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Appetizer: Evidence for phase-stable solar cycle in early Holocene

LAKE HOLZMAAR

Phase diagrams for algae data from log ¢ VARVE THICKNESS )
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Towards a Synthesis of Holocene Proxy Data AGE C cal. year BP )
and Climate Models”, GKSS School of Stefani, Beer, Giesecke et al., Astronomische
Environmental Research, p. 293 Nachrichten, doi:10.1002/asna.202013809
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Planetary tides and the solar cycle: Venus-Earth-Jupiter alignments

Amazing synchronization of solar cycle with the 11.07 years alignment
cycle of the Venus-Earth-Jupiter system (despite tiny tidal forces!)
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Bollinger, Proc. Okla. Acad. Sci. 33 (1952), 307; Takahashi, Solar. Phys. 3 (1968), 598;
Wood, Nature 240 (1972), 91; Wilson, Pattern Recogn. Phys. 1 (2013), 147; Okhlopkov,
Mosc. U. Bull. Phys. B. 69 (2014), 257; Okhlopkov, Mosc. U. Bull. Phys. B. 71 (2016),
444; Scafetta, Pattern Recogn. Phys. 2 (2014), 1
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Planetary tides and the solar cycle: Venus-Earth-Jupiter alignments

Amazing synchronization of solar cycle with the 11.07 years alignment
cycle of the Venus-Earth-Jupiter system (despite tiny tidal forces!)
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Planetary tides and the solar cycle: Venus-Earth-Jupiter alignments

Amazing synchronization of solar cycle with the 11.07 years alignment
cycle of the Venus-Earth-Jupiter system (despite tiny tidal forces!)
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Planetary tides and the solar cycle: Venus-Earth-Jupiter alignments

Amazing synchronization of solar cycle with the 11.07 years alignment
cycle of the Venus-Earth-Jupiter system (despite tiny tidal forces!)
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Planetary tides and the solar cycle: Venus-Earth-Jupiter alignments

Amazing synchronization of solar cycle with the 11.07 years alignment
cycle of the Venus-Earth-Jupiter system (despite tiny tidal forces!)
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Planetary tides and the solar dynamo: The basic 22 years cycle

Amazing synchronization of solar cycle with the 11.07 years conjunction
cycle of the Venus-Earth-Jupiter system (despite tiny tidal forces!)
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Schove’s maxima with and without “lost cycles”
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Schove’s maxima with and without “lost cycles”
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Comparison of *C and 1°Be Data with Schove’s maxima-Data
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Schove’s, 1%C, and 19Be maxima with and without “lost cycles”
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Planetary motion and the solar cycle: Dicke’s argument

Dicke (1978): ,No support is found for the conventional view of the
sunspot cycle, that there exists a large random walk in the phase of the
cycle. Instead, both sunspots and the [D/H] solar/terrestrial weather
indicator seem to be paced by an accurate clock inside the sun.”

Is there a chronometer hidden deep in the Sun?

R. H. Dicke

Joseph Henry Laboratories, Physics Department, Princeton University, Princeton, New Jersey 08540

No support is found for the conventional view of the sunspot
cycle, that there exists a large random walk in the phase of
the cycle. Instead, both sunspots and the [D/H ] solar/ ter-
restrial weather indicator seem to be paced by an accurate
clock inside the Sun.

IT has long been believed that “the sunspot disturbances, like
the eruptions of a geyser, are inherently only roughly
periodic” '. Observations show a large variation in the ~11 yr

cycle as follows: “It was previously believed that the sunspot
cycle resulted from the superposition of different periodic
cycles. . . . Since then it has become clear that the rise and fall in
the number of spots is due to a number of practically indepen-
dent individual processes. Thus the idea of a true periodic
phenomenon was dropped in favour of the so-called ‘eruption
hypothesis’. On this hypothesis, each cycle represents an
independent eruption of the Sun which takes about 11 yr to die
down”. This conception of an irregular sunspot cycle, implying a
random walk in the phase of the cycle, seems to agree with the
Babcock theory and with subsequent modifications of the

.

. & - ——
Dicke, R.H., Nature 276 (1978), 676 oresoen -) e
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Dicke’s argument

B Distinction between random walk

Is there a chronometer hidden deep in the Sun? (RW) and clocked process (CP) for
R.H. Dicke - * the instants y, of sunspot maxima

Joseph Henry Laboratories, Physics Department, Princeton University, Princeton, New Jersey 08540 ( D - k ) . . (h ) .
o ICKE) Or minima (nere).
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A telling measure for discriminating
between RW und CP is the RATIO
between the mean square of dy, and
the mean square of (dy,, — dY,,.1 )

Dicke, R.H., Nature 276 (1978), 676

RATIO Limes N-> infinity
Random walk (N+1)(N?-1)/3(5N2+6N-3) N/15
Clocked process  (N2-1)/2(N?+2N+3) 1/2
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Dicke’s ratio in dependence on number of cycles

Dicke's ratio
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Distinction between random walk
(RW) and clocked process (CP) for
the instants y, of sunspot maxima
(Dicke) or minima (here):

Residuals: 8y, =y,-Y,-p(n-1),
with p being the mean cycle period

A telling measure for discriminating
between RW und CP is the RATIO
between the mean square of dy, and
the mean square of (dy,, — dY,,.1 )

RATIO Limes N=> infinity
Random walk (N+1)(N2-1)/3(5N2+6N-3) N/15
Clocked process  (N2-1)/2(N?+2N+3) 1/2
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Dicke’s ratio in dependence on number of cycles

N
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« After subtraction of Suess/de between the mean square of 8y, and

Vrries cycle, fits the mean square of (8y,, — 8y,., )
nearly perfectlytoa CP

RATIO Limes N=> infinity
Random walk (N+1)(N2-1)/3(5N2+6N-3) N/15
Clocked process  (N2-1)/2(N%+2N+3) 1/2
Stefani et al., Solar Physics 294 (2019), 60 IO ==
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Presse coverage: Newsweek of 4 June, 2019, Editor's pick

SIGN IN

Bl LY CULTURE il il CULTURE DIV CULTURE

Conservatives Use Social Media to Poor Economic Incentives Have Left We're Running Out of Effective AFTER THE STORM

Move Agendas Much More Than Doctors Without New Antibiotics Drugs to Fight Off an Army of
Liberals Do Superbugs

] epitor's pick

. oy ST |
CALIFORNIA
DEMOCRATS

TECH & SCIENCE

POLITICS
STATE CONVENTION

Donald Trump U.K. Visit: 2020 Democrat: AOC's Health  Sun's Solar Cycle Appearsto  Alabama Church to Show
Meet the Republicans Who Care Talk Could Spell Trump's  Be Governed by the ‘Arthur' Gay Wedding Episode
Will Be Celebrating Re-Election Alignment of the Planets After State TV Ban
Not everyone will be waving "Dump Trump" Presidential candidate John Delaney and Venus, Earth and Jupiter's tidal forces The First Methodist Church in Birmingham,
placards when the president comes to stay. freshman Representative Alexandria influence the solar magnetic field, Alabama, will host a screening and

Ocasio-Cortez are in a war of words over according to new research. wedding party to celebrate the episode on

Medicare for All. June 15.

" Solar Physics G
Donald Alexa_ndrla e X, 5 SArthur
Trump Ocaslo-Cortez

.
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Solar dynamo models: Basics

Any solar dynamo needs:
« some Q effect to regenerate toroidal field from poloidal field
« some a effect to regenerate poloidal field from toroidal field

Q) effect

o effect

Parker, Astrophys J. 122, 293 (1955)

.

r-
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Tayler-Spruit dynamo in the solar tachocline: The main problem

Q effect

wrong m!

B, (m=0) B (m=0)

NS NS

Tayler instability o effect from
<vXxb>m=0)

Spruit, Astron. Astrophys. 381 (2002) 923;
Zahn et al., Astron. Astrophys. 474 (2007) 147




Tayler-Spruit dynamo: Saturation of Tl and helical symmetry breaking

Simple Lagrangian leads to spontaneous chiral symmetry breaking
and mutual inhibition of the two helicities (like in biology)

1 . 53../
.  —— dE
"? '§0>51- ~ eS, —=27/E_2(ﬂ+ﬂ*)E _Z(ﬂ_/’l*)H
L -1 ™~ B = \'S}r Ny ]
R M oH —auEH
N dt
Energy E

Bonanno, Brandenburg et al., Phys. Rev. E 86 (2012), 016313

.

v () I

Mitglied der Helmholtz-Gemeinschaft




<o>/mg!

<f>/m g

Any helical symmetry breaking at low Pm ?

At low Pm, neither the B effect nor the o effect are strong enough to
change the magnetic base configuration. o effect appears only in the

1e-09
0

-1e-09 |
-2e-09 |
-3e-09 |
-4e-09 |
-5e-09 |
-6e-09 |
-7e-09 |
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| / I _
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|
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L
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)

In(<u>/ ms™

4 -25

1 1 1 1 1 1 1 1 _30
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In(<u=/ m5‘1)

-30

exponential growth phase and disappears in the saturation regime.

Induced current at...

Suxb
4.2e-15

4e-15
“3e-15

—2e-15

E]e-ls

500 s

Example: h/d=1.25, Ha=55

Weber et al., New J. Phys. 17 (2015), 113013

.
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Tayler instability: Saturation and helicity oscillations at Pm=10-"°

(Damped) helicity oscillations Ha =70
10 T T T T T 0
0 7 . L 1ot i
-10 } ‘?’i ok il
7, 20| 1% 2
E -30 4 -15 g T 1
§ 40 4 -20 =
0 u alpha 1 s
-60
-70 1 1 1 1 1 1 -30
0 200 400 600 800 1000 1200 1400
t/'s
0 Ol1 012 Ol3 01.4 015 016 017
th
Ha =100
Weber et al., New J. Phys. 17 (2015), 113013 o
e () radr
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Character of the helicity oscillations

Ha =100
Pm=10°

.

Weber et al., New J. Phys. 17 (2015), 113013 =) i)
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Modelling the planetary synchronization of the solar dynamo

0.7

06 |

0.5

Ao, 110712
(=]
[#3]

T/ T

North polar field ——
Negative south polar field ——- -

. 150 Simulated field - - - - - |
_ b Iye="s,
__ 100 r*
N =
=
] o] 50 B
o
. . . 1.8 E 0
1 I I I I I I 1 @)
- 12 © - O 50k
- 14 © ﬁ -
= 1/8 o S it -
[ e > _ i 100 |
L 1/32 I -
B . N '150 C 1 1 1 1 1 1 1 ]
= i 1975 1980 1985 1990 1995 2000 2005 2010 2015

0 02 04 06

1.0
0.0F
—1.0

‘ -
1.3
1.2]
' )
1

1.0

Year
08 1 12 14 16 1.8

T,/ T,

1:1 synchronization of the helicity of
the Tayler instability with tidal (m=2)
perturbations (of the VEJ-system?)...

...yields a 22.14 years solar cycle!

.

DRESDEN ‘ = g
Stefani et al, Solar Phys. 291 (2016), 2197 o= O P/
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A simple ODE model of a synchronized dynamo

A(t) = a(t)B(t) — 7 A(t)
B(t) = wA(t) — z 1B(t)

2
a(t) = ¢ + PB~ (1) sin(2/T,,)
1+ gB%(t) 1+hB*(t)

I 600 ; | )
I Oscillating o term with > @

400 ; A
Constant o term resonant dependence 3 a0 .
. . on the field strength 2001 .
with quenching . . e
(.e., on the frequency w0t , o hoe
of helicity oscillations) o T

Ha
Stefani et al, Solar Phys. 291 (2016), 2197 U e
DR P [




1D-Model (after Parker, but with periodic, synchronized o term):

0B(0,t) 0A(0,t) 0°B(0,1)

_ .3
ot = w(0,1) o0 902 kB”(0,1)
0A(0,t) 0% A(0,1) \
ot = a0,1)B(0,¢) - 062 Loss parameter

w(0,t) = wo(1 —0.939 —0.136 cos?(f) — 0.1457 cos*()) sin(h) ,

a(8,t) = aP(0,t) + ac(6,t)

B%(0,t)
(1 + gaB*(0,t))

at(0,1) = a§(1 +£(t)) sin(20)/(1 + q5B2(6,1))

af(0,t) = af sin(27t/11.07)sgn(90° — 6) for 55° < 0 < 125°

Noise with strength D Stefani et al., Solar Physics 294 (2019), 60




1D-Model (after Parker, but with periodic, synchronized o term):

0B(0,t) DA(0,t) 0°B(0,t) 2
o~ YO T _

2
0A(6,1) = «a(0,t)B(0,t) — 0 A(z’t), Externally
ot 00 .shaken*
< w(f,t) = wo(l—0.939 —0.136 cos*() — 0.1457 cos*()) sin(h) >

a(8,t) = aP(0,t) + ac(6,t)

B%(0,t)
(14 qgaB*(0,t))

@t) = a(c,(l + E(t)) sin(260)/( 1:—:5%

P(0,t) = afsin(27t/11.07)sgn(90° — ) for 55° < 0 < 125

Internally ,Stirred Stefani et al., Solar Physics 294 (2019), 60




1D-Model (after Parker, but with periodic, synchronized o term):

OB(6,t OA(0,t) 0°B(6,t :
% = w(,t) a(m’ ) 822’ )_533(97@ w(@, 1) = wo(l—0.939 —0.136 cos®(#) — 0.1457 cos*(0)) sin(6)
2 . o BQ(Qat) o o
aAéz,t) — a(0.0)B(0.1) — d glé(g,t)’ aP(0,t) = afsin(2mt/11.07)sgn(90 —9)(1 T EBY6.) for 55° < 0 < 125
a C
( )80— T T T T T T T ] g: ( )80— T T T T T T T _328:
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¢ » (O QYOY©] i- &=
) K 3| 8 — [
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NEREE |
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1D-Model with Noise

Conventional alpha-Omega dynamo

yields random walk (RW) C\%’

Synchronized (hybrid) model yields | | | |
clocked process (CP) & ° s 0 om0 B
0
(CP) (RW)
(a) Hybrid  Conventional 0—Q (b) N
000 S & =] 90 80 70 60 50 40 30 20 10
1800 | 7t Random walk ——
6 Clocked process
1600 | 2 5
3 ©
> w 4
i [}
1400 2 3}
: a
1200 2
— | .
00 = R — V— .
-2 0 2 4 6 8 10 90 80 70 60 50 40 30 20 10
Distance from (n"11.07+1003.9) or (n*13.356+t) N
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Suess-de Vries

Gleissberg

Wilson gap




Planetary motion and long periods

a 120 50 100 150 200 250 300 350 400 450 500 550 600
| 1 | | | I | | | I |
100+ 88 104 150 08 506 |
)
5 80 i
S 60 .
< 40 .
20 . .
Solar modulation potential
b 0 1 1 1 1 I I
[ wn —XY
) = —XZ
Coost % z Annually averaged torque modulus —x]
E =z 2
= 0.01 & -
g
0.005 -
0 ! e e . 1 I
50 100 150 200 250 300 350 400 450 500 550 600

Period (years)
Abreu et al., Astron. & Astrophys. 548 (2012), A88
...but notice various counter-arguments by...

Cameron and Schussler, Astron. & Astrophys. 577 (2013), A83
7N\

Poluianov and Usoskin, Sol. Phys. 289 (2014), 2333 DI P [
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Planetary motion and long periods

Residuals [years] (shifted)

Period [years]

Stefani et al.,

10

5

0

DT Remduals from 11.11 years trend
-1 0 5 - .I .l- - l.. .l.. i ) i - . )
LI -. -. - " .I- - - g -f. s -
I.- " " ..- l.- n - l-. - f' - i- Iﬁ.
15 | - . |
o
-20

500

s Iﬂ&% %} :,;’ﬁ-
S x LS

*H A

Residuals from 11.07 years trend ————

1000 1200 1400 1600 1800 2000
Year

Schove’s maxima data,
with two different trends
subtracted...

..and wavelet analysis

\? g,

] Uu N
é% L

=

;

2000

1000

Year

Magnetohydrodynamics (in press), arxiv.org/abs/1910.10383

2 5

10 20
Wavelet energy
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Detailed analysis with different underlying time intervals

(a) (b) — 242-2000 —— 1000-2000 — 1700-2000
o ,..\‘ —— 500-2000 —— 1500-2000 + Data
o S
o o
&
by [0
o <@
o 2
@
2 5
© o
-
) 3
g 500 1000 1500 2000
0
5 =Ry
o =}
g
8 am
o = 1000 1200 1400 1600 1800 2000 2200
- @
o o
° 5
Q Z3
19) <
© g
— o
g | | | I | | g
o
10 20 50 100 200 500 1000 U:" 1500 1700 1900 2100
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Lomb-Scargle periodograms Fits with significant harmonics
based an different intervals () RAETIEE
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Detailed analysis with different underlying time intervals

(a) (b) — 242-2000 —— 1000-2000 —— 1700-2000
LKO) ,E‘ - 500-2000 —— 1500-2000 -+ Data
5 E
o 2
S ;g-.» New
o 500 1000 1500 2000 Gran d
23 %N Minimum*
g = 2?2777
5 ER
el ét?
5’ | | | 1 | | g ‘.?
10 20 50 100 200 500 1000 5, 1700 1900
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Lomb-Scargle periodograms Fits with significant harmonics
based an different intervals I —
DI P [

Mitglied der Helmholtz-Gemeinschaft



Is the Suess/de Vries cycle a beat period between 22.14 and 19.86 ?

Tidal forcing - 22.14 years
Sun around barycenter - 19.86 years
(with unclear physical
effect on the dynamo)

Beat period: 193 years
19.86 x 22.14/(22.14-19.86)
NF- 4l o S
2 3 /\f h r'(' \ \\ \ I H m\ h“‘ o
E ‘ i "M \”\r il \‘ﬂ UL i u
vg 2 M ‘| |||||Jh | H ‘|||I \|\ ||| |||h“ ‘ \‘””H ||‘| ] S-U
Sharp, Int J. Astron. 1 H " ,, H,} m“‘h “4 L | A
Astrophys., vol. 3 (2013), 260 (a)o 800 1000 1200 1400 1600 1800 2000 — }‘.J W J 12
m‘: 4 (I m "W‘| ﬂ l"l\ A I\‘ Vi ‘” . “‘ oy r‘l | W Llﬂ(“"’f - 1
2op A AR RL I LR
° 2ﬁ.‘ﬂ;"."H‘H‘aﬂ\;|‘|\M"|‘.“”".€".‘;tﬁ'u"ml‘f\;"ﬁl‘lw"y:'\‘.a;"l,"‘}‘l"l i
Wilson, Pattern Recogn. UAMNULEE MUY (©
Phys. 1 (2013), 147 Solheim, (bﬁsoo 1600 | 1%00 1éoo 1500 2000 1‘0 160
Pattern. Recogn. Phys. 1 vear Period [years]
2013), 159 o - —
) () FEDR
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Warning: Spin-orbit coupling is not really understood...

...despite a huge body of work...

Interesting...

oo mrihcer Sun AM vs Planet AM
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Is the Suess/de Vries cycle a beat period between 22.14 and 19.86 ?

Perhaps yes...

o—Q-dynamo without
synchronization

a—Q-dynamo with tidal 5 s i
synchronization (11.07 S0

i H‘ il 1

T

pi

years) i *ﬁl‘u“!‘"\‘ ,"l“'”"“/‘ ' | | l\

a—Q-dynamo with tidal o | 5°°f L - ‘f°° - 2o

11.07-years m H»ﬂ;l lut HHH Jun mw I " I

synchronization + 5 ‘

~19.86-year modulation % Al I 'HM” 'H W ” ”"H‘” It l‘ H, ;W& I
f year

k(t) = 0.5 + 0.5 am(t)/am

Stefani et al.,
arxiv.org/abs/1910.10383

max

4=m | 0SS parameter

Magnetohydrodynamics (in press),
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Consistent picture of Schwabe, Gleissberg, Suess/de Vries ?

a—Q-dynamo without @ 2 il ﬁ v
synchronization £z M
ﬁgglz-gyr?(?hr?:n\l/\zlgt:on ¥ ;; [t il - : 22.14 : (®)
Idel synchro mmumwumumumummmuumumwmwummm% | *
a—Q-dynamo with tidal © 500 000 1500 2000 10

11.07-years
synchronization +
~19.86-year modulation

g
“ ﬁ 193
¢ FORTOOITTORISCATISE | s

PSD [a.u.]

[degree] ~ Latitude [degree]

soomanowin el Sl W = e,
.07-years- L =

synchronization + stronger §Z§ ﬁ :MNMMMMWMIM W'Mm I : M’MWW\/\W

~19.86-year modulation - 500 o 500 2000 o

year period

k(t) = 0.18 + 1.0 am(t)/am .,

Stefani et al., Magnetohydrodynamics (in press),
arxiv.org/abs/1910.10383 o ™ LR
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Consistent picture of Schwabe, Gleissberg, Suess/de Vrles ?
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Consistent picture of Schwabe, Gleissberg, Suess/de Vries ?

m(t) —— B(t) with m{t) ——— B(t) with mg(t) ———
: IN IS | :
L ju (19.86 SN SU .
- J 22.14 UN :
=] 4
= : :
= ]
= 4
%‘ S P i :
N g
g, 558719 827 E
: k . .
= : -
- ) ) 1193
7 : E
A 193/3 . 19372 ]
100
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Stefani et al., Solar Physics (submitted); arxiv.org/abs/2006.08320 oresoe (:‘ P [
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The Wilson gap: a consequence of synchronization+modulation?

0.2

oYOLES 120 Random: 1 peak
RELIABILITY NUMBER Random: 2 peaks

ess ~|-mone 2. 4 8 Observed —=—
CYCLES 8-20

| NUMBER
. 2 _4_ 6
160 | T T
L . |
B -
-

.
CYCLE PERIOD GAP
O

- 0.01

011

5

Normalized relative frequency

CYCLE PERIOD (MONTHS}
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2 1 I ® Cycle length [years] Cycle length [years]

SUNSPOT CYCLE NUMBER

Observed and 2 Resulting
synthetic distributions of
distributions of  19.86T./(19.86-T,)
cycle lengths T,

Bimodality of cycle length fits data
much better than assumption of
normal distribution

Wilson, R.M.: J. Geophys.
Res. 92 (1987), 10101 oy =
(1987) ) Meaed—
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Summary of our model (so far)

Conventional a—Q dynamo
without synchronization

Wilson gap and second
(more irregular) beat
period around 100
years (Gleissberg?)

With stronger k-
variation, emergence
of side bands around
~19.86 and ~24.5
years (in order to
compensate the “too
short” cycles)

Vries?)

Beat period 193
years (Suess-de

11.07 years tidal forcing (m=2)
synchronizes the oscillatory part of
o related to some m=1 instability
(Tayler instability, Rossby waves?)

Hybrid a—Q dynamo,
synchronized to
22.14 years period

Some spin-orbit coupling
(poorly understood!) with
dominant 19.86 years
period affects field
storage capacity in the
tachocline (k-parameter)
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Bond

(Eddy, Hallstatt)




Bond events

Wikipedia:

Bond events are North
Atlantic ice rafting events
that are tentatively linked to

Persistent Solar Influence on
North Atlantic Climate During
the Holocene

Gerard Bond,” Bernd Kromer,? Juerg Beer,?
Raimund Muscheler,® Michael N. Evans,* William Showers,®
Sharon Hoffmann,” Rusty Lotti-Bond," Irka Hajdas,® Georges Bonani®

Surface winds and surface ocean hydrography in the subpolar North Atlantic
appear to have been influenced by variations in solar output through the entire
Holocene. The evidence comes from a close correlation between inferred chang-
es in production rates of the cosmogenic nuclides carbon-14 and beryllium-10
and centennial to millennial time scale changes in proxies of drift ice measured
in deep-sea sediment cores. A solar forcing mechanism therefore may underlie
at least the Holocene segment of the North Atlantic's “1500-year” cycle. The
surface hydrographic changes may have affected production of North Atlantic
Deep Water, potentially providing an additional mechanism for amplifying the
solar signals and transmitting them globally.

A prominent feature of the North Atlantic’s
Holocene climate is a series of shifts in ocean
surface hydrography during which drift ice
and cooler surface waters in the Nordic and

Labrador Seas were repeatedly advected
southward and eastward, each time penetrat-
ing deep into the warmer strands of the sub-
polar circulation (/, 2). The persistence of

those rather dramatic events within a stable
interglacial has been difficult to explain. Ear-
lier work (3) suggested that a low-resolution
record of North Atlantic drift ice in the early
Holocene may have been linked to the energy
output of the Sun. The likelihood of any such
strong climate response to solar variability
has long been debated because the magnitude
of the forcing is small. Results of recent
atmospheric general circulation (GCM) mod-

'Lamont-Doherty Earth Observatory of Columbia
University, Route SW, Palisades, NY 10964, USA.
ZHeidelberg Academy of Sciences, Institute of Envi-
ronmental Physics, INF 229, D-69120 Heidelberg,
Germany. *Eidgendssische Anstalt fiir Wasserversor-
gung, A reinigung und Gewua hutz, Ue-
berlandstrasse 133, Postfach 611, CH-8600 Dueben-
dorf, Switzerland. *Laboratory of Tree-Ring Research,
University of Arizona, 105 West Stadium, Tucson, AZ
8572, USA. “Department of Marine, Earth and Atmo-
spheric Sciences, North Carolina State University,
1125 Jordan Hall, Raleigh, NC 27695-8208, USA.
SAccelerator Mass Spectrometry '“C Lab, ITP Eid-
gendssische Technische Hochschule Hoenggerberg,
CH-8093 Zurich, Switzerland.

*To whom pondence should be . E-
mail: gcb@ldeo.columbia.edu

climate fluctuations in the
Holocene. Eight such
events have been
identified. Bond events
were previously believed to
exhibit a roughly c. 1,500-
year cycle, but the primary
period of variability is now
put at ca. 1,000 years....

Fig. 1. Map of coring sites described in the text that provide the basis for

inferring sources and transport routes of ice carrying the petrologic tracers. 84°N
Dashed blue lines: subpolar cyclonic circulation. The main frontal boundaries

are labeled in blue. Red dots are core-top measurements of all tracers. Areas e
enclosed by shading indicate core tops with =10% of tracers as keyed by
colors [red: =10% hematite-stained grains (HSG); yellow: >10% Icelandic
glass (IG); blue: >10% detrital carbonate (DC)]. Documentation for core-top
percentages of HSG and IG are from (2); red numbers next to core-top
locations are percentages of DC in core tops. Colored arrows indicate
inferred direction of transport of tracer-bearing drift ice. Gray lines are mean
(1900 to 1992) ocean-surface temperatures from LEVITUSS4 (52) for spring B
when iceberg discharge into the North Atlantic reaches a maximum. EIC:

East Iceland Current; EGC: East Greenland Current; LC: Labrador Current. 84N
VM28-14: 64°47'N, 29°34'W, 1855-m water depth; VM29-191: 54°16'N,
16°47'W, 2370-m water depth; VM23-81: 54°15'N, 16°50'W, 2393-m

water depth; KN158-4 MC52: 55°28'N, 14°43'W, 2172-m water depth;
KN158-4 MC21, KN158-4 GGC22: 44°18'N, 46°16'W, 3958-m water

depth; and EW9303 JPC37: 43°58'N, 46°25"W, 3980-m water depth. Pet- i
rologic analyses of more than 120 core tops demonstrates that most
tracer-bearing ice today circulates in the cooler waters north and west of the .
subpolar front. Lower tracer percentages to the south and east are consistent
with observational evidence that icebergs there come mainly from south and
west Greenland where tracer-bearing rock types are rare, if present at all.
Increases in DC off Newfoundland, therefore, reflect southward shifts of the
cooler Labrador Sea surface water and carbonate-bearing drift ice. Peak
percentages of HSG and 1G off Newfoundland rarely reach the correspond- -
ing peak values of those two tracers in the eastern North Atlantic (MC52- T T T T T T T T
VM29-191) (Fig. 2). That rules out transport of HSG and IG through the East 8w oW L
Greenland-Labrador Sea current system at times of peak drift-ice transport.

The eastern North Atlantic drift-ice records, therefore, require that at times of peak tracer percentages, ice-bearing surface waters from north of Iceland were
advected southeastward toward the coring site. That was accompanied by cooler ocean-surface temperatures (7) and, by analogy with transport mechanisms
of modern drift ice (53), must have been aided by northerly or northeasterly surface winds in the Nordic Seas and eastern subpolar North Atlantic. The
concentrations of IRD (lithic grains =150 pm), although small, covary with the petrologic tracers, and peak percentages reflect true increases in the tracer
concentrations rather than dilution by other grain types.
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Bond events and link to the solar dynamo (*4C, 1°Be)
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concentrations of IRD (lithic grains =150 pm), although small, covary with the petrologic tracers, and peak percentages reflect true increases in the tracer
concentrations rather than dilution by other grain types.
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Gerard Bond, Jirg
Beer et al., Science
294, 2130 (2001)

“The results of this study demonstrate that Earth's
climate system is highly sensitive to extremely weak
perturbations in the Sun's energy output, not just on
the decadal scales that have been investigated
previously, but also on the centennial to millennial
time scales documented here.”
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Previous results on Schwabe, Gleissberg, Suess/de Vries
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Previous results on Schwabe, Gleissberg, Suess/de Vries
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Gnevyshev-Ohl rule

The Gnevyshev-Ohl rule is an empirical rule according to which the
sum of Wolf's sunspot numbers over an odd cycle exceeds that of the
preceding even cycle.

Gnevishev, M. N.; Ohl, A. I. (1948). "On the 22-year cycle of solar activity".
Astronomical Journal (in Russian). 25 (1): 18-20.

More recently: Evidence for a 200 years modulation of the G-O- rule

Godd 1600 1650 1700 1750 1800 1850 1900 1850 2000

Gen—r——————— T —— T T T T ———— Tlatov, Adv. Space Res.
= o M Modem | 55,851 (2015)
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Fig. 3. The pair ratio G2%/G?. The line G2% /G =1 is plotted; the
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Previous results on Schwabe, Gleissberg, Suess/de Vries
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Bond, Eddy, Hallstatt are not cycles, but a chaotic process!

Holocene drift ice in the North Atlantic
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Bond, Eddy, Hallstatt are not cycles, but a chaotic process!
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Summary
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Our model started from a 11.07-yr tidal forcing which synchronizes (via
parametric resonance) the 22.14-yr Hale cycle. The 19.86-yr cycle of
angular momentum variation leads to a beat period of 193 years, which
IS seen in the North-South asymmetry (and the Gnevyshev-Ohl rule). If
this asymmetry becomes too strong, we obtain irregular intervals, i.e.
(series of) grand minima - Bond events.

Bond events are North Atlantic ice rafting events, linked to climate
fluctuations in the Holocene, which are strongly correlated with
significant 14C and 9B variations as proxies of solar activity. The little ice
age was, very likely, the latest Bond event.

In the best case, we delineated a more or less COMPLETE MODEL of
the TEMPORAL behaviour of the solar dynamo.

In the worst case (not to be ruled out yet) it's COMPLETE RUBBISH...
O V2™
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Remaining problems,
next steps




Confirmation of 11.07-yr cycle period and phase-stability in further
intervals of the Holocene by radio-isotopes and algae data

Is 193-yr really the Suess-de Vries cycle? (Ma, Vaquero: 195-yr
between 800-1340!)

2D model of standard Babcock-Leighton type, but with synchronized o-
component at the tachocline. Main question: How much a-oscillation is
needed for synchronization (mm/s, m/s ??7?). Work in progress...

Better understanding of helicity synchronization of m=1 Tayler instability
or m=1 magneto-Rossby waves (Zaqarashvili, Dikpati, Tobias...) by
m=2 tidal forcing.

Better understanding of spin-orbit coupling urgently needed!

What about m=0 instabilities (Super-HMRI, Mamatsashvili 2019) and

their sensitivity to any m=2 forcing?
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A pure Tayler-Spruit dynamo with periodic a forcing (it works!)
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