
����� ����� 	 
��������� � ����������� � ����� � � �!�#"%$&� �
' 
(�)$�*

0 100 200 300 400 500 600
−2

−1

0

1

2

+-,�./, 0 1 �!�325476 .
4�8

� , �9"%$:2 4)6 .<; 4�8 =>= � 1 �!�-25476
.

?A@ =CB .D,FE�G 2
. B H�IJK@ I



0 100 200 300 400 500 600 700
−1

0

1

2

3

4

5

Empirical Mode Decomposition

0 100 200 300 400 500 600 700
−1.5

−1

−0.5

0

0.5

1

1.5

0 100 200 300 400 500 600 700
−1

−0.5

0

0.5

1

IM
F 

1

0 100 200 300 400 500 600
0

1

2

3

4

R
es

id
ua

l



0 100 200 300 400 500 600
0

1

2

3

4

R
es

id
ua

l

0 100 200 300 400 500 600
−1

−0.5

0

0.5

1

IM
F 

2

0 100 200 300 400 500 600
0.5

1

1.5

2

2.5

3

IM
F 

3

0 100 200 300 400 500 600
−1

0

1

2

3

4

5

S
um



� � 1 ��$F���9
�� 1 ��" ��$ ��� ���&� � �3� � ���9
�� 1 ����
(�

100 200 300 400 500
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

freq
uen

cy

time

	 
 " � ��)
 � ' 
 ��$F���D� 
 � ��� ���&� � 
 ��� �� � ��� " � *)� ��$
�A� 1 " � � �3��"%$�� � 
(�����&�)$ 1 � �!� 1 " � � �3� " $�� ��)���3� � � � ��$
� 
(�������)$ 1 � ��� � 4�H � � 1 �A�-2�� 4�H . � ��� E � �"!#� +3,%$ =

100 200 300 400 500
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

freq
uen

cy

time

	 
 " � ��)
 � ' 
 ��$F���/� 
 � ��� ���&� � � 1 � $�* &� � "�� �
� �#
 ��"'����� � "%$&� �3� ���&� � 
(�������)$ 1 � � J � � 1 �!�32�� J . =

� 1 �!�-2�� 4�H . � � 8 �#" $�2�� 4�H . =>= � ()!��-2*� J . =



0 100 200 300 400 500 600
−1

−0.5

0

0.5

1
Stokes Wave = cos [ 2pi t/27 + pi/3 sin(2pit/132) ]

10 20 30 40 50
0

50

100

150

Fourier Transform

period

a
m

p
li
tu

d
e

0 200 400 600
0.18

0.2

0.22

0.24

0.26

0.28

0.3
Hilbert Transform

time

fr
e

q
u

e
n

c
y



� � � ���

��� 	 
 �� ������������� ���������������  !��" 	 #��%$ �&" ' �($

1950 1960 1970 1980 1990 2000 2010
2.32

2.34

2.36

2.38

2.4

2.42

2.44
x 10

4



1960 1965 1970 1975 1980 1985 1990 1995 2000
−500

0

500

GPH at 30 mb from 20N to 90N

IM
F

 1

1960 1965 1970 1975 1980 1985 1990 1995 2000
−50

0

50

IM
F

 2

1960 1965 1970 1975 1980 1985 1990 1995 2000

−20

0

20

IM
F

 3

1960 1965 1970 1975 1980 1985 1990 1995 2000
−50

0

50

IM
F

 4

1960 1965 1970 1975 1980 1985 1990 1995 2000
−50

0

50

IM
F

 5

1960 1965 1970 1975 1980 1985 1990 1995 2000
2.382

2.384

2.386
x 10

4

IM
F

 6



1960 1965 1970 1975 1980 1985 1990 1995 2000
−100

0

100

IM
F

 1

700 mb gph from 20N to 90N
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Correlations between the Sunspot Cycle and IMF 4 of 30 mb and 700 mb

correlation coefficient = .72
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