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Monitoring of lonospheric Gradients At Swarm (MIGRAS) A#y

DLR

Two new products namely

= TEGIX (Total Electron Content
Gradient IndeX) and

= NeGIX (electron density Ne
Gradient IndeX)

_<TCNSS-GS

are developed based on Swarm GPS
and Langmuir probe observations,
respectively.
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Spatial gradient monitor- Gradient lonosphere indeX (GIX) A#y
DLR
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Total Electron Content Gradient IndeX- TEGIX

Definition: Mean value of TEC gradients (TEGIX), and GNSS s
corresponding standard deviation (STD) and 95 percentile that
characterize the overall topside TEC structure over a selected

area (0.5° latitude bin) above the Swarm orbit (~660 km).

Input: Vertical Total Electron Content (VTEC) obtained from
POD data of Swarm -A and Swarm-C satellites (Level-2 data
TECATMS_2F 1 Hz data).

Output:
e TEGIX_ Total, TEGIX_X, TEGIX_Y (mean TEC gradients,

west-east, north-south comp.) /

e TEGIX_ Total_Sigma, TEGIX_X_Sigma, TEGIX_Y_Sigma (STD
of TEC gradients)

e TEGIX Total_P95, TEGIX_X_P95, TEGIX_Y_P95 (95
percentile of TEC gradients)
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Total Electron Content Gradient IndeX- TEGIX

Definition: Mean value of TEC gradients (TEGIX), and Satellite traces
corresponding standard deviation (STD) and 95 A

percentile that characterize the overall topside TEC CP
structure over a selected area (0.5° latitude bin) above

the Swarm orbit (~660 km). tiss

Input: Vertical Total Electron Content (VTEC) obtained

from POD data of Swarm -A and Swarm-C satellites fie2 /6':
(Level-2 data TECATMS_2F, 1 Hz data). tis1 [ ]
—
Output: N l!
o TEGIX_Total, TEGIX_X, TEGIX_Y (mean TEC Coot
gradients, west-east, north-south comp.) =1 Xt- 1 \ Dsit
|_
e TEGIX_ Total_Sigma, TEGIX_X_Sigma,
TEGIX_Y_Sigma (STD of TEC gradients) ti2
o TEGIX Total_P95, TEGIX_X_P95, TEGIX_Y_P95 (95
percentile of TEC gradients) Combination of VTEC measurements
onboard Swarm satellites Aand C
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Electron density Ne Gradient IndeX- NeGIX Aﬁy

Definition: Mean value of Ne gradients (NeGIX), and corresponding
standard deviation (STD) and 95 percentile that characterize the
electron density structure of the ionosphere over a selected area (0.5°
latitude bin) along the Swarm orbit (~460 km).

Input: in-situ electron density data from Langmuir probes onboard
Swarm A and Swarm C satellites (Level-1 data EFIA_LP_1B, 2 Hz data)

Output:

e NeGIX_Total, NeGIX_X, NeGIX_Y (mean Ne gradients, west-east,
north-south comp.)

e NeGIX_Total_Sigma, NeGIX_X_Sigma, NeGIX_Y_Sigma (STD of Ne
gradients)

e NeGIX_Total_P95, NeGIX_X_P95, NeGIX_Y_P95 (95 percentile of
Ne gradients)
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Electron density Ne Gradient IndeX- NeGIX

Definition: Mean value of Ne gradients (NeGIX), and Satellite traces

corresponding standard deviation (STD) and 95 percentile
that characterize the electron density structure of the CP
lonosphere over a selected area (0.5° latitude bin) along the

Swarm orbit (~460 km). tirs

Input: in-situ electron density data from Langmuir probes

onboard Swarm A and Swarm C satellites (Level-1 data

EFIA_LP_1B, 2 Hz data)

Output:

e NeGIX_Total, NeGIX_X, NeGIX_Y (mean Ne gradients, t
west-east, north-south comp.)

e NeGIX_Total_Sigma, NeGIX_X_Sigma, NeGIX_Y_Sigma ti-1
(STD of Ne gradients)

ti+2

fi+1

ti-2

e NeGIX_Total_P95, NeGIX_X_P95, NeGIX_Y_P95 (95
percentile of Ne gradients)
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NeGIX during quiet geomagnetic conditions
May 9th, 2024 (eq. pass at 19.3h LT) DLR
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NeGIX during quiet geomagnetic conditions
May 9t", 2024 (eq. pass at 19.3h LT ) DLR
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NeGIX during perturbed geomagnetic conditions
May 10th, 2024 (eq. pass at 19.2h LT ) DLR
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NeGIX during perturbed conditions

DLR
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NeGIX during quiet and perturbed conditions ‘#7
NeGIX_Y P95 DLR
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Comparison of NeGIX and TEGIX with ground-based index
GIX over Europe DLR

St. Patrick’s Day storm on March 17t", 2015 (Swarm eq. pass at 19.8h LT)
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Comparison of NeGIX and TEGIX with ground-based
Index GIX over Europe DLR

Mother’s Day storm on May 10", 2024 (Swarm eq. pass at 19.2h LT)
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Applications of NeGIX products

DLR

Scintillation modeling with random phase gradient screens

Date: 2023-04-23 Day Number: 113 (swsc-journal.org) accepted, in press

Time: 03:55:00[UTC] Sampling Time:270[sec] submitted to Journal of Space Weather and Space Climate
© The author(s) under the Creative Commons Attribution 4.0 International License (CC BY 4.0)
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(d) (b) 13 density gradients. The present study provides a theoretical framework for modeling such type of
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https://www.swsc-journal.org/articles/swsc/pdf/forth/swsc230088.pdf

Summary A#y
DLR

— Two new products namely TEGIX (Spatial TEC gradients Product) and NeGIX (Spatial Ne
gradients Product) are developed based on Swarm GPS and Langmuir probe observations,
respectively.

— Investigation shows that TEGIX and NeGIX correlate very well

— NeGIX and TEGIX correlate with ground based GIX during St. Patrick Day storm (17t March
2015) over Europe

— NeGIX and TEGIX correlate with ground based GIX during Mother’s Day storm (9t -12% May
2024) over Europe

— Use of NeGIX for scintillation modelling shows promising results (utilizing phase gradient
screen approach)
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