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The Application of Satellite Borne Accelerometer Data
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The thesis studies some issues on the upper atmosphere based on the accelerometer data
of CHAMP and GRACE-A/B satellites (Reigber et al. 2001, Tapley et al. 2004). The
total atmospheric densities from 2002 to 2008 are computed from accelerometer measure-
ments. Then the accuracies of three empirical density models such as CIRA72, DTM94
and NRLMSISEQO are evaluated. It shows that the mean errors of these models are about
22%, 26% and 27%, respectively. All of them underestimated the densities. For the years of
Solar maximum (2002—2003), the models’ errors exceed 30%, while for the years of Solar
minimum (2007—2008), the errors are less than 15%.

Three characteristics of density variation are studied, such as diurnal variation, seasonal
variation and semi-annual variation. The results are: (1) The diurnal-amplitude in low-
latitude region is about 1.3 at 470 km and 0.8 at 370 km. (2) The seasonal-amplitude is
about 0.6 in the 60 degree region and 0.3 in the 30 degree region. (3) The semi-annual
variation is related to the solar radiation. The stronger the radiation is, the greater the
semi-annual-amplitude is. For example, it is about 0.32 with strong solar radiation and 0.20
with weak solar radiation.

The effects of various solar indices on the model accuracy are also studied. It is shown
that Ejp.7 could reduce the mean errors of models about 20%, and Sy, M g19, Y10 could
reduce the standard deviations of models about 5%.

To study the density response to magnetic storms, 52 storm events from 2003 to 2007
(ftp://ftp.ngdc.noaa.gov/STP/GEOMAGNETIC_DATA /INDICES/KP_AP) are chosen as
examples. It is deduced that the index Dst is more suitable to describe the density variation
than index A,. The first response of density during the storm is very fast. In about 15
minutes after the storm onset, the density around the north and south poles would enhance
about 40%~70%. However, the disturbance would take 2~6 hours to travel to the equator
region. It is also found that the density response has seasonal difference and day-night
difference. Concretely, the response in the summer hemisphere is stronger than that in the
winter hemisphere, while the response in the dayside is greater than that in nightside. After
the storm ends, the density would take 12~36 hours to recover to the level during the quiet
time.

The King-Hele method is applied to study the long-term variation of CHAMP inclina-
tion and estimate the angular velocity of atmosphere rotation. It is about 1.9 at CHAMP’s
height (the unit is the velocity of the earth rotation). On the other hand, the cross-track
measurement of the accelerometer is used to study rotation velocity in detail. It is deduced
that the velocity is about 1.8 at 370 km and 1.0 at 470 km, which is a little larger than
the result in King-Hele (1971). A periodic variation of the velocity, which is about 130~160
days, is also found. The reason has not been discovered so far.



