Impact of solar and geomagnetic activity on thermospheric density during ESA's mission GOCE
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Abstract

The impact of solar activity on thermospheric density during ESA’s gravity mission GOCE has been investigated using different solar and geomagnetic indices. The
analysed period (17 March, 2009 - 11 November, 2013) corresponds to the rising phase of solar cycle 24. Thermospheric density at a mean altitude of 254 km, derived
from the high-precision accelerometers on board the GOCE satellite, represents a unique low-altitude dataset. The temporal behavior of Ap geomagnetic index and solar
activity indices, i.e. the F10.7 flux and the Mg II core-to-wing ratio, have been examined and their correlations with GOCE thermospheric density studied. Then, solar
indices have been decomposed into a set of modes, i.e. the intrinsic mode functions (IMFs), through the Empirical Mode Decomposition (EMD), a technique best suited
in analysing non-stationary and non-periodic time signals. After the decomposition, certain subsets of of IMFs from the solar and geomagnetic indices and thermospheric
density have been reconstructed and compared with the original GOCE dataset. The results suggest the relevance of using the Mg II index and EMD IMFs in describing
the solar-thermospheric connection and reconstruct thermosperic density.
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EMD (Ewmpirical Mode Decomposition)
EMD is a purely empirical technique to break down a signal X (t) in a number of oscillation modes in the time domain,
referred as the Intrinsic Mode Functions (IMFs) c;(t) and the residual trend 1y, (t)
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Each IMF has a time-variable frequency and amplitude, useful to analyze non-linear non-stationary signals. The
algorithm is based on the recursive application of a sifting process, that consists in removing the mean envelope obtained

from a cubic spline interpolation of local minima and maxima. Aa stopping criterion is used to arrest the sifting process
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Solar input has two major sources of modulation, that is solar rotation (about 27 days) and the 11-year solar s 200
e. EUV flux clearly shows these modulations.
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Geomagnetic disturbances are, instead impulsive, with time scales ranging from hours to days. The Ap index

occurred in the course of GOCE mission. Lag.
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of thermospheric response to the geomagnetic
forcing is apparent. Relaxation time to the quict
state s also apparent.
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First and last five points of IMFs are cut to avoid boundary effects (wing removal process)
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1. Thermospheric density is badly-cortclated with geomagnetic index and well-correlated with solar flux indices (especially with Mg 1T cwe) HIGH SOLAR ACTIVIT 3.7470% N
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Conclusions

Analysiz shows how that during low solar activity, the low-frequency components from the solar flux prozies contribute most to the signal, while during both the rising phase and the high solar activity period, the peomapnetic proxy is needed to capture the impulsive peomagnetic events connected to the evolution of the interplanetary medium
Dhuring low and medium solar activity signal can be reconstructed with an RMS errors of about 2.6% and 74%, respectively Semi-empirical atmospheric m odels (NRLMSISE-00 and Jacchia-family models above all) are usually eredited to fall in the 10% error range Thuring high solar activity, error increses to over 1084 Mg IT proves to be a better|
proxy than F107 in sapturing the long-term trends of the solar input dur ing the solar eycle




