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Is there potential for 
decay forecasting?

High cadence & 
precision orbit data 
allows for a clearer 

analysis of space 
weather effects.

10+ X-class flares 
were observed by 

GOES in May 2024. 
Several Coronal 
Mass Ejections 
(CME) launched 
towards Earth.

Which parameters 
drive orbital decay at 
different altitudes?

Workflow for orbital decay rate computation from semi-major axis data.

Credit: ESA, NASA/Goddard, Johns Hopkins APL 
Modified By Author

Flare CME L1 Arrival Time (UTC)
X1.6 Flare faint CME May 5th 2024    11:30
M3.5, X1.0 Flares full halo CME May 10th 2024  16:36
X1.0, M9.8 Flares full halo CME May 11th 2024  09:30
X1.1 Flare partial halo CME May 11th 2024  20:30
X3.9 Flare asymmetric halo CME May 12th 2024  08:55

Orbital decay rate for Swarm A (467 km), CME arrivals (dashed lines) 
and mean semi-major axis. Different parametrizations can affect the 
computed decay rate. Decay rates of up to 190 m per day are observed.

List of solar events that were reported at  1 AU based on L1 satellite data.
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cm-precision  
semi-major axis data  
for 9 satellites (AIUB)  

at 467 - 1336 km

solar wind 
database (OMNI) 

Credit: CCMC/CME Scoreboard

no CME reports; 
disturbed solar 

wind

difficult to link 
decay to prior 

CME (long delay)

gradual increase 
caused by the chain 

of CMEs

6. Future Work

Refine and apply the 
forecasting pipeline 

to data from Jan 
2023 to May 2024. 

Develop an estimator 
to determine L1-to-
orbit event propa-

gation times.

Extend parameters 
and integrate findings 
into an atmospheric 

model.

5. Findings

4. Challenges
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Decay statistics per altitude (min, 
mean, max). Negative values cor-
respond to maneuvers. Computed 
decay rate increase ratios: 3-4x at 
low altitude, 7-12x at high altitude.

Parameter impact on the model  
(normalized non-zero coefficients) 
for an altitude of 467 km. Similar 
results can be obtained from alter-
nate collinear parameters.

Satellite maneuvers 
obscure effects in 
the thermosphere. 

Time lag for atmo-
sphere changes after 

L1 events varies.

Increased decay 
without prior CMEs 
is difficult to explain.

Observe time 
lags between L1 

and orbit 
disturbances.

Predict decay 
rates with a  

15-hour lead 
time at different 

altitudes.

Swarm A orbital decay at 467 km (forecast, future, present).

Compile a data-
set of relevant 

observations for 
atmospheric 

changes.

The lag with the 
highest correlation 
is an estimator for 
how long L1 events 
take to affect our  
atmosphere.
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x(ti) - solar wind, proxy and geomagnetic parameters at ti
d(ti) - orbital decay at ti LASSO regularization

Model future 
decay as a linear 
combination of 

current inputs & 
coefficients .β

Assess behavior 
at CME arrival.

A subset of the input parameters. 
Credit: ESA; Modified By Author

Solar Radio Flux: 
F10.7, F30.

Geomagnetic 
Activity Indices: 
Dst, ae, Kp, Ap, 

Sym-H/D, Asy-H/D.

L1 Plasma Data: 
Magnetic Field, Velocity, 
Electric Field, Flow  
Speed, Proton Density, 
Temperature.

3. Methodology | Modeling

A
geomagnetic indices  
& solar proxies (LASP)

spike in forecasted decay  
once the May 10th CME arrives


