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Abstract

Global-scale atmospheric observations with high spatiotemporal density are fundamental for accu-
rate meteorological forecasting and climate monitoring. While operational meteorological satellites such
as China’s Fengyun, Europe’s Metop, and the U.S. NOAA TIROS-N/GOES series, form the backbone
of the global observing system, their high costs and development cycles inherently limit constellation
size and observational sampling. The emergence of small-satellite constellations offers a transformative,
scalable, and cost-effective paradigm to dramatically enhance observational coverage. This shift is now
being realized in commercial meteorological missions, including the TianMu-1 constellation and those
by Spire Global, where miniaturized Global Navigation Satellite System radio occultation (GNSS RO)
payloads are pivotal for atmospheric profiling. Developed by the National Space Science Center (NSSC),
Chinese Academy of Sciences (CAS), the GNSS Occultation Sounder-Miniaturized (GNOS-M) is a core
technological enabler for this new approach. It is a dual-frequency, multi-GNSS remote sensing instru-
ment designed specifically for microsatellite platforms. As the primary payload onboard each TianMu-1
satellite, GNOS-M tracks signals from all major global navigation systems (GPS, Galileo, GLONASS,
and BDS) to conduct RO soundings of the neutral atmosphere and ionosphere, in addition to supporting
reflectometry applications for ocean surface wind, sea ice, and soil moisture retrieval. To date, 23 TM-
1 microsatellites have been successfully deployed, and their RO data are operationally assimilated into
the China Meteorological Administration’s Global Forecast System (CMA-GFS), demonstrating initial
operational utility. This study presents a comprehensive performance assessment of the GNOS-M RO
data from the pioneering TianMu-1 constellation. We evaluate key aspects including the constellation
design, the spatiotemporal distribution and density of RO events, and the quality of the retrieved at-
mospheric data profiles. By quantifying the performance of this distributed observing system, our work
highlights its significant role in enabling a new era of high-density, cost-effective global atmospheric mon-
itoring. Furthermore, we discuss the implications of our findings for the future evolution of small-satellite
constellation-based Earth observation.



