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AE MULTIPLE LINEAR REGRESSION MODEL
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{which are unknown) + a stochastic vector {unknown),
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R™ may be viewed as measuring the relative amount of variation

in the dapendent variable that ic "explalired” by hhe

dent variabls.
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We decided the use of standardized variabhles,

Tt's possible to switch from variable in stancardised form

to the original form,

It’s also possible to apprecilatse the validity of the numsric
resulis of the regression,

Several tests of signification are generally used.
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(2) test of eignificatlon for a group of var iables
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(3) A total test of signification for the regression model

H = :X/ = D j = Dn 1; e ';J"’l
H1 : qkj 2 0 j=0, 1, ... p~1

R™ 1s & measure to test the validity of the regression, but
1t 1s obvious that there are still other criteria, certainly

d L
when using that method as a prediction tool. R4 a mon clecriay
%Mcﬁm cf lhe hamber 9/'2’«1.:.“544 wrecd t

m,’ﬁe difference be-

tween Y observed and Y estimated cannot be too large atc.

One can find out immediatly which problems arise & priori

for the user of this method.

Which variables do we have Lo choose as independent variable

and as dependent variable 7
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{1) either both are fixed (instruments}
(2) either the dependent variable iy fixed and one has to

dotermine the measure of the independert variables and

vice versa
(3} =ither both types of variables ars to be chcosen )
Ao a fee Awed o A )
As dependent variable (here : the hird migraetion intensity)

WE may taée :

- the max-intensity or the min intansity

- the total intensity by day and right stc.

As independent variable [(here : a metec-variahle)

- &t what {ime ?

- the2 igcality where the variable naed been measured ?

gLo.

The choice aof the dependent variable in each practical oosc

Tt B

is i1et to the "intuition" of the user.
As to the indepmendent variesbles to be intreduced we try tc

give an answer in this paper.

WHAT KINOD OF RELATION 00 WE INTEND TO STUDY 7?2

bDo we want an answer on such a guestion as

Is there any relation between the bird migratiocn intensity and
weather (defined by the metec data available ] 7
Or do we want an answer on the guestion,

Is there any relation between the bird migration intensity and

some of the meteo variables 7

2 intensity average by day or by #ight or at a fixed time
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Is there any relation between the bird migration intensity

and weaether ?

Under "weather total"” we understand : =211 variables furnished

by the metec-stations. Irn cur case 23 variables were available,
The treatment of such a number of variables is always complex.
Is it not possible to reduce that number of varilables without
loonsing information ? Can we eliminate some variables & priori
(correlated, redundant, and variables with a very low contri-
bution te the information "weather"ﬁ In other words we'll
analyse the data reducing the space of the variables and loo-
sing a minimum of information.

The evolution and the variety of the technics used to analyse
data, is due indoubtly to ths evolution of the computer, an
indisputable tool to apply this methods. The method we applied
is known as Factorial analysis and analysis in principal compo-
nents.

This mathoed is explained in a lot of technometric, psychometric
and statistic “'gnumta. I'll anly mention the basic princi-

pals of the method witheut getting into detalls,

Asasume we have n observations aof s variables,

Generally we have to handle with such dimensions (p or n) that
they are anp gbstacle for the user to assimilate the information
So we intend (as far as possible) to reduce the dimensions

wlth a minimum less of information. May we expect to get down

to 2, 3 or 4 dimensions 7

The distance between two points is taken as caracteristic meg
sure in the space of the variables (dimension p) {working in
the space of observation [(dimension nl is exactly the samel.
One wants to project the distances on a space with diédmension

q << p such that the distances between the projected points and
these of the space of dimensicn p doces not differ much., 0One
likes having the lenght of projections in average maximal, such

that the distortion of the cloud of points in the space of di-

mension p 1s reduced to a minimum.




Mote that 3t is advisable to use standardized variables because

- N 2 chn : . .
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important, i=1

‘ Taking into account the nhosen criteriue o osine standardizes
vartaizles we have to handle the correlat ion ~5lpiec 2 in that woew
! that we pebt a matrix L of the elgen veorars cerresponding to tihe

gligen valuns of R,

Fi
! Tha qt vector will hbe the qth principal component and corres-

. th | :
ponds with the g gigen value {(in decreasireg arger).

The quality of that information cen be weasured by the cumulative

i percentages of eslgen values
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PnogEpat Ffinally & matrix more interpoetstls thon the matriy L owre

usad Fajosrts qmetnod cfr ey (7%, sl e bt o wotnnds o
mulitiple regression here qfte an the selected varlahles,

Z. 1Is there any relation between the bird migration intemsity and

SOME of the meteo variables 7?

letween the variables “"suspected” to explasln ¥ we have to select
a minimum number of variables which are sufficient (in the senssa

of theory of test? to explain the variativns of Y,

Some generalites

tet p be the number of variables suspected tn explain y.

Let '} be the set of the integers 1, ..., b and lat Jk he 3
subset of 1 with cardinal k.

Let COMULY e the function, associated with a3 subset of varia-
bles Jk‘ the multiple correlation coefficient of v on these va-
riables,. The best regression with k variausles, notsd J:,
regression for which the multiple regression coefficient between

is theat

3
the Cp regressions is & meximum.
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the preblem

The confidence level a being fixed (1) far a given k

(k = 0, 1, ..., p) to determine the subset Jt resulting into

the regression sz*'= CCM [J:_]

(2] tc determine the minimum

%
value of k, say k , which allows us to accept the total non-signi-
-

ficance of the variables of the set J - Jk

b
The best regression on the level o is than defined by Jk*

Note that

and that the best regression with k-1 wvariables iz npt necessa-

ry contained in the best regression with k variables.
* ¥
Jk-1 ¢ Jk
Mathematical faormulatiaon

.*—
a. for k = 0 to p (step 1) to determine Jk such that

max CCM [Jk]
Jk

bh. o fixed : to determine the smallest value of k which satis-

fies the level a

The method based on "Best subset search” Algorithm Ag 38 (cfr
ref) of GARSIDE, conducts to the exact solutien,. Tt's also pos-

sible to eliminate the redundant variables by the method descri-
bed ini1.




Backward regression and stepwise regression allows us to get

appraoximate solutiaons.

Remarhks

We aprlied all these methods on one data.

We used the method described in II 1. to reluce the
sur meteo-variables

autumn 71 = spring 71 - autumn 72 - aytumn 71

the whole year 71 and the whole year 72

p
P

We could see thet always the same variablss were selected,

sometimes in different order but at least wes kept 90 % of the
total information. We used the variables selected by this methoc
as independent variables. As dependent variable we studied fthe

following problem

What can we use as a good measure of migraticn °

We estanklish A program called SUNSET-SUNMRISE which zives us fbs

fluctuation of the counted echo's durirg day and nizmnt (e.c. the

average number of eche;i per observation during & given seriod
A

in the classes sunset gour after Sunset or Sunrise + 1 tc + 7

- 1 to - 2 etc.

As dependent variable we took the square rcot of the average num-
ber of echo’'s per observation curing a given period of day or/

and night depending on the pericd in the year,

We used all the regression methods described In this paper.

HJut regression is not alljwe want to have a3 prediction tool.

We have a need for bringing about certain desired results in the
future, Oneg rational way to achieve or nearly ito achieve this coal
is to study the relevant wvariables in the behavior of interest

and to project the pattern of behavior on the assumption that the
pattern that has persisted will hold true, in the future, so the
esimates of the parameters of the madel have to be used for ma-

king a predictieon. So we are interested to know 1f we'll find the

same results for the same periods in 71 and 77.
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If we want to have a good prediction tool we Lelieve that we
have ta use few varilables and we have to obtain regression coef-

ficlents mostly the same in each autumn period and spring periacd.

If a gouod orediction tool is not available we are sure to obtain

@ classification of variables which tave an influence on tha bird

migration,

Conclusians

In the time this paper is written we Jdo’nt have all results,
Probably we 'll be ready before this meetiny such that we are

able to illustrate the importance of this methods explained i~

this paper.
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