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SIMMARY

Collisions between slrcraft and birds are the subject of growing
inberest. The uncentrollable mature of those factors which cause
these collisions suggests that a probability model might be used
to express the relstionship between the number of birdstrikes and
the number of damage cases aend the reletionship between the number
of birdstrikes end the losees. It is clear that the number of da-
mage cases (¥} and the losses (&) are both positively correlsated
vith the nunber of birdstrikes (X). In this investigation, two bi-
variate probability models will be studied: one for the Jjoint dis—
tribution of the number of birdstrikes and the number of damage
cases; end one for the Jjoint distrivution of the number of bird-
strikes and the losses. In both models, the number of birdstrikes
X et a certain location during s glven time interval is assumed to
follow & Poisson distribution with parameter B4. In the first mo-
del, suppose that the variable ¥; assumes the value 1 1f the ith
Bircraft collision with birds is associated with damage case and
Yi essumes the value O if the ith aireraft collision with birds is
not associated with damage cese, and these events cccur with pro-
babilities p and q=1-p, respectively. Thus, the varisble ¥ = Ya+
Yot o.. +¥x represents the number of damage cases in m total o} X
alrcraft collisions with birds. Clearly, Y<€X, and the bivariate
distribution f{x,y) represents the Joint distribution of the num-
ber of birdstrikes and the corresponding number of damage cases.
In the gecond model, the varlsble Zi shall denote the losses in
the ith eircraft collisior with birds end it may teke the wvalues
0,,2, ... . In this case, the are sssumed to follow a Poisson
distribution with parameter 85. Thus, the varieble Z = Zq+Z2+ ..

+ +Zy represents the losses in X sircraft collisions with birds,
and the bivariate distribution g(x,2) represents the joint distri-
bubion of the number of aircraft coliisions with birds and the
corresponding losses. In this psper, the examples illustrating da-
ta processing are given where the losses associated with elrcraft

¢ollisions with birds are expressed in terms of conventional units
of the cost.




Although birdstrikes are considered to pose one of the major pro-
blems to flight safety in the jet age by many eviastion experts,
the extent to which the problem is taken geriocusly varies enormo-
usly, both in terms of time and in terms of country asnd company.
The relatively low rete of serious birdstrikes in civil aviation
might explain why certain orgsnizations, which have probably not
puffered any damage Or pear-accldents for years don't give this
subject the priority it deserves. For thenm 1% ghould be worth
considering the fact that, despite the difficulty in confirming &
birdstrike as the initlsl cause of an accident and the falrly ge-
perel reluctance to disclose deteils about accidents, over 30 cra-
shes of civil aircraft have been reported worldwide due to blird-
strikes (Thorpe, 1982).

The sbove reference serves to 41lustrate the fact that flight sa-
fety is = problem of great importance. Verious reasons may €Xp-—
lain the widespread reluctance to tackle the birdstrike problem.
Firstly, the desipgn of a fully birdproof eircreft seems to be an
unattainable idesl, due to engineering and economical constralnts,
whilst competition among aviation industries may also be a factor.
Esteblishing internationally &agreed flight safety requirements is
fer from easy. The by itself reasonable principle %o accept e cer-
taeiln, very limited risk inevitably implies the necessity to reach
a consensus on the extent of the scceptable xisk. The same applies
to f£light restrictions to avoid situations of kigh bird density,
especially in pilitary low level training. Appreciable financial
repercussions 8lso hamper the implementatlion of internationally
agreed standards for bird control on airfields. Secondly, the
birdstrike problem is & VEry complex one and reflects the diver-
sity and partiel unpredictability of nature. As a result the pro=—
blem cen be, and acbually is, 1nterpreted in many ways. The same
applies to preventive messures. The success of such measures is
difficult Ho quantify, especielly because there is usually no co-
mparable situation to serve as reference. In addition, successes
tend to be exaggerated while failures often remain undisclosed.

It is not the intention of this paper to review the entire bird-
strike problem. Virtually all aspects have been dealt with in the
book of Blokpoel (1976). The purpose of the present contribution
is to focus attention on the probability models sultable for ang-
lysils §f birdstrike statistics end the determination of birdstri-
ke risks.

2. THR POISSON-BERNOULLI MODEL

Suppose that the pumber of alrcraft collislons with birds X re-
corded at a specific location in & given time intervel has a Fo-
isson distribution with probability function

fq(x) = e—Bq.Bﬁfxl . JC=0,1,2, saa (1)

Iet Y5 be &n indicator variable essocisted with ith aircraft col-
iision with birds suck that Yi=1 4f the ith collision is damage
case of alrcraft, and ¥ =0 if ith collision is no damage case.
Further, suppose that the probability funcvion of ¥y is given
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Also, the total number of damage cases Y among the X aircraft co-
1lisions with birds occurring in the jth time intervel is

I = Y,I+Y2+ aaw +Yxo (3)
Thus, if the Y3 are assumed to be mutually independent, then the

conditional distribution of Y gilven that X=x 1s binonmial with pa-
remeters x and p. That ig,

£(y:x) =(§)p”q“? y 750,152, ave pX- )
Hence, the jolnt distribution of the number of eircraft ceollisi~

ons with birds X end the corresponding number of damage casesg ¥
bas probability function

£(x,5) = £(yix)2,(0) = e PP ST/ (7 (x-)1),
X=0,1,2, wes 3 ¥F=0,1,2, cee ,X. {(5)
From the joint probability function given in (5) two other proba-
bility functions of interest may now be derived. The first of

these is f£5(y), the marginal probability function of the number
of damage cases, given by

Yo—-Bq 2o Baqu_y

= < _ P
I,(y) = x% 2(x,5) = &5 x% [€252]! (6
Upon setting ﬁ:x—y, £o{y) beconmes
¥ —Bdl oo .B}]r+yqv
fa(y) = P—%— v% T (7)

pince y«x. And hence, it is readily seen that

e'(B’lp)(qu)y
¥l

which is the probability functlon of & Polsson random variable
with parameter B4p. The conditional density function of X given
Y=y can be found from (5) and (8) to be

fa(y) = y 720,12, «ce (8)

e'(Bq(I)(qu)x‘y
2(x3y) = f(x:??')/fzt'f) = =31 s X2 7, (9)

which is the probability function of & Polsson random variable
with parameter Bqq which has been translated y units to the right.




2.1 Maximum Likelihood Estimation of the Perameters B, and p

Given a bivariate sample {(xj,ydj} §=1,2, »e» & from & Poisson-
Bernoulli distribution where“x4"is the number of aircraft colli-

sions witk birds in the jth ti e interval and i is the number of
damage cases of elreraft{ among the x? birdstri gs in the jth time
interval, the likelihood function L 1s glven by

pX3(1-p)XI V 3e~B18%S

(10)

Upon taking the natural logarithm of L, the log~likelihood func-
tion is

In L= (1n p) ; x4 +1n(1-p) § (x4~y5)-28,+(1n 51) Xy

- %ﬁ; 1n ydl— %g; ln(xj—yj)! . (113
Differentiating (11) with respect to p gives
n n
¥n L _ % ik - E (xj-yj) (12)
d¥p TP 1=-p

and differentiation of (11) with respect to 84 glves

Il

X.
- 3
‘6‘531="’1+ZT- (13)

Setting (12) and (13) equal to zero gives rise to the likelihood
equations

-

Ti It 0
ij yj"P§= xj=

ng, - gg; x5 = ?J

Solution of (14) glves the maximum likelihood estimators

n n
P/ s (15)

. (14)

3= (16)
B1 = ‘% xj/n .
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These estimetes are identicel to those obtatined by the method of
moments slnce

E(X) = 13,.i (17)
and
E(Y) = B,p. (18)

3. THE POISSON-POISSON MODEL

Buppose that the number of aircraft collisions with birds X reco-
rded et a specific location in a given time interval has s Polg~
gon digtribution with probability function

B4(x) = e“B"Bf/xi s X=0,1,2, eee . €19)

Ist 7; be e random variable associmted with the losses (expressed
in terms of conventionsl units of the cost) resulting from the
ith aircraft collision with birds, and suppose that 2i has a Poi-
eson distribution with parameter Bpy that is,

Pr(z=k) = e7B285 k1 |, k=0,1,2, ... . (20)

Now 1f the Zglare assumed t¢ be mutually independent, then the
conditional distribution of

L= Zy42,% ou. +2y, (2%)

the total logsses recorded among the X aircraft collisions with
birds occurring in the jth time interval, is Poisson with perame-—
ter Bzx. Thus,

glz;x) = e'(‘BEx)(Bzx)z/z! y 2=0,1,2, ... . (22)

Hence, the joint distribution of the number of aircraft collisi~
ons with birds X and the corresponding lesses Z is given by

8(x,2}

glzix)g (x) = e"ﬂ13§e“(BEX)(32x)z/xtzx
= e"(B"mEx)B?f(Bzx) Z/x1z)

30'1'2’ LI N T Z=0.1,2, LI T (23)

Having thus derived the joint distribution g(x,2) of the number
of aircraft collisions with birds and the losses in (23), it is
desired to find go(2), the marginal probability function of the
losses, and g(x;z?, the conditional probabllity function of the
number of aircraft collisions with birds given the losses. From
equation (23), it follows that

~B4n2 =B \X 2 ~{B,-a).2
oo ¢ B, vo (B.e T2)* x e 1 7’8
6x(2) = E g(x,2) = —r= % = = T myla)

X=
(24)




where

2 (25)

and mz(a) is the zth crude moment of Poisson distribution with
parameter &. This distribution has mean and variance given by

-8
a= B1e

~84px ,—(Box) g ~Bq,x
oo oo e BT e (Bzx) oo e '8
= 1 = B 1. BB
B(2) = 2 25 2 X 21 2 Box —xT— = PP
(26)
and ~Bqpx —(Box) z
oo oo e™™1By e (8,%)
" 2nd
Var(z) = EE% E%E 22 —~— = - 8385
- l—:i-‘t:"‘iﬁx
= 2 ((50%4(8)) —r - 5385
(27

2, n2 Zal _
= 32(51+Bq) + 5231 - 3132 = 3452(32+1).
The conditional probability function g(x;z) can be obtained from
(23) end (24) as
e"(81*32x)8¥(32x)z/xlzl e~ %a*x?

g(xiz) = glx,2)/g(2) = o .

B -
e~t8q E)Bgmz(&)/z! (28)

3.1 Maximum Likelihood Estimation of the Parameters Bq and 32
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Teking the netural logarithm of L gives
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Betting the partial derivatives equal to zero gives the likeliho-
od equations
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Bolution of (33) glves the maximum likelihood estimates
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4, APPLICATION OF THE MODELS T0 BIRDSTRIKE DATA

In the present section, the spplication of both the Polsson-Ber-
noulli model of section 2 and the Poisson-Foisson model of secti-
on 3 to birdstrike datae wlill be discussed, The source of the data
is the airports of Latvien 8SR. Applying the maximum likelihood
estimates of unknown parameters B4, Bo and p, the fit of each mo-
del to its respective szmple for the %53 deys and the year 4983
{Msy-September) was measured using the chi-square goodness-of-fit
criterion

2
2 _ (observed - expected)
L = all %3 expectod ‘ (37
y R

2ABLE 1. Observed and fitted dlstributions for the number of air-
craft collisions with birds and the number of damage cases of
airgiaff. gEs‘aimated Foisgon-Bernoulli frequencles appear in pa-
renthesis.

Estimated valuss of the Poisson~Bernoulll parameters:
B,= 0.856209
P = 0.053435
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Estimated valuses of Foisson~Edsson parameters:

2 Total
- 89
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Total 146 7 0 153
(146.12) (6.29) (0.59) (153,00)

Value of the chi-square test of fit:
X2 = 6.47818 (10 a.£.)
Pr(xﬁoa 6.47848) = 0.77.

It wiil be seen that the egroement betweon the observed and expec—
ted values in each teble is guite good,

Note that the Poisson-Bernoulli model is slso an appropriate one
Por analyzing the joint distribution of the total number of bird-
strike mgshaps snd the number of those associzted with low-level
routes, Observed distribution cf birdstrike mishsps end those as—
gogiatad with low-level routes teken from Short (17982) is given
elow.

TABLE 3. Observed distribution of birdstrike mishaps and those
aspociated with low-level routes

Total bird Bird strikes slong
strikes low-level routes
January 34 19
February 37 9
March 83 41
April 105 43
May 96 19
June 45 3]
July 49 6
August 68 9
Beptember 82 27
October 134 54
November 71 29
December 42 11

Estimated values of the Poisson-Bernoulli parameters:
A

[

P = 0.322695 .

5. CONCLUSIONS

Using the maximum likelihood estimates of the parameters B4,8p
and p derived in sections 2 and 3, both the Polsson-Bernoulli mo-
del and the Poisson-Poisson model were fitted to birdstrike data.




The £it of each of these models to its respective samples was me-
esured by the chi-square test. Based on &n exsmination of the re-
sults of these tests, it must be concluded that the Poisson-Bar-
noulli and Poisson-Poisson models are too simple Go describe ade~
quately these types of blvariate data. The present appreach to
the problem of describing the joint distribution of the number

of eircraft collisions with birds and the number of dsmage cases
of eireraft, and the Joint distribution of the number of air—
craft collisions with birds and the losses, which are ssacciated
with these collisions and expressed in terms of conventional
wnits of the cost, is straight-forward and quite basic. Bince

the distributional assumptions are generally accepted ones, it
seens that the weskness of these models lies wlth the essumption
of homogeneity of the data. Throughout this discussion, the data
have been trested as having come from a single population. Ome
possible approach to this problem would be to conslider separate
models for data arising from similar situations. Also separation
of the data would permit one to evaluate the effect on the para-
meters B4,82 and p of such factors &s location, time of dsy, or
woather condlitions.

This paper (which should be regarded as & sequel to the essay
(Nechval, 4987)) deals with the bivariate probabllity models ap-
plicable to the analysis of birdstrike statistics in order to
indicate potential possibilities for improvements which may &as
yet not be sufficiently realized by engineers running test prog-
rams or by policy makers formulating requirements on airworthi-
ness.
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MILITARY AIRCRAFT BIRDSTRIKE ANALYSIS - 1685/19%85

INTRODUCTION

1. Atcording to the recommendations of the 1Bth meeting of the Bird
Strike Committee Europe (BSCE) the military birdstrike analysis was
transferred to the German Military Geophyeical Office (GMGO). The
countries participeting &t the Analysis Working Group were requested

to send the military astatisti{cs directly to the GMGO within & months,

in the same format ak currently used. Nevertheleas only three countries
contributed .date for the years 1985-B6 the worst result in reporting over
all previoue yeara. The followlng table showsa a record of contributions
to analysea aince 1%79:;

7% B0 8y 83 &6 BB

_ Belglan Air Force {BAF) X X - - X X

I Hoyal Danish Alr Force (RDAF) X X X X X -
French Alr ¥Force (EMAA) (x> - - - - -

! German Alr Force (GAF) X - X X X X

\ Royal Netherlands Alr Force (RNLAF) - - - (xy (x3 (%)

' Royal Korwegian Air Foerce (Roaf) X - - - - -

ll Royal Alir Force {RaF) X X X X X

i Swedish Alr Force (SAF) X - X X -

l United States Air Force (Europe) (x} x - - - -

: {(UsaF(E})

\ Total 6 &4 [ 4 5 3

A
2. Those contributions {ndicated as (X} denote that they were in an
unysable format,
3, The small number of contributions, when compared with the number of

countries participating in BSCE, mey be attributed to the change of the
compiler or may cnce sgaln Indicate that the usefulness of rhig report in
its present format is in doubt, The Analysis Working Group hasoto decide
if the military birdetrike analysis can be improved or sheould be finished.

BIRD SPECIES

4, Analysis of Tables 1 shows that the birds most commonly involved in
strikes are Gulles (Laridae), Swallows/Swifte (Hirundinide/Apodidae}, Figeons
{Colunbid me) and Lapwing. 25 % of the bird remains belong to gulls, and more
than 50 % of all birdetrikes with gulles damaged the aircraft. Nearly 20 %
of the bird remains could be identified as swallows reap. awifts, but there
13 & significant difference in damsge {awifte 36 %, swallows 12 %). 11 %




of the bird remains are pigeons with 55 % damage to alrcraft. The lapwing
showed a decline from 7,8 % (1983) to 4,6 % (1986). 35 % of the bird strikes
caused by lapwings damaged the aircraft. Among the lens common bird epecies
attention should be directed to burzards and kites (2.8 % of the bird remains,
77 % with damage), falcons (2 % of the bird remains, 41 % with damage)}, Crows
(2-3,5 % of the bird remains, 57 % with damage), and the starling (3,3 % of
the bird remains, 29 % with damage). Geese and ducks are the most dangerous
bird species. Though involved in strikes only with 2 %, they damsged in 90 %
of all cases the aircraft. The figures confirm the tendency of previous

years that the heavier birds are more likely to cause dunage.

PART DF AIRCRAFT STRUCK AND EFFECTE

5. One mircraft was lost in 1985. Beyond that one minor and three slight
injuries of flight crews were regletered in 1585-86. Among the parts of the
aireraft struck, engines showed a significant increase belween 1979-82 but

thie levelled off in 1983 and reduced in 1984. This level could be main-
f windacreens struck was in 1984 at ite

tained in 1985-86. The percentage ©
lowest level since 1979. The years 1985-86 showed again a similar level.
The most significant increase of strikes concerned wings and air intakes.
Since 1983 the number of strikes increased continously from 12.3 % upte
22.8 % (1986). The reported damage of all other birdstrikes is of minor
nature. Blrdstrikes causing no damage continoued, as in previous yeare, to
be about 60 % of the totals reported,

6. As the percentage of damages to all parte of alrcraft struck by
unknown bird specises is considerably higher than the damage caused by
species identified from bird remains the relation of strikes to the
weight categories 4 - D 18 doublful., As rematns of small birds cannot
be found in meny cases, the actual percentage of these birds involved in

strikes will be much higher than {1lustrated by tables 2 and 3.

7. parts of elrcraft struck and effects are depending from the type
of alrcreft and the alr currente around. As these details are not repor ted
in tables 2 and 3, the pignificance of the two tables is relatively emall

with regard to constructive measures.

84

TABLE 1 - BIRD SPI

COMMON NAME

Gull {Various)
Swift

Pigeons (Various)
Lapwing
Swallow/Martin
Bkylark

Common Gull
Starling
Fasgeriformes
Black-headed Gull
House Martin
Herring Gull
Chaffinch
Buxzrard

Feral Pigeon
Thrush

Crow (Various)
Kestrel

Song Thrush
Woodpigeon
Buzzard (Various)
Fartridge
Sparrow
Sparrovhawk
Black Kite

Kite

Rook

Duck
Oystercatcher

Pheasant
Blackbird
Yellowhammer
Pied Wagtail
Swallow

Finch (Various)
GCoose

Mallard

Snipe

Cattle Egret
Upland Goowe
Zhelduck

Hobby

Falcon

GColden Plover
Wader

Stock Dove
G-spotted Woodpecke
House Sparrow
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TABLE 1 - BIRD SPECIES 1985
COMMON NAME LATIN NAME AVERAGE CATEGORY| STRIKES % BASED
WEIGHT (DAMAGE) | ON 547
Gull {various) Laridae 120-1690 B %1 (51} 16,6
Swift Apus apus 41 A 63 (25) 11,5
Flgeons (Various) Columbidae LD-4R5 AlB 45 (31) 8,2
Lapwing Yanellue vanellus 215 B 43 (13 7,8
Svallow/Martin Hirundinidae 13.19 A 29 ( 43 5,3
Skylark Alauda arvensis 39 A 24 ( 2) 4,3
Common Gull Larus canus 420 B 20 { 8) i,6
Starling Sturnis vulgaris 80 A 19 ( 2 3,4
Fasseriformes - b-1105 AfB 17 { 53 3,1
Black-headed Gull Larus ridibundus 275 B 16 ( 5) 2,9
House Martin Delichon urbica 17 A 15 ( 2) 2,7
Herring Cull Larus argentatus 1620 B 12 {10} 2,2
Chaffinch Fringilla coelebs 23 A 11 (1) 2,0
Buzzard Buteo buteo B0O0 B 9 (9 1,6
Feral Pigeon Columba livia var 393 B 9 {3 1,6
Thrush Turdidae 67-131 AlB 9 (1) 1,6
Crow (Various) Corvidae 234-1105 B B ( 6) 1,4
Kentrel Faleo tinnunculus 204 B 8 (2) 1,4
Song Thrush Turdus philomelos 73 A 8 (1) 1,4
¥oodpigeon Columba palumbus 465 B 7(% 1,2
Buzzard (Various) Buteo ap 78511350 B T 1,2
Partridge Perdix perdix 400 B 5(2) 0,9
Sparrow Passer ap 20-32 A 511} G,9
Sparrowhawk Accipiter nisus 190 B 4 (0 0,7
Biack Xite Hilvus migrans 780 B aiCwn 0,5
Kte Milvus sp 240-1020 B 3 ( 2) 0,5
Rook Corvus frugflegus 430 B 3( 2} 0,5
Duck Anatidae 324-2040 BfC 302 0,5
Oystercatcher Haematopus ostralegug 500 B 3CD 0,5
Phaasant Phasianue colehicus 1100 B 300) 0,5
Blackbird Turdus merula 106 A I (» 0,5
Tellowhammer Emberiza citrinelia 27 A 3(0) 0,5
Pled Wagtail Motacilla alba 23 A 3I(0 6,5
Svallow Hirunde rustica 1% A 300 0,5
HMach (Various) Fringillidae 20-30 A 3o, 0,5
Coone Anser sp. 1300-3600 B-D 2 (2} 0,4
Mallard Anss platyrhynchos 1080 B 2{1 0,4
Snipe Gallinago gallinago 125 B 2 (0} 0,4
Cattle Egret Bubuleus ibis 345 B 1 (1) 0,2
Uptand Goose Chloephaga picta 4000 D 1 {1 0,2
Fhalduck Tadorna tadorna 1080 B t (1) G,2
Bobby Falco subbuteo 200 B 101 0,2
Falcon Falconidae t105-1300 AfB 1( 0,2
Golden Plover Pluvialis apricaria 185 B 1 ( 0,2
Rader - 22-7710 AlB 14 0,2
Btock Dove Columba oenas 345 B 14 0,2
G-spotted Woodpecker | Dendrocopus major 80 A 1 ¢ 0,2
ouse Sparrow Passer domesticus i8 A 1 ( 0,2
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1985
TABLE ? - BIRD SPECIES {cont'd)

i Y] STRIKES | % BASED
COMRION NAYE LATIN RaME ﬁggﬁf CATEGOR { DAMAGEY ON 547
0) 4,2
Tufted Duck Aythys fuligula 07?826 : : E 0 o'
Hawlk Accipitridae 15 —70 > 1o 0'2
Curlew Numenius arquata 730 . 1o o'
Redshank Tringa totanus 157 5 1 ¢ 0) 0’2
Sanderling Calidrie alba 4 B )0 0’2
Dunlin Calidris alpina 1080 . T n 0’2
Lesnser B-backed Gull { Larus fuscus oo : 1o 0’2
L-eared Owl ABio otus can . (o 2’2
Tawny Owl Strix aluco 530 N s ¢ 05 o'
Carrion Crow Corvus ¢orone o - ; 1o 02
Redwing Turdus i1liacus e A L Co 02
Headow Pipit Anthue pratensis I A o o'
Willeow Warbler Phylloscopus trochllus T N ¢ o) o2
Gold Finch Carduelis carduelis
Rotes:

Bird weight and Latin names can be obtained from Average Bird Weights by

b T. Brough, July 1983, Unless there is positive evidence to the contrary,
the AVERAGE welght should be assumed.
1.2 The bird Categories based on current Civil Airworthiness requirements are:-

CAT 4 below .11 kg ( % ib)
1
CAT B »11 kg to 1.81 kg (-5 1b)

CAT C over 1.81 kg to 3.63 kg (4 1b te § 1b)
CAT D over 3.63 kg { 8 1b)

1.3 Those birds not positively identified should be tabled as unknown.

1.4 large (CAT C or D) birds are often not poalitively tdentified, but the
) Category these are assumed to be in should be stated.

1.5 Percentages should be based on the total of identified birds.
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TABLE 1 - BIF

COMMON NAME

Gull (Variou
Swift
Pigeons (Var
Swal)ow/Hart
Pagseriforme,
Lapwing
Herring Gull
Elack-headed
Starling
Skylark

Crow {Various
House Martin
Ferel Pigeon
Chaffinch
Common Gull
Kesgtrel
Buzrard
Oystercatcher
Swallow
Buzzard (vari
Woodpigeon
Duck

Roaok

Thrueh
Golden Plover
Falcon

Reed Bunting
Cocse
Mallard
Partridge
Song Thrush
Yel lowharmmer
Tree Sparrow
Pheasant
Blackbird
Meadow Pipit
Sparrow
Greylag Coose
Gannet

Stork

Linnet

Lesser B-backed
Grey Flover
Snipe
Fieldfare
Black Redstart
Great Tic
Corn Bunting
Sparrowhawk
House Sparrow
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TAELE 1 - BIRD SPECIES 1956
COMMON MNAME LATIN NAME AVERAGE CATEGORY STRIKES % BASED
WEIGHT (DAMAGE) | ON 458
Gull (Various) Laridae 120-1690 B 82 (50) 17,9
Swift Apus Apus 41 A 54 (17) 11,8
Pigeons {Various) Columbidae 40-485 AlB 36 (21) 7,9
Swallow/Hartin Hirundinidae 13-19 A a0 ( 4) 6,5
Passeriformes - 6-1105 AlB 22 (1} 4, B
Lapwing Venellus vanellus 215 B 20 ( 9 4,4
Herring Guil Larus argentatus 1020 E 16 (11) 3,5
Black-headed Gull Larus ridibundus 275 B 15 ( 4} 3,3
Starling Sturnus vulgaris 80 A 15 ( 3) 3,3
Skylark Alauda arvensis 39 A 14 (1) 3,1
Crow {Various) Corvidae 234-1105 B 11 (7 2,4
House Martin Delichon urbica 17 A 10 ¢ 1) 2,2
Fersl Pigeon Columba livia var 393 B 9 ( 4) 2,0
Chaffinch Fringilla colebs 23 A 9(0) 2,0
| Common Gull Lerus canus £20 B 8 { 3) 1,7
Keptrel Falco tinnunculus 204 B 8 ( 3) 1,7
Buzzard Buteo buteo 800 B T (6) 1,5
Dystercatcher KHaematopus ostralegus 500 B 702 1,5
Swallow Hirundo rustica 19 A 7008 1.5
Buzzard (Various) Buteo sp 785-1350 B 6 ( 5) 1,3
Hoodpigeon Columba palumbus 465 B 6 (3 1,3
Duck Anatidae 324-2040 BfC 5 (5 1,1
Rook Corvus frugllegus 430 B 5 (1) 1.1
Thrush Turdidae 67-131 AfR 5 (1) 1,1
Golden Plover Pluvialis aprlicaria 185 B 4 ( 3) 0,9
Falcon Falconidae 105-1300 AfB 4 { 2) 0,9
Reed Bunting Emberiza schoeniclus 20 A 4 {1} 0,9
Goose Anser ®p 1300-3600 B-D 3(3) 0,7
Mallard Anas platyrhynchos 1080 B 303 0,7
Pertridge Perdix perdix 400 B I 0,7
Song Thrush Turdue philomelos 73 A 301 a,7
Yellowhammer Emberiza citrinells 27 A 31 0,7
Tree Sparrow Fasser montanus 20 A 3I( O 0,7
Fheesant Phasfanus colchicus 1100 B 20 G,4
Blackbird Turdus merula 106 & 200 0,4
Meadow Pipit Anthus pratensis 18 A 200 0,4
Sparrow Passer sp 20-32 A 2{ 0 0,4
Greylag Goose Anser Bnser 1325 C 1 (1) G,2
Gannet Sula bassana 2900 C 1 (1) 0,2
Stork Clconla ciconia 3400 C 1(0) 0,2
Linnet Cardueliv cannabina 19 A 1 ¢ G) 0,2
Lesser B-backed Gull Larus fuscus 820 B 1(0) 0,2
Grey Plover Pluvialis squatarcia 200 B 1 (0 0,2
Snipe Gallinago gallinage 125 B 1(m 0,2
Fleldfare Turdus pllaris 59 A 1 (0) 0,2
Black Redstart Phoenicurus ochruros 16 A 1 (0 0,2
Great Tit Parus major 19 A 1 ¢ 0) 0,2
Corn Bunting Emberiza calandra 48 A 1 ¢ 0} 0,2
Sparrovhawk Accipiter nisus 190 B 10w 0,2
House Sparrow Fasser domesticus 18 A 100 0,2




2.1 The Totel in Table Z and 3 may be higher than other tables, as

can strike several parts.

2.2 The percentages should be based on incidents where the part struck is

known.

2.3 Hultiple strikes should be counted as one strike, unless for example
both wings or both landing gears

be recorded.
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are struck, when two incidents should

ikl LAkt
TABLE 2 PART OF AIRCRAFT STRUCK 1985
WEIGHT CAT C % BASED
PART UNKNOWN CAT A CAT B & D TOTAL ON 1866
Nose {excluding radome and 147 45 69 - 261 14,0
windscreen)
Radome 83 1 28 - 122 6,5
Windscreen 209 62 40 - 31 16,7
Fuselege (excluding the above) 109 22 58 - 18% 10,1
Engine:-
1 engine etruck 157 €0 101 - 318 17,0
2 out of 3 struck - - - - 0 0
2 out of 4 struck i 1 - - 2 0,1
3 out of & struck - - - - 0 0
all struck (on mulzi-
engined aircraft) 1 i z - 4 0,2
Wing + Air Intakes 244 50 89 1 384 20,6
Rotor/Propeller 1 16 28 - 55 3,0
Landing Gear 15 11 23 - 53 2,8
Empennage 27 - 13 - 40 2,1
Underwing Stores/Tanks 68 4 26 - S8 5,3
Part Unknown 18 5 6 - 29 1,6
Total 1054 288 483 3 1866 100
Notes:
cone bird

TABLE 2 PART

Part

Nose (excludin
and windscreen

Radome
Windscreen
Fuselage (excl

Engine: -
1 engine etry
2 out of 3 st
2 out of 4 st
3 out of 4 st
all struck (o
englned air
Wing + Afir Ints
Rator/Fropeller
Landing Gesr
Empennage

Underwing Store.

Part Unknown

Total

Notes:

2.1 The Total i
can strike

2.2 The percent
known.

2.3 Multiple ot
both wings
be recorded
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l TABLE 2 PART OF AIRCRAFT BTRUCK 1G8E
|
B I
JASED ‘
1866
] Part WEIGHT CAT C % BASED
f URKNOWN CaT A CAT B P TOTAL { o 1372
14,0 -
‘ Nose (excluding radome g5 14 42 1 172 12,5
6.5 | and windscreen)
| |
6,7 ' Radome &4 8 21 1 94 6.9
10,1 Windsereen 140 30 26 - 196 14,3
Fuselage (excluding the ambove) 85 25 bty - 158 11,5
1;:0 Engine: = .
0,1 1 engine struck 107 27 €3 - 167 14,4
0 2 out of 3 struck - - - - ¢ 0
Z out of 4 struck - - 1 - 1 0,1
0,2 3 out of & struck - - - - a 0
all strueck {on multi- 2 - 3 - 5 0,4
20,6 engined ajrcraft)
3,0 Wing + Alr Intskes 187 3t 93 2 313 22,8
2,8 Rotor/Propeller 14 7 15 - 3% 2,6
2,1 } Landing Gear 22 6 1k - 47 3,4
5,3 Eapennage 20 5 14 - 3% 7,8
1,8 Underwing Stores/Tanks 54 - 13 - &7 4,9
00 . PFart Unknown 28 11 & - a7 3,4
Total 822 164 362 4 1372 100
Notes:

2.1 The Total in Table 2 and 3 may be higher than other tables, as one bird
can etrike several parts.

2.2 The percentages should be based on incidents where the part struck is
known,

2.3 Multiple strikes should be counted as one strike, unless for example
both wings or both landing gears are struck, when two incidents should
be recorded.




TABLE 3 EFFEC
TABLE 3 EFFECT OF STRIKE 1885 JaBLE 3 EFFEC
. EFFEC
WEIGHT ) % BASED
EFFECT enoun | CAT-A{ CAT B CAT C| CAT D [-TOTAL | o "a5y
1 0.1 Loss of Life/A
Loss of Lifefalrcraft - - 1 - - ’
Flight Crew In
Fl;i?errew Injury ) ) R _ ) 0 o Major
Mi - 0 0 Minor
nor - - - - b
Slight - - 2§ - - 2 0,1 Sitght
Engine damage requiring Engine damage :
repair:- repair:-
on single englined aircraft 16 11 23 - - 50 3,6 on single en;
1 on a 2 engined alrcraft 29 29 - - 65 b,7 1 cna? '
2 i 3 10 L] - - - - - 0 0 1 1 3 [}
1 0o, " n 1 & - - 7 0,5 1 & '
2 n 3 1n L1} - - - - O 0 znv 3 1
2 L1} &'4 L1} n - - - - - 0 D 2 1 (‘ 1
3 3] 4 L1} 1] - - - - - 0 D 3 " & 1
all engines on a multl - - - - - Y 0 &11 engines c
Windacreen Cracked/Broken 13 3 10 - - 6 1,9 Windscreen Cre
Radome Changed 14 - 12 - - 26 1,9 Radome Changed
Deformed Structure 42 [ - - 88 6,8 Deformed Struct
Skin Toro &6 4 24 - - 74 5,4 Skin Torn/light
Skin Dented 73 12 s i . 127 9,3 Skin Dented
Propeller/Rotor Demaged - - 4 - - 4 0,3 FPropeller/Rotor
Alrcraft System Lost 1 - 2 - - 3 0,2 Afrcraft Systenm
Underwing Stores/Tarnks 35 1 18 - - S 3,9 Underwing Store
daneged damsged
Miscellaneous 9 3 6 - - 18 1,3 Miscellaneous
Nil Danage 504 158 159 - 1 Bz4 60,6 Nil Damage
Unknown 7 - 5 - - 12 - Unknown
TOTAL 759 202 378 1 1 1381 100,72 TOTAL
Notes:
Hotew: -

3.1 Multiple etrikes should be counted as one strike, unless for example both
wings are damaged, or both windscreens are broken, in which case two inci{dents

should be recorded.

3.1 HMultiple »
are damape
be recorde

3.2 Definition

3.2 Definition of Injury reguiring medical treatment: Major -
Major -~ causing absence of 21 days or over Hinor -
Minor -~ causing absence of 7 to 21 days Sitght -
flight - injury not in above 2 caetegories. 3.3 Injuries a

-3 Injuries &s a consequence of a strike, e.g. ejection {njuries should be included

3
3.4 Aircraft system lost includes for example electrical, hydraullc,

3.4 Alrcraft e
brake, air

brake, alr conditioning, de-leing.

a0
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TABLE 3 EFFECT OF STRIKE 1986
JASED ' EFFECT WEIGHT % BASED
1357 UNKNOWN CAT A [CAT B |CAT C | CAT T} TOTAL ON 1205
¢,1 ! Lose of Lifefaircraft - - - - - 0 0
| Fiight Crew Injury
0] I Major - - - - - 4] 0
0 i Minor - - 1 - - 1 0,1
C,1 , Slight 1 - - - - 1 0,1
! Engine damege requiring
' repajir:-
3.6 ' on single engined alrcraft 24 7 16 - - 47 3,8
4,7 ! lonagz2 o " 20 4 19 3 - 46 3,7
O H 3 [ " - - - - 0 O
0,5 ! 1w & " H _ - 1 - - 1 U"l
0 z " 3 " f - - - - - 0 ¢
0 | 2 m 4 1 o - - - l - 0 ]
O | 3 " (‘ " 11 - - - - - 0 0
0 . all engines on & multi - - 1 - - i ¢, 1
1,9 | Windscreen Crecked/Broken 15 - g - - 28 2,3
1,9 'l Kadome Changed 12 . 8 - - 20 1,6
6.4 | | Deformed Structure 21 2 23 1 . 47 3,6
3,4 h Skin Ternflight glass broken 36 2z 25 & - 67 5,5
%,3 l Skin Dented 101 12 39 2 - 154 12,6
0,3 l Fropeller/Rotor Damaged 1 - Z - - 3 0,2
0,2 | Alrcraft System Lost 2 - 4 1 - 7 g,¢
3,9 ! Underwing Stores{lTanks 21 1 7 - - 29 2,4
damaged
1,3 i Hlascellaneous 5 - - - - 5 0,4
60, ¢ b TRIL Demage A 142 129 1 - 768 62,7
- ‘ Unknown - - - - - - -
] |
00,2 ‘ TOTAL 739 §70 284 12 - 1225 100
' Notes:
3.1 Multiple strikes should be counted as oe strike, unless for example both wings
are damaged, or both windcreens are broken, in which case two incidents should
\nte be recorded,

Major = causing abeence of 2} days or over
Minor - " of 7 to 21 dayse
Slight - injury not in above 2 categories.

3.3 Injurles as a consequence of & strike, e.g. election dinjuries should be ircluded

|
1
|
] 3.2 Definition of Injury requiring medical treatment:
|
ludad : 3.4

Alrcraft system lost includes for example electrical, hydraulic,
! brake, air conditioning, de-icing.
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Measures to minimize bird hazard at

low level

(J. Becker, Germany)



Surmary

The Bird Movemnent Working Group {BMWG) shall develop preventive measures
i to minimize the bird hazard to low flying aircraft.

_ﬁaurvey of the exiseting procedures for military low level flights was
given during two meetings "Blrd Hazard at Low Level®. The participants

erphesired the necessity of regular radar observations, standardized

birdstrike warnings (BIRDTAM) as well as standing procedures for the

‘ flying unite. They recommended the improvement and standardization of
the existing procedures, and the distributfon of all {nfermation con-

cerning large-scale bivrd movements of medium and high intensities beyond

| nationel borders.




1. Introduction

According to the recommendetions of BSCE 18, Copenhagen, the Bird Movement
Working Group (BHWG) shall develop preventive measures to minimize the

bird hazerd to low flying aircraft. During two meetinge "Bird Hazard at

Low Level” held at the German M{litary Geaphysical Offfce (GMGO}, Traben-
Trarbach/FRG, November 24-26, 1986, and September 09-11,1987  participants
from Belgien Air Force (BAF), Cansdian Forces in Eurcope (CFE), German Alr
Force (GAF), Royal Air Forece in Germany (RAFG), Royal Netherlands Alr Force
(RNLAF), and United States Afr Force in Europe (USAFE) discussed the existing
procedures, and emphasized the significance of standardized observarions and

warnings with regard to permsnent and temporary bird concentraticns.

2, Information avallable on bird concentrations and bird moveTents

Bird concentration areas with high nurbers of breeding, resting or wintering
species are generally well known and specified in bird hazard maps based on
the results of the BMWG. The maps are published in the national AlPs, and
pilots are strongly advised not to cross these areas below 1000 ft AGL. A
first attempt of standardization wes the map “Birdstrike Danger Areas Eurcpe'
issued by the GMGO in 1979, but the size and the colour of the different
ereas could not be completely standardized with regard to the average num-

ber of birds due to the lack of detailed informatior for all countries.

When on actual migration, most birds cross large areas at flight levels
between 500 and 4000 ft AGL in contrast to their flying at relst{vely
low altitudes during their stay {n the concentration areas. According
to radar observations bird migration aften occurs over & broad front,
covering thousande of square kilometers. The birdstrike hazard caused
by these large-scale bird movements cannot be described point-1tke,
because it {8 advancing with the *wave" of migrating birds. This kind
of migration gives rise to a temporary birdstrike risk, and can only

be detected by & sophisticated observation network,

Continous observations of migrating birds by radar are performed in
Denmark, Belglum, The Netherlands, and Wesat Germany. They use different

techniques for the icentification of bird movements:
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RAFG can detect medium to heavy blrd movements by the AK 1 Search
| Radar &t altitudes below 1000 ft AGL. Similar obeervations might be
possible on CFE and USAFE merodromes if a suitable guidance with typi~
- cal plctures of different bird Intensities will be existing.
¥eather radars are generally sultable for the detection of bird move-
ire ments. Good results have been veported from Sweden (ses BSCE 11/WF 7)
oved &n the US4 (see BSCE 18/WP 7). The Weather redar METEOE 200 neede 8
o photographic equipment for the identification of bird echoes, The
new US weather radar “NEXRAD™ would aclve many proeblems of bird detec-
r tion ard identiffcation., The mystem can distinguish the different
classes of zargets and can diaringuish birda trem westher. Uitimately
this eystem will provlde real-rime bird hazerd werning information
oves th & continent-wide gcale,
eing
The visual observatfon of bivd cidpration ts very limived, 11 is depen.
lter dirg on the size, colour ead mollion of the birds, the contrast to
y the Lbackpreund, snd the vigihi!léty. An pnact worreletion netwaen the
rgan nurber of birds observed ane the Intensity scrording Lo tre O-% pogle
:d i5 net possible. In Cermany visusl 2bszrvations congiele the radar
network in areas &nd tlmes without rader vhservarion of Livds, but
the intens{ties of blrd cigreticn based on visual cbservation: are
) 8lWB¥s  pouzhly estimeted.
sing
Tt calibration srd grandardfzaiion of Bird intenaliles chintres by
differert types of redfao, end by difrerent techniques of identificatiorn
n- make the besie of srandarZi-ed warcings, Exect messurescnte of Lird
intersities are stiii minslig.
lzed
3. irdsirike warnings
¢ Blrdstrike warnings mhould include all information importent te safe
1 flight performanzes, bul no {2formation demanding interpretaticns
. or transformaticns to the pllet, The content end format of these warnings
vely

determine the Iiability of the waroipg. For this reasen a format similar




-

to NOTAM is very suitable, even if there are no ppecific ICAD regulations

existing for birdstrike warninge. Meanwhile the ICAC conaldered a
requirement for the introduction of a specific message relating to
bird concentrations, possibly a form of NOTAM or BIRDTAM with the

abbreviation BIR a8 a prefix for such mespages.

The dats important to pilote are specified as follows:
- areas should be well defined by use of GEOREF indicator or geographic

coordinates and range,

- bird intensity according to the international 0 to § scale, because

flight restrictions are depending on bird movement {ntensitiesn,

- altitudes including the lower and upper 1imite” of birdatrike danger

with regard to the bird movement intensity indicated,

- walidity as a well defined period between Z and 4 hre.
If countries are not able to collect and disseminate &all information

required they may 1imit the content of the message to those ltems

known by the issuing station.

In
bird risk warnings/{bird migration warnings had differed
agreement STANAG 3879 FS

the past the different national formats of birdstrike warningefb
strongly from

each other. Therefore the NATG gtandardization

had been drawn up with the aim to gtandardize the procedures for the

exchange of information on birdstrike warning te enable operational

commanders to reduce the risk of birdstrikes.

Birdstrike warnings will be sent by Telex (BFSTAJAFTH) using e format

gimilar to the ICAD format of NOTAM Cless I whenever a bird intensity

of 5 and greater is present.

Accordtﬁg to the proposal of the ICAD an easy recognisable name for

the birdstrike warning should be chosen. The well-known name '"BIRDTAM"

was generally approved by the participants of the meetings as & most

clearcut indicator.
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Birdstrike warninga/BIRDTAM are regularly issued by Belgium, Denmark,
Germany &d The Netherlands. CFE, RAFG and USAFE use the warnings ag

well for operational purpose.

4. Flight restricttons by birdstrike warnings

As & fet sircraft has & mwean wpeed of 200 mfsec 1t {s nearly Impossible
for the pillot to avoeid & collision if the bird {e flying directly in
front of him, Therefore flight restrictions are the only possibility

to reduce the number of birdstrikes over areas covered by dense bird

migration indicated by birdtam,

For the Belglan Air For ce {BAF) flight restrictions to jet alrcraft

are in force 1f & bird intensity of 5 and grester 1im present. Flight
performances are allowed from 1000 ft above the upper altitude limit
and 1000 ft below the lower limit respectively sbove 500( ft AGL,

if no altitude has been specified, Gunnery ranges are closed at an

Intensity of 5 or greater.

The German Air Force (GAF) has the following regulations:

- areag with bird intensities 6-8 are completely restricted to jet
aireraft,

- areas with bird intensities 4-5 are restricted to jet aircraft except
national and NATO exercises as well as take offflanding/touch and
Bo approaches 1f ATC does not observe any birds. The approach to
gunnery ranges is permitted 1f the bird activity {& low over the

range area.

For the Royal Air Force in Germany (RAFG) areas with bird intensities

€-8 are completely closed to Jet alrcraft. At intensity 5 gome advieory
Tegulations are existing. Low level flights are alec prohibited within
5 BM elither mide of the coastline and over areas with moderate to

high or high birdetrike riek, Beyond that advisory regulations are
~xisting that low flying durlng 2 hours after sunrise and 1 hour

either aide of sunset ahould be avoided.




The Royal Netherlands Air Force {RNLAF) has flight restrictions to 2. 1
« The

{ties 7-8 and advisory regulations at inten- "
¥ r

jet alrcraft at birvd intens

slties 5-6 northwest of a line Boulogne - yenlo ~ Hannover - Hamburg. s
rada

Regulations concerning the fiyways through the Wadden Sea are in pre- ™
e

paration. The spred of helicopters flying below 600 ft AGL should ¢
- or

not exceed BO kts, 1f flight restricticas to fet atrcraft are in force.
3. The
The Canadian Forces in Europe {CFE} restrict low level flying at bird rada
intensities of 5 and greater. The USATE haz no general regulations be .
concerning birdsrrike warnings. Flight restrictions {n case of high with
bird activity in certeln &reas arz left tn the individual base or locsl obae:
command .
the 1
If birdstrike warningsfbirdtam are valid before take-off piiots must Bird
change in advance thelr flight schedule to avold the ereas and altitudes obaer
with bhigh birdstrike risk. 1f pilots ere just enroute the fixer fre- and 1
quencles can be ysed for the transmission of warnings, but blockirg 4. The n
of the frequency by tco many MERSAZES must be evoidec.
use &
The reduction of epeed when there 1% evidence of & higher than normel will
bicdetrike riek can reduce the fmpact force =¥ & birdstrike, However, obser
the effect 1s relatively small, for the minimum speed commensurate 5. For b
with safe operation of the aircraft must be taken inte consideratiorn.
count:
Commis
4. Rezommendations (s
1, The Bird Movement Working Group {EMWG) has two oblectives: 6. The ex
- knowledge of the flylng behaviour of birde irn ths vicinivy cf recent
perodrocesfatrfields aresas.
- procedures of birdstrike prevention for aircraft flying ai low emphas
level. (esp.a
The fundamental aspects of radarornitholegy and remote mensing 7. Alr tr
ehould be left to the Radar Working Group. The operaticnal aspects more i
ghould be subject of the BHWG, birdsts
{1lust:

of bir
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2. The calibration and standardiration of bird intens{ties cbtained

by radar are the baste of standardized warnings. An exchange of

Tadar dats should etart between the radar ataticns of Belgium,

The Ketherlande and NW-Germany, Awe 2 second ®Lep computer programs

for counting birds should be standardized,

3, The exlating radar chaervation network should be extended to GCA-
Ttadar (ASK and PAR)

be tested

whenever poss{blie. For thie purpose it must
whether the ATC-radar can detect and, in conjunction
with FAR-syatem, determine the helght of bird activities. A standard
observation and Teporting syatex must be developed that will enable
the radar controllers to determine bird intensities and altitudes,
Bird observation messages should Include date and time of the

observation, an estimation of the bird intensity (medium/high)

and if possible the eltitude of bird migration,

&. The new US weather radar YNEXRAD" should be brought to an operations]

use also for the observation of bird movements,

will be established At US beses ir

As BoOn as KEYERAD
Germany regularions for the
observation of kird novements should be developed,

5. For birdstrike waroings the name “BYIRDTAM" ghould be used by all

countries in accordance ta the reguirement of the Afr Navigation

Commission of the ICag, The Military #gency for Standardiration

(MASY shouid alse tgree to the name "EIRDIAM' {n the STANAG 2875 Fs,
€. The exigting bird hazard mare shocld be {mproved with regard to

recent knowledge concerning the averepe numbers of hirds ip different

&reas, 4 periodically updating of the maps will be hecessary. More

enphasie should be focussed to local bird movementg

in any way
{esp.atrfield vicinity maps),

7. Alr traff{e authorltiea, fiying units, and radar Personnel need

more information concerning the extent and the fluctuat
birdstrike rigk, They

fon of the

ehould be convinced by movies and video tapes
illustrating the birdetrike hazard in relation to m
of birds.

igratory movements




8, As borders do not stop the bird migration, all countries parti-
cipating at the maetings of the BSCE are raquested to exchange
actual data concerning medium and high intensities of bird migra-
tioh as well as birdstrike warnings ¢{BIRDTAM) in a etandardized

format via the civil and military ATC-networke.
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