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1. Abstract

One of the most frequent space weather events in the ionosphere-
thermosphere (IT) system, equatorial and low latitude ionospheric
irregularities can have a significant effect on radio transmission in the
ionosphere. In order to narrow down the input parameters and
identify the most crucial external drivers, it is necessary to
quantify the uncertainty in the IT system.

In this study, the uncertainties of the IT conditions simulated by the
Whole Atmosphere Model-Ionosphere Plasmasphere Electrodynamics
(WAM-IPE) for different solar wind drivers are estimated. Using an
advanced multichannel variational autoencoder ((MCVAE), the
historical solar wind density, velocity, and interplanetary magnetic field
(IMF) data are gathered to generate synthetic data for driving the
model. We drive WAM-IPE and produce an ensemble of simulations
using the synthetic solar wind parameters. Then, polynomial chaos
expansion (PCE) is used to approximate the quantities of interest (Qol)
and to estimate the statistical metrics of the Qol based on the expansion
coefficients. Using the PCE-based UQ and Sobol index, we find that
(1) while the UT variation of solar wind drivers causses greater
uncertainty during nighttime, the average state of IT system could
modify the uncertainty and lead to the spatial distributions;(2) the
polarity of IMF Bz plays dominant role in the uncertainty.

2. Methodology
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2.3 PCE-based UQ and sensitivity analysis
us~ A t2) = Z @ (2, Oi(2)

i=0
¥ denote polynomials (Hermit in this study) and ap demote expansion coefficients. Np= (d;p)is the
number of expansion factors. The statistical metrics of interest can be obtained directly from the
coefficients. The mean and variance can be obtained by E[u] = E[il] = @y, and V[u] = V[i] = 2?’:;1 a;z
First order Sobol index: S = Yier, ?/V [u]l, I = {i € Nf:ix > 0, imaye = 0}
Total effect Sobol index: 5§ = Yy, af/V [u],  I={i € N§:ij > 0} (used in this study)

3. Results and Discussion
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3.2 Uncertainty

3.2.1 Universal time evolution of uncertainty (Ne)
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1. In the low latitude and equatorial region, larger uncertainty mainly appears in
the evening sector and smaller uncertainty appears in the dawn sector.

2. Larger uncertainty appears away from the magnetic equator at lower altitude
and emerges at the magnetic equator at higher altitude.

3.2.2 Local time evolution of uncertainty (Ne)
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3.3 Global sensitivity analysis (std(Ne)*Sobol index)
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A AT 0500UT and in the low latitude and
equatorial region, the Sobol index for solar wind
speed is the largest in the evening sector (2000~
2400 LT) at all altitudes. The Sobol index for IMF
Bz can be large at higher altitude. The average IMF
Bz is weakly northward at 0500 UT.

A AT 1100UT and in the low latitude and equatorial
region, the Sobol index for IMF Bz is the largest in
the evening sector (2000-2400 LT) at all altitudes.
The Sobol index for solar wind speed can be large at
lower altitude in the dawn sector. The average IMF
Bz is around 0 at 1100 UT.
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LT evolution

In the low latitude and equatorial
region, greater uncertainty at the
magnetic equator appears mainly at
night.

. Greater uncertainty in the evening

sector shows 4-peak structure.

. After checking the mean electron

density map, the regions with larger
uncertainty are associated with low-
electron density regions. This
indicates that the response of low-
density region is stronger than high-
density region.

. The longitude structure and vertical

variation of the uncertainty indicates a
close correlation with the longitude
structure of equatorial ionization
anomaly (EIA).

3.2.3 Universal time evolution of uncertainties (Vd_zonal, Un_zonal@300 km)

» Zonal plasma drift
1. At low latitude and equatorial region, larger uncertainty

mainly appears in the evening sector and can become larger in
the dawn sector at some UTs (1300 UT).
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1. Larger uncertainty mainly appears at some UTs and in the

evening and midnight sectors.

2. The uncertainty of zonal winds shows a close correlation
with the uncertainty of zonal drift especially in the dawn
sector.
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4. Conclusion

1. The solar wind produces the most electron density uncertainty in the low-
latitude and equatorial ionospheres, with higher values typically appearing
in the evening sector.

2. The greater electron density uncertainty in the evening sector emerges
away from the magnetic equator at lower altitudes, whereas it emerges at
higher altitudes.

3. The uncertainty in electron density at specific local periods in the
nighttime sector demonstrates longitude dependency with four peaks,
indicating a strong association with the EIA's longitude structure.

4. The UT and LT evolutions of electron density uncertainty reveal a strong
correlation with the equatorial ionization anomaly, with more uncertainty
appearing in regions with lower electron densities.

5.  The uncertainty of the zonal neutral wind at 300 km is considerably
higher between dawn and dask for several UTs.

6.  For some UTs, the zonal plasma drift uncertainty increases in the dawn
and dusk sectors and has a substantial relationship with the zonal wind
uncertainty.

7.  The sensitivity analysis indicates that IMF Bz polarity play a dominant
role in the variability. When IMF Bz is northward, the solar wind could be
important to the variability of low latitude ionosphere, otherwise IMF Bz
is the dominant factor.
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