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Multiple regression analysis of weather and migration data in Svitzerland

B. Bruderer, Schweizerische Vogelwarte, CH-6204 Sempach

Methods

The present study follows the method of Wisbet and Drury (1968} and of
Noer et al, (1970), using a standard computer progran of the B¥D series

for stepwise multiple regression analysis,

The migration data used for this pilot study were collected with o tracking

racar during 4¢ nights of spring mipration in 196% and 1969, Figure 1 shows
the arrangement of the radar for bird counts. Lv counting the night migrants

(usually single birds) crossing the plane of registration during a certain

intezosloolot we ger the migration traffic raie {MIF:, ¥ oe=ocadg on
the ground spred of the birde aud is S0 directly influenced by the wind.
Dividing MIR by the mean ground speed of the birds in a particular nignt,

we poo the volume of migratiom (VH), that ig the rumber of birds helipp In
flight at a given time above a cuevtain area. VM is a measure of migration
activity, while MIR is a measure of the success of migration, MIER and VM

are the basin dependent variables in our regression apalysiz. In order to
get information on unlinearities within the regressions, two transformations
of MR and V¥ were used as additional dependent variables: namely the sguare
root and lcs (1+ the basic variable). Because the logarithmic transformation
ied to nearlv the same results as the square ToOOL, We omitted it in our

present paper.

For the weather data we selected 18 variables in close accotrdance withi the

above menticnned papers . Unstandardised variables were used, The data set

of Zurich (21, 00, and 03 k) stands for the weather in the actual migration
area, the data of Payerne und Geneva (18 and 21 b) for the wecather in the
recruiting area, and the data of Friedrichshafen and Mumich ({3 and Cb h)
for the weather in the area of destination (cemparce Figurc ).

The correlation between the weatiter in the recruiting avee at the tilve of
departure znd the intensity of migratien in tne following night is the daia
set which is of most interest for taue bird strike problem because 1t may
lead to migration foreasts. So ve iil conflue sar discucaion to thic aspoeat

of the analysis,



FIGURYE 1. Principle of improted vertical-beam
method: Beam is pointed verticatly upward in the
first phase, so ranges up to 4000 m above ground
could be surveved. Eevels next 1o the ground are
surveyed in second phase with low antenna eleva-
tion. Graph above shows volume of a cylinder
with a height of 1 km and the rudar site 10 the
SE. Diagram beneath is the ground plan for the
figure above. In both drawings P gives the sup-
posed principal direction of migration and R is
the plane of registration for low-elevation counts.
Small circles mark position of single birds: {,
matking un individual with principal direction;
Iy and 7, are individuals with the track directions
T, and T,. 4 is angle between acival end supposed
migration direction.
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Rhesulils

In Table 1 tpe sivgle variables arce arranped accerding to the order, in
which they were included in the step-up analveit. Yeviablies which were
included with a significance level higler than C.05 are shaded., The left
column 1s an atteispt to summarisc the other four columns.

We recognise that only TEMPERATURL and VISILTLITY reach always the desired
F-level for inclusion. These are two varizbles, which in other studies
(able, 1973, Nisbet and Drury, 1968, Noer et al., 1970) have never reached
significant levels (cf. alsc Table 2). CHANGE TN TEiMPERATURE is included in
all the four columns of Table 2, but in one of our analyses it misses to
reach a significant level, TIMF SINCE RAIN is in our analysis always
included with high priority, it can perhaps be compared to the variable
DAYS SINCE CCLD FRONT of other authors, being negatively correlated with
migration in autusn and positively in spring.

With respect to the other variables we realize an uncoordinated aprearance
or lack of the different variables within our analysis and in comparison
with other studies. SURFACE TAILWIKD with its high simple correlation‘

and 1ts nigh prierity in Able's analysis is 2lmost absent, and at the only
point where it is present, correlation is negative., UPPER TAILWINDS and its
CHANGES are included, but in negative correlation with VM and in positive
correlation with MIR,

Furthermore we will see in our analysis of simple correlation, that the
inclusion of PRESSURE, RELATIVE HUMIDITY and CHANGE Ik CLQUDCOVER 1s very
problematic because of autocorrelatiom with rain, These large differences
between various analyses could tempt to conclude that it is a matter of
chance for a variable to be included in a multiple regression or not.

The different analyses do not even give the possibility of excluding certain
variables from further studies, because every variable once appears with
high priority and a pertaining interpretation of the interrelationships
between the variables of multiple regressions seems, at the mozent,

imppossible to me,
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Simple correlations are cleser To out snderstandine than multiple correlations.

They are accesslble to interpretations and to some ranipulations, which

can lend to a fairly good understanding of dependetes of migration on weather.

In Table 3 we see the simple correlation coefficirnts between ouT 18 weather
variables and the four dependont variables, once with the datr cf all nights
and once with rainy nights encluded, The diffevinoos Lalucen the rourh values
pf migration infensity and {heir non-linear transfor-vion is gsuzlly in the
order of .05 to .l. They moy indicate ruat lipcar repressions arc in certain
cases only a very rough approximation ¢l tie reality., WLLh idrge correlation
coeflicivrts this is (in the present anatysis of simple eorrelatlons) not very
inportant, but with small coeificients it may go as far ag = charge in

+ ana - (ef, vaiiabies 13 and 16y, Differsnces betveon ST and L., are mainly

cont 4 0 oto awrdn, cnd most poensunced inotailwivede, Ulith oo, 0 Lo the
. 4 - [P . . W
oLhier vertloales, MTR ond VM lead Lo similar resusris,
In the wight prre of table ! (:f chout rolny nipht. ), we Bave torhed 211 tha

variatles which show a pronouracd diflerunce to the leftr part (ull miplits)e
5) Tl SINCE RALL shows a less proneure.d corretation because Ciiothe nights
with zore time since last rain and very wosk pigration are exnsiuded.

6, 10, 1

Lol

and 147 TAILWIKDS and CROSSYILNG show A Lotter rarrelation becguse
of rainy/weak-migration nilgkts, usua lyv associated with streony wvesternly or
couthwesternly winds, are eliminated.

9 and 11) RELATIVE HUMIDITY and its CHARGLS are nd lomger covrelated with
migration, the correlation on the left side appeariug as a matter of
correlation with rain. The same is valid for the CHAEGE 1IN C1OUDCOVER (13,

and even the CLOUDCOVER (8) itself shows only a wedk correlation.
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PRESSURE is medium but slightly sinking. An inflow ol warm alr in the

upper atmosphere leads to a certain ATHOSPHERLC INSTABILITY.
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Switzerland (spring)
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