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INSIGHT Il: Interactions of Low-orbiting Satellites with the Surrounding
lonosphere and Thermosphere
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DA physics-based model and Storms
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Sensor — lonosphere Interaction

K ot response to falling edge (, = 17.7MHz} ‘ \ 6 - Swarm A/B/C TMD 16-18 March 2015

Data evaluation and correction

i i SA
1.50 i i — sB
0.8r 4 I 1
17.7MHz — 8MHz 125 : : s¢
o I I
=11.7MHz I [
06 E 100 i
9 plasma frequency 2 !
= 17.7MHz Q075 ! ;
0.4 E I [
0.50 i i
i i
92 0.25 MMM " )
1

5}

0 L c ; ! 2 ' y " : - r
0 10 15 20 25 30 35 40 00:00 12:00 00:00 i 12 OST 00:00 12:00
Frequency in MHz ime [UT]

Courtesy of A. Schlicht (TUM) (University Hannover)

DA empirical model and Validation

DA physics-based model and Storms /Input Dot _ \
A, ‘
/8 o)

W

STRC = m(7) -VIF(] [ nmw ]

",
imilation )
& ,\\ca‘ffsf"_“ e _“1413:‘/56% %@o VTEC modelling Normalizing
. e -~ lonos, AN with B-splines N.(h)
&S SN 1y
iy K \ Normalized
\ profile function

ql
<’ f N,(h)dh =1
2 o

*N.(h) .

= No(p,2,1) :
;

ix

\S;:g N, modelling
with B-splines
Nl

midt (DGFI-TUM)

j A‘ 3 % b

it Leibniz
¢ 0; Z | Universitat
DLR too:4 | Hannover




DLR.de + Chart 6 > SPP 22 > |sabel Fernandez - Gomez ¢ Effects TMD DA on the ionosphere

INSIGHT II: Swarm TMD data assimilation effect in electron density
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 St. Patrick’s Day storm 2015

e Assimilated Swarm TMD into CTIPe — TIDA

* Evaluate the Thermosphere — lonosphere
effects
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CTIPe — TIDA: Physics based model with neutral mass density DA

CTIPe TIDA

[S. Codrescu, 2018]
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St. Patrick’s Day storm 2015 and DA conditions
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* Period: 16-19 March 2015 containing St.
Patrick’s Day storm

* Days are classified are quiet (16), main
phase (17) and recovery (18)

« TMD Data: Swarm — A /B/C observations
normalized to the common altitude of 400
km.

Kp

* State vector: Updates the forcing
parameters and the necessary quantities to
calculate neutral density.

e Assimilation window: 10 minutes

* TMD uncertainty is 10%
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Swarm TMD assimilation into CTIPe — TIDA
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TMD DA impact on the Thermosphere
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TMD DA impact on the lonosphere: B-Spline Electron density model
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TMD DA effect on the lonosphere: B-Spline Electron density model

* Electron density global improvement at 400 IMP(%) — (RMSE, —RMSE,)
km between analysis and reference with RMSE,
respect to the B-Spline electron density
model

* For the three days of the storm

* Lower RMSE - Better fit of the model to
observations

* Improvement (%) of RMSE of the analysis and
reference differences.

100

Imp(%)

* Positive values are areas of improvement

* The main area of improvement (red) is
around the equatorial region (-45, 45) deg
latitude.

* |n altitude the improvement extends from
200 km up to 600 km.




DLR.de ¢ Chart14 > SPP 22 >|sabel Fernandez - Gomez ¢ Effects TMD DA on the ionosphere

Summary

* Insight Il project goes from the study of the sensors — ionosphere interactions, going through data evaluation and
correction, the assimilation of that data into physics-based models and validation of those results with other
models and sources of data.

* Assimilation of neutral density measurements into a physics-based model during storm conditions in capable of
correcting the thermosphere and the ionosphere (with limitations).

Neutral density improves along the orbit of the non assimilated Swarm — B/C satellites up to 40%

Electron density difference maps (analysis — reference) show the effects of TMD DA

Electron density improvement along the orbit of Swarm-A and GRACE are 8% and 22% respectively.

The global electron density improvement map shows the areas affected by TMD assimilation.

The largest improvement in the electron density estimates takes place during the recovery phase (negative
storm driven by composition changes).

Dynamic Earth Special Issue (in revision)

“Improving estimates of the ionosphere during geomagnetic storm conditions through assimilation of
thermospheric mass density”

I. Fernandez-Gomez, T. Kodikara, C. Borries, E. Forootan, A. Goss, M. Schmidt and M. Codrescu
https://doi.org/10.21203/rs.3.rs-1342228/v1
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