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M otivation

Reconstruct the 11-year/22-year solar cycles by measuring *#C content
In tree-rings with annual time resolution to clarify.....

» the characteristics of solar variations during the long-term solar
dynamo events; such as the Maunder Minimum, the Spoerer Minimum
and the Medieval Maximum Period, as well as their precursors.

» If the “11-year” solar cycle really affects climate over time.

Many climate parameters show ~11-year cycle (Hoyt & Schatten, 1997), but similar
cycle could also come from climate system itself.

» what is the possible mechanisms of Sun-Climate connection at the
decadal timescales, TSI, UV and/or GCRs?

There is one way to differentiate their effects; which is the 22-year cycle




Cosmic rays and “C in tree-rings

Galactic Cosmic Rays (proton etc.)

-

Modulation by Solar Magnetic Field

-

Modulation by Geomagnetic Field

-

Cosmic Ray Air Shower in the Atmosphere

a

secondary neutron
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14N +n _)14C + p

<

14CO,

High magnetic activity = Low 14C
Low magnetic activity = High 14C
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Neutron Flux a Clima
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Solar cycle at the Maunder & Maunder-type Grand Solar Minima

The Maunder Minimum (1645-1715 AD) The Maunder-type Grand Minimum
(Miyahara et al., 2004, 2006) : (B.C. 4th century)

Delta 14C (permil)
Deltal4C (permill)

1605 1635 1665 1695 1745§ —374 —344 -314
Year AD Year AD

I1.5

1

' Io.s




Different evolution of solar cycle at the Spoerer Minimum (1415-1534 AD)

» During the Maunder Minimum (duration: 70 yrs)
solar cycles more or less stably continue with ~14-year period

» During the Spoerer Minimum (duration: 120 yrs)
the evolution of solar cycles seems complex

such as...
Intermittent ~11-year cycles
Strongly suppressed signal around 1460-1500 AD

Occasional 13~14 year cycles (Miyahara et al., JGR, 2006)

0.2F
5 >
< 0.15 | 13
O (o}
| y & 0.1 L
High precision measurements => D ?
are needed to confirm this results o - 3,
L 0.05 e =

1420 1440 1460 1480 1500 1520 1540
Year AD




Stretching of the preceding solar cycle of the Grand Solar Minima

The Spoerer Minimum (1415-1534 AD)

Frequency (1/yr)

1400 1420 1440 1460 1480 1500 1520
Year AD

The Maunder Minimum (1645-1715 AD)

#

02 ' 1.5
<.0.15 1
S
g 0.1 - 0.5
o
24 05

1580 1600 1620 1640 1660 1680 1700 1720 1740
Year AD

The Dalton Minimum
<>

A *C (per mill)

300

3

3

Jaquin lodsung

Preceding cycle of any kind of Grand Solar Minima

Is stretched to be ~13 years




Actual length of the “11-year” solar cycle during the last 1100 years

THVrs 10-11yrs 9-11 yrs ~11yrs
11 18 yis 11~14 yrs ~14 yrs ~13 yrs

30 M aunder

."E\ Blue dots: Miyahara et al., 2004, 2006, 2007 Spoer er Dot
Red dots: Damon, 2003 alton

= - Wolf
2 10 Oort
ol A
;&.) 10 . *
< 2

B ¢ (Decadal)

800 \ Avloo 1400 1700 2000

Medieval Maximum Period Year AD

» Cycle lengths tend to have inverse correlation with the activity level

> If this relationship is confirmed, the record of solar cycle length may help in
understanding the long-term change of the absolute solar activity level

> Solar activity at the Early Medieval Maximum Period (the 9-10™ century)
seems higher than today (Miyahara, et al., EPSL, in press)



“11-year” solar cycle affects climate?

ACRIM
Let's look at Total Solar Irradiance Composite

the Maunder Minimum !

-
<
I

I 500 ppm
, ERS :

&

&

5
|

Because the length of the “11-year” cycle
changes at the Maunder Minimum

Total Solar Irradiance [W/m?]

360 —
358 1—
Monthly Sunspot Numb: —250
- S — 200
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We can understand the contribution of

GCRs by looking at the 22-year cycle Polarity of the Sun
positive negative positive negative
| | | | L

(a)

: =~ 420 |- =300
TSI , Ultra Violet g |
,, 400 250
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Cosmic ray modulation in the heliosphere GCR 0.5¢

- Maunder Minimum
>

(b) Negative polarity
Q0

Termination © §

(a) Positive polarity

Termination
shock

~100 AU
HCS

Fig. 1.6: Schematics of the drift trajectories of GCRs in the meridional plane for a. 4 > 0 and b. A < 0 epochs
[after Jokipii et al., 1977]. GCRs would enter the heliosphere along the HCS and exit via the poles in 4 < 0
epochs. In 4 > 0 epochs the flow would be reversed with particles entering over the poles and exiting along the

HCS.  (From Okazaki, 2008)
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Solar forcing of climate during the Maunder Minimum (Miyahara, et al., EPSL, in press)

(a) solar polarity
E = o = e = = = = - ok = ok =
Solar 2 B max
activity .8 |
o 200 1" 2 Cooling events occur
@ -~
£ 03 at solar minima but seem to
E 150 | | =
2 13 have dependency on the
Ei 100 | / 2 2 min polarity of solar dipole
5 | magnetic field
a 50 ‘
5 o L Hlhimr 1A il “JJH ] Cooling events @ negative
1600 1650 1700 1750 during the Maunder M.
Yoarng (Vinther, 2003)
(b) Cooling events @ positive
Temperat | | | = before/after the Maunder M.
o 200 | 2 _
o 2 -> 14/28-year climate cycle
5 180 = during the Maunder M.
L]
2 100 | 2 _
E -> 11/22-year climate cycle
2 50 before/after the Maunder M.
3
5 oL lhmWllIn il
1600 1650 1700 1750

Year AD




Humidity in Japan increases at solar minima @ polarity negative

Warm Vinther, 2003

] -

<
<

<«—Maunder Minimum —» |

| Temperatures deduced
From Greenland Ice cores
(Vinther et al., 2003)

Greenland Temperature Anomaly (°C)
. [ =]

-3 | 1 | 1

1620 1640 1660 1680 1720 1740 1760
Cold
dry 31 T T T T . T .
Ourresults . Maunder Minimum——> — S
30 F Erors =0.2% < Humidity in Japan around
§29 i 1 June deduced from
00, 28 180 in cedar tree-rings
=
] -
82 r (Our results, 2008)
s
26 al
v
] 925 1 | 1 | | |
humid 1620 1640 1660 1680 1720 1740 1760

Year (AD)

Not a regional event!

Blue shade:solar minima @ polarity negative
Red shade:solar minima @ polarity positive




Superposition of Humidity change over “22-years” during the Maunder Minimum

> .
= active _ -
= l Negative Positive
f A<O A>0
@© ) i
c(/D) Inactive
Solar max min max min  max
29
dr :
y 28.5
2 .
= . 28 :
= n
= £ :
i O 275 3 (Our results)
= 10 :
@© 27 :
& .
v 26.5 — . +
humid :
26 FENEEEEEEEEEEEN EEmmE

- Superposition of humidity in Japan over “22-years” (28 years) shows

solar cycle variation + humidity increase when the polarity of the Sun is negative (?)



Two modes of Climate 22-year cycle Miyahara, EPSL, 2008 (in press)
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Conclusions

¥ Actual length of the “11-year” solar cycle changes ranging over 9-15 years

3¢ Climate cycles change as solar cycles change

3% Dependence of climate change on solar dipole polarity + phase transition of
polarity dependence were observed around the Maunder Minimum

~

The mechanisms how GCRs affect cloud formation is not yet well known, but
climate variations during the Maunder Minimum seem to be suggesting that
GCRs could be very important

If so, configuration of solar and heliospheric magnetic field &
dipole polarity changes could be very important to climate

. /




Possibility of spiky cosmic ray increase at every 28 yrs during the Maunder Minimum

c 2::5 T ;,I : T |
2 A ! : 10Be@Greenland (Dye-3)
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22-year cycle detected in tree-ring width (proxy of temperature)
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Possibility to use the cycle length as a proxy of the absolute solar activity level
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N+2 Cycle Amplitude
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Figure 5. Cycle period and N + 2 cycle amplitude as functions of the drift rate of the sunspot area
centroid at cycle maximum. The cycle period (panel a) has a significant anti-correlation (—0.5) with
the drift velocity at maximum. The amplitude (in sunspot area) of the N + 2 (second following) cycle
(panel b) has a significant positive correlation (0.7) with the drift velocity at maximum.
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FiG. 4—Cycle period vs. drift velocity toward the equator at sunspot
maximum for each hemisphere cycle. The cycle periods are anticorrelated
with the drift velocities. The solid line shows the best linear fit through the
points while the dotted lines show the | ¢ limits. The dashed lines give the
median values of the two plotted quantities. The probability of getting this
distribution, or one even more suggestive of a departure from independ-
ence, from two independent quantities is less than 5%. Hemisphere cycles
with fast drift rates have short periods. This relationship is characteristic of
dynamo models that employ a deep meridional flow to transport magnetic
flux toward the equator.

Inverse correlation between the cycle length and the cycle amplitude is likely
to exist, however, there may be lags of a few cycles between them (Solanki, 2002)




