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Irtroducticn

A preliminary forecast system “7r bL2rd mZgcrziilcn has been 1n use
in Sweden during two test per_Zoz, 7 tnz autumnsg (Aug. - Nov, ]
of 1977 and 1978, Daily birs migration Torzfazts have been issued

during these periods to militery 2: a-.l a3 2ivil ale Tields and

L

authcrities.

In this report we will Srizsfly c- ribe The operational rou-
tineé and also present an svaluation of Tre Torecast system based
on the experience from the twe test puerlocs. After critical test-
ing of the bird migration forecast :ysiom, ine Swedish Air Force
has decided to use the system regularly in the next few years,
and to support parallell work 1o refine and develop further the

system.

The biological basis of tne fecrecas:t zysiem

The forecast system alicws prediction: to be made about bird
migratory intensit,. These predicticns are basec on the rela-
tionship betweser migratory intensity and weather, so that, once
the weather is given (predicted by meteorologists’ forecasts),
the most probable migratory intensity of a certain bird species
at a certain date and time of day can be calculated,.

The present forecast model is mainly based on extensive multi-
variate analyses-of the relationship between weather and daily
bird migratory intensity as recorded by eleven years' observations
at Falsterbs in South Sweden. The analyses comprise more than
thirty different weather variaples and fifteen bird species of
widely different kinds (cf. Table 1). Daily migratory intensities
guring each species' peak migratory period have been grouped into
four different classes anc related to weather by stepwise multiple
discriminant analyses. Tne classification functions given by these
analyses are then used 1ir the forecast system for the purpose of
predicting migratery intensity.

The detailed resuit:z from these analyses of the bird migration
data from Falsterbo, together with a biclogical interpretation
and giscucsior, nas been published in:

Alerstam, T. “G78&. Anaiysis and a theory of visible bird migration.

- D1lros F072=-359.
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Table 7 3= a =zummary of the -.e-3il correlation coefficients
(“"canonical correla<ion coef i dente™) belaecr seathor and diffe-
1

rent kinds of bird migratory ‘nuonsity, indicating the DEaree o

covarilation between these faitors.,

fatle 1. Canonical correlation coefficients from discriminant
analyses of dailly bird migratory irtensity in relation vo

weather., 8ased on aAlerstam (1078)

Eider —August 0.33
Eider - taber 0.51
Commorn buzzarao Q.61
Honey buzzard .59
Sparrow hawk 0.61
Black-heaced gu:l .45
Wood pigeor 0.66 -
Swift 0.61
Swallow w.56
Hooded crow Q.68
Jackdaw .70
Yellow wagtanl .63
Stariing =AU LS 0.70
Starling -October Q.55
Chaffinch/Brambling 0.61
Siskin 0.48
Linnet 0.69

Further analyses by the same method are presently carried out

and planned on the basis of extensive data on bird migration from
Other field observation sites than Falsterbo and for other kinds
of birds.

The recults of the analyses of the Falsterbo migration aata
form only part nf the present forecast system, The system also
takes into account informaticr about the daily time distribution
as well as seasonal and geographical distribution of the migration
of the different species. This information is based on field ob-
servations of bird migration at many different sites as well as

radar observations from a 1lc. of stations in the south part of



Sweden. Since 1972 the Air Force and Board of Olvil Aviation hawve
supported a project to extend the knowludge, mainly by radar

studies, of the distribution of migrating birds in space and time.
Complementary work for specles and regicns of particular interest

remains to be done in the forthcoming years,

Forecast Model

1. General back-ground

The results obtained by the method uescribed above have been used
to develop a warning system for bir migraticen. The aim is to
predict migration activity, with sufficient accuracy, one day in
advance by using weather forecasts as input. One preliminary model
has been in use during two test periacds, from the beginning of
August to the middle of November in 1977 as well as in 1978, The
bird migration forecasts were distributed by telefacsimile and
teletype to all military and civil airports concerned. One fore-
cast, 1in this report called preliminary, was issued one day 1in
advance (Monday to Thursday) and another, called final, in the
early morning the same day it was valid {(Monday to Friday). The

day was divided into four different periods, 07-10, 10-12, 12-14,
and 14-17 hrs, and one forecast map was drawn for each of these
periods. To make all calculations and comparisons with basic migra-
tory pattern possible within available space of time it is necessa-

ry to use a small computer.
2. Weather, Sectors and Species

The southern part of Sweden shows the highest migratory activity
and forecasts are presently made for that area only (Fig.1}, In
order to adapt, as far as possible, the bird forecast to the actual
weather situation the forecast area is divided into six sectors
(Fig 1}, In each sector data from one representative weather ob-
servation station (e) are used for the bird forecasts in that sec-
tor. Some parameters such as relative humidity, maximum and mini-
mum temperature (Q)} and upper winds at 850 mb level (x) are taken
from other stations common for three sectors each (1,2,3 and 4,5,6
in Fig.1)., For the final forecast most weather parameters refer to
actual observations made at OS GMT. For the preliminary forecast,

however, all weather parameters have to be predicted for the next



Say oy a metearoiogist,

As the bira migration dgata are gruuped into four ntenzity
groups the Intarsity prediclted o0 the Lasis of wtrne revuits from
the discriminant analyses ;e givern by a figure 1 to 4 for each
species and sector. The fifreen bird specles usec in this preia-

minary mocdel are:

Sea biras ¢ Eider and Blackheaded Guil

Light birde: chaffinch/Bramoling, owallow, Yellow Wagia.., Starling,
Sisk:n, Linnet and Sw.f+

Heavy birds: Wood pigecn, Jackdaw, Hooded Crow, Sparrow rawk, Com-

mer Burtzard and Honey Buzzard

N

3. Time and Geographical Distribution

The time and geographical dizt-ibution of the migration of diffe-
rent' birag species are assumed to pe the same as found from speveral
years of wvisual seuntings and radar studies. One example (Common
Buzszard) carn be seern in Fig.2. Similar diagrams and maps are
avallable fnr all species involved.

If the aciuzl time of year and day falls outside the framed
area in Flg.2 {lefi) the intensity figure is set to 1 (none or
weak migration)., If it falls within the frame but outside tne
shaded areag the predicted intenzity is reduced by one unit. With-
1n the snaded area the prediction based on the discriminant models
1 not moaified at all,

The geographical distribution {Fig.2 right) is transformed to
a grid with 252 points (Fig.1). For each grid-point and species
a check 1s made to ascertain that the final intensity figure is
not allowed to have a higher value than that given by the geo-
graphical distribution for the specles concerned.,

As a resuit, there iz for each species and pericd of the day
a matrix (consisting of values 1 to 4 at each grid-point} covering

the whole area.
4. Resulting Map

The next step 1s to have 4 print-out of points, where the intenzity
is exceeding the thresholy for & wadrning to be izsued. The present
threshold demands that at leiast une of the specles in a group (cea
birds, light birde, Feavy birds)! must reach intensity 5 before

there will be a warr:ng for (hat group andg grid-point. The threo-
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hold can of zaurse be changen s 1 Tuonomer RIS EVE IR

The flnal map (Fig.2) i< geaw: TVomACL Whing the cutprip:
from the Computer., The maximum aitirgns ¢ pirg migration, u-ual-
Ly estimated from metgorclcgical radars, 13 adged %o the birgd
migraticrn forecaste, Four daily forvecast maps for daifferent times
of the day are then distributed.

Especially the military pilote are using the information when
making their flight planning. The -wedisr Air Force has decided
that the pilcots are rot allowed +o Do an drea with warning
without speclal reasons. As the scuadrons are making much of the
clanning aorne day in advance .it is ¢ course of greatest interest
Lt them :that the preliminary bird f:irecact it as reliable as

pcssible,

5. Evaluatior

After twe test pericds an extepcsive evaluatlion has been made.
Some of the results will be presented herg, The tctal amount of
warnings issuec during the autumn irn "97% can be seen in Fig. 4.
The warnirg threshold used in 1977 was much lower and therefore
toco many warrings were issued.

The 3ifferences between prelim:.rary ant final forecasts in
‘978 are presented :in Fi1g.5. These differences are of course due
te errors In predicting the differerl weather parameters for the
preliminary forecast. In that respect 1877 and 1978 are very much
alike, The preliminary bird migratior forecast is mainly based an
24 hours weather forecasts, Fig.6 a-d shows these errors in weather
predictions and also means and sTtandard deviations, The x-axis in
all diagrams 1s 'observation' minus 'forecast ',

Naturalily the most interesting question is: How accurate is
the birda focrecast? The only place where, at the moment, a relevant
evaluation can be done is at Falsterbo, where *he final forecast
has veen compared with actual visual countings (Fig.7). For this
comparison, the threshold used in 1978 has been applied to the
1977 data.

An interesting question is: If we cempare predictiong from
the bird migration forecast system with random distribution of
the warnings issued, what would the result be? This i the answer

(random figures within brackets).



19??+197§ Sea Light Heawvy

Forecast correct (%) 61 (449 7O (61 82 (53)
warnirg unnecessary (%} ESSINC 14 =9} 6 (21)
Warning missed (%) 14 0205 16 21} 12 (27)

In all cases the forecast i: belter than Tandom out the differen-
ces ‘are rather smali for the cea and light groups. The sea bird
data from Falsterbo used in <he di:criminant anaiyses are, however,
not completely reliakle because most sea~bird migration takes place
far south 5% *pe Courting site. Withir the 1ight group two Species
show very pocr results ard disturb the result of the whole grcup.
Plans to attair higher accuracy especlally for these twoe wgroups
are presented opelaw.

Evaluatior of hirgd strikes with damage to the aircraft in the
Alr Force from July to Cecember auring the last three Yedars gives
& rather positive trend. (The warning system was introduced in
1977 .0

Number of strikes with damage /10,000 moveménts

{July - December)

31

L 0.7

7
1976 1977 1878

Future Work ang Improvement

The present birg forecast =ystem will run for at least another
three years., After that the Alr Force will decide whether the
system will be permanent or not. wWithin two years we intend to

introduce a limiteq Spring migrat.on forecact mcdel,



Poss:ibilities and need to oo, g e Terar et gpeg 0 the
rartherr part of the Country will . imvestigateo. Alreaoy this
¥ear we are brushing Uup the sea bird model by uiing more repra-
sentative countings from the egast tcast of Sweden. At the same
time the number ¢f sea birg gpecia= will pe ircreased. we also
inteng to take & closer look at the wearher Rarameters and try
te improve the existing model especially for the light species and

also for some of the heavy species,
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PRESENT WEATHER PAST WEATHER

FINAL FINAL
O 1 2 O 1 2
O (| 78 0 6 O | 57 4 6
— -
&1 5 0 0 B 14 4 3
ol 0.
ol 7 | o | 3 ol 5 | 2 | 7

O NO PRECIPITATION
1 SHOWERS
2 RAIN DRIZZLE
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~ O 1
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Fig.6d
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