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Substorm on 1% January 2014

The peak amplitude during the first expansion in Bear Island and during main expansion
around Muonio & Sodankyla. Several expansions and contractions of auroral oval seen.
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Substorm on 17t March 2015

The latitude of the peak substorm intensity varies a lot between Kevo and
Nurmijarvi. Several southward expansions detected during 5 h interval.

17-03-2015, 19:19 UT

end

0 — L
-250 ! A NAL
: / HOR
-500 : | BJN
1 | SOR |
| B 750 4 | | v B
|| > | I ||
© _1000 - | ! MUO
| | 500
—1250 A | 1 ouJ
500 : i HAN
—1500 4 | | NUR
: . -
-1 0 1 2 3 4 5 6
—— P —— : e NAL
| |
.......... pr——— .:..:-. HOR
75 4o - P e e BIN
—_ I |
= | |}
he | |
D P T TDUBTION  we e e e e e e e e e e e e @ e e e e e e e e e eamnaneeeeeen P, SOR
870 {0 —lIII -— o ® lLargest c°“t"t?“t'9" ........... IS e KEV
=1 | e Smallest contribution 1
2 e et e o-loan... 2MMANIESE COMMIDUNION | e @i Fe e MUO
E Pesemmm— - - - - - - X CERRTLETRITTETTIEETIREE @ crcrsssssssssnns GEEMEEND « -+ ccssessssssssstsssssstsstssassstssnsnnannnn -0 CENDEES - - - PYIEEEEEE |—--- - e SOD
I |
65-........ - - — e - ——— .- ——— -+ e —— e ——— |- & e - —] OU|
I I
.................... e oo | HAN
60 |- em—eeeee. L..... o amm——— e S - - ————— - -« - et bueeecaesneeneaeieee. NUR
-1 0 1 2 3 ) 5 6

Time from start (h)




‘.
. 3‘0

- How well single station data can be used to
- estimate substorm characteristics?
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For simple events (such as example 1) maybe quite well but

for dynamic substorms (such as example 2) maybe not.

Let us take a closer look.



Substorm intensity and length

Simple Al method used to identify substorms from 1993 to 2018 (Tanskanen, 2009).
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Substorm number and dissipation
Jaakonaho I., MSc thesis, 2019

Statlon substorm number vs IL Statlon energy d|$$|pat|on vs IL

7N Data from all stations is needed

to monitor substorm energetics.
Single stations badly under-
estimates the energy dissipation.
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Seasonal variation
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Seasonal variation of substorms in different

- Seasonal variation less pronounced for large substorms. :

14
12

10 -

Substorm number

e ol Semedinert CSYRSRERT 3 S

activity levels

Monthly substorm number, years 1993-2016
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Tanskanen et al., 2017b; Tanskanen and Jaakonaho, 2019
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Dst NETWORK

Luomanen, J., BSc thesis, 2018
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Seasonal variation i1n the southern hemisphere
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SOD yearly substorm number
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Close to 2003 number <05 yearly substorm number i

(all during declining phase) ¢ ¢
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The Sun is the ulimate sgurce offfhagneti disturbances

corotating interaction Alfven waves (dark grey
region, CIR (light grey)

high-speed
stream, HSS




Sources of geomagnetic activity:
active regions and coronal holes

Complex active regions (CARs) produce Fast solar wind originating from the polar
complex interplanetary magnetic field. coronal holes carry solar wind fluctuations
Hale classification used: a, 8, By, fY9 ...

from the Sun towgrds the E,arth.

’ AlA 211 - 2015/03/31 - 19:29:59Z ‘
Nikbakhsh et al., A&A, 2019 Tanskanen et al., JGR, 2017a
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- Solar cycle evolution of complex active regions, CARs
Nikbakhsh et al., A&A, 2019 ok
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Summary of results

Substorm length and amplitude can be estimated surprisingly well
with single station data. Data from all stations is needed to monitor

substorm energetics.

- Similar seasonal variation 1s seen in the northern and so ,
>misphere 1nd1cat1ng the 1mportant role of external sources such
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