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PREFACE

During the periodical meetings of Bird Strike Committee Europe it was felt necessary 1o
fuve @ bovklet on the application of radar for bird strike reduction. Neither anoiher
lexthook on radar, nor a pure biological story about bird movements, but a collection of

empirical experiences tha: coulddd serve as u reference for discussions. This booklet is an
adtzayn to fulfil this wish.

Reaaers will quickh find our that the first part (up to the color plate at page 27 docs nor
deal with radar. The booklet starts with « identification of the “en route” bird strike prubizm
o ihe basis of bird sirike statistics, because the bird strikes themselves offer the best clue to
undersianding the real nature of the problem. The next subject is a short biological
trearment of bird mavements, parth based on radar omithological studies.

The radar part of the bookiet is mainly a collage of short introductions and Hustrations,
Each chaprer deserves much more detail, but we prefor to refer to more detailed

juthlicarions. However, improvements and additions, especielly on new developments, are
most desiralile for furare editions.
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1. INTRODUCTION

11. Aims

Radar has proven (o be a powetfu!l tool for detection and quantification of the flying
activity of birds. When applied correctly, it can help aircraft to avoid regions and air
layers with high bird densities. Reducing the number of collisions between aircraft and
birds seriously improves flight safety. High costs and even fatal accidents are at stake,

The aim of this baoklet is to stimulate the operational use of radar for bird strike
reduction. Although several European air forces practice radar warning for bird
movements within their operational procedures, many others do not or profess their
belief in so-called BIRTAMS (BIRd informatijon To Ajr Men) only verbally. Civil
operational use is nearly absent. Nevertheless there seems (o be a continuous need for

information about the flight activity of birds, simply because aircraft and birds collide
again and again.

Within Bird Strike Committee Europe {BSCE) it is fely necessary to produce a
brochure on these matters, The development of measures to separate aircraft and
birds needs couperation between truly different dicipiines. The right procedures can
only be achieved by combining information on three different topics: the operations of
aircraft, the movements of birds, and radar techniques. However, it is clear that even
with the best data, processed in an optimal way, it never will be possible to exclude bird
strikes completely. A certain risk always has to be taken when flying.

One could ask whether there stjll 1s a need for a booklet introducing basic aspects of
"radar ornithology” after the clear and comprehensive text-book under this title by

First, after the boom of radar ornithological publications in the Sixties the attention for
methodological aspects faded away. Those who continued to extract more information
on bird migration by means of radar discovered important limitations, Where these

experience. In order to do 50, & second main task is to stimulate research on spatial
and behavioural aspects of bird movements. The lack of correct quantitative descrip-
tions of these purely biclogica) matters have often appeared to be the bottleneck.
The third reason for publishing the brochure is the development of new radars and
video processing techniques. While modern radars become less suitable for direct
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recording of bird movements, recent developments in computer technology offer new
and fascinating possibilities. However, the capacity of extracting information on birds
directly from the raw video signal should be a formal part of the system design.

1.2, Overview

We will start with & general survey of the bird strike problem, followed by some
research results on the distribution of flying birds in time and space. By comparing
these data we evaluate the risks of bird strikes and arrive at certain priorities with
respect of techrical and methodological means to detect or predict bird mavements
(chapter 2). Chapter 3 and 4 deal with general aspects of the radar techniques and with
the types of equipment used succesfully in ornithological research. In chapter 5 we
decribe and discuss different types of applications of radar to operational warnings
about bird movements. In chapter 6 current and potential research in radar ornithology
is discussed with respect to desirability for flight safety. Illustrations are primarily taken
from the research work of the two authors in the areas of the Alps and the Dutch
lowlands.

1.3. Acknowledgements

The publication of this booklet has been made possible thanks to repraduction facilities
of the Royal Netherlands Air Force. The RNLAF also provided most of the radar
pictures and the photo’s. The color map with bird migration patterns was made
available by the Schweizerische Vogelwarte. The authors are much indepted 1o Dr
R.P.Larkin for comprehensive comments and suggestions.
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2. GENERAL SURVEY OF THE PROBLEM 1
™ N F iy e - Poaar PR Trotry » 3 y T 0 - H-, . . . |DD—-J
Ihe guestion of when and where avoidance of bicds is practical can he answered in two .
ways. A first approach is bird strike statistics, using the bad experiences of the past. |
The problem is that statisticai data may be hiased for varying reasons. Their usefulness |
v utten reduced by poor reporting. Further, new types of aircraft and altered flight WI
performances might invalidate earlier conelusions. The second approach is by properiy -
anddyzing the flving activity of birds and aircraft in three dimensions. From the _
vombination of both data sets theoretically we should be able to predict exactly the 4 7
hiazardous situations. However, the main shortcoming is our knowledse about the so v
spatial distribution of hirds. Therefore we start our analysis with the first approach. Tn ! k(/ﬁ/
chapter 2.2, we continue with some general ornithological information an bird - V//
movements partly based on radar studies. W
r////
Z
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2.1, Bird strikes - 77
L
210 How to define a bird strike
figure
Given enough reports certain patterns in the distribution of bird strikes o tme and Fligh

space show up. However, betore drawing any tirm conclusion, one should realize that

not all types of collisions are equally well reported. Serious accidents, of course, cannot

be overlooked. But the number of heavily damaged aireraft is relatively smail. So, one

also wants to include in the analysis incidents with no or only slight damuge. Whether One could ¢

. . . . us r
or not such bird strikes are, or even can be, documented is partly & matter of attention enarmeo

of the crew and partly dependent on which part of the aircraft was struck, Further, the considerati
rate at which identitiable bird remains are found affect the chance of a certain bird ' Honest ‘COU
strike to be discovered and properly classified. COMPArisor

fixed ratio
Bird strikes above the runway are more likely to be reported than bird strikes "en

route”. Ground personnel may observe collisions directly which were not noticed by the

air crew. Bird remuins found along the runway, and for that reason considered as corpi 2.1.2. Speci
deiicti, selectively enlarge the proportion of bird strikes belonging to the category ' ]

"local”. The relative overestimation of these cases may even become an absolute one , All species
when also slip stream victims are included. These are birds smashed against the ground during low

in the turbulent air behind big airliners without hitting the aircraft itself . Another type high speed

of bias is the fact that big and white birds will be seen ar found casier than dark and 13T§‘3‘d15la
small ones. a typical a

*local” stri
We define a bird strike simply as a physical collision between an aircraft and a bird or , aircraft "e

flock of birds, thus neither including slipstream victims and near-misses nor defining a

584500 Pr
certain damage and/or risk level,
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figure 1 Number of bird strikes for RNLAF jet fighters (1977- 1983} per bird caregory.
Flight phases were ranked as "focal” ( <300 kis) or "en route” (> 300 kis) (see fig 15}

One could object that including alt minor bird strikes without damage provokes an
enormous reporting effect. We reject this argument when it is induced by the
consideration: who reports most bravely ends up highest at the {black) list of ratio’s.
Honest collection and analysis of data is a conditio sine qua non. Furthermore,
comparison of military bird strike statistics from several countries indicates a tairly
fixed ratio of damaging to non-dumaging cases given a good reporting standard.

2.1.2. Species and damage

re
All species that spend much time in the air may become victims of aircraft. Jet fighters

during low level training missions provide the most bias-free sampie. They usually fly at
high speeds therefore minimizing evasive manouvres by the hirds. Further. they cover
large distances over a wide spectrum of landscapes causing their bird victims not to be
4 typical airfield population. Figure 1 shows that certain species are more involved in
local” strikes (lapwing, @ common wader in Holiandj while others collided mostly with
aircrafl "en route" (swifts and swaliows). Sorting out the bird strikes with respeet of
season proves that "en route” bird strikes often include migrating birds, while bird
strikes at airfield reach a peak when unexpericnced young birds arrive there from the
serroundings. This peak is over before most birds leave the area indicating that the
birds quickly learn to avoid the danger. Further analysis per species gives results that
nicely can be explained in ornithological terms (Buurma, Dekker & Brom 1986}, which
in trn indicates that aircraft can be scen as devices correctly sampling the air space
with respect of birds.
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figrre 2 We u;hr disiribution of birds breeding in The Netherland (white columns) and of
those involved in collisions with KNLAF jet fighters durmg the pericd 1964-1976 (shaded

bars) and the period 1977-1952 (dotted bars). Weights in 8 weight classes. Breeding bird ]
totals jor all species and ! Fomillion pairs.,

For risk assessment and airworthiness standards the weight of the birds concerned is

more important than their type. Figure 2 lllustrates the weight distribution of Dutch

breeding birds compared with all birds involved in collisions with Dutch fighter aircraft I

{Buurma 1984). Heavier birds are overrepresented. Years with extreme attention 1o ; figure 3
5 collecting all possible data and analyzing bird remain microscopically (the second ' speeds

period) show bigger proportions of smaller hirds. Nevertheless. the smallest birds do
not show up, which is explained below.

The damage to aircraft due to bird collision is refated 10 impact speed in the first place
because speed quadratically influences impact energy while weight of the bird is anly
linear related. This is shown in figure 3 for three out of five curves that represent birds
weighing over 100 grams. Even birds of moderate weight cause over 60 % of damage '
when the fighter concerned is on cruising speed. Small birds however do not penetrate

213.G

the compressed air layer in front of fast flying fighter aircraft. This of course is only
valid for the tapered parts of the aircraft. Small birds must be sucked into engines very As illus!
frequently and perhaps cause delayed and indirect damage. This, however, isn’t easy to home 1
document. birds. T
ranges 3
. their na
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figure 3 Percentage of bird strikes w
speeds (RNLAF, period 1977- ] 982)

As ilfustrated by figure 4 *
home ranges of the RN
birds, The only clusters

their nature local bird strikes

2.13. Geographical distribution

ith damage in 5 weight classes of birds against aircraft

en route” bird strikes show a wide spread, better indicating
LAF jetfighter family than the distribution or flightlines of

of birds occur in the special low flying areas and shooting
ranges where the aircraft increase their b

ird strike risk by extreme low level flying. By
are confined to the direct surroundings of airfields.
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figure 4 Geographical distribution of RNLAF bird strikes "en route” (dots) and "local”
{squaresj for the period 1977-1981. Black dors indicate damage cases, while the black part
of the squares indicates the percemtage of damage in the "local" bird strikes.

2.14. Number of bird strikes over the year

The occurence of birds throughout the year is nicely illustrated by the number of bird
strike victims, even if the numbers are fairly small. Clear differences can be found
which nicely fit into what is known about the occurence of particular species in

farmland (=airfield cnvironment) and the timing of their rigratory, dispersal and local
flights.

This static information may help to plan certain flying activities of aircraft in order to
avoid bird strikes. [t becomes even more promising as far as short-term variations of
bird presence are concerned: day-to-day variations of the bird strike rate oceur,
especially within the “en route” category. In certain years the RNLAF experienced
clusters of collisions during days with {ncreased migratory activity of birds. Normally,
this is of course masked by flight restrictions which prevent a large part of *en route"
bird strikes by relatively few cancellations of low level missions.
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21.5. Frequency of bird strikes with height

We start with the proposition that a proper height distribution can only be expected

when we select those flight phases during which the aircraft cover equul distances

within each air laver. This is approximately true berween 0 and 1500 ft for take-off,

final-approach, landing, and, in case of militairy aircraft, touch-and-go and overshoot. :
In these flight phases the aircraft fly with a more or less fixed angle to the earth :
surface. There may be some doubt whether the birds are equally sampled in each air

layer because low speeds may enlarge the success of evasive actions Le. especially in

the lowest 100 ft. But if the assumptions are reasonable figure 5a illustrates the average

altitudinal distribution of birds over the year. It indicates the high density of flying

birds within the lowest 100 feet. Because during the flight phases low-level-en-route and

high-altitude- cruise certain standard flight levels are practisized figure 5b largely

reflects the the heights of those standard flight levels rather than the heights of the

birds. Civil aircraft bave usually only a "local” problem: the total height distribution

from bird strikes suffered by UK airliners nicely firs into the military selection of "local”

bird strikes (fig 5a).

A

- e SN : \ . . )
0 20 a0 40 50 % 0 20 o %

figure 5 Height distribution of RNLAF bird stikes in 100 [t air lavers. A: bird strikes during
take-off, final approach, landing, touch-and-go and overshoot (n=294). Dashed distributi.
on: civil aviation. B: bird strikes during low level and high altitude cruise (n = 46¢ L
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2.2, Distribution of flying birds in time and space

Maost birds are abie o fly. and use this ability for different purposes: when searching
for food. in courtship displays. in roosting tlights. dispersal and migration. Referring
enly to potentially hazardous tlights in the open air space. this chapter
description of the different types of flight in order
highest risk.

IS at a
to identity the times and lacations of

RN

22000 Local movements

Thanks to the low radar coverage above flat country radarfiims from Holland (Buurma
1977, 1987) show patterns of intens locat bird movement, By day a dense tangle of bird
acivity can often he observed just outside the region where the radar screen is
saturated by ground echoes. These very low tlying birds are not easily discernable on
the scope of long range radars. Furthermore, moving target suppression facilitics of
radurs working at small scale often eliminate most birds. Ourside this zone,
»isible to the radar operator, the following types of higher Joca]
abserved.

Le. better
byt fe 3 . a
0ird movements can he

Bird uctivity in thepmals This common type ot hird fli

ght shows up regularly in rising air
currents around noon

and In summer. The movements are often a combination of
insect feeding, seazching tor food paiches, dispiay and also migration. The birds
voncerned are often large svaring birds like buzzards, dynamic gliders as switts and
several other species. These movements produce a serious part of all bird strikes.
Extreme examples of this dangerous flying activity may be found in warm apd dry
regions. In India military flving has been forbidden between 10.00 and. 14.00 hrs
because of the risk of colliding with vultures and kites. Another nice example of 4 bird
strike prevention measure is the issuing hird plagued zones in Israel which in fact

indicate the narrow rottes of those migrants that primarily use thermals { Leshem
1988).

Feeding and roosting flights Depending on the distance to cover, certain foraging flights
can be ciearly visible by radar. A nice example is the "air-lift* from the Dutch
Waddensea towards a huge garbage dump 65 km. inland {figure 6). Each morning some
13.000 Herring Gulls move en masse inland. At noon the first well-fed birds start to
return to their normal quarters in small flocks, causing one long line of echoes at the
radar screen. This situation appeared so hazardous that the RNLAF had to initiate a
re-routing of NATO linkroute 10A. Other feeding flights, also from roosts, are the weli
known Starling exoduses. Because of the synchronisation of their departure into waves
they produce expanding ringlike echoes. During winter in Holl
sometimes can be followed up to 50 km. from the roost (fig. 7
noR-migratory bird activity over land shows distinct peaks around sunrise and sunset.
Ducks, waders and gulls often dominate echoes around these times,

and these rings
). In general
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fugure 6 Forner (dashed) and new routing of NATO link route 104,
Inserr left: map of the northern fhalf of The Netierlands with location and bird range of the

radar. Insert right: radar pictire {single antenna rowaiton) with line of echoes from the gian
garbage dump (VAMY towards the Waddensea,

E Fidal movements In the coastal zone, and especially in the bird- rich Waddensea, tidal
4 flights are very apparent and continue during the night. The birds act like commuters
between the tidal flats and the high tide refugia along the borders of the Waddensea.

re
2.2.2. Migration

Global pattern and seasonal variation Migratory movements of birds occur wherever
seasonal changes in climate lead to periodic food shortage. In the temperate regions
this is usually the case during the winter period, while in the subtropic areas many birds
are short of food during the period of draught; in the tropics food supply may be
continuous. In any case migration is pronounced in the transitional phases between
Tich™ and “poor seasons. The worldwide seasonality of migration depends on the
different type of climates (fig 8 and 9). It is complicated by the historic and the

irregular shape of the different climatic belts, and especially by the varying behaviour of
different bird species. To reduce it down 1o a few lines is extremely difficult and (as
simplifications are) always WIONG 10 4 certain extent. Thus figure 9 gives only a rough
impression of the main times of migration in the different parts of the world.

oo B -
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figure 7 Expanding ring
echoes caused by starlings
(Sturnus vulgaris) leaving
their roost in successive
wiaves.

388

| TYPES DF CLIMu

figure 8 Dij
cause of bir

CTIMES OF MIGR

figure 9 17
migration.




v

temperate subare. arctc

Best ]

figure 8 Different climuaric belts with seasonally changing food supply are the
cause of bird migration.

ultimate

. : | : C——— — &ug / Maydune

R Csept S April —_—

sccarding to rain |

! |
March A Qe |
|

TIRES OF WIGRATION |

migration.

figure ¥ The transitional phases between rich and poor seasons are the nimes of peak




¢ LDéamat evele: Short distance mIgEanLs are anle 1o undertake their migratory thights
' #ithin the course of their normal activity; most of thejr migration tukes place in the
first hours of davlight. Somewhat later |n the day. when the warming effect of the sup S
causes thermuls, larpe soarng birds enjoy their hest time of migration, At the same
time af day flocks of pigeons or rooks may he on the wing as well as swallows arnd
TArtinG, using suitable places for tlight-hunting, During the utternoon MIEratory uotjy v
oredueed (fipure 107, Most fong distince Migrants (except soaring birds and ekt
Aunterst take off for their extended flights sround dusk. The Maximum intensiny of
sight migration gy Lsually resched towards midnight. Nocturna! MUZFAS Mty continee
thelr Hight until dawn and even duiing the inllowing duy when at daybreak they ring
themsebees over the acean or ather inkospitable apen, Diurnzl mivracion BESI BTN
sanststs of locked hirds {exeept birds of prev whide nocturnal FUERan(s are maore or
‘ess spucad: in passerinies the neares neighbour distances are Bsballv Jarger thap <9 p,
Tligure 1
DNt deey variaion mmd wewttier Migratory tensity varics dav- to-day. In lenperite 4
regions this variation is mainty dite 10 weather, Bag WeAther (precinitation, fogl F
“UppTesses the migratory activity of wisy species. If near woeather PEEsts i severy)
davs, the number of hirds phvstolomeally eends for RULTALON increuses, A chunge o
favourable wacthuyy may refease waves of MUZEAALS (30 the other band, the number of
birds ready to migrate declipes when cood Conditions fioy THTAen persists during
several davs,
Peak misration usudily oceurs when g high-pressure area lies to the tipht and/or 4 figure 10
WW-NCESSUTe dres to the left of the muin vector of mgration (figure 11). This S¥ROPL Divirnal 1
sttwation is charucterized by warm southerly winds in spring and by cold northerly pigeons}
winds in autumn. In statistical sense 30-70¢% of 1he variation in migratory intensity, as autun,
seen by radar, can be explained by correlution with combined weather factors, (as swall
and geese
Nocrumnad
fheatcher
I auum
in clear f

2.2.3. The spatial distribution of migrants

. . . . short-dis
Broad-front and concentrateq bird movements M IZration over areus without pronounced .
’- topographical features may consist of

4 flow of birds progressing on a broad-front. It N
dimensions depend on the width of the breeding or assembling areas of the birds
concerned. However, topographical features, such as coastlines, mountains or vl
deflect this stream to some extent an

Strongest "leading-line- effects” oceyr
Gasteren 1989). Because this s the p
by the field ornithologist there is 4 st

eyy
d lead 1o local or regional concentrations.
by day in the lowest ajr layers (Buurma & van

art of the migratory process most easily detected .
rong tendency to eXaggerate the amount of clear --1‘\r\‘|§""/

routes in bird migration maps. A better approximation of the geo '
migratory flyways is presented in the colormap (pag 7.

graphical shape of




figure 102

Diumnal migration consists of: a} granivorous short-distance migrants (as finches, rooks,
pigeons) migrating in flocks during the first hours of day-light, early in spring and late in
autumn, b) soaring birds (as raptors and storks ) migrating around noon, c) flight-hunrers

(as swallows, marting and swifts) and dj species perfoming long single flights like waders
and geese,

Nocturnal migration consists of: a) insectivorous long-distance migrants (as warblers,

flvcatchers, some thrushes ) migrating in lovse formations or singly, lare in spring and early

I autumn, by waders and most waterfowl, often already departing 1-2 hours before sunser
in clear flocks that remain dense during the night,

Inng -distance migrants
flacked passerines wazners

S_hﬂb_d_istanc_e migrants

spaced passerines

pigenns
soaring hirds
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frgure 11 Peak migration it refation ro the simplified synoptical weather map.

The height of bird flights The overall average altitude distribution of migration above
the European mainland shows highest concentrations of birds  below 30 m. AGL.
Above the Swiss lowlands this lowest flight leve! contains o mean percentage of about
6% of the day migrants snd about 4047 of the night migrants (fig. 12, Bruderer 1971}
In eastern Holland. where the countryside is reafly flat, the proportion of extreem low
fevel migration is even higher (fig. 13, Buurma, Lensink & Linnartz 1986). The birds
concerned seem to seek for a compromise between flving low for contact with
vegetation and canspecifics, and headwind avardance. and rising for overview. Only
about 1065 of the irds tly at levels above 2000 m ASL. Highest flying birds are
observed at altitudes of about 5000 m ASL. Above the Alps the upper limit of
migration is slightly increased (53500 m ASL). Above the ocean, large deserts or very
high mountains mean levels of migration are lifted up and highest migrants may be
found at altitudes of 8000 m ASL (occasionally even higher}.

In disturbed weather the altitude of migration decreases. Close to a prenounced frontal
system, nearly all the birds may be concentrated within the lowest 500 m (fig. 14A). In
fine weather flight levels are generally higher than in the overall mean distribution.
Highest densities of birds may be found at levels up to 2500 m above flat country in
central Europe. The height is primarily determined by the distribution of winds: during
the first hours of the night birds seem to search for favourable flight levels. During the

following part of the night they concentrate at altitudes with strongest taillwinds or
weakest side- or headwinds.

The reason for the high proportion of october migrants migrating below 100 m over
Heolland {fig 13). and also over the narthern parts of W. Germany, could be an
adaptation to the frequently occurring head and side winds in that region. In fiat and
smooth countryside the drag of the air flow by the earth surface is less strong and more
limited in height than in hilly countryside. Therefare, birds avoiding headwinds should

fly extreem low. As a result, the "understream” of migrants is often badly detectable by
radar.
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Usually the frequency is higher than the density (as a result of the preference for tail winds,
especially at high levels).
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2.3. Evaluation of bird strike risks

Aircraft speed is the major factor with respect to aircraft destruction during a bird
strike. Further, the altitudinal distribution is the most important factor with respect to
the chance to suffer a bird strike. The combined effect of these factors causes the
evident dichotomy in fig. 15, Herein all Dutch miitary bird strikes have been sorted
according to aircraft speed. We firstly recognize the group of bird strikes ocurring
during start and landing. These low-speed flight phases constitute only a minor part of
the total flying time, but the high number of local birds on the wing or scared from the
ground causes a substantial amount of incidents, The opposite is true for the second
group. While on average bird numbers at heigher flight levels are relatively low, the
time that jet fighters spend on cruising there at high speeds constitutes the major part
of the flight duration. As a result a similar amount of bird strikes was found. The
refative lack of collisions at intermediate speeds mainly results from the flight envelope
of the aircraft. According to fig 15 by far the highest proportion of damaging bird

strikes occurs within the en route group. Low level training missions are therefore 4
major concern,

24. Reduction of bird strike risk

One may think of the following flight restrictions under bird- rich conditions:

a. no flying below a given altitude
b. flying elsewhere

€. reducing speed

d. measures near air bases

& Altitude restrictions From the descriptions above it may be concluded that flight

restrictions with respect to altitude should be: considered first, It is however a difficult ort
fask 10 determine the right minimum flight level for aircraft. De
wind conditions the ceiling of bird activi
2000, 3000 or 4000 fr,
be based on correct

pending on prevailing
ty may justify minimum flight levels of 1000,

as often imposed by the German Air Force, However, this should
altitude measurements by means of radar. Such measurements are
seldom performed, usually only within special ornithological studies. Operational use
oecurs, as far as we know, only very incidentally. As will be seen in the next chapters
several suggestions for specially built radar-bird- detectors have been published.

Several West European countries ot having the appropriate radars or the knowledge
and/or procedures for joint use of operational equipment, confine themseives with
disseminating bird warnings without altitudinal information. Usually a flight restriction
of 2000 ft minimum flying height is imposed but this reduces drastically, if not
completely, the value of low level training.
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b. Geographical flight restrictions  High level bird migration therefore may urge to :

reschedule flight plans. A shift towards completely other low flying areas may be a
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prograr
unreali

supertl

solution for large countries. The USAF operates a model helping to select the safest
low flying routes and areas. However, in Europe alternatives are not available to the
same extent. Germany disseminates listings of bird densities per "georef". This format
has recently been adopted by NATO members.
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C. Speed restrictions  This third option may help in two ways. First, it drastically reduces
impact forces. Second, it gives the birds a betrer chance for succesfull evasive
manouvres. One should keep in mind that » collision at 320 kts with » 4-pound bird
equals a collision at 450 kts with a bird ot 2 pounds. Birds over 2 pounds are 50 times
more numerous than those weighing 4 pounds or more. Thus, lowering the speed by
[00 kts in this example lowers the damage treshold by 50 times, all else being equal,

d. Measures near air bases

As shown by the insert of figure 15 civil bird strikes vs
aircraft speed resembles th

e distribution of loca] military ones. Both sets of data show 1
grouping around take-off speed, indicating the effect of the high bird densities in the
lowest air layer and on the airfields. Bird strike prev
conirol should in this case concentrate upon the horizontal distribution of birds at and
nearby airfields, not so much on altitudes. Already 25 years age Schaefer (1969)
explained that ground radars should be used to detect birds, even when sitting on
runways. Recently the possibilities for joint use of this type of equipment have
increased and some firms even advertise the potential.

ention in the sense of ajr traffic

Prevention of bird strikes "en route”, such as implemented in military
operations with jet fighters, is also an option for "small air traffic" including sport flying
and helicopter operations. Here one should try to profit from existing military bird
warnings. Also low flights over bird sanctuaries and bird concentration are
the Aeronautical Information Publications should be avoided.

low fevel

as mapped in

In summary The chance of suffering a bird strike will never be zero as long as man
continues to fly. When the number of hirds in the air would always and everywhere be
the same, even no reduction would be attainabie at all by means of avoidance plans.
Fortunately, however, the presence of fiying birds fluctuates to a very large extent, This
makes avoidance of bird-dense parts of the air space and periods of intense bird traflic
4 realistic option, Consequently, the aim should be to optimize the balance between a
maximum of flight safety and a minimym of flight restrictions. The more precise the
presence of birds in the air can be measured, the more detailed restrictions can be
disseminated, and, as a result, the smaller the impacts on operations will be, This
emphasizes the need to choose appropiate detection equipment, such as certain radars,
and, simultaneously, to Organize an optimal *ad hoc® use of the information gathered,
When such radarmeasurements are also stored and analysed, general trends and
correlations will be found which might be used as parameters in a model to predict bird
movements. An operational forecast systemn would facilitate early adaptations of flight

programming. However, predictions by definition introduce uncertdainties; it seems

unrealistic that a forecast model ut the moment would make "ad hoc" registrations

superfluous. The ideal situation therefore seems to be a combination of both.

It
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3. GENERAL ASPECTS OF BIRD DETECTION BY RADAR

3.1 Introduction to some radar principles

Ruduar stands tor RAdio Detection A

cleciromasmetic waves, usuatly tormed into puises (packages ot radio ernergy). By

alternisting pulse transmission with receiving echo returns the radar is able to range
ohjeets. Distances are culeuiated by using pulse return time and wave propagation
speed (constant 3° 10 m/sec). The bursts of microwaves are funneled into a beam,

enabling the radur to measuyre angles. The shape of the beam depends upon the shape
of the radar's antenna, Finally, cert

ain properties of the echoes offer clues to their
identification.

nd Runging, The cquipment radiates

The range at which an object of certain size can be detected is caleulated by means of
the radar formula and depends on many variubles and clreumstances. For birds thiy

distance may vary from a few burdred meters in small ship radars up to over 150 km

in wase of long runge survediisnce radars,

Scanning the heam through the airsp:

ice opens the possitility ta buiid up o twa or three
dimensional picture of the distrib

ution of thase objects reflecting enough energy. Beamn
shape and scanning procedure determine how we monitor the air sprace. [n the
weil-known ATC (air traffic control) radars (sce cover}), which rotate their beam in the
horizontal plane. echoes arce represented on a PP (Plan Position indicator). This
circular monitor otten includes the projection of a simple geographical refercnee map.
Mixing map and radar video facilitates the interpretation of the live display. After
having stored the radar informatjon time- lapse on film or electronically we may get an
excellent time- compressed summary of bird movement.

ATC radars have beams wide in the vertical and very narrow in the horizontal plane
(lun-heams), They offer a high resolution in geographical sense, but exclude the
discrimination of altitudes. Nodding height finders use the vertica] type of
wo-dimensional scanning {cf fig. 16). A third possibility is the so-called pencil beam.
Such tarrow beams offer high-resolution but a large amount of seanning time is needed
in order 1o build up a three- dimensionat picture. The most simple application of penci
beams described in this booklet is mere ranging: when fixed vertically it can be used 1o
assess the altitude distribution of birds in airspace, Tts most complicated use is as a

tracking beam, fisating a target during its flight and describing its three dimensional
flight path.

The radar types most frequently used
are clussitied in three or four families
wavelength): table |, Thev usually re
Size, range and resolution.

s bird detectars are pulse radars, which usualiy
- aecording to frequency band { and theretore
present clusses of equipment differing in power,

ta

are
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table 1 A: The old-fashion classification of radars according 1o wavelength. B: Diurnal (D)
and noctural (N) "subsaturation” densities of bird echoes on the PPI of search radars and
minimum detection height. Omnithologists watching over the shoulder of the radar operator
smight find this bird resolution in the raw video of older radars. The synthetic video of many
modern radars will produce fewer bird echoes while raw video often is not available
anymore. These partical experiences do not reflect theoretical possibilities which may be
exploited by modern electronic (bird} echo extraction.
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Instead of simply using the echo returns, puise doppler radars also measure the

frequency modulation caused by the specd of the targets relative to the radar (radial
velocity). This provides the possibility ta separate moving targets from stationary
objects. even though the echoes of the Moving targets are very weak compared to the
clutter. Radar detection of low fiving birds within an obstacle rich environment is only
possible when the Doppler effect is exploited. But certain limitations with respect to
targets with very low speeds {song birds!), as well as the fact that oniy radial velocity is
the selection eriterion, have hoth serious draw-backs,

The Doppler effect is also the basis of Continuous Wave (CW) radars. Instead of
rapidly switching between transmitting strong pulses and receiving weak echoes CW
radars "speak” and "listen” simultaneously, In its simplest torm they "hear" speeds of
moving targets but do not measure distances, By applying FM and other principles CW
radars can also range ohjects. Hawever, multiple target detection is done easiest with
pulsed radars,

3.2, Detection chance and the quantification of bird echo densities

321, The radarformula and maximum rangy

The maximum distance at which an chject iy dutectable van be derived by using the
|
radar formula:

—_——
va S PGty
, 2

Thax T ;s fy T3P

b mhisd

Maximum rtange {R max} is positively correlated with transmilter power {P) and

antenna gain (G, the multipiier factor due to concentration of microwave energy by the :
antenna; G is squared because hoth transmitted and received energy is concentrated),
the wavelength (A- lambdit} and the echoing area (@ - sigma -, also called radar cross
section) of the target. The maximum tange is negatively correlated with the minimum
receiver power (Pmin) required to produce u detectable signal. P, as effective power,
includes the Pulse Repetition Frequency (PRF). When this PRF is chosen high, the
interval time between two pulses is short. This short interval limits the maximum
distance at which a tarpet can be detected, but will never limit the maximum distance
of small targets like birds. In practice we need the effective range of the radar for birds
instead of the theoretical maximum range.

Tt
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The pulse power of the radar, the echoing area of the target and the spreading of the
clectro-magnetic encrgy are the crucial factors limiting range. The strength of the
returniag echo decreases with the dth power of the distance radar target. In other
words: to double range we need a rudar with 16 times more power. But also: accepting
alittle bir less range means a lot less power required. And if one bird has a radar cross
section which is half of another’s. it can be detected up to 84 9 of their maximum
detection range.

art

322, Range and resolution

Usually radars work at such large scale that they enable us neither to count birds within
ETOUPS nor to recognize the shape af the flock. Even the density of flocks may be
abscured when the sereen of an air tratfic control radar is saturated with bird echoes.
The smallest volume of air that can be meaningfully measured with a radar is called
‘resolution cell” (fig. 17). The resolution of a pulse radar depends theoretically on puise
length and beum shupe. These values are not chosen independently, and of course

relate 10 the type of application of the radar.
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As can be seen in the radar formula, a long detection range can be realised easiest with
long wavelenyth. But fong waves are more difficsit to funnel into 2 narrow beam and
necessitate large antennas. Moreover, the greater the distance to cover. the slower the
beam should scan. If the pulse has to travel a long distance (low pulse repetition
frequency), then apart from the divergence of the heam. the increment of scan also
reduce angular resolution. 1igh resolution in range is difticult to schieve in

cambination with large scale opecation. An extra difficulty 15 that a high amount of
energy necessary for long distance ranging is ditficult to squecze into a very short pulse,
Severtheless, several modern (militiry) search radars have been equipped with pulse
compress modes reducing pulse length by a fuctor 60, therchy enlarging range

cesolution.

323 radar cross section

The radar cross section is defined as “the (tictional) shadowing arca of the target
intercepting that amount of power which. when scattered in all directions, produces an

echio equal (o that of the turget. The clectromagnetic waves sre retlected by abjects
kaving different eiectric and muagnetic properties than the surrounding medium. The
water in hlood and muscles of the bird body are most reflective while bones and
feathers seem to contribute only little w the echo.

The average intensity of a bird echo roughly equals the echo of a sphere of water with

the same weight as that of the bird. This echo strenpth is halt of that of a metal sphere ).
of the same size, which offers 1 possibility of calibrating the radar equipment.

Inthe cuse of biy targets (compared to the wave length of the radar) the reflected

energy ts more or less proportional to the shadowing area of the target; the known

optical principles are valid. When target size is in the same order of magaitude as the

wave length the echo strength does not correlate in a simple way with target surface.

Figure 18A gives a madel explaining the interference of clectromagnetic £nergy I
partially curving around and partially reflected directly by the sphere with a

dreumpherence in the same order of magnitude as the wavelength. The two energy
components, travelling different distances become out of phase. The resulting echo
strength may vary up to a factor 16 when the circumfarence of target and wavelength
are more or less the same and the circumference varies hy half of the wave length.

et

Figure 8B indicates how the ratio of hoth results in varying radar cross sections (em2),

Clearly 4 bird’s body is 4 more complicated target than a sphere. A spheroid or a cigar
fike" hody may be slightly better approximation. In the case of the "spheroid-bird” the
echoing area is larger in side view than in head-on or tail-on view. As explained above
small differences in sithouette size may rusult in larger differences in echoing areas. A
graphical representation of these echoing areas as "seen” under all angles with the

hird’s body axis is called a "polar diagram”. Fig 18C gives an example, It shows
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cnormous fluctuations and may give the impression that dealing quantitatively with
detection probabilities 18 very complicated. We cannot deny this. indeed, but when
processing a radar picture with hundreds or thousands of bird echoes an avegage bird
size s taken into account. Small individual differences in size. wingbeut phase and flight
direction smooth the average polar diagram of the whole cohart, As a result we will
find a smooth curve representing the head/tail view - side view ratio of detection
chance in statistical terms (figure 19, derived from Buurma & Van Gasteren 1954), We
can use such empirical curves to correct our measurents. Tt is clear that we need
information on the heading of the birds in relation to the angle at which we see them
within the sampling window on the radar screen.

Contractions of the flight muscles influence the diameter of the bird body. This results
in remarkably strong variation of received echo streneth. When a tracking radar follows
a single bird, its Automatic Gain Contral (AGC) compensates for these fluctuations in
order to get a constant signul. When we record these AGC power variations we get
viluable information on the wing beat pattern (see 4.3).
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124. Radar horizon

In order to detect an object above the horizon at a distance of 30 km it must be 100 m
above the surface, At 100 km an object must have a height of 300 m! Loss of visibility
behind the horizon does not increase iinearly. Radar waves normally slightly curve

hehind the visual horizon but radar detection at long distances is anyway limited in the
same manner as visual ohservation. The height /range relation is therefore graphicaily
incorporated in the conventional Vertical Performance Diagram.

In the fictitious example of figure 20 we included the bird range of the three classes of
pulse radars of table 1. Inability to detect low-flying targets behind the radar horizon is
8 problem, especially of long range radars. Because these radars also have the largest
bird detection range. they miss many birds. Moreover, if the lowest air layers contain
most flying activity, as is usvally the case in the Furopean low lands, the bird density on
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a PPI of long range surveillance radars soon diminishes to very low values when going
from center to periphery. Because at short distance echoes of objects on the ground
saturate the radar display. the effective region for proper bird detection hecomes very
limited. Low leved bird migration (say below 50 or 100 m) mav be totally "overfooked",
and therefore radar is usually desceribed as complementary to the visual bird observer
who will start to miss small birds at 50 m. even when they pass overhead.

As a result of the horizon effect, the thinaing rate of bird echo density with range in
long range radurs often is not primarity cavsed by the decrease of sensitivity but rather
by the altiiudinal distribution of the birds, Therefore, sumples of the hird flying activity
tahen by long range radars are always biused with respect to height. Provided the radar
beam propagates along straight lines we can turn this in our advantage by caleulating
the intersected portion of the aie Space at several distances. Comparing the bird echo
densities offers x indication of the altitudinal distribution of birds. Calibration of suck
indices by means of small radars and/or visual ohservers is needed.

A special problem with respect to 3-D measurements by means of radar is the so-calied
anozmalous propagation (fig.21). The radar heam may be reflected against or funneled
by discontinuities in air density, such as inversion lavers. As a result the radar looks
behind the radar horizos and the PPI is spoilt with extended fields of groundeinster.
This may totally disturb @n index of bird migration intensity because many more bird
echoes may be received, provided they can be separated from the ground clutter. The
solution to this problem is to check always whether the cutter pattern is normal and. if
oL, 1o cease measuring. Fortunately, the frequency of "anaprop” is not prohibitive,
Furthermore, the phenomenon is prediciable (0 4 cortain extent and iy usually easy to
recognize,

3.2.5. Polarization, STC, FTC and other CITCUits

S0 far, we dealt with physical effects in (bird] detection by an unfiltered radar signal,
This unfiltered signal is not always sufficiently clear for operational use. Often the
amount of unwanted echoes, including "bird clutter”. can be so predominant that
aireraft detection and racking becomes mmpossible. Theretore, several technigues and
filter processes have been developed to suppress unwanted echoes. We have 1o know
their influence upon bird detection chance, especially when the radar is simultaneousiv
being used for other purposes. The most important technigques are discussed below.

Polarization: Electromagnetic radiation is nermitlly polarized in either the horizontai or
the vertical plane. Both are said 1o be linearly polarized. Otten radars can alse be
switched to circular polarization. The cffect is o reduction of the reficetivity of
sphere-like bodies, such as rain drops. Small birds being more or less spherical water
bodies will pivie weaker echoes too. The reduction of recorded bird echocs is said w
vary between 11 to 54 @3, depending on radar and range. Smail song birds are more
affected by circulur polarization than bigger birds. Dutch electronic counting results
were corrected with s factor L6, Vertical and horizontal pofarization also differ slightly
¢ the chanee of bird detection helng somewkat better in case of horizontal nolanization
(172 unit in -8 scale).
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receiver type and noise figure: Usually videa voltages within the receiver are directly
proportional to the echo signal amplitudes (linear receivers). But sometimes
logarithmic or other specialized type of receiver may transform the received sigmals.
The presented echo intensity variation should he iterpreted sccordingly,

Sensitivity Time Control (STC): Close: to the radar. arreralt guidance may hecome
impossible because their echoes are hidden througn mass occurrence of echoes from
undesired targets such as birds. STC circuitry counteracts this by reducing the gain of
the IF amplifier by an amount inversely related to range. As a result the number of
bird echoes may be markedly reduced, in large search radars up to distances of 20 - 3

nM. STC circuits can and should be switched off in arder to detect birds,

Fast Time Constant (FTC): In contrast to aircraft and birds. Jurge targets, such as raip
showers, produce echoes of much longer duration than that of a single pulse. FTC
circuitry starts to suppress such echo returns after a given amount of time. As & result
only the leading edge of showers appear on the radur screen, while point echoes should
remain in tact. However, bird echo’s can also disappear, especially in radars with low
resolution and when bird echoes oceur in high densities. Preferably, FTC should be
switched off. Comparable to FTC hut more compiex are so-called Puisc Length
Discriminators (PLD's). Depending on their characteristics they may reduce the
number of bird echoes according to their length in range. PLD filters may also select
echoes smaller than a certain size, as was the case with an adjustable PLD in the
electronic counting device KIEV]T.

Instantaneous Automatic Gain Control {LAGC) and Constant False Alurm Rare {CFAR;:
The gain of the IF amplifier can at any instant be related inversely to the average
power received during several pulse duraticns prior to that instant. As a result large
areas of clutter are suppressed while point echo’s should remain fargerly unaffected.
This is what JAGC and the more sophisticated CFAR circuits do. As was the case with
FTC and PLD. again high densities of bird echoes may become suppressed and
therefore application of these circuits should be avaided.

3.2.6. Moving Target Indicators

Elimination of stationary targets (ground clutter) is one of the most obwvious needs in
radar design and under many circumstances crucial to the detection of hirds. Radar
detection of birds in mountainous regions is virtually impossible without special
circuitry. But even in flat country. echoes from objects on the ground cun cause clutter
up 1o ca. 25 nM under normal conditions when the lower side of the radar beam is
directed to the horizon. This implies that low and medium powered radars with
maximum bird ranges of less than 25 nM can only resolve low flving birds when
equipped with Moving Target Indicator (MTI).
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flgure 22 The underectability o f hirds flving more or less perpendicular 1 the radar beam
whent tsing MTH {moving rarvet indecator circuiey). A: a sketch of the so-called MTwe-
dges, B: a weak MTI effect during the dav when bird migrate in flocks and produce strong
dot echaes. Direction of movement according 1 the MTT weelges is SSWoward C: more
clear MTT effect in the massy of weak echoes of noctumal migrants flying singly rao the S5W,
Buth pios taken from Guitthreaux 1950,

MTI wedge

small slow flying
(song) birds

fast flying -
large birds

track
direction




MTT's extract Doppler frequency shifted echoes by means of one or more delay-line
cancelers, with or without positive feedback. The delay-line canceler acts as a filter 1o
eliminate the 13C component of fixed targets and to pass the AC components of
moving targets. The video portion of the receiver is divided into two channels. Oae s o
normal video channel. Tn the other the videa signal expetiences a time delay equal to
one pulse repetition period. The output from the two channels are subtracted from one
another. The fixed targets with unchanging amplitudes from pul

s¢ to pulse are canceled
on subtraction. However, the amplitudes of the moving t

arget echoes are not constant
from pulse to pulse and subtraction results in an uncanceled residuc. Nowadays spe
techniques are replacing the described delay-line cancelers. For a description of the
priciples and many types of MTT's see the radar text books.

P
Cii

The diversity of MTTs results in very different rates of suppression of bird echoes, The
most obvious eflect is the cancellation of birds observed perpendicular to their flight
path, where they move at radial velocity zero. During broad front migration this results
in so-called MTI-wedges, seclors without bird echoes at the PPI (fig. 22). The azimutha!
size of these bird echo free sectors differs depending en a) power output and sensitivity
of the radar, b) the shape of the "velocity response curve” of each particular M7, c)
the range d) the size distribution of bird targets and e) their ground speeds. Another
very unlucky aspect of MTI's is their limited dynamic range. The range of signal
arplitudes which an MTT canceler can process is not as wide as the range of echo
amplitudes that a radar may receive. As a result birds flying over an area from which
strong ground echoes are being received are less likely to be detected than the same
hirds flying over an area with no ground echoes, even though the ground clutter may be
completely suppressed by the MTL

In conclusion: the rate of suppression of bird echoes by MTT's varies in time and space
and with different types of equipment and their setting. In other words, careful
selection of sampling areas at the ppi and calibration of measurements should be given
high priority. If clutter free areas are available through horizan screcning and
nevertheless low altitude coverage, the use of MTI should be avoided.
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33. Recording technics

The movements of birds are difficult to fallow directly on the PPI because of the large

scale on which radars work {even short range radars) and because of the weakness of l
afterglow 1ails. Therefore, data have to be stored for serious analysis. Because of the !
clectronic storage seems to be the obvious

approach. This however is usually a costly and complicated affair. Therefore much of

the ornithological and operational work applied photographical means.

electronic nature of radar cquipment

13.1. Photographical methods,

Two methods

are frequenty used: time exposure photographing and time |
For instantaneous assessment of bird migration intensity often polaroid photos are
taken. A cheap method for tong term studies is periodically taking
I mm or even an 8 mm tilmcamera.

apse filming.

time photos with

Time exposure photos of 2 to 15 minutes indicate speed and direction. Photos of the

PPI taken during one revolution of the antenna yield a valuable impression of the echo

density in the space covered by one sweep of the beam, The single echoes appear as

dots {fig, 23A 1. Depending on scale and bird speeds the echoes of several antenna to
rotations build up shorter or longer streaks (fig. 23B}. Direction suffers

a 180 degrees

figre 23 Time exposure photos of one fulf rotarion of the radar antenna (A) and the
accumulation of echoes within one pictire when expased five minutes (B).
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ambiguity. This has beep prevented by adding one short extra exposure to each time
photo after a short clasure of the shutrer, The point echo added to the streak indicates
track direction. The obvioys disadvantage of time expasure photos is the quick

saturation of the image while the radar stilf displays single echoes (fig. 243,

Time [apse filming is a better, byt Mmore expensive technique. Radar films vividly
illustrate the process of bird movements. An indication of how spectiacular such fiims
may be is provided by the series of photos in figure 25 The cognitive powers of the
human eye and brains provide extreme quick pattern analysis, However, proper
elaboration of the film recordings in order to reach scientifically satisfving results is
very difficult. Seloctjve extraction of the easily recognisable heavy and quick echaes
Mmay cause severe bias. Eye fitting average track directions of cohorts may obscure
hon-random directional variation. Weak but consistent bird cohaorts or reversed
mevements can eusily be overlooked

A general disadvantage of photographicul
addttion of variation due to limitations of
bias through a nen-linear rel

recording s the loss of informutiog and
this extra medium: reduction of resolution,
ation between brightness of echoes and sensitivity, blurring
and hackgound illumination of the whole picture by bright ccho Ticlds from rain,
causing weak echoes to merge into the noise,

3.3.2. Electronical methods.

A first step towards more stable storage s using video instead of film, The newest
CCD video cameras offer reasonable resolution and

- dt least theoretically, open the
possibility of electronic assessment,

A more sophisticated possibility s the use of the synthetic digital radar information
available at modern radar stations. This inform

ation extracted for operational purpogse
however, usugally reduces or even

excludes bird echoes. The best but also the most
CXpEnsive option is to convert the analogue raw video intg digital d
collection and anaiysis of basic rad
extracting bird echoes

ata. It enables
ar information, but alsp provides the possibility of
at the source and/or performing pattern analysis (see chapter 5}
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figure 24 Time exposure photos of tie former [-band rudar in the NW
Showing bird echoes (point echoes), a few

amount of groundechoes around the
accurnulation of ail images of 10 i
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of The Netherlands
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ction and speed. A few much faster echoes from aircraft
) Amsterdam airpont.




* _ _ _— (51 B
if Foto 1. 8-10-75  18.29uur Foto2, . 81075  20.37uur fhi ‘;
i . . - R R X L FIi. -

figure 25 Photo series lustrating the process of hird migration over the Northt Sea ay seen

] {611
by the former L-band radar stred)
{ - T4 o AT apof e . -
: near Den Helder in the NW of The Netherlands. grouf
(1} Departure of nocturnal migration towards WSW. Because the echoes start abiove the (7} A
Waddensea islands and above the mainiand, we mudy conciude that they were produced by of th
: landbirds. The fime of the year and the massality of the mavement makes thrushes te ddarir
'- most probable species.
. o . o _ (8
(2} Two hours later the migration is really massive. Saturarion of the PPI s exrra srrong fow
) because of the change in flock behaviour ar dusk. Af sunset the birds flew in dense flocks, this
but in the darkness the birds are spacing oul. 10p0

(3} Shortly after midnight the intensity of westward migrarion hus weakenwel In the upper

part of the screen fast bird echoes appear. They indicaze migrants thar left southern Nonvay
: at dusk

(4} One hour later the southward migration is ciearly visible, The pirds fiv with the wind as
can be deduced from the movement of the fremit of rain showers. The bind echoes are very
ong as a result of the high ground speecs.
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4. TYPES OF RADAR AND THEIR SUITABILITY FOR BIRD
OBSERVATION

In this chapter we will shortly describe some examples of ornithological work for vach
type of radar that we consider of interest for bird strike prevention. Only studies that
contributed to our understanding of the quantification problem have been included.
Apart from giving some references we aim at emphasizing particular advantages and
shortcomings of the different classes of radar. Radar pictures with a few results rather
than extended text are chosen to support our conclusions.

4.1. Fan-beam search radars

Fan-beam search radars map the movements of air and sea traffic on PPI's. They have
beams wide in the vertical and narrow in the horizontal plane. While scanning along
the horizon, the beam covers a large part of the air space but discrimination betwean
targets on the same spot at different altitudes is impossible. This third dimension of 4ir
traffic control can only be performed by additional equipment such as nadding height
finders or. near airports, by precision approach radurs.

Fan-beam search radars were the first and most important tools that evoked the new
discipline “radar arnithology". Spectacular sequences of bird migration waves around
the clock and over the seasons can be visualized by time-fapse filming. This
representation of the process of bird migration is so impressive that, unfortunately,
many people judged bird migration studies with simpler means o be superfluous.
Fan-beam scarch radar still can be considered as the type of radur to ne chosen for
getting a general overview of migration and a rough indication of relative intensitivs in
large areas. However, its inability to provide altitudinal information on bird movements

as well as the qualitative rather than quantitative nature of its data must be
emphasized.

4.1.1. Air Traffic Control (ATC) radars

These high-powered long range surveillance radars, often connected into networks,
guide the flights of civil airliners outside the control zones of airports, where short or
medium range airport surveillance radars (4.1.2.) take over their task. Modern civil
ATC radars will usually not provide any significant bird information. because their
operationally used video signals (mostly synthetic) have been cleaned up for undestred
echoes. Certain video extractors may provide a figure indicating the amount of
removed clutter including bird echoes. but to what extent this figures has any value to
indicate hird densities remains very uncertain.
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Military ATC or air defense radars are usually better suited for bird detection.
Depending on their task, they should register even fairly small targets that do not
respond to the radar by transmitting IFF (1dentification Friend or Foe) signals.
Morezover, they usually are designed to provide higher resolution.

Militaey ATC radars have already been used for ornithological purposes since the
Fifties. Well known is the work of the British school of radar ornithologist "founded” by
Lack. Also researchers in Denmark, Sweden and the USA produced papers based on
miiitary long range surveillance radars, mostiy fan-beamed. Nice pictures could be
taken trom the PPI of the Dutch L-band radar near Den Helder (figures 24 and 25).

The radar registrations from Holland are well suited for demonstrating possibilities and
restrictions. The flatness of the country provides the best low coverage one could think
af. The ground clutter patlern is very regular, normatly a circle with radius 20 nM
sround the radar. Birds can be observed tar bevond 50 nM, but the filming was limited
within this distance. Therefore a "donut” like annulus of 30 nM depth is available for
hird detection. When fixed echoes are removed via MTT, only a central area of 10 nM
szdius cannot be used. Because of the wave length of 23 cm the difference in detection
chance between birds observed head- or tail-on and those seen.from the side is fairly
small. The latter echoes exceed the noise level at longer distances. Due to the
combined effect of low resolution and long wave length, saturation of the ppi by bird
echoes can occur easily, especially at night. Solitary songbirds cannot be detected but
when several individuals simultanously occupy one resolution cell 4 weak echo is
received. This is clear from the daytime pictures wherein the echo of a flock of finches
cannot be told trom that of a single goase. apart from typical differences in speed.
During the night many songbirds fly singly and remain invisible but chance may bring
them within one resolution eell. As a result a very diffuse bird echo pattern emerges on
the PPL. Sometimes, it resembles weather echoes and mostly it does not provide
reliable directional information.

The biological significance of observations with this tvpe of radar primarily concerns
the recognition of large scale patterns of migration. The short series of time exposure
photas (figure 25) may ilustrate this. According to departure areas, timing and speeds
several so-called cohorts (Alerstam & Ulfstrand 1972) can be identified as "songbirds®,
"waders”, "geese", "gulls" and others. Systematic recordings offer the possibility to
describe temporal patterns (circadian and circannual) and the she-t-term reactions to
weather, Migration intensity can be scaled roughly, using the exponentional 0 to 8
values {see 5.1, but real quantification is difficult. Apart from the saturation problem,
also the invisibility of the smallest birds, even on short range, makes it impossible to
select a certain sampling spot where all birds above a certain minimum altitude are
detected.
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frgure 26 Diurnat autumn migration
fea 10,04 rr) around the Durch west
coast, as taken from the PPI of an
old airport surveillance radar ar

the naval buse Valkenburg, Range
rings were set at 5, I and 15 ndf
The coastline is indicated in the
upper figure, The elevation of the
far beam was set at 3, 5, 7 and 9
degrees, cutting off bird detection
from low 1o high altitude.
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4120 Adrport Swrveiance Radurs LASR)
What is said about ATC rudars party applies also to ASR radars, Although airport
radars work at smailer scale, they nevertheless cover such |
to monitor large scale bird movements, Especially when
exploited for simuitaneouys registr
studied in detail.

arge areas that they are ahle
several ASR radars are
ation of bird migration, geographical parterns ciun be

While most fan-beam ATC radars operate at 23 cm wavelength, ASR radars use the 1N
em (S) band, This improves the potential detection of solitary flying small songbirds,
while the wave length is just long enough 1o avoid serious insect contamination, This

makes ASR radars better for the assessment of bird numbers within a cert

ain volume
of air than ATC radars. The sm

aller scate increases resolution. But the inclusion of
smaller birds leads to bigger numbers of echoes. Thercfore, also the PPI of ASR radary
cun become saturated. Guurhreaux (1970} has proposed a procedure to quantify bird
migration eéven in case of mass migration. By stepwise attenuation of the radar
sensitivity the bird densite witl diminish, Alfter calibration of this thinning effect by
partllel observations with other means, the real densities are caleulated and tha
drawback of saturated PPI is avoided,

Very detailed and biological reliable migration studies have been performed since the
fiftics at the airport radur near Zurich in Switzerland (Sutter 1957, Gehring 1963 and
Hilgerloh 1981). A good analysis of the quality of ASR radars for bird detection and an
extended ornithologicul study was performed by Richardson {1976} in Cuanada,

to

.
A series of skeiches directly taken from the screen of an old GCA radar at Valkenburp
naval hase along the Dutch west coast 15 reproduced in figure 26, Titing the antenna
from 0-9 degrees reveals two types of bird movement: ENE-WSW broad-front
migration over Iand as well us over sea and a narrow, concentrated stream
fiying paratlel to the coast. Ditferent from what most ornithologist think, the migrants
following the coast perform this behaviour also at very high altitudes. They seem 1o use
the coast as a guide line, d

of migrants

With respect of biologicat resuits the work at Ben Goerion airport near Tel Aviv, Iscacl
{Leshem 1988) is very interesting. This ASR-8 radar is used without
modification. Figure 27 shows the video normally used by the
this radar setting birds of small or medium size, flving singly o
reflect strong enough to penetrate the 1jl

Wwre
any speciul R

air traffic controllers. In L

r in small flacks, do not

ters. Only flocks of heavy migrants like storks,

pelicuns and bird of prey. soaring from thermal to thermal, produce ecl
numbers and identity of these }
checked by visual obsery

hoes. The

yirds, and therehy the performance of the radar, were
ations from a motorized glider. As a result the radar can be
used in its normal setting as a calibrated too! for *ad hoc" warnings to the Israeli Air

Force. Broad-front migration remains undisclosed in this way, but nowadays other
{more sensitive) settings are tested,
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figure 27 Ben Goerion airport surveillance radar {ASR-8y on 28 sepe 1980, 11.30 hr. A
tong dine of 82 km of Lesser spotted eagles (Aquila pomarinaj are visible as @ row of
cloudy echoes parallel to the coastline projected into the FPL It is estimated that the echoes
represent ca. 15000 eagles.

4.1.3. Ship navigation radars

Ship navigation radars are the smallest fan-beam search radars used for bird detection
(Williams et al 1972). Because of the big market of recreation vessels, these radars are
cheap and easily accessible to vrnithologists. However, maximum bird range is small.
Songhirds cannot be seen beyond 1 km (if at all) while the detection of flocks of large
hirds is only possible up to 2-3 km at the mast. Therefore such radars can not cover the
full altitude range of bird migration. By replacing the fan beam antenna by a narrow
pencil beam range can be enlarged.

The application of ship navigation radars is mostly scientitic. The disudvantage of very
limited range is more or less compensated by good resolution and the easy use in the
field. Recently, the Danish field ornithologists Brinch Pedersen and Poulsen used a

Tou!
modern Furuno ship radar to study noctarnal bird movements around a windturbine. i
Modern types, like the Furuno, have memory tunctions enubling the operator to see
simultaneously the latest and several carlier plots of each target. This enormously
facilitates recognition and understanding of the bird movements in real time.
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Guuthreaux his included a ship cidar inte ais maobile field laboratery, which was set up
for, amongst others. the study of kirds colliding with clectric power lines. He combined
several remote seasing techoics and profitted from the sometines complementory
mature of these,

Figure 28 gives an impression of the PPL of the search beam of the Flyeatcher tracking
radar. This component of the Dutch X-band miljtary radar can be considered as a
smatl-range fan-beam search radar Like the ship navieation radar. However, because of
the much higher power bird detection can be done at somewhat larger scale (rings

indicate 5 and 10 km range). The row of echoes in the NW indicates the metal poles of

an electric power line. The echo field from the center 10 the SW is a fairly open area
wherein all single trees, farms and many smaller objects reflect radar cnergy. The
reason for the clean PPl in all other directiony is that the radar could be placed at a
lncation surrounded by low homogeneous woods, obscuring the horizon over 270
degrees. Birds could be detected {and tracked!} down to an altitude of anly 20 meters
at a distance of 2-3 Kilometer. Single trushes were detectable in side view up to 7 km.

re 28 PP afifw search beant of die Fivearcher rracking radar, Expitanarion in the war
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flgure 29 The filtering of unwanted echoes us visuaiized ar the PFI of the stacked bea
long range surveillance radar in the NW of The Netherlunds. Explanation in the rext
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4.2, Pencil beam search radars
421 Long distance (stacked beam) radars

Pencil beam antennas produce be

ams which are narrow in azimuth as well
elevation. The uperture of Jon

as in

g range radars is usually around one degree. In stucked
15 divided over several wavetubes, Each radi
slightly different position in the focal ares of

heam radars the radar tnergy ates from a
the big antenna and produces it own

rudar beam. The heams tagether fill a vertical detection plane which is rotated in the
coverage. For bird detection only the lowest
o heams are interesting. Combining the informatio
wea of the heigth distribution of the birds,

horizontal, resulting in a three dimensional

n of both beams gives a limited

The S-bund stacked beam radur in The Nether!
facilities for bird detection. The ra
hird echoes as

ands (see figure 24) offers fascinating
w video of this radar may he densily packed with

a result of the perfect low level detection in very bird-rich
country side. For normal operations (the guidanee of aircraft), the video should
therefore be cleaned. Figure 29A is a 10 min time-exposure polaroid photo of
video showing many bird streaks. Picture Bist

and very flat

the raw
aken nearly at the same time and gives
only that part of the video which is extracted for uperationai, use {agiin acumulated

over 10 minutes). Here aireralt echoes dominate the picture. North
also echoes from ships remained visible. Those signals that
extractor can also be shown, albeit in re
this "unwanted echoes video™ was
bird echo extractor. A-C were d
filtered out of the signal

ot the radar strong
were trapped by the videp
duced quality: figure 29C. The availabiity of
accidental and proves the possibility of a dedicated
ay-time pictures, 29D iflustrates the unwanted echoes
during a night with heavy bird migration.

S
“P.h." H

2 Medium distance (weather-} radars

This category of radars is aot often used for hird detection. Most weather radars are
fairly fow powered because of the |

uw resolution needed for detecting rain showers.
Both affect the quality for radar arnithotogy. However, very pood results w

ere achieved
with the weather surveillance radars (WSR) in the US by Gauthreaux.

4.2.3. Short distance radars

A high resolution pencil beam radar with a corresponding short range, which is
nevertheless long enough to reach the highest flving birds

- is ideal for bird studies as
well as for future bird strike prevention (see 5.3.2.).
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figure 30 Radar study along the | Sutedt west coast by means of the two search pencil beams

of a 1.4/5 tracking radar. Explanation n the 1t
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Figure 30 presents a callage of work done in The Netherl
search beams of [4/5 {trucking) radar (A). The mobile system was put on top of the
dunes wlong the Dutch west coast near Hook of Holland. The project aimed at
assessing autumn bird movements during day and night at different height levels. The
lowest air layers got special emphasis because of the concentrated diurnal migration
parallel to the coast and the question whether this well-
such low levels during the night. One reason for the st
nearby efectric power ling perpendicufar
{Buurma & Van Gasteren |
tnder different elevation

ands with the two pencil

known movements also oceur a1
udy was the compietion of a

to the coastline and to the bird stream

989). The two radar beams scanned in the horizontal plane
angles (C). Bird movements were filmed ¢
Figure 30 B and C show the sampling are
respectively,

ime- lapse houriy.
as chosen in the horizontal and vertica] plane
The results of one night (6 november) were averaged with respect of the
altitude distribution of bird density {per km3) above sea and land: figure 30D. This
night of intense migration shows that the birds seem to avoid the lowest meters aver
land but that they don‘t do so ahove sea,

43. Nodding height-finders

43.1. Height surveillance radars

These old-fushion radars complement the fan-bearned
aliiide information. In fact they are fan- beam radars of which the antenna is rotated ]
90 degrees around a horizontal axis. The beam, narrow in the vertical plane, is scanned o0
up and down and the signal is displayed at a so-called Range Height Indicator {RHI).

Figure 31 gives an impression of this type of presentation, although it came from a
nodding pencil beam.

search radars by providing

d
Riemens (19713 evaluated a large nodding height-finder (S-band) in The Netherlands,
that belonged to the same radar park as the L-band long range surveillance radar,
shown at the cover. He took time-exposure photos simuitancously at hoth stations ed,
{figure 32). The nodding height finder was used as a search radar giving a very narrow
beam in the vertical plane. The results showed very meager correlation, which seems to hort
be primarily a matter of skewed altitude distribution during daytime migration. The e
SSW flying bird at the L-band radar are missing at the S-band radar, probably because 9.

they flew [ow above the sea.




figure 31 Vertical scan of the tracking beam of the Flveatcher. Rang rings ar each kmn
inclicate a maxinum detection at nearly § ket aliitude. Figure 13 showed results. Dot
echoes came from birds. The first kot is saturared with a mixture of noise, side lobes and
insect echoes. Reflections of wees etc. are visibde ar the hotton.

figure 32 Time exposure photos taken simulianeously from the PPI of the L-band fun

beam radar near Den Helder, The Netherlands (teft), and a S-band nodding heighr finder

af the same spot (right). Both radars were scanning in the horizonral plane.
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43.2. Precision Approach Radars (PAR)

PAR’s help landing aircratt to follow their flight path as precise as possible in the
vertical plane. Mostly these radars, eperating in X or C-band, have their antenna fixed
In one direction. Birds passing through the scanning plane produce clear echoes,
dicectly giving aititude information. When there are no details on flight direction and
speed of the hirds, it is difficult to quantify the movement. PAR’s are not often used
hecause they offer not much flexibility for ornithological use.

44, Tracking radars

The ultimate radar system for scientific studies on bird migration 1s the (military)
tracking radar, especially when optimally attuned, adapted and instrumented for bird
observation. For a classic study see Bruderer 1971. The tracking capacity offers the
possibility of studying the flight path of individual birds. But most tracking beams offer
also the (potential) possihility of being used as a scanner. During tracking fluctuations
of the automatic gain control voltage appear to reflect the wing beat signature of the
bird(s) tracked. enabling the researcher to identify species(groups). Bloch et al (1981)
give a good overview of potential resuits. Figures 33 and 34 illustrate some details of
the Swiss studies with Superfledermans X-band tracking radar,

As was judged by Richardson (tabel 2) tracking radars score high in the quality of the
results. This does not necessarily mean that they are very suitable for operational use
in bird strike prevention. Tracking birds one hy one does not easiiv support the needed
quantitative measurements. But as explained in 5.3.2. the use of a fairly short-range
tracking beam as a flexibie volume scanner come close to the ideai dedicated bird

radar. Tracking radar studies can support the further development of such a system.
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figure 3¢ Wing-beat paterns (AGC signals) of a passerine bird (upper figure) and a
non-passerine species {lower figure). The a) parts give the pure signals, while b) represents
the occurrence of each frequency within both signals. Passerine birds alternate short burst of

wingflapping with shor gliding phases.
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table 2 Summary of characteristics and suitability for hird studies of different classes of
radar according to Richardson (1979).
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51. Military systems at work
511 Observations based on polaroid time-photos

Germany, Norway, France and Belgium still succestully apply this technique which was
proposed by Gunn in Canada and has been introduced in Europe during the carly
sivties after a persistent BSCE/NATO campaign. As described in chapter 3.3.1. and
dlustrated in many photos throughout this booklet, birds appeuar as well recognisable
streaks. By comparing the polareid photo with a standard reference series the
technician is able to estimate the bird activity nearly "ad hoc". Bird densities are
expressed according to a exponential zero to eight scale. Also certain geographical
information as well as rough estimates of top altitudes of bird activity can be derived
from the bird echo patterns. The method is reliable and cheap provided the radar and
photo equipment is set correctly and the operator has the knowledge and skill to

interpret the results.

As described in chapter 3 the common difficulty in all use of radar is calibration of the
quantities of bird echo returns. One cannot register more than the radar "sees”, while
one can loose part of the information available. Most regrettably, this usually happens
in case of the photographic method. The attentuation method of Gauthreaux may
ameliorate the difficulties. But not all radars offer stepwise attenuation and not all

users can execute careful calibration studies. However, comparison of hird density
measurements at one radar station over the seasons will provide at least a good idea of
the relative variation, It depends on the amount of safety a user wishes to achieve were
to put the flight restriction treshold.

312 FAUST (Denmark)

This is the first operational warning system with electronically determined echo
densities. Tt was developed for the Danish Air Force in 1971 by Clausen, partly based
on ideas from Holland (see Tengeler 1972). For several years it served as an example
for the radar working group of BSCE. It was revised and is still in use. Just like the
other more or less comparable systems, it does need a skilled radar observer.
Separation of bird echoes and clutter is imperfect and the system does not give height
information.
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5.1.3. KIEVTIT (The Netherlands)

Since 1978 the RNLAF has operated an electronic counting system called KIEVIT
(Kast met Integrale Vogeltrek Intensiteits Tellers) at its stacked beam radar in the NW
of Holland. Only the lowest two beams are used because only they detect large
numbers of birds.

The system determines bird echo intensity within 5 movable windows (figure 21)
provided the radar works in Pulse Compression mode (range resolution 30 m.). The
raw video signal is quantified by means of two seperate thresholds, a distance
dependent Tow bird threshold and a 16 dB higher clutier threshold. Herewith two
digital video signals are produced, resp. called "bird video™ and "clutter video™. The
clutter video selects all strong echoes which are directly fed into a clutter counter. The
video first is counted by a "bruto bird counter” and confines all energy not exceeding
the clutter video. The bird video also passes a combined pulse length discriminator and
an "isolation filter" to eliminate weak echoes from rain and ground objects. All echoes
with a certain minimal distance to their neighbours (in range) and having a certain
maximum pulse length do pass the filter and are counted by the "netto bird counter”.
The two filters may have different settings and are usually adjusted either to the
heavier, widely spaced, diurnal echoes or 1o the denser but weaker nocturnal echoes.

Quantification implies the calculation of the percentage occupied resolution cells within
cach window after subtraction of the number of clutter ¢ells plus the difference
between bruto and netto bird cells. The figures are converted to the well-known (-8
cxponential scale for bird migration warnings. The two lowest radar beams are sampled
seperately per window giving a rough height indication. Furthermore, the location of
the 5 adjustable windows offers the possibility to discriminate roughly between different
types of bird migration over Holland and the adjacent parts of the North Sea.

The system also includes a SRT-radar screen, photographical recording facilities and a
output plug delivering formatted output of counts.

KIEVIT is still in use as a back-up system. it has proven to be able o select bird

echoes under most circumstances. If this is not the case the bruto bird counters indicate

the potential mistake. However, due to the filter process many birds may eliminate
each other when the echo density is too high. Therefore, the system still needs an
experienced person to evaluate the figures {not necessarily seeing the screen), although
it was intended io work automatically.
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5.14. ROBIN (The Netherlands)

ROBIN stands for Radar Observation of Bird [Ntensity. It is the actonym for the new
Dutch system that recently replaced KIEVIT, ROBIN consists of two cooperating
systems: a registration svstem and a presentation system, which can be separated
geographically. The registration system has to be located near the radar: the
presentation system can theoretically be set up anywhere.

 NW

The communication between both systems takes place via a serial line (a modem
connection): commands are sent from the presentation system to the registration
system; the recorded and processed images are returned to the presentation system
{figure 35).

The presentation system is a standard workstation with a high resolution screen and
ample data storage capacity. The system is controfled by a hierarchical menu structure
in which selections can be made using a mouse.

Numeric parameters can be entered via the keyboard in various windows linked to the
menus. Text and graphic output also occurs in windows.

The adjustable parameters include among others the time of acquisition, the resolution
in distance and azimuth and the choice of different filters. The size and location of the
acquisition area are indicated by the mouse on the map displayed on the screen. The
image, compressed to allow for minimal transmission time is converted by the
workstation (after decompression) from polar to cartesian coordinates.
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Diagram ROBIN system  figure 35
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The registration system takes care of the data acquisition and image processing without
further intervention being necessary. The radar signals are recorded and processed
without affecting the radas’s primary operational task (Air Traffic Control. object
detection etc.).

The system includes the data acquisition hardware, combined with commercial VME-
bus processor modules on which software programmes for image processing,
datacommunication and data acquisition control are executed. The architecture is
strongly directed at het flexible implementation of signal processing algorithms in
software.

The image processing aims at supporting the user in making quick, accurate and

reproducible interpretations of radar images. The image processing can be divided into

the following stages:

- compensation of less desired characteristics of the radar as sensor such as beam form
and distance dependency;

- filtering of disturbing radar reflections {towers, etc.} and noise;

- improvement of images for visual assessment by removing insignificant details and
assigning colours to different sources of echoes;

- determination of quantitative characteristics for bird migration like bird density and
flight direction;

- compression of images for transport and storage;

- transformation of polar radar images for presentation on a raster oriented computer
screen.

The most important aspect is to distinguish between birds or groups of birds and other
reflections, such as rain showers. The criteria used are:

- size and strength of echoes;

- spatial distribution of reflections;

- movement in direction and speed.

Reflections Linked to the ground can be eliminated by their correspondence in place in
consecutive images.

Rain can vary in the radar image from massive echoes to finely distributed speckies.
Classification as rain can be made if these characteristics occur over a connected and
sufficiently wide arca.

The contour of the area found in this way is depicted by the thick line in figure 36B.
Potential bird echoes are identified by limits on size, strength and mutual distances.
Several migrational directions may be identified in one image; further selection is
possible after linking echoes in conseculive images and by grouping displacement
vectors.
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figure 36 Bird and rain echo recognition hy partern anafysis within ROBIN (lower figure).
The raw video signal fromn a window selected at the PPI war first processed into digital
information (upper figure]. Bird echoes are the dot-echoes consisting of several pixels. Rain
consists of large fields of stnaller echioes and single pixely.
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5.1.5. BOSS (Belgium)

In modern phased array radars for air traffic control many “temporal" pencil beams in
fixed or rotating arrays "fire" in random sequences one by one in different directions.
They build up a three-dimensional picture of echoing objects. Many functions are
implemented in software, Although the programming is not adjusted for optimal bird
detection a smart programmer could reprogram for bird sampling. As 4 consequence
the radar is out of normal operations for a few seconds or minutes.

During "bird scanning" the Bird Observation System Semmerzake is sampling the
Belgian air space air three dimensionally like a stacked beam surveillance radar. All
echo returns are extracted in the way typical for this radar. The plots are presented and
counted within beight classes of 2000 ft (Dupont 1986). Judging to the maximum
reported echo densities the resolution and bird sensitivity is meager. It should be
reminded that the system is not specifically extracting bird echoes according to their
properties right from the raw video, us is done by ROBIN. Nevertheless, BOSS
provides an index of real bird activity. Calibration with other (radar) sensors should
reveal its value, More refined altitude information. especially within the lowest 2000 ft
is highly desirable.

5.2. Civil systems in work

A few attempts have been made to apply bird warnings, obtained by radar, in civil
aviation. Because the prime interest is in the prevention of local bird strikes, long range
hird surveillance is not very helpful for air carriers, which quickly ascend above the
heigths where the birds fly. Hunt (1974, 1975) developed a system for Winnipeg
International Airport (Canada) where heavy goose migration poses 4 real threal also
for civil aviation. His electronic counting system on the ASR radar rings a bell when
bird echo densities exceed a certain threshold. There are no recent reports on the
functioning of this system.

Like in the military some radar operators andoubtly warn the air traffic control tower
or pilots when they discover big bird echoes in the (potential) flight path of aircraft in
their local control zone. But such voluntary initiatives fully depend on the potentials of
equipment and procedures and the knowledge of the operator. The crucial question 1s

of course: how to quantify the danger. Clearly. civil aviation is awaiting a more refined
and, above all, an highly reliable sensor of bird activity directly above and around the

TUOWAYS.
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5.3. Systems proposed
5.3.1. NEXRAD software

The National Weather Service in the US may soon (1990} start spending more than a
billion dollar on a radar network 1o improve its forecasting. The service plans ta set up
135 NEXRAD (NEXt generation RADar) anits (2.5 million dollar each) at airparts
and weather stations to cover the whole country. Larkin & Quine (1988, 1989) study
the possibility of implementing bird recognition algorithms in the large S-band pulsed
Doppler radars. The radars will be equiped with a narrow beam and great power (1
megawatt) and sensitivity (90 dB dynamic range). Apart from the Radar Data
Acquisition Subsystem it includes a Radar Products Generation Subsystem and 2
Principal User Processor Suhsystem. Digital NEXRAD weather data are automatically
processed by Jarge computer programs but perinds without severe weather will offer
considerable processing time to run special bird programs. 1t is expected that actual
bird information will be available every 5-15 minutes.

The great sensitivity of the radar indicates that the curvature of the earth will be the
limiting factor for bird detection. Caleulations show that a single Herring gull would
theoretically be visible as a faint target at a distance of 430 km {but, of course, never
will fly high enough to ascend above the radar horizon). Sangbird echoes during
migration often extend out to beyond 100 km. Another Lmitation for scientific purpose
is the low resolving capacity of the system.

The researchers expect to be able 10 devise algorithms allowing NEXRAD to
automatically distinguish echo patterns of weather and birds according to:

1) speed of the birds (the Doppler radar directly provides speed information - se€
figure 37), 2) their appropiate migratory directions, 3) the timing of their flving
activities, 4) their relation to topography and 5) certain echo characteristics.

The plans are to let NEXRAD radars to report bird hazards with reference to large
geographical areas and to estimate the degree of hazard in different altitude sirata over
these regions. The USAF has the resposibility for communicating future warnings from
such summaries to pilots in the air and hefore take off.

5.32. Towards a dedicated birdradar

During the 19th meeting of BSCE in Madrid {1988) the radar specialist agreed upon
the rough characteristics of 1 "ideal” bird sensor. The plenary meeting accepted a
recommendation alone the lines defined within the radar working group. This is an
important step forward because the diversity of methods and types of equipment is very
large, as is examplified in this booklet.
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1
- Avouding insect contamination requires & wave length of S-10 em (C or S band),
Polarization should he horizontal [t should be a coherent radar, with two MTY's:
Separating sfow and fast tlying objects (birds 1-40 m/s} and rejecting ground clutter (-1

e +1m/s). About 1500 T{z PRF would give about 10 RPM sweep rate with 25 pulses
per target,

] - The display should contain about 512x512 Square pixeis with 16 coiors or more, The

3 principal display is PPI with radar cross section color-coded. Altitude should easily he
determined on the display when needed. Al information from the display and pertinent
housekeeping information should be avaiiable on a connector designed for

ly 3 emputer-compatible output.
ed 1

0 a
t up

- A research version with severy €xtrd options such as manual scanning, mobility, dual
polarization (hor/vert) and fuil doppler capability, may be desired.
Mty An important rationale hehind the above deseribed bird radar is thar it should be small
tnough in range to perform the three dimensional task correctly. The beams of
long-range-radars cannot be shaped refined enough, and. more important, must bhe
directest with very smal] elevation angies. This rajses a serious problem of anomalous
propagation, frequently disturbing the aititudinal coverage. Furthermore, small
dedicated bird radars offer much better possibilities of international standardization of
bird warnings. As a result, they wil substantially promote international coordination
within warning systems and procedures, which, in turn, will favour credibility.

The most important properties of 4 radar system, specifically assembled for hird
detection, are the following:

-It should be able to detect 3 single herring gull (100 em2 radar cross section) at 10
km. Thus, the system belongs to the family of (fairly) smail-range-radars, like the
military tracking radars discussed in 4.2.3. and 4.4.

- No full-time crew should be required. The display would be added 1o other
instruments, available to existing personnel. Because of permanent monitoring a very
high "mean time between failure” is & must.

- The system should be designed to monitor the ajr space three- dimensionally with z
tesolution in range, azimuth and elevation of 160 m at 10 km. This means that a pencil
beam of 1 (max 2) degree aperture is needed, which, at C-band, requires a antenna of

23 m across. Volume scanning at 1 degree increments and 5 scans per elevation would
cover the important air layers,




6. RESEARCH

Developments in radar and compater technology proceed very fast. Tn fact, several
approaches deseribed in this hooklet,may seem {airly obsolete. However, biologist have
very limited access 1o new equipment which is extreme expensive and has an operationdl
tusk not aliowing deviating settings. Even flight safety considerations do not open ali coars
as one would presume. As a result, most insight into the spatial and behavioural aspsets of
hird migration was gathered with low budgets. relative simple means and, in case of radar,
old fashion equipment And even nowadays 4 Jot of progress in scientific terms can he
made older methods, Fundamental biological knowledge still is a Gmiting tactor with

respect of designing warningssysiem and procedures.

However, operational implementation of electronic counting systems requires d
sophisticated approach because modern radars don’t allow simple co-use as they did in the
past, Furthermore, a simple index of bird migration intensity is not enough to meet the
latest requirements for operational inclusion. At least a three dimensional dataset should
be provided. And further details on the species composition with respect of bird weights
are also highly desirable. The information provided to the piots and disseminated
internationally should be calibrated. Thus. future applied research should concentrate upn
quantitative assessment of bird numbers aloft. Automatic recognition of bird echoes by
means of pattern analysis algorithms is a first step. Further improvements can be expected
neural network technology. This will make echo extraction faster and less critical. Learning
the neural network recognizing hird echoes by offereing examples is another potential
advantage. Artificial intelligence may help to recognize temporal patterns in the process of
day o day bird activity. However, all these challenges of the future should not let us forgs
that most decision makers don’t have the slightest idea of what is going on high up in the
air. Therefore, simple means should be applied when ever passible and be paralled by
process of permanent education.
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