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Solar activity as a field for statistics

e Solar surface oscillation

— helioseismology —

Sun Interior Tomodagraphy

« Magnetic structure -
fractal nature

Avalanche in flares energy
release - Self Organized
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New observational data
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Total energy flux,
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display the power laws (Dennis 1985)

- the power law distribution

Self Organized Criticality state

(Lu & Hamilton 1991)
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Normal (Gaussian) distribution,
Statistically independent events
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Solar-Terrestrial Connection

e Solar activity — Heliosphera — Space weather
(solar wind, cosmic ray, Earth magnetic field)
yes, without doubts )

e Space weather — Earth weather

(condensation, pressure map, clouds, rains)
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e Earth weather — agriculture — crop — pfice

well. well ... @




Solar Activity — Heliosphera — Space weather

(solar wind, cosmic ray, Earth magnetic field)
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Solar wind ram pressure - smoothed data
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AA-index and Sunspot Number (r=0.55)

a AA-TOTAL

3 - 200 50
i 180 - | 45

‘ B e 3 H‘ 160 40

b4 4 ", v 1 T

Ki b/ \3 ) \u\ 140 1 > 135

1 I - ry i 120 i h b 1 30
: 100 - | . 125

1960 1965 1970 1975 1980 1885 1990 1885 2000 200

80 -
60 -
40 1 ¢
20
0

e A%, lff | Ky&'iﬂ t,

- 20
15
10

0

1865 1890

1915 1940 1965 1990

—— Series3

Flux(CR) - Moscow
——Sunspot Number (USA)

CR Flux - Sunspot anticorrelation (r=-0.78)

9800

9000 1
8200
7400
6600
5800

5000 +
1958

500
400
- 300
- 200
- 100

1980

ISR 0
2002

1969

1991

Year




Space weather — Earth weather

(condensation, pressure map, clouds, rans)

1. Global warming
(T anom-o< L(MIn-min))

E. Friis-Christensen and K. Lassen, 1991

2. Cloudiness — CR Flux

H. Svensmark and E. Friis-Christensen, 1997
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Space weather — Earth weather
(condensation, pressure map, clouds, rains)

3. AA-index — NAO (North Atlantic Oscillation) =
=Pressure(Azors)-Pressure(lceland) =>
Atlantic storm circulation tracks - ( r=0.7 for 1948-2002 )

R. Lukianova and G. Alekseev, 2004










Earth weather — agriculture — crop — price -...

1. History: Forerunners and victims

Jonathan Swift (1726), Willlam Herschel (1801), William
Stanley Jevons (1875)
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2. Problem — instability of the effects




Statistical problem — search of possible price

reaction on space weather abnormality on the
background of humerous another factors of influence

1. Solution —price burst effect as result of
threshold type of sensitivities.

Wheat production depends A wheat market with a limited supply is highly

on wegther condi.tions-as a nonlinearly sensitive to wheat supply
nonlinear function with

threshold transitions

Wheat Price
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Statistical problem — search of possible price reaction
on space weather abnormality on the background of
numerous another factors of influence

e Three types of expected burst-like price
reactions on solar activity state
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Example — Medieval England
(high risk agriculture zone, isolated market)

Data for Analysis

o Agricultural prices P(t) in England for 1259-1702 from Prof.
Rogers (1887).

o Moments of maximums/minimums of sunspots Thax(t),

Twmin(t) for years 1610 - 2000 from NOAQO Satellite and
|nformation Center at

ftp://ftp.ngdc.noaa.qov/STP/ISOLAR DATA/SUNSPOT NU
MBERS/ maxmin.new

« Dataon solar activity maximums from isotope 1°Be in

Greenland for the years 1600-1700 from Beer et al. (1998) and
Usoskin et al. (2001).



Three components of price variability:
transition, noise-like, bursts

Year's Wheat Prices in the Middle Ages England
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Main object — price bursts intervals
SP(t) = AP(t )/ P(t;) AVNPV (t;) = Abs(dP(t;))

ADP-Absolute value of Inff for normalized Deviations of Price
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Statistics of Interval Analysis
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Statistics of Max/Min price Asymmetry-Correspondence
between wheat price level and solar cycle phase for
1600-1700 from '’Be in Greenland ice

Max & Min moments of '°Be and relative prices level in the
1580-1700 year (Maunder Minimum)
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* Consistent differences in prices at moments of maximum and minimum states
of solar activity (1600-1700). White and black triangles are prices in the
moment of the maximum and minimum of solar activity from 1°Be. White and
black rectangles are prices averaged for 3-years intervals centered on
moments of maximum and minimum.

« W=(1/2)°<0.2%



Speculations on the corn exchange as test
of statistical reliability of conclusions

—— Prices fat
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Wheat Price Asymmetry in USA (1910-1992)

4400 - Wheat Pricc?s Assyrrfe?ry relative sunspot
Maximum-Minimum state L
" _
Q
3.900 - g - 08 : el 1989
£ 06
T
3400 | 8 - 0.4
& L 0.2
| ‘ L ] ‘ : : : 0
2900 8 7 6 5 “ 2 1
Cycle Number from 1908 L -0.2
2400 -
1917 1386
1.900 -
1400 -
0.900 -
0.400 -
_O]_(D | I I I I I I I I I |

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000




H . Yellow numbers indicate percent of national total
lltEd StﬂtES. D“rum state contributes to national production annually
not numbered contribute less than 1% to the nati

Legend
- Major growing areas
- Minor growing areas



Interval analysis in search of optical
“fluctuars” = isolated black holes in ISM
Victor Schwartzman, Josef Bernshtein,1973

Bright hallo around BH

Energy release — flare like reconnection
Expected time curve — numerous bursts on 2-3
R, with time 1= Ry/c=10-100 ps

For intensity 103-10% counts/sec standard
approach is impossible

Solution: statistics of the intervals
between photons —> excess above
Poisson on the At=1



