Characterizing Geomagnetic Storm Data for Machine Learning Models of Geomagnetically Induced Currents

‘ il
" 11

Declan Baker!?, Amy Keesee?3, Victor Pinto?, Michael Coughlan43, Hyunju Connor?* “ u

2o 20
T = e
A A

IDepartment of Physics, University of Virginia A A
NG52A-0174 “Institute for the Study of Earth, Oceans, and Space, University of New Hampshire MAGICIAN

SDepartment of Physics and Astronomy, University of New Hampshire Machine Learning Algorithms for

Geomagnetically Induced Currents

*Department of Physics and Geophysical Institute, University of Alaska Fairbanks in Alaska and New Hampshire

Introduction Occurrence frequency of dB,;/dt based on MLT position and strength of dB;/dt

— _ _ , — ABK NEW OTT PBQ WNG YKC
° The SOlar Wlnd S lnteraCtlon Wlth the Earth S magnetlc fleld Can Frequenc-y of dBHt based on MLT for ABK Storm 0 Frequency of dBHt based on MLT for NEW Storm O Frequency of dBHt based on MLT for OTT Storm 0O Frequency of dBHt based on MLT for PBQ Storm O Frequency of dBHt based on MLT for WNG Storm O 3l5=g_eque-ncy of dBHt based on MLT for YKC Stor.r_nO
cause Geomagnetically Induced Currents (GICs) at ground level, "l - : ) -

which are hazardous to power and communications infrastructure. = c TR e o I o -
& | LI E: - .- 4 g £ o £ s E e £ ] %m = - _-.: -
* Fast, accurate, and precise forecasts of GICs are needed as they Storm0 | X" _é : § ® . e N R A : I R - - 3
. .y . I . - e . " Gl PR ]
could allow providers to mitigate damage to their networks. S Y AT “° L 0 ke : oy ;
* Recent ML forecasting models are trained on solar wind R . S TR A T
parameters for inputs and ground-level horizontal component of : _ i : ' . ] -
the magnetic field By for targets (e.g., from SuperMAG stations). T - 3 Il . : B :
-3 -" ) : = 2 -l B g T - E‘"" - : g ¥ ) - : g
* However, ML algorithms are not always the most accurate due to Storm1 | e o G W B “la : SN : LR N ERIEE -
multiple factors impacting the data, so detailed analysis on the o "if*f‘”""- ; | AT TR SRR e E. IR
data is needed in order to figure out where the underlying patterns e R E e et e e tird 0 B n = L
are :iaquency of dBHt based on MLT for ABK Storm 2 i?quency of dBHt based on MLT for OTT-Storm 2 Frequency of dBHt based on MLT for PBQ-Storm 2 Frequency of dBHt based on MLT fg,- WNG Storm 2
 Here we look at the MLT distribution of dBy/dt from SuperMAG Do | B _ N : . : g - :
stations during five geomagnetic storms of interest 10 - - . ol ERIR . A L
Stations and Storms LSRN g ek N g T Lo oo e h.g.%{afr- iy %
60°W Frequency of dBHt based on MLT for NEW Storm 3 Frequency of dBHt based on MLT for OTT Storm 3 Frequency of dBHt based on MLT for PBQ Storm 3 Frequency of dBHt base:LTon MLT for WNG Storm 3 Frelz.quency of dBHt based on MLT for YKC Storm 3
e High Latitude: ABK (68.35), PBQ (55.28), YKC (62.48) . T - ' ’ ' ' m = :
) /f@NEW RN Mid Latitude: NEW(48.27), OTT (45.4), WNG (53.75) J w . S 1oL o e :
T VIEA— \% £ 0|m B R e e " - N . - I T . . = m - " .
_y/FRD { = N 4 \Pat Storm3 | ¢ - e A é:: HE . IE . __:.'F: 5 P t z . I e -
\2 @SNK KC\ Event # Date and Time Min (Dst) E . 'l:-::-.;. = ; . = .E.Ei: : . T
DT, - W 1 29 October 2003 06:00 UT-30 October 06:00 UT -353 nT ; gL':l fh-, o e ey CIT LI . . ! ﬁ- < -
“@ o | 2 14 December 2006 12:00 UT-16 December 00:00 UT 139 nT e il : S T e i, T P 5_'-?:-:.: e 1 !g.&,.ﬂ';?:,_ - e
. L 3 31 August 2001 00:00 UT-1 September 0000 UT 40 nT et s oot s e || ot o e s g o s RS T
TS Fed/ / 4 31 August 2005 10:00 UT-1 September 12:00 UT =131 nT : - N - Frequency of dBHt based on MLT for WRG Storm 4
O N SlRi® /5\ - 5 5 April 2010 00:00 UT-6 April 00:00 UT ~73 nT S T i - 3
X s o ///\\Qs 6 5 August 2011 09:00 UT-6 Aug 09:00 UT -113 nT O - . N . i )
< N oWNG ) Storm 4 5 | - . l ;- - = ; i-. . = £
\ SFUR ) _ . . L : - ; © - S =L
We use the stations and storms used in Pulkkinen et al, = ﬁ‘_ " TEE L 7
2013. We excluded the 2003 October geomagnetic storm At .- e T =
60-70 deg latitude Threshold Results Occurrence Frequency Results
N W L r e R * Our results show that as latitude « At mid-latitudes, strong dBy/dt occurrences tend to be occur closer to
i rt (U e | e AL increases so does the occurrence of midday, for all geomagnetic storms studied
gg, ] 1 an = = il : | - —Iﬁ 1 1 . .
2 LR T P SEEe s pans pagd dBy/dt spikes at different thresholds * On the contrary, at high latitudes, the strong dBy;/dt occurrences seem to
- jyisas w  Asthe latitude increases, there is a be more centered around midnight
.- | oo | o U | o stronge(;‘ de;()jendence between MLT and  Mid-latitude dBy/dt occurrences always occur a few MLT hours before
i 10 UL R 1 {; J- strong dBy/dt occurrences than high-latitude occurrences
] 1, il L o ° ] 1 1 . . . - L. .
- o T o Aoy ﬂ]& e =T | EDAT High latitudes stla(tlon, StgongddBH}{ dt 1 » In all the plots displayed in this work, there seems to be 3 distinctive
: Y E ﬁ i rﬂ T jﬂif SicE | ) occu}rlrences pea baroun HZHB m% L ell\jllLT peaks of occurrence. At high latitudes, the peaks seems to be spread out.
’ . i . . .
H H iekiidhics i w are the strongest between 23 and / ' At mid-latitudes the peaks then to be grouped together in MLT
s S . ‘glgmléi latitudes, o.(élcluré‘ence of strong »  We expect these results to help inform decisions when trying to develop
‘: P dBy/dt events rapidly decreases as we dBy/dt models that use deep learning
MR - increase the minimum required
_ | 1 ] i . .
100 0T |1 I 1L f T E g=iigilclis=s threshold. At the same time, it is very
R 1 ¥ 1 = L% T hard to identify any type of MLT Acknowledgements and References
i | H 1 sl iy dependence
* FTI\ZHHB\Hd SN N 1 1 H ! M(HH DFB | N | | . . .
- S S | » Still, at mid-latitudes there seem to be a This work is supported by NSF EPSCOR T-2 Award #1920965
- H% tendency for dBH/dt occurrences to be « Ngwira et al. 2015. Characteristics of extreme geoelectric fields and their possible causes: Localized peak
i . more frequent between 8 and 16 MLT enhancements.
>200 nT | ¢ M i | | W = _ _ _ « Amm & Viljanen 1999. lonospheric disturbance magnetic field continuation from the ground to the ionosphere using
) ) ity Lﬂ m=y = e Stations present Sllghtly different spherical elementary current systems.
h M i ( ‘ IH behavior that could be explained the - OMNIWeb data taken from omniweb.gsfc.nasa.gov
SN |1 T A 10 e L iy # TS/ S ) S — timing geomagnetic storms «  SuperMAG data obtained from supermag.jihuapl.edu




