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INTRODUCTION

Ornithologists, radar enpgineers, radar meteorologists, the military,
and to a lesser extent Alr Traffic Controllers are now aware that most
types of radars regularly detect birds (see bibliography in Myres, 1970
also Anon., 1969t8; Bruderer, 1969,1971; Bruderer and Joss, 1969; Nathanson,
196911683 Able, 1970a,b; Ferry, 1970; Gauthreaux, 1970, 1971; Gauthreaux
and Able, 1970; Warden and Wyndham, 19701 Weishaupt, 19701 Blokposl, 1971;
Myres and Cannings, 1971; Richardson, 1971, 1972; Richardson and Gunn,

1971; Splers et al., 1971).

It 1s also well known that different radars often have very different
capabilities in detecting birds (eg., Bellrose, 1964; Myres, 196La;

Eastwood, 1967; Konrad et al., 1967; Flock, 1968; Schaefer, 1968; Blokposl,

1971),

Day to day variations in the ability of a single radar in detecting
birds seem to be less widely recognized. Eastwood (1967) has stated that
such variations might result from differing rroperties of the bird targets
(size, aspect, grouping, altitude) and from temporal changes in the char-
acteristics of the radar equipment. While Eastwood (1967182) indicates
that modern radar equipment should not suffer from significant fluctuatilons
in sensitivity, Nisbet (1963) and Gehring (1963) have reported such fluct-

vations.

Under the sponsorship of the Assoclate Committee on Bird Hazards to
Alrcraft of the National Research Council of Canada, survelllance radars
at over 30 different Alr Traffic Control and military sites in Canade have

been used to study migration, During this work we have found that radars
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being used for aircraft detection are freguently adjusted, These adjust-
ments sometimes produce pronounced changes in the number of birds being
dotected and in the apparent distribution of directions of the bird echoes.
It seems probable that similar radar adjustments have affected the results
of migration studies by other investigators sinece most studies which have
employed medium and high powered surveillance radars have heen done while

the radars were simultaneously being used for other purposes.

These day to day variations in the sensitivity of various individual
radars are important in view of (1) the extensive use of such radars for
investigation of migratory behavicur, (11) the increasing importance of
radar in attempts to reduce the number of bird-aircraft collisions (Kuhring
and Gunn, 1964; Flock, 1968; Gunn and Solman, 1968; Hild, 1969; 1970
Blokpoel, 1970a,b,c, 1971; Ferry, 1970; Jackson and Fiedler, 1970; Keil,
1970: Richardson, 19703 Myres and Cannings, 1971; Richardson and Gunn, 1971
Spilers et al., 1971), and (1ii) the prospects for use of radar censusing
in conservation and game-bird management (Bellrose, 1968; Myres, 19693 Flock

and Bellrose, 1970).

This paper describes the radar ad justments and changes in flight behaviour
that have been found to affect the bird detection capabilities of several
radars in eastern Canada, It evaluates the severity of these affects, and

suggests approachss to overcoming them,

METHODS

Tosts on an ASR-5 radar
-

On a number of nights during October, 1969 I made systematic series of

ad justments on an ASR-5 radar at Halifax International Airport, Nova Scotia,



Canada (44953'N3 63°930'W). The ASR-5 is a relatively low-powered (400
kilowatt) S-band® radar designed for short and medium range (0-60 n.mi,.)
air traffic control. Because of its short pulse duration (0.333 microsec.),
the ASR-5 has relatively high resolution for a surveillance radar. It uses
a parametric amplifier, multiple modes of Moving Target Indicator (MTI) and
Sensitivity Time Control (STC) circuitry, a video integrator, and pulse
staggering. Two supposedly identical transmitters and receivers are
alternated between operational and stand-by use. Many birds are detected
at ranges of 3-5 n.mi., but only a few large flocks are visible beyond

10 n.mi. Other features of the radar are given in Table 1 and in Anon. (1969).

The radar settings during ‘normal’ operation were 400 kW pask power
output, vertical polarization, STC and Fast Time Constant (FTC) circuitry
not in use, and MTT mode 'Two cancellers in series without feedback'.

The following changes from the *normal' settings were made one at a timet

(1) 350 rather than 400 WKW peak power

(11) 450 rather than 400 X4 peak power
(111) Circular rather than vertical (linear) polarization

(iv) FIC 1 4in use rather than off (time constant = 2 usec.)

(v) FIC 2 in use rather than off (time constant = % nsec,)
(vi) MTI mode '35 db Sub-clutter visibility! (two cancellers in series
with feedback) rather than two cancellers without feedback,
In addition, observations and rhotographs were occasionally made with other
changes from the normal sattings:
(vii) STC in use rather than STC off

(viii) other MTI modes (single canceller, or two cancellers with different

* X, C, S, and L band radars are those using energy with wavelengths of
approximately 3, 5, 10, and 23 cm respectively,




amounts of feedback) besides two cancellers without feedback
The radar parameters and circuitry mentloned above are discussed bslow and

in Barton (1964), Eastwood (1967), or Nathanson (1969).

The blrd display resulting from the various radar settings was recorded
by making one 35 mm still photograph of a Plan Position Indicator (PPI)
display for each of several radar settings each night. It was not possible
to make tests at all settings every night. The PPI was set to show an area
with radius 10 n.mi, (18.5 km), and a single revolution (4 sec.) was recorded
on each frame of film, The MTI circultry was always used becauss of the
extensive ground clutter present on the normal video display (Fig. 5A).
Except for the tests of the effect of changing the mode of MTI, the double
cancellation without feedback mode was always used., Tests were not done
when ground-clutter was breaking through the MTI eircultry nor when cloud
or rain echoes were present. The display and camera settings were not
changed within the series of photographs on &ny single night., There was
no significant or consistent change in migration density during each series
of observations because (i) the entire series of adjustments and photographs
could be made within five minutes, (ii) the observations were made well
after the rapid early-evening increase in the number of migrating birds,

and (i11) the order of the adjustments on a given night was randomized.

The negatives were developed and printed by a commerecial photofinisher
using continuous processing and printing tschniques, thereby minimizing any
possibllity for variations in processing to influence the number of bird
oechoes visible. The bird echoes in each of 48 areas of the dlsplay were
counted on each print; the 43 areas were defined by three distance categories
(1-3, 3-5 and 5-7 n.mi.) and 16 azimuth categories (0-2230; 223-45%; ...

3374-360°).
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The mean directlon of migration was determined by a corbination of three
techniques: (1) *afterglow tails' on the bird echoes visible on the ASR-5
(ses Fig. 7 and Eastwood, 1967:133); (41) evaluation of the directions of
streaks produced by the bird echoes on several-minute time exposures of the
ASR-5 display (Fig. 2): and (411) time-lapse film of the display from another
radar, an AASR-1 (see below), operating simultaneocusly at the same site. For
an analysis of the effects of radar adjustments on the apparent density of
migration, the original counts in the 48 sectors of the display were reduced
to three values per print--the total number of targets in the 1-3, 3-5, and
5-7 mile areas in the 673C-wides areas centred on the mean bird direetion and
its back azimuth. The counts in the two 1124%-wide areas centrad on the axis
perpendicular to the mean bird direction were not used in this analysis. Many
targets in the latter areas were suppressed by the MTI because of their low
radial speed (see below)., The nightly counts with the various changed settings
ware compared with the counts in the same areas of the display with *normal!
radar settings using one~tailed Wilcoxon matched-pairs signed-ranks tests
(S8iegel, 1956). One-tailed as opposed to two-tailed tests were appropriate

because the direction of each affect could be predicted.

The counts in the same U8 sectors of ths display were also used in analyses
of thinning and dynamlc range of the MTI. ‘Thinning*® refers to the decline
in the density of blrd echoes with increasing distance from the centre of the

PPI display (Nisbet, 1963). For these analyses, only the photographs taken
with 'normal! radar settings were used, and data were included from nights

when no tests of the effects of radar adjustments were made.

Tests on an AASR-1 radar
i —

On the nights of 12, 14, 15, and 16 May 1970 I made another series of

tests, this time with an AASR-1 radar at Moncton, New Brunswick, Canada (46°05'N;



6u°U0'W), The AASR-1 is s medium-powered (550 ¥W) L-band surveillance radar
used for long range air traffic control in many areas of Canada (Anon,, 1956).
AASR-1 radars were used by Blokpoel and Desfosses (1970) at Calgary, Alberta;
by Richardson and Haight (1970) at Toronto and London, Ontario; by Richardson
and Gunn (1971) at Edmonton and Calgary, Alberta and at Regina, Saskatchewan;
and by Spiers et al. (1971) at Fort William, Ontario., Many birds are detected
st ranges of 2-25 n.mi., and large flocks are regularly seen at 50 n,mi, or
more, The AASR-1 has moderate resolution and two separate transmitting and
receiving channels. The design is less comnlex than that of the ASR-5, There
is a single MTI canceller without feedback, only one 3TC mode, and no pulse-
staggering capability. Other performance details are given in Table 1 and in

Anon. (196l4a),

The radar settings which I considered *normal' and against which comp~
arisons were made were MTI on, horizontal polarization, STC and FIC not in
use, and Instantaneous Automatie Gain Control (IAGC) off. The following
changes from the 'normal' settings were made one at a time:

(1) STC on rather than off

(11) FTC 1 én rather than off (time constant = 1% nsec.)

(111) FTC 2 on rather than off (time constant = % nsec.)

(4v) Circular polarization rather than horizontal (linear) polarization

Four series of 35 mm still photographs of the PPI display (30 n.mi, radius)
ware made on each of the four nipghts, with one photo taken with each setting
during each serles. Because some ground clutter was visible on the display
even though MTI was always in use, I made 3-minute time exposures at each
settins rather than exposures of sinple sweeps. Thus each bird echo laft a

short streak on the negative (Fig., 4). These streaks could be distinguished



from ground clutter more readily than could the pnint echoes visible on
single-sweap photos of the display. Because the observations ware made
during the middle of the night when changes in bird density were very
gradual, and becanse the order of the settings in sach series was randomized,

there ware no significant or comnsistent changes in density during the course

of a single series,

The streaks produced hy bird echoes were counted in the areas within
U459 of the axis of the mean direction of migration (1e., not in the so-called
MTI wedges where few birds were visible), Separate counts wers made for the
distance categories 10-15, 15-20 end 20-25 n.mi., Usually the streaks could
not be counted at less than 10 n.mi., because of ground elutter and overlapping,
and on one night they could not bs counted in the 10-15 mile area either,
Any stresk which crossed the edge of a given sector was included in the count
for that area 1f more than half of its length was within the sector. The
four series of data sach night were taken at intervals of about 40 minutes,

so that a target would not be in ths same sector in more than one series,

Hance it was possible toc treat the four series from a single night as independent

data.

The film development and statistical procedurss were the same as used

for the ASR-5 tests.
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Tests on an ASR—Z radar

On seven days in the psriod 19 October-l November 1971 I tested the
bird detection capabilities of an ASR-7 radar at NASA/Wallops Station,
Virginia (37°57'N; 75°27'W). The ASR-7 is a very modern but rather low-
powered S-band radary it is similar to the ASR-5 in purpose, parameters,
and capabilities*. The ASR-7 differs from most surveillance radsrs in that
it has digital rather than analogue MTI and video integration. Nathanson
(1969) discusses thess dizital systems. The ASR-7 also has a logarithmic

receiver as well as the usual linear receiver.

On each of the seven days I made a8 series of photographs of the
PPI display as various radar adjustments were made, On earh day moderate-
density migratlion of strong flock-type echoes was occurring, Extensive
duck and goose migration was in progress at the time, The tests were done
in the late morning or early afternoon. Each photo showed a single sweep
of 4,6 seconds duration. MTI was always used. The following adjustments
wore made one at a time:
(1) STC on rather than off

(41) Circular rather than linear polarization

(111) Logarithmic rather than linear receiver

(iv) Video integrator off rather than on (The video integrator is called

an '"MTI enhancer' on the ASR-7; it is a digital system)
(v) Various modes of MTI (sinele canceller; douhle cancellers without

feedback; double cancellers with various amounts of feesdback)

' * Manufacturer = Texas Instruments; Wavelength = 10,8 cm; peak power = 450 kW;

prf = 12003 6-pulse stapgering; first blind-spesd = 126 kts (during unstagsered
operation); pulse duration = 0.833 psec; Scanning rate = 13 rpm: csc? beam
pattern; multiple modes of STC. and MTI; parametric amplifier. As on the

ASR-5, only a few large flocks are visible beyond 10 n.mi. range,

L Lod e
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The ASR-7 photographs were not analyzed by counting echoes; instead the

apparent densities of migration were compared by eye.

Incldental observations with various radars

I have studied migration at two Alr Traffic Control and three military
radar sites in Nova Scotia and New Brunswick, Canada during 1969-1971., During
the course of these ohservations I have frequantly observed and photographed

surveillance radar displays immediately before and after known types of radar

ad justments were made. I have also made similar observations with high-
powerad nodding height-finder radars at the three military sites in the
Meritimes., Eastwood (1967:1197) describes such height-finding equipment.
The changes in the apparent density (or lack of such changes) when these
radar adjustments were made are discussed below. Details about the
characteristics of the individual military radars are classified, However
they are typical of the long-range military radars used in Canada and the

United States (Corddry, 1957: Anon., 1965).
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RESULTS AND DISCUSSION

The results of the ASR-5 and AASR-1 tests are shown in Table 2 and in
Figures 1 and 3 respactivelys one reprasentative series of the test photographs
from each of the radars is shown in Fig. 2, 4 and 9, The variations in detectabilit
of birds as revealed by these tests, by my incidental observations of varilous
radars, and by the litsrature are considered under the followine main headings:
transmitter power output, properties of the beam, recelver proverties, channel
changes, display settings, and digltized radar data, While I will frequently
refer to the effects of radar adjustments on the apparent migration density,
the results are equally applicable to radar studies of local non-migratory

movements,

Transmitter power output

A decreass in the ASR-5 power output from 400 kW to 350 kW produced a
very small but consistent and statistically significant (P <.05) decrease in
the number of targets detectsd (Fig. 1 and 2; Table 2), At various ranges the
decrease averaged 6 to 10 psr cent, Likewises, an increase from 400 KW to 450 kW
produced a small but consistent and significant increase in ths numher detected

averaging 4 to 16%.

Tha only comparable data that I know of are found on Plate 27 of Eastwood
(1967). Counts of 'angels' on that plate indicate that an increase in power
output by a factor of two (far larger than occurs during normal opsration)

increases the apparent numbsr of bird targets by less than 60%.

When evaluatine the importance of changes of a few percent in the number
of bird targets being detected, it is important to recall that the amount of

nigration fraquently varies betwsen nights over a range of two and occasionally three
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orders of magnitude (Newman and Lowery, 1964; Nisbet and Drury, 19681502;
Blokpoel, 1970L; Richardson, unpubl.).

In actual practice, day to day variations in the ASR-5 power output
are over a narrower range than my tests. In a 30 day period, the power
was never observed to be outside the range 385-410 WW when checked each
day after about 15 hours without adjustment. The tolerable range for
ATC purposes is 385-425 XW (Anon., 1969159). I have made observations

of similar day to day consistency in power output from several other radars,

The basic radar equation,

Tpax = \Ly (PLG2A2A) / (64m3P, )

where Trax = maximum detectable range of the terget
Pt = the transmitted power
G = the antemnna gain
A = the wavelength of the radiation
A = the radar cross-sectional area of the target
Ph = the minimum detectable power for received echoss

indicates that rmax for a given larget varies as the fourth root of the
transmitted vower. Hence a changs in power output of a few percent should
produce very little change in the maximum range at which a given target can

be detectsd. This prediction, the test results, and the observed consistencies
of the power outputs of various radars tozether suggest that variations in
power output are not ordinarily a significant source of error when estimating
the density of migration (but see the section on channel changes below).

Properties of the beam

Polarization,— The energy radiated from a surveillance or nodding helght-

finder radar antenna is normally polarized in either the horizontal or the
vertical vlane. Radiatlon volarized in either of these planes is said to be

linearly polarized. Such radars usuarlly can be switched to circular wvolarigation,




which 1s often used for detecting aireraft in the pressnce of echoes from rain,
snow or cloud (Raverdy, 1962; Eastwood, 1967115). With near-spherical targets
such as water droplets, circular polarization has an effect identical to a drastie
reduction of the Radar Cross-Section (RCS). The RCS is & measurs of the amount

of energy reflected by the target. Circular polarization reduceg the apparent

RCS of rain and snow by 15-30 db, but it also reduces the apparent RCS of zireraft
by about 5 db (Nathanson, 19691146). If one regards the aircraft echo as the
desired signal and the wezther echo as noise, then in the presence of weather
scho, circular polarization gives a hatter sipnal to nolse ratio than linear
polarization. Therefore within weather echo it is easier to detect an aircraft
nsing circular polarization. However, when using cireular polarization the
absolute value of the power received from an alrcraft is reduced from that
received with linear polarization. Hence with circular polarization the maximum
range at which detectlion is possible is raduced from that with linear polarization

and no weather achoes,

The RCS of at least a few birds is affected by the plane of polarization
(Houghton, 1969), Hence one would predict that as with airera®t, the apparent
RCS of birds would not be reduced as drastically by circular polarization as would

the RCS of weather targets, My tests and observations confirm this,

When the ASR-5 and AASR-l radars weres switched from linear to circular
polarization, the number of bird targets being detected decreased an average of
11 to 54%, depending on the radar and range (Table 2).  On these and other radars
this difference 1s equal to 4+ to one unit on & 0-td 8 ordinal scale that I use for
recording the volume of migration (Fig. 6). The ASR-7 is the only radar thet I
1ave encountered which shows as many birds with circular as with linear polarigzation
(Fig. 9). While circular polorization significantly reduces the number of bird
schoes detected at all renges on most radars (Figures 1-5 and Table 2 plus incidental

>bservations of other radars), it is fraquently possible to detect birds using
circular polarization



when with linear polarization they are completely obscured by weather echoss.

The preceding paragraphs consider the e“fects of a change from linear to

circular polarization. However switching between the two types of linear

polarization, vertical and horizontal, may alsoc have an effect on the number

of birds baing detacted. According to the sllipsoldal model proposed by
Schaefer (1968166), when birds having weights less than about 45 g are viewed
from the side with a 10 cm (S-band) radar, they shnuld have a larger RCS witth
horizontal than with vertical polarization. Schaeferts model predicts that
with a 23 cm (L-band) radar the RCS will be larger with horizontal than with
vertical polarization for birds with weights less than about 550 g. FEven wi:
an S-band radar the majority of the migratinec birds would usually be below
this weight 1imit, Hence one would predict that in cases when birds were
flying individually rather than in flocks (or in the case of an L-band radar
even if they were flying in small flocks), more echoes would be detected wit

horizontal than with vertical polarization, other factors being equal.

On a few niechts 1 have heen ahle to observe the display of a hirh-power
L-band surveillance radar immediately baefore and after it was switched from
horizontal to vertical polarization (or vice versa), In each case the appar
bird density was, as predicted, slightly less with vertical than with horisc
polarization, The difference was psrhaps equal to % a unit or at most one 1
on the 0 to 8 scale, Thus for ornitholorsical purposes it is fortunate that
AASR-1, ASR-5 and ASR-7 radars (and most othars) can each opsrate with only

orientation of linearly polarized energy (Table 1),

Vertical performance diagram (VPD).--The VPD of a surveillance radar shows

distance and height ranges within which targets with various radar cross-se

can be detected (see Eastwood, 1967:20).



The VPD is largely determined by the gain of the antenna for various elevation

angles, The antenna gain is a measure of the degres to which the antenna
concentrates the ridar ensrgy. The gain of & long-range search radar is maximal
at a low angle above the horizon, usually in the range 40 _ 20 and it decreases
above and below this angle, It generally decreases much more rapidly at angles
less than that of the maximum gain than it does at angles greater than that of
the maximum, Nevertheless, very little energy is directed to elevation

angles of more than 250, On one pair of tests, the power radiated

at 25° ahove the horizon was ~12 db on an ASR-5 and -14 db on an AASR-1 compared
to the power radiated towards the elevation angle with maximum gain. Hence, when
observing birds within a few miles of the radar site, as one freouently does with
lower-powered sirveillance radars like the ASR-5, the higher flying birds are less
likely to be detected. Using a radar similar to the ASR-5, Steidinger (1968:215)
has noted that birds within about 4 n.mi. of the site are not detected when they
are flying more than several hundred metres above the zround. The averase heirht
of migration v-ries widely between days. In Nova Scotia and New Brunswick I [requenty
observe movements with a modal altitude of 200-600 m, but on rare occasions the
modal altitude has been as high as 4000 m. On most occasions there are a few
individual birds at 2000 m or more. Thus the same number of birds with the same
RCS distribution flyine at different heichts on different days could eive very
different avparent migration densities if examined at short ranpe. Fortunately,
the birds which produce most of the high tarcets (waterfowl, shor-hirds) tend to
fly in flocks and hence are less likely to be missed than smaller targets might be.

At lonz ranges it is the low-“lyinz rather than the high-flying birds that

are not detected. I have made a series of simultaneous observations over relatively
flat terrain with high-vowered surveillance and nodding heisht-finder radars. By

measuring the heichts of the targets visible on the PPI, I found that the height



distribution of the bird schoes detected by the surveillance radar at 20-30 n.mi.
was not different from that for ths birds detected at 10-20 n.mi. Beyond 30 n.mi.
range, the number of targets visible below 300 m began to decrease. When bird

echoes were visible on the PPI at rances of 50 n.mi, or more, they were invaria®ly
above 600 m. These results are consistent with pradictions derived {rom the rance

of the radar horizon (Nathanson. 19691221).

Unfortunately, when the terrain is not flat the distance of tha radar
horizon 1is more difficult to estimats and it varies with azimuth. This results
in *'shadowing' by hills. Thus a bird with a given RCS flying at a low elevation
angle may not be detected if it is on one azimuth but will be detected when at
the same altitude and range on other azimuths., Harper (1953:1485), Adams (1962),
Myres (1963136), Nisbet (19631440), Drury and Nisbet (1964172), and Steidinger
(19681198) have reported reductions in the apparent density of migration on
certain azimuths because of such shadowing effects, and I have obssrved the

same phenomenon on various radars in Canada,

Several studies have shown that bird movements may occasionally be under-
estimatad or sven undetected bscause the birds are flving very low (Sutter,
1957a; Lack, 1959; Mascher et al., 1962; Axell et al., 1963; Gehrineg, 1663
Lee, 19633 Myres, 1964b; Wileock, 1964,1965¢ Evans, 1566). It is clear that
the apparent bird density will be less affected by varlations in the helght
distribution and by shadowing the closer to the site that it is measured
(with the exception that at ranges less than about 5 n.mi, some high-flying
birds are 1likely to be missed). Also, the closer to the site that the density

is measured, the less will be the effect of variations in the RCS distribution

and radar performance on the apparent density.
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Some modern surveillance radars have several 'stacked' heams, each resvon=ible

for coverage of a narrow range of elevation angles (Barton, 196416, 256). Echoes
returning from the various beams are detected by separate receivers, and the
receliver outputs are then superimoposed onto a single PPI. The various receiver
ad justments described below can be made independently on each of the recelvars,
Therefore the Vertical P-rformance Diagram and thus the degree of suopvression of
bird echoes can change econs‘derably from time to time. yéave found that such day
to day variations can have a drastic effect on the apparent density. On some
occasions, birds are comvletely invisihle o> else are invisible within some range
because of adjustments made on the receivers for one or more low-angle beams.
When studying migration with a stacked-beam radar, I use *raw video' whenever
it is available. The raw video is obtained by extrarting the sienals from each
receiver before they are modified by MTI, STC, FIC, ete., and then com~ining
the siznals from each receiver with equal weichts avpliad %o the various beams.
Thus one can avold many of the sources of day to day fluctuations in sensitivity.
Unfortunately, uncancelled eround clutter is ovressnt on the display when raw
video is used.

Anomalous vrovagation (AP).--Under certain atmosp-eric conditions the radar beam

Is hent downwards more than usuwal (Zastwood, 19€7:51). Some of the r=dar energy

may be trapped in a '“uct’ near the surface, an effect comparable to increasing

the antenna gain at low elevation angles. Therefore under conditions of AP birds
flying at a eiven heicht are often visibleat grester ronee than usuval. This

is another factor contributing to the large day to day variations in the detectability
of birds at loneg range, Since surveillance radars aovarently can detect low flying
birds fairly well out to ranses of about 30 n.mi, (see above), AP should have little

effect on the apparent density at rances less than 30 n.mi.
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AP also produces ground echoes at much greatsr range than usual., When
properly ad justed MTI circuitry is used to suppress ground elutter, this is
usually not a serious problem (but see the section on MTI dynamic range
limitation below), However, when normal video, raw video or poorly adjusted
MTI video is used, AP can sometimes produce ground echoes over such a wide
area that it 1s difficult to detect birds and almost impossible to measure

the density and direction of migration.

Pulse volume.--The pulse volume is determined (i) bv the pulse du+rztion, and

(11) by the vertlcal and horizontal beamwidths at the ranege in question.
Radar beams often do not have sharp, well-defined edees., The beamwidth
is usually quoted as the angle between the ooints at which the -adi-ted power

4s { that in the centre of the beam. The effective beamwidth, the angular width

within which the target produces an echo large enoush to be detected, is unlikely
to be the same as the %-power beamwidthe It depends on three characteristics of
the t-rget: (i) the radar cross-section (the larger the RC3, the farther the target

can be from the axis of the beam while still givine a detectahle echo), (ii) the

range (the greater the rance, the closer a given target must be to the centre of

the beam to egive a detectahle echo), and (iii) the azimuth (shadowinz bv hills can
reduce the effective beamwidth “eyond the hills), For a tarset with a given RCS

at a given range and azimuth, the effective beamwidth is also dependent on changes
in receiver sens*tivity and in power output. Thus, while the beamwidth as defined
by the distance hetween the half-vower points increases with renge, the effective
beamwidth is also a"fected in a complex way by various other factors, Hence it is
very difficult to oredict the pilse volume and therefore the resoclution of a
surveillance radar or nodding height-finder for ¢iven bird tarcets, Imprecise
knowledge of the beamwidth and resolution is not an imoportant prohlem when estimatng

the number of bird targets in a light or moderate mieration, or when using an ordinal



density scale such as my 0-8B scale, FEowever it is a serious limitation when tryins
to estimate the actual number of targets involved in a dense migration, especially
1f the beam is stationary (see Able, 1970b and Blokpoel, 1970b). Blokpoel (1971)

describes an attempt to compensate for the problem.

Some radars can operate with various pulse durations. The shorter the

pulse, the smaller the pulse volume and the higher the resolution, The shorter
pulse length of the ASR-5 (0.833 psec) compared to the AASR-1 (2 psec.) permits
much better resolution of dense passerine migr-tions into separate tarpgets.
Thus it is easier to make echo counts on the ASR-5 than on the AASR-1. The
ASR-5 occasionally shows waterfowl flocks as non-point targets (ie., targets
extending over an area larger than the horizontal dimensions of the pulse
volume); the AASR-1 very rarely resclves bird echoes into non-point targets.

On the other hand, the shorter the pulse duration on a radar operating
at a given pulse repetition freauency and peak power, the lower the pulse
energy and hence the shorter the range capability on a given target.
Furthermore, when observing very dense movements, the shorter the pulse,
the smaller the pulse volume and hence the fewer birds and the smaller the
tota) RCS per pulse volume. Bellrose (1964:129) and Gauthreaux (1970117)
have both reported that the WSR-57 weather radars detect birds better when

using a long pulse duration than they do with a shortér duration.

Properties of the receiver

Type of receiver.--The most common form of radar receiver is the linear receiver,

In this system the video voltages are directly proportional to the received

signal amplitudes. Some radars have a lorarithmic receiver as well as a

linear receiver, When a log receiver is used, the video voltapes sre proportional
to the logarithms of the signal amplitudes, Other specialized types of receivers

may be Bund on military radars where they are used in anti-jamming applications,
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Unlaess otherwise noted, all results discussed in this paper were obtained
using linear receivers. However when the log receliver of the ASR-7 was tested
it was found to detect about as many birds as the linear receiver (Fig. 9).

The excessive noise present in the ASR-7 log video is the result of non-optimal
ad justment r=ther than of any inherent property of log receivers.

Tuning .=-Tuning means matching the frequency to which the receiver is sensitive
with the freausncy of the transmitted radar energy. On several occasions after
I had noticed that birds were not being detected as well as usuval, it was
discovered that the receiver was imvroperly tuned. Such occurrences are rare.

On 2 well-maintained surveillance radar, improper tuning is normally discovered
and corrected rapldly since the problem is uswally apparent even when looking for
alreraft.

Noise fipure.--The noise ficure of a receiver is a measure of the noise zenerated

within the receiver, as ovpesed to the noise recaived from the outside. Eastwood
(1967182) incdicates that the noise “igure should be very constant on a modern
radar, Hownrver during normal omer~tion of the Halifax ASR-5 T have recorled Cluct
uations of its noise fieure meter from 1 db to 4% db (usuallv 1% - 3+ dh). The
specified standards for this radar are a normal owver-tine rance of 1-2 db and a
maxXimum permissible value of 4% db (Anon., 1969:115,30). Dr. F,R. Hunt of the
Radio and Elec'rical “neineerine Division, Mational Rese~rch Council of Canada,
has indiecated (pers. comm.) that on rof-rs with parametric amplifiers the noise
figure can drift unless excellent desicn precautions are taken. Ths ASK-5 hazs a
parametric amplifier. On the other hand, Dr. Hunt points o1t that noise figure
meters can be subjact to errors that aope~r as noise figure drift even if Lthe noils
figure is constant,

Since (i) variations in the ASR-5 noise Figure over a 3 db range may hre
orcurring, (ii) the minimum detectable sienal (MD3) varies with tha noise fipure,

(111) 2 chanee of x @b in the DS has the same effnct un detection «hility as a
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shange of x db in transmitted vower, and (iv) my ASR-5 tests show that a chanze
n transmitted vower by only 1 db produces a slicht but consistesnt and statistically
sienificant change in the numher of bird tareets detected (5ee abows), I conclude
chat temporal variations in the receiver noise Tigure may produce sionificant
shanges in the arparent bird den=ity. Sumwing over all the tests, 14% more
yehoes were detected in the 1-5 n.mi. area with 450 kW than with 350 kiW. Since
this is a difference of 1.1 db in the power outout, one Wwculd predict that a
shange in the noise fipure from 4 to 1 db would inerease the number of detected
sehoes in the 1-5 n.mi, area bv at least 30%.

IF Gain.--At most installations, the gain of the intermediate frequency (IF)
amplifier aopears to be changed infrequently. However, observations of the
Halifax AASR-1 display were made on several occasions when the IF gain was
adjusted by the radar techniciens upon regquest from the Alr Traffic Controllers.
These adjustments produced slight but noticeable effects on the apparent

bird density; the differences were never more than one unit on the 0-8 scale

of migration densities mentioned above.

Sensitivity Time Control (STC).--At close ranges, high sensitivity is not

needed to detect large targets such as aircraft, and often it hides the aircraft
amidst echoss from undesired targets such as birds. STC counteracts this

problem by re-ucing the gain of the IF amplifier by an amount inversely

related to the range (Anon., 196918; Nathanson, 19691111). On the surveillance
radars which I have used there is no gain reduction beyond 20 or at most 30 n.mi..

Onweather radars the gainreduction is often more severe and extends to greater ranre.

The STC can be switched off when not needed. .It was never used on the Halifax
AASR-1 when I was using that radar to study migration. However, STC is used

frequently on the Halifax ASR-5 and on some military radars.
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The STC circuits on all radars that I have examined markedly reduce the
numbar of birds visible near the centre of the display. Only a few very
large bird targets are visible on the ASR-S or ASR-7 when any of the STC
modes is in use (Fige. 9), and none of the passerine echoes normally visible
within 5 or 6 n.mi. of the site are visihle when STC is switched on. On the
AASR-1 radars, STC does not have nearly as severs an effect, This is no
doubt partially hecause the AASR-1 can detect birds at ranges where the
STC produces little or no gain reducticn (Fig, 3 and 4y Table 2). The tests
on the Moncton, N,B, AASR-1 reveal a 40% decrease in the number of bird
ochoas visible at 10-15 n,mi. when STC is turned on, but no decreass at
15~20 a,mi. On high-powerzd military survelllance and height-finding radars,
STC produces a noticeable reduction in the number of bird echoes detected

at close range, but even the passerine movemsnts are readily detected at

ranges proater than that beyond which the STC has no effect.

Steidinger (1968:216) has repcrted that STC can suprress bird echoes
close to bis radar in Switzerland. Mulholland and Soden (1967) have reported
the use of STC to suppress 'angels' (no doubt mainly birds) that apvear on
the disnlays of Australlan radars, Alr Tra“fie Controllers commonly use

STC to suppress *clutter’ resulting from blrds.

Fast time constant (FTC).~=The echo pulse from a point tarpet (such as an

aircraft or a bird) should heve about the same duration as the transmitted

mlse, whereas returns from the esround and from cloud or r:in may he many

pulse widths in duration, FTC cirecunits are mobt sunposed to affect short echo
milses, but they suvpress all but the leadine edre of the vprolonred returns coming
from large areas of clutter (Nathanson, 19691112}, The time constant of an

FTC circuit is the lencth of time during which an echo is permitted to pass before



suppression begins. Two FTC circuits are found on both the AASR-1 and the ASR-5
radars, The two circuits differ in the length of their time constants,

Both FTC circuits on both radars reduced the apparent migration density
statistically significantly (¥ig. 1-U4; Table 2). However, with the exception

of the 5-7 n.mi, area on the ASR-5, the reduction was slight--much less than

one unit on the 0-8 density scale,

During the ASR-5 and the AASR-1 tests, there were no occasions when the display
was saturated with bird echoes., When observing very dense migrations on other
racdars, 1 have noticed that FTC had a more pronounced effect, When FTC was switched on
solid masses of bird echo resulting from passerine movements denser than the
resolution capability of the radzr were broken up into small discrete echoes
separated by narrow areas showing no return. This effect was particularly
pronounced when FTC was used in conjunction with logarithmic receivers (see above aund
Nathanson (1969:1112), The reduction at high migration densities was one and

sometimes even two units on the 0-8 scale,

I conclude that at low and moderste bird densities (and even at fairly
high densities when using high resolution radars, Fast Time Constant circuitry
has 1ittle effect on the apparent migration density. However, at high densities
it can reduce the apparent density considerably. Fortunately, with the exception
of its use in logarithmic receivers, FIC is in my experience almost never used
on most radars. It was not used on the Halifax AASR-1 during my observation
period.

A more complex circuit called a Pulse Length Discriminator (PLD) is used

instead of FTC on some radars (Nathanson, 1969:1116). The effects of a FLD on
the;erpnrent bird density are unknown, but are probably similar to those of

FTC. PLD circuits are freauently used on radars in Britain (Hunt, pers. comm.).
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Instantaneous Automatic 3ain Control (TAGC).--When IAGC circuitry is used, the
gain of thae IF amplifier at any instant is inversely ralated to the averare
power received durines several milsa durations prior to that instant. Thus the
detectability of well-separated voint targets is, at least theoretically, only
slirhtly reduced while large areas of clutter are sunpressed (Nathanson, 19691111)
One wculd predict that TAGC would have little effect on the anmarent bird density
during 1icht and moderate migration when the bird targets are well senarated.
However during dense migration, when there are bird echoes from most or all
pulse volumes, the apparent density would vrohahly be reducad bhecause of a
lower averarse level of the IF gain,

The AASR-1 has JAGC circuits in both the Normal and MTI receivers; the
ASR-5 has TAGC in only the Normal receiver. While no systematic tests were
done, occasional observations during pericds of lizht and moderate migrzation
using the Moncton AASR-1 showed no obvious reduction in the avwparent migration
density when IAGC was switched on (Fig, 4). It is possible that the circuit
at Moricton was not operatinz properly. TAGC was nover used or the Galifax
AASR-1 during my observation periods.

Scme radars have a more sophisticated type of IAGC system r=ferrad to

as Constant False Alarm Rate (CFAR) circuitry (Nethanson, 19691133). My

observations of a militarv surveillance radar indicate that CFAR has 1itrtle
effect on the apparent density of lirht and moderate migration. However on some
occasions it reduces the apvarent density of dense mirsration by one or two units ¢
the 0-8 scala. On othar occasions, there is little or no obviocus r~ fect on
high-density mieration, presuma»ly because of temporal differences in the

ad justment of the CFAR system.
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Video integration.,--Most surveillance radars, including the AASR-1, ASR-5 and

ASR-7, are equipped with video integrators. Prior to 1966 or 1967 the AASR-1
radars in Canada did not have them., These devices combine the recelved signals
from each pulse volume over several nulses, thereby improving the sipnal to
nolse ratio by several db. This 1s possible because on surveillance radars

the beamwidth and antenna rotation rate are such that a given point target is
{1luminated for several successive pulses during sach scan, However, the PPI
display is also s form of video integration device since the returns from a
number of pulses are added together in producing a spot at any point on the
PPI. For most applications the PPI is about as effective as an electronic
integrator (Nathanson, 19691103), and when an electronic integrator is used

with a PPT the S/N ratio may be reduced rather than increased (Barton, 1964:

177).

While no systematic tests were done, the video integrator of the ASR~5
seemed to have little effect on the apparent bird density., If anything, there
was a slight decrease when it was switched on, but this was rmch less than one
unit on my 0-8 scale. The distribution of micration intensities rerorded during
September and October 1965 using the Halifax AASR-1 without an integrator was
slightly lower than that recorded using the same radar with an ‘integrator
during the same months in 1969 (B/b of a unlt difference in the medians using
the 0-3 scale). However this difference could easily have resulted from

factors other than the addition of a video integrator.

Most video inteprators are analogue devices that operate by adding or
subtracting voltages, However the ASR-7 has digital integrators, The digital
integrator in the MTI system of the ASR-? improved the display very noticeably,
In contrast to the analogue integrator on the ASR-5. As shown in Fig. 9, the
11gital integrator on the ASR-? markedly reduced the amount of noise, thereby

naking birds more obvious,
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In my experience the video integrator on an individual radar is either
always used or else almost never used. Hence video integration is not normally

a possible source of temporal varlations in radar sensitivity,

Coherent Moving Target Indicator (MTT).--Most surveillance radars are equipped wit}

coherent MTI circuitry. Its purpose is to suppress the echoes from stationary
targets while producing mininal effect on moving targets.

Tn order to detect aircraft or birds at lonz range, most of the radar energy
must be direc*ed at elevation aneles below 5°. Hence enercy is reflected from
hills and other stationary surface ohjects as well as from airborne targets.

This pround clutter is usually restricted to areas wi*hin 20 or 30 miles of the
rad"r site unless there are high hills at somewhat sreater range. During conditio
of anomalous propagation (see above) ground clutter is detected out to longer rang

than usual.

Birds and aircraft usually cannot he seen in areas of the display where
uncancelled ground c'utter is present. Since low and medium powered radars
can ordinarilv detect only larze Tlocks at the ranres hevond whiich clutter occurs,
one must on such radars use MIT to reveal the birds flving over ana boiween
the areas of MTI-canrelled clutter, Hish-vowered radars can normally detect
birds at ranges beyond those where clutter is a problem, but at such distances
low flyine birds are unlikely to be detrcted., Hence MIT is useful sven on
high-~powered radars.

The MTT recoenizes only the radial comvonent of a target's velocity, and
50 targets moving tanzentially (ie., with zero radial smeed) are suvpressed,
In addition, the “ITI also reduces the echo strencth from tarpets movinz at
slow radial speeds and at sveeds near various blind speeds. If the wavelength

(A) is piven in cm and the time bhotween suceessive pulses (T) in miceroscconds,
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the blind speeds in knots are 9700An /T where n = 1,2,3, sev . The blind
speeds of the AASR-1 and ASR-5 are the integer multinles of 78 and 126 knots
respectively., "ith the simplest and commonest form of MTI, the relationship
between the radial speed and the amrlitude of the tarpet echo after processing
by the MTI circuitry avproximates a rectified sine curve. (see Fir. 8, 'single
cancoeller® curve) with the nulls at each hlind speed. Barton (1964), Eastwood
(1967), and Nathanson (1969) give further details,

Unfortunately, because of wind-blown trees, antenna motion, and small system
instabilities, rround clutter has a narrow velocity spectrum of a few knotls
width centred around zero velocity., This makes it desirable to suvpress targets
with speeds below a few knots more stronsly than the sine-curve resnonse of a
simole single-canceller MTI can manage. To do this, two eancellers ar~ often
used in series, giving a sin2 velocity response curve (Fig. 8). This double
cancellation MTI suvvresses low-sveed trroets well, but it has the disadvantage
of reducing the resvonse from tarsets with almost all rsdial speeds more than
would a single canceller. To increase the response at most radial spseds while
retainlng strong cancellation of low-sveed tarests, feedback rircuits are often
added to a druble-cancellation MTI (Fiz, 8). Turthermore, pulse-starpering
technigues can he used to minimize but not eliminate tareset sunoression at
nost blind soeeds. Barton (1964) and N:thanson (1969) discuss these more

sovhisticated forms of MTI eircuitry.

Some modern radars such as the ASR-7 have digital rather than analogue MTI
jystems, In these radars the signals are converted to digital date, processed
© suppress non-moving targets, and then converted back to analogue data for
fisplay on a PPI in the usual manner. The digital MTI system of the ASR-7 does
xactly the same opsrations on the sisnal as the analogue MTI of the ASR-5; hence

ne would expect similar effects on the bird display, This proved to be the case.
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The effects of MTI systems on the display of bird targets are complex
and variable. While it would therefore be desirable not to use MTI, for the
reasons given above it is frequently necessary in surveillance radar studies
of migration., The followlng sections discuss the known and suspected effects

of MTI on the bird display.

The best-known effect of coherent MTI circuitry on the bird display is
the productlon of 'MTI wedges' {(Sutter, 1957a,b; Gehring, 1963; Nisbet, 1963;
Drury and Nisbhet, 19643 Eastwood, 19673157: Steidinger, 1968), When there 1is
little variation in the directions of movement of the bird targets,
81l targets crossing the azimuths perpendicular to the wmean direstion have
1ittle or ne radial veloclity and hence are suppressad by the MTI. This
produces a pair of wedze-shaped areas wherein few birds are detsctable.
With a wnimodal distribution of bird flight directions having given
variance, the angular width of the MTI wedges should theeretically depend oni
(1) The power output and sensitivity of the radar. The greater the
power or sensitivity, the greater ths sisnal to noise ratio cf the
echo from a given target at a given rance and hence the slowsr the
radial speed necessary for the MTI to reduce the S/N ratin helow the
detection threshold. Besides the usual determinants of recelver
senaitivity (see abova), improper adjustment of the MTI circuits

can also seriocusly reduce sensitivity,

(11) The tvpe of MTI in use. The shaoe of the velocity resnonse curve
will determine the minimal radial sopeed necessarv to ohtain a
detectahle return “rom a tarcet with a vi-en radar cross-saction

(RCS) and range.



(1i1) The rance of the bird targets. The greater the range, the smaller
the return and hence the less cancellation reocuired to reduce the
return below the detection thireshold,

(iv) The size distribution of the bird tarmets. The larecer the RCS of

a target, the eprea‘er the return at a given ranee and hence the
slower the radial speed necessary for cancellation. The radar
cross~-sections of birds are not always directly provortional to
their sizes (Konrad et al,, 1967; Schaefer, 1968;Nathanson, 1959;
Bruderer, 1969); this phenomenon is known as Mie-region fluctuation.
Nevertheless, thers is a general positive correlation between RCS
and size. Hence if most of the birds flying on one occasion are
larger than those flying on another, the MTI wedges are likely to
be narrower in the former case. Since at least at X- and S-bands the
RCS of most birds apvears to be oreater when they are viewed from the
side than when viewed {rom the end (Edwards and Hourhton, 1959
Bruderer and Joss, 1969; Hruchton, 1669)%, the MTI wed~aes are likelv
to be narrower thanwould be predicted on the basis of the end-view

RCS distribhution.

* Nisbet (19631459) has concluded that the 7CS at L-band (wavelensth abdout 23 cm)
does not va-v with aspect, Bec=use his conclusion is hased on compz2risons made
within 40° of end-view, 1% may not apply to the end vs side comparison. while
to my knowledre there have bren no direct measurements of RCS polar diacrams using
L-band radars, Schaefer (1968) has concluded from theoretical considerations
that the cross sections of hirds in both the Ravleich and Mie resions (which
include all birds at L-hand) are less at end than at sice view.

I have fraquently rxamined the normal video disolays (ie., MTT not in use) of
both L and S band radars. Birds are usually visible to sre-~ter range whon viewed
from the side than when viewed end-on. This sureasts that the RCS of hirds at
L as well as S band is indecd creater at side than at end view,



(v)

The ground speed distrihution of the bird targets. The greater the
flight speed, ths greater the r-dial speed at anv azimuth except
those exactly perpendicular to the flight direction. At low
spoeds, the greater the radial speed, the less the cancellation
and hence the narrower the ran-e of angles within which the S/N
ratio 1s too low for detection. If the birds were flying fast
enough such that on some azimuths their radial speeds were close
to a blind speed, MTI wedges would also occur along those azimuths.
Since the blind speeds of most radars are such that birds rarely
if ever fly much faster than the first blind speed, the only likdy
position for a second pair of MTI wedges is perpendicular to the

usual pair,

In sumary, one would predict that the greater the power, sensitivity,

target slzes, and target speeds, and the less the range of the tavrcrets, the narrowe

would be the MTI wedees, The shave of the velocity resvonse curve »nd the amount

of variation in flicht directions should also af“ect the wedge width.

While
above predicti

(1)

(i1)

I do not have quantitative data suitable Tor testing most of the

ons, my results tend to confirm some of them,

With similar tyves of migration the MTI wedges are usually narrower
on hirh-powered militarv surveillance radars usineg single-canceller
MTI systems than on the medium-vower AASR-1, which also has a

sinprle canceller.

When following large echoas that can be detrcted at lone range

and vhich doubtless orizinate “rom “loecks, I u=ually find thnt

they are undetec-ed “or only a few sweeps of the radar as they crnss
the tangential azimuth, In contrast, fine echoers of ths tvme ceners
attributed to passerines are usuzlly lost well before they reach

the tangential azimuth. Since the lirge targets normally move



faster than the nasserines, these results ave very Tikelv due to both the

target size and smeed e 'fects,

(1i1) I have confirmnd that the rate of azimuthal 'thinaing' as cne moves towards

(iv)

the azimaths of Lhe MIT wedres deoends on the range., For this analysis T

used only araas from which nc ground c'uiter was received; hence the MTI

dynamic range croblen discussed below was avoided, After carrcetion of the
raw data for random o erlap (see Nisbat, 1973:1458), 1 found that tho rafio

Number of bird echoes visible within 11° of the azimuths pervendicular
to the mean direction

TS N " P ) N . - . B -
of the azi-qutn and vacxk azimubth of the mean ClrectIOQ]

[ Number within 11
wag about 2.3 times as larre at 1-3 n.mi, as at 3-5 n.mi. This differcnce
is statistieally sicnificant (P = .025) nsing a one-tailed ft-test. These
results confirm the ranse cdependence of the severity of MTI sunpvression.
They were hased on data obtained dur-ine 18 nichis in October 1969 with the
Halifax ASR-5 using the 'normal? se*tinzs (as defined in the Mothods).

The variation awong the flizht directions of ~iffe»ent bird schoes visible
at a2 giventims can ranpe “rom very little (standard deviation of lees than
10°) to very graat (nea»ly randem distrimtion of f£'icht directinns)., The
MTI wedges are obvious and wide when thers is 13 tle varistion, less
obvious when there is moderate vari tinn, and absent when there is much

variatione.

MTI suporession is not confined to the MTT wadgas, althoush the effects are most

severe there. Arguments analogous to those ahove should apply to the degree of

suppression outside the wedges. The greater the power, sensitivity, target sizes,

target spoeds* and angular distance from the axis of the MTI wedges, the fewer

targets whose S/N ratios would be reduced

with the exception that at radial speeds above the first optimum speed but beslow
the first blind speed, the greater the speed, the fewer detected.
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below the detection threshold by a given MTI system, and therefore the
greater the apparent bird density. Variations in the veloclty response
curve between modes of MTI would again be expected toc affect the proportion
of targets suppressed and hence the apparent density. The greater the range,
the smaller the S/N ratios of the echoes before cancellation and hence (1) the
larger the proportion of echoes whose S/N ratios would be below the detection
threshold after cancellation, and (ii) the larger the effect of changes in
MTI mode and of variations in the distributiongbf target cross-sections and
spceds on the apparent bird density.

If, for example, the smallest bird targets could be detected to a range
of x n.mi. under good conditions (optimal radial speed; normal power output and
receiver sensitivity), then at 3x n.mi. under the same conditions the power of
the echoes received from these birds would be 12 db above the detection threshol

(since Pox 1/ru). The power output and receiver senstivity do not decrease

by more than 3 db and 2 db repectively from theilr normal values without

mzintenance procedures being initiated (see above). Kence even under
suboptimel conditions of power and sensitivity the radial =peed could
decreass to\a value which gives a G5 db reduction in the echo power at
the output of the MTI before the birds would be undetected at a range of
ix. For an MTI system using a single canceller without feedback, 9% db or
more of suppression is produced when the radial speed is 11% or less of

the first blind speed, or below 14 kts on the ASR-5 and ASR-7 and 9 kts on the
AASR-1. If a double-cancellation without feedback MTI were in use, radial
speeds of azbout 204 of the first blind speed would ba required to assure

detection at %x. Fortunately, most rsdars using double-cancellation MTI

vse 1t with feedback, thereby reducing the radial speed needed for detection.



Passerines frejquently fly as slowly as 15 kts during local flights
(Schnell, 1965), While during migration their average speeds as estimated
visually (Meinertzhagen, 1955) and by radars not using MTI (Harper, 1957;

19583 Rinehart, 1966; Gehring, 1967; Bruderer, 1969, 1971; Richardson, unpubl,)
are almost always above 15 kts, a small proportion of the individual migrants

are often noving at slower speeds. There have bsen many other observations

of the spseds of migrants using radars that either had MTI or else were not
described in detail, In spite of the fact that these studies may have been

blased by MTI in favour of faster birds, they often recorded migration at

speeds not greatly in excess of 15 kts (Tedd and Lack, 1958; Adams, 1962y Gehring,
19631 Lack, 1963; Lee, 1963; Nisbet et al., 19633 Drury and Nisbet, 1964;
joughton, 1964; Casement, 1966; Steidinger, 1968; Parslow, 1969; Richardson,
inpubl,). Thus one must coneluds that when using MTI at ranges appreciably

greater than 4x, some migrants are undetected because of their slow spsed.

Variations in zr-und speed will therefore affect the apparent bird density.
jven at a rangs of +x some passerines are probablyv undetecred when ground speeds
ire reduced by head winds* or when double cancellation MTI is used without
feedback. With a given type of MTI, the bias in avparent density induced by
speed variations will he more severe on radars with hicher than on those with
Lower blind speeds. This ocecurs hecause the minimum soveed at which a target
Jith afiven RCS can be detected is directly proportional to the lovwest blind

spoed.

Tortunately for purposes of estimating migration density, some birds seem to adapt
their air speed to the wind speed and direction, thus maintaining a more constant
ground speed than would be expected (Schnell, 1965; Bellrose, 1967; Bruderer, 1971;
‘tcker and Schmidt-Koenig, 1971). Nevertheless, ground speeds are normally some-
hat lower with head than with tail winds (Steidinger, 196%:219; Bruderer, 1971).
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Data suitable for testing the above predictions are scarce.
(1) Steidinger (1968) has reported that birds moving at less than 30 km/hr

(16 kts) were not detected hy his radar. The first blind spesd of the
radar he used was 82 kts, Thus birds moving at 20% or less of the first
blind spsed were suppressed, Unfortunately the type of MTI system usad on
this radar was ﬁot riven,

(1) My observations of the effects of changing the MTI mode on the Halifax
ASR-5 and the Wallops Station ASR-7 showed definite changes in the apparent
bird density, especially at long range (Fig. 7 and 9). The smallest number of
birds was detacted using double cancellation without feedback, an intermediate
number was recorded withsingle cancellation, and the largest numbers were
recorded with double cancellers plus feedback, I made more detalled
comparisons of the appa-ent bird densitias on the ASR-5 using the double
cancellation without feedback and using the *35 db SCV' mode of double
cancellation with feedback (Fig. 1 and 2; Table 2), Significant differences
between the modes of MTI were confirmed at all raneces, but the difference
became larger with increasing range. The differences bestween the MTI modes
in the apparent density were, however, considerably less than one unit of

the 0-8 scals in all but the longest (5-7 n.mi.) range catesgory.

Thus when using MTI it w~uld aooear to be desirable to estimate misration
densities by ohserving the nimbar of tarenrts at a ronce of perhaps £ or (1/3)x
rather than #x. This wauld mini~jze the chances of missing slow tarrets. As
dliscussed sarlier, it would also reduce the chances of missins low-flying hirds
and would minimize the effects of receiver and MTI adjustments on the avvarent
density. Unfortunatelv, on medium vowered radars similar to the ASR-5, ASR-7 or even
the AASR-1, high-flying hirds mizht be missed at +x or (1/3)x. On such radars

it would avpe-~r to be impossinle to avold simultaneou-~ly the e“fects of changes



in the height and speed distributions on the apparent migration density. On
high-powered radars there should be little difficulty in detecting high«flying
birds at (1/3)x, since x is 20 or more n.mi, (Nisbet, 1963:1437). Hence on
these radars it should be possible to minimize the effects of changes in

both speed and haeight distributions,.

Ad justable blind speeds are a feature of some MTI systems. One form of such

cirouitry, sometimes called Variable Velocity (VV) MTI, produces blind speeds
that aqual the usual ones (see above) plus or minus some constant, I have
made occasional observations of the VUMTI video preduced by one radar. As
would be expected from theoretical considerations, the extent of bird
suppression was comparable to that with normal MTI, but the *MTI wedges®' were

no longer perpendicular to the axis of bird movement.

Another form of MTI incorporating adjustable blind speeds is the
‘area cancellation' system described by Eastwood (1967:58-59). Here the
blind speeds vary with azimuth, and can be adjusted such that on each azimuth
the raijial speed of a uniformly moving mass of clutter equals a blind speed.
Eastwood describes the use of such elrcuitry to cancel rain echoes, thereby
permitting birds to be seen in the presence of rain when the difference
in radial speed hetween birds and rain is sufficiently great, I have no
experience with this form of MTI. However, it is clear that it could be
used to suppress bird echoes., With "optimal® adjustment of the MTI, this
suppression would be much more severe than that produced by a radar with
fixed blind speeds or VVMTI, Suppression would be most severe if there were
little variance in the directions and speeds of the bird targets. Bird
suppression would be more severe with a double than with a single cancellation
system, For maximum cancellation the system would be adjusted to the average

speed and direction of the birds, Thus birds witlfspeeds and directions
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differing greatly from the average would be more likely to remain visible
than more typical targets. Hence such an MTI would be expected not only
to suppress many birds but also to affect the direction and speed distributions

of the birds which remained visible.

Surveillance radar installations are frequently erranged such that
MTI-processed signals are displayed only at the centre of the PPI, Beyond
some range (referred to as a range gate) normal video (ie., no MTI processing)
is displayed. On some radars the position of the range gate is adjustable
on each PPIj on others it is determined by a video mixer ahead of the line
driver amplifier and hence cannot be adjusted separately on different PPL
displays. The former arrangement is more versatile and hence preferable.

If the MTT is reducing the detectable range of some or all of the birds,
and i1f the range gate is between the maximum detsctable ranges with and without
MTI{-then more hirds will be visible at ranges beyond the gate. Richardson (1970)
and Richardson and Gunn (1971) show especially striking evamovles of this chenomenon
When using radars on which MTI (alone or in combination with STC, circular volari-
zation or the dynamic range problem discussed helow) makes it imvossible to see binds
near the centre of the disvlay, it may be possible to estimate the migretion
density in the normal video area heyond the ranee mate.

Birds flying ovsr an area from which stronz rround echoes are being

received are less likelv to be detected than thg sane hirds flving over an area
with no ground echoes, aven thoush the ground eclutter may be comnwletely suvnpressed
by the MTI. This occurs because the range of siznal amnlitudes which an MTI canceller

can process (ie., the dynamic range of the MTE) is not as wide as the range of echo

amplitudes that a radar mav recaive (B-rton, 196431356). wWhen strone =round clutteris
present.in the same area as a moving target, the amclitude of the signal in
that pulse volume contains a large clutter comporent, a small target component,

and a still smaller receiver noise component. If the total of these three



components is beyond the dynamic range, the total s_gnal from that pulse
volume must be limited before it reaches the cancelier, The limiter reduces
each of the thrse components by the same rultiplicaziive factor. Thus if the
total signal is 1l:imited by x db, the desired target will also be reduced

x db., The strength of the target echo will be reduced ‘urther in the MTI
canceller (ssy by y db) if its speed is not optimal., If (x+y) is greater
than the amount by which the scho from the moving target originally exceeded
the minimum detectable signal, the target will not e detected swven though
the ground clutter may be completely cancelled. Since bird targets are
small, their S/N ratios are often also small, and hence even small amounts
of limiting made necessary by strong ground clutter returns mizht make birds

undetectable,

We have observed this phenomenon on many radars in Canada (eg.,
Richardson and Gunn, 1971137). In areas of the displays in which dense clutter appaars
when usinz normal video, few birds are visiblas after cancellation of the clutter by

MTI circuitry. In other areas of the same disvlays where the clutter is less
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dense or totally absent, birds are readily detected (Fies. 5A and 3}, A unlii
malysis of data obtainad on 18 nimhts with the Halifax ASR-5 using ‘normal’
soettings has confirmed this., After allowing for zzimuthal thinning resulting
from MTI cancellation, for radial thinning (EiEEE Nisbet, 196%), and for night
to night variations in overall density, over 85% of the remainine variation in
the numbhers of tareets detected in variocus sectors of the display was exoplainable
on the basis of variations in th~ proportions of those sectors having eround
clutter (P<€<,001 for the hypothesis that the number of birds detected in a given
sector 1s not related to the proportion of that sector from which eround clutter

is being received and cancelled)*.
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* The analysis was performed hy commuting the v-rtial reoression coefficients for the
number of birds detected in areas withsomz clutter and in areas with no clutter after
correcting for random owverlan and after s':indar'i2ing the total aumher of detected
targets to 1000. A total of 15 vairs of coe”fisisnts were comnuted--one m2ir for each
combinution of the thrse ranse ratecories (1-3, 3-5, 5-7 a.mi.) and “ive azimuth
catecories (0-11, 12-33, 34-56, 57-78, 79-90 from the axis of the mean direction),

A1l 15 mnltiople reore-ssion coe”“icients were sioni®icant (P<.91); 14 of the 15 had
P&L,001. Since the data used in the 15 reoressions weve indepensiont, the nrobahilitie
could be combined (Sokal and Rohlf, 19691£21) to ¢ive the overall P<<€ .00l si~nificanc
level,

Suppression of echoes from birds because of 1imitations in the dynamic range
of MTI circuits is not confined to Canadian radarsi: (1) Drury and Nisbet (196L4:71)
mention and i7llustrate but do not discuss the phsnomenon., Drury et al. (1961110)
provide a striking example of suppression of bird echoas over land arsas, Such a
display is likely to occur when ancmalous propagation conditions prevail (Nisbet,
pers. ggﬁﬂ.). AP produces ground echoes out to unusually long ranze over land but
rarely over water, The MTI cancels the ground echoes, and also manv of the birds
flying in the same areas, (ii) The airport radar at Kloten, Switzerland detects
Tew birds in certain specific areas (ses radar photos in Sutter, 1957a,b; Gehring,
1963; and Steidinger, 1968), These areas are hicher than the surroundine terrain
(Sutter, 1957a31%ig. 37 Gehring, 1963:Fig. 1). Stronz ground echomrs are received
from these areas (Sutter, 1957a,b}, This can bs seen in Sutter (1957asFig. 2,
10-12, 19-20), Sutter (1957b:iFig. UF), and Steldinecer (1968iFic., 9¢, 13, 15), in
each of which the MTI was apparently not adjusted properly. Wwhan the areas of
stroneg ground clutter were cancelad by the YNTI, bird echoes in the same areas
were suppressed as well, Supprsssion of binds in thsse areas was not simply the

result of 'shadowing' (see above), since many birds wera visible at greater ranres

on the same azimuths,



It is clear that estimates of the density of migration made with radars
having MTI circultry must either be made in areas from which ground clutter is
not recelved or else must be corrected for the losses of bird targeis caused
by signal limiting, On the basis of my analyses, it would appear that such
correction could be quite accurate if ground clutter were not present over

the whole area of intersst,

Noncoherent Moving Tarret Indicat&r.--The above discussion dealt with coherent

MTI, in whieh characteristies within the radar detsrmine the radial velocitiles
to be cancelled, All references to MTI in the ornithological 1literature to date
deal with coherent MTI, In contrast, the radial speeds suppressed by several
other forms of MTI, collectively refarred to as noncoherent MTI, dapend on the
radial speeds of the achoes being received. The radial speeds found commonly
in & given area of the display are suppressed, while point targets present in
the same areas are not suppressed 1f they possess radlal speeds different from
those of the nearby clutter. Two forms of nonccherent MTI are the envelope-

processing and clutter-locking systems described by Nathanson (1969).

Theoretically, one would expect noncoherent MTI systems to have effects
similar to those of 'area cancellation' coherent MTI adjusted for maximum
suppression. Cancellation should he much more severe than with a coherent
MTI having fixed blind speeds, Birds with unusual speeds or directions ars more
likely to be detected than birds flying at or near the average speed and direction.
Also, since noncoherent MTI cannot be used in the absence of clutter (Barton,
196442231 Nathanson, 19691323), one would expect noncoherent MTI systems to be
switched on and off, Thus drastie temporal varlations in detectability of birds

are to be expscted.



My experience with noncoherent MTI systems is limited. Noncoherent MTI is
found on only & small proportion of the radars that I have used. However my
observations show clearly that this circuitry does indesed suppress dense
novements of passerines very severely. Thus when radars with such circuitry
are used for bird surveillance it 1s essential to abstract the bird data from
the radar bafore the signals are processed by the noncoherent MTI, or else to

discard data collected when the circuitry was in use,

Channel changes

Most surveillance radars consist of two separate transmitter-receiver
systems that may be operated altern-tely through the same antenna, Maintenance
may be performed on one channel while the other is operatines, thereby providing
almost continuous operation. The two channels of each Chnadian Air Traffic
Control radar are sunnosed to be used for avproximately equal numbers of
hours and are to be alternated daily (Anon.,196Las 1, 1969119). Unfortunately,
there cin be differences hetween the two channels n almost all of the transmitter
and rerelver prooerties discussed ahove, “ven on the infreaquent ocra=sions when
the radar technicians try, they ran rarely =<t identical disnlays from the two
channels.

tven though the channels do vary in sensitivity, the anparent bird density

rarely changes by as much as one unit on the 0-3 scale when the channels are
switched. However, durinz part of the 1969 Tall migrationseason one channel
of the AASR-1 at falifax wns cdr-ostically inferior to the other; this was avparently
a rosnlt of a combination of lower nower outmut, hirher minimum detectable
signal, and poor tuning, The difference in avparent dencity between Lhe channels
in this extreme case is shown in Fie, 5C and D, I% was rossihln to establish the

relationship hetween the anvs~ent densities on the two AASR-1 channels by
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compsaring anparent densities hefore andafter channel changes and by cross-chesking
with the ASR-5 which was operatine simultaneously at the same site. Dy inowving
which channel vas Jn use, it was then vossible to make reasonably con-ls
estimates of migration density even thourh the chammsls produced very different

apparent densities.

Display ad justments

Y Vyd
d

The above et s pefer o variations m othe anpar-nt dencity of
migration caused by changes in sottings or performnance of the radar
itself, or by intera~tions beitween the tyve of bird movement and the
ea2pabilities of the rader. Adjustments of the display on which the radar
data are prasented can also alfect the apparent density. The display
gain and trace briliiance should ideally be set initially at octimal
values and then not changed. Unfortunately, inst-pilities in the display
occasionally necessitats adjustments to the disvlay eain and trace hriiliance. One
mast thocelores adent soms standards and r-adjust the disglay to them as
necessary. Fors example, the trace orilliance is usually set so thal the
trace is brrely wisible in a darksned room when the video is switched off,
Fortunately, slight variztions in gain and trace brilliance change the
apparent density by only a small fraction of a unit of the 0-8 scale.

The resolution of the total system may be limited not only by the
resolution of the beam (see pilse-volume section above), but also by the
spot-size on the display (Eastwood, 1967183). If the display cannot
produce a spot smaller thin the horizontal dimensions of the yumlse-volume

on the scale of the display, the soot size will be the limiting factor.

This is most likely to occur on a radar producing short oulses (eg., the
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ASR~5 or ASR-7) or when the display is set to show a large area. Accurate
focussing of the display is obviously required for maximum resolution. High
resolution 1s very desirable both for counting targets and for determining
thelr directions of movement., Some of cur radars occasionally detect flocks
st a range of 100 n.mi, or mors, However, in order to maximize resolution of
the passerine targets at closer range, we rarely display an area of radius more

than 70 nemi,.,

Pigitized radar data

In the SAGE/BUIC system of the North American Air Defense Command (NORAD),
the original analogue radar data are converted to digitalférm by a computer at
pach site and then transmitted to various Control Centres, Corddry (1963) gives
a general description of the system, One of the purposes of digitization is to
provide further means for suppressing undesired echoes from the ground, weather
and birds. The criteria used by the computer in deciding whether or not to
suppress the return from a given pulse volume are classified. However, they
can be changed from hour to hour, thereby modifying the proportion of the birds
which is suppressed.

I have observed various digitized displays several times per day over
periods totalling 16 weeks, I was sBle to compare two of the digitized displays
with the original anslogue PPI displays from which theay were derived. The digitiz
displays usually showed many fewer bird echoes than the corresponding analogue
displays., Wesk echoes from passerines were completely suvpressed most of thertime
However on most occasions at most radar sites at least some intense echoes,
presumahly from flocks, were still visihle on the digitized PPI displays, In fact
these larger targets were frecuently easier to track on the digitized displays sinc
these showed less clutter (ground, weather, passerines) than the original analogue

displays, Thus, while NORAD digitized displays do not provide useful information
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about the amount of migration, thay can usually provide information about the

flight directions of flocks of birds.

During the day ths Aigitized data are less blassd than duripeg the night.
By day I have raraly found any difference in the dirzction distributions of the
bird echoes visible on the analogue and digitized displays., At night there
often is such a difference, Thare are two probahle reasons for the more frequent
directional biss at nights (i) By day the averapge mioration density 4is much less
than it is at night (Kichardson, 1570 and unpubl.). Hence bv day less strinpgent
suppression eriilsria in both the rajar and the digitizer are germrally sufficient
to reduce the 'bird rlutter® to an acceptable level, (4i) By day wmost birds
migrate in flocks procducing strong schoss (Gehring, 1963; Steidingsr, 19681199
Bruderer, 1969:76; Gauthreaux, 1970,1971: Richardscrn and Gunn, 1971 and unpubl, ).
By night a wider range of echo strengths occurs, and the weak echoes are suppressed
during digltization. The weak echoes often have a different mean direction than
the stronger echoes present simultaneously. Thus when the weak echoes are

supprassed, the apparent overall mean direction chances®*,

At a NORAD Control Cenire one ¢i observe the diriiized data from many radar
sltes simultaneously. Thus ons can easily study the progressive changes in the
distributions of flight directions of flocks of birds at various sites as pressure
systems and fronts move across a wide area. Richardson (1971,1972) shows such
series of observations, The data are biased in favcur of larpe flocks, but for
some purposes (bird hazard to aircraft studies; waterfowl surveys) this may not

be a serious dlsadvantags,

Similar changes in the apparent distribution of flicht nirecticns are often precuced
by radar adjustments that suopress weak passerine echoas., For example, when STC,
¢ircular polarization, or CFAR are switched or, the wei<est ecrses may be suppressed
while the stronger ones are still detescted. If tre weax exiz:. r.ve a different
direction distribution than the stronger ones, a cninge Z- tne apparent direction
distribution will result,



In the United States, the original snalogue displays from various FAA long-
range radars have been transmitted to single Alr Route Trafic Control Centres
(Anon,, 1964b), Hence the sunpression of many bird tareets that occurs during
digitization has not been a problem in studies of migration at FAA Control Centres
(Flock and Bellrsoes, 1970). However, the FAA is at present converting to a
mationwide digitized radar system (Anon., 1971; Cornell, 1971)., Hence the
quallity of the migration data avallable at the FAA Control Centres will
probably soon ba reducad to a level similar to that of the bird information

now availabls at the NORAD centres.

IMPLICATIONS AND CONCLUSIONS
1. When studying mlgration with a long range surveillance radar that is
simultaneously being used for other purposes, ons can expect frequent adjustments
of the radar. The adjustments which seem to have the largest effect on the
apparent density of migration are
(1) Use of STC, sspecially on low-vowsered radars where the density must be

estimated within a few miles of the sita.

(i1) Circular ypolarization, which produces a consistent reduction in the
anparent density ~n almost all radars.

(iii) FTC, TA3GC and CFAR, which vprofuce imnortant racductions onlv when the
mirration density is high. Thess eircuits are rarely used on many
radars.

(iv) Complax comhinations of adijustments to the virions reecivers used on
stacked-beamn radars, If at all possible, it is wreferable Lo use
Yraw video' even thouch cround clu*ter becones a prohlem.

(v) Infrequent changes in IF 7ain can produce e”fects varvins from nil

to sevaere.
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(vi) MTI produces covplex effects on the display of birds. The sesverity of
MTI suppression depends on the type and adjustment of the MTI circuitry,
other characteristics of the radar, the size, speed, azimuth, flight
direction and range of the bird targets, and the extensiveness of the
cancelled ground clutter. The extensiveness of the cancelled clutter
present at a given site and time 1s, in turn, dependent on atmospheric

conditions,

Some adjustments (tuning errors, channel changes) usually have little effect,

but occasionally may produce severely reduced avparent densities.

2, Adjustments in radar performance usually have their greatest effect on

echoes at long range and on fine passerine-tvpe echoes, no doubt because such
echoes are close to the threshold of detection,

3. Compounding of the effects discussed in this wvaper may occur. While the
effects of individual changes in radar settings are fregquently consistent and
not very sevare, they are additive., For example, MTI suvpression of a target
not moving at the optimal speed and surpression bv circular wolarization

may not individually be severe enough to prevent that target from belng detected,
However, acting together they wmay reduce the S/N ratiolso that it is below the
detection threshold.

L, If reliable guantitative information about migration is to be obtained from

a surveillance radar, one must know the behaviour and mode of operation of that
individual radar. Diffevent indAividual radars, even those of the same model,
often behave differently.

S+ If one knows the radar settings in use at any given time and if one

has studied the effect of each departure from the *normal' settinegs on the apvparent

density, then it will usuallv be vossible to make aopropriate corrections of
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the avparant density in order to estimate the density which wruld have avoeared

if normal' settings had been used. If there is only one devarture from the

normal settines, it should he »ossible to estimate the actwal density of migration

within one unit on my 0-8 scale. If there are several simultaneous denartures from

normal' settings, the accuracy of the corrected estimate is not likely to he as

great. EHven certain sinele 24 justments (such as use of STC on a low-powered

radar) may have such a strong effect on the apparent density that a:curate

correction is impossible. In many analyses it is preferable to discard such

questionable infomation and to work with a smaller vool of more accurate data.

6. The detectability of birds at a given ranze can vary with azimuth., Aspect, MTI wedge

shadowing effects and the dynamic rance of MTI systems are the causes. Hence

ons must give consideration to which part of the disnlay is to he used for estimatin-

dansities.

7. when usinz a radar with a csc2 beam pattern (typical of search radsrs), density

estimates must be made between 5 and 30 n.mi, to avoid biases based on heirht of

flight., When using MTI, density estimates must he made at lass than % the normal

video detection range of the smallest bird tareets in order to avoid blases hased

on pround soeeds.

8. When using a radar like Lhe ASR-5 which does not datect individual vasserines

at ranses beyond 4 or 9 n.mi., it is likely to bhe imnossible to select an area

of the display which 1s simultaneously close enourh <o avold suvnoression of small

slow targets and far enourh away to detect birds at nigh altitude. Thus at laast oney
of these types

of bias is inevitable in data from such radars.

9. During even moderately intense mipration, ithe disnlay is saturated with bird

echoes at the ranges required by (7). In snuch casas, the ranve to which saturation

occurs is an indicator of ‘‘ensity. However, thit ranece is also s*roncly a“fected

by the heirht, oround someed and RCS distributions of the birds and by anomalous

propacgation, shadows benind hills, and adjustments o° the radar. This, in accordance
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with Lack (1562) and Yishet (1963), I conclude that it is not vossible to estimate
aceurately the density of intense migra*ions., However, dense m-vemsnis can readily
be identified as such, Only nocturnal passerine —ovements are dense enourh to
produce saturation on a regular basis. In some areas (such as Nova Seotia), even
these movements are rarely dense enourh to produce complete saturation near the
centre of an expanded display.

10« The adjustments of an aiy surveillance radar can often bs chanzed briefly without
disturbing normal operations, Thus it is often vossible to ohtain a reliable density
estimate by switchine {rom non-optimal to optimal settines for a minute or less.

11, The reliability of density estimates can be enhanced considerably by simultaneous
use of mo»e than cne radar at a sinzle site. A combination of 2 high-powered
surveillance radar and a heivht-finder is particularly versatile for studies of
migration.

12, In reneral, one should recornize that surveillance radars are not carefully
calibrated precision instruments, While thess »adars can orovide excellent
qualitative informa*ion about migraztion, even with roreful use they can orovide

only moderately accurate gquantitative data. Fortunately, temvoral variations

in the amount of misration and in mizvatory behavior are 50 marked that the data

which such radirs can oprovide are sufficiently accurate for many t-pes of analysis.
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FIGURE LEGENDS
Figure 1. Effeet of ASR-5 radar adjustments on the number of bird targets
detected. The number detected witbé changec setting is plotted on the ordinate
against the number with 'normal' settines (as defined in the Methods) plotted
on the abscissa. The diagonal line is the exp=zcted position of the points if
the chanved setting had no effect. Circles, squares and triangles are counts
in the range categories 1-3, 3-5, arnd 5-7 n.mi. respectively. Significance
levels (*--P<.05; **--P<,01) are for one-tailed Wilcoxon matched-pairs signed
ranks tests of thehypothesis that the ch nge in sutting had vo effeet. In
these tests the counts in the three ransze catecories at one time were treated
as separate data points,
Fioure 2. Birds visible with v-rious ASR-5 radar settines (Halifax, Nova
Scotiaj 29 August 1969 at 0155-0200 AST). Each vhoto (except that labelled
'2 mifd) shows one sweeDp of four seconds duration. Magnetic north (23O W of
true N) is at the 12 c'clock vosition.. The '2 minute' photo is a time
exposure vrith normal settings in which the directiens of ths lines indicate
the directions of bird rmovement (SSE-WSW at this time), Yo non-avian tarcets
are visinhle. The bright circls demarks an area with 5 n.mi. radius,
Fieure 3. Effect of AASR-1 radar adjustments on the number of bird targets
detected. Plotted as in Fig, 1, except th t the left and richt figures
of each pair show the numbers detected at 10-15 and 15-20 n.mi. respectively.
Firure 4., Birds visible with various AASR~1 radar ssttines (Monecton, New
Brunswick; 17 May 1970 at 0007-0029 AST). Each proto is a threa-minute time
exposure (18 sweeps). Magnetie north (23° W of true N) is at the 12 o'clock
vosition, Each bird trget 1s shown as a short streak; other tyves of targetls
are ground clutter visible in spite of the MTI or sunzrimposed bird *streaks?,

The bright circle near the edee of each photo demarks an area with 20 n.mi,

r-dius.
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Figure 5. Variestions in detectability of birds. Sections A and B illustrate
the effect of the limited dynamic range of the MTI on detection of birds. Few
or no birds are detected (on B, a 2 min. time exposure) in areas from which
intense ground clutter (visible on A with normal video at a time when no birds
were detected) 1s being cancelled. C and D show the effect on a dense passerine
movement of a change in channels on the Halifax AASR-] during the period

when channel B was drastically inferior to channel A (4 October 1969; 2316 AST).
B and F show the éffect on a dense passerine movement of a chanpe from
horizontal to circular polarization using the Halifax AASR-1 (channel A;

23 October 1969; 1942 AST). In C-F range marks are at 10 n.ml. intervals and
a1l the echoes are from birds,

Fleure 6. Intensity scale used to record the amount of migration visible with
the Halifax AASR-1 radar, Intensity levels 1 (very licht) to 3 (evtramely
heavy) are shown. The thick outermost range-;ing indicates a radiuns of 50
nautical miles (93 km). Magnetic north (337° True) is in the 12 o'clock
position,

Ficure 7. Effect of changes in MTI mode on the number of birds detected (ASR-5
radar at Halifax, N,5.; 18 October 1969 at 2242 AST). "Normal' is douhle
cancellation MTI without feedback; '30, 35 and 40 db Sub-clutter visibility?®
are modes of MTI using double cancella*ion plus verying amounts of feedback.
Fig., B shows the velocity resoonse curve for these modes of MTI. Nots the
pronounced effect of changes in mode at long range (ie., beyond the circle

with radius 5 n.mi.).

Ficure §. Theoretical effects of the modes of MTI aveilable on ASR-5 radars
on the amolitude of tarzets having v-rious radial speeds. The 25, 30, 35 and

4O db SCV modes of MTI use two cancellers oplus a variable amount of Teedback.



Tigure 9, Rirds visihla with varisus A5R~7 rader settings (Walleps Station,
Yirriniz: 1 Novemher 1971 at 1058-1103 E3T), Each nhoto shows one sweap of
h,6 sea, Auration, Donble cancell tion MTT with feedback (Y35 dh SCV* modm)
was used in all ecases excevnt ths sinrle and double cancellaition without
“madhick tests, Maonetic north (B W of ceogrsvhiec north) is at the 12 o'clock

mosition, An area of radius 10 n.mi, is shown.



TABLE 1, CHARACTSRISTICS OF AASR-1 AND ASR-5 RADARS

AASR-1 ASR-5
Manufacturer Raytheon Texas Instrument Co.
Wavelength 22,5 em (L-~band) 10,7 cm (S-bend)

Peak power output

Pulse repetition ffequency (prf)

PRF stagger ratio

First MTT blind speed
-non-stagcered operation
-staggered operation

Pulse duration

Minimum detectable signal
~using MTT
-not using MTI

Receiver noise figure

Scanning rate

Beamwidths (3 power points)
-horizontal
-vertical

Antenna gain

Polarization

550 kW
363/sec

Not staggered

78 kts

2,0 psec
=104 dbm or better*
-~106 dbm * "

8% db or less*

6 rmm

1.35°
6.50*¢¢

34 db

Horligontal or
Circular

400 KW

1200/ sec

0.818

126 kts

1260 kts

0.833 nsec

=107 dbm or better*
=109 dbm " "
4% db or less*
15 rmm

1.5°t~

6.50**1

34 db

Vertical or
Cdrcular

* Normally 1 to 3 db better than these operating limits

*% 30 ot 10% and 4° at 2% power points

®*¥* Approximately esc? pattern from upper half-power point to 30° elevation



TABIE 2. CHANGE IN NUMPER OF BIRD ECHOES DETECTED WITH VARTOUS RADAR
ADJUSTMENTS. SUMMED OV<R ALL SERIES.

Changed setting Changed &s $ of Normal Total N with  Number of
chanpged set- Series of
tings. Data

ASR-5 TESTS Range (n.mi.)=

1-3 3-5 5-7 1-3 3-5 5-7
Circular polarization 88,7 83.0 75.1 259 1362 178 6*
MTI mode 35 db SCV 110.3 130,7 187.3 640 910 633 10%*
FIC 1 92,1 Bl.4 58.9 569 669 234 Quk
FTC 2 89.4 87.1 59.6 567 837 331 g¥=
350 XW peak power 89.8 94.4 93.4 247 323 128 5%
450 KW peak power 104.0 107.0 116.1 286 159 366 ok
AASR-1 TESTS Range (n.mi,)s
10-15 15-20 10-15 15-20 10-15 15-20

STC 59.7 100.0 417 427 12 16
FIC 1 B354  B7.4 596 373 12 16
FIC 2 85.8 93,7 599 400 12 16
Circalar volavization 45,1 B5.7 284 177 10 14

t Significance lavels ars given on Figures 1 and 3.
* On 3 of these nights no bird eschoes were visible in the 5-7 n.mi. category
with either norms) or medified radar settings

¥ On b of these nights none visible at 5-7 n.mic.
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FIGURE 2. ASR-5 ADJUSTMENTS
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FIGURE 4. AASR-1 ADJUSTMENTS
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FIGURE 6. MIGRATION DENSITY SCALE
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