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Unusual Solar Cycle 23

o00F Jian etal., Sol. Phys., 2011
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Heliospheric Magnetic Fields (HMF)

Cycle 21 Cycle 22 Cycle 23 Cycle 24
LI I LI I LI I rrri I LI I LI I LI I LI
1oL * HMF (OMNI2)
E —— SSN/10
10 -
L) '- —
c vl WS "
£ 8FH:: Rl RER A
LEL - far .. '_}' , ":'.-" _.-.\‘:":-.,.:" v .
T R s o : SAOE I : - .
6 %) °* .o veg : e
s 0 ot . o T
2.6 |41 thiy . las v,
. e ' '1 [ " Y l """""""""""""" I """"""""""""""" T Ll
4 " Wi If h le‘ Yl o ey *
y '\ ‘ i} M‘ ) " I"i
.1‘ jh \ | My { g ’1“ V'
2 "li L1 | 1111 \-_ V1 | L1 1 | k Al | 1111 """'vu "‘

60

0

1975 1980 1985 1990 1995 2000 2005 2010 2015

Year

v At 11-year minima, B consists of :

)
i)

a floor of = 2.8 NT.
a component due to solar polar

HMF (nT)

fields that varies from = 0 nT to =

3 nT (Cliver and Ling, 2011).

v" Polar fields provide the “seed” for the
subsequent sunspot maximum.

The floor of the HMF is the yearly
average value to which it returns
at each solar min. A floor of 4.6 nT
was proposed by Svalgaard and
Cliver [2007] using estimates of the
HMF from 1872-2004.

32 + 043 x B
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Declining Photospheric Fields (1975 — 2014)
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Estimating the Strength of Cycle 25

.......................................
- Solar Cycles 14-23
Cliver and Ling, Sol Phys (2011) 19
_ |
- : SSN, =634 x B, - 1847 o
: SSNyyyy (24) = 64.7 +22
.......................................
2 3 4 5 6
B (nT)
MIN

1 For Cycle 14-23, Cliver
1 & Ling (2011) showed a
] precursor relationship
1 between peak SSN and
] By @t their preceding
1 minima.

Using our estimate of B, (in 2020) of 3.8 nT
the sunspot maximum In cycle 25 :

max

(25) = 56 +13



%] Interplanetary Scintillation (IPS)
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Modelling Grand Minima

Using records of “C in tree rings 27 grand minima have been
detected In the last 11,400 years (Usoskin et al. 2007; Steinhilber et

al. 2012).

v'Fluctuations In meriodional
circulation initiate grand minima
(Karak and Choudhuri, 2013), with
gradual changes giving rise to a
gradual onset.

v'One or two solar cycles before
grand minima onset, the cycle period
becomes longer (since meridional
circulation determines cycle period -
Karak and Choudhuri, 2013).

v'There is evidence of longer cycles
before the start of the Maunder
minimum and Spdrer minimum
(Miyahara et al., 2010).
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O+] The Terrestrial Connection

N = 1.24 x104x [fo F2]2 electrons/cm3
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v The F-region ionosphere is produced by solar EUV.

v" A crucial ionospheric parameter is the critical frequency,
In MHz, of the F-region (foF2), a quantity proportional to
the root of the electron density at the height
corresponding to that of maximum electron density.

v foF2 is a good proxy for SSN.



%] Conclusions

v Solar photospheric fields and solar wind micro-turbulence
levels have been steadily declining for the past 19 years
and will continue to decline at least until 2020 . There is
Indication that we are probably headed towards a
Maunder-like grand minimum beyond Cycle 25.

4 Based on the -correlation between the high-latitude
magnetic field and the HMF at the solar minima, the HMF
will decline to a value of 3.8 — 4.0 nT by 2020.

v SSN,.. of Cycle 25 will be between 56 +£13, making it
only a little stronger than the cycle preceding the
Maunder Minimum between 1645 and 1715.

4 There i1s some indication that the ionospheric cut-off
frequency had reduced significantly






%] Sunspot Formation Fraction

Sunspot formation
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D¢l Extreme Events ?
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The Carrington Super Storm of 1859

o)
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X “""“/‘\ Table 5: Top 10 Dst Storms*
c
2 o | Rank Dst(nT) Date
% 1 -589 03/14/1989
= 2. 465 11/20/2003
c:ts 360 3. -429 07/15/1959
I 4. -427 09/13/1957
Q 5. 426 02/11/1958
5 1600 nT 6. 401%*  10/30/2003
+ Tsurutani, et al., JGR, 2003 T _33? D33 11{]{}1
Y B s Ui U ¥ 387 05/26/1967
6 20 0 4 8 12 16 20 0 4 0 -354 11/09/1991
Bombay Local Time (hrs) 10. -339 11/13/1960

v Three of the five largest solar energetic proton events and
two of the eight strongest storms In the last 150 years
occurred during relatively weak solar cycles 13 and 14.



