CHL TERMA E [0 EPROT Irnl:ll.ri o Fartugues ::'.Ih‘:nddgl.

e aalbad W 1 CrHBREA LI'B-H'I'H‘E-IE # i Mrrosier

Gy O APMA o cmin FCTHE:

Towards an improved proxy for

geomagnetically induced currents
(GICs)

Fernando Jorge Gutiérrez Pinheiro'?, Marta Neres®#, Joana Alves Ribeiro#,
M. Alexandra Pais!2, Rute Santos!, and Jodo Cardoso®

IDepartment of Physics, CITEUC - University of Coimbra, Coimbra, Partugal

‘Geophysical and Astronomical Observatory of the University of Coimbra, Coimbra, Portugal
‘Portuguese Instituto for the Sea and Atmosphere {IPMA), Lisbon, Portuga

*Instituto Dom Luiz - University of Lisbon, Lishan, Portugal

“Department of Physics, LIBPhys- University of Coimbra, Coimbra, Portuga



GIC Measurements

Installed on 30'™ August 2021
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Geomagnetic Storms Registered on GIC sensor

17t September 2021 4*h November 2021 14 April 2022
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Why work with filtered data?

Butterworth filters
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Why work with filtered data?

Butterworth filters
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Why work with filtered data?

Butterworth filters
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Tested proxies

B,(t), By (t)

Haw Data

imin proxias

Flowechart of proxies used to compare with GICs, for different time resolutions: the whole geomagnenc storm duration, 1 hour and 1 minute.



1-hr proxies
devmax explanation

Linear index that measures the maximum |
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1-hr proxies
K-type proxies
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1-min proxies
B and dB/dt proxies

R

= w1 [
§ ual e i, sematty W

[T N

row

i
.1.- ‘-\---l-..__h.-.-..,,\_‘\I M""..-"". F“‘-".'-""._ il
@ ' +

-
-
s MR T

[ i
(LY
L

L]

Bhiau

= oo
s
—

i
[T =
EEE

Correlation between GIC and Bx (green|
H and dH/dt proxies . fittered
ﬁE ol : = ﬁ: [
fi 5 f
l: .l'--"-''‘'''I-I."'\-.-.'-.-r-"'"‘"I I"..u'l“"'fﬂﬁ"l h-.'/llm""‘‘‘‘—"'—""‘-lllil'--ﬁn..--""l"nII lll'-"'\-u‘“"""‘ilﬁl.\ﬁ : -l.-'‘'""l'I"I"s...ﬂ.—--""'\'I I"uq.u'i"“ l“"' k‘l"""“—“_"‘in"rwﬁllﬁlll“ﬂﬁ"ﬁ'fk".

(- _ T e Srreiies Lt it Rt T o e et gt St
Lk L L A LI T [LHE AL Ealjen e L el 1§

Lorreianon ar U L] W I_h 1|'||'_' mMagnit e of the hl’_: rzonial Componant i =

L

filtered

[ [P —
(LR ]

T b o e 2 B i L P i e Ll s e Tan . e “x
i LU LAt [ L] g L EL A g

| e

+ B andwith the magnitude of the ome derivate of i

17 September 2021



Comparison of all studied proxies

17th September 2021 4t November 2021 14 April 2022
Dst = -64 nT Dst = -105 nT Dst = -81 nT
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Comparison of all studied proxies
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EGIC-Index

How it is estimated?

1. Calculate E & E,, from a uniform half-space of 1000 0.m
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EGIC-Index

How it is estimated?

1. Calculate E & E,, from a uniform half-space of 1000 0.m

2. Calculate fitted coefficients as a function of E

GIC = A.E, + B.E,

.—-"7_

Measured or estimated



EGIC-Index

How it is estimated?

1. Calculate E & E,, from a uniform half-space of 1000 0.m e

2. Calculate coefficients fitted to the observations/estimations, for each substation and geomagnetic storm

GIC = A.E, +B.E,

.—-"7_

Measured or estimated

3. Calculate EGIC for any geomagnetic storm and a given substation

EGIC = A.E, +B.E,




EGIC-Index
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EGIC-Index
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EGIC-Index
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EGIC-Index @ Paraimo substation
Model

I

— rroel
— Eqit

e
mr JIIL

w1

o

Fa BHT

G e LRI

17" September 2021

Observations
filtered raw filtered
p— .
Y -y -
Y
8z
MW e P
.2 1l
.84
a5 . . . -8 — . -af —_—
5 1 1T o o MmN 1T 1n 1 1 n 15 14 17 1A 18 1 N
Seplemitat 2071 TapimmEsr 2071 Saptermiar 2071
08 ne b
oi) o (a) reues RS
o o2 b
£ £
s - gun \* ghu
=
-0 i ~n2
=[.4 =] 4 =04
94 -03 @0 @3 a4 08 o4 03 @0 @3 o4 04 -84 -—p3 @0 @3 o4 04
Fox (41 P (A3 P 81



EGIC-Index @ Paraimo substation
Model
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14t April 2022

EGIC-Index @ Paraimo substation

Model Observations
raw filtered raw filtered
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EGIC-Index @ Paraimo substation

Estimated GICs Observed GICs
Raw Filtered Raw Filtered
A B r A B r A B r A B r

2021.09.17 | 26430 62696 0.97 |-3448 19997 0.59 (22547 18782 049 -1319 7816 0.38

2021.11.04 | 21477 59300 0.96 | 5113 23042 0.66 | 4695 18565 0.49 | 2492 9385 0.53

2022.04.14 | 20500 57983 093 | 3879 18529 058 | 2186 12688 035 -69 7004 0.45
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Model Observations
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EGIC-Index @ Paraimo substation

Estimated Vs Observations
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Sum marv Fernando Finheiro

= First GIC measurements allow to test GIC model;

= Filtering data helps to understand differences between estimations & observations;

= For 1-hr proxies, filtering improved correlations between GIC proxies and observations;
= devmax was the best 1-hr proxy;

= For 1-min proxies, EGIC needs to be improved.

Next steps:

- Improve conductivity model for deeper layers (long period MT soundings);
- Improve GIC sensor resolution (meanwhile, waiting for stronger events...);

- Improve the E model in EGIC, mainly for the E, component
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