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Summary Energy Dissipation Rate

@ The increase in the number of objects in 0.25P

LEO has heightened the demand for
measurements of thermospheric neutral
mass density (ND).
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® v Suttonetal (2021) [5] use satellite ephemerides to
calculate the Energy Dissipation Rate (EDR)
and recover neutral density (ND)

© v For orbit-average ND recovery, each orbit arc is set to
span from apoapsis to apoapsis to be nearly centered on
the ND local maximum of each orbit
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© We provide a framework for applying the physics-based Energy o ‘ 800

Dissipation Rate method of Sutton et al. (2021) [5] to the
eccentric orbit of C/NOFS [I] during Jan. 201 |.
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Fig. 2. Time series of (top) observed (UCAR POD; solid line) and modeled (synthetic ODE45; dashed line) C/NOFS orbital
energy and (bottom) geodetic altitude illustrating the suborbital integration windows symmetric about periapsis.
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@O The merits of the EDR method, especially in its heightened
sensitivity to solar/geomagnetic activity, are underscored in a Cross-Sectional Area
Orbital Radius

comparative analysis to the TLE-density processing algorithm Vo Order
of Picone et al. (2005) [2] and NRLMSISE-00 [3].
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Q v" UCAR provides POD data [6] for C/NOFS [1]
v’ C, evaluated using a cylindrical model for C/NOFS as input

© v for suborbital-average ND recovery (i.e., fractions of an
orbital period ®), orbit arcs [t,t,] are also nominally
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© The novel application of suborbital-average EDR integration

to SESAM [4]

tailored for satellites with eccentric orbits is introduced, v Eccentricity of C/NOFS requires a careful choice of the

offering nuanced insights into thermospheric conditions often

obscured by averaging across the entire orbit. above the noise floor

Orbit-Average: Space Weather Sensitivity

integration window (i.e.,“orbit arc’) to capture a drag signal

Jan. 1, 2011

Fig. I. Time series of NRLMSISE-00 density, geodetic altitude, geodetic latitude, and local solar time
for C/NOFS on January 1, 201 | illustrating the apoapsis-to-apoapsis integration windows.

Suborbital-Average: Nuanced

centered about periapsis
v" The eccentricity of C/NOFS results in a greater EDR near
periapsis than apoapsis

Insights

v" Suborbital-average integration enables the analysis of
specific spatial regions uniquely influenced by defining
localized features which can be masked by averaging over
the entire orbit

v" Inverse relationship between arc size and ND magnitude
results from the average being weighted more heavily
towards the peak density at periapsis

v 0.25® arc underscores a prominent transition in drag
SNR

v" Density inversion and anisotropic behavior seen in 0.25%P
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arc may be attributed to complications arising from the
relative balance of altitude, LST, F,, ;, and/or additional
vertical structures (i.e., planetary waves)

Shadow Function

v" Arcs can also be chosen as two sequential half-orbit arcs:
“inbound” (apoapsis to periapsis) and “outbound”
(periapsis to apoapsis)

Influence of LST on ND is highlighted by outbound arc’s
transition from dayside to nightside, absent in inbound arc
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Fig. 5. Time series of (top and middle) observed and model effective densities overlaid
with a polynomial fit to the observed data and (bottom) average window local solar time
color-mapped to the solar shadow function for the “inbound” (apoapsis to periapsis) and
“outbound” (periapsis to apoapsis) half orbits with respect to periapsis.
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| 22 Fig. 4. Time series of C/NOFS (top and middle) observed and modeled densities and (bottom)
an

average window altitude and local solar time for suborbital integration windows of 1.00, 0.75,
and 0.50 and 0.25 portions of the duration of an orbital period centered about periapsis.
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Fig. 3. Time series of observed effective density, model effective density, the ratio between the observed and modeled,
A, and F, ; indices, and periapsis altitude and local solar time. The minor geomagnetic storm on Jan. 7 is highlighted.
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v EDR and TLE [2] methods exhibit similar trends to each other and are within a [0.3,1.3] factor
of NRLMSISE-00 [3]

Ratios being mostly <I is expected since MSIS runs hot during solar minimum

EDR enables identification of minor geomagnetic storm better than TLE-method and MSIS
Small-scale variations in the EDR-derived densities are non-physical and may be explained by
processing error carried over from the UCAR POD filtering scheme
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