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Measuring vertical density profiles of the Earth’s upper atmosphere using X-ray
astronomy satellites
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We present new measurements of the vertical density profile of the Earth’s atmosphere at altitudes between 70 and 200 km,
based on atmospheric occultations of the Crab Nebula observed with X-ray astronomy satellites. We established the method
by using recent Japanese X-ray astronomy satellites Suzaku and Hitomi (reference 1). After that, we investigated long-term
density trends of the Earth’s upper atmosphere at altitudes between 71 and 116 km, based on atmospheric occultations of the
Crab Nebula observed with X-ray astronomy satellites, ASCA, RXTE, Suzaku, NuSTAR, Hitomi, and NICER. The period
covered by our analysis ranges from 1994 to 2022. We take into account variations due to a linear trend and the 11-yr solar
cycle using linear regression techniques. We find a negative density trend of roughly -5 %/decade at every altitude. This is
in reasonable agreement with inferences from settling rate of the upper atmosphere. In the 100— 110 km altitude, we found
an exceptionally high density decline of about -12 %/decade. This peak may be the first observational evidence for strong
cooling due to water vapor and ozone near 110 km, which was first identified in a numerical simulation by Akmaev et al.
(2006, J. Atmos. Sol. Terr. Phys., 68(17), 1879).
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