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Cycle-to-Cycle Log-Normal Random Walk

Induction equation describes time dependence of solar magnetic field B
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Cycle-to-Cycle Log-Normal Random Walk

Induction equation describes time dependence of solar magnetic field B
0B =nV’B+V x (ux B)
This motivates the iterative time-step mapping of magnetic intensity B
Bj_1 — B,
For linear kinematic dynamo action, u # u(B, 1),
B; = f(n,u)B,_4 gives either marginal steady or polarity oscillations.
For nonlinear dynamic dynamo action, u = u(B, ?),
B; = f(n,u,Bj_1) can give chaos and bias across polarity oscillations.
Consider sunspot number R as representing cycle-to-cycle change of B
pi(R) = R;/Rj_1 ~ Pr(pjo?)
With a logarithmic transformation,
0; =Inp; and S; =InR,
With this, we now consider differences, rather than ratios
3;(S) = Sj = Sj—1 ~ Ps(d;]0%)

As a null hypothesis we test, for possible rejection, a zero-mean normal model

1 52
Ps(8;]02) = Nis(6,]0?) = ——— exp [ J ]

2mo? 202

Upon transformation back to non-log space, we have a log-normal random walk.



Solar Cycle

12 13

14 15 16 17 18 19 20 21 22 23

9 10 11

8

Loy
e ©
< ™

(wuny)Sog

°

~—

_
5.0.5.
(@] (@] O_

(S)e I 1satgd

e
~—

_
5.0.5.
(@) (@} 0_
Q(S9) urgxyq

ee

~— <«

1
v <
o o

—-1.04

!

0

o
I

(Q9—-5)9 cz—Ha

1980 2000

1820 1840 1860 1880 1900 1920 1940 1960

1800

Year



First Diff 6(S)

DiffxBin (8S)b

Diff—22 6(S—Bb)

Number G

250

e AV
g o U O
o o o O

©c O
o o

\
©
o

— =
[@Ne]

0.5

©
9]

e
o

\
©
)

-1.0

Solar Cycle
10 11 12 13 14 15 16 17 18 19 20 21

22 23

1800

1820 1840

1860

1880 1900
Year

1920

1940

1960

1980

2000




Number G

250
200
150
100

(o)l
o O

b
o
N

First Diff 6(S)

DiffxBin (6S)b

Diff—22 6(S—Bb)

Log(Num) S—g

W
o o b o

—
o

0.5

0.0

-0.5

— =
[@Ne]

0.5

0.0

-0.5

-1.0

1800

Solar Cycle
6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

1820 1840 1860 1880 1900 1920 1940 1960 1980 2000
Year



Number G

250
200
150
100

(o)l
o O

b
o
N

First Diff 6(S)

DiffxBin (8S)b

Diff—22 6(S—Bb)

Log(Num) S—g

W
o o b o

—
o

0.5

0.0

-0.5

— =
[@Ne]

0.5

0.0

-0.5

-1.0

1800

Solar Cycle
6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

1820 1840 1860 1880 1900 1920 1940 1960 1980 2000
Year



Number G

250
200
150
100

(o)}
o O

b
e
0

First Diff 6(S)

DiffxBin (8S)b

Diff—22 6(S—Bb)

Log(Num) S—g

W
o o b o

—
o

0.5

0.0

-0.5

— =
[@Ne]

0.5

0.0

-0.5

-1.0

1800

Solar Cycle
6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

1820 1840 1860 1880 1900
Year

1920 1940 1960 1980 2000



Number G

250
200
150
100

(o))
o O

b
o
20

First Diff 6(S)

DiffxBin (8S)b

Diff—22 6(S—Bb)

Log(Num) S—g8

W
o o b

—
o

0.5

0.0

-0.5

— =
[@Ne]

0.5

0.0

-0.5

-1.0

8

9 10

Solar Cycle

11 12 13 14 15 16 17 18 19 20 21 22 23

626

oo

1800

1820

1840

1860

1880 1900 1920 1940 1960 1980 2000
Year



250
200
150
100

Number G
o
(@]

Log(Num) S—g8b
i R R )
o o & N O

—
o

0.5

0.0

-0.5

First Diff 6(S)

— =
[@Ne]

DiffxBin (8S)b

0.5

0.0

-0.5

Diff—22 6(S—Bb)

-1.0

1800

Solar Cycle

8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

(X J oo ®e ®e L X J ®e (X J ®e

626

1820 1840 1860 1880 1900 1920 1940 1960 1980 2000
Year



250
200
150
100

Number G
o
(@]

Log(Num) S—gb
T R R )
o O & O

—
(@]

0.5

0.0

-0.5

First Diff 6(S)
oo

_ =

DiffxBin (8S)b

0.5

0.0

-0.5

Diff—22 6(S—Bb)

-1.0

1800

Solar Cycle

8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

626

oo (X J ®oe [ X ] (X J (X J (X J

626

®0

oo oce ®e X ] ®0 oce ®0

— '

.

— =

(PO

OP I I \..\ | ..\ | .\. | O\o | .\. | O\o |

1820

1840 1860 1880 1900

Year

1920 1940 1960 1980 2000



Number G

b
o
20

First Diff 6(S)

DiffxBin (8S)b

Diff—22 6(S—Bb)

Log(Num) S—p

Solar Cycle

8 9 10 11 12 13

14 15 16 17 18 19 20 21 22 23

250

= — N

o a (@]

(@) (@] (@]
T

(o)l
o

(@]

W
o o b

—
(@]

e
3]

o
o

\
o
[$)

— =
[@Ne]

0.5

e
3]

e
o

\
@
)

—-1.04

626

®0

oo oce ®e X ]

 °®

®0

oce ®0

— =

(PO

OP ‘.. | o0 |
| | | |

===

°0 , ®®* , Q9°

1800

1820

1840 1860 1880 1900

Year

1920

1940

1960 1980 2000



Retrospective statistical tests
for sunspot number since 1800:

No 22-yr variation for log-max SSN can be
rejected, p < 0.01, but for log-sums p = 0.38.

Random (p = 0.29) log-normal (p=0.67) cycle-
to-cycle change minus 22-yr cannot be
rejected.

Log-normal random walk as a description of
long-term trend cannot be rejected, p = 0.27.

Prediction:

Probability of descent to Dalton-like
minimum before cycle 26 is 0.02.
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