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Relationship between Space Weather Phenomenon in March 1989
and Satellite Orbit
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ABSTRACT

The TLE(Two Line Element) is used to analyze space objects in low orbits below 1100 km altitude and in near
circular orbits. There is a correlation between the two orbital declines and index of the relative sunspot number
which is an indicator of solar activity. The declines were less than 1 km per year during the three years before and
after the solar minimum, but were 10 times greater during the five years after the solar maximum. Next, we
statistically examined the orbital declines calculated by TLEs from the space weather phenomena of the solar flare
and associated magnetic storm in the Earth's magnetosphere that occurred in March 1989. The orbital degradation
before and after the event was proportional to the atmospheric density, but the amount of decline after the event was
larger than before the event, especially at altitudes of 700 to 1100 km, and the variation was large. This orbital
decline causes an increase in velocity, and in some cases, a shift of one tenth of the Sun's visual diameter in a day,
which causes a deviation from the orbit-holding range, which is a serious problem for satellite operations. In addition,
orbit prediction using TLE is possible, suggesting that it is possible to estimate the density of the upper atmosphere

from predictions and actual measurements.
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1 STK: https!//www.agi.com/products/stk
2 Orbitron: http://www.stoff.pl
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3 SILSO (Sunspot Index and Long-term Solar Observations, https://wwwbis.sidc.be/silso/datafiles)
4 https!//wwwbis.sidc.be/silso/cyclesminmax
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