
V
al

id
at

io
n/

R
ec

on
st

ru
ct

io
n 

of
 th

e 
S

un
sp

ot
 N

um
be

r R
ec

or
d,

 1
84

1-
20

07
[  

   
   

   
   

   
   

   
   

   
   

   
   

 ] 

L.
 S

va
lg

aa
rd

E
as

y 
To

ol
 K

it,
 In

c.
, H

ou
st

on
, T

X

IU
G

G
Ju

ly
 2

00
7



S
un

sp
ot

 N
um

be
r (

S
S

N
) A

pp
lic

at
io

ns
-S

ol
ar

 D
yn

am
o

-S
pa

ce
 W

ea
th

er
/C

lim
at

e
-C

os
m

ic
 R

ay
 M

od
ul

at
io

n
-C

lim
at

e 
C

ha
ng

e



Tw
o 

S
S

N
 S

er
ie

s

R
IN

T:
 1

70
0 

-2
00

7 
 (S

ID
C

/R
O

B
)

R
G

   
: 1

61
0 

-1
99

5 
(H

oy
t &

 S
ch

at
te

n,
 1

99
8)

02040608010
0

12
0

14
0

16
0

18
0

20
0 18

30
18

40
18

50
18

60
18

70
18

80
18

90
19

00
19

10
19

20
19

30
19

40
19

50
19

60
19

70
19

80
19

90
20

00
20

10

R
z

R
g

S
un

sp
ot

 N
um

be
r 

Se
ri

es

19
18

17
16

15
14

13
12

11
10

9
8

20
21

22
23



SS
N

D
ec

H
F

El
lis

 (1
89

8)

S
S

N
 c

or
re

la
te

d 
w

ith
 d

ai
ly

 ra
ng

e 
of

ge
om

ag
ne

tic
 e

le
m

en
ts



S R
Io

no
sp

he
ric

 C
ur

re
nt

 S
ys

te
m

 (T
or

ta
et

 a
l.,

 1
99

7)

S R
at

 H
ob

ar
to

n
(1

84
8)



W
ol

f (
18

75
) u

se
d 

th
e 

SS
N

-d
ai

ly
 ra

ng
e 

re
la

tio
ns

hi
p 

to
 a

dj
us

t t
he

 S
S

N
 fo

r y
ea

rs
 

be
fo

re
 1

84
8

R
ud

ol
f W

ol
f

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

1.
2

1.
4

1.
6

1.
8 17

40
17

50
17

60
17

70
17

80
17

90
18

00
18

10
18

20
18

30
18

40
18

50
18

60
18

70
18

80

Ev
ol

ut
io

n 
of

 W
ol

f S
un

sp
ot

 N
um

be
rs

W
18

61
 / 

R
no

w

W
18

75
 / 

R
no

w
W

18
80

 / 
R

no
w

W
18

57
 / 

R
no

w

St
au

da
ch

er

2x

25
%



y 
= 

0.
93

01
x1.

03
91

R
2  =

 0
.8

93
2

010203040506070

0
10

20
30

40
50

60
70

H
O

N
19

02
-2

00
3

rY
 N

G
K

rY
 H

O
N

St
ep

 1

S
ho

w
 th

at
 o

ve
r e

xt
en

de
d 

pe
rio

ds
 o

f t
im

e 
(d

ec
ad

es
, c

en
tu

rie
s)

 c
on

st
an

t, 
st

ab
le

re
la

tio
ns

hi
ps

 e
xi

st
 b

et
w

ee
n 

rY
at

 s
ta

tio
ns

 s
uc

h 
as

 N
ie

m
eg

k
an

d 
H

on
ol

ul
u 

th
at

 a
re

w
id

el
y 

se
pa

ra
te

d 
in

 lo
ng

itu
de

 a
nd

 la
tit

ud
e.



010203040506070

18
40

18
50

18
60

18
70

18
80

18
90

19
00

19
10

19
20

19
30

19
40

19
50

19
60

19
70

19
80

19
90

20
00

rY
 (n

T)

M
ed

ia
n 

of
 S

R
 n

or
m

al
iz

ed
 to

 N
G

K

St
ep

 2

010203040506070

18
40

18
50

18
60

18
70

18
80

18
90

19
00

19
10

19
20

19
30

Ba
ck

bo
ne

O
SL

 

rY
 (n

T)

Li
nk

 to
ge

th
er

 o
bs

er
va

tio
ns

 o
f t

he
 re

gu
la

r v
ar

ia
tio

n 
ob

se
rv

ed
 a

t l
on

g-
te

rm
 

st
at

io
ns

 (n
or

m
al

iz
in

g 
to

 N
ie

m
eg

k
an

d 
us

in
g 

O
sl

o 
to

 b
rid

ge
 th

e 
ga

ps
 fo

r 
ea

rly
 y

ea
rs

) t
o 

ob
ta

in
 th

e 
va

ria
tio

n 
of

 S
R

si
nc

e 
18

40
 



St
ep

 3

R
el

at
e 

av
er

ag
e 

rY
to

 R
IN

T 
 ( 

&
 F

10
.7

)



Th
e 

da
ily

 ra
ng

e 
rY

is
 h

ig
hl

y 
co

rre
la

te
d 

w
ith

 R
IN

T
&

 F
10

.7
at

 a
ll 

ph
as

es
 o

f t
he

 s
un

sp
ot

 c
yc

le

St
ep

 3
 (c

on
tin

ue
d)



U
se

 th
e 

R
IN

T
vs

. r
Y

re
la

tio
ns

hi
p 

to
 o

bt
ai

n 
a 

ne
w

 S
S

N
 s

er
ie

s 
ba

ck
 to

 1
84

0

St
ep

 4



St
ep

 5
C

yc
le

R
g

R
z

9
1.

34
7

1.
02

0
10

1.
54

5
1.

31
7

11
1.

57
2

1.
19

1
12

1.
58

0
1.

37
9

13
1.

34
3

1.
40

3
14

1.
12

1
1.

15
6

15
1.

07
5

1.
18

0
16

1.
10

3
1.

23
8

17
1.

09
3

1.
16

6
18

1.
04

6
0.

99
6

19
0.

99
1

0.
90

5
20

0.
97

8
0.

97
0

21
0.

98
6

0.
98

2
22

0.
96

1
0.

94
8

23
1.

02
6

1.
03

6

C
or

re
ct

io
n 

Fa
ct

or
s 

fo
r

re
po

rt
ed

 s
un

sp
ot

 n
um

be
rs

.

O
bt

ai
n 

co
rr

ec
tio

n 
fa

ct
or

s 
fo

r e
ac

h 
cy

cl
e 

fo
r t

he
 In

te
rn

at
io

na
l a

nd
 G

ro
up

 S
S

N
 s

er
ie

s



P
ro

vi
si

on
al

 S
S

N
 S

er
ie

s:
C

yc
le

s 
10

 &
 1

1 
co

m
pa

ra
bl

e 
to

 2
2 

& 
23



W
or

k 
in

 P
ro

gr
es

s

-S
tre

ng
th

en
 1

84
0-

pr
es

en
t s

er
ie

s
-E

xt
en

d 
be

fo
re

 1
84

0
-D

et
er

m
in

e 
ca

us
es

 o
f j

um
ps

 in
 1

89
3 

&
 1

94
5 

-D
et

er
m

in
e 

ef
fe

ct
 o

f E
ar

th
�s

 d
ec

re
as

in
g

di
po

le
 (~

10
%

 s
in

ce
 1

84
0)


