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SUMMARY: Monitoring and understanding the upper atmosphere processes is important for orbital decay and space physics. In this study, thermospheric mass densities are estimated from both
accelerometer (ACC) measurements and precise orbit ephemeris (POE) of GRACE, for the period 2003-2015. We employ POE-based densities to fill ACC data-gaps, and investigate long-term and short-
term variations for accurate modeling. The time-series have been parameterized in function of solar flux, Local Solar Time (LST), and annual variations, with the use of the principal component analysis
(PCA). Furthermore, the residuals are investigated in the frequency domain, and in relation to space weather and geomagnetic indices. We have found periodic contributions at the frequencies of the
diurnal P and K radiational-waves, and good correlation with the Dst and k-derived geomagnetic indices, as well as the auroral electroject activity index AE and the merging electric field Em. A better
understanding of global thermospheric mass density variations is presented, which validates the suitability of our technique and modelling.

INTRO D U CTIO N " Er'»';rrgfgi/ R Palro:'/(:elifham M ETH O DO LO GY: Interpolation threshold
. . . . P Neutral Upwelling Escape . i i i i - i iti i i i 2
The thermosphere is highly variable in  Solar _UQ 1 F{:I;]s;edre:r\éa&vii grfdpirftc;feo?;ttzgn\ft%rlﬁgst;]e;dare numerically differentiated At (s) Error (nm/s?)
time and space, and its geophysical radiation Chain Solar Wind/Magnetospheric Chain P L 8-25 é
processes are still not well understood. SR, NN T 1 WD . e Ll O . I _Zrto I, '
Currently, half of the world’s active )] ’ . g . Qpoe =F, =1IMmF, =1im =1lim > 0> >0
i ! ] ) /] Solar 25 - : L Ovec,, e 0 At—0 O At—0 At At—0 ( At) 1 120
satellites and about 20,000 inactive /72y -/
debris operate in low Earth orbit (LEO), — A( ' - — _ o _ _ _ _
where atmospheric drag produce r:ﬁ?nn;asphere/ \ N A || E',Z?EI}SZ,"M 2. Varying gravity ﬂel_d model (g) is removed from POE-accelerations: a,,= @xcc= pog - 9
orbital decay and perturbations. P A= q : - Conventional model EGM2008. . .
_ \ ) E-Driven « Secular low degree C20 (zero-tide), W08 T T o T T T ]
Therefore, Mass density founain [ 4 lS - | W o . C30 and C40 rates. N WA S A VY R VA NN
measurements  and models  are o l' Bevity Drven Wind 5?- - C21 and S21 mean pole coefficients. el '- Vil Vi A W[ |
indispensable to study the coupling Na {4 Corotation /\ « Third body direct tides (Luni-solar). | TN } i
between the thermosphere and Deacs s Do e ; + Solid Earth tides. E | AL AL L
ionosphere, and its physical processes. reldtine x r-_ B * Ocean tides (EQT11a). 1010 ' | ? Luni-Solar |-
In addition, accurate air-density O lonosphereCres Drags lns Up y (S)O|Id Eartlh i’%‘e tide. Solid Pole
models are essential for ephemeris Ve = pime _ —— cean pote tide. . ] S B T A R e b OceanPole | |
. : . : | — « Schwarzschild terms for relativity. Solid
prediction, orbital tracking and satellite B S ' '
guidance Lower Atmospheric Chain st g . _ _ _ _ 0:00 2:00 4:00 6:00
' S 3. Accelerometer calibration using daily mean values.
NRLMSISEOO is an empirical, global model of the Earth's . .= s
atmosphere from ground to space. Its primary use is to aid - . - ... |4. Compute aerodynamic acceleration (a,) by removing solar radiation and Earth albedo from ACC:
predictions of satellite orbital decay due to atmospheric drag. The - - % .= a —a. -1
earlier models MSIS86 and MSISEQO are based on Mass = & D MACC sr e
Spectrometer and Incoherent Scatter Radar measurements, and the . ﬁ N SRR R _ _
current model has been updated with satellite drag data. However, . 73 o e i | 5. Compute ACC-based and POE-based density along orbital path:
NRLMSISEOQO is still incapable to predict the variability as accurately -+ =Objects-in-EEQ: ="~ Drag-force formula:
and efficiently required. & R e ;,; 1 , C Ballistic coefficient vector
_ _ R SR NEAA F,=ma, ==CApV; A Cross-sectional area
Currently, ACC on-board LEO satellites are being used to =i 2 £ Atmospheric density (model, observed)
measure non-gravitational accelerations, and equaling the drag- " " &y 4 V_ Relative velocity of the atmosphere
force formula to synthetically-derived aerodynamic accelerations is . = . "% Altitude normalization: m Satellite mass
recently providing an unprecedented accuracy. L 0(475km) = o (h) Prnog (475Kkm)
e ~ [~obs
Besides ACC measurements, GPS POD observations Pog (N)
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both ACC and GPS POD based densities be investigated
in relation with space weather and geomagnetic indices,
SO more accurate modeling can be achieved.
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RESIDUAL VARIATIONS
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