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ABSTRACT
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DTU Semi(?)-annual variation of geo-magnetic storms

THE DISTRIBUTION OF CORONAL MASS EJECTIONS AND GEOMAGNETIC STDRMS ARE STLIDIED DURING SOLAR CYCLE 23. THERE IS NO SEASONAL VARIATION
OF CMES BUT THERE IS AN ANNUAL VARIATION OF STORMS. IT IS SUGGESTED THAT THE DEPENDENCE CAN BE ANNUAL AND ALSO DEPENDENT ON SOLAR

ACTIVITY.

INTRODUCTION

IT HAS LONG BEEN KNOWN THAT FOR INSTANCE THE H-COMPONENT OF
EARTH MAGNETIC FIELD AND INDICES LIKE KP AND AP VARY SEMI-
ANNUALLY (MURSULA ET AL 2005) PEAKING IN MARCH AND SEPTEM-
BER. WHEN FORECASTING THE GEO-EFFECTIVENESS OF CORONAL
MAss EJECTIONS (CMES) IT IS IMPORTANT TO UNDERSTAND IF THE
TIME OF YEAR IS INFLUENCING THE RISK FOR A GEOMAGNETIC STORM.
THIS STUDY IS A PART OF UNDERSTANDING HOW THESE VARIATIONS
SHOULD BE TREATED WHEN FORECASTING GEO-EFFECTIVENESS OF
CMEs. CMES AND STORMS IN THE PERIOD 1997-2010 ARE HERE
CONSIDERED. BASED ON SUNSPOT NUMBER TWO SUBGROUPS HAVE
BEEN IDENTIFIED, ONE FOR SOLAR MAXIMUM (1997-2003) AND ONE
FOR SOLAR MINIMUM (2004-2010). A LIST OF STORMS IN THE ENTIRE

TIME SPAN HAS BEEN CREATED AND COMPARED TO THE SOHO ",'
i
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‘TABLE 1 GIVES THE STATISTICS OF THE TwWO DATA SETS. THE DIVI-
;SIEIN IS BASED ON BOTH SUNSPOT NUMBER AND ALSO KEEPING THE
;!‘TWCI TIME PERIODS EQUALLY LONG.

RESULTS
b

.THE SMALLEST EVENTS HAVE BEEN REMOVED FROM THE DATA SETS,
SO THAT ONLY CMES WITH SPEED GREATER THAN 200 KM/S AND
STORMS WITH DST LESS THAN -30 NT ARE CONSIDERED. FOR EACH
MONTH IN THE TWO TIME INTERVALS THE NUMBER OF EVENTS IN EACH
MONTH HAS BEEN COUNTED AND PLOTTED IN FIGURE 2 AND 3. THE
REDUCED Xz HAS BEEN CALCULATED IN ORDER TO TEST WETHER THE
NUMBER OF EVENTS IS EVENLY DISTRIBUTED OVER EACH MONTH. THE
NUMBER OF CMES HAS BEEN CORRECTED FOR SOHO DOWNTIME AND
GIVEN AS CMES/DAY. "

DISCUSSION

THE CME RATE IS EVEN WITH A 5% SIGNIFICANGCE LEVEL EVENLY DIS-
TRIBUTED OVER EACH MONTH. THE STORMS ON THE OTHER HAND HAVE
VARIATIONS OVER TIME. IT IS INTERESTING TO SEE THAT THE DISTRIBU-
TION VARIES DURING THE SOLAR CYCLE. IN SOLAR MAXIMUM WE FIND
MOST STORMS IN OCTOBER. IT CAN BE DISCUSSED WETHER THERE IS A
PEAK IN SPRING AS WELL OR IF THERE ONLY IS A SEASONAL VARIATION.
DURING SOLAR MINIMUM THERE IS NO CLEAR MAXIMUM
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ALTERNATIVE APPROACH

T
ANOTHER DATA SET HAS BEEN CREATED TO TEST THE RESULTS. 21 1
CMEsS HAS BEEN RANDOMLY SELECTED IN THE TIME 1996-2010. FOR
EACH AN AVERAGE DST HAS BEEN FOUND REGARDLESS WETHER THE CME
WAS GEO-EFFECTIVE OR NOT. THE NORM OF THE DST IS PLOTTED IN FIGURE
4. IT IS SEEN THAT THE DISTRIBUTION OF DST IS VERY SIMILAR TO THE
DISTRIBUTIONS OF STORMS FOUND IN FIG 2.
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Solar Max
Parameter (1997-2003)

Solar Min
(2004-2010)

Total CMEs (v>200 km/s) 7261
Total Storms (dst<-30 nT) 317
CMEs/day 3.32
Storms/day 0.145
CME Speed (km/s) 541
Ap peak 82.7
Ap mean 58.5
Mean DST (nT) =77

Table 1: Overview of data sets

Storms with DST less than —30 nT and CMEs (v > 200)Year: 1997-2003
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Figure 1: Sunspot numbe

Storms with DST less than =30 nT and CMEs (v > 200)Year: 2004-2010

o
—
©

o
—
o

Storms per day

w w
[6)]
o © o©
N (o)) (o] N

CMEs per day

Storms per day

=
(63}

CMEs per day

—
(&)

Month

Figure 2: The monthly distribution of
CMEs and storms in solar maximum.

Prob (;2=5.1)=82% (CMEs)
Prob (y*=133)=0% (Storms)
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Figure 3: The monthly distribution of
CMEs and storms in solar minimum.
Prob (*=2.4)=98% (CME?)
Prob (¥*=59.4)=0% (Storms)
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Figure 4: DST distribution over the year in tt
1996-2010. Dst peaks only once per year |

CONCLUSION|

-

CME RATE HAS NO SEASONAL VARIATION
" "GEOMAGNETIC STORM DISTRIBUTION VARY BOTH OVER THE YEAR AND

SOLAR CYCLE

°*|S THERE AN ANNUAL VARIATION AND NOT SEMI"ANNUAL VARIATION?
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