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Daily geomagnetic field variations

“solar” = “diurnal”

e "solar quiet” (Sq):

> §q = M (daily variations ) for 5 most
quiet days of a month

o “solar disturbed” (Sp)
o SD e S - DSt

S = J(daily variations ) for all days of a
month

Dst = p (daily variations ) for 5 most
disturbed days of the month

° Sp similar form to Dst
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PCA vs standard



Data: all Januaries 2007-2014
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Methods to calculate Sq
. Quiet days (Sqop)
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Methods to calculate Sq

2. Principal Component Analysis (Sqpca)

* Input matrix:
> Rows: hours (1, ..., 24)

o Columns:days (I JanYl,...,31 JanYl, | JanY2,
.31 JanY2 etc.)

e Time interval:
° all Januaries 2007-2014 , together & separately



PCA: January - Variance fraction
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Sqpca: January
* PCI
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Sqpcal January
» PC2
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Sqpca: January
* PC3
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Sqop Vs PCs: correlation coefficients

PC2

2007

0.77
(0.05)

2008

0.47

2009

0.55

2010

0.9
(<0.01)

2011

0.25

2012

0.3

2013

2014

041

all

0.62
(0.08)




PCA vs QD: preliminary conclusion

* PCA is a good method to extract Sq-type
variations

* In most cases (PC| + PC2) explains 25-88%
of the Sqgp variations (r = 0.5 + 0.94)

* For the geomagnetically disturbed time
intervals PC3 is needed

e But...



lonospheric model vs Sqpea
e PC2 for [8*3 | days] = “true” Sq
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Sq,op contamination by the disturbance field
> 9 yrs of data

> Only IQD are used (5 days*month) = PCA of IQD
Mode | —“true” Sq?

10 1

Mode 2 —“disturbance” contamination? (mode | + mode 2 = Sq,qp)

QD for 2007-20115 data series: 50 & PCA
— BCA: IQD, modsl
5q IQD
PCA: IQD, modss 1+2
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PCA:1QD vs all days
> 9 yrs of data
all days

PCA \op Mode | —"“true” Sq?
PCA

Mode 2 —“true” Sq?
They are similar!
Sq X for October 2015

PCA for 2007-2015 data series

— -BCA: IQP, modsl
— BCA: all; modal
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Xl

10

IQD: | yr (= | month) vs 9 yrs (= 9 x| month)
> 9 yrs of data

Sq — contaminated!?

° | yr of data

Sq — even more contaminated!?

PCA for 2007-2015 & 2015 data series
Bq Sve= IQD
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PCA: | yr (= | month) vs 9 yrs (= 9 x| month)

> 9 yrs of data

PCA all days MOde 2 _“Sq”?
° | yr of data
PCA | 4as Mode 3 —“contaminated Sq™?
Sq X for October 2015

PCA for 2007-2015 & 2015 data series
101 PCA lwr all. mode3
— PCA_Twr=: all, modal
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How to test if a signal is “Sq™?

o

> CMb5 model: Primary & Induced ionospheric filed - seasonal
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variations

How to test if a signal is “Sq™?

Annual + semi-annual modulation
Solar activity — scaling only!
Sq X for October 2015

o CMb5 model: Primary & Induced ionospheric filed - seasonal
Harmonics (6, 8, 12,24 h)

CM5S for 15 & 30 Oct 2003
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lonospheric model vs Sqop

—y2010 Sq COI — CMS Xionoprim + Xionoind on 15.03.2010

CM5 is an empirical inverse
model derived from pre-
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