 14 11 8 2000 

0640 21 15 9 9 1400 

0755 3 15 6 5 I35O 
0900 9 10 2 1 1550 
1140 3 3 1 1 1550 

1320 3 500 

10 Oot 0620 11 11 6 6 1200 
0900 5 11 2 1000 

1030 5 4 3 3 1200 
1150 2 

No 

3 

Photo 

2 3 1200 
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Current work on the problem of collisions between birds and , 

aircraft in Sweden 

Thomas Alerstam & Johnny Karlsson 

A project group with representatives from the Air Force, the 

Board of Civil Aviation and the Department of Animal Ecology, 

University of Lund, has the mandate to carry out investigations 

about the problem of collisions between birds and aircraft in 

Sweden. This work started in 19 71, and some recent results and 

current plans will be briefly described in this report. 

The primary goal of the group is to develop a system to fore- 

cast important concentrations of migrating birds in space and 

time. This project involves extensive studies on the process of 

bird migration over wide geographical areas. Radar and field 

observations have been conducted in several springs and autumns 

in order to gather information, essential for a reliable forecast 

system, about the behaviour of different bird species: 

a) Geographical distribution. For many bird species or cate- 

gories of species the geographical migration patterns have been 

mapped in detail. Special studies have been devoted to the migra- 

tion of eider, crane and wood-pigeon, and the migratory patterns 

of many passerines, both diurnal and nocturnal migrants, have 

also been analysed. 

b) Flight altitudes. Until recently studies on the birds' 

flight altitudes have been carried out on a small scale only. 

Some results have been obtained for migrating eider and crane 

flocks. However, last year Mr. Bertil Larsson, a meteorologist, 

was adjoined to the group. He is engaged in the study of flight 

altitudes under different environmental conditions and will inform 

the BSCE-meeting of his work in a separate report. 

c) The influence of weather on bird migration. Short-term 

variation in migratory intensity is closely related to changing 

weather conditions. Detailed and reliable forecasts of the risks 

for bird collisions have to be based on extensive statistical 

analyses of the association between migratory activity of different 
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bird species and weather. Such analyses are presently conducted 

for the relation between weather and (i) the intensity of low- 

altitude visible migration (diurnal), (ii) the intensity of high- 

altitude radar migration (diurnal and nocturnal) and (iii) the 

number of night-migrants trapped at a bird station in the early 

morning after the preceeding night's migration. Multivariate 

statistical analyses (multiple regression, discriminant and 

factor analysis) are used. 

I The results obtained from the studies described above will 

be combined into a forecast system. Although such a system has 

not yet been introduced in Sweden, information about the occurrence 

of bird concentrations based on preliminary studies has from time 

to time been communicated to aviation authorities. 

. A brief presentation "Survey of concentrations of migrating 

birds during the autumn (1 July - 15 November) in South Sweden" 

(in Swedish) was published in the first part of 1975. This presen- 

tation contains three principal sections: (i) Maps illustrating 

the occurrence of certain abundant bird species in different 

geographical regions, (ii) Graphs showing the seasonal and diel 

distribution of intensive migratory activity, (iii) Warnings for 

high bird hazards over different areas and during different 

times of the season and the day. These warning have already been 

heeded by the Air Force in planning the periods and areas of 

intensive flight training. 

Recent progress in our knowledge about the bird-collision 

problems in Sweden and the imminent introduction of a "bird fore- 

cast system" have called for a general presentation of these 

tApics to all different categories of personel involved in 

aviation. For that purpose, a book "Birds and Aviation" (in Swe- 

dish) was published in autumn 1975, and is presently used as a 

tool at a number of different courses. This book contains six 

chapters. 

1) The bird fauna of Sweden - a general presentation. The 

distribution and densities of different birds in different seasons 

and in different habitats are presented and related to factors 

influencing their abundance. Furthermore, a brief overview is 

given,for example, of population dynamics, inter- and intra- 

specific competition, predation, hunting and the significance 

of available food for population sizes. 
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2) The bird fauna of the airfield. The commonest bird species 

to be observed at Swedish airfields in different seasons are 

presented, and notes about their habits and choice of food are 

included. This chapter is illustrated with photographs of a large 

proportion of the birds involved and may thus serve as a guide to 

identification of the species. 

3) Bird migration. Migratory habits of North European birds 

are described on the basis of results from ringing, field obser- 

vations and radar studies. Relations between breeding, resting 

and wintering areas are surveyed and migration seasons for 

different species are discussed. The process of the migration , 

flight is also touched upon, including the speed, altitude and 

geographical pattern. The association between migration and 

certain weather variables, particularly winds, as well as the 

orientational and navigational capabilities of migrating birds 

are also mentioned. 

4) Collisions between birds and aircraft. Statistics about 

collisions in Sweden from 196 7 to 19 74 are presented for both 

civil and military air traffic. Serious accidents from interna- 

tional records as well as six total losses of military aircraft 

in Sweden due to bird collisions are discussed in some detail. 

5) Actions to prevent collisions. The role of vegetation, 

topography, garbage dumps and different hunting techniques for 

bird numbers at airfields is discussed, and recommendations 

are issued. The efficiency of different types of scaring devices, 

methods of decimating bird populations and techniques of survey 

of the airfield is evaluated. The basic features of the future 

forecast system are also described. 

6) Table of the Swedish bird fauna. Condensed information 

about geographical distribution during different seasons, choice 

of habitat, migration periods, population size and body weight 

is presented for all Swedish bird species. 

The books mentioned above are at the present used in the 

education of air traffic leaders and other categories of people 

working at the airports. Furthermore, steps are currently being 

A 
yr*/ 



BSCE 11 - WP 8 

taken to include the bird/aircraft-problem in the basic education 

of all categories of pilots, and the book "Birds and Aviation" 

is planned to be used as a course book. 

The specific bird problems at the airports are investigated 

by competent biologists, resulting in working plans which, for 

each airport, describes what can be done to reduce the abundance 

of birds. Primary attention is directed towards preventive 

measures, such as making the environment less attractive to 

birds; it is especially important to minimize the production and 

availability of food for those bird species that are known to 

create the greatest problem for the aviation. 

At the 10th BSCE meeting there appeared a short report on 

some experiment with laser beams as a scaring device. The work 

with this equipment will continue in the future. This summer 

experiments will be initiated with a machine-gun dummy (originally 

constructed for military purposes), to test its effect as a bird 

scaring device. The equipment is composed of a number of mobile 

"loud-speakers" (pneumatic noise generation). From a remote 

control unit the loud-speakers can be made to emit a noise 

identical with that from a machine-gun. The control unit can be 

placed in a traffic tower or in a car. Compared with conventional 

gas-canons, this equipment seems to have many advantages: the 

loud-speakers are easy to move and the exact time and length of 

their operation can be remotely controlled. These factors may 

considerably reduce the rate at which the birds become accustomed 

to the scaring device. 

A 
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Bird Hazards at John F. Kennedy 
International Airport -- The Problem 

and Suggested Remedies 

John L. Seubert 
U.S. Pish & Wildlife Service 

INTRODUCTION 

On November 12, 1975, a DC-10 was lost at John F. Kennedy Inter- 

national Airport because of bird strikes. The Overseas National Airways 

jet with 139 people on board collided with many gulls on takeoff roll 

when the aircraft was accelerating past 100 knots.  The time was 1310, 
(24.14 km). 

the runway was wet, and visibility was 15 miles / The gull flock, esti- 

mated at about 100 birds, apparently was on the runway, and a gull (or 

gulls) was ingested into number 3 engine, which exploded and separated 

from the aircraft. Abort procedures were initiated and the aircraft was 
(4.44-km), 

stopped near the end of the 14,572-foot runway/ All 139 people aboard, 

0NA employees, survived the accident. The aircraft was destroyed by fire. 

Our post-accident inspection revealed the remains of 13 immature 

herring gulls (Larus areentatus). and two immature and seven adult great 

black-backed gulls (Larus marinus). Feather remains recovered from the 

number 3 engine indicated that at least one great black-backed gull had 

been ingested. This species may weigh as much as 4-1/2 pounds (2.04 kg). 

Subsequent to the incident and at the request of the Federal Aviation 

Administration, the U.S. Fish and Wildlife Service conducted an ecological 

study of bird hazards at JFK to provide a basis for recommendations to 

alleviate JFK bird hazards.1 This paper briefly presents and discusses 

the results of our investigation which was carried out during the winter 

of 1975-76. 
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THE PROBLEM 

JFK has had serious bird problems because there are many area 

features that are highly attractive to birds--nearby garbage dumps that 

attract thousands of gulls; the close proxitm* ty of Jamaica Bay, an area 

that attracts thousands of birds of many species; and airport habitat that 

attracts and supports a variety of species. 

Gull Flocks and Garbage 

We consider gulls to be the major hazard to aircraft operations at 

JFK because of their large size, flocking behavior, and large concentra- 

tions throughout the year in the Jamaica Bay area. These populations 

consist of herring gulls, great black-backed gulls, and ring-billed gulls 

(Larus delawarensis). Some 500,000 gulls migrate through the New York 

metropolitan area every fall, and up to 200,000 gulls may overwinter in 

the area, the largest concentration of gulls on the Atlantic Coast 

(personal communication, William H. Drury, Jr.; Kadlec and Drury 1968).2 

These large gull populations occur and thrive, to a great degree, because 

of the abundance of food in the form of garbage in the New York area. 

The bird problem at JFK is mainly a gull problem, caused principally by 

the close proximity of two large garbage landfills that attract thousands 

of gulls.  The Edgemere landfill, located on the Rockaway peninsula, is 

about 7,000 feet southeast, and the Fountain Avenue fill is located about 

17,000 feet west of the airport. 

Starlings. Roost, and Food 

Starlings (Sturnus vulgaris) are of high potential hazard to air- 

craft. Some 10,000 starlings fly over the runways at dusk to roost in 



conifer trees in the terminal area. At dawn, the birds return to their 

feeding grounds, again flying over runways.  At least 1,000 starlings 

have been observed feeding at both Edgetnere and Fountain Avenue dumps. 

Starlings in scattered small flocks have been observed feeding in the 

bayberry (Myrica sp.) bushes near a runway. 

Waterfowl. Jamaica Bay, and Pools 

Greater scaups (Aythya marila). canvasbacks (Aytha valisineria). 

black ducks (Anas rubripes), mallards (Anas platyrhynchos). American 

wieeonsfAnas americana). brants (Branta bernicla). and Canada geese 

(Branta canadensis) also are considered potential hazards to aircraft 

because they use airport water areas and occur mainly in the fall and 

winter in large concentrations adjacent to the airport. These waterfowl 

species feed and rest on the mudflats and the water of Jamaica Bay. 

Black ducks and mallards have been observed resting in the pot-hole 

pools located in grassy areas on the airport. 

Shorebirds and Tidal Flats 

Several species of shorebirds (Charadriidae and Scolopacidae) commonly 

occur on the tidal flats adjacent to the airport during the spring and fall 

migration periods. At high tide, many of these birds fly to the grassy 

strips alongside the taxiways and runways. 

Other Birds and Airport Habitat 

Small passerine birds, such as snow buntings (Plectrophenax nivalis). 

and Lapland longspurs (Calcarius lapponicus) winter at the airport.  These 

open-country species feed and rest in the sandy and short-grass areas of 

the airport. Large flocks of mourning doves (Zenaida macroura) occasionally 

fly low over runways to feeding grounds in grassy areas. 

fr9 



Ring-necked pheasants (Phasianus colchicus) inhabit the heavy brush 

and grassy areas on the airport.  Occasionally, a pheasant will fly low 

over the runways and taxiways. 

Pigeons (Columba 11via) feed on the airport, and many of them roost 

in hangars.  Incidental to aircraft hazard, pigeon droppings deface and 

accelerate deterioration of aircraft, buildings, and equipment. 

Sparrow hawks (Falco sparverius), marsh hawks (Circus cyaneus), rough- 

legged hawks (Buteo lagopus). snowy owls (Nyctea scandiaca). and short- 

eared owls (Asto flammeus) occur on the airport. These raptors generally 

hunt in the vicinity of runways, crossing them on occasion, particularly 

early in the morning and late in the afternoon. These birds prey on 

rodents, rabbits, and small birds. Some hawks may even nest on the airport. 

Bird Attractants 

Birds occur on airports for food, water, shelter, safety, nesting, 

loafing, and roosting, and for resting during migration. There are many 

attractants to birds at JFK. 

Vegetation.--Most of the vegetation on the airport is composed of 

beach grass (Ammophila sp.), beard grass (Andropogon sp.). and forbs, which 

are maintained in a lawn-like condition. Dense growths of common reedgrass 

(Phragmites communis) make up about one-fifth of the tall vegetation; these 

robust plants grow to a height of several feet, primarily in low moist 

spots«,  Goldenrods (Solidago sp.), sunflowers (Helianthus sp.), and other 

composites are found mixed with the tall grasses.  Scattered bayberry 

bushes also are present. A few scattered trees and shrubs, primarily 

black locust (Robinia pseudoacacia), and cherries (Prunus sp.) occur at 

/ 
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the northwest portion of the airport.  Starlings, blackbirds, mourning 

doves, and other species use airport vegetation for feeding, nesting, and 

roosting. 

Hundreds of exotic Austrian pine (Pinus nigra) trees have been planted 

for decorative purposes in the Chapel Pool - passenger terminal area. 

Starlings use these pines as roosting sites. 

Water.--Water in rain puddles, drainage ditches, streams, pools, and 

ponds attracts birds for bathing, drinking, or loafing. Also, water areas 

are apt to provide a variety of bird foods, such as pondweeds, small fish, 

tadpoles, frogs, insect larvae, and other invertebrates. Small bodies of 

water also provide drinking places for mammals. 

A 2-acre Chapel Pool is the only man-made impoundment at the airport. 

It is highly attractive to gulls.  Immediately following rainfall, many 

temporary pools of water form on the automobile parking lots adjacent to 

Chapel Pool, in depressions of taxiways, along runways, and on roofs of 

certain airline terminal buildings. Many ponds and nearby marshy areas 

also are located in grassy areas at the eastern end of the airport between 

runways. These marshy areas are highly attractive to birds and mammals; 

one area contains a muskrat (Ondatra zibethica) house. 

Storm sewer outlets.--Storm sewer outlets occur around the periphery 

of the airport. They attract numerous gulls, shorebirds, starlings, and 

waterfowl. 

Tidal flats.--The south, southeast, and southwest edges of JFK 

airport border Jamaica Bay. The beach and nearby mudflats attract many 

gulls and shorebirds, particularly at low tide.  When the mudflats are 
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covered at high tide, many gulls rest on promontories such as a sand 

spit located directly east of the approach pier of a runway, the pier 

itself, and the approach pier to an abandoned runway.  Gulls fly over 

critical airport airspace (e.g., runways, approaches), and congregate on 

the airport. 

Buildings.--Several facility buildings, hangars, and equipment sheds 

provide nesting, resting, and roosting sites for pigeons, starlings, and 

house sparrows (Passer domesticus). 

Mammals.--Field mice (Microtus sp.), Norway rats (Rattus norvegicus), 

rabbits (Sylvilagus sp.K and black-tailed jack rabbits (Lepus californicus) 

occur on the airport. These mammals are food sources for avian predators 

and feral dogs that occur on the airport. Carcasses of mammals also 

attract gulls. 

Waste paper« garbage, and food scraps.--During the time of this study, 

waste paper and garbage were strewn on the airport.  In some instances, 

employees of airlines had thrown garbage on hardstand areas. Employees 

were observed feeding food scraps to gulls and other birds at the airport. 

Waste paper, garbage, and food scraps attract birds. 

RECOMMENDATIONS 

The most effective method of discouraging birds from frequenting JFK 

airport and vicinity is to make the airport as unattractive to birds as 

possible, using bird patrols, modifying airport habitats, and changing 

land-use in the airport area.  Thus, the following recommendations are 

made: 

1. Maintain an agressive and vigilant shotgun patrol, using two or 
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more vehicles and operating 7 days a week from dawn to dusk 365 days 

per year to repel gulls and other birds from the airport. 

2. Communicate with the City of New York concerning the severe 

problem created by the Edgemere and Fountain Avenue landfills that are 

food sources for birds that are hazards to aviation safety. Make every 

effort to influence the City of New York to:  (a) close nearby garbage 

landfills or operate them so they will not be primary gull food sources; 

(b) prohibit the development of proposed landfills near the airport; and 

(c) pursue modem methods of solid-waste disposal (e.g., the resource re- 

covery systems presently in use at Saugus, Massachusetts). 

3. Drain the Chapel Pool and develop alternative landscaping that 

will be unattractive to birds. 

4. Drain and fill all ponds and marshy areas on the airport, and 

fill all depressions on the parking lots. 

5. Remove two out of every three pine trees on the airport, par- 

ticularly in the Chapel Pool - passenger terminal area. 

6. Remove all bayberry bushes, stands of Phragmites. scattered 

trees, and other vegetation used for feeding, roosting, and nesting. 

7. Evaluate, with the assistance of expert consultants, plant 

species that would be suitable for use on the soil types found on JFK. 

These should be species that are unattractive to birds, mammals, and 

insects, and that present no undue fire hazard. 

8. Institute and enforce regulations to ban the feeding of birds 

on the airport. 

9. Institute and enforce regulations and/or housekeeping measures 

that will eliminate litter and garbage on the airport. 

/ 

-? 



10. Trap or shoot all pigeons, ring-necked pheasant«, cottontail 

rabbits, black-tailed jack rabbits, muskrats, and free-running dogs on 

the airport.  (Consult local and State laws for permission to remove these 

animals.) 

11. Trap or poison small rodents. 

12. Remove the old pier extending into Jamaica Bay. 

13. Extend drainage outlets farther into Jamaica Bay by several 

hundred yards. 

14. Arrange for the routine and immediate removal of all animal 

carcasses found on the airport. 

15. Modify hangars and other airport buildings to eliminate ponding 

of water on roofs, and to discourage nesting and roosting of pigeons, house 

sparrows, starlings, and other birds. 

16. Consult with ornithologists/ecologists about ways of lessening 

the attractiveness of the airport/Jamaica Bay beach to gulls and shorebirds. 

17. Hire a full-time wildlife biologist/ornithologist to develop, 

implement, and direct all bird-management programs and activities at JFK. 

18. Maintain accurate and complete records of:  (a) bird/plane 

strikes; (b) activities of shotgun patrols; (c) unusual bird movements and 

habits; and (d) related bird observations. 

19. Provide routine training to bird patrols and all other personnel 

involved with the bird problem at JFK. 

20. Develop an Airport Bird Management Plan for JFK, documenting 

actions to be taken and target dates when appropriate. 

Reducing bird hazards at JFK, as well as at other airports with 
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similar problems, takes motivation, money, and time.  JFK has instituted 

habitat alteration and bird patrols that,hopefully, will reduce bird 

hazards.  The situation, however, will require constant vigilance and 

persistence. 
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EXPERIMENT OF PRESENTATION OF ACTUAL BIRD INTENSITY 

IN A "0 TO 8" SCALE ON A DISPLAY UNIT 

BY CDT JACOBS T. 

Belgian Air Force 

»Since the bird strike problem "en route" differs completely as far as 

the military and civil aviation are concerned, and as the Belgian 

civil aviation shows no real interest for the problem I will limit 

this lecture to the one main item and/or problem : 

11 Bird strikes in military aviation " 

For the last ten years now, and this since the start of the "Radar 

Working Group" in 1966, the Belgian Air Force Staff has insisted per- 

forming maximum effort to limit the bird strikes to a strict minimum. 

After the example of the Royal Netherlands Air Force a Belgian obser- 

vation system was build up at the radar site Semmerzake. By means of 

Polaroid pictures intensity of bird migration was estimated and migra- 

tion warnings were reported not only to the Belgian units but also to 

foreign countries. 

An operational instruction was issued and distributed, explaining the 

complete warning system and responsabilities, including all measures 

and/or actions as far as flying restrictions were concerned. 

Meanwhile ornithologists and scientific specialists finished a re- 

search programme. 

In 1975 a national hird strike committee was founded. The organisation, 

control and guard against bird strikes was handed over to the Meteoro- 

logical Wing of the Belgian Air Force. Furthermore the Radar site at 

Semmerzake is now (partly) an automatic site and the Military Traffic 

Coordination Centre (Belga Radar) is equiped with a STANSAAB (Swedish) 

computer. 

Before the automatization of this MTCC, the estimation of the bird 

intensity was done by the duty chief controller. He was to rely on 

the polaroid pictures and, of course, on his own experience interpreting 

these pictures. 
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Sometimes the interpretation was under- or overostimn't ori which resul- 

ted in either : 

- ignorance of the strike risks by the pilots (this in.-; case of an 

underestimation) 

- or in unnecessary aircraft groundings (in case of an overestimation) 

Tents proved that the video extractor is able to handle bird echoes 

and therefore a program was written out to enable electronic counting 

of bird echoes. During the tenth Meeting in Stockholm 1975 Lt Soetens 

explained the experimental bird counting with a real time computer 

(see working paper /12). Any committee member who is interested in 

the technical details and/or lay out of the programme may write to the 

following address : 

BELGIAN AIR FORCE 

SEROS 

Molenstraat 7 

B-97^0  GAVERE 

BELGIUM 

Of course visitors are welcome on rendez-vous. 

CALIBRATION 

During the last two migration seasons, counting .was done electroni- 

cally- Obtained figures were then compared with the polaroi* pictures 

taken at the same time on a raw video screen. Results of electronic 

counting were more than satisfactory and after comparing them with the 

Polaroid pictures, fixed intensity rates were inserted into the pro- 

gramme. Thereby the intensity (0 to 8) is now automatically printed 

out on the electronic display device. 

Counting was done in a predetermined sector 20° in azimtth and 10 NM 

in range/This automatically displayed sector can be put anywhere on 

the scope providing an indication symbol is put (by means of a rolling 

ball) in the centre of the sector in which we want to do the counting 

of the bird echoes. 
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OPERATING PROCEDURES 

As Boon as a suspected bird echo is observed on the screen by the cor. 

trollers following procedures are applicable : 

1. Start the automatic tracking for one echo (for information thero 

are no speed limits in the programme). If reasonable speed and 

heading is obtained the controller may be sure, he is dealing with 

a bird echo. 

2. Select the highest density area. 

As said before, the sector will be displayed on the scope by bringias 

the indication symbol in the centre of this high density area. 

3. Read out the bird intensity (in 0 to 8 scale). 

After a maximum time of 25 seconds the result is displayed on tht 

screen. The bird intensity can be acquired on each of the 1*f contra 

points in the MTCC. 

h.  The actual bird intensity is broadcast to all Belgian military air 

fields specifying intensity per zone. 

Remark : The Belgian territory is divided into two zones : 

- The coastal zone : over the sea and along the coast 10 NM 

inland. 

- Over land : south - east of this line. 

5. Flying restrictions become effective depending the bird intensity. 

6. All military traffic on low level over Belgium is informed about the 

intensity via a broadcast on the flight information frequency 

(307.7 Mcs.). Pilots can than start all necessary security measures 

immediately (e.g. visor down, speed reducing, etc.). 

7. In case of intensity "5" or higher all low level traffic is post- 

poned or derouted, depending the zone of high bird intensity. 

8. When reaching intensity "5" a "BIRDTAM" is transmitted to all member 

nations of the committee. 



DISPLAY OF BIRD INTENSITY IN THE FLYING UNITS 

At this moment the Belgian Air Force is developing an automatic trans- 

mission system, allowing the Meteorological Wing to update the wing 

operation totes. Bird migration warning will complete Met Info. 

CONCLUSION 

1 . As a reminder, this lecture is only dealing with a procedure to 

avoid birdstrikes of military aircraft "en route". 

2. Our system for automatic echo counting, defining and displaying of 

bird intensity with the help of a computer is not a technical miracle, 

but at least, all possible human errors in estimating the intensity 

are now eliminated. 

3» This system is much faster than the polaroid picture taking i   from 

15 minutes down to 25 seconds. 

k.  The handling is easy for the controllers. 

5. No additional hardware or cost is required. 

***** 
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STARTLING OF BIRDS BY LIGHT: EXPERIMENTAL MEASURES; CURRENT RESEARCH 

M LATY S.T.NA. PARIS 

In conjunction with, and under the instructions of, the "Service Technique 
de la Navigation Aerienne", the main airport of Marseille - Marignane has 
established a Research Laboratory which has for several years been 
carrying out studies on appropriate methods of scaring birds from the 
airports and keeping them away from the paths of aircraft. 

This report states the progress which has been made in current studies and 
describes two installations. One is designed solely for the protection 
of airports. The other could fulfil two functions: self-protection of 
aircraft in flight and the safety of airports. In both cases we attempted 
to cause the birds to fly off as a result of light sensations. 

Before describing the two installations used in the experiments, let us 
recall some aspects of the anatomy of the eye and of the physiology of 
vision in birds. 

Visually, colours are seen as a result of action by radiation in solar 
light on the retina. Each colour is distinguished only when a specific 
intensity of light is obtained: the visual perception of light precedes 
that of colour. 

Birds possess a retina combining both cone-shaped and rod-shaped visual 
cells. 

The rod-shaped cells contain the visual purple; the conic cells enclose at 
their peak a pattern of oily droplets, whose predominant colours, red, 
orange and yellow, seem to signify filtration by absorption of short-wave 
radiation before light penetrates the cones. 

The proportion of these types of cells in the retina varies according to 
the species of bird. Generally, diurnal birds possess a cone-type retina 
whereas the rod-type retina is usually more prevalent in nocturnal species. 

The discolouring capacity of the various radiations in the spectrum with 
respect to purple differs according to the length of the wave and decreases 
from red radiations which discolour slowly and poorly to blue-violet 
radiations which discolour rapidly and completely. The sensitivity of the 
retina to light seems to be precisely a function of the discolouring 
chemical action of the various radiations in relation to purple: the more 
a radiation discolours purple the greater the effect on the retina. 

Research has shown that the retina of a bird acts not only as a receiver 
but also as a centre which can carry out complicated processes of analysis 
of sensorial messages. The optical nerve seems to be a means of inter- 
central association and not simply a means of transmitting the single 
nerve influx. 

The presence of transversal as well as longitudinal organisation has been 
found in the retina of birds. If the activity of the nerve cells which 
make up the retina is recorded in a pigeon, it can be seen that they do not 
all have the same properties but that six different groups are present. 

m 
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'Phe first group acts as a "vertical detector".  These cells are sensitive 
to the vertical limits present in their field of vision. The cell responds 
to the image which it forms on the retina if the object has a vertical com- 
ponent. These cells are not stimulated by changes in light or by small 
objects. 

The second group of cells functions as a "horizontal detector". These cells 
respond if an object with a horizontal component lies in their field of 
vision but they do not react to small objects or to diffused light. 

The cells in the third group are "form detectors". They are brought into 
play by the edge of the object no matter what its shape. 

The fourth group of cells are "detectors of direction of movement". They 
give a maximum response if the edge of an object moves in a determined 
direction in the receiving field. 

The fifth group comprises cells which react if a convex object moves in 
the receiving field. These cells are "detectors of convex forms". 

The sixth group of cells are "light detectors". Their activity is con- 
tinuous and proportional to the intensity of the light. These cells are 
active in the perception of colours. 

The cells in the first five groups only respond to contrasts of light in 
their visual fields according to horizontal, vertical or convex limits. 
These cells do not respond to uniform light in the whole of the field. 

The ganglion cells of a bird's retina transform this quantitative 
information to qualitative information by means of the optical nerve to 
the visual areas of the encephalus. Thus they have an analysing role 
and transmit an interpretation of the image and not the image itself to the 
cortex. 

METHODS CURRENTLY UNDER EXPERIMENTATION 

At first we tried to assess the reaction of the birds when near flashing 
lights which were similar to or more powerful than those used on aircraft. 

For this purpose we used a 65cm diameter parabolic reflector at whose 
focal point we placed 2 xenon stroboscopic flash tubes. These provided a 
flash of 30,000 watts each in 1/20000 of a second. The light is white, 
but each of these lamps can be covered by a coloured filter. Each flash 
light is controlled by an independent mechanism which varies the flicker 
speed. A multivibrator regulates the speed of passing from one tube to the 
Other. 

After numerous tests had been carried out on the ground on a household 
refuse tip and at Marignane airport by the Etang de Berre, we noted that 
the birds flew off only at a distance not exceeding *K) metres when the 
colour blue was used. Red and white seemed much less effective. The fre- 
quency of the flashes had not to be more than 100 cycles per second. 

The birds which flew off in this way were herring gulls and jackdaws. It 
is possible that other species of bird may have reacted differently. 

t 
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Following on this first experiment we worked on producing n pioco of 
equipment capable of generating a high degree of light energy which 
would reach birds at a distance of about 1 kilometres over a field of 
several dozen metres to either side. To this purpose we used a "barrel" 
type parabolic reflector which gave out a beam approaching the form of a 

square cosecant. 

The pinpoint source of light impulses consists of 2 tungsten electrodes, 
open to the air, which are placed around an auxiliary electrode designed 
to ionise the inter-electrode area. 

To control the moment of discharge, the electrodes are placed at a dis- 
tance from one another in such a way that the disruptive voltage is 
greater than the load voltage of the condensers; the spark will occur 
when a sudden and very high over-voltage is applied to the auxiliary 

electrode. 

The very short and intense flash of light given out by the sudden release 
of energy is accompanied by sound waves and infra-sonic and ultra-sonic 
waves as a result of the abrupt expansion of the air surrounding the spark. 
This acoustic radiation can greatly affect the behaviour of the birds; its 
effect should probably be added to that of the light beam. By rendering 
sensitive the 2 main distance perception faculties, of the bird, this 
method could make it possible to act simultaneously on the pschovisual 
part of the brain via the visual area, the thalamus and the optical nerve, 
and on the psycho-auditive sector; the birds can be induced to fly away 
by a combined action on the motor projection areas. 

After about 100 tests it became evident that the equipment described above 
caused birds to fly off from the ground up to a distance of 800 metres 
using 300 Joules energy in 3 microseconds. The total power radiated in the 
ultra-violet and in the visible range was about 2MW. 

We are now experimenting with independent testing of the effects of defla- 

gration and of light. 

If this equipment proves effective, it could automatically ensure pro- 
tection against birds in certain active areas of airports. 

In order to ensure the self-protection of an aircraft in flight, the speed 
of the aircraft must be borne in mind. One possible solution would be to 
give the bird sufficient advance warning; that is at a great enough distance 
ahead, so that it has time to get out of the path of the aircraft before 
it strikes him. For this to happen, the bird must treat the signal sent 
out by the plane as a forerunner of the "aircraft danger" and the signal 
must induce the bird to react accordingly and fly away from the impending 
dangerous object. This is, in a way, what happened with the piston-engine 
planes the noise of whose engines greatly preceded the aircraft itself. 
The perception distance of this aural signal gave the bird enough time to 
locate the danger visually and to prepare to take the appropriate avoiding 
action. Many collissions must have been avoided in this way thanks to the 
fact that the birds took avoiding action. 

The speed of modern aircraft makes it difficult to use a sonic signal in 
flight to warn birds of the approaching danger. However, a means of 
generating a light beam before the aircraft could cause the bird to adopt 
evasion tactics similar to those used before with slow noisy planes. 

/ v/ 
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We have construed such a piece of equipment experimentally and are testing 
it in real conditions. 

A laser beam is projected on to a mobile plane mirror oscillating around 
its axis in the vertical plane. The reflected beam sweeps vertically 1000 
times per second a line 100 metres long at a distance of 1 kilometre from 
the laser. This vertical sweep is taken up by a second mobile plane mirror 
in the horizontal plane. A sinusoid is obtained which, if observed from 
a distance of 1 km from the laser/mirror assembly, registers in a square 
100m x 100m. The sinusoid, which is composed of the vertical and hori- 
zontal sweep, crosses a semi-reflecting mirror. Some of the energy is 
deflected to a plane mirror arranged in such a way that the reflected beam 
interrupts at each laser impulse the part of the beam that has crossed the 

i serai-reflecting mirror. 

; The distance at which the interference occurs is a function of the angle 
! of the semi-refleeting mirror and of the plane mirror. 

[ This "cine-interferometer" device could, if placed in the nose of the 
! aircraft, materialise over an area of about a hectare, with a luminous 
: figure in the form of a sinusoid made up from points of light moving at 
the speed of the aircraft and preceding it. 

The production of visible interferences could have two effects on the 
bird: 

Firstly. When they are far from the plane, by acting on the five 
groups of retina cells which direct influxes registered by the 
horizontal, vertical, form, direction, movement and displacement 
detectors towards the intercentral association channels; 

Secondly. When they are in the area of the pyramid caused by 
the sweep, birds would receive the laser beam. The retinal 
cells of the sixth group, the light detectors, would then be 
made sensitive. 

Given that most birds have a monocular and a binocular field of vision 
the sum of whose sectors is near to 360 it is possible that the figures 
produced by interferometry could be seen and analysed from all directions. 
The aircraft would then efficiently notify the birds of its presence long 
before its appearance. 

At our present stage of developments only experiments in the field will 
allow us to note the reaction of different species of birds on seeing 
such a mobile luminous figure in space. 

/ 
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Birdstrikes German Air Force 1974/19?^.  By Dr. J. Hi Id, i\\P 

On the picture you see the development of birdstrikes in GAP during 1974/197'3. 
The absolute number of strikes didn,t increase or decrease but the relative 
number related to 10000 flying hours decreased from 5.3 (1974) to 5.0 (1975) 
for total number of birdstrikes and from 3.8 (1974) to 3.0 (1975) for the 
number of inflight birdstrikes. 

As to the months, we have partly conspicuous differences between 1974 and 1975 
depending on weather situation which influences bird movements. For instance, 
the mild winter weather in January/February 1975 favoured bird migration, cold 
weather in springtime (April) 1974 hindered bird movements whereas in April 
1975 bird migration was in motion. In August the influence of dryness or 
moisture and therefore the food for birds is important for movements; in 
August 1975 we had a moist time and 1974 we had dry periods so that bird 
migration began in late summer. The same tendency is to observe for September. 

The most conspicuous difference in total and inflight number of birdstrikes is 
to see in March. In this month (1975) we tried a new method for evaluation of 
bird movement information and publishing birdtam. This method consisted in 
the fact that we had, round the clock, 2 fully briefed biologists who followed 
bird movements on maps and analyzed weather reports. So it was possible to 
publish more detailed birdtam for special areas, to give special amendments 
and analysis of bird movement tendencies. 

As to the birdstrikes on airfields we have a small increasing in absolute 
numbers but a nearly same number related to number of movements; only 10-15$ 
of strikes induced damages as small birds have been involved. So it seems we 
succeeded in changing the ecological conditions on airfields. 

At the round airfield birdstrikes we had a positive development especially 
caused by removal of garbage dumps and changing agricultural use in the sur- 
rounding of the airfields. 

During flight - low level - we found the a.m. positive development in the 
relative rate 3.8 (1974) to 3.0 (1975). 

Very informative is the development of birdstrikes related to damages; since 
1970 the values of birdstrikes without damages are increasing, we believe this 
tendency can be declared by the fact we catch a large part of tall bird's move- 
ment by radar and publish birdtam but are not able to observe small bird's 
movement and single birds in low altitudes. In 1974/1975 there didn't happen 
accidents caused by a birdstrike, but also informative and interesting will be 
the fact that in 1974 engines were touched by birds at 37 incidents and in 1975 
only in 9 cases. 

As to the aircraft-types we observed 1975 a slowly increasing number of bird- 
strikes for the P 104 and P 4 as well as for helicopter (especially CH 53) 
but decreasing numbers for all other types. 

As to the bird species gulls caused the most strikes followed by small birds, 
buzzards, starlings, crows and lapwings. 
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Growth prohibiting substances and effects on grassland areas 

By Dr.J.Hild.GAF 

At first we have to make the following assumption which can be proveds 

- long grass areas are not so rich in birds as short grass areas - 

- the grassland must be mowed once the year in order to held those 

areas in a healthy form - 

- Flight Safety demands grass should be not too long and dry because 

of burning danger «* 

We had to develop a method to reach the aims demanded: 

- reducing birds and mowing as well as avoiding burning danger - 

In speoial experiments we tested out various growth prohibiting sub- 

stances in different mixtures on areas of 2.5 x 10 m (picture l) and 

under different soil conditionsi 

- Field I i dry, sandy with a high part of short growing grass species - 

- Field Ux wet, with vegetable mould and with a high part of long gro- 

wing grass-species - 

- Field HI tmoist,with vegetable mould and a high part of long growing 

grass-species» 

The measuring program was the following» first measurement of leaf-lengths 

before spraying out substances in may, second measurement in July and 

than every 14 days. 

The results you can take from pictures 2,3,4« The thin line shows the 

values from control areas, "Ehe thick line the values from testing areas. 

You can see a remarkable effeot on all areas but this effect is better 

on short growing grass than on long growing species} the effect is bet- 

ter the dryer the ground iaa 

This type of experiments is going on in various airfields with the aim 

to test out these substances also in mixtures with various herbicides 

under special climatological, vegetational and soil conditions in vari- 

ous areas of Germany and with different concentrations. 

Uaing such substances requires speoial ecological research before. 2y 

this method it will be possible to reach optimal grass-lengths during 

/   V 
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-2- 

veßötation period and to mow once the year in autumn or springtime; but 

depending on soil and grass -speoies you have to renounce spraying in or- 

de© to reaoh a vegetative recovery of the short growing grass - species. 
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A new problem on scaring birds on airfields induoed by planting trees 

and shrubbs. By Dr.J.Hild, GAP 

By directives of the German Ministry of Defence it is not allowed to 

have fruit bearing trees and shrubbs on airfields; an other order de- 

mands planting of trees for protection a-ainst noise, air pollution 

and sight» These two directives seem to stay in contradiction but the 

reality is that these two demands are completely compatible. 

Being based on the assumption that airfields and airports were built 

into a more or less natural landscape with corresponding bird species 

we have to realize that the natural form of landscape in most parts 

of Germany was the wood or shrubb. By cutting down the woods as done 

at construction of airfields/airports the typical wood birds - most- 

ly small birds-removed, too* Instead of woods and shrubbs large grass- 

land areas were built up, mostly grassland with extensive agricultu- 

ral use. So the corresponding birds followed t crows,lapwings,pigeons, 

starlings,hawks. The consequence was t birdstrike problem ! 

In case we are successful in changing structure of landscape on air- 

fields, that means replaoing grassland- and agricultural areas on air- 

fields/airports by woods/shrubbs the birds should change, too, the bird- 

strike risk could be reduced and the nature could be favoured in its 

natural development. But there is a very important biological or ecolo- 

gical point which is to consider in order to avoid the contrary. Affo- 

resting of woods on airfields/airports displaces balance of bird spe- 

oies quantitative and qualitative by the changed food conditions and 

nesting possibilities. By corresponding investigations we know that 

larfle and close woods have nearly the tenfold of bird species than 

grassland areas, but mostly small birds. Afforesting of trees and shrubbs 

on airfields/airports therefore should avoid large and close areas 

and should be based on special ecological research. The grassland areas 

should be planted,so far as possible,very dense with medium size trees 

and that in an uniform manner avoiding fruit bearing trees and areas 

which are too large. Between these woody areas should be planted shrubbs 

consisting on strong, hard and/or thorny species. As example I can give 

you information about such provisions on Cologne Airport. By more years 

observation we know that the different types of vegetation now show the 

following bird densitiest 

fO 
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Moist or wet grassland areas: high 

Dry grassland areas       t light 

Old woods              « hiSh 

Young woods, shrubbs      t light 

Water areas             « hi<^ 

Regarding number of birds» weight of bird, frequency of appearance and 

behavior of birds we found the following birdstrike-risk-nuraeralst 

Old wood with pinus and betula i      3«01 

Moist grassland *      «Ml 

Swamps *       2«lo 

Shrubbs(genista,Krica)      »      2.00 - I.64 

Young wood(picea abies)      t l«4l 

Moist,young wood with betula  * .1.29 

Kagarding the bird species and adding all numerals of all vegetation-types 

we found the following risk-numeralas 

3.Ö5 

3.5Ö 

3.50 

3«33 

3.08 

3.00 

1.25 

Small birds *       1.00 - 1.8> 

(highest numeral - 7, can only be reached by one bird species in one spe- 

cial type of vegetation)«, All values for airport Cologne. 

Hawks 

Pigeons 

Crows 

Thrushes 

Falcons 

Starlings 

Lapwings 
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LLF BIRD-STRIKE RISK MAP FOR BELGIUM 
***********   ******* 

1. This new Belgian Low Level Flight bird-strike risk map contains 

the main concentrations and movements of birds over Belgium which 

are considered to be hazardous to aircraft. 

The map is completed with indications giving details on flight 

level, time and period. A separate list deals with those areas 

with a high risk (red spots). 

2. The map has been drawn up by the Belgian Bird Strike Committee a. 

the request of the Belgian Air Force. 

It has been distributed to all elements of the command and contrcJ 

structure in the BAF and to all the flying units. 

3» Special care was taken to meefe the requirements of the activities 

of the BSCE Bird-Movement Working Group, so that this map can 

easily be integrated into a European bird hazard map. 

Therefore mean bird-density areas and red spots have been definec- 

*t. The map is based on scientific research but has been simplified 

and adapted to operational purposes. This has been done in colla- 

boration with ornithologists and aircrew. 
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BIRD STRIKE COMMITTEE EUROPE 

LONDON, 24-28 May 1976 

Ref: BSCE/11 WP18 

GLOBAL STATISTICAL APPROACH 
TO THE BIRD STRIKE 

H Cesbron-Lavau, Prance 

ABSTRACT 

The multivariate analysis gives more information from the 
data collected on the reporting form. Several couples of 
variables are explored. The main factors leading to a 
strike are the number of hours of flight and the mean 
speed of the aircraft. 
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GLOBAL STATISTICAL APPROACH 

TO THE BIRD STRIKE 

Abstract   :     The multivariate analysis gives more information  from the data collected 

on the reporting form. Several couples of variables are explored. The main factors 

leading to a strike are the number of hours of flight and the mean speed of the 

aircraft. 

Actions   :     1 - In each country, to complete the reporting form with the above data 

(number of hours and mean speed) and with the number of birds and their time of 

presence on the territory. This will allow a good prediction of the number of 

strikes in a year. ■' 

2 - To analyze the differencies, if any, between climb and descent. 

3 - To use the relationship between main factors to give generality to 

local experience. 



GLOBAL STATISTICAL APPROACH TO THE BIRD STRIKE 

Henri CESBRON-LAVAU 

OPERATIONAL RESEARCH GROUP OF THE FRENCH AIR FORCE 

Link between past - to day's souvenir - and future 

•to day's dream -, statistics may appear as the holy oracle or 

the disguise of ignorance.  In this paper, we'll first show in 

which way the dead figures coming out the bird strike  reporting 

form help the souvenir.  Then, as the Phenix awaking to life 

among his ashes, the results will indicate how to dig into a few 

of future's secrets.  As the meaning of statistics is relevant 

to the existence of a policy, it allows for a choice between 

alternative proposals. 
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THE MULTIVARIATE ANALYSIS 

Many factors bring about a strike. The usual analyses give 

the variations of one factor at a time. Other methods (as the multiple 

regression used further) are bound to a linear model.  The originality 

of the "analyse factorielle" used here, is to give a graphic represen- 

tation of a double-entry array. There is no presupposed model. The map 

just brings together the point of a factor (let us say the IARIDES (F) 

among the bird species) with the points of the other factor (as we see 

on  the graphic BIRD SPECIES * STAGE OF FLIGHT, the TAKE OFF and LANDING) 

which cooccurs the most. 

This has been explained in appendix D of BSCE/IO WP/19. 

Let's have a look at such maps. 

a/ fr£r<i species versus stage of flight 

- 17 Bird species 

- 9 Stages of flight 

The map gives 67,11 % (50,72 + 16,39) of the information 

from the double entry array. We find near take off and landing, the 

larides (F) , phanisiades (I) and ofeidides (H) . Falconides   (O) is near 

the center. And this means that we find it in most of the stages of 

flight. On the other hand, Anatides (A) is very far from the center. 

As it occured very few times, it has not reached a level of statistical 

significance. This is often the fact of points far from the center. 

So the points on which we have to draw our attention are the one 

situated in a medium position. They will give us too the meaning of 

the axis. And this will bring us to a better understanding of the 

relationship between the two factors. The first axis has a great im- 

portance (50,72 %). It goes from the left to the right through higher 

altitudes. 

/9C 



The altitudes is then the most important factor to determine 

the type of species. This is not surprising. But the second axis of smaller 

importance (16,39 %) brings to an unexpected conclusion. Its meaning is 

from climb to descent. At a given level of altitude (axis 1), the type of 

bird species is not the same when the plane goes up than when it goes down. 

This result may be interesting for ornithologists since it gives different 

behaviours among the species. 
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b  _ Bird species vs hours 

The information given by the map is lower : 41 %. No parti- 

cular direction comes clearly out of the double-entry array. 

A meaning of the groups appearing may be given by ornithologists. 

For instance the feeding hours are groupped together. 

Better analysis may be done if we had the time related to 

sun rise and sun set. 

a - Location of strike vs type of plane (civilian) 

-  14 types of planes 

5 locations of strike 

A good information is given here (81 %). Axis 1 shows an 

opposition between "air frame" and "engine". The Boeing's 727, 707 

and 747 are placed along this axis. Which is not surprising. 

Besides the high percentage above, the dependency between civilian 

airplanes and location of strike is not that high. (It is given by 

the square root of the largest eigen-value of the var-covar Matrix 

and equals 41%). So, it is mostly given by the first axis. The 

second axis is due to irregular sample. 

This will be improved in the next years, when there will 

be more reporting forms. 
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(of)  (Military airplanes) 

3B        C13 3C 5F3E    3R       F10 
JAG 

AAS7 20B2 

ENGINE 

3DAA4T3 

NOR 

TRA 
4A 

FG MD3 

AIR FRAME 

number of Air  Frame strikes    number of  Engine  strikes 
RATIOS :  MAX I- ; ; ; ~   

number of Engine strikes number of Air Frame strikes 

(NOTAl; If a plane appears on the right ofl, let say in 2 , it means that AIR FRAME 

strikes have occured twice more than ENGINE strikes for this plane. 

If a plane appears on the left of 1 ,let say in 2,it means that ENGINE strikes 

have occured twice more than AIR FRAME strikes. 
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- 20 types of planes 

- 5 locations of strike 

The bound between the two factors is not as tight with 

military planes (65 %) than with the civilian (81 %). This may be 

due to the less regular trajectory of a military planes. 

However, to compare with the civilian, we give on the following 

page (d') the ratios comparing air frame strikes to engine strikes. 

e - Stage^^li3hLSL.^M£^l^l^^L2i2iJ±^ 

- 20 types of planes 

- 9 stage of flight 

The information (61 %) is reenforced by a good canonical 

correlation between the set of planes and the set of stages (given 

by the square root of the first eigen-value 58 %) . 

The meaning of axis 1, is "how far from the airport are we ?? 

The meaning of axis 2 is "are we flying through a light or a thick 

density of birds". 

- 21 type of planes 

- 9 stages of flight 

As below, the information (68 %) is reenforced by a good 

correlation (50 %). The axes have the same meaning. 
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I I - THE TWO LEVELS OF THE USE OF STATISTICS 

How interesting the interpretation of the preceeding maps 

may be, the airplane specialist usually explores them in order to verify 

his experience on it. And usually he is amazed to see a confirmation of 

his experience. 

To a certain extent the method brings enthusiasm, on the 

matters of confirmation. 

To verify what we know is better than the converse but what 

new things can we learn from the map ? First the axes usually give a 

synthesis of the influence of one factor towards the other. Then our 

attention is brought on the points which are not located where they 

were expected. That means, we have to go back to experience and try to 

find out what may explain the position of these points. 

(After verification that the unexpected result is not due 

to mistakes in the reporting form) . As far as we saw it up today, the 

airplane specialist will try to find an answer to the question why were 

there at the same place and time a bird and a plane ? Only far back 

comes very seldom the question : what was the final reaction of the bird 

and the plane before the occurence of the strike if any ? 

Giving the priority to the man of experience^statistics 

will take this as an indication for further research. 

In order to compare the weight of different factors 

leading to a strike, we performed a multiple regression using the 

stepwise method. 

The stepwise method chooses among the factors those 

which give the better explanation. The score is given by a number 

between O and 1. fl means that the selected factors give a perfect 

explanation). As results, the hours of flight and the mean speed 

at usual level of flying are the two important factors. 

./• 
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Although thoz only explain 40 % of the variable "number of 

strikes" (score 0,4), the other factors have to be numerous to explain the 

rest. The importance of these two factors, only related to the aircraft, 

not to the birds, shows how scarce is the part of the informations collected 

on the reporting form. For, the hours of flight and mean speed are collected 

on companies statistics. And I guess that if we had the hours of flight of 

birds, we would explain another 40 %. The careful registration of the follow- 

ing items number of strikes, mean speed of each type of aircraft, hours of 

flight by type of aircraft, number of birds by species and mean time of stay- 

ing, would give a good appreciation of the global efficiency of any policy 

about bird hazards. But these results will be ex post. 

b - Looal_£qotor8 

In order to decide ex ante the good opportunities , it is 

necessary to implement, different policies and to compare the results. 

Since, the cost of a policy may be high, the implementation will be done 

locally. However to give a general validity, the results will be related 

to the preceeding relationship. 

For. instance, it is decided that lights will be on during 

a week in a particular airport. The efficiency of this policy will be 

obtained after having related the number of strikes to the number of 

take-off, , mean speed of planes at take-off,  number of alive birds by 

species. 

On another hand, it may be decided to use another route avoi- 

ding migrations of bird. The policy's efficiency is given after having 

related the number of strikes to the number of flights, the mean speed, and 

the number of alive birds by species. 

2*? 
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CONCLUSION 

No policy will come out of statistics. But any policy needs to 

be tested by statistics. 

On this matter, the following actions : 

1 - To bring together each month the data concerning : 

r~ Plane n 
mean speed 

of each type 

of plane 

hours of flight 

by type of plane 

J  Bird 

number of birds 

in the country 

by species 
i t 

mean time 

of staying in the 

country (for 

migration birds) 

number of strikes 

by type of plane and bird 

species 

This will bring to a good prediction of the total bird strikes during 

a year. 

>7 
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Another global nppro.ich to the bird.s'h.-h.iviour m.iy bo doiu« 

through the differencies betwoen climbing and dosccnt. A piano in 

supposed to be as many times in the first stage of flight as in the 

second. And statiscally speaking, the weather conditions, density of 

birds in the airport environnement are the same. So we have there the 

same stakes for all the variables except what is concerning the plane ; 

stage of flight, speed, noise. These defferencies have an influence on 

the type of species striken (see first map). It would be interesting 

that ornithologist's try to find out the birds' reasons. As climb or 

descent induces different stimuli, this may help to know the stimuli 

which are effective on each species. 

3 ~ °n a Particular level, to implement for short time and in one 

or a few places, different policies. When the number of strikes will be 

lower than the prediction given by the relationship given by the first 

action, the policies will be accepted and generalized. 

4 " It is obvious to tell that the quality of the further results 

is bound to regularly filled reporting forms. But, it may be necessary 

to insist on giving informations to the pilots on the benefit, they 

may get from good statistics. 

it 



BIRD STRIKE COMMITTEE EUROPE 

LONDON, 2^-28 May 1976 

Ref: BSGE/11-WP19 

HOW SHOULD FUNDS BE ALLOCATED 
TO STRENGTHEN THE STRUCTURE? 

H Cesbrcm-Lavau, France 

ABSTRACT 

The use of a method of optimization will help to find how to spend a 
given amount of money in research and industrial actions on structure 
for higher security concerning bird hazards. 
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HOW   FUNDS   SHOULD   BE   ALLOCATED 

TO   STRENGHTEN   THE   STRUCTURE   ? 

Abstract     :     The use of a method of optimization will help to find how to 

spend a given amount of money in reseafch and industrial actions on structure 

for higher security concerning bird    hazards. 

Actions   :     1 - The  location of strikes on the plane should be tested in 

a blowing-engine. 

2  - Fund allocation should be decided according to the  following 

model. 



HOW   FUNDS   SHOULD   BE   ALLOCATED 

TO   STRENGHTEN   THE   STRUCTURE   ? 

CESBRON-LAVAU   HENRI 

OPERATIONAL   RESEARCH   GROUP 

Actions  on  the  structure  of  an  aircraft may be  of  different 

kinds  for different  effects.   This  paper  gives  a method   for  doing  best. 

The number of real strikes is too low to give a precise 

idea.  So an experimental way is proposed. 

A scale-model of a given  type of aircraft  is  set in 
a blower-tunnel. 

ä/'7 



The air will fly along the scale-model under aerodynamics 

conditions. The bird, considered as a dead body - for the plane flies 10 

to 20 times faster  - will almost follow the air flow. 

This will make him avoid certain parts of the plane and 

strike others. To have an evaluation of the probability pi of striking 

part i, it is proposed to introduce a scale-model of a bird. This can be 

a little piece of cotton and to see where the plane is  struck. The figure 

of the plane will have been divided in n parts homogeneous regarding cost 

and safety conditions (e.g. wings, engines, air-frame). 

/ 
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Then wo can have the probability ■*.• for part t to be 

stroken. 

number of "birds" on part 4/ 
T-t ~  number of birds on the plane 

To have a general value, the test will be done several times shooting the 

"bird" from different points uniformely distributed on the section. 

The plane may be in different positions according to the different stages 

of flight. 

2 - ProbabiU^_that_ajBhoghjjill^ 

When a bird strikes the plane on part it,   the probability «^ 

that the shock causes damage will depend on the protection on this part. 

■ 

number of shocks causing damage on the part 4* 
•* = —— :    ; 

number of shocks on part t< 

This probability can be found by a test with a "gun" towards a real airplane 

or from the reporting forms. The form should have a general figure of a 

plane on Which the pilot will mark the place of the shock. With crosses 

The probability of a strike on part i causes damage is then ^» u Aj. 

••/. 
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3  -   Relationjrithjcost 

The cost of a damage on i», is divided in two parts. 

The technical cost Gs  includes the price of the new piece of 
v 

equipment and the work to put it on. 

The commercial cost ©.t/ where 9  is the loss due to a day of 
v 

immobilization and fc« the number of days of immobilization. 

So the cost of damage on t is   0/ + Ot^> 

Each value is an average value. The probability of cost du to a strike 

on i is then   f £ " °£ " (t*£ + •**> • 

And the average cost due to strikes on all parts is 

4 - Findin£_thejbest_an£aativn 

What we want is to have the minimum average cost. This can 

be done by having high p when «£.-(G£ + Gt^) is low, which means when 

the part I  is well* protected (low a.) and the cost of the piece of 

equipment low (low Q.) . And to have low f^ when  0.; . (Q, + frfrc) 

is high. 

But it is contradictory to have good protection (a,) for low 

cost «},)• And tnis is wnv we'll explain «.; in terms of cost. 

A perfect protection of part i is obtained with a maximum amount of 

expenses in research H%  and a maximulhtechnical cost Q*. 
At 

./• 
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Since the improvements have to be done on all the It airplanes 

,j| I In- i lc.il ,1 lu'- mrtziiimm I elm 1 < :.i I >:<>:.',\     i :« trfj«. 

Maximum means here that when K. + nCt has been spent on part t, 
h 

no bird will cause any damage. So more spending on part i would not bring 

to a better protection of this part. Otherwise, it can be determined by the 

maximum amount that an administration would accept to allocate to part I, 

assuming unlimited funds. 

These maxima are rarely obtained. So let K. and C be the real 

amounts allocated to part i for research and industrial actions. We have 

O $ K; $ K; 

and  0<Oi<£; 

We now may relate the probability that a shock will do damage 

to the deviation between the funds allocated and the maximum usefull 

allocations.   K, - K, and  G. - 0» 

Since a pretty good protection is obtained near the maximum or for according 

to the part in consideration, we w{ 11 introduce the coefficients  "A^ o*i pt' 

X ( Kc ■-**) .+ *- \>l  (Ct.-Ct) a- 

*  Xi» *;!*£-*■'*(/; Gj 

s\   ' 



'fix? prob] em i:; t.lion to rni tiimi ZP 

under budget constraints.  fc will be the total funds for research and C 

the total funds for industrial actions. 

5 - The progx'am of allocation 

We may write the preceeding formula in a simplier way, if we 

admit that a big enough amount of fund is allocated to each part i. 

Let us say more than half of the maxima K. and Q 
i    v 

In this case, we have the following approximation : 

"M K< - »< J +/* K U t - Cv) 

So the program of allocation is the solution in K. and C, 
k i 

of jthe following problem 

where 

*** Z-+;[\CKi-Kv)H-'h^(c;-c;J(ci-e€rtvJ 

[<#L aJHL X, 

} 

coKafcauOti 

P^KftKO^JL    C0K«JÄCÜ*Jt« 
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CONCLUSION 

To convince the financial administrations of a good use of 

funds to reduce the losses due to bird hazards, the allocation can be 

given after pratical testings by an optimization method. 

This method will lead to a compromise between research and 

industrial cost, depending on the part of the airplane. 



BIRD STRIKE COMMITTEE EUROPE 

LONDON 24-28 May 1976 

Ref: BSCE/11 WP/20 

This Paper gave the ORGANISATION and the AGENDA for the 
Meeting and has not been reprinted; except for the Time- 
table, and the List of Papers, located at the front of 
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SUMMARY 

This Paper contains a brief description of the 
HS 125 Executive Jet accident at Dunsfold on 20th 
November 1975. 
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Accident at Dunsfold Aerodrome to Hawker Siddeley 125-600B 

Executive Jet. G-BCUX on 20th November 1975 

1. Dunsfold Aerodrome 

1.1 The aerodrome is situated in the County of Surrey approx 20 nautical 

miles South of Heathrow Airport.  It is a private aerodrome owned 

by the Ministry of Defence, leased to and operated by Hawker 

Siddeley Aviation as a test centre for civil and military aircraft, 

and as such is not subject to Civil Aviation Authority Licensing 

procedures.  It has a main runway 07/25 of 2127 metres. 

1.2 The hazard of birds was appreciated at Dunsfold, which had areas of 

long grass as a deterrent, as well as regular use of gas cannon, 

shell crackers and broadcast bird distress calls. 

2. Circumstances of Accident 

2.1 There had been activity on the aerodrome by a Harrier jump-jet 

aircraft and a HS7I»8 twin turboprop immediately prior to the 

HS125 taking off.  Neither of the HS125 pilots nor the Control 

Tower staff had observed any birds likely to affect the 125, 

however as the aircraft started its take-off roll two witnesses 

at different points on the aerodrome observed flocks of birds 

rise from the ground in confused flight at different places likely 

to affect the aircraft.  The aircraft took-off at 16.11 GMT 

(sunset 16.0*») from runway 07 carrying 7 passengers and 2 crew, 

and lifted-off at approx the half-way point at 122 kts.  At a 

height of between 50 and 100 ft, after undercarriage had been 

retracted, the aircraft passed through a flock of birds, which the 

pilot had seen just prior to impact, with no chance to take 

avoiding action.  There were multiple strikes and both engines 

surged and completely lost power.  The pilot (Commercial Pilot's 

Licence 11,8W hours and 1327 on HS125), landed straight ahead 

after selecting undercarriage and flaps down, and the aircraft 

touched down approx 180 metres before the runway end at a speed 

of approx 120 knots.  The aircraft crossed the end of the runway 

and continued in a straight line across two grass fields and 

through three hedges before crossing the A281 main road which 
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runs North-South about 285 metres from the end of the runway. 

The aircraft crossed the road at 80 to 90 kts striking a car which 

was travelling south.  The car was demolished and the 6 occupants 

killed instantly.  The undercarrigage was torn off the aircraft 

which continued on its belly for a further 150 metres before coming 

to rest.  Although fire had broken out on impact with the car, all 

nine occupants of the aircraft safely evacuated the aircraft before 

the fire spread.  The aircraft was largely destroyed by fire. 

3. Subsequent Findings 

3„1 An inspection of the aerodrome revealed 11 dead lapwings (vanellus 

vanellus) in the area corresponding with the impact. The average 

weight of the birds was found to be 250 gms. 

3.2 Examination of the engines revealed traces of bird debris in both 

engines, together with other debris from the hedges.  The engines 

had not suffered any major internal damage. 

3„3 During the take-off the landing lights and the High Intensity Strobe 

Anti-collision lights were ON. 
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THE ATTEMPT TO GET RID OP THE WOOD-PIGEONS 
(COLUMBA PALUMBUS) PROM ORLY AIRPORT 

J L Briot, Prance 

PRACTICAL APPLICATION & CONCLUSIONS 

Since it is quite difficult to affect the distribution of clover, we preferred 
to affect its abundance (CBDW) by spreading a hormone which essentially kills 
the Dicotyledones. This was the U46 KV liquid, containing 350 grammes/litre 
of 2.4 DP, 15& g/1 of Meooprop and 100 g/l of 2.4 MCPA. This herbicide was 
spread in April 1976 over two sections of land next to the Orly paved area, 
four litres per hectare and 800 litres per hectare of water. 

Unfortunately, since this action is still very recent, no valid statistical 
results have been established. Nevertheless, it seems, at first view, that 
this method is effective since no pigeon has been seen on the sections which 
were treated, and the clover was just below 100$ destroyed. 

In spite of the lack of tangible results, this study seemed to be a good example 
of applied ecology. As a great number of authors have repeated, the search for 
what attracts birds to airports and the consequent modification of the ecology 
of the airport seems to be the most logical, effective and long-lasting 
approach. 



The Attempt to Get Rid of the Wood-pigeons 

(Columba palumbus) from Orly airport 

J.   L.   BRIOT 

Technical Department, Aerial Navigation, Division 2N, 

246 rue Lecourbe,   75015,  Paris. 

INTRODUCTION 

The presence of a great number of wood-pigeons at Orly Airport 

constitutes a primitive hazard for strikes with aircraft and,  especially, 

from April to September.    In fact,  32% of the bird strikes recorded 

between 1965 and 1975 are due to this species (1),  the others involving 

crows (16%),  starlings (14%),  gulls (12%).    These strikes linked to 

the presence of pigeons have caused six cases of total destruction of 

jet engines (of which four were B 747's) and nine modifications of 

flight plan. 

Moreover,  it has been extremely difficult, perhaps impossible,  to 

use conventional methods of keeping birds away,  such as pyrotechnic 

methods or frightening them with sound,   given the surface to be 

covered and the fact that pigeons do not have distress calls.    These two 

facts caused us to undertake a thorough study of the causes motivating 

the presence of wood-pigeons on the platform so as to make it less 

attractive for this species. 

I - General Description of the Problem 

The following facts resulted from the two series of studies performed 

in 1972 and in 1974: 
I, i.      Origin of these birds and the numbers concerned 

These birds are part of the population of breeding wood-pigeons 

of Paris itself,  a population of about 2, 000 couples.    The total 

(1)   Total of bird strikes from 1965-1975,   115.     15 strikes due to 

pigeons; 50 determined. 
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number of birds frequenting the platform fluctuates between 

500 and 1000 individuals, according to the season (maximum 

in June). 

I. 2.       Characteristics of their movements 

The birds make daily trips between Paris and the airport. 

They leave the capital,  starting at 8:00 a. m., in successive 

waves,  according to a precise itinerary   between Paris and 

Orly, in 30 minutes flying time.    In June, a precise check 

has shown that 50% of the birds had arrived at Orly by 

10 :20 a. m.   and 50% had left by 7:10 p. m. 

The size of the flights varies between two and 130 individuals; 

the flights are twice as large in the evening as in the morning; 

80% of the flights are made up of about 30 individuals. 

The altitude of the flights is between 5 and 200 meters,  tending 

toward an   average of 50 meters. 

The reason for the movements appeared,  essentially, to relate 

to feeding,   since the movements were between the breeding 

area in the city and the feeding areas in the countryside.    Visual 

observations and analyses of stomach contents have shown that 

the pigeons: 

.   Congregate at large lawns most of the time. 

.   Feed mainly on clover and, more precisely,  on 

Trifolium campestre and T.   repens. 

.   Pass three hours in actively feeding, five hours at 

rest (digestion) and 30 minutes in short flights; since 

the birds are present eight hours and 30 minutes on 

the platform, there is a potential,   substantial danger 

for aerial navigation. 
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II _ Detailed Study of the Trophic Relationship:    Clover wood-jigeon^ 

Once we had defined the numbers,  the habits,  and the food source 

of our bird population,  we next studied,in more detail,  the vegetation 

of the platform and its consumption by the wood-pigeon. 

II, i.       Food possibilities on the Orly platform 

Three species of clover have been found:   T. pratense,  T.   repens, 

T.   campestre. 

Their distribution and their relative abundance have 

been studied during three sampling sessions distributed 

over 17 known surface zones by the calculation of 

the percentages of surface covered by each species of 

clover (method derived from that of Braun-Blanket, 

using the abundance-dominance indices). 

.    The relationship   of coverage percentage,  consumable 

biomass of clover was next established in the laboratory 

for each species (cutting and weighing of the parts above 

ground   flowers, leaves,  stemsj   on 100% coverage 

sampling). 

.    These samplings resulted in the calculation for each 

sampled zone of the consumable biomass in dry weight 

(CBDW) by species of clover as well as their distribution 

modes (diffusion,  random or regular) (1). 

II. 2. Consumption of the lawns by the wood-pigeon and the 

relationship of consumable biomass by dry weight (CBDW) - 

number of birds (N). 

The average number of birds having frequented the 17 zones 

whose quantity and distribution of feed was known,   was calculated 

in parallel.    It appeared that the number of individuals 

frequenting a given zone depends on the total quantity of 

available feed (CBDW   for the two clovers) when the feed is 

- 2 
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distributed randomly.    In this case, the almost linear relation- 

ship between log N and total CBDW (l) becomes an exponential 

relationship,  as much in May as in July (see graph).    On the 

other hand,  whenever the clover is distributed by diffusion, 

there are no birds whatever the total CBDW is. 

To explain it in another way,  when the clover is randomly 

distributed    and not in "clumps", and when there is a lot of 

it, a great number of birds will be seen   feeding. 

in - Practical Application and Conclusions 

Since it is quite difficult to affect the distribution of clover,  we 

preferred to affect its abundance (CBDW) by spreading a hormone 

which essentially kills theDicotyledones.    This was the U46 KV liquid, 

containing 350 g/l of 2. 4 DP,   150 g/l of Mecoprop and 100 g/l of 

2. 4 MCPA.    This herbicide was spread in April 1976 over two sections 

of land next to the Orly platform, four litres per hectare and 800 

litres pe «hectare of water. 

Unfortunately, since this action is still very recent, no valid statistical 

results have been established.    Nevertheless,  it seems,  at first 

view,  that this method is effective    since no pigeon has been seen 

on the sections which were treated,  and the clover was just below 

100% destroyed. 

In spite of the lack of tangible results, this study seemed to be a 

good example of applied ecology. As a great number of authors 

have repeated,  the search for what attracts birds to airports and the 

(1)   Regression equations: 

X = CBDW total 

Y = Log N 

Y = 0. 64634 x - 0. 90763        (July)       r = 0. 98095 

Y ^ 0. 28897 x - 1. 97408   (May) r = 0. 99604 
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consequent modification of the ecology of the airport seems to be 

the most logical,   effective and long-lasting approach. 
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Numbers of woodpigeons in relation with abundance and 
distribution of clover 

J »• 

Contagious distribution of clovers, standing crop of clover very variable 
(between 1, 6 and 7, 5 g/m2) 

Distribution of clovers at random, standing crop very important 
(between 8, 4 and 13f 1 g/m2) 

Distribution of clovers at random, standing crop in the medium 
(between 3*9 and 4,0 g/m2) 

Distribution of clovers at random, very little of clover 
(between 1,3 and 2,8 g/m2) 
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Relation between the number of woodpigeons (w) 
and the standing crop of clover measured in dry- 
weight (SC DW) when it is distributed at random. 

300- ,' Average 
estimate 
(Between.May and July) 

20CH 

100- 

no 
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SYNERGISED AMMONIUM ALUMINIUM SULPHATE IN THE CONTROL OF BIRDS 

AT AIRPORTS 

R.J.STONE 

Synergised ammonium aluminium sulphate (ammonium alum for short) 

includes micro additives and is prepared in such a way that it 

has synergistic properties as a repellent, that is to say, the 

repellency of the whole is greater than the sum of the repellent 

properties of each of the ingredients«, 

Chemical repellents as you will all know, have always been very 

suspect as a method for bird control because the range of avian 

chemoreception has been too wide for any chemical previously to 

have had the breadth of effectiveness to ensure full control,, 

This has not been the fault of the chemical manufacturers,  for no 

scientist yet understands much of the sensory perception in birds 

apart from the structure of the sensory organs.  For example, no 

one can explain why a chicken with only 24 taste buds can perceive 

chemical solutions which are imperceptible to a cow with a thousand 
0) times as many.v 

It is accepted that birds, like mammals, have the six senses. Of 

theses sight, hearing and touch have been found generally of little 

value in achieving a high degree of control over birds at a 

reasonable level of cost. So, there then remain the chemical senses. 

These are commonly divided into three classes: (10 olfactlon, or 

smell, (2)  gustation,  or taste, and (3) the common chemical sense. 

Olfaction is characterised by a sensitivity to volatile substances 

in extreme dilution which accounts for it being described as a 

distance receptor:  the gustatory receptors need a more gross 

contact with the chemical stimulant: while the common chemical sense 

which Moncrieff (1951) suggested was the primitive sense with olfaction 

and gustation later differentiations, is reserved for non-specific 

stimulants, often an irritant." The divisions between smell, taste 

and the common chemical sense are arbitrary and they can overlap 

with a single chemical being able to affect all three categories«, 



Scientists have found that all mammal a and birds that have been 

studied have gustatory organs commonly referred to as taste buds, 

and that the morphology of olfactory organs is basically similar 

in all vertebrates, while the fine membranes of the eyes, nostrils 

and mouth barely cover the free nerve endings in those organs which 

are, therefore, generally susceptible to irritants,  though this is 

not always the case for pigeons and gray partridge (Perdrix perdrix) 

have been reported (Soudek, 1?29) to be relatively insensitive to 

strong ammonia solutions. 

It is, however, difficult to consider the sensory systems of birds 

collectively because there is so substantial a variation not only 

in development between species, but also, apparently, in sensory 

perception and the reaction to it among individuals within each 

species«. 

From my own studies of birds and their reactions to repellent 

chemicals I have come to the conclusion that the "answers to the 

problems of bird control lie in a chemical or chemicals which will 

effectively repel over the whole of the sensory thresholds, i.e. 

degrees of .perception, of birds of all species. 

In this search, I discovered that by varying my methods of 

preparation of the synergised ammonium alum and by varying in micro 

amounts the synergistic ingredients,  the potency and range of 

effectiveness could be varied at will from a mild preparation 

suitable for general garden use to one which has been found to date 

capable of repelling every bird and mammal against which it has 

been tested«  If we do find one able to resist then we shall 

increase the potency accordingly. 

This wide range of effectiveness, covering as it does all species 

of birds and mammals, has been derided and the product condemned ae 

an aianibus nostrum - something of a quack remedy:  but I have found 

that mammals and birds do have the same basic sensory perception, 

and, as the material is made more potent and of wider range of 

effectiveness,  what repels the normally insensitive members of any 

one  cpecies will also repel members of other species of similar 
insensitivity irrespective of whether they are birds or mammals«, 

This is not  just my own opinion:  in Japan, Professor Udagawa, a 
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highly experienced worker in this field for over thirty years, 

goes even further.  Following successful laboratory and field 

trials on the control of birds, he is so convinced of the overall 

efficacy of the material at a high level of potency, that he is 

using it in an attempt to rid the populated and tourist areas of 

Hokkaido, the Northern island, of the vast numbers of snakes - 
ft) 

particularly the poisonous vipers.v' 

In trials with this material it is important to keep in mind that 

diflerent 'strengths' of the material are available:  that, where 

necessary,  the potency and the range of activity can be increased 

over any one or two or all of the chemical senses until, so far 

as I can determine, full control is achieved.  The importance of 

this cannot be overstressed for in past years workers in this 

field have tended to test only one strength - often the mildest - 

and if that was not immediately effective to damn the whole product 

out of hand. 

Synergised ammonium alum is a fine or micronised powder varying 

from white through various colours. In so far as safety is concerned 

it has been cleared for use under the U.K.Ministry of Agriculture's 

Safety Precautions Schemes not only for veterinary use on all animals 

and in homes, but, also, on plants and trees of all species, 

including vegetables, cereal and other crops and fruit for human 

consumption, both growing and in store.  Normally, with the milder 

preparations, no recommendations are necessary, but with the 

stronger, more potent material it is advisable that operators use 

masks, not for safety, but because its repellent factors apply 

possibly more to humans than to other species of animal life«. 

It may be applied either as a dry powder by means of a powder 

applicator,  or, mixed with water, sprayed by helicopter or light 

'plane as at the Ben Gurion International Airport,  or by any type 

of agricultural, horticultural or garden sprayer.  The Israeli 

workers found it easier and more effective to spray powder when there 

was rain and the liquid when it was dry.  Both were equally 

effective even during their very heavy February cloudbursts/v 

An application rate of 35-lb.(l6-kg) powder in 40-gallons (l80-litres) 

of water preferably with a pH of under 5 and at a temperature of 
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about 20°C. hae been found adequate for one acre of actual spray 

and this costs between £20 and £50 according to the strength of 

material used.  But it is not normally necessary to spray over 

the whole of the area. 

Effectiveness from one spraying can last two or three months or 

even longer according to local conditions,   the strength and 

quantity per area of the material used, alternative source® of food 

and the degree of chemosensory perception of the birds in the area* 

To date, the synergised ammonij/fli alum has been tested three times on 

airfields. The first was in 1973» in the United States at Dekalb 

Peachtree Airport and the adjoining Dekalb County Landfill in North- 

East Atlanta,^ when there were present representatives from the 

University of Georgia, the airport authorities, the F.A.A., the 

Department of the Interior, etc., etc.  The landfill at the edge 

of the runways received all the county's garbage amounting to some 

hundred tons daily.  This was shredded and spread by bulldozers 

over 200 acres on two sides of the airfield to the delight of about 

1,000 birds, including doves, grackles, starlings and blackbirds 

which visited daily between 17.00 and 20.00 hours. 

These birds were a continuous hazard during the evenings:  strikes 

were frequent and after one which resulted in the deaths of seven 

passengers, closing of the airport was considered. 

In the tests,  one application of the synergised ammoni« alum was 

reported to have kept the birds from the runways;  but clearing 

them from the landfill garbage was, of course, another matter. The 

report shows that the repellent was sprayed on the garbage on August 

21st, 1973, followed by a second spraying eight days later on 

August 29.  Apparently it was expected that effective repellency 

would continue through layers of hundreds of tons of garbage, and, 

indeed, a reduction to a maximum of ICf/o  of the numbers of birds 

prior to the trial was shown at any one time.  But the tests were 

not, for some unknown reason, continued. 

The second test, which was at Ben Gurion International Airport in 

1974 s had the same type of problem.  The garbage dump for the 

City of Tel Aviv was on the perimeter and full control of the birds 

there could not be obtained although they were cleared from the 
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runways as in America despite there being horticultural crop..; i:. 

those areas.  However, when the birds returned after migration it was 

decided to spray again but at ten times the previous rate and trials at 

Ben Gurion International Airport were recommenced in September, 1975, 

when, as you have heard from Mr Dar, the birds were successfully 

kep# from the runways with one spray of synergised ammonium alum; 

and the garbage dump, which was hand-sprayed with the repellent 

after each unloading,   was also kept free from the birds. 

Here, I should add that it is reported that bird strikes are common 

at this airport and that all other known methods of bird control 

had been tried but without success. 

Airports would not, however, appear, in general, to be of particular 

appeal to birds, and I submit that evidence of successful repellency 

of birds from various crops is of greater value than control at 

airfields.  In this connection, the synergised ammonüMi alum now 

has an impressive folio of successes in several countries in trials 

carried out under the supervision of government and institutional 

authorities!7^ Outstanding, are the results of trials, again in 

Israel, over several years under the direction of Mr Y. de Wolf, 

Director of the Department of Crop Protection of the Israel Ministry 

of Agriculture/*Hlany were carried out in the testing stations of 

the Volcani Institute which are spaced over the deserts, and in 

these and at farms situated around wells sunk in the desert, migratory 

birds of many species travelling from Russia to Africa and back, were 

repelled from crops when they, the birds, were obviously at their 

last stages of hunger and thirst after crossing long stretches of 

desert.  Yet, in all but one case, the crops treated with the 

repellent were saved while the untreated controls were completely 

ravaged. 

In conclusion, I would say that synergised ammonium aluminium 

sulphate can apparently be brought to sufficient degree of potency 

to repel all birds from airports'. I would also stress the need, 

when testing the material, for careful study to be made of the 

reactions of the birds to the material so that the correct grade of 

material for each airport may be made, and in this I shall be 

pleased to advise and assist wherever possible. 
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APPENDIX   »A«   TO  BSCE/U   -  WP23 ^'-'X 

September   10,   1973 .«».^«j»' 

TO:  DR. HOCHBERG 

SUBJECT:  "CURB" APPLICATION - DEKALB COUNTY LANDFILL AND DEKALB PEACHTREE AIRPOR 

The DeKalb County Landfill is located adjacent to the DeKalb Pcachtrcc Airport in 
Northeast Atlanta.  This landfill has been used for about seven years as the county's 
dumping ground for garbage.  Garbage is hauled to a large shed located at ths 
entrance to the landfill, dumped into a large pulverizer and spread over a 200 acre 
area by bulldozers.  The landfill has been quite an attraction for the feeding of 
doves, grackles, starlings, and blackbirds.  Surrounding areas of the airport  , 
have been desirable for roosting and perching for many of these birds.  Up to 
1 000 birds may be observed on a given day.  The largest concentration of birds 
are usually seen in the evening between 5:00 - 8:00 P.M. and appears to be increasing 

rapidly. 

Six months ago a flock of birds flew into the engine of a small jet plane taking off 
and resulted in the death of seven passengers. This disaster has developed into 
a controversy about either closing the airport or the landfill to prevent further- 
risk of other such incidences. Both the airport and landfill are In dire need of a 

way to solve their bird problem. 

On August 21, a study was Initiated with hopes of reducing the large population of 
birds in such areas.  Three areas at the landfill and one at the airport were 
designated as test plots.  (See attached sketch) The treated plots ranged fron 
£ - 3/4 acre in size with an adjacent replicate serving as the control plots. 
"Curb" was applied in the described forms by means of a pressurized 50-gallon 
tank attached to a jeep.  Applications were made between 6:00 - 8:00 A.M. on a 
very clear and calm day.  On August 29, a second application was made on the 
same plots at the landfill.  Unfortunately, there was not enough material lert to 

repeat the airport plot. 

In summary, the two applications seemed to reduce the total population of birds. 
In order to evaluate the total effectiveness of "Curb", it will be necessary to 
repeat applications on a much larger scale. 

The following people were involved in this study: 

John Howell - Rachelle Laboratories 
Charles N. Dobbins, D.V.M. - University of Georgia 
Stanley A. Vezey, D.V.M. - University of Georgia 
Tom Helton, County Agent - Ext. Service, University of Georgia 
Edward S. Weeks - Sanitation Dept., DeKalb Co. 
L. M. Dunston - Rachelle Laboratories 
Doc Manget - Airport Manager, DcKalb Peachtree Airport 
Representative from F.A.A. 
Donald W. Hawthorne - Dept. of Interior    /  ■ 

x Al Jackson - Bureau of Sport Fisheries £ Wi^ld Life 

John Howell J6hn 

JH/th \ 
cc: L. Zoller ,  „    ^   \ 
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PLOT 1ST TRlATMi'NT 

A (i acre) 
vD(! acre) 

C U acre) 
Airport (3A acre) . 

10 
?.0 
10 
30 

gal. H^. 
gal. H^0 
gal. Hjp 
gal. H*0 

J   8* ll>. powder * 1 gal. emul:>im. 
+ I/a lb. powder + 1 gal. emulsion 
+ 8J lb. powder 
+ 27i lb. powder + \\  gal. emulsion 

TREATED 

MORNING 
OBSERVATIONS 

CONTROLS 

EVENING 

TREATED             CONTROLS 

8/21/73 8/21/73 

A 
B 
C 
Airport 

'»8 sparrows         Few birds 
No birds            No birds (Windy) 
No birds            No birds (Windy) 
*»0-50 starlinqs 

8/22/73 8/22/73 

A   No birds 

; B   Few 
C   No birds 
Airport 

No birds 

Plenty 
No birds 

48 sparrows, 2 doves, 
3 blackbirds         No birds 
5 doves             96 starlings 
No birds            No birds 
No bi rds             No birds 

8/23/73 8/23/73 

A   Mo birds 

B   yk  doves 
C   No birds 
Airport 

No birds 

108 birds 
No birds 

48 sparrows, 3 doves, 
2 blackbirds 
8-10 doves          108 birds 
1 dove              No bi rds 
No birds            3 crows 

A   No birds 
; B   6 doves 
C   No birds 
Airport 

8/24/73 8/2 V73 

No birds 
72 starline 
No birds 

is 

PLOT 2ND TREATMENT 

A (i acre) 
B G acre) 
C U acre) 

10 g 
20 g 
10 q 

al. H20 ■> 
al. H20 ■♦ 
al. H?0 -» 

■ 8J lb. powder + 1 gal. emulsion 
17J lb. powder + 1 gal. emulsion 
81 lb. oowder 

OBSERVATIONS 

Similiar to above with possible reduction of total population of flocks. 
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BSCE/11 WP 24 

BIRDSTRIKES - THE AIRPORT MANAGER'S BRIEF 

Introduction 

1. Birds represent a hazard to aircraft in the air. An aircraft striking a 
bird may suffer damage to its engines, its structure or its windscreen. The 
severity of the damage will depend on the weight of the bird, the speed of the 
aircraft and the strength of the part struck. At best a birdstrike will result 
in a delay or a diversion and a maintenance test, at worst it could result m 
a catastrophic accident. In Europe, civil aircraft strike a bird about once 
in every 1500 flights and once in every 2000 take-offs and landings. Military 
aircraft suffer a rather lower take-off and landing rate but have more en-route 
strikes because they carry out more flights at low level. Several military and 
civil aircraft are lost each year due to birdstrikes and the cost is considerable. 

The Airport Manager's Responsibility 

2. The Airport Manager must be responsible for ensuring that all measures are 
taken to make operations from his airfield as safe as possible. The birdstrike 
problem has been studied for many years by specialists in several fields and 
their advice is readily available. Therefore before starting bird scaring, the 
Airport Manager should first check on help and advice available from: 

a. Local ornithological and agricultural authorities. 

b. National aviation agencies. 

c. International literature. 

The Principles of Birdstrike Prevention 

3. The basic principles of birdstrike prevention are: 

a. On or near the airfield, keep the birds away from aircraft. 

b. En-route keep the aircraft away from birds. 

4. On the Airfield. A study should be made of past birdstrikes and the 
number of aircraft~movements in order to assess the risk and allocate resources 
to counter-measures. This should be compared with studies made at other airports 
with a similar style of operations. 

5. Establish which species of birds are present on the airfield. Then dis- 
cover if and why they are nesting, roosting, or feeding. If birds are nesting 
or roosting, make the area unattractive to them by changing the habitat, or 
harassment, or both. If they are feeding, remove the food supply by, for 
instance, closing garbage dumps, changing crops, or allowing the grass to grow 
long and hide the food source. 

6. Habitat changing must be done with care because there is a risk that an 
even more dangerous species may replace that which is displaced. Bird scaring 
must be carried out scientifically to ensure that the birds do not adapt to 
the harassment. The operators must be trained to respond to new threats 
instantly and to trends intelligently. This requires good communications, 
adequate resources, a highly motivated organisation and, above all, efficient 

supervision. 

s 
/■"' .f./<¥ 
s 



7. Off the Airfield. The Airport Manager»s responsibility for en-route is 
to ensure that the operators have available to them information on local bird 
migrations as they vary with time of year, time of day, and the weather. 
Details of the effect of local agricultural seasons and changing water con- 
ditions, which require local study and knowledge, should be combined with 
the international migration situation and presented to the operator in such 
a way' that he is able to assess the risk to his operation. The operator 
should also be provided with facilities so that he can get more detailed 
information from specialists if he so desires. He should be made aware of 
services available to him in the planning phase and during actual flight. 

8. feirdstrike Check List. The birdstrike problem will initially require: 

a. A statistical survey. 

b. An ornithological survey. 

c. An agricultural survey. 

From these surveys will come: 

a. A definition of the threat. 

b. A formulated plan. 

Which in turn will lead to: 

a. An allocation of resources. 

b. A works services programme. 

c. A training programme for personnel. 

Once birdscaring operations are under way, there will be a requirement for: 

a. A reporting system to local and national levels. 

b. A user information system. 

c. A monitoring system to judge effectiveness and modity operations to 
•meet the changing threat. 

d. A programme to maintain personnel motivation. 

frV< 
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BIRD STRIKE COMMITTEE EUROPE 

LONDON,24-28 May 1976 

Ref: BSCE/11-WP25 

REACTIONS OF MIGRATING BIRDS TO LIGHTS AND AIRCRAFT 

RONALD P LftRKIN, JOSE R TORRE-BUENO 
DONALD R GRIFFIN AND CHARLES WALCOTT 

USA 

ABSTRACT    Midair collisions between birds 
and aircraft pose a hazard for both. While 
observing migrating birds with a tracking 
radar, we find that birds often react, by 
taking evasive maneuvers, at distances of 
200~300m to both searchlight beams and the 
approach of a small airplane with its 
landing lights on. Appropriately arranged 
lights on aircraft should decrease the hazard 
of collisions with birds. 

N.B^  This Paper is printed in the United States' 
"Proceedings of The National Academy of Sciences" 
Vol. 72, No. 6, pp. 199^-1996, June 1975 • and is 
not reproduced here«, 
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BSC5/11 WP 26 

SUMMARY OF TESTS CARRIED OUT AT THE INTERNATIONAL 
BEN GÖURION AIRPORT (LOD) WITH "BIRD REPELLENT RETA" 

As a result of observations carried out from September 197^ at the Ben 
Gourion International Airport at LCD we were able to note that out of all 
the species of birds in the area surrounding the runways partridges and 
seagulls, and to a lesser extent Lapwings, could be of greatest danger in 
collision with aircraft landing or taking-off. 

Partridges 

Flocks of 8-12 partridges (Perdrix Bartavelle, Rock Partridge, Alectoris 
graeca) move around in the runway areas and sometimes cross the runways 
without being noticed from a distance; this has been observed several 
times using field-glasses and it seems likely that if a jet aircraft were 
to land or take-off while these relatively heavy birds were present, they 
could be sucked in by the engines. 

Different types of seagulls spend the winter in Israel; they usually 
arrive from Eastern and North-eastern Europe from October/November and 
remain at this time by the sea; only the Black-headed gull (Larus 
ridibundus) leaves the shores during the day and searches for food 
inland, mainly on rubbish dumps; these gulls are often seen in very large 
flocks - several hundreds on smaller dumps and several thousands and more 
on large dumps. The flight of several hundreds of gulls at altitudes of 
several metres, several tens and even hundreds of metres certainly presents 
a very great danger to aviation. More so in winter the gulls land and 
even rest on the runways themselves and in nearby fields. The Black- 
headed gulls return each evening to the sea-shore for the night. 

These findings have enabled us to set up two quite distinct experiment 
projects. 

The first series of tests was intended to see whether at least the use 
of one of our "bird repellent Reta" formulas over parallel strips on the 
runways could prevent the presence of ground birds near to the runways 
and especially prevent the partridges from crossing the runways in their 
search for food. 

The second series of tests was intended to see whether the treatment of 
rubbish dumps using the same "bird repellent Reta" product could reduce 
the size of the daily population of gulls at these refuse dumps. 

The tests were carried out during the periods 197^-1975 and 1975-1976. 
The observations were made periodically by the author during the winter 
0f -}97ff„75 and daily by S Birnbaum (agronomer) and the author during the 

1975-76 period. 

Location of the tests 

For ease of observation the first series of tests (A) was carried out the 
length of the main runway 26-08 and on the North side, and the second 
series (B) on the municipal dump near to Yahoud which enabled movement 
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between tho two observation posts without too great loss of time. 

(A) The length of runway 26-08. 

The runway 26-08 runs East-West over 4000 metres; on its North side it is 
bordered by a 50 metre wide strip which is given over to fodder crops, 
tares and oats. This strip was treated and the crop was about 10cm high 
at the start of treatment. 

(B) The municipal refuse dump - Yahoud. 

This dump is situated alongside a drainage canal with V-shaped banks and 
to the North; to the South and to the West is a fenced off radio trans- 
mission station with 2 directional antennae (Log periodic antenna); the 
dump consists of 2 sections: the first is a strip 1^0 metres in length 
by 25 metres and the second is in the shape of a trapezium of almost 
ifOOOm2. The refuse trucks dump the refuse from the town in piles, side 
by side, and the refuse is not treated or moved at all, at least not during 
the duration of the tests. Most of the refuse is household rubbish, food 
scraps and kitchen refuse with a great deal of packaging of all kinds, 
cardboard boxes, plastic containers and cloth containers; also to be 
found is workshop refuse and scraps from slaughterhouses and butcher 
shops. 

197*1-75 period 

The treatment was carried out on the 6 February 1975 by means of a Bell 
k7  helicopter with 30kg of "Reta" per hectare diluted in 150 litres of 
water over the strip parallel to the runway and with 90kg per hectare 
(ie 1 kg of "Reta" in 5 litres of water) on the refuse dump and the 
Northern edge of the canal. The sky was slightly overcast during the 
morning when the treatment was applied and heavy rain followed after the 
treatment at the end of the afternoon, during the night of the 6th and 
all day on the 7th. 

Parallel to the 26-08 runway treatment was carried out on two strips each 
V? metres wide by 1000 long and separated by a space of 1000 metres which 
was not treated. Observations were made intermittently 3-4 times per week 
at different times of the day for one month until the 6th March. 

Results and findings from the 1974-75 test period 

During the month 6 February to 6 March no partridges were seen at all 
alongside the runway or on the two areas treated and some were seen 
several times on the sample non-treated areas and on the cultivated fields 
round about. 

On the municipal dump: it seemed that the number of gulls generally had 
diminished, that the time spent by the gulls above the dump was con- 
siderably reduced and that the times at which the gulls visited the 
dumps had become very irregular. 

The results of tests carried out in this period seemed sufficiently 
interesting and promising to encourage further testing during the 
following year, on a larger scale with daily continuous observation and 
with as exact recording as possible. 

r/,9 
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An initial t, eatment way carried out over the length of the 26-08 run- 
way on the 27 and 28 January over an uninterrupted area of 3000 metres by 
'+6' metres using a Leland Snow S-2 crop spraying plane with 30kg of "Reta- 
in 150 litres of water per hectare. A second treatment was carried out on 
the 17 February on the same strip using a Bell *f7 helicopter with 33-3 kg 
of Reta in 200 litres of water per hectare. Both treatments were carried 
out in good weather conditions, the first in wind which was within the norm 

for aerial treatments. 

On the refuse dump, on the 15 February a treatment was carried out using 
a Bell k?  helicopter with 200 kg of Reta per hectare (ie 7-5 litres of 
water for 1 kg of Reta) over a total area of 2 hectares; from the 
18 February daily dumps of refuse were sprayed daily, firstly using a 
sprayer mounted on the back with a Holder engine and later, for simplicity, 
using a manual Lehavot spray with pre-set pressure and at a rate of 0.5 to 
1 kg of Reta per truck load depending on circumstances and a concentration 
of 1 kg of the product in 10 litres of water; on wet days the spraying was 
replaced by a powdering of the area which the rain fixed to the refuse. 

Findings from the 1975-76 period 

(A) Test alongside the 26-08 runway; the strip treated was divided into 
k numbered areas from 1 to *t East to West. The number of birds was noted, 
mostly Lapwings (Vanellus vanellus), and the time they remained on the 
area; to compare the findings with one another the coefficient C was taken 

so that - | 

_ number of birds X time spent on the area in minutes 
c = hours of observation 

The first aerial treatment was carried out on the 27 and 28 January; it was 
interrupted on the 27th after the first load due to mechanical problems 
and resumed the following day. This treatment was not successful although 
the reason for this is not known with any certainty but it is likely that 
it was not carried out correctly; the second treatment was carried out on 
the 17 February by helicopter and was effective from all points of view» 
The findings which followed were not continued because observation was 
transferred to the Yahoud refuse dump. After this second treatment the 
number of Lapwings and Partridges decreased notably, down to zero on the 
area treated, whereas the number of Lapwings remained constant and the 
number of Partridges increased on the surrounding areas, allotments, roads 
and fallow ground; at this time the flocks of partridges divide and part- 
ridges are most often seen in pairs, cf. drawing and table "A". 

(B) On the Yahoud municipal dump the number of gulls in the air and on 
the refuse dumps was noted as accurately as possible: the number of 
birds of other species was estimated: starlings, (Sturnis Vulgaris) 
Cattle Egrets (herons Ardeola ibis), bulbuls (Pyenotus capenslsj, 
sparrows, doves and pigeons and swallows at the end of the perioa. 

The behaviour and the number of birds of different kinds during a typical 
day at the end of January and the beginning of February can be described 
as follows: 
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6.30  Arrival from S.E, in large waves, of starlings reaching in 1.5-20 mins 
a population of 1000-1200 and setting dovm on antennae and various 
cables and antenna braces. 

6.*f5 Arrival from the West in groups of k-6  of herons up to 7-00 reaching 
a number of 12-20. 

6.50- Arrival from the West in waves of 50-50 of gulls reaching between 
7.00 200-^00 in 15-20 mins. Gulls land unfailingly and directly on the 

refuse of the morning and of the previous day.  (Each refuse skip 
was marked and dated with coloured ribbons). 

At the same times we noted about 50 pigeons and doves, a few dozen sparrows 
and between 10 and 20 bulbuls. 

From 9.00 the number of starlings goes down to 400 and increases to 1000- 
1200 towards the end of the day from 1*f.50-15.00. Towards 16.00 the 
starlings leave the area. The number of doves, pigeons, herons, sparrows 
and bulbuls remains static until about 16.OO. 

During the day groups of gulls leave the area and come back after 20-50 
mins. So this means that there are always 150-400 up to 16.00 according 
to the weather. From time to time large groups of gulls 100,200,500 settle 
either on the nearest antenna (never on the second antenna which is 150m 
away) or inside the enclosed area of the radio transmission station, or 
on the banks of the canal. Resting time may be more than half an hour. 

From 16.50 there are practically no more birds in the area. This typical 
timetable is a few minutes earlier every day whilst the time of departure 
of the birds remains more or less constant, a bit earlier in bad weather 
and a bit later in fine weather. 

On the 15 February the whole area was treated with "Reta" in quantities 
of 20 kg per 1000m2, that is both dumping areas and the North bank of the 
canal over a distance of 250m; the bank is covered with dense grass 10- 
15cm high. 

During the 5 days following the treatment no significant modification in 
the number of birds was observed nor any modification in the behaviour of 
the starlings, pigeons, doves, bulbuls and herons; but this was not the 
case for the gulls; on the 16 February the doves settled on the banks of 
the canal as on previous days but as from 17 February the gulls no longer 
settled on the banks and this continued to the end of the season. 

From the 18 February the daily refuse was treated with "Reta" each heap was 
only treated once. As from the 18 February we noted a very significant 
decrease in the number of gulls settling on the refuse heaps, but the gulls 
continued to fly low, skimming over the refuse. We observed that the gulls 
almost certainly did not eat any longer; on several occasions we noted 
with field glasses, a gull pick up a piece of refuse in its beak, fly with 
it for a few seconds, drop it and land immediately on a puddle to drink. 
At the same time the gulls became sensitive to different noises: the arrival 
of the refuse truck, the taking-off of an aircraft or the working of the 
engine-driven sprayer; they then.disappeared for a much longer time; before 
treatment these noises did not have any effect on the gulls'behaviour. 
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On several occasions the official in charge of the anti-bird campaign in 
the aerodrome transmitted by loud speaker cries of distress (using a Dutch 
tape); before the treatment the effect of these transmissions was temporary 
to begin with, the gulls left the area for about 20 mins and then hardly 
at all; after treatment the effect of these transmissions was more constant 

but always temporary. 

From the 23 February we used a very noisy reaction fog-emitter (pulsefog) 
and the gulls left the area immediately but came back after periods ranging 
from •£ hour to 2-3 hours. £. 

From the 2 March we met the first gulls between 6-30 and 6.^5 by turning 
on the pulsefog and by directing the nozzle at the gulls. These first 
gulls (scouts) then departed Westwards and no more returned. The area 
remained empty of gulls to the end of the day and this continued to the • 
3 April. As from the 3 March the gull-scouts no longer came in groups of 
10-30: one gull would come alone and leave as soon as the pulsefog was set 
in operation. Several times the mere sight of the equipment, painted in 
violent red and blue, even before its sometimes laborious starting-up, 
was enough to cause the gull to leave. 

From the 2 of March also the number of starlings fell drastically from more 
than 1000 to about 50. About the same time as the almost total dis- 
appearance of the gulls. In the region in general the number of starlings 
remained constant for another 2-3 weeks. 

The last daily treatment of the refuse heaps was carried out on the 26 March 
and continuous observation ceased on the 28 March. From the 29 March we 
carried out intermittent observation. On 3 April we observed 50 gulls on 
the site at 10.30. On the V5 April between 6O-8O at 9-30 and on the 6 April 
we observed 75-200 gulls between 7.00 and 8.30. Observation ceased finally 

from the 7 April. 

On the various public dumps in the region we observed no significant modi- 
fication in the number of gulls until the 26 March; as from the 26 March 
the number of gulls on these dumps diminished visibly although no count 
was carried out of drawings and table "B". 

This report was written taking into account the observations, counts and 
the report made by the agronomer S Birnbaum. 

Tel-Aviv, May 19?6 Guyora Dar 

Agronome 
Assia Maabarot 
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Tab. A2. 

Number and behaviour of Lapwings and Partridges on the treated 

strip parallel to the 26-08 runway. 

N.B. In each case the upper figure gives the number of lapwings 

and/or partridges in the corresponding area and the lower 

figure gives the time in minutes the same birds have spent 

on the same area . 
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BIRD' STRIKE COMMITTEE EUROPE 

Bird Strike Problems of the Projected Airport München II 

Author: Johannes Maron, Fiughafen München GmbH  

The request of Flughafen München GmbH (Airport Company München) 

to plan and construct a new airport for München in the area 

offcrding/Freising was approved by German 

authorities in August 19Ö9. This new airport should replace 

München-Riem now in operation. München-Riem can no longer 

meet the demands of modern air traffic. It has only one runway. 

Extension or enlargement are impossible because the airfield 

is encircled by settlements and the suburbs of München. 

The site of the new airport - size 2600 hectares = about 

6500 acres - is provided in the area between E r d i n g 

and Freising about 15 miles north of München. 

In this region agriculture is predominant. 

8l farmyards and 25 smaller houses with nearly 500 inhabitants 

are concerned and have to be removed. The farmyards are widely 

dispersed except of a small village named Franzheim  where 

most of the dwelling houses are situated. 

Some slides shall give you an impression of the landscape. 

The ground is absolutely flat and completely cultivated. 

We find meadows and acres but no coherent woods, only groups 

of trees and shrubs. ,* 
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In the west of the projected airfield flows the river Isar. 

The banks on both sides are in a depth of 500 to 600 m covered 

with mixed woods (firs, beeches', birches, oaks, etc.), shrubbery 

and small patches of gravel or grassland. Around the new airfield 

there are mostly cultivated acres and pastures, only in the 

south and north-east we find patches of moorland - remnants 

of the former large moors south of the river Donau. In the 

beginning of this century the peat had been removed and the 

soil cultivated. 

Animals and birds in this area are numerous. Already in the 

first stage of designing of the new airport we investigated 

the  ornithological situation in this area and contacted 

Dr. Keil, Frankfurt, to support us in taking precautionary 

measures against the hazards of bird strikes. 

Observations of typical birds are available since 196l. 

Those gentlemen who participated in the meeting in Munich in 1972 

will remember my report given on the ornithological situation 

in this area. 

127 different kinds of breeding birds were registered, 

furthermore the migrating birds. 

Endangering air traffic are especially the flocks of gulls, 

lapwings, crows, furthermore pigeons, hawks, buzzards, 

pheasants, partridges, wild ducks and various limicolous birds. 

Two main problems are confronting us. 

1. Air traffic demands to keep away all kinds of birds 

dangerous to aircraft and provoking bird strikes. 

2. Environment protection requires measures to compensate 

the loss of breeding and abiding places of the concerned 

birds, especially those which are already reduced due to 

the growing  influence of civilization on our natural 

resources. 
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To item l)  a) Though no lakes or larger ponds exist in this 

rather moist area there are a lot of brooks 

and ditches between the river I s a r and the 

I s a r canal, some of them crossing the projected 

airfield. They have to be guided around the 

airfield and remain open.  Two trenches for 

draining and leading off the rainwater from 

run- und taxiways were originally planned 

underground. For technical reasons they now 

will be held open and run parallel to the 

runways. To keep birds away a dense net of wires 

stretched across the ditches is provided. 

b) The soil of and around the airfield contains 

a layer of gravel 10 to 20 ra deep which is 

industrially usable for all types of constructions. 

Many gravel-pits especially in the direction 

to München are in operation and extending north 

into the area of the new airport. We too need 

huge amounts of gravel for our own purposes. 

To avoid long transport lines the gravel must 

be taken from the vicinity of the airfield. 

The level of groundwater there is close to 

the surface and after exploiting lakes of great 

dimension remain. We must take care that all 

gravel-pits around the airfield have to be 

refilled, at least established in a way not 

attractive to birds. 

c) The wooded banks of the river I s a r  are 

preferred by birds of prey. All aircraft 

departing to the west are crossing these banks. 

In order to avoid bird strikes flying instructions 

have to regard this. 

A.    .> 
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d) Most of the ground between the runways and 

the southern part is reserved for later use. 

Agricultural management in the common manner 

Is undesirable» We are developing a plan with 

different possibilities i.e. planting Christmas- 

trees  cultures, producing grass for bull raising, 

or creating patches with pure soil where grass 

grows sparsely and needs no care. 

To item 2)  The Flughafen München GmbH and the authorities 

concerned with environment protection  endeavour 

to preserve the original character of this area» 

It is intended to create new locations similar to 

those lost inside the airfield. Plans are worked out 

with  proposals how to insert the airfield in the 

present landscape. 

We hope to construct a new airport where we can avoid the 

hazards of bird strikes and which otherwise fits well irlto 

this typical Bavarian region. 
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BSCI/11  W? 2: 

ANALYSIS OF MILITARI BIBDSTRIKBS - 1971» 

1.  Because of the security regulations in th© countries concerned 6 out of' th® 
9 nation», who supplied information, v«n unable to provide aircraft or airfield 
movements. Therefore their strike rate« eould not be calculated. Information 
was received fro« the following countries: 

Belgium 

Canadian Armed Forces (Burope) 

Denmark 

Freace 

Netherlands 

Sweden 

united Kingdom 

2*  It was not possible to compare aircraft of different Air Forces operating 
in similar roles due to the lack of strike rates. 

3*  This data supported what is now known to be the normal pattern of bridstrikes 
in that 80# of birdstrikes occurred below 1,000 feet, *»6# occurred above 250 knots. 
51g of recorded strikes occurred during the low level, en route and attack phase 
of flight, whilst *H# occurred in the vicinity of the airfield either during take 
off or landing. 

London 

*2-<f May 1976 
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TABIE 1 

NO OF NO OF RATE PER 10,000 
COUNTRY STRIKES MOVEMENTS STRIKES 

Belgium 
CAF Europe 

NK 
22 

NK 
23*580 

«♦.20 
9.33 

Denmark kk 135,282 3.25 
France 121 NK 1.23 
Netherlands 125 NK NK 
Norway 37 NK NK 
Spain 
Sweden 

11 
172 

NK 
28U.U00 

NK 
6.0 

UK *»59 NK NK 

TOTAL 238(991) tf h3,262 hM 

Note 1-1 Only 3 Nations supplied movements data. 

1-2 Figures in brackets are total figures but are not 
used for calculation of strike rate. 
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TABLE 2 - AIRCRAFT TYPE 

TTPE AIRCRAFT 
No cf'" 

STRIKES 
NO OF 

MOVEMENTS 
RÄTE PER 10*000 

MOVEMENTS 

(a) (b) (e) (d) (e) 

Jet Belgium 

NK NK 7.52 F/EF 104G 
Mirage 5B m NK 5-65 

1.64 Fouga Magister IK NK 

T33 0 NK 0 
Falcon 20E 0 NK 0 

Caf Eruope 

21 NK NK CF 104 
CF 133 1 NK NK 

Dataaark 

Huater 1 1,700 5.9 
F 35 12 24,239 4.9 
F 100 11 22,806 4.8 
F 104 10 28,208 3.5 

T 33 5 19,172 2.6 

Frame 

Mirage                  ) 
Myatere IV               ) 
F 100                   ) 73 NK 3.20 
SMB2                     > 
Vatrteur                 ) 
Jagaar                  ) 

4 Bteadard IV m 12 NK 
CH 170R                 ) #*«.' 
T/M 33                 > 21 NK .62 
MS 760 Paria             > 1     MA 

C 135F 4 NK 4.30 

Mustere XX 3 NK 2.23 

DC« 0 NK 0 
Car«sT@lle 0 NK o 

&$£&m£& 
F 104 49 NK NK 
KF»5 60 NK NK 

^m®. 
F 5 20 NK NK 
F 104 9 NK NK 
FaleoB 20C 0 NK 0 

Sgain 

Mirage 1 NK NK 
F 5 3 NK NK 

T 33 1 NK NK 
T 6 2 NK NK 

.>* 
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<a> (b) 

SAAB J2 
SAAB 35 
SAAB 37 
SAAB 105 

Buoeanaar 
Ganten« 
CCNMt 
Doaduic 
Ornat 
Harriar 
Ämter 
HS 125 
Jaguar 
Jat Proroat 
Ligktaloe 

Victor 
Vuleaa 
VC 10 

Turboprop 

C 130H 

Ml 

mi 

C 160 Traaoall 
SB  140 HWMHUttAir^ 

»115» 
Mtenwptte 

Pipar Cub 

WL1 

light Tralawr 

iafir 91 
Balldog 

(e) 

58 44,300 
55 134,500 
16 16,400 
37 45,200 

60 i'. 

42 :n 
1 '*y 

11 ,, 

5 Ml 
^3 l'F 
37 *\V 

2 Iff' 
22 *t- 

51 ' Ti 

22 !'!>' 
14 NT 

45 
4 ;"' 

18 :fr. 

7 
1 

6 
1 
5 
5 

3 
1 

1 
4 

vZr* 

(d) 

nc 
MC 
nc 
MC 

MC 
MC 

NC 

18,600 
17, 500 

(a) 

13.09 
4.09 
9.7 
8.2 

5.07 

1.08 
0.2 
4.0 
1*8% 

MC 
MC 

MC 

0.5 
2.3 



(a) (b) (c) (d) (e) 

United Kingdom ■ 

Andorer 7 NK NK 
Argosy 1 ' NK NK 
Belfast 2 NK NK 
Britannia 6 NK NK 
Hercules 36 NK NK 
Jetstream 2 NK NK . 

Piston Belgium 

SF260M NK NK 0.58 

DC? 0 NK 0 
BCS 0 NK 0 
Pembroke 

C»f Wsrmm 

Nil 

Deasark 

0 NK 0 

C5V 2 2,102 9.5 
C*7 2 6,2^3 3.2 
Chipssunk 
L 18« 

1 24,072 0.«f 

0 961 0 
KZ-VI1 0 5,779 0 

Franc« 

N2501 Noratlas 10 NK 0.?2 

SA23 Astec 2 NK k.O 
k.0 P2V? Neptun® 2 NK 

FLaaant 1 NK 0.2 
DC6 0 NK 0 
CAP 10/20 0 NK 0 
Broussard 0 NK 0 

&&4E 
Light Trainer 

gwgden 

1 NK NK 

Safir 91 1 18,600 0.5 
Bulldog k 17,500 2.3 

United Kisagtaa 

Basset 1 NK NK 
Bttlldog 2 NK NK 
Chipmunk 5 NK NK 
De^on if NK NK 
Hastings« 1 NK NK 
P@®brok® 2 NK NK 
Shackleton 1 NK NK 
Varsity 5 NK NK 

**< 
■* 
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(a)   J           Ü>) (c) (d) (e) 

Helicopter Belgium 

0 

HOURS 

NK 

PER 10.000 HOURS 

H8S-1 0 

Caf Europe 

Nil 

Denmark 

2 
0 
0 

3,563 
2,736 
2,494 

0 
0 

H-500 
S-61 
Alouett© 

France 

3 NK 1.38 NK 

Netherlands 

10 NK NK NK 

Norway 

Sea King 
0H1B 204 

1 
1 

NK 
NK 

NK 
NK 

Spain 

NK 3 NK NK 

Sweden 

NK 5 4,200 10.7 

. 

United Kingdom 

8 
11 
0 
4 
4 

NK 
NK 
NK 
NK 
NK 

NK 
NK 
0 
NK 
NK 

Gazelle 
Puna 
Sioux 
Wessex 
Whirlwind 

TABLE 2A 

TYPE AIRCRAFT 
NO OF 

STRIKES 
NO OF 

MOVEMENTS 
STRIKE PER 

10,000 MOVEMENTS 

JET - 869 

TURBOPROP - 74 

PISTON - 52 

HELICOPTER - 47 
UNKNOWN *• 0 

NOTE: Insufficient data to calculate strike rates. 
._2«V 



TABOB 3 - AlRFHSIflS 

AIRFIELD 
NO OF NO OF RATE PER 10,000 

STRIKES MJVEJffiNTS MOVEMENTS 

(a) (b) (e) <d) 

1.     DOMESTIC (data fron 
owe cötäkts*y with know» 
no. of aoveawnte) 

PBHMASK 

Kasnap 5 33*52'» 1.50 
A&lberg 8 25,179 3.18 
Sfefydtttreap 6 30,584 1.96 
Vserloa® 5 24,965 2.00 

svmmn 

F1 11 23,500 4.70 
F3 3 16,200 1.90 
F4 I» 18,300 2.20 
¥3 16 39,700 4.00 
F6 6 13,900 4.30 
F7 2 20,400 1.00 
F10 4 20,100 2.00 
F11 3 21,200 1.40 
F12 3 13.900 2.20 
F13 7 19,400 3.60 
F15 2 13,000 1.50 
F16/20 4 28,900 1.40 
F17 4 i8,*oo 2.20 
F21 4 19,100 2.10 

URHüß KIKGDOM 

16 35,052 4.56 Thorasy Island 
Fissaingley 8 30,462 2.63 
Levehare 8 34,917 2.29 
Tepeliff© 7 29,150 2.40 
!$■©§&©» 7 66,196 1.06 
Fairfford 7 23,334 3.00 
Cettasoere 6 36,037 1.66 
St   Sfe®|MMl 6 29,964 2.00 
W&dälagton 6 20,804 2.88 
BostSStt 5 19,882 2.51 
KislöSffi 5 25,862 1.93 
Sha^bm^r 5 41,549 1.20 
EH.se Sorton 4 19,720 2.03 
SsaBpioa i» 18,929 2.11 
Bättbrook 3 29.559 1.01 
C^aawell 3 75,978 0.39 
Warning 3 65,532 0.46 



(a) (b) (c) (d) 

UNITED KINGDOM cont. 

3 20,756 1A5 Marham 
Abingdon 2 *f5,l01 O.Mt 
Andover 2 22,772 0.88 
Barkaton Heath 2 27*59^ 0.72 
Chivenor 2 39,6*f0 O.50 
Coltiahall 2 30,010 0.66 

: Coningaby 2 35.122 0.57 i 
Honington 2 32,723 0.61 I 

■ 

Loaeienxrath 2 39,202 0.51 
1 

Manaton 2 25.792 0.77 
Tern Hill 2 80,298 0.25 ! 
Valley 2 96.^9 0.21 1 

Wittering 2 W.675 Cf5 i 
Weat Raynhaa 2 12,611 1.59 

2.  DOMESTIC (Incomplete 
i 

data) 
BELGIUM 

NK NK 2.67 
l 

Beauvechain 
i 
1 

Kleine Brogel NX NK 2.11 i 
1 

Florennea NK NK 1.26 
Helabroek NK NK O.83 i 

1 

CAT EUROPE i 
Baden-Sokllingen 2 NK O.85 

1 
i 

Late 2 NK O.85 
1 
l 
i 

FRANCE 
i 

Avord 3 NK 0.72 
Chateaudun 3 NK 1.53 
Cognac i» NK 0.^9 
Dijon 4 NK 0.75 
Hyerea 3 NK k .00 j 

. latrea if NK 0.73 
Laadivisiau 2 NK «f.00 
Lorient 5 NK k .00 
Mets if NK 0.67 
Mlnea 2 NK i      *f.00 
Salon 3 NK 0.21 
Reims 2 NK ,     0.56 

NETHERLANDS 
■ 

Leeuwarden 6 NK NK 
Tpenburg if NK NK 
Twenthe 8 NK NK 
Volkel 7 NK NK 
Soeaterberg 2 NK NK 
Gilse-Rijen 5 NK NK 
Woenadrecht 2 K NK 
Eindonen * NK 

4- { C_ 



(a) (b) (c) (d) 

NORWAY 

Sola 
Orland 
Bodo 
Andoya 

2 
if 
6 
2 

m 
NK 
NK 
NK 

NK 
NK 
NK 
NK 

UNITED KJNQDOM 

Aid«?grove 
Belfast Harbour 

3 
3 

NK 
NK 

NK 
NK 

Pttraborough 
Persfoore 

2 
2 

NK 
NK 

NK 
NK 

^ DOMESTIC AIRFIELDS 
28 NK NK 

(fa  FOREIGN 

Raastein 
Outaraloh 

2 
2 

NK 
NK 

NK 
NK 

Wildenrath 
Akrotiri 
Luqa 

3 
3 
7 

NK 
NK 
NK 

NK 
NK 
NK 

%      FOREIGN AIRFIELDS 
WITH SIHSIS STRtkls 35 

532 

NK 

NK 

NK 

NK 6.  EN ROUTE 

7.  UNKNOWN 150 NK NK 

TABU 3A - SUMMARY OF LOCATION 

Domestic 
Domestic (lacomplet® data) 
Foreign 
E» Roiste 
Unkn®%m 

229 1,555,^53 
133 
52 

532 
150 

1096 

1.47 
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TABLE T - AIRSPEED 

AIRSPEED 
(KNOTS-1AS) 

WEIGHT 
UNKNOWN 

CAT 
A and B CAT C CAT D '    TOTAL r    * BASFD f 

7^0 

0-80 
81 - 100 

101 - 150 
151 - 200 
201 - 250 
OVER    250 
AIRSPEED 
UNKNOWN 

12 
11 
34 

37 
26 

255 

99 

27 
52 

135 
52 
21 

101 

^5 

? 
2 1 

39 
63 

169 
92 
48 

359 

1M» 

5.06 
8.18 

21.94 
11.94 
6.23 

TOTAL 474 433 6 1 914 

TABLE 6A - ALT ITUBB 
i 

WEIGHT 
UNKNOWN 

CAT 
A and B 

'               1 
CAT C CAT D TOTAL 

% BASED ON 
929 

ALTITUDE 
(FEET) 

0-499 
5OO-999 

1000 - 25« 
OVER      250( 
HEIGHT 
UNKNOWN 

255 
147 
111 

21 

118 

282 
56 
47 

4 

44 

1 
2 

2 

1 

1 
538 
206 
158 

27 

163 

< 
«57.01 

22.1'7 

17.00 
2.90 

1 

TOTAL 652 433 6 1 1092 

Note: 6.1 No information fro« Sweden oft Altit*«e 

6.2 Data fro« Sweden included under Weitfit Unknown, 
in airspeed total. 

H > . 



STAGE 

TABLE ? - FLIGHT STAGE 

WKEGffl? 
UHKHCWH 

OAT 
A and B 

CAT C I     CAT D TOTAL        ABASED Off 

Taking 
Take-Off 70 

2 
101 2 

2 
173 

0.21 
1ft. 38 

h/L, En-rout© 
and Attach 350 119 2 ■1 472 51.52 

CliMb 13 Q - - 22 2.40 

Cruise 8 5 ■» tt» 13 1.41 

Recovery * * - „ ft 0.8? 
Descent 2 1 "* - 3 0.32 

Final '&&gmmh 
Landing 

22 
53 

19 
112 

1 «0 42 
16.5 

4.58 
18.01 

Touch ®nd Go/ 
16 1.74 Overshoot 3 13 «B •m 

unknown 133 41 ** "" 1*74 
1 

Totgl 658 426 5 1 1090 ! 

.   -- -   i 

Kate! 7.1 Data from Spain entered under stage unknown 

7;2 Data from Sweden entered under weight unknown 

S* 
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BIRD CONTROL UNITS IN THE R/VF 

Mr Chairman, Gentlemen 

I have been asked to give a short talk on Bird Control Units and the way 

that they are employed in the Royal Air Force. Before I talk about this 

I would like to first of all mention the history and how they came into 

being. 

In about 19^5» the Sappho equipment and bird distress calls were introduced 

into the Royal Air Force. The equipment was fairly bulky and as such it 

was found convenient to mount the equipment in the Station Fire and Crash 

Vehicles. As a consequence, bird scaring on airfields generally became 

a secondary duty of the fire and crash services, initiated by the local Air Traffic 

Controller. Unfortunately, beoause it was a secondary duty and the firemen 

had received no training and also because of shift work, very little expertise 

was built up on the subject of bird scaring and even those keen members who 

had developed sufficient knowledge quite frequently were not available when , 

bird scaring was required. It is not surprising, therefore, that when we 

look at the on-airfield bird strike records for the period 1964 to 1971» we 

find that there was no great or indeed there was no improvement at all. In 

1971, the Directorate of Flight Safety decided to set up a trial; 12 teams 

of 3 men each were formed to be Bird Soaring Units. These men were required 

to work on full time bird scaring operating from dawn to either dusk or the 

end of night flying and were also required to perform bird scaring operations 

during week-ends and the over periods when flying was not taking place. The 

teams were initially trained in the correct use of the bird scaring equipment, 

they were also told a little bit about bird hazards and what caused birds to 

come to airfields and how to recognize bird attractions both on and around the 

airfield and then they were set into operation on 12 Stations for a trial 

whioh was to last 2 years. The monitoring of this trial was done by means of 

daily bird counts. These bird counts were used to assess whether the team 

were in fact reducing the number of birds on the airfield, and at the same 

time, counts were taken from the local ornithologists and from the local areas 

to show that overall there was no decline in the residential bird population. 

These counts did in fact show that there was quite a large reduction in birds 

on those airfields where the Bird Control Units had operated or were operating. 

s 
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However,it is not just in the reduction of birds that we can assess the 

effecte of Bird Control Units. We oould also look at the Bird Strikes. In 

1972» when the airfield Bird Strikes overall in United Kingdom increased 

by 20$, the Bird Strikes on the 12 Stations where Bird Control Units were 

operating decreased by 10$ whilst 12 other Stations with similar high risk 

potential and chosen to compare directly with these Stations, their Strikes 

rose by 150$« While further check was made of the effectiveness, of Bird 

Control Units,   this was in relation to the cost of the Bird Strikes. 

During the first 6 months of 1973» all Bird Strikes in United Kingdom were 

assessed for cost and it was found that on the 12 Stations with Bird Control 

Units there were 1-5 Strikes at an average cost of £400 each» Whilst on 

the remaining Stations in the United Kingdom^ there were 50 Strikes and the 

average cost was £3f600, a very big difference. The reason for this 

difference was that on the Bird Control Unit Stations there was no engine 

and very little airframe damage caused by the Strikes and the reason for 

this was that the effect of the Bird Control Units was to get rid of the 

gulls, lapwings and other large birds which tend to flock on the runways 

and can cause multiple serious Strikes to aircraft taking off and landing. 

As a result of this trial, the Director of Flight Safety prepared a paper 

that also examined the previous 10 years Bird Strikes for airfields and 

they discovered that 80$ of the Bird Strikes in the UK on airfields occurred 

on just 20 military airfields whilst the remaining 35 or 40 produced only 

the other 20$, so the figure of 20 Stations was taken to be the; most cost 

effective and the calculation was made based on this figure. Each bird 

Control Unit was estimated to cost between £8,000 to £10,000 per annum. 

A team of 3 men of the rank of Corporal and below plus a vehicle.   Each 

Strike that would occur on a Bird Control Unit Station was estimated to 

save somewhere in the region of £3,000. With an average yearly record of 

something like 200 Strikes throughout the UK Service Stations and estimating 

that 80$ of these would occur at the 20 airfields at whioh the Bird Control 

Units would be established we came out with a figure that the overall cost 

of the Bird Control Units would be something like £200,000, but the overall 

saving of the Bird Control Units would be something in the order of £450,000 

so that we assess the 20 Bird Control Units in one full year will save us 

approximately £250,000 on Bird Strikes. This paper was presented, and has been 

accepted by the Air Force and 20 teams have now been set up with a date for 

commencing operation of the 1 July this year. 

19? 
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14 August 1946 

REPORT ON TIE ELEVENTH MEETING OF THE BSCE (LONDON 2^-28 MAY 1976) 

1  INTRODUCTION 

1.1 This report is composed of the following three parts: 

a) The Chairman's Report (Part 1) 

b) The report on the work done inside Working Groups of BSCE 
(Part 2) 

c) The conclusions resulting from b) (Part 3) 

1.2 The Chairman's Report, mentioned under a) above, contains a brief 
description of the proceedings of the Meeting, the organisational and 
administrative arrangements for the conduct of the Committee's business 
and for its future work. 

1.5  The report on the work done inside working groups mentioned under 
b) above supplements and/or supersedes the previous reports on this 
subject. It consists of a summary of the points made during the discussion 
in BSCE WG's on the subjects considered during the 11th Meeting and as such 
it serves to support the conclusions reached and the Recommendations which 
have been agreed by that Meeting. 

I.k     The conclusion resulting from this Report, as contained in its Part'3 
was reviewed by the Committee during its 11th session, and amended slightly 
by the chairman for editorial purposes. As a consequence of this, Part 3 
is in fact superseding the draft circulated during the meeting, included 
in this report for information only (Section 1 of the Report refers). 

ft / 
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PART 1 

CHAIRMAN'S REPORT 

1      GENERAL 

1.1  The Eleventh Meeting of the BSCE and its Working Groups was held 
from 2k  to 28 May 197f> at Church House, Westminster, in London« A list 
of participants with addressees is attached in Section 2, of the Reporte 

io2  At the opening meeting, the meeting accepted the following agenda; 

Item Is Presentation of papers» 

Item 2s Report of the work don© by each Working Group« 

Item 3 s Review of the existing terms of reference of BSCE Committee« 

Item *fs Review of the existing terms of reference of BSCE WG's. 

Item f?s Review'of the need for a Vice-Chairman, agreement of 
responsibilities and Terms of Office. 

Item 6 s Election of the BSCE Chairman and Vice Chairman. 

Item 7« Establishment of new Working Group. 

Item 8s Next meeting. 

Item 9°* Any other business. 

1.3  The meeting was chaired by Mr Ferry elected for a two year period 
at the end of 9th meeting«, 

lah      Mr New of MOD (Procurement Executive) OK acted as Secretary of the 
meeting and was in charge of the administrative, typing and printing, 
and interpretation arrangements at the meeting. 

2 COMMITTEE ARRANGEMENT 

2.1 The Committee, at the end of the 10th meeting found it necessary 
to elect a Vice Chairman - Se© Section 9» Part 2 para 2.4. 

2.2 The Chairman ending his term at the 11th meeting, was elected for 
a further period of one years 

3 PROCEEDINGS AT THE MEETING 

3.1  Discussions on the objects considered by the Committee in 
accordance with the Agenda are  reported in Section 9» Part 2, and the 
recommendations formulated as a result of these discussions are 
contained in Part 3« 

k      WORK PROGRAM!® UNTIL THE NEXT MEETING 

4.1  At the end of this meeting, the Committee agreed on the following 

y 
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work programme until the next meeting: 

4,1,1 Work to be done inBide Working Groups 

1) Work to be done inside Bird Movement Working Group: 

i)  check if Bird Hazard maps (BSCE/10 WP 30 page 2.3 referring 
to Annex 15, Appendix 1 and Doc 8126-AN/872/2 Appendix G pages 
AGA 0.2.1, RAC 6.1 and G.k  refer)) are published by all State 
members of BSCE. This work was deferred until the next BSCE 
meeting. 

ii)  prepare a revised edition of bird concentration and 
movement maps already in use. 

Hi)     study bird strike risk maps for large areas from data 
provided by States. 

2) work to be done inside Communications Working Group: 

i)  prepare and circulate the complete list of addressees for 
Notam circulation 

ii)  test of the circulation of NOTAM dealing with bird movement 
during Spring migration 1977 under the procedure already used 
during 197^ and 1975 

iii)  prepare a compilation of the already agreed practice 
(format of the message, code used, prefixes) to be published 
in the 11th Meeting Report with the final aim of becoming a part 
of Documentation published by ICAO. 

iv) study the need to collect "Flight Procedures" already 
used for bird avoidance. 

3) work to be done inside Aerodrome Working Group: 

i)  ensure that all information about bird dispersal devices 
in use in each state are available and prepare a summary giving 
the assessed efficiency. 

ii)  collect national regulations applying to garbage dumps and 
controllable bird movements, 

iii)  study and prepare a document to be used as a check list by 
airport managers on measures used and remarks made about them. 
This document will be based on WP2VBSCE11 (the Airport Manager's 
Brief), revised and extended. 

k)    work to be done inside Analysis Working Group: 

ia) make sure that all BSCE States »re using the new BSCE forms 
for the Annual Analysis of bird strikes recorded by eacn state 
(Civil and Military analyses) 

ib) circulate a revised format for the analysis of Military and 
Civil Strikes, to simplify the work done in each country. 

ii) produce BSCE bird weight classification, to avoid 
inconsistencies in reporting. 

\ 
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iiij  continue the special analysis on strikes to engines, with an 
investigation oriented to the ability of intakes and engines to 
withstand birdstrikes with a liaison with AEA Technical Affairs 
Committee. 

iv)  Study the effectiveness of the use of aircraft landing lights 
for scaring birds away from the aircraft flight path 

v)  explore the possibility of using computer facilities for 
analysis and storage of bird strike data. 

vi)  publish the analysis of' Bird Strikes in Europe for the 3 years 
period of survey (1972-73-7*0. 

l})   work to be done inside Radar Working Group: 

i)  circulate and finalise the document relating to obtained 
radar bird observation and bird strike probability» 

, ii)  analyse the various computer aided bird density evaluation 
methods= 

iii)  prepare a note explaning the feasibility of an automatic warning 
device to be used on aerodromes when the birds activity is above a 
given limit« 

6) work to be done inside Structural Testing Working Group: 

i)  collect details on the testing programmes and results 
achieved by various laboratories on bird impact structural tests. 

ii) collect, analyse and group together methods of analysing 
the bird impact resistance of structures in order to draft a 
manual on "Design Guidance" 

4.1.2 Other Activities 

1) to continue studies aimed at the use of a warning network 
(combination of radar or visual observation on the spot, NOTAM 
code, communication system, interpreting centre, phraseology to be 
used by controllers) for aircraft in the vicinity of aerodromes« 

2) to continue studies aimed at a uniform method of displaying 
permanent information in order to obtain a uniform coverage of 
Europe and its immediate vicinity. 

3) to develop a .common basic policy with other organisations in 
order to standardise BSCE methods (or improved methods) aiming at 
reducing the bird hazard whenever possible. 

h)     to continue studies on the actual cost of bird strikes and the 
cost effectiveness of the use of the aforesaid methods. 

k c ?.      Work on the above subjects was assigned as follows: 

a) if not differently stated in the following, work on subjects 
listed on *f.1.1 from 1) to 6) is assigned to each WG's chairman. 

b) the .Chairman of the BSCE will take part in work assigned in para 
^.1.1 under 1) i), 2) iii), 3) iii), 4) i), 5) ii), the work being 
undertaken primarily by the WG's chairmen (recommendations BSCE/10 
13  and for BSCE 11  Section 1 refers). 
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i; 

c) work on the subiect listed under 5) i) in para 4.1.1 to be 
undertaken by Dr F Hunt (National Research Council, Canada) 

d) work on the subject listed under 3) in para 4.1.1 to be 
undertaken by Dr W Keil (German Federal Republic) 

5  ARRANGEMENTS FOR THE NEXT MEETING 

5.1 The Committee did not develop a specific Agenda for its next meeting 
because this depends to a considerable degree, on the progress achieved 
by each working group on the work programme outlined in para 4 above. 

5.2 It was however agreed, that for the time being, the following points 
should be retained for possible consideration at the next meeting: 

aj  tentative list for future meetings 

b) preparation of a generally acceptable document regarding 

i)  the relation between obtained radar bird observation and 
bird strike probability 

ii) a check list for airport managers when a problem dealing with 
bird activity appears on an aerodrome 

iii)  the evaluation of the bird risk in large areas in terms of 
biomass 

iv) the ability of a certain aircraft, parts of aircraft, and engines 
to withstand birdstrikes 

v) guidance on Structural Testing of Airframes for eventual 
inclusion in the ICAO Airworthiness Technical Manual. 

c) future organisation of BSCE (possibility of a permenant 
secretariat). 

d) submission of reports for    future BSCE meetings. 

e) election of BSCE Chairman. 

5.3 The Committee accepted that the various Working Groups would present 
to the Committee reasonably firm proposals on the subjects listed in 5«2b)so 
that at its next meeting, the Committee would be able to make firm 
recommendations. 

5.4 Regarding the subject of Working Group tasks it is accepted that 

i) the report presented by the Working Groups1 Chairmen to the 
Committee will have three sections: 

1) review of the work already completed and the recommendations 
from the previous Working Group 

2) progress report of the work done during the previous year 

3) chairman's report on discussions, with recommendations reached. 

ii) the Report will be available and circulated before the opening 
of the plenary session of each BSCE meeting. 



BSCE 11-8 pt 1 

5.5  As to the venue for the next meeting of the Committee, it was noted 
that this problem will, in the future, be difficult to solve satisfactorily. 
The Chairman proposed to publish a list showing, according to actual 
practice? the tentative programme for the next five years« As new 
countries are now fully participating, the list could be extended» For the 
time being, Belguim declare that, due to difficulties, they can not host the 
1977 meeting* Switzerland has already started arrangements for 1978« So 
the location and date of 1977 meeting could not be agreed upon» 

The Chairman will explore whether the 1977 meeting could be held in Paris 
as an alternative solution« 

5.6  It has been proposed as an 1CA0 suggestion, that a Bird Strike 
World Conference be held, in  conjunction with the next BSGE annual meeting» 
As the arrangements to be made for a World Conference usually takes 
more than one year, it is doubtful whether such a meeting could take 
place in 197?. 

It was noted that, apart from the participation of Australia, Mew Zealand 
and few other countries already active on these problems, BSGE meetings 
gathered together most of those with experience in bird strike problems 
from Military and Civil Aviation» 

6  ACKNOWLEDGEMENTS 

The Chairman, on behalf of the whole Committee, expressed his gratitude for 
the impressive and efficient organisation of the meeting at short notice and, 
to all who have contributed to the success of the meeting* 

A special mention should be made of the visits to: 

1/   the RAF Museum at Hendon where in a short time a complete review of 
the progress made in aeroplane design was seen. The UK film "Bird Strike» 
was shown in the cinema. 

2} London Heathrow Airport where the work of the 2k  hour a day, 7 days 
per week Patrols dealing with birds on the airport, were described. One 
of the specially equipped vehicles was made available for inspection,, 

7  PEESS COVERAGE 

''Aviation Week and Space Technology« gave publicity to the BSCE meeting 
in their 2k May issue and on 7 June issue gave a large coverage to the" 
Conference and its conclusions« 
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PART 2 

REPORT ON THE BSCE ELEVENTH ANNUAL SESSION 

1 INTRODUCTION 

1.1 The 11th report on the BSCE annual session relates to "the work done 
inside Working Groups, which assembled at the same time, and by the 
Committee as a whole when dealing with its specific tasks. 

1.2 As all papers presented during the session appear in Section 6 of 
the Report, this part will cover the following subjects: 

a  analysis of work done by each Working Group 

b  review of the administrative problems 

c  review of actions to be performed following the recommendations 

d  special problems 

2 DISCUSSION OF SUBJECTS RELATED TO THE BSCE 

2.1 Before entering into the discussion of specific items mentioned under 
para 1.2 above, the Chairman felt that the tasks given to him each year, if 
properly dealt with, do not leave enough time to think about the future 
of the BSCE and act as a representative of the BSCE to International 
Organisations. This last work,deemed urgent, calls for frequent interviews 
in differently located headquarters. As the Editing Committee is now 
firmly established and provided guidance during the session, the Chairman 
proposed the election of a Vice-Chairman (see item 5 of the Agenda) in 
order to have a team all the year long. 

Some other problems have arisen during the year and call for analysis. 
The specific points were: 

a  Study of the administrative structure 

b  next meeting (date, duration and location) 

Although these matters have no direct influence on the work carried out 
during the session, it has been noted that they should be recorded in 
a proper way and be part of the Report. They appear under item b) under 
para 1.2 above. 

2.2 Even though the Committee recognized that some shortcomings existed 
in its way to solve problems, it has been felt unnecessary to enter into 
too abrupt changes without having time to test the validity and the 
efficiency of the modifications. It was expected that, if still necessary, 
members would raise this matter again at the next suitable opportunity. 

2.3 Reports on working groups: 

2.3.1  These appear under Section 5 of the main Report and 
reflect the nature and specific tasks of each Group. 

X 
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It will be noted that the reports are now presented, under uniform 
format and arrangement of contents« 

2e.5o2 Time allowed for this item has not permitted a long discussion* 
However, three points have been realised 

a) from the Analysis Working Gi-^-xp  Report: the necessity 
of a specific bird weight distribution lias been noted« 

It has been agreed to use  the following; 

vary small below 110g (ij lb) 
esaall between lllg end 68lg (if lb) 
medium between 68lg aud 1«8.1kg (^ lb) 
large between 1.82kg and j5Eß3kg (£ 
very large over 3«6^kg 

It has been noted that the compilation of Civil Incidents 
in  a Quarterly Information Bulletin was very useful and 
should continue» 

b) from Communications Working Groups some reserves have 
been formulated on the direct use of the KOTAM code for 
bird activities» One State was still advocating plain 
language instead of coded messages» A compromise has been 
reached by the combination of issuing the message in NOl'AM 
groups before the plain language form when a bird warning 
is issued by this particular Statee 

c) froffi Aerodrome Working Groups souse States have not yet 
provided their comments ©n Part 3 of 3EGÄ0 Airport Service 
Manual (Bird Control and Reduction). It has been agreed 
that a summary of all States' comments will be sent in the 
near future, and that some new parts will be drafted for 
ICAO considerations 

2*h        Sie CosssEittee has revised its Teras of Reference and work 
programme of Working Groups« Sie Terras of Reference appear in Section 7 
of the Main Report and the Work Programme in Section 9? Part 1, para ke 

2»i«-o2 A Vice-Chairman has been appointed with terms of reference 
(see .Section 7»3 Main Report) discussed and approved (Mr L--0 Turesson 
from Sweden will be the Vice-Chairman for the 1976-1978 period)» 

2«A»3 Attention has been called to the number of Working Papers8 which 
are steadily increasing in number and complexity*» The Chairman, was 
asked to prepare a summary of all Working Papers published from the 
1st annual session to the present day with a classification following 
the Working Groups' Terms of Reference« The summary will be published 
as a BSCS circular and will provide a basis for the Editing Committee 
to select Working Papers«, 

Scale future Papers could then appear in the main Report only as 
summaries because they should have been subject to discussion inside 
the Working Groi"ps or they cover a matter already well explored» 

X" 
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2.4.4 The problem of a permanent Secretariat, proposed during the 
10th session of the BSCE, has not progressed. However as some 
international organisations have shown an increasing interest in 
the work done and because they are now asking BSCE to prepare notes 
or documents it ha6 been felt that a beginning of a solution could 
be offered by these organisations. 

2.4.5 According to normal practice the Chairman of the BSCE is 
elected for a period of two years, which could be renewed. The 
present chairman, whose mandate was due to end during the 11th 
session had to follow this practice. However after discussion 
it was agreed that he should be re-elected for one more year, in 
order to provide an overlap with the Vice-Chairman. This will 
avoid a too complete change in philosophy and ease representation 
to International bodies. 

2.5 Action to be taken: 

2.5.1 A new Working Group has been firmly established under the 
title "Structural Testing of Airframes". 

2.5.2 A proposal for another new Group has been studied and as a 
result it was decided that the work connected with "Flight Procedures" 
should be added to the Communications Working Group, which will revise 
its Terms of Reference accordingly. 

2.5.3 The Chairman of the BSCE or the Vice-Chairman have been 
charged to visit all relevant authorities at a convenient level, to 
obtain better liaison and understanding. It is hoped that some minor 
problems inherent in national ways of thinking could then be solved. 

2.5.4 The chairman has been asked to pursue the Committee action 
with insurance companies and to start action with the International 
Air Transport Association, the Guild of Air Traffic Controllers, the 
International Federation of Air Line Pilots Associations, the European 
Airports Association, Association of European Airlines and generally all 
organizations concerned with safety and reliability of air transportation. 

2.5.5 Recommendations emerging from the Working Groups are included 
in Section 1 of the main Report. 
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PART 3 

CONCLUSIONS RESULTING FROM SECTION 9 OF TM  11TH MEETING REPORT 

1 As a routine, BSCE meetings end with the adoption of recommendations, 
On3y those of »"general nature are shown below because soae are addressed 
to the Chairman as assigned tasks on behalf of the'Committee end reflect 
the conclusions of the meetings 

Section 1, Recommendations •  '" 

A 1    Bird concentration maps • 

D 1 Reporting System 
D 2 Identification of Remains 
D 3 Ask ICAO to request each State (circulation of Bird Strike reports.) 
j) /+ Application measures of D-3 
D 8 Information on strikes provided to AEA . 
E 3 Radar data 
Q 2 National Committee Documentation 
G 3»! List of Recommendations issued by previous meetings 
G 3«2 ICAO Standard Weights 
G 3«3 Information on strikes provided to Airport Associations 

2 The time  lapse being too short to allow a general consultation on the 
presentation of*this Report and the redrafting of recommendations issued 
by Working Groups and approved by the Committee the only conclusion 
formulated by the Chairtfian ie: . . '  ■ 

Conclusion Is As International Publication© (see ICAO Dec 9137-ANI898 
edition 1975 Airports Service Manual, Part 3) and BSCE code of 
practice are available and agreed, .all States are requested to 
ensure that methods used on airports are in full accordance with 
the above documents» 

HQ AFESC/TIC (FL 7050) 
Technical Information Center 
Bidg 1120/Stop21 
Tyndall AFB FL 32403-6001 
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