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ANR—AXDAT—U > IE2400%a X WBSREDZETERS GEOMAGNETIC STORM BRINGS DOWN STARLINK SATELLITES: A
many as arlink satellites are currently falling out of the sky--the surprising
lﬁ/\ﬁﬁ'ﬁég"ﬂ(ﬁ@ﬁﬁlf\ result of a minor geomagnetic storm. SpaceX made the announcement
esterday:
P70 | 0v-5>As(5-/mRE (FENR 00 v Y
2/9(K) 17:52 "On Thursday, Feb. 3rd at 1:13 p.m. EST, Falcon 9 launched 49 Starlink

satellites to low Earth orbit from Launch Complex 39A (LC-394A) at Kennedy
Space Center in Florida. ... Unfortunately, the satellites deployed on Thursday
were significantly impacted by a geomagnetic storm on Friday, [Feb. 4th]."
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202242H8H. HKANR—AX(F2A3RICHS LFEBEFGERY— ) U 049%#mH, Two days before launch a CME hit Earth's magnetic field. It was not a major
R R A i 28T =R A TS s e =3 % 5 space weather event. In fact, the weak impact did not at first spark any
A0BNHAROME TERSENIIETS T, ARBCBEATSLRRLE, AN remarkable geomagnetic activity. However, as Earth passed through the
—ZXIFBZEAZFEOREETAEODOEET. [BEDOAS—IAFIUERBE S CME's wake, some sputtering G1-class geomagnetic storms developed. It was

one of these minor storms that caught the Starlink satellites on Feb. 4th.
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Relationship between Space Weather Phenomenon in March 1989«
and Satellite Orbit

Satoshi Nozawa*!, Susumu Tamapki*?, Takayuki Inoue™®3*

. 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 orbital declines and index of the relative sunspot number which
is an indicator of selar activity. The declines were less than 1 km per year during the three vears 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
% $ ﬁtﬂ 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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