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Abstract: Tianmu-1 is China’s first occultation meteorological constellation with the capability of
performing on-orbit multi-GNSS compatibility, simultaneously among BeiDou, GPS, Galileo and
GLONASS. The mission provides a large volume of ionospheric and atmospheric observations that

are valuable for both space weather monitoring and navigation applications. In this study, we



focused on the ionospheric electron-density profiles retrieved by Tianmu-1 occultations collected in
March 2025, aiming to provide an initial quality assessment of the dataset. First, we analyzed the
daily number of occultations and their global distribution, which confirmed that Tianmu-1 possesses
robust global ionospheric observation capabilities and provides geographically well-distributed
sampling of the ionosphere. To evaluate the reliability of Tianmu-1 data, three key ionospheric
parameters were analyzed: the peak electron density (NmF2), the F2-layer peak height (hmF2), and
the total electron content (TEC). The quality of NmF2, hmF2 and TEC derived from Tianmu-1 was
assessed against F2-layer critical frequency (foF2) and hmF2 measured by ground-based ionosondes,
while TEC were validated against the post-processed Global Ionospheric Map (GIM) TEC provided
by the Center for Orbit Determination in Europe (CODE). The results show that Tianmu-1-derived
NmF2 correlates with ionosonde data at 0.93, with a mean bias of 0.12x10° el/cm?, 21.42 % a mean
relative bias and a root-mean-square (RMSE) of 0.34 x 10° el/ cm?®. For hmF2, the correlation is
0.75, the mean bias is 11.85 km, the mean relative bias is 7.78 %, and the RMSE is 32.13 km. After
mapping Tianmu-1 TEC to the ground-to-GNSS-satellite altitude range with the NeQuick model,
the TEC accuracies for GPS, BDS, GLONASS and Galileo are comparable when referenced to
CODE GIM TEC, yielding RMSEs of 9.04, 8.86, 9.15 and 8.92 TECu, respectively. Furthermore,
when comparing with the IRI 2020 model, the NeQuick-normalized results exhibit better agreement
with IGS GIM TEC: the mean bias is only —1.83 TECu and the RMSE is reduced to 8.99 TECu,
whereas the IRI model produces a mean bias of —=5.50 TECu and an RMSE of 10.31 TECu.

Key words Tianmu-1 Constellation; Radio occultation; Electron Density Profiles (EDP); Peak
electron density of the F2 layer (NmF2); Peak height of the F2 layer (hmF2); Total electron content
(TEC)
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Fig. 11 Comparison of Tianmu TEC and CODE GIM TEC normalized based on the NeQuick model
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Fig.12 Variation of TEC with local time and magnetic latitude for March 2025 from (a) CODE GIM and (b) Tianmu-1, together with (c)

absolute and (d) relative differences between CODE GIM and Tianmu-1.
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