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L. Walter

Coronal Mass Ejections

@ explosive event
o ejected plasma
@ magnetic cloud characteristics

@ can cause geomagnetic storms — thermosphere heats up

Astronomical Institute, University of Bern 22 Swiss Geoscience Meeting 2024 Basel

helioviewer.org



Geomagnetic Storms

Expansion of upper atmosphere
— higher air density at low Earth orbit (LEO) altitude
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DTM?2013: neutral densities at 500 km altitude
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Procedure

Analyse GPS data Estlmate reduced-dynamic orbits
from LEO satellltes with Bernese GNSS Software

@ /Time series for piecewise-} Optional:

constant accelerations (PCASs) | | accelerometer data

Model all
gravitational forces

Time series for orbital
elements (e, 7,Q,w,up) l j

/

Fit model approach

Orbital decay: ~ slope of |« Gaussian approach
| semi-major axis

GRACE-FO Swarm Sentinel-1 Sentinel-2 Sentinel-3

gracefo.jpl.nasa.gov earth.esa.int sentiwiki.copernicus.eu sentiwiki.copernicus.eu sentiwiki.copernicus.eu
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Orbit Perturbations

Other perturbations besides air drag:
o Gravitational field of Earth: largest periodic perturbation due to oblateness (Cs )
o Radiation pressure: Solar, Earth, ...

@ Other celestial bodies: Sun, Moon, tidal effects, ...
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Fit Model Approach .

Time varying trend + periodic variations: a(t) = a(t) + Z (ur(t) sin (wyt) + 7, (1) cos (wrt))

r=1

— Orbital decay = %&(t)

Least squares adjustment for a(t), u,(t) and 7, (¢):

L. Walter

@ Piecewise linear representation
— 10 subintervals per day

On
T T ] T 1 T 1

Tp-3 Tp-2 Tp-1 T Tn+1 Tn+2 Tn+3
@ Tikhonov regularisation:
(Tnt1 — Tn) — (X — Tp—1) o 0, Vze{a,ur,n}.
In matrix notation: C - Z =10
Add to normal equation system: N — N + 1 - Neonstr, Nenstr = CT - C
— Control constraining with
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Fit Model Approach - Simulation

@ 3 periods simulated, 1 modelled

e —61md~! drift

@ Experiment with

@ geomagnetic storm — Gauss error function

M

£ —
- = =70
°
3 10 2 a0
£ = -9 ~
£ 1 ~100| —_— O ASim
& o pu— B
1072 T - " -1
1 10 10 10 10° T 10 5 20
period [min] t[d]
“20 “20
50| J -50
— 60| paniyi AN 60|
= -1 =70
5 _ 5 _
| 2 -80
= 90, 2 S 90 6 -
~100 asim ~100 Agim
-110) Gy -110) — gy
~120| ~120,
20 10 15 20
t[d] t[d]

— use ¢ = 103, ¢y = 10%, 3 = 10°
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L. Walter

Gaussian Approach

Integrate Gauss's perturbation equation

L. Walter

‘ radial acceleration ‘ ‘ along-track acceleration

‘ ]

Smooth obtained orbital slope

\
esin (u — w)R+[1+ecos (u — w)] S}

Accelerations: PCAs or accelerometer (ACC) data
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Altitude:

GRACE-FO-1 in 2018: Fit Model Approach s9km - s0skm

@ correlation with geomagnetic activity?

@ low orbital decay problematic
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Altitude:

GRACE-FO-1 in 2018: Gaussian Approach 4sokm - 508km
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GRAC E— FO—]. in 2023 Altitude: 483 km - 504 km
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geomagnetic storms
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SENTINEL-1A in 2023 Altitude: 691 km - 709 km
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SENTINEL-1A in 2023

Altitude: 691 km - 709 km
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o PCA quality lower at day boundaries

@ manoeuvres increase spikes
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Swarm—A in 2024 Altitude: 464 km - 484 km

Gy, — Gy, — G4y, — dpca CME
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extreme (G5) geomagnetic storm

Astronomical Institute, University of Bern 22" Swiss Geoscience Meeting 2024 Basel 14



SENTINEL-2A in 2024 Altitude: 784 km - 802 km

ay, — a4y, — Gy, —— dpca CME = MAN
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Conclusion

Fit model approach
@ problematic: low orbital decay, frequent manoeuvres and not modelled long periods
@ strong constraining — underestimation of orbital decay during geomagnetic storm
Gaussian approach
@ low geomagnetic activity observable
@ PCAs as alternative, but noisier
@ low quality at day boundaries, especially for manoeuvre days
°

quasi-instantaneous reaction to manoeuvres but orbital changes not realistic

Intense geomagnetic storms induce steep and deep drops in the orbital decay.

Both methods have potential for improvement.

Thank you for your attention!
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