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4. Geophysical conditions1. Introduction

The heating of the ionosphere-thermosphere system at high latitudes
is a rather common phenomenon. During storm time, Joule-heating
enhances at high altitudes. The heating generates atmospheric

The storm started shortly
after 19 UT on 7 May 2005
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4. Geophysical conditions

enhances at high altitudes. The heating generates atmospheric
upwelling in the source region, causing large changes in
thermospheric composition and hence in the total mass density. The
accelerometer onboard CHAMP enables us to derive the

after 19 UT on 7 May 2005
with a pronounced sudden
storm commencement
(SSC). Subsequently the Dst
decreased, reaching a
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accelerometer onboard CHAMP enables us to derive the
thermospheric mass density at orbital altitudes (~400 km). During
geomagnetic storms strong disturbances of thermospheric mass
density were observed along the CHAMP orbits (Liu et al. [2005]),
especially at mid and high latitudes. In polar cap region, distinct

decreased, reaching a
minimum (-90 nT) at 27 UT
and another minimum ( -126
nT )after 42 UT again. The
IMF B and B components
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especially at mid and high latitudes. In polar cap region, distinct
density anomalies are observed during almost every storm. In this
project we intend to investigate the thermospheric density anomaly in
polar cap region during storm time, and its possible causes.

IMF By and Bz components
have switched from positive
to negative about 2 hours
before the anomaly event.

Large ion upflow 
83°-85.5° MLat  
15:30-08:30 MLT  
13:38-13:48 UT

Large ion upflow took place coincidently with an
enhancement of thermospheric mass density in
the polar cap region. It occurred just after a
sudden vanishing of high solar wind pressure

polar cap region during storm time, and its possible causes. before the anomaly event.
The solar wind speed has
reached its peak value and
the dynamic pressure has a
high value of 10 nPa as well.

13:38-13:48 UT
Max. V// =724 m/s  
at 85.23° MLat

sudden vanishing of high solar wind pressure
and large southward IMF Bz.

Fig.5 Ion upflow observed by DMSP F-13 during the storm of 23-
2. Dataset

high value of 10 nPa as well.

Fig.2 Geophysical conditions during 7-9 May 2005. From top to
bottom are Dst index, IMF B , B , solar wind velocity and dynamic

Fig.5 Ion upflow observed by DMSP F-13 during the storm of 23-
25 May 2002, the red curve denotes field-aligned ion velocity, the
green and blue dashed lines denote MLT and magnetic latitude
along the F-13 orbit , respectively.

CHACHAllenging MMinisatellite PPayload  

* Launched: 15 July 2000 bottom are Dst index, IMF By, Bz, solar wind velocity and dynamic
pressure plotted as functions of UT time. The vertical solid line
marks the time of the thermospheric density anomaly in the polar
cap.

• Out of 29 magnetic storms (selected for conditions Dst<-100nT)

* Launched: 15 July 2000

* Altitude: �  400 km

* Satellite velocity: �  7.6 km/s

6. Statistical study
cap.

• Out of 29 magnetic storms (selected for conditions Dst<-100nT)
during 2002 to 2005, altogether 38 density anomalies are found
within the polar caps. In the northern hemisphere the anomalies
occurred not only more frequently (24 events compared to 14
events in southern hemisphere), but the amplitudes are also

* Satellite velocity: �  7.6 km/s

* Inclination: 87.3°

* One orbit: 93 minutes �  
� 15 orbits / day

5. Storm events in 2002 to 2005

• The CHAMP accelerometer provides an excellent long-term
dataset for the study of storm-related heating of the upper

The storm lasts about 40
hours. While the Dst index

events in southern hemisphere), but the amplitudes are also
stronger.

• Ratio (storm value/quiet value): Half of the 38 events have a
ratio between 2.0–2.9, while 32% of them have a ratio between

� 15 orbits / day

dataset for the study of storm-related heating of the upper
atmosphere.

• The CHAMP dataset consists of Level-2-data (0.1 Hz sample rate)
of the non-gravitational accelerations acting on the spacecraft.
Spurious spikes and accelerations, which are caused by attitude

hours. While the Dst index
attained only moderate
values, the IMF components
fluctuated strongly between

ratio between 2.0–2.9, while 32% of them have a ratio between
1.4–1.9, and 18% have a ratio between 3.0–4.0.

• Storm phase: More than one third of the anomalies occurred
during the main phase of the storms, half of the events occurred
during the recovery phase, while only 5 (13%) events occurredSpurious spikes and accelerations, which are caused by attitude

maneuvers, are removed. The acceleration caused by solar
radiation pressure is subtracted from the readings.

• The acceleration caused by the atmospheric drag is given by
(Bruinsma et al. [2004] and Liu et al. [2005])

fluctuated strongly between
positive and negative values.
Particularly large solar wind
speeds, surpassing 1000
km/s, are observed. The

during the recovery phase, while only 5 (13%) events occurred
at the very beginning of the storms.

• IMF orientation: The density anomalies have a preference for
the southward IMF orientation. More than two thirds (26 events)

(Bruinsma et al. [2004] and Liu et al. [2005]) km/s, are observed. The
pressure was dramatically
enhanced. It increased first
to 16 nPa shortly after 12 UT,

the southward IMF orientation. More than two thirds (26 events)
of the anomalies occurred under the southward IMF. But there
are also strong anomalies during northward IMF.
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and the local thermospheric mass density
and jumped up again to 50
nPa at around 14 UT.
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Fig.3(a) Geophysical conditions (a) during 17-19 January 2005,
same format as Fig.2. A gap is shown where the solar wind data
are missing.
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�  –-- local thermospheric density
CD –-drag coefficient
m ---spacecraft mass
V ---spacecraft velocity

In Fig. 3b the mass density
has almost tripled comparedV ---spacecraft velocity

v ----unit vector of  the velocity
Aeff —effective cross-sectional area

• CHAMP accelerometer data from 29 geomagentic storms during 

to the background. The FACs
are moderate on the
nightside, but they increase
dramatically when CHAMP• CHAMP accelerometer data from 29 geomagentic storms during 

2002 to 2005 (selected for conditions Dst<-100nT) are  used in this 
project.

3. An Example of mass density enhancement

dramatically when CHAMP
passes the density anomaly.
The electron density and
temperature are enhanced
simultaneously as well. This3. An Example of mass density enhancement

Pronounced density enhancements are detected during the
geomagnetic storm on 7-9 May 2005. On the dayside, the densities

simultaneously as well. This
coincidence of the density
anomaly with strong FACs,
Ne and Te suggest heatinggeomagnetic storm on 7-9 May 2005. On the dayside, the densities

begin to rise shortly before 20 UT, first at higher latitudes in both
hemispheres, then propagating equatorward. There two isolated high
density features appear at polar cap latitudes, at 39:17 UT in the

Ne and Te suggest heating
associated with FACs or soft
electron precipitation as the
cause of the air upwelling.density features appear at polar cap latitudes, at 39:17 UT in the

northern hemisphere (upper panel, marked by the red circle) and
36:56 UT in the southern hemisphere (lower panel). Fig.3(b)The density anomalies on 17 January 2005 in the

southern polar cap.The gaps near the geomagnetic poles mark
the regions not sampled by CHAMP. The magnetic local time

Fig.6 The location and amplitude of the density anomaly peaks in
geomagnetic coordinates (a)(b) and geographic coordinates (c)(d)
in both hemisphere..the regions not sampled by CHAMP. The magnetic local time

shown in the heading is for the density peaks.
in both hemisphere..

7. Summary7. Summary
•Thermospheric mass density anomalies in the polar cap are
found during almost every geomagnetic storm.
•The polar cap anomalies seem to be a transient phenomena•The polar cap anomalies seem to be a transient phenomena
lasting shorter than 1 orbit (1.5h).
•The amplitude of density enhancement shows little dependence
on the solar flux level (F10.7).on the solar flux level (F10.7).
•The density anomalies have a preference for a southward IMF
orientation. However, the anomalies are accompanied by strong
FAC for northward IMF.
•Some density anomalies are accompanied by large ion upflows,

Fig.1 The thermospheric density (in units of 10-12 kg/m3) inferred from
CHAMP accelerometer data versus geomagnetic latitude and time
during 7-9 May 2005. The top panel shows the density on the dayside
(10 MLT) and the bottom on the nightside (22 MLT).

•Some density anomalies are accompanied by large ion upflows,
which could be a possible cause of density enhancements.
•Presently, we cannot offer an explanation for the driving
mechanisms causing the local density anomaly in the polar cap.

(10 MLT) and the bottom on the nightside (22 MLT).

Fig.4(a)(b). Geophysical conditions during the storm of 23-25 May
2002 (a) and density anomaly (b) on 23 May 2002, both are in the

mechanisms causing the local density anomaly in the polar cap.
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