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turn, leads to confidence in determining the electron
density Ne to within a few per cent even in space plas-
mas with Ne < 10 cm−3 where determinations to this
accuracy are difficult to achieve.

SM42C-0628 1330h POSTER

Critical Temperature for the Onset of
Spacecraft Charging, An Update

Shu T. Lai (Shu.Lai@hanscom.af.mil)

Space Vehicles Directorate, Air Force Research Lab-
oratory 29 Randolph Road, Hanscom AFB., MA
01731, United States

The onset of spacecraft charging at geosynchronous
altitudes occurs at a critical value of the space plasma
electron temperature for a given spacecraft surface. We
review the theoretical formulation and computational
results and compare the results with the Los Alamos
National Laboratory spacecraft charging obervations.
It is amazing that the observational data show that
the onset of charging occurs at a critical temperature
in almost every charging event, no matter which satel-
lite, which year and which month. It is equally amazing
that the theoretical critical temperature values remain
the same no matter in Maxwellian plasma or in kappa
plasma, in eclipse or even in sunlight. We also offer
a full theoretical formulation of critical temperature in
cut-off Maxweliian distributions and a good reason why
spacecraft charging seldom occurs in the dusk sector.

SM42D MCC: 2008 Thursday
1340h

Sun-to-Earth Elements and Linkages
That Drive Geoeffectiveness V (joint
with SA, SH, NG)

Presiding: R L Kessel, NASA Goddard
Space Flight Center; M Henderson,
Los Alamos National Laboratory

SM42D-01 1340h

A Taxonomy of the Magnetosphere’s
Reaction to Solar-Wind Driving

Joseph E Borovsky1 ((505)667-8368;
jborovsky@lanl.gov)

Ruth M Skoug1 (rskoug@lanl.gov)

Charles W Smith2 (Charles.Smith@unh.edu)
1Los Alamos National Laboratory, Mail Stop D466,

Los Alamos, NM 87545, United States

2University of New Hampshire, 297 Morse Hall,
Durham, NH 03824, United States

By statistically examining the properties of the so-
lar wind during various types of magnetospheric phe-
nomena, we have produced a suggested taxonomy of
the magnetospheric phenomena resulting from various
properties of the solar-wind driver. These phenomena
include periodic substorms, steady-magnetospheric-
convection (SMC) events, storms with global saw-
tooth oscillations, storms without sawtooth oscilla-
tions, quiet periods with viscous convection, quiet pe-
riods without viscous convection. Periodic substorms
tend to be found in times of modest southward vBz
and normal to high amplitudes of upstream MHD tur-
bulence. SMC events tend to be found in times of mod-
est southward vBz and low-amplitude upstream turbu-
lence. Global sawtooth oscillations tend to be found in
times of big B, modest n, and low-amplitude upstream
MHD turbulence. The geomagnetic indices are well cor-
related with the amplitude of upstream solar-wind tur-
bulence. Under northward vBz this correlation is very
clear, suggesting that (in analogy with fluid dynamics
experiments) a viscous driven convection in the mag-
netosphere is being controlled by the amplitude of the
solar-wind turbulence. A single diagram is presented
summarizing the hypothesized taxonomy in vBz (re-
connection) turbulence (viscosity) space. If the solar-
wind-driver parameters are maintained for a sufficient
amount of time, the predicted magnetospheric phenom-
ena should occur.

SM42D-02 1355h

Plasmaspheric Dynamics:
Solar-Wind/IMF and Sub-Auroral
Coupling

Jerry Goldstein1 (jerru@alum.dartmouth.org)

Bill Sandel2 (sandel@arizona.edu)

Janet Kozyra3 (jukozyra@umich.edu)

Anthony Mannucci4 (Tony.Mannucci@jpl.nasa.gov)
1Southwest Research Institute, Space Science (Div

15), SwRI 6220 Culebra Road, San Antonio, TX
78238, United States

2University of Arizona, Lunar and Planetary Lab,
University of Arizona, Tucson, AZ 85721, United
States

3University of Michigan, Space Physics Research Lab
University of Michigan, Ann Arbor, MI 48109,
United States

4Jet Propulsion Laboratory, Jet Propulsion Lab Cali-
fornia Institute of Technology, Pasadena, CA 91109,
United States

The images produced by the IMAGE extreme ul-
traviolet (EUV) imager have provided the first global
view of plasmaspheric dynamics, including the pro-
cess of erosion and the formation and evolution of
drainage plumes. The traditional picture holds that the
zero-order behavior of the plasmasphere is described
by superposition of corotation and solar-wind-driven
sunward convection. We test this long-standing hy-
pothesis by comparing EUV images and the output
of a plasmapause evolution model driven by a time-
varying Volland-Stern electric potential field. Volland-
Stern simulations of two June 2001 erosion events re-
produce the EUV plasmapause position on the dawn-
side, but place it too far from Earth near dusk, im-
plying strong duskside flows not in the model. Low-
altitude DMSP data show that duskside flows are of-
ten enhanced by the sub-auroral polarization stream
(SAPS) phenomenon which couples the ring current,
ionosphere and plasmasphere together. Our simple ad-
hoc SAPS model corrects the duskside plasmapause po-
sition in the model. Thus, both convection and SAPS
play a significant role in the global dynamics of the
plasmasphere during geomagnetic disturbances. Analy-
sis of DMSP data and model results indicate that SAPS
flows may be responsible for a duskside ”undulation”
of the plasmapause observed on 17 April 2002. There
is also evidence that SAPS plays a significant role in
the creation of ”tongue”-like regions of enhanced iono-
spheric/plasmaspheric total electron content (TEC) ob-
served by the GPS network to extend poleward from
low latitudes.

SM42D-03 1410h

Global Observations of O/N2 in Earth’s
Thermosphere During the April 2002
Sun-Earth Storms

John B Sigwarth1 (319-335-1867;
john-sigwarth@uiowa.edu)

Geoffrey Crowley2 (210-522-3475;
gcrowly@swri.edu)

Louis A Frank1 (319-335-1695;
louis-frank@uiowa.edu)

1The University of Iowa, Dept. of Physics and As-
tronomy, Iowa City, IA 52242, United States

2Southwest Research Institute, 6220 Culebra RD, San
Antonio, TX 78238, United States

During the period of April 14-24, 2002, a series of
solar disturbances began several chains of events that
influenced geospace. Earth’s thermosphere is one end-
point for these chains. The Polar spacecraft was in a
unique position to observe the end effects on the ther-
mosphere. During April 2002, the 8 RE apogee alti-
tude of the Polar orbit was near the equator at ap-
proximately 1015 local time. The ultraviolet sensitive
Earth Camera of the Visible Imaging System on the
Polar spacecraft acquired global images of Earth’s day-
glow through a broadband filter at FUV wavelengths.
For this filter, percentage variations in dayglow inten-
sity relative to quiet times across the dayside hemi-
sphere are related to variations in the O/N2 column
density ratio of the thermosphere. An initial small de-
crease in the O/N2 ratio was observed on April 17,
2002. The O/N2 ratio reached a maximum depletion of
45% during the magnetospheric storm on April 19, 2002
at 1907 UT. Full recovery of the O/N2 ratio followed in
less than 36 hours. The O/N2 depletions were located
in the polar regions and extended to mid-latitudes in
both the northern and southern hemispheres. These
depletion regions were highly structured and differed
significantly between the hemispheres. The variability
of the solar EUV photon flux can be observed in the
hemisphere-integrated dayglow intensities and must be
taken into account in order to obtain accurate retrieval
of the O/N2 ratios. Discussion will concentrate on the
north-south asymmetry of the depletion regions and the
variations of the observed O/N2 ratio in the thermo-
sphere as compared with the model results from the
TIMEGCM.

SM42D-04 1425h

Interplanetary-Ionospheric Coupling:
The 6 November 2001 Magnetic
Storm Event

B. T. Tsurutani1 ((818) 354 7559;
Bruce.Tsurutani@jpl.nasa.gov); A. J. Mannucci1

(Anthony.Mannucci@jpl.nasa.gov); B. Iijima1

(Byron.Iijima@jpl.nasa.gov); M. A. Abdu2
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(sobral@dae.inpe.br); W. Gonzalez2
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(bfejer@cc.usu.edu); T. Fuller-Rowell5

(Tim.Fuller-Rowell@noaa.gov); J. Kozyra6
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(jcf@haystack.mit.edu)

1JPL, 4800 Oak Grove Drive, Pasadena 91109, United
States

2INPE, CP515, Sao Jose dos Campos, SP 12200-000,
Brazil

3RSCSA, Kyoto University, Uji 611, Japan

4Utah State University, USU, Logan, UT 84322,
United States

5University of Colorado, UC, Boulder, CO 80905,
United States

6University of Michigan, UM, Ann Arbor 48109,
United States

7Haystack Obs., Millstone Hill, Westford, MA 01886,
United States
The effects of the intense southward interplanetary

magnetic fields of the 6 November 2001 event is studied
using ground-based GPS receiver data, satellite (ver-
tical) GPS receiver data, satellite altimeter data and
Brazilian near-equatorial ionosonde data. Strong dawn-
to-dusk directed interplanetary electric fields are gen-
erated by shock compression of an upstream slow mag-
netic cloud southward Bz magnetic fields. The electric
field reached an unusually high approx. 55 mV/m in-
tensity. Immediately after shock impingement, there
were strong dayside and nightside ionospheric effects.
The CHAMP GPS data plus ground based GPS data
indicate that the dayside ionosphere was lifted to alti-
tudes above the satellite (approx. 430 km). The ver-
tical ionospheric TEC increased by 50-100 %. Night-
side ionosonde data indicate strong decreases in TEC.
During the intense interplanetary electric field event,
an unusual plasma feature is noted. Enhanced midlat-
itutde densities occur with a sharp drop-off of densi-
ties at higher latitudes. The latitude of the drop-off
decreased with storm development, similar to plasma-
spheric erosion during magnetospheric convection elec-
tric field events. Finally large decreases in the dayside
TEC are noted approx. 6 hrs after shock passage. This
decrease is approx. 40 % below quiet daytime values.
These interesting ionospheric features will be discussed
in terms of prompt penetration of interplanetary elec-
tric fields, shielding fields, and neutral winds and com-
position.

SM42D-05 1440h

Non-uniform precipitation of solar
energetic particles across the Earth’s
polar caps

Joseph E Mazur1 (310-336-2389); J Bernard Blake1;

Mark D Looper1; Glenn M Mason2; Richard A
Mewaldt3; Berndt Klecker4; Shri Kanekal5

1The Aerospace Corporation, 2350 E. El Segundo
Blvd., El Segundo, CA 90245-4691, United States

2University of Maryland, Department of Physics, Col-
lege Park, MD 20742, United States

3California Institute of Technology, Space Radiation
Lab 220-47 Downs, Pasadena, CA 91125, United
States

4Max Planck Institute for Extraterrestrial Physics,
Garching, Munchen D-85741, Germany

5Department of Physics, Catholic University of Amer-
ica, College Park, MD 20742, United States

The Earth’s magnetic field has a complex influence
on the precipitation of solar energetic particles into
the atmosphere at high latitudes. Besides the time-
dependent cutoff latitude, one often observes large (>
factor of 4) changes in the intensity of solar particles
particles as a low-altitude satellite traverses the polar
caps. These features were first observed in low-Earth
orbit and modeled in the 1970’s (e.g. Scholer 1972).
Factors such as delayed particle access from deep in
the magnetotail, favored access to one pole or the other
due to the polarity of the interplanetary magnetic field;
and quasi-trapping just above the cutoff latitude were
thought to play a role. We revisit these phenomena us-
ing the high-sensitivity instruments on the SAMPEX
satellite at 600km altitude. We will test the previous
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concepts and models of solar particle access across a
wider range of particle rigidity (10’s to 100’s MV) and
with better statistics than has been done in the past.
At the meeting we will quantify non-uniform particle
illumination in many events from 1992-2003, including
the 14-24 April 2002 interval, and discuss its impact on
calculations of the solar particle energy deposit into the
atmosphere. M. Scholer, J. Geophys. Res. 77, 2762-
2769, 1972.

SM42D-06 1455h

Energetic and dynamic impact on the
upper atmosphere during the April
2002 geomagnetic storm

Gang Lu1 (303-497-1554; ganglu@ucar.edu);

Raymond Roble1 (roble@ucar.edu); Arthur
Richmond1 (richmond@ucar.edu); Thomas
Immel2 (immel@ssl.berkeley.edu); Dirk
Lummerzheim3 (lumm@gi.alaska.edu); Marina
Galand4 (mgaland@pocc.bu.edu)

1National Center for Atmospheric Research, 3450
Mitchell Lane, Boulder, CO 80307, United States

2Space Sciences Laboratory, University of Califor-
nia, Centennial@Grizzly Peak, Berkeley, CA 94720,
United States

3Geophysical Institut, University of Alaska, 903
Koyukuk Drive, Fairbanks, AK 99775, United
States

4Center for Space Physics, Boston Universtity, 725
Commonwealth Avenue, Boston, MA 02215, United
States
The April 2002 geomagnetic storm has been associ-

ated with a wide range of disturbances that occurred on
the Sun, including high-speed coronal mass ejections,
and several M- and X-class flares. This event there-
fore offers a unique opportunity to define and unravel
the geoeffectiveness of various energy inputs originat-
ing from the Sun. This talk focuses on the impact of
precipitating particles on the upper atmosphere. Nu-
merical experiments are carried out to study the re-
sponse of the thermosphere and ionosphere to the dif-
ferent particle inputs, such as the auroral electrons and
energetic protons, and the intense high-energy polar
rain that was observed during the storm. We also show
the generation and propagation of the large-scale trav-
eling atmospheric and ionospheric disturbances (TADs
and TIDs) and their relation to the impulsive magne-
tospheric energy inputs via precipitating particles and
Joule heating. Storm-time changes in neutral tempera-
ture, neutral winds and composition, as well as electron
density will be discussed in light of the model simula-
tions.

SM42D-07 1510h

Energization of Ionospheric Plasma
During the April 17, 2002 Storm

Robert M Winglee (winglee@ess.washington.edu)

Univ. of Washington, Dept. of Earth and Space Sci-
ences, Seattle, WA 98195-1310, United States

Statistical studies as well as recent multi-fluid sim-
ulations have demonstrated a correlation between the
outflow of ionospheric plasma with the solar wind con-
ditions and especially with the sign of the interplane-
tary magnetic field (IMF). This paper investigates the
energization of ionospheric and solar wind plasma dur-
ing the April 17, 2002 storm. This storm provides an
excellent means of not only investigate the size of the
ionospheric outflows but also the energization of these
outflows as a function of solar wind conditions. It is
show that will ionospheric outflows are enhanced by
the arrival on the magnetic cloud at Earth, much of
the ionospheric plasma remains relatively could for the
first couple of hours during the event. Variability in the
IMF conditions produces some local heating of heavy
ions, but during the first part of the event it is the
light ions that experience the bulk of the heating. It is
only after a few hours when there is a prolonged period
of southward IMF, that there is significant depletion of
light ions in the magnetotail and the preferential heat-
ing of heavy ions occurs. These results demonstrate
that conditions between storms and substorms can be
very different in the magnetotail, and that this differ-
ence will lead to changes in the characteristics of the
energetic populations in the tail even for very similar
IMF conditions.

SM42D-08 1525h

Atmospheric Effects of
Solar/Geomagnetic Disturbances: the
Role of Initial Atmospheric States

Jeng-Hwa Yee1 (443-778-6206; sam.yee@jhuapl.edu)

Elsayed R Talaat1 (elsayed.talaat@jhuapl.edu)

Geoff Crowley2 (gcrowley@swri.edu)

Ray Roble3 (roble@ucar.edu)
1The Johns Hopkins University Applied Physics Lab-

oratory, 11100 Johns Hopkins Road, Laurel, MD
20723, United States

2Southwest Research Institute, Space Sciences and
Engineering 6220 Culebra Road, San Antonio, TX
78228, United States

3NCAR, High Altitude Observatory 3450 Mitchell
Lane, Boulder, CO 80301, United States

This paper will investigate how the initial atmo-
spheric composition, temperature, and wind and dy-
namic states affect the extent and duration of the
neutral atmosphere and ionosphere response to var-
ious solar and geomagnetic disturbances. The vari-
able energy inputs during solar and geomagnetically
disturbed times drive important chemical reactions in-
volving energetically-important minor species such as
O and NO throughout the high-latitude mesosphere and
lower thermosphere. These changes are transported
in latitude and altitude, affecting the global thermal
structure and composition. Changes in the thermal
structure will ultimately result in changes in the cir-
culation pattern that provide feedback to the time-
varying atmospheric effects. In addition the disturbed
wind patterns can affect the distribution of ionospheric
density, such as contributing to variations in the Ap-
pleton anomaly. As a result, it is anticipated that the
extent of the responses will depend on the initial at-
mospheric condition. For example, the season during
which the disturbance(s) occur, at what point in the
11-year solar cycle, and whether the disturbance is an
isolated event or part of a series, such as the recent
April 2002 storms, will affect the magnitude and struc-
ture of the changes in the O/N2 ratio, ionospheric den-
sity, etc. In this paper we investigate the response at
these various atmospheric conditions using mechanistic
runs of first principle general circulation models of the
upper atmosphere.

SM42E MCC: 2008 Thursday
1600h

Exploring the Digital Geospace:
Modern Methods of Spatial Data
Analysis I (joint with SA, SH, NG)

Presiding: L Scherliess, Utah State
University; R S Weigel, CISM/KT

SM42E-01 1600h INVITED

Analysing structures and interfaces
using spatially-distributed data

Malcolm W Dunlop (441235445427;
m.w.dunlop@rl.ac.uk)

Rutherford Appleton Laboratory, Chilton, Didcot,
Oxon, OX11 0QX, UK, Didcot OX11 0QX, United
Kingdom

Cluster has provided fully co-ordinated, spatially-
distributed data for the first time. A number of
multi-spacecraft techniques which measure, for exam-
ple, boundary orientation, thickness and motion, and
deviation from planarity, have been developed. In ad-
dition, the data allows the electric current structures,
both within the boundary layers and associated with
other structure, to be probed. We investigate and
compare boundary crossings arising from spacecraft en-
counters with discontinuities in the solar wind, the bow
shock, the magnetopause and the magnetotail, which
are observed by Cluster on multiple scales (ranging
from 6000-100 km). Behaviour of the interfaces, such as
distinguishing strong acceleration and thickness varia-
tions, can be made. Knowledge of boundary orientation
and motion can accurately scale the plasma and field
signatures across the boundary layer.

SM42E-02 1620h

Plasma Wave Identification in
Multi-Spacecraft Data Using the
Eigenstructure of the Cross Spectral
Density Matrix

Joachim Vogt (+49-421-200-3252;
j.vogt@iu-bremen.de)

International University Bremen, School of Engineer-
ing and Science, Campus Ring 8, Bremen 28759,
Germany

Data from multi-spacecraft missions offer the pos-
sibility to study plasma processes by means of, both,
their temporal and spatial characteristics. This is of
particular importance in plasma wave analyses where

good frequency and wave vector estimates are needed
to test dispersion relations. Here we focus on data from
ESA’s Cluster-II mission. Analysis methods like the
wave telescope or k-filtering technique originally devel-
oped for seismic arrays have been generalized and ap-
plied to Cluster-II data. This report presents a wave
identification method based on the eigendecomposition
of the cross spectral density matrix. The method is
expected to facilitate the detection of plasma waves
and should be well suited for routine analyses of large
data sets. Furthermore, the eigenstructure of the cross
spectral density matrix allows to compare the method
presented here with already existing techniques, and
to construct performance measures. Estimation of the
complete set of parameters of plane wave sources helps
to reconstruct wave fields and to carry out polarization
analyses.

SM42E-03 1635h INVITED

Data Assimilation in Ionospheric and
Magnetospheric Models

Aaron J Ridley1 ((734) 764-5727; ridley@umich.edu)

Tamas I Gombosi1 (tamas@umich.edu)

Robert Clauer1 (rclauer@umich.edu)
1Center for Space Environment Modelling, 1411B

Space Research Building University of Michigan,
Ann Arbor, MI 48109-2143, United States

In this talk we present a review of ionospheric
and magnetospheric data assimilation models which are
currently in use or under development. This is a very
challenging field because of the the sparseness of data
and the vastness of the volume. Even though it is
challenging, researchers have made tentative steps in
the development of region and global data assimilation
models. We attempt to discuss a variety of models us-
ing different methodologies and complexities. These
models cover the ionospheric electrodynamics, radia-
tion belts, ring current, global magnetosphere, thermo-
sphere, and ionosphere.

SM42E-04 1655h

The USU GAIM Data Assimilation
Model for the Ionosphere

Ludger Scherliess1 (435-797-7189;
ludger@gaim.cass.usu.edu)

Robert W. Schunk1 (435-797-2969;
schunk@cc.usu.edu)

Jan J. Sojka1 (435-797-2969;
fasojka@gaim.cass.usu.edu)

Donald C. Thompson1 (435-797-2969;
thomspon@gaim.cass.usu.edu)

1Utah State University, Center for Atmospheric and
Space Sciences, 4405 Old Main Hill, Logan, UT
84322

Although data assimilation techniques have been
successfully used by the meteorologists and oceanog-
raphers for several decades, the space physics commu-
nity has been slow in implementing data assimilation
techniques, primarily because of the lack of a suffi-
cient number of measurements. However, this situa-
tion is changing rapidly for the ionosphere. Within
ten years, it is anticipated that there will be millions
of ionospheric measurements per day from a variety
of sources, and these data will be available for as-
similation into specification and forecast models. A
physics-based data assimilation model of the iono-
sphere is under development as the central part of a
DoD MURI funded program called GAIM (Global As-
similation of Ionospheric Measurements). The Utah
State University GAIM model will use a physics-
based ionosphere-plasmasphere-polar wind model and
a Kalman filter as a basis for assimilating a diverse
set of real-time (or near real-time) measurements. The
new physics-based ionosphere-plasmasphere-polar wind

model (IPM/IPWM) includes 6 ion species (O+
2 , N+

2 ,

NO+, O+, H+ and He+) and covers the low and mid
latitudes from 90 km to about 20,000 km altitude and
the high latitudes from 90 km to 10,000 km altitude.
The Kalman filter is based on a reduced state approxi-
mation combined with a segmentation of the model do-
main into geographical sectors. These approximations
not only lead to a dramatic reduction in the computa-
tional requirements but also make the model more eas-
ily adaptable for global, regional, or local applications.
Several real data types, including in situ electron den-
sity measurements from DMSP satellites, bottomside
electron density profiles from the Air Force network of
digisondes, GPS-TEC from a global network of more
than 160 ground stations, and occultation line-of-sight
TEC measurements from three low Earth orbiting satel-
lites are currently assimilated into the model. In this
paper we will briefly review the Kalman filter technique
including the applied approximations and then present
results from a 3-day model run using data from the four
different data types.


