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Abstract  Martian atmospheric observations support research on the Martian
atmosphere and space environment, weather forecasting, and the planning and
execution of future robotic and crewed missions. They also provide a scientific basis
for establishing research stations on Mars. This study proposes a conceptual five-
spacecraft constellation for inter-spacecraft radio occultation sounding of the Martian
atmosphere. It comprises China's Tianwen-1 orbiter, the Mars Orbiter and Earth
Return Orbiter envisaged for Tianwen-3, the ExoMars Trace Gas Orbiter (TGO), and
Mars Express (MEX). The constellation is designed to increase atmospheric sampling
and address coverage gaps and uneven spatiotemporal sampling in conventional
spacecraft-to-Earth radio occultation observations. Orbital propagation and
occultation-event searches were conducted over one Martian year, approximately 687
Earth days. The analysis examined event counts, contributions from individual inter-
spacecraft links, global spatial coverage, and local mean solar time distributions. The
simulations identified more than 110,500 occultation events across the ten inter-
spacecraft links. The event distribution provided cumulative global coverage and
spanned the full 024 h local mean solar time range. Combining multiple orbital
geometries therefore offers additional opportunities for sampling regions and local
times that are less accessible to conventional spacecraft-to-Earth observations. For a
representative MEX-TGO occultation event, U-band (437.1 MHz) and X-band (8.4
GHz) radio links were simulated. Forward simulations accounted for propagation
through both the neutral atmosphere and ionosphere and generated the corresponding
excess-phase paths. Single-frequency inversions were performed separately for each
band to retrieve vertical profiles of ionospheric electron density and neutral
atmospheric number density. The retrieved profiles were compared with the
prescribed atmospheric and ionospheric background models. Retrievals at both
frequencies reproduced the main features of the ionospheric electron density profile at
altitudes of 90-300 km. At altitudes of 0-40 km, the X-band retrieval of neutral

atmospheric number density agreed more closely with the input profile than the U-



band retrieval. The U-band excess-phase paths showed a stronger ionospheric
contribution, consistent with the frequency dependence of plasma refraction. These
results can inform the design of future international Martian radio occultation
constellations with broad spatiotemporal coverage of the neutral atmosphere and
ionosphere.

Key words  Radio occultation; Mars exploration; Intersatellite occultation

constellation; Martian atmospheric and ionospheric retrieval
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(a) Latitude-local time distribution (b) Local-time coverage statistics
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