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Solar eclipse effect in the ionosphere
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‘August solar eclipse event

Hl.lg 21 . . _ \ . TEC diff. data-data, %, 21-Aug-2017 and 29-Aug-2017, 18:32

o 0 Using the ionospheric TEC

¥ : driven from a dense network of
GNSS receivers over North
America, Coster et al. [2017]
showed large TEC depletion
during the eclipse.

Zhang et al. [2017] presented the
" Gt eclipse-induced ionospheric bow

m

waves and gravity wave-like
structures on the electron
density.

Cherniak and Zakharenkova
[2018] further showed the large-
scale TEC enhancement after
eclipse.
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B How are these 1onospheric disturbances trigged by the 2017
August solar eclipse?
- the change of 10nospheric electric field system



" Methodology

Observations Physical Model \ Data assimilation
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B Observations:
- near the true state, high quality and resolution data
- lack of spacial and temple coverage, parameter losing

B Model:
- global coverage, predictable, all parameters , 4
- larger error, low resolution, control by initial condition \den (Sgl% arid electrlo/

field durin\' - i




Methodology

Observations Physical Model \ Data assimilation
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~ Experimentdesign - /

Assimilation of
1onospheric
observations

Update model
neutral winds

21 August 2017
(solar eclipse day)
Electron density

Calculate the

modeled electric
field

20 August 2017
(reference day)
Electron density

Eclipse-triggered
electron density change

Compare with the time variations of electron density and the electric field.
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B The assimilation results (c) are
closer to the observations and
Observations  Reference day  Eclipse day Difference showed two clear equatorial

1onization anomaly (EIA) crests.
(a) 21 Aug. 1830UT (b) 20 Aug. _(9) 21 Aug. @ (©-(b)

The TEC differences (d) shows
two clear TEC enhancements
around EIA regions, but TEC
reductions around the
obscuration region with around

4 TECU (40%).

~
=
o
——
%)
o
3
=
—
av]
—

—150 120 90 60 -30-150-120 -90 -60 -30- 150 120 90 60 -30- 150I 120I 90 -60 -30
Longitude (°E) Longitude (°E) Longitude (°E) Longitude (°E) B Results further showed that the

[Chen et al., 2019] — TEC depletions were also
clearly seen at the relative
conjugate hemisphere.




1 results in latitude-time plane

18 (LT

B [t shows a clear TEC reduction around
the occurrence time (1830 UT) and the
latitude (36°N) of the solar eclipse
region and then moved to the lower
latitude regions and became stronger
over time.
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Before the arrival of the solar eclipse,
there are TEC enhancements around
1730 UT (~ 1130 LT) at the EIA
regions at the northern hemispheres,
which formed the EIAs earlier than the
day before the eclipse.
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¢ field in latitude-time plane
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B Because the conductivity becomes lower in the
obscuration range of solar eclipse, the charge particles
accumulate at the boundary of high and low

1200 LT 800 LT conductivity.

B Due to the direction of electric fields, the positive
(negative) charge particles accumulate at the western

\ﬁ Equat01.rial (eastern) boundary, which induces the eastward
Electrojet (EEJ) electric field at lower latitudes to further enhance the

original background eastward electric fields.
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Compared with the the assimilation results one day before the solar eclipse, the
electron density decreased up to 4 TECU (~40% of the background TEC) around the
solar eclipse region at 1830 UT.

The latitudinal variations of electric fields further show significant enhancements
and reductions at the equator-side and the polar-side of EIA crests, respectively.

These electrodynamic processes make the TEC increase at the low-latitude region
and the TEC decrease at the mid-latitude region.

The assimilated EIA crests in both hemispheres were formed earlier comparing to
the reference day, which 1s due to the electrodynamic processes in the wake of the
eclipse.



Thank you for your attention!!
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