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lonosphere Observations’ DATA ASSIMILATION TECHNIQUE

Model (Prior)

Data » To avoid averaging ionospheric dynamics

« Ground GNSS data 8 .
4D-Variational (Var) techniques

4D => Spatial (3D) and Time

Incremental Strong constraint 4D Var Strong constraint 4D-Ensgfnble Var
aporcach appr(_)ach
(SC4DVar-INC) (SC4DEnVar)




DATA ASSIMILATION TECHNIQUE

Strong constraint 4D-Ensemble Var
approach
(SCADEnNVar)

olsel
k = ﬁi{{ Rz12, 1G12, F10.7 daily,
F2 ,Kp:-




Real Observations (Mid-Low Latitudes)

St. Patrick’s Day 2015 Geomagnetic Storm
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Ssessanga et al, 2023

Summary: SC4DVar-INC Vs. SCADEnVar

Height Variation

Density estimation:
Areas populated with data

Remote Areas
During chaotic conditions

Integration through the 3D
structure

Computation expense
Maintainance
Parallelization

Under-sampling and
rank deficiency
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This makes SC4DEnVar a favourable candidate for real-time applications and remote areas



FINAL TARGET :-
Transfer the technical know-how to

and track 4D Evolution of Polar cap Structures
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SWARM Satellites ( )
in situ electron densities

Impact
B <1R12016_squared deviations — SC4DEnVar_squared deviations)

IRI2Z016_squared deviations
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. Negative impact * 3l Positive impact
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| dN S >
Kot = K4 (KKK # exp (= dT /) — = P—L —V-(Ny))|—-V-NNv,)
Assumptions

(30 minutes window):

~ Perpedicular contribution
—V - (Ny)) = 0 = -3, - (VN) = (V- BN
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= Altitudes 100 ~ 1000 km
= Latitude 50 ~ 90 degrees Northern hemisphere




Xp = x<r: + C,u;},lmkl]-
- A'
B =0"+ Cyy Z M hisn
k=0

Xi+] = M(xg, 0),

» Use strong-constraint-Lagrange 4DVar to estimate v,

Ground GNSS
STEC

For densities ——> By,
For ve,, and vy ——> B,

V) = Vgxp COSIT — Vgyp SIN16 + vy ¢



» Use strong-constraint-Lagrange 4DVar to estimate v,

SC4DENVar
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RO density Profiles
(COSMIC)




RO electron density profile(s)
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Strong constraint 4D-
Ensemble Var approach
(SC4DENVar)
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Thank You!



Magnetic latitude(®)

Magnetic latitude(°)
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300km, 350km, 400km and 450km
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300km, 350km, 400km and 450km

4DEnVar
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Background: IRI-2016
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3-D Tomography

Solution:
Build data assimilation on a coarse grid
(e.g., spatial 2 by 2 degree)

\ Localized Time dependent
Tomography

fine grid (.5 by .5 degree)




DATA ASSIMILATION TECHNIQUE

Strong constraint 4D-Ensemble Var
approach
(SCADEnNVar)

. oblsel
i 1, = i Rz12,1G12, F10.7 daily,
F2 ,Kp:-
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