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air drag. These occur only in the northern polar region.
Labels at each of the spikes list the corresponding corrected
geomagnetic (cgm) latitude and the magnetic local time
(MLT) of their occurrence. From the labeled numbers it can
be suggested that all the enhanced air drag events are
encountered in the ionospheric cusp region. At the south
pole in the night-time sector there are also regions of
enhanced air drag observed, but these are less prominent
and are of larger scale size.

3. Interpretation of Observation

[8] The deceleration, d, of a satellite due to air drag can
be calculated by the well-known formula

d ¼ 1

2
r cf

A

m
v2 ð1Þ

where r is the local air density. All the other quantities are
known and have the following values in case of the
CHAMP satellite, A = 0.74m2 is the cross-section area in
ram direction, v = 7.6 km/s the orbital velocity, cf = 2.2 the
drag coefficient and m = 520 kg is the satellite mass. As can
be seen from equation (1) there exists a linear relation
between the deceleration and the air density. For the
interpretation we convert the readings of the satellite drag,
presented in Figure 1, into air density, r.
[9] Further corrections are required, e.g., removal of the

solar radiation pressure and normalization to a common
altitude (450 km) by using the local scale-height of about
60 km consistent with MSIS-90 [Hedin, 1991].
[10] We also had a look at the concurrent CHAMP

magnetic field measurements, in order to estimate the local
ionospheric current densities. It is possible to determine
Hall and field-aligned currents (FAC) separately from the
satellite data. The Hall currents are estimated exclusively
from the deflections of the field magnitude [Ritter et al.,
2004]. For the calculation of the FACs only the transverse
components are employed. We assume perpendicular FAC
sheets [Lühr et al., 1996].
[11] Figure 2 shows for a crossing of the northern polar

region around 06:30 UT air density and current estimates.
The air density in the top panel exhibits an enhancement by
a factor of 1.8 with a half-value width of about 4! in
latitude. In the panel below the Hall current density is
presented. Collocated with the density peak enhanced
current densities up to $0.2 A/m are observed at 75.5!

cgm-lat. and 10.5 MLT. Another Hall current peak, about
equally strong, occurs at 68! cgm-lat. on the evening side
(18.3 MLT), which is, however, not accompanied by an air
density enhancement. In the frame used here, positive Hall
currents are directed anti-sunward, thus both mentioned
peaks indicate eastward electrojets.
[12] In the third panel field-aligned currents are shown.

Plotted are averages over 20 s, which is equivalent to a
spatial averaging over about 150 km. CHAMP is first
crossing the cusp exhibiting a sequence of downward/
upward FACs, and in the evening sector the expected
Region 1 and 2, upward/downward, FAC pattern emerges.
This is consistent with the observed two eastward electro-
jets. The amplitudes are of moderate size. The bottom panel
contains FAC estimates determined in the same way as
before, but from the high sampling rate (50 Hz) vector
magnetometer measurements, without any filtering. There
appears a clearly outstanding packet of fine-scale FAC
filaments with amplitudes up to 150 mA/m2 concurrently
with the air density enhancement. Nothing comparable in
amplitude occurs at any other time during the displayed
interval. Hereafter we term the fine-scale field-aligned
currents ‘‘AC-FAC’’.

Figure 1. Air drag measured by the accelerometer on
board CHAMP. The harmonic variations indicate the range
of change over an orbit. Superimposed are small-scale
features. The peaks in air drag are labeled by their corrected
magnetic latitude and magnetic local time.

Figure 2. Synoptic view of air density enhancement and
ionospheric currents during a pass of the north polar region.
The curves from top to bottom display, (1) air density
variation, (2) Hall current density, (3) field-aligned currents,
averaged over 150 km, (4) high-resolution measurements of
fine-scale FACs.

L06805 LÜHR ET AL.: THERMOSPHERIC UP-WELLING IN THE CUSP L06805

2 of 4

EISCAT SVALBARD RADAR
SP, 42mc, folke, 13 December 2015

06:30 07:00 07:30 08:00

100

200

300

400

500

Al
tit

ud
e 

(k
m

)

0

1000

2000

3000

4000 Electron Tem
perature (K)

UNIVERSAL TIME

400 km 600 km 800 km

Sunlit ionosphere - Jun 21, 2015

Dark ionosphere - Dec 21, 2015

LYR Day/Night

Fig 5 dark v lit at a cusp station,

Jun 21, 2015 day and Dec 21, 2015, all LYR

Time (m) Time (m) Time (m)

Time (m) Time (m) Time (m)

LYR/Zhongshan, RENU2 launch

Time (m) Time (m) Time (m)

FIG 6

Time (m) Time (m) Time (m)

400 km 600 km 800 km

Figure 1. Accelerometer observations from the CHAMP satellite. This plot shows 12 
hours of data, spanning a total of 8 orbits. The large-scale variations are the most 
obvious feature, with drag in the northern hemisphere being greater than in the 
southern hemisphere. This study, however, focuses on the narrow spikes that are 
associated with passes through the cusp region. The southern spikes are clearly 
much less significant than in the north.


Figure 3. Density profiles during the RENU2 
launch. The blue trace shows IRI predictions; 
the green trace shows EISCAT observations at 
7:35 UT, "in between" auroral arcs, which is 
similar to the IRIresults except at a somewhat 
lower altitude. The orange trace shows IRI 
predictions for Zhongshan Station in 
A n t a rc t i c a , n o m i n a l l y c o n j u g a t e t o 
Longyearbyen.


Figure 4. IRI predictions of density profiles for 
Longyearbyen for 4 different cases, to show 
the expected variability at that location (i.e., 
northern cusp). The light blue trace shows the 
profile for a dark ionosphere (Dec 21) during 
solar minimum; the dark blue trace also 
shows the profile for a dark ionosphere, but 
during solar maximum. The yellow trace 
shows the density for a sunlit ionosphere  (Jun 
21) during solar minimum; the orange trace 
also shows the profile for a sunlit ionosphere, 
but during solar maximum.


Figure 5. Model predictions of ion flow velocities, neutral particle velocities and relative neutral density 
variability. The top three panels show quantities during a sunlit ionosphere at Longyearbyean (typical 
cusp location), at altitiudes of 400, 600 and 800 km. The bottom three panels show these quantities 
during a dark ionosphere, at the same location.


Figure 6. Model predictions of ion flow velocities, neutral particle velocities and relative neutral density 
variability, with the same format as in the previous figure. This provides an example of simultaneous 
interhemispheric predictions, with Longyearbyen in the northern hemisphere and Zhongshan Station 
(Antarctica). Density profiles for these model runs are shown in Figure 3.

PMAF effect

????
- Olson, D. [2012] used FAST and CHAMP satellite data to show a clear correlation 
between neutral upwelling and ion outflow. 


- Cohen et al. [2015] show that increased density inhibits the strength of the 
ambipolar field and reduces upflow speeds. However, upflow fluxes are still enhanced 
at higher densities because more ions are present to be influenced by the field. 


- Kervalishvili et al. [2018] show evidence for altitude-dependent neutral density 
perturbations based on CHAMP/GRACE comparisons and conclude that relative 
density perturbations at 500 km altitude are greater than at 400 km, especially in a 
dark ionosphere.


Longyearbyen, Light vs Dark Ionosphere
Parameters: 400 km 600 km 800 km

Ion

velocity, m/s

Light 150 450 700
Dark 300 1200 1800

Neutral

velocity, m/s

Light 2.0 12 39
Dark 2.6 16 51

Relative neutral

density increase, %

Light — 2.0 8.2
Dark — 3.6 14.9

LYR (sunlit) & ZGN (dark), simultaneously
Parameters: 400 km 600 km 800 km

Ion

velocity, m/s

ZGN (light) 144 379 600
LYR (dark) 268 1080 1650

Neutral

velocity, m/s

ZGN (light) 2.0 12 37
LYR (dark) 2.5 15 49

Relative neutral

density increase, %

ZGN (light) — 2.0 7.7
LYR (dark) — 3.4 14
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