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1. INTRODUCTION

1.1.0bjectifs
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1.2 Fichiers joints a ce rapport
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2. ETUDE LIMINAIRE DES DONNEES

% %

2.1.Le Lac Saint-Jean

Lac Saint-Jean Hydrographie

Rivigre Péribonka
Rivigre Ashuapmushuan
Riviera Petite-Faribhonka
Eivitére Mistassibi
; 3 istassini

Alimentation Riviere aux Rats
Rivigre Ticouapé
Riviere Ouiatchouane
Rivigre Couchepaganiche
Riviere Métabetchouane.

La Grande Décharge ot La Petite

Emissaire(s) Dithatge

Géolocalisation sur la carte : Canada

Le Lac SaintJean wu de Saint-Gédéon.

Administration
Pays B+l Canada
Géographie 1
Latitude i 48" 34" Mord 1
Longitude 72° 2 Ouest ;
Type Maturel
Superficie 1041 km? Bl 2.

Longueur 43,8 km
Largeur 24 km

Figure 1 - Le lac Saint-Jean

- % http://fr.wikipedia.org/wiki/Lac Saint-Jean
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2.2.Source des données

The University of * $- % . %
Western Ontario o, o, 7 L
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Figure 2 - Rainfall and snowmelt curves
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Figure 3 - Inflow curve
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rainfall | | | |————— ~{+-I-I—H+H— 4+

Figure 4 - Snowmelt and rainfall box plots

inflows | [— ————MW++ ++

1] 1000 2000 3000 4000 5000 6000 7000

Figure 5 - Inflow box plot
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2.4. Matrice de corrélation

K
L
9
K M
IAA AN OA A BA A $ ?22@
% IAABBB A*+(+,A ?E@
P I

Correlation Map, Variables Regrouped by Similarity

snowimelt
inflows
rainfall

=

[ny]

snovmelt

inflows

rainfall

Scale Gives “alue of R for Each Yariable Pair

Figure 6 - Matrice de corrélation entre inflow, rainfall et snowmelt
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2.5. Analyse en Composantes Principales (ACP)
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Voici les résultats :
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Figure 7 - Proportion de la variance expliquée patComposante Principale
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Component 2

Compaonent 1

Figure 8 - Projection des données sur les 2 premi&s Composantes Principales
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3. CLASSIFICATION

% $% $ = %

3.1. Classification hiérarchique

>6QV

9 clusterdata

*+( +, mainKmeans.m

>/ OF 6Q $
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Snowy

rainfall A inflawe

Figure 9 - Classification hiérarchique avec 12 clags

Snow

rainfall

inflon

Figure 10 - Classification hiérarchique avec 48 ckses
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rainfall A inflaw
Figure 11 - Classification hiérarchique avec 96 ckses
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# >/ OF
n # 6Q
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clusterdata linkage
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% clusterdata plist
$
*
P
*
T = clusterdata(D,'maxclust’,12 , 'distance’, 'maha lanobis',

'linkage', 'ward'); :

ST

rainfall

irflowe

Figure 12 - Classification hiérarchique avec 12 ctses, Ward et Mahalanobis.
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3.2Méthode des K-moyennes
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* P clusterdata

*+( 4+, mainKmeans.m !

SNow

rainfall

inflows

Figure 13 - Méthode des K-moyennes avec 4 classes

E
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Figure 14 - Méthode des K-moyennes avec 12 classes
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3.3 Cartes auto organisatrices (Kohonen)

'AABBB A $A

&R $

Quantization error after each epoch

0.1

mainKohonen.m

9

R &

Cluantization error after each epoch

008+

006

0.04

D L L 1 1 . 1
a 20 40 &0 a0 100 . DzD 20

o 050 EE 1
AUTO ORGANISATION

a0

100

a i
CONYERGEMCE

Figure 15 - Apprentissage de la carte auto organisiéce - X is inflow, Y is rainfall
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|Few inflow, high rainfall l | Summer l |High inflow, high rainfall '

1 7 13 19 25 I
mois 7 mois B | mois b mois 5 mois 5 mois &5
2 32
mois 7 nis &
3 27 33
mois 9 rois 10 mois 11
4 2 28 34
mois S} [ mois 12 | mois 11 [Pnois 11
5 35
mois 9 mois 11
B : - 36
mois 11 | mois3 | mois 3 mois 3 mois 1 mois 11

|Few inflow, few rainfall l | Winter ' |High inflow, few rainfall '

Figure 16 - Carte auto organisatrice - X is inflow,Y is rainfall

>>C D Y $
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|an inflow, high snow l | Spring l I High inflow, high snow '

1 7 13 19 25 31
rmois 4 rmois 4 rmois 3 rmois 4 rois 2 mois 12

W-

2 14 20 5 32
rmois 4 rmois 3 rmois 3 o1 mois 12
3 21
rmois 4 2 rois 1
4
mois 5 W 2

5 17 23 35
maois 5 mois mais 7 maois ¥ |effois 9 mais 8

5 12 18 24 a0 36
rmois B rois 10 | mois 7 mois 10 | mois 8 rois 7

| Low inflow, low snow I | High inflow. low snow l

Figure 17 - Carte auto organisatrice - X is inflow,Y is snowmelt

) $
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P n n R
|
Low rainfall, high snowmelt I Summer l High rainfall, high snowmelt
1 i 13 19 25 a1
mois 10 | mois B mois 8 mois G mois 3 mois 7
2 14 20 25 a3
rrois 10 rrois 8 s ¥ g 7 rnois ¥
15 21 27 I
mois 8 mois ¥ rois 9
Spring
16 79 28 34
mois 10 rois 11 mois 5
17 23 4 35
tois 12 | mois T&J mois 11 | mois 4 L& mais 4
G 12 138 24 30 36
mrois 2 rnois 4 rrois 3 mois 4 rmois 4 rrois 4

Winter

Low rainfall, low snowmelt

Cnam RCP209

Figure 18 - Carte auto organisatrice - X is rainfdl, Y is snowmelt

franck.dernoncourt@gmail.com

High rainfall, low snowmelt
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4. CONSTRUCTION D'UN MODELE DE PREDICTION

$ , %

% % %
%

4.1. Autocorrélation

8
>
)
& (+ $
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Autocarrelation function ACF (k)
1 T T

0.4 . :
0 a0 100 150
Lag k
Figure 19 - Autocorrélation du débit entrant
9 n 5 Q
OF
9
1
$ ' n
X Z $
] ! CQ 6V/F6/ 55>D
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C> 5FES55 1555D C >VQV222 I555D

Autocarrelation function ACF(k)
DE T T

_DB 1 1
0 ad 100 150

Lag k
Figure 20 - Autocorrélation de la pluviométrie
Autocorrelation function ACF (k)
I:I? T T
ACF
1 1/5grt(N) H

_Dz 1 1
0 a0 100 140

Lag k

Figure 21 - Autocorrélation de la fonte des neiges
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% &+4P

P C>6E/
>6F2D !

Awerage inflows variation ower one year
4000 T T T T T T T T T

3500 -

3000 -

2500 -

2000 -

Quantity

1500 | -

1000 -

a00 -

D 1 1 1 1 1 1 1 1 1
a 5 1 15 20 25 30 35 40 45 a0
Period of the year - 48 measures each year starting on January 1st

Figure 22 - Débit entrant moyen sur un an
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Quantity

) $
>6Q5

Cnam RCP209

Ayverage rainfall and snowmelt variations over one year

7 T T T T T T T T T
rainfall

snowrmnelt

.
T

18]
T

1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45 50
Period of the year - 43 measures each year starting on January 1st

Figure 23 - Pluviométrie et fonte des neiges moyeas sur un an

>6E2 >6EG6
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B000 T T T T T T
: : » Awerage inflow for previous year

S000 k- ........ ............ ............ ............ ........... -
A000F -------- ------ ------------ ------------ ------------ ----------- -
3000 F ----- :
oo | HHHHH AP

AR

1000 F- - i

o i 1 i I i
1950 1955 1960 1965 1970 1975 1930 19585

Figure 24 - Moyenne du débit entrant constatée sues années précédentes

%
+4P $
C5 Q>56D

s00o0 ! ! ! | |
] : ] »Average inflow for previous year
FOO0 b ---mmmmmm - Y. | SRS Actual inflows L

BO00 |- AR H I S SR S S B S - §
S I e 1 St S el o S e
4000

3000

2000

1000

]
1950 1955 1960 1965 1970 1975 1980 1985

Figure 25 - Moyenne des débits passés vs débit caé
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4.2 Perceptron multicouches (MLP)

4.2.1.Définitions et structure

7 9

~ Output Layer

- Input Layer

Lol Blell velibal B

Figure 26 - Exemple d'un réseau de neurones feedfeard
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4.2.2. Analyse de I'impact du prétraitement des données

9

Predict_size
) $ Predict_size = 6
$

Predict_size = 6
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P $9 ?V@'!

=== ARV table with Predict_size = 6 ===

ARV with 3 hidden neurons = 1.272048e+000

ARV with 6 hidden neurons = 9.575360e-001
ARV with 12 hidden neurons = 1.102687e+000
ARV with 24 hidden neurons = 8.796483e-001
ARV with 48 hidden neurons = 8.795889e-001
ARV with 96 hidden neurons = 4.346010e-001
ARV with 144 hidden neurons = 1.082678e+000

=== ARV table with Predict_size =12 ===

ARV with 3 hidden neurons = 1.045543e+000

ARV with 6 hidden neurons = 2.462280e+000
ARV with 12 hidden neurons = 1.086966e+000
ARV with 24 hidden neurons = 9.555312e-001
ARV with 48 hidden neurons = 9.817822e-001
ARV with 96 hidden neurons = 8.559246e-001
ARV with 144 hidden neurons = 5.900990e-001

=== ARV table with Predict_size = 48 ===

ARV with 3 hidden neurons = 8.335742e-001

ARV with 6 hidden neurons = 8.136201e-001
ARV with 12 hidden neurons = 8.420245e-001
ARV with 24 hidden neurons = 1.971012e+000
ARV with 48 hidden neurons = 6.617589e-001
ARV with 96 hidden neurons = 7.596775e-001
ARV with 144 hidden neurons = 1.972292e+000

9 +4P >
n |
=000 T
— . v de=ire

FOooo - oo calculse
S000 - —
=000 - —
A000 - —
=SO000;O - —
2000 - —
1000 - —

'e] N h h N s h

19S50 M=t 190 1955 1970 197= 19=0 19==

Erreur RFAMinimurm de Te=st = 959 _ 4507 avec 95 nedronnes caches

Figure 27 - Prédiction du MLP avec données non tréées
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=== ARV table with Predict_size = 6 ===

ARV with 3 hidden neurons = 3.615301e-001

ARV with 6 hidden neurons = 3.648960e-001
ARV with 12 hidden neurons = 3.804038e-001
ARV with 24 hidden neurons = 3.671627e-001
ARV with 48 hidden neurons = 4.014003e-001
ARV with 96 hidden neurons = 4.229980e-001
ARV with 144 hidden neurons = 4.231062e-001

=== ARV table with Predict_size = 12 ===

ARV with 3 hidden neurons = 3.776689e-001

ARV with 6 hidden neurons = 4.684528e-001
ARV with 12 hidden neurons = 3.889060e-001
ARV with 24 hidden neurons = 3.734274e-001
ARV with 48 hidden neurons = 4.715908e-001
ARV with 96 hidden neurons = 4.472611e-001
ARV with 144 hidden neurons = 4.650412e-001

=== ARV table with Predict_size = 48 ===

ARV with 3 hidden neurons = 5.211806e-001

ARV with 6 hidden neurons = 3.768322e-001
ARV with 12 hidden neurons = 3.628320e-001
ARV with 24 hidden neurons = 4.588404e-001
ARV with 48 hidden neurons = 3.592023e-001
ARV with 96 hidden neurons = 4.267923e-001
ARV with 144 hidden neurons = 3.827214e-001

Y calculé

i |

-1
1950 1925 1960 1965 1970 1975
Erreur Minimum de Test = 0.52879 avec B neuronnes caches

Figure 28 - Prédiction du MLP avec débit entrant diisé par 1000

1950

1985
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=== ARV table with Predict_size = 6 ===

ARV with 3 hidden neurons = 2.533819e-001

ARV with 6 hidden neurons = 2.290497e-001

ARV with 12 hidden neurons = 2.496079e-001
ARV with 24 hidden neurons = 2.388564e-001
ARV with 48 hidden neurons = 2.346452e-001
ARV with 96 hidden neurons = 2.316126e-001
ARV with 144 hidden neurons = 2.313823e-001

=== ARV table with Predict_size = 12 ===

ARV with 3 hidden neurons = 2.715612e-001

ARV with 6 hidden neurons = 2.983055e-001

ARV with 12 hidden neurons = 2.745780e-001
ARV with 24 hidden neurons = 2.583667e-001
ARV with 48 hidden neurons = 2.638117e-001
ARV with 96 hidden neurons = 2.862301e-001
ARV with 144 hidden neurons = 2.409670e-001

=== ARV table with Predict_size = 48 ===

ARV with 3 hidden neurons = 3.283175e-001
ARV with 6 hidden neurons = 3.000058e-001
ARV with 12 hidden neurons = 2.950053e-001
ARV with 24 hidden neurons = 2.731107e-001
ARV with 48 hidden neurons = 2.565473e-001
ARV with 96 hidden neurons = 2.444401e-001
ARV with 144 hidden neurons = 2.698794e-001
5 T T T T T T

D désire
5 o calcule

2 | ] ] | | |
1950 1955 1960 1965 1970 1975 1930 1985
Erreur Minimurm de Test = 046737 avec B neuronnes caches

Figure 29 - Prédiction du MLP avec données centréagduites
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4.2.3.Apprentissage
+ & +
& ' &
+
$ $
I
$ $ '
Learning
= | T I I

: Taux d'erreur d'apprentissage
: Taux d'erreur test

RS errar
T
L
L
|

] a0 100 150 200 250
Erreur Minimum de Test = 0.39365

Figure 30 - Early stopping pour éviter le sur-appratissage
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4.2.4.Fonctions de sorties et fonctions d’activation

4.2.5.Comparaison avec l'autocorrélation

Xrandn('state', 2);

9
$ !
nhiddenSet =[1, 2, 3,4,5,6
Predict_size =[1, 2, 3,4,5,6
nhidden = 48 &+4P
&+4P
$
9 !
@'AB '@

Cnam RCP209

franck.dernoncourt@gmail.com

M
+4P
| C  *+(+,!
Z & D
, 8,10, 12, 24, 48 , 482, 48*3]
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Figure 31 - MLP a 3 neurones en entrée, 48 cachgisl en sortie.
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6. ANNEXE

Predict_size =1

=== ARV table with DTest ===

ARV with 1 hidden neurons = 2.203380e-001
ARV with 2 hidden neurons = 2.231542e-001
ARV with 3 hidden neurons = 1.843551e-001
ARV with 4 hidden neurons = 2.306667e-001
ARV with 5 hidden neurons = 2.009054e-001
ARV with 6 hidden neurons = 2.102271e-001
ARV with 8 hidden neurons = 1.817335e-001
ARV with 10 hidden neurons = 1.833652e-001
ARV with 12 hidden neurons = 1.935792e-001
ARV with 24 hidden neurons = 2.045804e-001
ARV with 48 hidden neurons = 1.819394e-001
ARV with 96 hidden neurons = 2.283133e-001
ARV with 144 hidden neurons = 2.238045e-001

Predict_size =2

=== ARV table with DTest ===

ARV with 1 hidden neurons = 2.005895e-001
ARV with 2 hidden neurons = 1.924723e-001
ARV with 3 hidden neurons = 1.954813e-001
ARV with 4 hidden neurons = 2.240467e-001
ARV with 5 hidden neurons = 2.238328e-001
ARV with 6 hidden neurons = 2.340797e-001
ARV with 8 hidden neurons = 2.255071e-001
ARV with 10 hidden neurons = 1.912066e-001
ARV with 12 hidden neurons = 1.886838e-001
ARV with 24 hidden neurons = 2.033288e-001
ARV with 48 hidden neurons = 1.908149e-001
ARV with 96 hidden neurons = 2.009704e-001
ARV with 144 hidden neurons = 2.155398e-001

Predict_size = 3

=== ARV table with DTest ===

ARV with 1 hidden neurons = 2.055504e-001
ARV with 2 hidden neurons = 1.993399e-001
ARV with 3 hidden neurons = 2.204853e-001
ARV with 4 hidden neurons = 1.933933e-001
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ARV with 5 hidden neurons = 1.923204e-001
ARV with 6 hidden neurons = 1.966903e-001
ARV with 8 hidden neurons = 2.101883e-001
ARV with 10 hidden neurons = 1.875084e-001
ARV with 12 hidden neurons = 2.482768e-001
ARV with 24 hidden neurons = 2.464094e-001
ARV with 48 hidden neurons = 2.352848e-001
ARV with 96 hidden neurons = 2.183354e-001

ARV with 144 hidden neurons = 2.241612e-001

Predict_size =4

=== ARV table with DTest ===

ARV with 1 hidden neurons = 2.128019e-001
ARV with 2 hidden neurons = 2.056585e-001
ARV with 3 hidden neurons = 1.917037e-001
ARV with 4 hidden neurons = 2.341324e-001
ARV with 5 hidden neurons = 2.312663e-001
ARV with 6 hidden neurons = 2.155177e-001
ARV with 8 hidden neurons = 2.318832e-001
ARV with 10 hidden neurons = 2.320869e-001
ARV with 12 hidden neurons = 1.985817e-001
ARV with 24 hidden neurons = 2.254444e-001
ARV with 48 hidden neurons = 2.514068e-001
ARV with 96 hidden neurons = 2.263992e-001

ARV with 144 hidden neurons = 2.129266e-001

Predict_size =5

=== ARV table with DTest ===

ARV with 1 hidden neurons = 2.062703e-001
ARV with 2 hidden neurons = 2.389428e-001
ARV with 3 hidden neurons = 2.107614e-001
ARV with 4 hidden neurons = 2.126020e-001
ARV with 5 hidden neurons = 2.346372e-001
ARV with 6 hidden neurons = 2.224268e-001
ARV with 8 hidden neurons = 2.436321e-001
ARV with 10 hidden neurons = 2.525732e-001
ARV with 12 hidden neurons = 2.397564e-001
ARV with 24 hidden neurons = 2.154663e-001
ARV with 48 hidden neurons = 2.256831e-001
ARV with 96 hidden neurons = 2.129779e-001

ARV with 144 hidden neurons = 2.185727e-001

Predict_size =6

=== ARV table with DTest ===

ARV with 1 hidden neurons = 2.082782e-001
ARV with 2 hidden neurons = 1.994813e-001
ARV with 3 hidden neurons = 2.533819e-001
ARV with 4 hidden neurons = 2.266663e-001
ARV with 5 hidden neurons = 2.315919e-001
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ARV with 6 hidden neurons = 2.290497e-001
ARV with 8 hidden neurons = 2.343673e-001
ARV with 10 hidden neurons = 2.356483e-001
ARV with 12 hidden neurons = 2.496079e-001
ARV with 24 hidden neurons = 2.388564e-001
ARV with 48 hidden neurons = 2.346452e-001
ARV with 96 hidden neurons = 2.316126e-001

ARV with 144 hidden neurons = 2.313823e-001

Predict_size = 8

=== ARV table with DTest ===

ARV with 1 hidden neurons = 2.352311e-001
ARV with 2 hidden neurons = 2.277938e-001
ARV with 3 hidden neurons = 2.287229e-001
ARV with 4 hidden neurons = 2.706733e-001
ARV with 5 hidden neurons = 2.619420e-001
ARV with 6 hidden neurons = 2.322185e-001
ARV with 8 hidden neurons = 2.443067e-001
ARV with 10 hidden neurons = 2.249828e-001
ARV with 12 hidden neurons = 2.268183e-001
ARV with 24 hidden neurons = 2.129321e-001
ARV with 48 hidden neurons = 2.316703e-001
ARV with 96 hidden neurons = 2.300831e-001

ARV with 144 hidden neurons = 2.452892e-001

Predict_size =10

=== ARV table with DTest ===

ARV with 1 hidden neurons = 2.243463e-001
ARV with 2 hidden neurons = 2.375682e-001
ARV with 3 hidden neurons = 2.874422e-001
ARV with 4 hidden neurons = 2.575301e-001
ARV with 5 hidden neurons = 2.599116e-001
ARV with 6 hidden neurons = 2.688915e-001
ARV with 8 hidden neurons = 2.673595e-001
ARV with 10 hidden neurons = 2.602546e-001
ARV with 12 hidden neurons = 2.689160e-001
ARV with 24 hidden neurons = 2.496505e-001
ARV with 48 hidden neurons = 2.359130e-001
ARV with 96 hidden neurons = 2.308238e-001

ARV with 144 hidden neurons = 2.236731e-001

Predict_size = 12

=== ARV table with DTest ===

ARV with 1 hidden neurons = 2.257942e-001
ARV with 2 hidden neurons = 2.679510e-001
ARV with 3 hidden neurons = 2.715612e-001
ARV with 4 hidden neurons = 2.335533e-001
ARV with 5 hidden neurons = 2.859287e-001
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ARV with 6 hidden neurons = 2.983055e-001

ARV with 8 hidden neurons = 2.860448e-001

ARV with 10 hidden neurons = 2.637793e-001
ARV with 12 hidden neurons = 2.745780e-001
ARV with 24 hidden neurons = 2.583667e-001
ARV with 48 hidden neurons = 2.638117e-001
ARV with 96 hidden neurons = 2.862301e-001
ARV with 144 hidden neurons = 2.409670e-001

Predict_size = 48

=== ARV table with DTest ===

ARV with 1 hidden neurons = 2.903224e-001
ARV with 2 hidden neurons = 2.893658e-001
ARV with 3 hidden neurons = 3.283175e-001
ARV with 4 hidden neurons = 2.914823e-001
ARV with 5 hidden neurons = 3.497120e-001
ARV with 6 hidden neurons = 3.000058e-001
ARV with 8 hidden neurons = 2.907796e-001
ARV with 10 hidden neurons = 2.978004e-001
ARV with 12 hidden neurons = 2.950053e-001
ARV with 24 hidden neurons = 2.731107e-001
ARV with 48 hidden neurons = 2.565473e-001
ARV with 96 hidden neurons = 2.444401e-001
ARV with 144 hidden neurons = 2.698794e-001

Predict_size = 96

=== ARV table with DTest ===

ARV with 1 hidden neurons = 5.017224e-001
ARV with 2 hidden neurons = 4.290527e-001
ARV with 3 hidden neurons = 4.279755e-001
ARV with 4 hidden neurons = 3.932672e-001
ARV with 5 hidden neurons = 3.897071e-001
ARV with 6 hidden neurons = 4.183855e-001
ARV with 8 hidden neurons = 4.210123e-001
ARV with 10 hidden neurons = 3.718603e-001
ARV with 12 hidden neurons = 3.940910e-001
ARV with 24 hidden neurons = 3.497657e-001
ARV with 48 hidden neurons = 3.318670e-001
ARV with 96 hidden neurons = 4.005927e-001
ARV with 144 hidden neurons = 4.092691e-001

Predict_size = 144

=== ARV table with DTest ===

ARV with 1 hidden neurons = 4.406828e-001
ARV with 2 hidden neurons = 3.924443e-001
ARV with 3 hidden neurons = 3.723940e-001
ARV with 4 hidden neurons = 3.659539e-001
ARV with 5 hidden neurons = 4.453144e-001
ARV with 6 hidden neurons = 3.910229e-001
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ARV with 8 hidden neurons = 3.684032e-001
ARV with 10 hidden neurons = 3.767156e-001
ARV with 12 hidden neurons = 4.248509e-001
ARV with 24 hidden neurons = 3.482406e-001
ARV with 48 hidden neurons = 3.451425e-001
ARV with 96 hidden neurons = 3.445793e-001
ARV with 144 hidden neurons = 3.845200e-001

Predict_size = 192

=== ARV table with DTest ===

ARV with 1 hidden neurons = 4.700531e-001
ARV with 2 hidden neurons = 3.663336e-001
ARV with 3 hidden neurons = 3.929684e-001
ARV with 4 hidden neurons = 3.289303e-001
ARV with 5 hidden neurons = 3.423164e-001
ARV with 6 hidden neurons = 3.414302e-001
ARV with 8 hidden neurons = 3.975448e-001
ARV with 10 hidden neurons = 4.417513e-001
ARV with 12 hidden neurons = 3.562159e-001
ARV with 24 hidden neurons = 3.049545e-001
ARV with 48 hidden neurons = 3.365084e-001
ARV with 96 hidden neurons = 3.282628e-001
ARV with 144 hidden neurons = 3.140193e-001
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