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The shorter-term variable impact of the Sun’s pho-
tons, solar wind particles, and interplanetary magnetic
field upon the Earth’s environment that can adversely
affect technological systems is colloquially known as
space weather. It includes, for example, the effects
of solar coronal mass ejections, solar flares and irra-
diances, solar and galactic energetic particles, as well
as the solar wind, all of which affect Barth’s magneto-
spheric particles and fields, geomagnetic and electro-
dynamical conditions, radiation belts,
sphere, and the neutral thermosphere and mesosphere.
These combined effects create risks to space and ground
systems from electric field disturbances, irregularities,
and scintillation, for example, where these ionospheric
perturbations are a direct result of space weather. A
major challenge exists to improve our understanding of
ionospheric space weather processes and then translate
that knowledge into operational systems. Ionospheric
perturbed conditions can be recognized and specified
in real-time or predicted through linkages of models
and data streams. Linked systems must be based upon
multi-spectral observations of the Sun, solar wind mea-
surements by satellites between the Earth and Sun, as
well as by measurements from radar and GPS/TEC net-
works. Models of the solar wind, solar irradiances,
the neutral thermosphere, thermospheric winds, joule
heating, particle precipitation, substorms, the electric
field, and the ionosphere provide climatological best es-
timates of non-measured current and forecast parame-
ters. We report on a team effort that is developing
a prototype operational ionospheric forecast system to
detect and predict the conditions leading to dynamic
ionospheric changes. The system will provide global-to-
local specifications of recent history, current epoch, and
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72-hour forecast ionospheric and neutral density pro-
files, TEC, plasma drifts, neutral winds, and temper-
atures. Geophysical changes will be captured and/or
predicted (modeled) at their relevant time scales rang-
ing from 10-minute to hourly cadences. 4-D ionospheric
densities are being specified using data assimilation
techniques, coupled with physics-based and empirical
models for thermospheric, solar, electric field, particle,
and magnetic field parameters that maximize accuracy
in locales and regions at the current epoch, maintain
global self-consistency, and improve reliable forecasts.
‘We report on a system architecture underlying the link-
age of models and data streams that is operationally
reliable and robust to serve commercial space weather
needs.
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The Lyon-Fedder-Mobarry global MHD code has
been successfully used to model the coupled solar wind
- magnetosphere - ionosphere system. The simulation
uses the ideal MHD equations to model the interaction
between the magnetospheric plasma and the solar wind.
The magnetosphere - ionosphere interaction is modeled
through a simple 2D electrostatic approximation for the
conservation of current flowing between the magneto-
sphere and ionosphere. The Thermosphere - Ionosphere
Nested Grid (TING) model is a three dimensional code
designed to simulate the thermosphere - ionosphere sys-
tem by solving the momentum, thermodynamic energy
equations for the global thermosphere and ionosphere.
TING uses magnetospheric indices to determine the
magnetospheric input into the ionosphere. We begin
this paper with a presentation of the coupling method-
ology and then present the results from a series of cali-
bration studies conducted to determine the optimal pa-
rameters for coupling these models. The first study
used an isolated substorm which occurred on May 20,
1996 as the basis of comparisons between in situ obser-
vations made by DMSP satellites and the results from
AMIE studies. In addition, we present the results from
a series of idealized solar wind conditions which explore
the coupling under various IMF clock angles, levels of
geomagnetic activity, and dipole tilt angles. These re-
sults show that the core coupling of the LFM to TING
has been successful and is now ready for detailed anal-
ysis and tuning of the coupling parameters.
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We report on our efforts to incorporate high ca-
dence vector magnetic field measurements of the CME
and flare producing active region NOAA 8210 (observed
from April 28 to May 2 1998) into the photospheric
boundary layers of our 3D MHD models of the solar at-
mosphere. We find that it is is essential to be able to
specify an initial model atmosphere that is both con-
sistent with soft X-ray observations of the corona and
with observed vector magnetic field measurements at
the photosphere. Further, MHD codes require that cer-
tain components of the flowfield be specified at the
lower boundary in such a way as to self-consistently
update the model photosphere between each succes-
sive magnetogram. We will present the results of our
application of several techniques to infer the velocity
field of magnetized plasma in the photosphere using
a time-series of IVM vector magnetograms of NOAA
8210, and will present the results from our latest at-
tempt to model this complex active region.
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The Center for Integrated SpaceWeather Modeling
(CISM), an NSF Science and Technology Center that
is a consortium of ten institutions headed by Boston
University, has as its primary goal the development
of a series of ever improving versions of a comprehen-
sive physics-based simulation model that describes the
space environment from the Sun to the Earth. CISM
will do this by coupling existing models of components
of the system. In this paper we review our progress to
date and summarize our plans. We discuss results of
initial coupling of MHD models of the corona and solar
wind, and of a global magnetospheric MHD model with
a global ionosphere/thermosphere model, a radiation
belt model, and a ring current particle model. Coupling
the SAIC coronal MHD model and the U Colorado/SEC
solar wind MHD codes allows us to track CMEs from
the base of the corona to 1 AU. The results show how
shocks form and develop in the heliosphere, and how
the CME flattens into a pancake shape by the time
it reaches earth. Coupling the Lyon/Fedder/Mobarry
global MHD model with the Rice Convection Model
and the NCAR TIE-GCM/TING model allows full dy-
namic coupling between the magnetosphere, the iono-
sphere/thermosphere, and the hot plasma in the in-
ner magnetosphere. Including the Dartmouth radiation
belt model shows how the radiation belts evolve in a re-
alistic magnetosphere.
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Published analyses of observational data have
shown: (1) that energetic (1 keV < E < 1 MeV) elec-
tron precipitation (EEP) fluxes are highly correlated
with the high speed solar-wind streams during the 11-
year and 22-year solar cycles; (2) that high levels of odd
nitrogen are formed during the precipitation of these
electrons into the atmosphere; and (3) that during peri-
ods of advective descent, a portion of this odd nitrogen
is transported from the mesosphere and lower thermo-
sphere into the stratosphere. It has been suggested that
this additional source of odd nitrogen is important to
stratospheric ozone and temperatures, and hence may
have an impact on the phase and amplitude of the long
planetary waves extending into the troposphere. 2-
D model simulations in comparison with observations
have provided support for this linkage between the Sun
and the atmosphere of the Barth. In the present pa-
per we will: (1) review the evidence for this coupling;
(2) display the observed and calculated effects of EEP
in the mesosphere and stratosphere; and (3) present
preliminary results, derived with the fully coupled 3-
D UIUC climate/chemistry model, extending from the
surface to approximately 98 km, that illustrate the ef-
fects of the coupling in the lower stratosphere and tro-
posphere. We suggest that this coupling may help to
reconcile the discrepancy between the observed and cal-
culated atmospheric effects apparently related to the
11-year solar cycle variations. Unresolved problems rel-
ative to the linkage and the 3-D simulation will be dis-
cussed.
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A second order semi-implicit code is used to model
radial diffusion of relativistic electrons in the outer ra-
diation belt with electron lifetime as a specified param-
eter. To isolate the controlling effect of electron life-
time we make a number of assumptions: dipole field
model, constant boundary conditions, and idealized
variations of the Kp index. Phase space density and
1.0 MeV electron fluxes are computed for both constant
lifetime and Kp dependent values. We demonstrate
that knowledge of lifetimes is crucial for both ideal-
ized steady-state and time dependent cases. Compari-
son of steady-state and time dependent profiles shows
that steady state is never attained during a storm, and
radial diffusion should be modeled with a time depen-
dent code. Comparison of our results and data suggest
that lifetimes are on the order of days, much shorter
than that of expected plasmaspheric losses. Results
and possible limitations of the model are discussed.
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The Center for Integrated Space Weather Model-
ing (CISM) is a Science and Technology Center (STC)
funded by National Science Foundation whose goal is
to produce space weather models that extend from the
Sun to the Earth. Like all STCs, CISM has an exten-
sive education program that ranges from precollege to
graduate education. A key educational goal is to com-
municate the idea of a coupled space weather system
involving the Sun, interplanetary space, the magneto-
sphere, and the ionosphere. In this talk I will review
the set of CISM education activities and discuss the
implications for space science education in general.
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Paleomagnetic studies indicate that the strength of
the Earth’s internal magnetic field has varied over the
range 0.1 to 3 of the present value. Consequently the
paleomagnetosphere, which results from the coupled in-
teraction of the solar wind, the Earth’s internal mag-
netic field and the conductive paleoionosphere, must
have undergone severe changes, especially during the
so-called polarity transition epochs, when the Earth’s
internal dipole moment reversed. Different transition
scenarios can be conceived, none of which is excluded
in the present state of our knowledge: The dipole mo-
ment could decay to zero and quickly build up again in
the opposite direction; or a much reduced dipole mo-
ment could turn around, staying close to the equato-
rial plain for a significant time; or the dipole moment
could completely vanish and higher order multipoles
could dominate during the transition epoch. In a pa-
leomagnetosphere with reduced internal magnetic field
the ionospheric conductivity is expected to be higher,
which implies stronger ionosphere-magnetosphere cou-
pling, i.e. stronger ionospheric and field aligned magne-
tospheric currents. Although several scaling relations
have been found to scale different parameters of a dipo-
lar paleomagnetosphere to the dipole moment, no the-
oretical scaling relations exist for the magnetospheric-
ionospheric current systems that control the inner mag-
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netospheric convection. In the first part of this pa-
per, we present some theoretical considerations and
new scaling relations related to the current systems in
the paleomagnetosphere. In the second part, we test
the effect of different ionospheric boundary conditions
and conductivity models on different types of paleo-
magnetospheres by means of the Michigan BATS-R-US
MHD code. Namely, we study the inner magnetospheric
plasma convection patterns and the equivalent iono-
spheric electric potential patterns. In general, we con-
clude that the ionosphere plays a more important role
in the paleomagnetosphere during polarity transition
epochs.
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Magnetospheric dynamics are controlled by mag-
netic reconnection between the geomagnetic field and
the interplanetary magnetic field (IMF). Dayside mag-
netic reconnection is often described by two differ-
ent models: antiparallel merging which occurs pref-
erentially where the magnetosheath magnetic field is
antiparallel to the Earth’s magnetic field and subso-
lar point merging which is sometimes called compo-
nent merging. Observationally it is not clear which
of these two models better describes the reconnection
process at the magnetopause. Observations of flux
transfer events (FTEs) at the dayside magnetopause
are usually explained by subsolar merging, while ob-
servations of ionospheric convection are usually ex-
plained by antiparallel merging. In global magneto-
hydrodynamic (MHD) simulations antiparallel merging
frequently dominates. A study of magnetopause recon-
nection as a function of IMF By and dipole tilt should
help us determine which model best describes dayside
merging. We have studied magnetic reconnection and
magnetospheric dynamics by using a full 3-D MHD sim-
ulation for finite dipole tilt, IMF By and Bz compo-
nents. We find that antiparallel reconnection is domi-
nant at the dayside magnetopause during intervals with
southward IMF, a finite IMF By component and finite
dipole tilt. Under these conditions reconnection near
the magnetic equator and noon-midnight meridian is
suppressed because of increased magnetosheath flow.
For IMF By > 0 and finite tilt the reconnection site
splits as it moves from the subsolar point. The recon-
nection sites separate into northern dusk and southern
dawn parts for By > 0, and the sites shift sunward in
the summer hemisphere and tailward in winter hemi-
sphere for finite tilt. There are observable changes
in the ionospheric configuration that can help us de-
termine if the antiparallel reconnection pattern in the
simulation is correct. The convective flow in the iono-
spheric throat region where the flow changes from sun-
ward to tailward becomes more dawnward/duskward in
the summer hemisphere and more poleward in the win-
ter hemisphere.
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‘We present the most recent results from our contin-
uing studies of the interaction of the solar wind with
Mars. In our 3D multi-species MHD model, the Martian
ionosphere is assumed to consist of O24, O+ and CO2+
ions, while the solar wind is represented by protons.
Chemical reactions involving these ions, such as pho-
toionization, charge exchange and recombination are
included in the model self-consistently. The effects of
the crustal magnetic field and the hot oxygen and ther-
mal hydrogen corona are evaluated by using a spherical
co-ordinate system, which allows an altitude resolution
of 10 km within the ionospheric region.
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Plasma cloud ejection, the signatures of which were
often detected just above the Venusian ionopause by
the Pioneer Venus Orbiter, is investigated using a com-
prehensive global hybrid (particle ion/massless fluid
electron) simulation model of the solar wind-Venus in-
teraction with a planetary ionosphere included. The
model reveals that the ejection region of plasma clouds
is not smoothly distributed as that is expected from
previous local simulations of the Kelvin-Helmholtz (K-
H) instability, but instead is rather localized and trav-
els tailward as time goes on. The tailward traveling of
the ejection region is accompanied by the co-moving of
the background field structure, and the ejected clouds
carry farther away from the ionopause than those in
the local K-H simulation. These results suggest that
the ejection may not be controlled by the local Kelvin-
Helmholtz process but affected by the other processes
related to the global stream around the planet.
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The subcorotation of plasma in the Jovian magneto-
sphere is attracting renewed interest. In Hill’s classical
theory, as plasma injected deep within the magneto-
sphere is transported outward, corotation can only be
maintained as long as Birkeland currents supply suffi-
cient angular momentum from the ionosphere and at-
mosphere. These Birkeland currents are now widely
viewed as primarily responsible for the main auroral
emissions at Jupiter. Mathematical models for calcu-
lating the radial profiles of mean angular velocity and
associated Birkeland currents have been developed by
Hill, Cowley and coworkers, and others. In all these
models, angular momentum is assumed to be simply
convected outward by a (zonally averaged) mean flow.
The dependence of angular velocity on radial distance
is then determined (given a model of the magnetic field
and of the ionospheric conductance) by a first-order dif-
ferential equation (Hill-Pontius equation), subject to
the single boundary condition of corotation at the in-
ner boundary. In the region where the magnetic field
lines are closed, however, there can be no mean MHD
outflow, and the outward transport must be described
as a diffusion process, averaging over inward and out-
ward flows. Here I apply the mathematical description
of diffusion, familiar from mass transport, to angular
momentum transport. The Hill-Pontius equation gen-
eralizes to a differential equation of second order (thus
requiring an additional boundary condition), which in
the limit of long acceleration time reduces to a diffusion
equation for flux tube content of angular momentum, of
the same form and with the same diffusion coefficient
as the equation for flux tube mass content. Physical
implications and simple examples of solutions will be
discussed.
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On its orbit around Saturn Titan interacts with the
magnetospheric plasma that is more or less corotating
with Saturn. Titan’s dense neutral atmosphere (and
ionosphere) and the trans-alfvénic plasma environment
form a challenging constellation from a plasma physi-
cal point of view. The approaching Cassini spacecraft
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