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LONG-TERM GOAL

The long-term goal of this research is to elucidate pghgsics assoated with the creation,
transport, andetay of mesoscalenospheric density structures and &tetmine their effect on
Naval systems. Of particular interest are propagating plasatahgs, density structures
associated withus-aligned polar cap arcs, and density structureatedduring geomagnetic
storms and substorms.

SCIENTIFIC O BJECTIVES

Mesoscale plasma density structures are prevalent in the ionosphere at all latitudes. When the
interplanetary magnetic field (IMF) turns southward, plasatalpesform on the dayside of the

high latitude ionosphere and then proggin an antisunward direction across the polar cap.
When the IMF turns northward, sun-aligned arcs appear in the polar cap. Also, during
geomagnetic storms and substorms, the enhanced convection and localized particle precipitation
leads to ionospheric density structurAssocated with plasma density structures are enhanced
levels of scintillation. One of our dagjtives is to determine the exact mechanisnsoresble for
creating plasma structurasnder different seasonal, solar cycle, and geomagraaiivity
conditions. Another obgtive is to determine the lifetimes and tq@or$ chaacteristics of the
various plasma structures. A third objective is to determine the extent to which plasma patches
can affect the thermosphere. Our final objective is to determine the effect of plasma structures
and irregularities on Naval systems.

APPROACH

Our approach is to use time-dependent, high-resolution, multi-species models of the global
ionosphere and thermosphere to sateithe effects of geomagnetic storms and substorms and to
model density structures for a wide range of geophysical conditions. Thatsichohospheres

and thermospheres can then be used to determine the effects that density structures and
geomagnetic storms have on operational systems, such as HF communications, radar altimetry,
GPS signals used for navigation, and the intdgiion of emissions measured by thev{a

SSUSI and SSULI instruments, which will be flown on DM3ReHites.

WORK COMPLETED

During the last year, several studies were completed with regard to elucidating the causes of
ionospheric and thermospherieather and several other studies alleosigoing. The comgted

studies involved simulations of the efts on theanosphere of geomagnetic storms, substorms,
and regular variations in the,Bnd B, components of the IMF. Simulations were also cotet
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to study the e#ct on the thermosphere of a seriepudpagating plasmaapches, which are
frequently observed in the high-latitude ionosphere. A cumulative list of our papers is given in
the Reference section.

RESULTS

In the paragraphs that follow, we highlight two of oacent studies thgiroduced significant
results. The highlights are:

1.

lonospheric Response to Changing IMF

The high-latitude ionosphere is known to vary markedly with thecton of the
interplanetary magnetic field. When the IMF is southwarg<(l, plasma corection
exhibits a 2-cell pattern with antisunward flow in the polar cap andtirdlow equatorward

of the auroral oval. The two cells can be symmetric or asymmetric, with enhanced flow in
either the dawn or dusk sectors, depending on the IMEoBiponent. For northward IMF
(Bz>0), sunward flow can occur in the polar cap, and this feature has been explained in terms
of a severely distorted 2-cell configuration as well as by a multi-cdtlem. Recently,
Weimea (1995), using DE-2atellite data, constructed an IMF-dependent empirical model
that yields convection patterfar a full range of Band B,. These patterns are in substantial
agreement with those deduced using the superDARN radar system (Ruohoniemi and
Greenwald, 1996). Since reasonable emton patterns are now availali the full range

of IMF values, we simulated thenospheric response to thesstprns inorder to elucidate

the evolution of large-scale ionospheric features as the IMF varies from southward to
northward. Both summer and winter conditions were considered for atedsar activity.

For northward IMF, unique ionospheriedtures are predicted to oecc Specifically, in
winter, localized ionospheric holes can develop in the polar cap in association with the
reverse convection cells. The plasma density in the localized hole can be as much as a factor
of ten lower than that in the surrounding region. Also, the plasma density in the main (or mid-
latitude) trough, which is siated just equatorward of the nomtal auroral oval, is much
deeper for northward IMF than for southward IMF. These localized regions of plasma
depletion will have a major inget on HF communications, OTH radars, and TECs obtained
from slant path GPS signals; and

Thermospheric Perturbations Induced by Highiwade Plasma Structures

Mesoscale plasma structures are common in the ionosphere at all latitudes (e.g., Schunk and
Sojka, 1996). In the polar cap, two prominent ionospheric structures are propagating plasma
patches andum-aligned auroral arcs. Polar cagtghes are regions of enhanced ionization

that appear when the interplanetary magnetic field (IMF) is southward. They emtectr

either in the dayside cusp or equatorward of the cusp in the sunlit hemisphere. Once formed,
they convect in an antisunward direction across the dark polar cap at sp&eds 190 m/s

to about 2 km/s. The size of the plasnach variedrom about 100 to 1000 km, and its
density relative to the background density varies from a few percent to a factor of 100. Sun-
aligned polar cap arcs, on the other hand, cause regions of enhanced ionization that
frequently appear when the IMF is near zero or northward. They are typicallyadsdogith

a shear in the convection electric field, which leads to r@ecprecipiation and plasma
density enhancements that can be up to 10 times background plasma densities. The sun-
aligned arcs are about 100-300 km in width and 1000 km in length.
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With regard to the thermosphere, propagating plastehps act to drive the thermosphere,
because the plasma patches typically move faster than the neutral atmospheigngd

arcs, on the other hand, offer a resistance to the basically antisunward neutral gas flow.
However, a determination of their quantitative effect requires a detailed numerical
calculation. To this end, we consttead a fully global, time-dependent model of the
thermosphere that has a sufficient spatial resolution in the polar carcmunt for
propagating plasmaapches andun-aligned arcs. The model is based on a numerical solution
of the continuity, momentum, and energy equations for the neutral gas, and the equations are
solved in a coordmte system that is fixed to the rotating Earth using a multi-dimensional
flux-corrected-trangort (FCT) technique. The horizontal resolution in the polar cap is 50 km,
and there are 25 layers in the vertical direction that cover altitudes betweenS00&dmd.

In the plasma patch simulationsudially reproducible neutral densities, temperatures, and
winds were initially calculatedor quiet geomagneti@activity, June solstice, and solar
minimum and maximum conditions. Subsequently, at actedl time, a series of plasma
patches is imbduced in the vicinity of the dayside cusp at a time interval that is consistent
with measurements. The patches then convect, one after the other, in an antisunward
direction across the polar cap. The model predicts thgirdpagating plasmaapches act as
collisional snowplows, @&ating a bud-up of neutrals at the fronts of thatphes and a
neutral depletion both in and behind the plasma patches. The neuugbahstes that are
induced by, and moves along with, the plasmagcipes are also characterized by temperature
enhancements, increased wind speeds, neutral gas upwellings, apdc@fNosition
changes. At later times, the patclduced disturbances spread out and ovestgh other,
which creates a distbed region that nearly encompasses the entire polar cap and nocturnal
auroral zone. These plasmatgh simulations clearly indicate that the thermosphere is much
more structured than previously thought.

IMPACT/APPLICATION

Sharp horizontal gradients, deep ionization holes, extended electron density troughs, and ion
composition changes have been predicted to occur when the IMF changes direction and when
storms and substorms occur. These plasma demsityres could have a significant impact on
Naval systems and operations that involve radar altimetry, navigation, HF caratmms, and
ionospheric coections to singkdrequency GPS eceivers. Also, thenon-uniform neutral
atmospheric densities predicted dyr thermospheric model could eét the interpretation of

Navy remote sensing instruments that will be flown on future DM&8liges.

RELATED PROJECTS

The ionospheric simulations we have cortéd are being used by Joe Grebiowswho is at
NASA'’s Goddard Sace Flight Center. Specifically, he is comparimug model predictions with
NASA satellite (AE and DE) data in aff@t to validateour predictions. Our simulation results
are also being used in a community-wide validation effort called PRIMO, which is funded
primarily by the NSF and the Air Force.
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