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Current solar activity index



Solar magnetic field reversal

lStrong toroidal magnetic fields (TMF) forming Active Regions (ARs) 
lare created in a shear layer beneath the base of the Solar Convection zone 
(SCZ).



Fitting the 
PCs to 
measured in 
cycle 24 and 
prediction to 
25-26
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(Shepherd et al, 2014, Zharkova et al, 2015)

Eigen vectors come in pairs, here are PCs



S       Summary curve of 2 PCs v
(Zharkova et al, 2015)
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Modulus summary curve
Zharkova et al, 2015, SciRep; 2020, Temp., Zharkova et al, 2022, MNRAS s 

sunsdata
(Shepherd et al, 2014 ; Zharkova et al, 2015)
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Katiashvili, 2020, ApJ;
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Predicted solar activity (Zharkova et al, 2015, SR 
https://www.nature.com/articles/srep15689)

Zharkova et al, 2015, Nature SR
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Solar cycle 26 will be the end
of the Modern Maximum

Observed data from which
the entire prediction was made

Discovery of grand solar cycles :350-400 years 
In addition to 11 year cycles 

Observational result, dynamo model was not yet considered
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Interference

• y1(x,t)=Acos(kx-ωt) (top wave), 
• y2(x,t)=Acos(kx-ωt+D) (middle wave)
y(x,t)=y1(x,t)+ y2(x,t)

resulting wave with amplitude B
ω – frequency, k –wave number, 
x – wave displacement
D – phase difference
A  - Amplitude
• D=0 constructive interference, B=2A
• D=π (180o) –destructive interference, B= 0

The two  waves interference 



Summary dynamo wave 
on the millennium scale (Zharkova et al, 2015, Nature SR)

Zharkova et al, 2015, SR 
https://www.nature.com/articles/srep15689

Dynamo model (top) and summary curve (bottom

Popova et al, 2013

https://www.nature.com/articles/srep15689


Upcoming Grand Solar Minimum

Maunder Grand Solar Minimum

Zharkova et al, 2015, Popova et al, 2018 



Wavelet spectral analysis
Averaged sunspot numbers                   Modulus summary curve of PCs Z15



Correlation with SPSS of SSN with MSC
25%

56%

67%



Predicted solar activity in cycles 25-26 
(Zharkova et al, 2015, SR 

https://www.nature.com/articles/srep15689)
Zharkova et al, 2015, Nature SR
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Fitting the 
PCs to 
measured in 
cycle 24 and 
prediction to 
25-26
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Eigen vectors come in pairs, here are PCs
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Volcanic eruption numbers (top row) and 
link with SA (left) and magnetic field (right) cycles (bottom row)

https://solargsm.com/publications



Wavelet spectral analysis of VE frequencies

Top plots: Time series of the annual 
volcanic eruptions in the period of 1750-
2020 (top left) with the power bar for the 
wavelet spectrum (top right). 

Bottom plots: The wavelet spectrum with 
periods (Y-axis) derived from frequencies 
of volcanic eruptions (bottom left) obtained 
using the Morlet wavelet. 

The global wavelet spectrum (the solid 
black line) and Fourier spectrum 
(the indigo line) (bottom right). 

The Cone of Influence (COI) marked by 
the black dashed lines

https://solargsm.com/publications



Top plot

Blue – frequencies of volcanic eruptions
Red - the summary curve of solar background 
magnetic field. Positive magnitudes – northern 
polarity, negative - southern polarity.

Bottom plot 

Volcanic eruption frequencies highly (0.84) 
correlate with the summary curve with southern 
polarity with a period of 22 years (1860-1950). 

Next maximum of volcanic eruptions will occur 
in cycle 26 (2031-2042).

Volcanic activity correlates with SA cycles of southern polarity
(Vasilieva and Zharkova, 2022)

https://solargsm.com/publications



Scatter plots of correlation
of averaged sunspot number SSN and modulus summary curve MSC of eigen vectors of solar magnetic field

1868-1950 &1990-2020 
Correlation 84%

1750-1868
Correlation -33%



North pole motion in 1590-2025

Reconstructed locations

1590-1750 (green curve),
1750-1860 (blue curve) 
1860-2025 (violet curve)

In 1760-1860, the magnetic pole was moving 
away from it geographic position (see Fig left)

thus reducing the interaction with the solar 
magnetic field of any polarity 

after 1860 it began returning back by rapidly 
approaching the geographic pole of the Earth

that simplified this interaction with the solar 
magnetic field.

https://solargsm.com/publications



Solar irradiance and terrestrial temperature during MM

Lean et al, 1995, JGR
Authors S,  Maunder 

minimum, W/m2
S 1990-2000, W/m2 △S  from MM, %

Lean et. Al., 1995 1363 1366 0.22
Steinhilber et al, 2012 1364 1366 0.22
Shirley et al., 1990 --- 1370 0.51
Wolff and Hickey, 1987 --- 1371 0.51
Lee et al., 1995 --- 1372 0.51

After the  TSI data were re-normalized the old data are hardly usable

Lamb, 1972; Easterbrook, 2016



Temperature restoration during/after MM 
(Shindell et al., 2001, Science)

• The surface temperature of 
the Earth was reduced all 
over the Globe

• Europe and North America 
went into a deep freeze

• Alpine glaciers extended 
over valley farmland 

• Sea ice crept south from 
the Arctic 

• Danube and Thames rivers 
& canals in the 
Netherlands froze regularly



Temperature restoration during MM 
(Shindell et al., 2001, Science)

• the drop in the temperature 
was related to dropped 
abundances of ozone 
created by solar ultra-
violate light in the 
stratosphere, the layer of 
the atmosphere located 
between 10 and 50 
kilometers from the Earth’s 
surface



• Less ozone affected planetary 
atmosphere waves

• They, in turn, caused the giant 
wiggles in the jet stream as 
shown in picture on the left

• It kicked the North Atlantic 
Oscillation (NAO)—the balance 
between a permanent low-
pressure system near Greenland 
and a permanent high-pressure 
system to its south—into a 
negative phase

• that led to Europe to remain 
unusually cold during the MM

Shindell et al., 2001



• Cycle 25 (green line) 
shows a steeper growth of 
the number of spotless 
days than any other 
cycles including the ones 
during Dalton min (cycles 
15 and 24) (blue line)



Modern Grand Solar Minimum 2020-2053
Snow in  Carpathian mountains

7, 14 July’19 July –Ukraine, 12 July 2019, 2021-2021 – many examples
• Contrary to the prediction of JAMES 

HANSEN, 1989: “NEW YORK CITY’S 
WEST SIDE HIGHWAY WILL BE 
UNDERWATER BY 2009”

• January 2020 snow and 
frost -2C was recorded in 
Amman, Arabia, first in 150 
years

• Early snow in Canada in 
September’ 20, May 21

• Summer snow in south of 
Australia 2021



Snow in Africa’s desert 8 December 2020
https://twitter.com/GerryAMcG/status/1336420778582138886

https://twitter.com/GerryAMcG/status/1336420778582138886


Snow blizzards in USA and Canada 
for 2 weeks in Dec ’22 –Jan’ 23



Late spring snow 

in Australia  and NZ
22-30 November ’22

(analog of late May 
in Northern hemisphere)



• UNPRECEDENTED WINTER 
STORM HITS BRITISH COLUMBIA

• Both NOAA and NASA appear to 
agree, if you read between the 
lines, with NOAA saying we’re 
entering a ‘full-blown’ Grand Solar 
Minimum in the late-2020s 

• NASA seeing this upcoming solar 
cycle (25) as “the weakest of the 
past 200 years”, with the agency 
correlating previous solar 
shutdowns to prolonged periods of 
global cooling here.

Modern GSM is progressing –November 2020- June 2022

https://electroverse.net/noaa-confirms-a-full-blown-grand-solar-minimum/
https://electroverse.net/noaa-confirms-a-full-blown-grand-solar-minimum/
https://www.nasa.gov/feature/ames/solar-activity-forecast-for-next-decade-favorable-for-exploration/
https://www.nasa.gov/feature/ames/solar-activity-forecast-for-next-decade-favorable-for-exploration/
https://earthobservatory.nasa.gov/images/7122/chilly-temperatures-during-the-maunder-minimum




Modern Grand Solar Minimum
https://solargsm.com/solar-activity/

• To occur in 2020 – 2053
• This is a unique event in solar-terrestrial connection à will reveal the pros 

and cons of solar dynamo models
• Decrease of solar magnetic field à big impact ozone reduction, high cloud 

formation, jet direction changes, cosmic rays inclease
• Increase of volcanic and earthquake activities
• Effects on the terrestrial temperature via TSI, jets and volcanic activity
• Shortage of vegetation periods can lead to possible food shortages in 2028-

2042
• Need inter-government efforts to avoid energy and food shortage disasters 

https://solargsm.com/solar-activity/


Thanks for your attention!


