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Why do we want to model the electric fields?
Geomagnetic Induced Currents (GICs)
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Area of Interest
Ireland and UK
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® Temporary site (electrics and magnetics)
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Sources of EM fields
Primary Magnetic Field & Influence of the Subsurface Geology

Primary magnetic field Influence of the geology
(Interpolate between Magnetic Observatories) (Magnetotelluric geophysical method:
Zw . FW ¢ FE 12E kM o Tensor relationships relating EM fields)
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Sources of EM fields
Primary Magnetic Field

Primary magnetic field
(Interpolate between Magnetic Observatories)
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» Spherical elementary current systems
(SECS, ionospheric currents)

 Linear interpolation

* Cubic interpolation
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Sources of EM fields
Primary Magnetic Field

Primary magnetic field
(Interpolate between Magnetic Observatories)
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» Spherical elementary current systems
(SECS, ionospheric currents)
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Sources of EM fields

Influence of the Subsurface Geology

Tensor relationships 2w 6w 0°
60°N

MT Impedance Tensor, Z ( local)
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Sources of EM fields

Influence of the Subsurface Geology

Tensor relationships

MT Impedance Tensor, Z ( local)
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Sources of EM fields

Influence of the Subsurface Geology

Tensor relationships

MT Impedance Tensor, Z ( local)

(e;;‘(w)) i (Zxx (w) Z,, (w)) (hﬁ(w))
ef(@)) "\Zyx (@) Zyy (@) )|\ (w)
Inter-station Impedance Tensor, Z’

ey

Reference site

(e;é‘(w)) i (Zx‘x (w) Z,, (w))
ey(@)) \Zyx (@) Zy, (0)

Inter-station Horizontal Magnetic, M’
he(@)\ _|(Mex(@) My (@)\|/ 7 (w)
hy(w))

My (@) My, (@) \h2 ()
(w): Frequency dependence

Reference site

Trinity College Dublin, The University of Dublin

Data needs to be measured at least ones at
the site of interest to compute the Tensor
relationships

« Works under the Plane-Wave
approximation: similar primary magnetic
field in both sites
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Sources of EM fields

Influence of the Subsurface Geology

Influence of the geology on the magnetic field (Secondary/Induced magnetic field)

2°Ww 6w  0° 6 12°

Tensor Relationship between magnetic fields

(assuming same magnetic source for all the sites)
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Sources of EM fields

Influence of the Subsurface Geology

Influence of the geology on the magnetic field (Secondary/Induced magnetic field)

Tensor Relationship between magnetic fields 22-23 June 2015 storm
(assuming same magnetic source for all the sites)
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Modelling E fields

Testing different approaches

57°N

Method 1

EA =74

as a result of SECS interpolation
using measured magnetic fields as inputs s
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Modelling E fields

Testing different approaches

57°N

Method 1
E4 =74
as a result of SECS interpolation
using measured magnetic fields as inputs s
Method 2

“Total” = “regional” + “local” 48N
A _ A A

Trinity College Dublin, The University of Dublin



Modelling E fields

Testing different approaches

57°N

Method 1
E4 =74
as a result of SECS interpolation
using measured magnetic fields as inputs s
Method 2

“Total” = “regional” + “local” 48N
A _ A A

“regional”
A _ 7AMr pMr

Not account for different magnetic
sources (plane wave approx.)

Mr: Magnetic Reference site, such as CLF
(less affected by local storms)
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Modelling E fields
Testing different approaches
Method 1
A _ 7A N
ET —_ Z >4
as a result of SECS interpolation
using measured magnetic fields as inputs s
Method 2
“Total” = “regional” + “local” 4N
A _ A A
ET — Ereg + Eloc
“regional” “local”
A _ 7AMr pMr A _ 7A
Efeg =277 B Ei,o =2
Not account for different magnetic Correction for local storms

sources (plane wave approx. : : :
(p pprox.) as a result SECS interpolation using

local magnetic storms as input ( fori=

Mr: Magnetic Reference site, such as CLF VAL, BIR, ARM, LER, ESK, HAD ...).
(less affected by local storms)
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Modelling E fields
Testing different approaches
Method 1
A — A 54°N
EA =17
as a result of SECS interpolation
using measured magnetic fields as inputs s
Method 2
“Total” = “regional” + “local” 4N
A _ A A
ET — Ereg + Eloc
“regional” “local”
A _ 7AMr pMr A _ 7A
Efeg =277 B Ei,o =2
Not account for different magnetic Correction for local storms

sources (plane wave anprox.) sing

We aim to reduce the influence of the for i
Mr: Magnetic F Interpolation methods

(less affected byroeer—ror=
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Modelling E fields
22-23 June 2015 Storm, ESK Observatory

Method 1 Method 2
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Modelling E fields
22-23 June 2015 Storm, ESK Observatory

MT with Besx Method 2
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Modelling E fields

ESK and LEI sites for two different storms

17-18 March, 2015 Dist.
Method 1 Method 2 Local B Obs.

mmmmm

064 712 024 072 660 030 098 335 0.73

086 261 037 087 186 043 098 098 069 125

*ARM Observatory stop recording

22-23 June, 2015 Dist.
Method 1 Method 2 Local B Obs.

mmmmm

079 992 037 083 821 044 097 467 0.72
093 142 056 093 121 060 09 111 0.64 95

=3

1 >|Coherence (Coh)| >0

1 > Performance Parameter (Pp) >0
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New EM data
Ireland and UK
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Conclusions
Modelling electric fields in Ireland and UK

* New approach for modelling E fields (Method 2)
» Higher accuracy
 Differentiate between local and regional signal
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Conclusions
Modelling electric fields in Ireland and UK

* New approach for modelling E fields (Method 2)
» Higher accuracy
 Differentiate between local and regional signal

« Constrained levels of accuracy (approx.):
* Ireland: Con>0.8; Pp>0.4
« UK:Coh=>0.65; Pp>0.3
* RMS depends on the storm; larger storms larger RMS
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* New approach for modelling E fields (Method 2)
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 New EM data in Ireland and UK
» Modelling EM fields at country scale.
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Conclusions
Modelling electric fields in Ireland and UK

New approach for modelling E fields (Method 2)
» Higher accuracy
 Differentiate between local and regional signal

Constrained levels of accuracy (approx.):
* Ireland: Con>0.8; Pp>0.4
« UK: Coh>0.65; Pp>0.3
* RMS depends on the storm; larger storms larger RMS

New EM data in Ireland and UK
« Modelling EM fields at country scale.

Computational costs
« Over 7 min with standard PC, mostly to calculate SECS, which is not ideal
for monitoring (Machine learning?)
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