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Fig.1 The moon is a natural satellite of the Earth, with one side always facing towards the Earth, making it an ideal platform and a

new direction for Earth observation from space
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Fig.2 Compared with the “dotting” observation by low Earth orbit satellite systems, moon—based observation of Earth’s radiation
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energy have the characteristics of long—term continuity and global consistency. Similar to the lunar phase we see at night,

the moon—based observatory can measure short wave outward radiation in the illuminated “Earth phase” region and

long wave outward radiation in the entire Earth’s near—-moon hemisphere (Wielicki et al., 1998; Wu, 2023)
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Table 1 Comparison of the characteristics of observing Earth’s radiation energy from a moon-based observatory and

other space platforms
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Fig.3 Moon—-based radar interferometry measurement
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Fig.4 When the sun, earth, and moon are collinear, the earth’s solid tide reaches its maximum value. Deploying the interferometric

synthetic aperture radar system on the surface of the moon provides a unique perspective for observing the geoscience phenomenon

related to the moon
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Abstract: The moon is the only natural satellite of Earth and the only planet that humans have already reached. Using the moon as a
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platform to observe the Earth has obvious advantages such as large coverage, long platform lifespan, and multi-layer stereoscopic detection.
By deploying multi band, multi polarization, multi-mode, active and passive sensors on the moon to observe the Earth, it is possible to
achieve uninterrupted observation of almost the entire Earth Moon space and the Earth’s near lunar surface at a global scale, and obtain
information from Earth’s atmosphere, biosphere, hydrosphere, lithosphere, etc. This article focuses on analyzing the observation capability
and potential of Earth’s radiation energy and solid tides, and introduces some recent research content of our research team.

The moon-based platform equipped with an array multi-spectrometer and radiometer for collaborative observation can achieve high-
precision estimation of Earth’s radiation energy. Our research team systematically studied the geometric model and radiation model of moon-
based observation of Earth’s radiation balance, designed corresponding sensor solutions and radiation balance estimation methods, and
answered the key scientific question of how to observe Earth’s radiation balance on the moon. On the basis of long-term research, our team
has undertaken the Chang’e-8 moon based observation of Earth’s radiation energy during the fourth phase of the China’s lunar exploration
project, with the goal of achieving high-precision, high-sensitivity, and high-efficiency detection of Earth’s outward radiation energy. The
team is developing a moon based radiometer and a moon based array multispectral spectrometer, and will simultaneously carry out earth
observation to obtain overall radiation measurement data and multispectral image data of the Earth, and conduct research on radiation budget
in the Earth’s climate system.

In recent years, although research on moon-based SAR has mainly focused on imaging geometry and system performance, there have
also been some studies on scientific and specific technical issues. Recently, our research team conducted indoor simulation experiments on
unstable targets such as vegetation and sea ice to evaluate the focusing performance of unstable scatterers under long-term integration
conditions of moon-based SAR. On the other hand, starting from the spatiotemporal variation characteristics of theoretical solid tide
displacement distribution, a geometric model for moon-based InSAR observation of solid tide was established, and a series of key
parameters for moon based InSAR observation of solid tide were obtained through simulation. In addition, some moon observation
experiments by ground-based radars have also been conducted in China recently, and the data obtained provides new basis for the design and
demonstration of moon-based radar. From the current perspective, research on moon based InSAR has entered the stage of key technology
development and validation, and the system design has become more detailed.Moon based Earth observation will develop into an important
way of Earth observation, providing indispensable large-scale and spatiotemporal continuous observation data for the researches on Earth
system science and the interaction of multiple layers on the Earth’s surface. The moon based platform may open up a new direction for Earth
observation, which will be a major revolution in the field of space Earth observation.

Key words: Moon based Earth observation, Earth radiation energy, surface deformation, solid tide, radiometer, synthetic aperture radar,
interferometry measurement, Earth system science
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