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PML boundary conditions
implementation in 1D and 2D wave
propagation code for an
inhomogeneous, magnetized
ionospheric plasma.
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We have developed 1D and 2D full-wave propaga-
tion codes with arbitrary direction of propagation to
the magnetic field and the plasma density relevant to
ionospheric interaction studies. A wave launched from
the bottom of computational box should be allowed
to propagate out of the simulation box (top bound-
ary for the 1D case and top and side boundaries for
the 2D case) without providing spurious reflection from
these computational boundaries. We have implemented
the use of a Perfectly-Matched-Layer (PML) technique
using matrix-marching algorithms to accomplish these
goals. Results for various 1D and 2D cases with the
existence of mode conversion layers for specified den-
sity profiles will be presented. These codes can be
used to accurately compute the detailed mode struc-
ture of radio wave in complex magnetized plasma envi-
ronments.
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Aeronomy: From Exploration to Data
Assimilation
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schunk@cc.usu.edu)
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Space Sciences 4405 Old Main Hill, Logan, UT
84322-4405, United States

During the last century, there has been continual
progress with regard to elucidating the important aero-
nomic processes that operate in the Earths upper at-
mosphere. However, the progress was not uniform and
there were certain periods of time when significant ad-
vances in knowledge were achieved due to an impor-
tant discovery, a novel instrumental technique, or a
new international program. Shortly after Marconi suc-
cessfully transmitted radio signals across the Atlantic
Ocean, the existence of the ionosphere was clearly es-
tablished and its source, peak height, and layer charac-
teristics were determined. In the mid-1940s, the rocket
technology that became available was used by scientists
to study the ionosphere and upper atmosphere. The
great potential of this new technology, coupled with
a major advance in ground-based instrumentation, led
scientists to realize that a significant increase in knowl-
edge of the terrestrial environment was possible. This
resulted in the International Geophysical Year (1957-
58) and the launch of the first satellite (Sputnik I).
Another significant advance in aeronomy began in the
mid-1980s, with the advent of supercomputers, the de-
velopment of global numerical models, the existence of
numerous ground-based instrument networks, and the
proliferation of satellites. At the beginning of the new
millennium, aeronomy is at the threshold of another
rapid advance in knowledge due to the use of data as-
similation techniques. Although data assimilation has
been widely used by both meteorologists and oceanog-
raphers for several decades, only recently has there
been a sufficient quantity of data for this approach
to be useful in aeronomy. During the coming decade,
tens of millions of measurements of the ionosphere-
thermosphere system could become available on a daily
basis from a myriad of in situ and remote sensing in-
struments. These data sets can be assimilated into
a time-dependent, physics-based, numerical model of
the ionosphere-thermosphere system via Kalman filters
or other assimilation techniques. As a result, it will
be possible to provide time-dependent 3-dimensional
reconstructions of the ionospheric and thermospheric
densities on an hourly basis day after day. These re-
constructions will not only greatly advance aeronomy,
but will also provide important societal benefits.
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Tracing the Sun-Earth Connection
Into the Upper Atmosphere: Study of
the April 2002 Events I (joint with SH,
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Tracing the Sun-Earth Connection: The
April 14-24, 2002 Events
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The interaction of the Earth with the Sun and the
local space environment is complex and presents many
challenges if that interaction if to be fully understood.
The April 14-24, 2002 events may well serve as the cat-
alyst for a new way of approaching the science that
we do. A flotilla of spacecraft that can study the Sun,
the interplanetary medium, the magnetosphere, and the
Earth’s atmosphere are now providing data. For the
first time we can trace, in some detail, the chain of
causality from the Sun to the Earth. We also have
available to us a range of first principle models that
allow us to validate our understanding of the physics
of these processes by completely specifying their in-
puts and comparing their outputs to actual observa-
tions. Data provide the ultimate reality check on the
models. This reality check will allow us to evaluate how
faithfully models handle the transition from one region
of applicability to another as we trace this storm from
the sun to the Earth. For convenience we can con-
sider this system of systems to consist of four chains
that span physics disciplines: solar particles, magne-
tospheric drivers, solar radiance, and energy balance.
In the invited talks that follow each element in this
chain will be summarized. In this event we are able to
trace the production of a disturbance on the Sun as ac-
tive regions, flares and coronal mass ejections, through
the interplanetary medium until it impinges upon the
magnetosphere and interacts with the Earth’s upper at-
mosphere. The April storm is unique, not only for the
behavior of the storm, but for the addition of the in-
formation provided by TIMED as the newest element in
the constellation of satellites providing data. We hope
that this interactive and cooperative study will be a
paradigm for future activities

URL: http://storms.jhuapl.edu
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The April 2002 series of solar storms included a
number of GOES M- and X-class flares, in particular,
a X1.5 flare on April 21 that was observed by many
spacecraft - SoHO, TRACE, Wind, and the recently
launched RHESSI (Ramaty High Energy Solar Spectro-
scopic Imager), which is designed to study flare hard X-
ray/gamma-ray emissions. At the same time the effects
of these emissions on the Earth were observed by an
fleet of spacecraft, including TIMED, and by ground-
based instrumentation. The effects of the increased en-
ergetic photon flux on the Earth’s atmosphere during
solar flares is usually small in comparison to geomag-
netic disturbances, but large X-class flares (such as the
one on April 21, 2002) that are several hours in du-
ration can have significant consequences. When the
1 to 10 nm region of the of the solar spectrum is en-
hanced during a flare, the energy is deposited largely
in the E-region of the ionosphere, 100 to 120 km alti-
tude, where increases in ion density, photoelectron pro-
duction, airglow emission, and odd-nitrogen production
can result. Higher energy photons (such as observed by
RHESSI) penetrate to lower altitudes, where they have
less effect on the atmosphere but can still create addi-
tional ionization in the D-region of the ionosphere, 80
to 100 km altitude, that is disruptive of certain types
of radio communication. Here we present the observa-
tions of solar photon emissions and their effects on the
Earth’s ionosphere and atmosphere.

URL: http://storms.jhuapl.edu
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Soon after the RHESSI spacecraft observed an X-
class solar flare early on 21 April 2002 a coronal mass
ejection (CME) moving at ∼2500 km/sec was observed
by SOHO to emerge from near the west limb of the
Sun. Almost simultaneously, Type-II and Type-III ra-
dio emission was observed by the Wind spacecraft, in-
dicating the onset of particle acceleration near the Sun.
The active region on the Sun responsible for this event
was magnetically well-connected to the Earth, lead-
ing to a prompt enhancement at 1 A.U. of solar par-
ticles (E>10 MeV) as seen by the ACE and SAMPEX
spacecraft. Strong shock-related particle acceleration
continued to occur as the CME propagated outward
from the sun. The solar particle enhancement lasted
from 21 April to 26 April (as seen by the NOAA/POES
spacecraft) and included enhancement not only of so-
lar protons and heavier nuclei extending to hundreds
of MeV/nucleon but also solar electrons. The energetic
particles produced near the sun, at this and preced-
ing interplanetary shock waves, and deep within the
Earth’s radiation belts were all observed using TIMED
and SNOE to produce substantial effects on the chem-
istry of the Earth’s middle and upper atmosphere. We
examine the impacts of this set of events on atmo-
spheric heating and cooling rates and on ozone densities
in the mesosphere. Using the remarkable constellation
of available spacecraft, we are able to follow the par-
ticle chain from the Sun’s surface all the way to the
deep layers of Earth’s atmosphere with unprecedented
completeness.
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Overview of One Aspect of the
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