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Estimates of DC Poynting Flux with 
SuperDARN and AMPERE

~S = ~E ⇥ � ~B

• In this work: we seek to understand the influence 
of DC Poynting flux,   , on the high-latitude 
thermosphere. 

• Compare CHAMP estimates of Δ𝜌 to   . 
• Estimates of perturbation Poynting flux,   , are 

provided by combining SuperDARN and 
AMPERE data products. 

• Large scale: “DC”,   , generated by 
Birkeland current system.  

• SuperDARN and AMPERE data for January 1, 
2010 — December 31, 2012 analyzed. 

• CHAMP data for 2001—2010. 
• Binned with equal area grid above 60° MLAT. 

• 2° in MLAT per bin. 
• Only considered electric field estimates 

associated with SuperDARN velocity 
measurements. 

• Only considered times where IMF was steady for 
30 minutes (for Δ𝜌 and    ).
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Table 1. Locations of the maximum and minimum FACs and the
maximum downward Poynting flux for the three regions of en-
hanced Poynting flux for 16:00–17:00 UT, 11 March 2000 (cf.
Fig. 2c).

MLAT (deg) MLT (hour) J||, S||
00:00–09:00 MLT
Region 1 77 7.5 �0.6 µAm�2
Region 2 67 5.0 0.4 µAm�2
Poynting flux 72 5.5 11mWm�2

09:00–13:00 MLT
Poynting flux 78 11.0 5mWm�2

13:00–23:00 MLT
Region 1 76 14.5 +0.8 µAm�2
Region 2 66 18.0 �0.5 µAm�2
Poynting flux 71 15.5 8mWm�2

Table 2. Integral properties for the three regions of enhanced Poynt-
ing flux for 16:00–17:00 UT, 11 March 2000. Integrated power den-
sity extends down to a contour of 4mWm�2 in Fig. 2c.

Integrated properties 00–09 09–13 13–23

Power (GW) 11.6 2.4 6.6
Area (106 km2) 1.5 0.54 1.26
Avg. power flux (mWm2) 7.7 4.4 5.2

the maximum for S|| is 11mWm�2 at 72� MLAT and occurs
between both the latitudes and local times of the Region 1
and 2 FAC extrema. The total power in this morning region
is about 1/5th of the total. The afternoon/evening enhance-
ment is slightly smaller in area and accounts for less power,
⇠9 GW, and the average Poynting flux is somewhat smaller
than in the morning. The afternoon enhancement also occurs
between the Region 1 and 2 currents. The total power in the
three enhanced S|| zones ⇠40% of the total.
The FAC and Poynting flux data in Tables 1 and 2, and

Fig. 2, represent the first, ⇠ hourly time resolution, in-situ
measurements of these parameters over the region from
60� to the pole. Due to the unique spatial coverage over
the hourly time scale, a determination of the uncertainties
in the data is not straightforward. Both the Iridium and
SuperDARN data sets have been processed using spherical
harmonic and least-squares fitting methods. While there are
measures of fit for the least-squares process that provides
estimates of uncertainties at the data fitting stage, we really
are more interested in the accuracy of the values in Tables
1 and 2. Direct error estimates may be obtained from
independent satellite measurements, even if they are limited
in spatial coverage over an hourly time frame. Estimates
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Fig. 2. Iridium and SuperDARN data over 16:00–17:00 UT, 11
March 2000. (a) Plasma velocities from SuperDARN, (b) field-
aligned currents derived from the Iridium magnetometer data and
(c) the combined data showing Poynting flux, where S|| is positive
into the ionosphere. The DMSP F-15 track is also shown.

of the uncertainties in our Poynting flux data have been
obtained using the magnetic field and ion drift meter data
from the DMSP F-13 and F-15 satellites.

For 11 March 2000, DMSP F-15 passed 60� geomag-
netic latitude at 20:30 MLT and tracked across to 60� at
09:30 MLT. The perturbation magnetic field data obtained
along the DMSP F-15 track are compared with the Iridium

SuperDARN

AMPERE

� ~B

~E

~S

~S

~S

~S

~S

~S

http://doi.org/10.5194/angeo-22-2861-2004


Estimates of DC Poynting Flux with 
SuperDARN and AMPERE

2.4 GW
-1.3 GW

4.6 GW
-1.3 GW

13.6 GW
-1.7 GW

25.5 GW
-2.2 GW

31.0 GW
-2.5 GW

22.6 GW
-1.6 GW

11.9 GW
-0.9 GW

3.8 GW
-0.9 GW

Red - into thermosphere 
Blue - out of thermosphere 

Integrated }

Doubled to make visible

~S



Estimates of DC Poynting Flux with 
SuperDARN and AMPERE

2.4 GW
-1.3 GW

4.6 GW
-1.3 GW

13.6 GW
-1.7 GW

25.5 GW
-2.2 GW

31.0 GW
-2.5 GW

22.6 GW
-1.6 GW

11.9 GW
-0.9 GW

3.8 GW
-0.9 GW

which is identical to (12), giving credibility to the original
hypothesis (16). The ionospheric current vectors calculated
from (16) are perpendicular to the contour lines in Figure 3.
These perpendicular currents need not be exactly parallel to
the electric fields as there may be gradients in the
ionospheric conductivity and neutral winds. The height-
integrated ionospheric Joule heating is calculated by taking

the dot product of the electric field with the height-
integrated perpendicular current from (16). By using (10)
and some algebraic manipulation it is found that this dot
product is equivalent to the Poynting flux in (15):

r̂ E ! J?ð Þ ¼ r̂ E !rSy=moð Þ ¼ E% r̂%rSy=moð Þ
¼ E% DB=mo ¼ S: ð19Þ

Figure 5. (a–i) Joule heating rate in the ionosphere in the Northern Hemisphere at an altitude of 110 km,
mapped as a function of AACGM latitude and MLT. The format and the IMF/solar wind parameters are
the same as in Figure 2. The heating rates are derived from the potentials shown in both Figures 2 and 3.
The total integrated heating is printed in the top right corner of each map.

A05306 WEIMER: IMPROVED IONOSPHERIC MODELS

10 of 21

A05306

Weimer, D. R. (2005). Improved ionospheric electrodynamic models and application to 
calculating Joule heating rates. Journal of Geophysical Research, 110(A5), A05306. http://
doi.org/10.1029/2004JA010884

• Structure of     agrees well with Weimer [2005]. 
• Magnitude and integrated values of    do not agree with Weimer [2005]. 
• Reason: different spatial resolution of measurements. 
• Better agreement with Cousins et al., [2015] and Gary et al., [1995]. 
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Estimates of neutral mass density 
perturbations with CHAMP

• 2001—2010 CHAMP dataset was analyzed. 
• 5-minute running average of 𝜌 was used, <𝜌>. 

• Only considered times where IMF was steady for 30 minutes. 
• 20 minutes before CHAMP measurement, 10 minutes after.

W. E. ARCHER ET. AL.: NEUTRAL MASS DENSITY RESPONSE TO DC POYNTING FLUX X - 35
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Figure 1. A sample of CHAMP derived measurements of ⇢, illustrated with triangle

symbols, from 23 UT on January 3, 2010. h⇢i measurements are shown in red. �⇢ is

shown in blue.
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CHAMP: January 3, 2010, 23 UT



Estimates of neutral mass density 
perturbations with CHAMP
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Figure 4. CHAMP derived values of �⇢ as a percent di↵erence from the background ⇢

measured poleward of 60� in the northern hemisphere. The most notable features in this

map are the cusp �⇢ enhancement and the dawn sector �⇢ depletion.
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• Clear thermospheric structures. 
• Large dawn sector depletion. 

• IMF clock angle dependence 
evident. 

• Signature of cusp effect clear. 
• Thermospheric structure very similar to 

that modelled by Crowley et al., [1996]

CROWLEY ET AL.: CELLULAR STRUCTURES IN THE THERMOSPHERE 213 
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Figure 2. Thermosphere-ionosphere general circulation model (TIGCM) predictions of neutral mass 
density in geographic coordinates for 12 UT for (a) 200 km, 30 kV; (b) 200 km, 60 kV; (c) 200 km, 90 
kV; (d) 140 km, 90 kV conditions. A satellite trajectory in the 2240 - 1040 LT plane is superposed in 
Figures 2a- 2c which refer to 200 km altitudes. The outer latitude circle corresponds to 45øN. 
Intermediate latitude circles are omitted for clarity. Density units are 10 '14 gm/cm 3. 

magnitude of the cross cap potential, but also on the shape of 
the convection pattern and on the ionospheric conductivity. 
Typically, a density departure of 5-7% from the average 
density is required before a cell can be confidently identified i n 
the simulations. 

A quantitative measure of the magnitude of the density 
perturbations is provided by the ratio of density at the center 
of the noon cell to the density at the center of the dawn cell 
(Figure 3a). For a 30 kV cross cap potential, the noon/dawn 
ratio is about 1.2. As magnetic activity is increased, the 
noon/dawn ratio increases. The noon and dawn cells are used 
because they are present at all levels of magnetic activity. 

For a 60 kV cross cap potential (Figure 2b), there are three 
cells at 200 km. The noon high-density and dawn low-density 
cells are again present, but a third cell has formed in the 
midnight sector. (In fact, this is an enlargement of the region 
of high-density sometimes present for less active conditions, 
as mentioned in Figure 2a). For magnetically active conditions 
(Figure 2c), the neutral mass density at 200 km forms four 
high-latitude cells. The noon and midnight high-density cells 
are now separated by a low-density region over the pole which 
appears to be an extension of the dawn low-density cell. We 
shall refer to this low-density region over the pole as the 
"evening cell," since it is located in the evening sector in 
magnetic coordinates. The mechanisms for the formation of 

the evening low-density cell are similar but subtly different 
from those which produce the dawn low-density cell, as will be 
discussed later. Figure 3a indicates that the noon/dawn cell 
density ratio in the 60 kV and 90 kV cases is about 1.45 and 
1.6 respectively. 

Up to this point, we have discussed the density variations 
at 200 km altitude. However, the number of cells and their 
locations change as a function of height. The additional cells 
visible in the 60 kV and 90 kV cases of Figure 2b and 2c are 
only present above 170 km. Below 170 km, there are only two 
cells for all levels of magnetic activity. An altitude of 140 km 
has been selected to illustrate the cell behavior below 170 km. 
Figure 2d depicts the cells at 140 km and 12 UT for the 90 kV 
simulation. The two cells are a high-density cell in the 
(geomagnetic) dusk sector and a low-density cell between noon 
and dawn. 

The noon/dawn ratio does not give an indication of 
whether most of the effect is due to density increases in the 
noon cell or density decreases in the dawn cell. To determine 
the relative contribution of each cell to the overall structure, 
Figure 3b illustrates for 200 km the ratios of the noon cell and 
dawn cell density to hemispheric average density for different 
activity levels. Since the noon cell represents an increase in 
density over the hemispheric average while the dawn cell 
represents a decrease, all the noon/average ratios are greater 

Crowley, G., Schoendorf, J., Roble, R. G., & Marcos, F. A. (1996). Cellular structures in the 
high-latitude thermosphere. Journal of Geophysical Research: Space Physics, 101(A1), 
211–223. http://doi.org/10.1029/95JA02584
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Comparing Δ𝜌 to    
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Figure 4. CHAMP derived values of �⇢ as a percent di↵erence from the background ⇢

measured poleward of 60� in the northern hemisphere. The most notable features in this

map are the cusp �⇢ enhancement and the dawn sector �⇢ depletion.
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• A direct comparison between the two would be ill-advised. 
• Thermospheric winds must also be considered!

~S



Considering the thermospheric winds

Journal of Geophysical Research: Space Physics 10.1002/2014JA020586

Figure 4. CHAMP thermospheric winds in the Northern Hemisphere
during solar maximum (2001–2004) organized in the same format
as Figure 2.

Figures 2 and 3 are consistent with what
is typically observed [e.g., Ruohoniemi
and Baker, 1998; Ruohoniemi and
Greenwald, 2005; Cousins and Shepherd,
2010]. Specifically, a typical two-cell ion
convection pattern that depends on
IMF clock angle is observed. The largest
ion velocities are observed for IMF +By

and −Bz conditions. The ion convection
patterns show a dawn-dusk asymmetry
between cells of the convection
pattern. The asymmetry varies with
IMF By conditions; specifically, there is an
elongation of the dawn (dusk) sector cell
and rounding of the dusk (dawn) sector
cell under IMF +By (IMF −By) conditions.

Figures 4 and 5 show the 2-D neutral
wind velocity vectors resulting from the
WLS method. The figures show average
F region thermospheric winds for the
Northern Hemisphere categorized by
IMF clock angle during solar maximum
years (2001–2004) and solar minimum
years (2005–2009), respectively. For
Figure 4, above 80◦ MLAT the mean
number of data per grid cell was 2323,

between 70◦ and 80◦ MLAT it was 1013, and below 70◦ MLAT it was 508. For Figure 5, above 80◦ MLAT the
mean number of data per grid cell was 1850, between 70◦ and 80◦ MLAT it was 807, and below 70◦ MLAT
it was 404.

Figure 5. Same as Figure 4 except during solar minimum (2005–2009).

The neutral winds shown in Figures 4
and 5 are generally consistent with the
maps of thermospheric winds presented
in Förster et al. [2008]. For example, in
the dusk sector, the persistent clockwise
vorticity in the neutral wind pattern that
we observe (near 80◦ MLAT and 17 MLT)
was also reported by Förster et al. [2008].
The vorticity is more pronounced and
the pattern becomes more circular in
shape for the solar maximum period
and for +By and −Bz IMF conditions. This
is similar to the behavior observed in
the ion velocity where a more circular
pattern with stronger vorticity is also
observed near 80◦ MLAT and 17 MLT
for the solar maximum period and +By

and −Bz IMF conditions. The clockwise
vorticity in the neutral winds is driven
by the combination of the Coriolis and
centrifugal forces [Gundlach et al., 1988]
and seems to be supported or enhanced
through interaction with ion convection.
In contrast, there is counterclockwise

BJOLAND ET AL. ©2015. American Geophysical Union. All Rights Reserved. 1482Bjoland, L. M., Chen, X., Jin, Y., Reimer, A. S., Skjæveland, Å., Wessel, M. R., … 
McWilliams, K. A. (2015). Interplanetary magnetic field and solar cycle dependence 
of Northern Hemisphere F region joule heating. Journal of Geophysical Research: 
Space Physics, 120(2), 1478–1487. http://doi.org/10.1002/2014JA020586
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Figure 4. CHAMP derived values of �⇢ as a percent di↵erence from the background ⇢

measured poleward of 60� in the northern hemisphere. The most notable features in this

map are the cusp �⇢ enhancement and the dawn sector �⇢ depletion.
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10 — 14 MLT sector: comparing Δ𝜌 to   
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MLAT

Figure 6. Sz (black circles) and �⇢ estimates (red circles) for all bins in the 10 – 14

MLT sector as a function of MLAT. The plots are arranged in the same ✓IMF format as

Figures 2 to 5.
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• Narrow down to consider only estimates in the 10 — 14 MLT sector. 
• Very little structure (convergence/divergence/vorticity) in wind field.  
• Comparing Δ𝜌 (red) to    (black), one sees that the cusp density enhancement 

is always present, event when    is negligible.
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Summary and Conclusions

• 9 years of CHAMP data and 3 years of SuperDARN/AMPERE data were analyzed to 
gain a better understanding of the relationship between Δ𝜌 and DC   . 

• Maps of    agree with previous work. 
• Maps of Δ𝜌 show structuring and correlation with IMF clock angle. 

• It is difficult to compare both quantities without considering the thermospheric winds. 
• In the 10—14 MLT sector, where the wind fields lack divergence/convergence, the cusp 

mass density is persistent. 
• Observed for all IMF clock angles. 
• Present even when DC    is not. 

• DC    not a significant player for cusp density enhancement.
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SuperDARN/AMPERE 
January 1, 2010 — December 31, 2012
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Figure 2. A summary of the distribution of over 2.5 ⇥ 106 CHAMP measurements of

�⇢ used in this study, sorted into 359 equal area bins above 60�, and separated by ✓IMF .
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