
So
la

r 
W

in
d 

at
 E

ar
th

 1
88

3-
20

07
 

  

02468101214

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

IM
F 

B
 In

fe
rr

ed
 fr

om
 ID

V-
In

de
x 

(R
ot

at
io

n 
Av

g.
)

B
 o

bs
B

 =
 1

.6
7 

ID
V 

0.
6

nT

01234567 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

So
la

r 
W

in
d 

Sp
ee

d 
In

fe
rr

ed
 fr

om
 IH

V 
an

d 
ID

V

V o
 1

00
 k

m
/s

V o
 o

bs
V o

 =
 1

.6
 [(

IH
V

- 5
) /

 ID
V

 0
.6

] 1
/2



   

0246810

19
65

19
70

19
75

19
80

19
85

19
90

19
95

20
00

20
05

0246810

S&
C

R
,L

&
F 

(B
LS

,ID
V

,m
,a

a c
)

IM
F 

ob
s

M
ag

ni
tu

de
 o

f I
nt

er
pl

an
et

ar
y 

M
ag

ne
tic

 F
ie

ld
 a

t E
ar

th

nT

Ye
ar

0246810

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

0246810

S&
C

R
,L

&F
 (B

LS
,ID

V,
m

,a
a c

)
IM

F 
ob

s

M
ag

ni
tu

de
 o

f I
nt

er
pl

an
et

ar
y 

M
ag

ne
tic

 F
ie

ld
 a

t E
ar

th

nT

Ye
ar

C
yc

le
 2

3

Y
ea

rly
 a

ve
ra

ge
 IM

F 
B

de
te

rm
in

ed
 b

y 
Sv

al
ga

ar
d 

&
 C

liv
er

 (2
00

7)
 [S

&
C 

bl
ue

 c
ur

ve
), 

ob
se

rv
ed

 in
 

si
tu

 (r
ed

) a
nd

 b
y 

A
le

xi
s 

R
ou

ill
ar

d 
et

 a
l. 

(2
00

7)
 

[d
as

he
d 

cu
rv

es
] u

sin
g 

va
rio

us
 c

om
bi

na
tio

n 
of

 
m

et
ho

ds
 [B

LS
=B

ay
es

ia
n 

Le
as

t S
qu

ar
es

, o
ur

 ID
V 

in
de

x,
 th

ei
r m

 a
nd

 a
a c

 
in

di
ce

s]
. N

ot
e 

ho
w

 th
e 

RL
&

F 
re

co
ns

tru
ct

io
ns

 
ov

er
sh

oo
t b

ot
h 

hi
gh

 a
nd

 
lo

w
: h

ig
h 

va
lu

es
 a

re
 to

o 
hi

gh
, a

nd
 lo

w
 v

al
ue

s a
re

 
to

o 
lo

w
  

 B
ot

to
m

: E
xt

en
si

on
 b

ac
k 

to
 1

88
3.

  T
he

 a
gr

ee
m

en
t 

be
tw

ee
n 

S&
C

 a
nd

 R
LF

 
re

co
ns

tru
ct

io
ns

 is
 g

oo
d 

(w
ith

in
 o

ne
 n

T)
, e

xc
ep

t 
fo

r t
he

 si
ng

le
 y

ea
r 1

90
1 

[s
ee

 n
ex

t p
ag

e]
 

 Sh
ift

in
g 

th
e 

cu
rr

en
t s

ol
ar

 
cy

cl
e 

23
 b

y 
10

7 
ye

ar
s t

o 
th

e 
le

ft 
m

ak
es

 it
 m

at
ch

 
ni

ce
ly

 w
ith

 c
yc

le
 1

3,
 

sh
ow

in
g 

th
at

 a
s f

ar
 a

s 
th

e 
IM

F 
go

es
, t

he
 S

un
 is

 
no

w
 w

he
re

 is
 w

as
 1

07
 

ye
ar

s a
go

.  



  Th
is 

sh
ow

s t
ha

t I
M

F 
B 

ju
st

 fo
llo

w
s t

he
 (s

qu
ar

e 
ro

ot
 o

f t
he

) s
un

sp
ot

 n
um

be
r S

SN
 [B

 =
 4

.6
2+

0.
27

3 
SS

N 1
/2
] r

id
in

g 
on

 a
 fl

oo
r o

f ~
4.

6 
nT

. 
 

Bl
ow

up
 o

f t
he

 fi
rs

t 4
0 

ye
ar

s o
f 

th
e 

pr
ev

io
us

 F
ig

ur
e.

 N
ot

e 
ho

w
 

th
e 

ye
ar

 1
90

1 
is 

a 
sin

gu
la

r 
ou

tli
er

, w
ith

 B
 fa

lli
ng

 to
 le

ss
 

th
at

 h
al

f o
f t

he
 ty

pi
ca

l v
al

ue
 a

t 
so

la
r m

in
im

um
. T

hi
s m

ay
 b

e 
a 

co
ns

eq
ue

nc
e 

of
 e

xt
ra

po
la

tin
g 

 
an

 e
m

pi
ric

al
 re

la
tio

ns
hi

p 
be

yo
nd

  t
he

 d
om

ai
n 

on
 w

hi
ch

 
it 

w
as

 b
as

ed
 o

r o
f t

he
 d

at
a 

be
in

g 
be

se
t w

ith
 s

ys
te

m
at

ic
 

er
ro

rs
. L

oo
ki

ng
 c

lo
se

ly
 a

t t
he

 
da

ta
 fo

r 1
90

1 
(e

.g
. r

e-
sc

al
in

g 
aa

) m
ig

ht
 b

e 
a 

go
od

 id
ea

. 
0123456789 18

84
18

88
18

92
18

96
19

00
19

04
19

08
19

12
19

16
19

20
19

24

Cy
cl

e 
23

 o
bs

Cy
cl

e 
23

 fr
om

 ID
V

S 
&

 C
: B

 in
fe

rr
ed

 fr
om

 ID
V

D
as

he
d 

lin
es

: R
L&

F 
de

riv
ed

 B

024681012

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

05010
0

15
0

20
0

25
0

30
0

35
0

40
0

B 
(ID

V)
B 

(S
SN

)
nT

 o
 B

 (R
L&

F,
 m

-a
ac

-B
LS

)

R
z



      

Pl
ot

 o
f f

itt
in

g 
er

ro
r B

pr
ed

-B
ob

s
fo

r 
re

gr
es

si
on

s u
sin

g 
ID

V 
(to

p)
 a

nd
 m

 
(b

ot
to

m
), 

do
ne

 se
pa

ra
te

ly
 u

si
ng

 
O

rd
in

ar
y 

Le
as

t S
qu

ar
es

 (O
LS

) a
nd

 
Ba

ye
si

an
 L

ea
st

 S
qu

ar
es

 (B
LS

). 
Th

e 
re

si
du

al
s a

re
 g

en
er

al
ly

 sm
al

l, 
le

ss
 

th
an

 1
.0

 n
T,

 e
xc

ep
t f

or
 a

 fe
w

 B
LS

 o
r 

m
-b

as
ed

 v
al

ue
s. 

 
 Th

e 
m

ai
n 

im
pr

es
si

on
 is

 th
at

 it
 d

oe
s 

no
t m

ak
e 

m
uc

h 
di

ffe
re

nc
e 

w
hi

ch
 

m
et

ho
d 

is
 u

se
d.

 T
he

 B
LS

 m
et

ho
d 

pe
rf

or
m

s i
n 

bo
th

 c
as

es
 le

ss
 w

el
l t

ha
n 

th
e 

O
LS

 m
et

ho
d,

 a
lth

ou
gh

 n
ot

 b
y 

m
uc

h.
 

 M
os

t o
f t

he
 la

rg
er

 e
rr

or
s (

ex
ce

pt
 fo

r 
20

01
-2

00
2)

 o
cc

ur
 w

he
n 

th
er

e 
is 

si
gn

ifi
ca

nt
 m

is
sin

g 
IM

F 
da

ta
. T

hi
s i

s 
se

en
 g

ra
ph

ic
al

ly
 o

n 
th

e 
pl

ot
 o

n 
th

e 
ne

xt
 p

ag
e,

 w
he

re
 th

e 
m

ag
ni

tu
de

 o
f 

th
e 

er
ro

rs
 is

 p
lo

tte
d 

ag
ai

ns
t t

he
 

nu
m

be
r o

f h
ou

rs
 p

er
 y

ea
r w

ith
 

sp
ac

ec
ra

ft 
da

ta
. T

he
 d

iff
er

en
t c

ol
or

s 
co

rr
es

po
nd

 to
 th

e 
fo

ur
 d

iff
er

en
t 

m
et

ho
ds

 u
se

d.
 U

nf
or

tu
na

te
ly

 I 
do

 n
ot

 
ha

ve
 d

at
a 

fo
r t

he
 m

-m
et

ho
d 

pa
st 

19
99

, b
ut

 th
e 

pa
tte

rn
 se

em
s c

le
ar

 
en

ou
gh

: l
es

s d
at

a 
m

or
e 

er
ro

r. 

-2
.0

-1
.5

-1
.0

-0
.50.
0

0.
5

1.
0

1.
5

2.
0 19

65
19

70
19

75
19

80
19

85
19

90
19

95
20

00
20

05

Fi
tti

ng
 E

rr
or

: B
pr

ed
 - 

B
ob

s

ID
V 

O
LS

 s
td

ev
=0

.4
88

ID
V 

B
LS

 s
td

ev
=0

.5
63

nT

-2
.0

-1
.5

-1
.0

-0
.50.
0

0.
5

1.
0

1.
5

2.
0 19

65
19

70
19

75
19

80
19

85
19

90
19

95
20

00
20

05

m
 O

LS
 s

td
ev

=0
.5

03
m

 B
LS

 s
td

ev
=0

.5
67

nT
Fi

tti
ng

 E
rr

or
: B

pr
ed

 - 
B

ob
s



      

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

1.
2

1.
4

1.
6

1.
8

2.
0

0
20

00
40

00
60

00
80

00
H

ou
rs

/y
ea

r

M
ag

ni
tu

de
 o

f E
rr

or
s:

 B
pr

ed
 - 

B
ob

s

19
65

-1
99

9


