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Numerous ground and space-based measurements

have shown that the aurora modifies thermospheric
composition by increasing, relative to diffusive equi-
librium, the mixing ratio of heavy molecular species
at higher altitudes. The presumed mechanism for this
mixing has been vertical wind circulation driven by the
aurora. However, prior to the HEX rocket mission, no
experiment had ever tested this hypothesis by mapping
the actual vertical wind field in the E-region near an
individual auroral arc. With HEX, we measured the
vertical wind as a function of latitudinal distance from
a pair of quiet pre-midnight arcs, using a visible chem-
ical trail deployed along a novel near-horizontal trajec-
tory. Instruments aboard the rocket also observed the
in-situ electron density and the auroral luminosity. The
measurements were of high quality, and their outcome
was clear: The hypothesis was false. No upwelling and
no significant mixing were occurring due to this par-
ticular system of quiet arcs. Assuming these results
are typical, HEX demonstrated that quiet pre-midnight
arcs play little role in mixing the thermosphere. With
its successful characterization of quiet-time ”baseline”
conditions, HEX now gives us the tool to study active
post-midnight aurora that likely does drive the mixing
that has been observed.
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We focus on seasonal and solar activity dependences
of the ion temperature in the polar ionosphere using
data from several incoherent scatter-radars (ISR): the
Sondrestrom ISR (67◦N, 309◦E, 74◦ magnetic lati-
tude), the European Incoherent Scatter (EISCAT) UHF
Tromsø radar (69◦N, 19◦E, 66◦ magnetic latitude),
and the EISCAT Svalbard radar (ESR: 78◦N, 16◦E,
75◦ magnetic latitude). Since these radars are located
at different magnetic latitudes, we can estimate the
meridional structure of ion temperature from the statis-
tical results calculated using long-term data sets. Be-
low about 300 km, the energy transfer from neutrals to
ions plays a significant role than that from electrons be-
cause the ion-neutral collision frequency is much higher
than the ion-electron collision frequency for this height
region. While studies of neutral temperature using the
ion temperature data from ISRs have been conducted
for more than two decades, the relationship between
the ion and neutral temperatures is not well known at
high latitudes because of recurrent joule energy dissi-
pation. On the other hand, above 300 km the energy
transfer from electrons through collisions becomes im-
portant with increasing heights. The statistical results
from the EISCAT Tromsø radar data for about one so-
lar cycle show that for summer the ion temperature
in the upper F-region has higher values at local night
than at local noon, and for other seasons daytime val-
ues are higher than night values. Statistical results for
the ESR data show not only summer, but also some
other seasons, show higher temperatures at local night
than at local noon in this height region. In the case
of the Sondrestrom radar data, the ion temperatures
at summer night are also higher than the daytime val-
ues. These characteristics are not in agreement with
standard model profiles of the ion temperature. The

different characteristics suggest that the ion tempera-
ture climate in the polar ionosphere should have the
meridional structure, which might be associated with
the auroral oval. We will show these differences as well
as other climate of the ion temperature in more detail
in the presentation.
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The satellite CHAMP with its sensitive accelerome-
ter on board provides the opportunity to investigate
the thermospheric dynamics in great detail. On its
near-polar, low-Earth (about 400 km) orbit it is well
suited to map the air density along the track. In this
study we concentrate on density structures in the au-
roral region. Special attention is paid to features in
the cusp. During 25 Sep. 2000, the day we take as
an example, air density enhancements of almost a fac-
tor of two are observed whenever the satellite passes
the cusp region. For the interpretation of these events
we consider also the concurrent ionospheric Hall and
field-aligned currents (FACs) which are estimated from
the magnetic field measurements. As expected, sizable
currents are found in the regions of dense air. The
reverse is however not always true. On the nightside
there are partly even stronger currents, but no ther-
mospheric response is observed. Small-scale FAC fila-
ments (1-km size) seem to play an important role in the
heating. Whenever these very intense FACs with ampli-
tudes of several hundreds of A/km**2 show up, density
enhancements occur. So far these FAC filaments have
not received a lot of attention in the context of Joule
heating. Our new observations suggest that the cusp,
where small-scale FACs occur rather frequently, seems
to be a prominent region for refilling the upper atmo-
sphere.
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We have examined characteristics of the vertical ion
flux in the topside high-latitude ionosphere from mea-
surements of the vertical ion drift and ion number den-
sity made by the DMSP F13 satellite. In the polar cap
the vertical ion flux is uniformly downward at all lo-
cations. However, in the auroral zone the ion flux is
highly structured and a net upward flux is produced
only by spatially and temporally confined events con-
taining upward fluxes in excess of 109 cm−2s−1 that
have no downward counterparts. The distribution of
the plasma’s vertical flux varies by both season and so-
lar cycle with wider variability occurring during winter
and at lower levels of solar activity. We also look at
variations of the upward flux events as a function of
geomagnetic activity.
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A high latitude tomography array has been deployed
and operated along the west coast of Greenland since
September 2000. The array routinely produces two-
dimensional images of electron density along the array
axis. While two-dimensional images have tremendous
value, in order to investigate the structure of conduc-
tances and currents a local three-dimensional analysis
is necessary. We have recently developed a full three-
dimensional space weather analysis algorithm called
ionospheric data assimilation 3D (IDA3D). In addition
to the tomographic data from the Greenland array, this
algorithm ingests data from ground GPS, GPS occul-
tations, ionosondes and DMSP measurements to com-
pute the 3D electron density over the entire high lat-
itude ionosphere. From the three-dimensional estima-
tion of electron density, local estimations of conduc-
tances can be derived. By combining the IDA3D esti-
mation of conductances with convection velocities mea-
surements from SuperDARN and magnetometer mea-
surements we are able to investigate the local three-
dimensional structure of current density over Green-
land. We present an analysis of the local Greenland
current density structure. The analysis includes com-
bining IDA3D derived conductances with SuperDARN
convection velocity measurements to obtain currents,
which can then be compared with equivalent currents
obtained from magnetometer data. Conversely, magne-
tometer estimates of equivalent currents can be com-
bined with IDA3D conductances and compared with
SuperDARN convection velocities. Results are pre-
sented for several days analysis in winter of 2001.
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This study is a statistical analysis on energy distri-
bution of precipitating electrons, based on CNA (cos-
mic noise absorption) data obtained from the 256-
element imaging riometer in Poker Flat, Alaska, and
optical data measured with an meridian scanning pho-
tometer over 79 days during the winter periods from
1996 to 1998. On the assumption that energy distri-
butions of precipitating electrons represent Maxwellian
distributions, CNA is estimated based on the observa-
tion data of auroral 427.8-nm and 630.0-nm emissions
as well as the average atmospheric model, and com-
pared with the actual observation data. Although the
obsevation data have a broad distribution, they show
systematically larger CNA than the model estimate.
CNA determination using kappa or double Maxwellian
distributions, instead of Maxwellian distributions, bet-
ter explains the distribution of observed CNA data.
Kappa distributions represent a typical energy distri-
bution of electrons in the plasma sheet of the magne-
tosphere, the source region of precipitating electrons.
This result suggests that the energy distribution of pre-
cipitating electrons reflects the energy distribution of
electrons in the plasma sheet.
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A sequential rocket campaign launched out of
NASA’s Wallops Island Flight Facility (37.84N,
75.49W) sent four rockets though Sporadic-E and a sus-
pected intermediate layer during one night in July of
this year. The four payloads were launched between
the hours of 3:19 and 7:07 GMT. Three of the rockets
were mother-daughter payloads equipped with plasma
impedance probes supplied by Utah State University
and TMA chemical releases from Clemson University.
The fourth rocket housed an electric field instrument,
an ion mass spectrometer, and the new neutral wind
instrument from the University of Texas Dallas along
with a set of plasma impedance probes from Utah State
University. An overview of the UTD instruments and
the ionospheric conditions as derived from these data
will be presented herein.

SA21B-0071 0830h POSTER

Mode-conversion effects in modeling
ionospheric interaction experiments

N A Gondarenko1 (301-405-1621;
natalia@glue.umd.edu)

P N Guzdar1 (301-405-1590; guzdar@glue.umd.edu)

S L Ossakow2 (202-767-2723;
ossakow@ccs.nrl.navy.mil)

G. M Milikh3 (301-405-1552; milikh@astro.umd.edu)
1University of Maryland, Institute for Research in

Electronics and Applied Physics, College Park, MD
20742

2Naval Research Laboratory, Plasma Physics Divi-
sion, Code 6700, Washington, DC 20735, United
States

3University of Maryland, Department of Astronomy,
College Park, MD 20742, United States

The propagation of radio waves in an inhomoge-
neous magnetized plasma with a complex permittivity
tensor is investigated to study linear mode-conversion
during ionospheric modification experiments. Time-
dependent Schrodinger type equations are derived for
the propagation of the O and X modes in inhomoge-
neous magnetized plasmas. The one-dimensional (1D)
and two-dimensional (2D) full-wave electromagnetic
codes to solve these equations with implemented per-
fectly matched layer boundaries have been developed.
Recent results in ionospheric modification studies at
high latitude facilities (Tromso, HAARP) and earlier
experiments at the Sura facility, have indicated that
the enhancement caused by HF radio waves is localized
near the field-aligned position. Analysis of the numeri-
cal results for a normal vertically stratified ionosphere
and a tilted ionosphere will be presented. We will also
present results relevant to the E-region experiments at
Tromso. The topside E-region enhancements observed
are likely due to linear mode conversion and Z mode
propagation to the topside E region. The characteris-
tics of the mode-conversion process have been investi-
gated for linear and parabolic density profiles as the
angle of incidence of the heater wave is varied.
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The theta aurora is characterized by a transpolar
auroral arc, connecting the dayside to the nightside au-
roral oval A high-resolution time-dependent model of
the global thermosphere is used to estimate the effects
of this transpolar arc on the polar thermosphere. A
background ionospheric model is assumed, and a sim-
ple but physically plausible representation of the iono-
spheric conditions within the transpolar arc is ”super-
imposed” on the background ionosphere. The thermo-
spheric model is then solved both with and without the
imposed transpolar arc to determine the arc’s effects on
the neutral gas. In particular, percentage changes in
thermospheric mass density and temperature are com-
puted. These percentage differences are significant and
are seen to vary systematically with the level of the
ionospheric density enhancement within the arc. A
strong dependence on solar activity level is also noted.
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Results from three-dimensional (3D) nonlinear sim-
ulations for investigating density and velocity structur-
ing of high latitude plasma patches will be presented.
The high-resolution data from these simulations ob-
tained with our parallel 3D finite difference code, has
a dynamic range that allows us to make detailed com-
parisons with observed spectra for the density and ve-
locity fluctuations. These results are compared with
data from our earlier simulations as well as with those
from DE/DMSP satellites. TEC plots similar to ones
for real data have been constructed to compare with ob-
servations. Also statistical comparisons to produce his-
tograms of characteristics of leading and trailing edges
of the patch to compare with the work of Cooley and
Heelis have been performed. The present model shows
very good agreement with observations thereby provid-
ing a first principle understanding of the cause of the
observed structuring in high latitude patches.
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The classical polar wind is an ambipolar outflow of
ions from high latitudes along open geomagnetic field
lines. The polar wind consists of light thermal ions
(H+, He+), and energetic light and heavy ions (H+,
He+, O+). The characteristics of these ions have been
studied quite extensively since the 1960’s. In just the
last 20 years, however, energetic neutral atoms (ENA)
that are produced in charge exchange reactions between
the singly ionized polar wind ions and the surrounding
neutral atoms have been used as a means to remotely
probe plasma populations. Recent estimates for neutral
outflow integrated fluxes from the LENA instrument
on board the IMAGE spacecraft have shown values of
1-4x109 cm−2s−1, with a considerable diurnal varia-
tion. The theoretical model used in this study is similar
to the high-altitude hydrodynamic polar wind model
developed at Utah State University, and has been ex-
panded to include the effects of neutral stream par-
ticles between the altitudes of 500 km and 9000 km.
The model results show a high neutral outflow flux on
the order of 109 cm−2s−1, which would seem to be in
agreement with the LENA instrument data.
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Magnetosphere-ionosphere (M-I) coupling is a key
element in solar-terrestrial physics and is of fundamen-
tal importance to space weather forecast. In the tradi-
tional research approach of M-I coupling processes, the
ionosphere is treated as a passive medium. Even in the
most recent coupled global magnetosphere-ionosphere
models, the active role of the ionosphere has not been
fully appreciated. Using a self-consistent M-I coupling
model, it will be shown that the ionosphere can gener-
ate its own field-aligned currents and develop its own
structured electric field and their impacts on the M-I
coupling will be discussed. Also the approach of how

to improve the M-I coupling component in the coupled
global magnetosphere-ionosphere models will be sug-
gested.
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A sheet of plasma with elevated ion and electron
temperatures has been observed in the high latitude
ionosphere with the EISCAT tri-static UHF radar in
Northern Scandinavia. The sheet has a thickness of
about 100-200 km along geomagnetic latitude or 1-2 de-
grees and is extended in altitude from about 200 km to
beyond the highest measured altitude of 500 km. Both
temperatures are several times hotter in the sheet than
in the surrounding plasma, reaching up to 7000 K in
some occasions. The transition from background val-
ues of 1000-2000 K is very sharp. The hot sheet or hot
spot is aligned precisely with a region of large velocities
and very large shears in the ionospheric plasma convec-
tion pattern. The shear is manifested mostly by abrupt
changes in direction – which some times may result in
reversals – and sometimes by transitions to very low
velocities. Numerical solutions of the energy balance
equation including viscous heating as the source and
convection and conduction as the sinks reproduce the
measurements well indicating that energy of magneto-
spheric origin is primarily transfered to the ionosphere
by viscous heating in regions of high convection veloc-
ity shears.

SA21B-0077 0830h POSTER

Modeling the Neutral E Region
Response to the Recovery Phase
Diffuse Aurora

Helen F Parish (310-825-6145;
helen@atmos.ucla.edu)

Department of Atmospheric Sciences,UCLA, 405,Hil-
gard Avenue, Los Angeles, CA 90095-1565, United
States

Measurements from chemical release experiments
within the dusk sector recovery phase diffuse aurora,
and observations made during ARIA (Atmospheric Re-
sponse in Aurora) and pre ARIA rocket campaigns
within the dawn side diffuse aurora, reveal very large
neutral winds in the E region, with strong vertical
shears. Winds of 150 to 200 m/s were found around
110 to 120 km altitude within the dawn sector diffuse
aurora, and even larger winds of 350 to 400 m/s were
found in the dusk sector around 130 km. Winds of this
magnitude are hard to explain in terms of geomagnetic
forcing at E region altitudes and the reasons for such
large winds are still not fully understood. Both dawn
and dusk sector observations show very strong vertical
structure, and regions below the vertical shears some-
times appear to be unstable, with Richardson num-
ber less than 0.25. Instabilities associated with these
shears could produce turbulence, enhanced eddy dif-
fusion and strong localized composition changes, and
may feedback into auroral generation processes or pro-
duce various types of waves. Recent work suggests that
tidal forcing plays an important role in producing the
wind structures observed within the dawn sector dif-
fuse aurora during the ARIA I campaign. However,
the relative importance of tidal and geomagnetic forc-
ing in producing the strong vertical variations in the
winds is not well known. Also it is not known whether
the different conditions for accelerating winds in the
pre and post midnight sectors of the auroral oval pro-
duce significantly different neutral responses on the
dawn and dusk sides of the diffuse aurora. Simulations
have been performed using a 3-dimensional, high reso-
lution, limited area model developed at UCLA, to try
to determine the processes that are responsible for pro-
ducing the strong vertical variations seen in the neu-
tral atmosphere within both the dawn and dusk side
diffuse aurora. Global background winds and tides
have been provided by the CTIP (coupled thermosphere
ionosphere plasmasphere) model. The sensitivity of the
response to varying auroral forcing parameters and to
changing background conditions of winds, tides and in-
terplanetary magnetic field have been investigated.
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To obtain a better understanding of how the mag-
netosphere effects the global thermospheric and iono-
spheric structure, we conduct some numerical ex-
periments using the University of Michigan’s Global
Ionosphere-Thermosphere Model (GITM). We have run
GITM to roughly steady-state using different strengths
of the high-latitude electric potential pattern, F10.7,
and auroral inputs to determine how these effect the
temporal history and stead-state of the thermospheric
neutral winds. Our model reproduces the well known
fact that the neutral winds are strongly driven by the
ion convection above approximately 300 km, and that
the ramp-up time is very dependent upon the altitude.
We show quantitative results of the ramp-up times and
maximum neutral wind speeds for the different driving
conditions.
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To better understand how high-latitude electric
fields influence thermospheric dynamics, we study
winds in the high-latitude lower thermosphere using
the Thermosphere-Ionosphere-Electrodynamics Gen-
eral Circulation Model of the National Center for At-
mospheric Research (NCAR/TIEGCM). In order to
compare with Wind Imaging Interferometer (WINDII)
observations the model is run for the conditions of
1992-1993 southern summer. The association of the
model results with the interplanetary magnetic field
(IMF) is also examined to determine the influences
of the IMF-dependent ionospheric convection on the
winds. The wind patterns show good agreement with
the WINDII observations, although the model wind
speeds are generally weaker than the observations. It
is confirmed that the influences of high-latitude iono-
spheric convection on summertime thermospheric winds
are seen down to 105 km. For negative and posi-
tive IMF By the difference winds, with respect to the
wind during null IMF conditions, show significantly
strong anticyclonic and cyclonic vortices, respectively,
down to 105 km. For positive IMF Bz the differ-
ence winds are largely confined to the polar cap, while
for negative IMF Bz they extend to subauroral lati-
tudes. The IMF Bz-dependent diurnal wind component
is strongly correlated with the corresponding compo-
nent of ionospheric convection velocity down to 108 km
and is largely rotational. The influence of IMF By on
the lower thermospheric summertime zonal-mean zonal
wind is substantial at high latitudes, with maximum
wind speeds being 60 m/s at 130 km around 77 mag-
netic latitude.
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There is mounting evidence that the seed pertur-
bations, which initiate bubble formation, may directly
influence large-scale depletion features, and may also
account for some of the observed variations in seasonal
and longitudinal (s/l) bubble occurrence. While previ-
ous scintillation and in-situ studies have examined oc-
currence frequency patterns, they do not readily isolate
the effect of seeds. We characterize pre-midnight deple-
tion regions here in terms of their large-scale properties
of width, depth, and spacing. Our results demonstrate
that large-scale bubble features vary significantly with
longitude and season, and point to a similar variation
in seed properties.
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Precipitation) on the Ionospheric
Plasma Density Distribution
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2Space Environment Corporation, 221A Spring Creek
Parkway, Providence, UT 84332, United States

We present our work in developing and testing the
high-latitude drivers for Utah State University (USU)
GAIM (Global Assimilation Of Ionospheric Measure-
ments). GAIM uses a physics-based model and a
Kalman filter as a basis for assimilating a diverse set
of real-time (or near real-time) measurements. Par-
ticle precipitation and convection patterns are the
high-latitude drivers for GAIM. The Weimer convec-
tion model [Weimer, JGR, 2001] and Hardy precipita-
tion model [Hardyetal, JGR, 1985 ] represent climatolog-
ical patterns for these drivers. On any given day, the
climatological drivers differ significantly from the real-
time drivers. For ionospheric specifications and fore-
cast, real-time high-latitude drivers are needed to get a
more realistic prediction for the ionosphere. New mod-
ified high-latitude divers are developed by using real-
time in situ DMSP satellite measurements. To inves-
tigate the effect of the modified drivers on the iono-
sphere, the climatological and modified high-latitude
drivers are used to drive the Ionosphere Forecast Model
(IFM) and the calculated plasma densities are then
compared to the in situ densities measured along the
DMSP orbits.
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Enhanced Auroras and Current Driven
Instabilities in Thin Ionization Layers

Hideo Okuda1 ((609) 243-2642; okuda@pppl.gov)

Jay R Johnson1 ((609) 243-2603; jrj@pppl.gov)

1Princeton University, Princeton Plasma Physics Lab-
oratory, PO Box 451, Princeton, NJ 08543, United
States

Natural auroras frequently exhibit enhanced inten-
sity within relatively thin (1 km) horizontal layers [Hal-
linan, J. Geophys. Res., 8461, 1985]. These lay-
ers appear to be relatively stable atmospheric struc-
tures. Radar observations also show enhancements in
the background electron density around the same alti-
tude. The electron enhancement is related to an accu-
mulation of heavy Fe and Mg into thin layers, which
occurs for specific orientations of the ionospheric elec-
tric field. The similarity in altitude and duration of
the enhanced aurora and heavy ion layers suggests a
connection. We investigate instabilities that occur in
dense, heavy ion layers in the presence of strong cross-
field currents that accompany electron precipitation.
The growth rate of the lower hybrid drift instability
is increased in the dense, heavy ion layer, and ambi-
ent electrons may be heated into a suprathermal tail.
Such electrons could produce enhanced emissions in the
aurora. We present analytical full-wave solutions and
full-particle electrostatic simulations of the nonlinear
development of the instability.

SA21B-0083 0830h POSTER

The Linear Dependence of the
Post-sunset Equatorial Anomaly
Electron Density on Solar Flux, and
its Relation to the Linear Dependence
of the Maximum Pre-reversal ExB
Drift Velocity on Solar Flux.

James A. Whalen (1-781-377-4766;
james.whalen@hanscom.af.mil)

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

The maximum F layer electron density which oc-
curs in the post sunset equatorial anomaly near 2100
LT, Nemax, has been found to be a linear function of
the maximum pre-reversal ExB drift velocity. The re-
sults, based on measurements on each day of a solar
maximum year, are extended here to study the depen-
dence of this relation on solar flux. The source of the
data is an array of 10 ionospheric sounders located from
eastern Asia through the Pacific to the Americas, and
situated at both north and south dip latitudes. Nemax
recorded at each location is examined as a function of
solar flux over the range from 70 to 285 solar flux units
on a monthly basis during the 13 years of an entire solar
cycle. The principal result is that the monthly median
Nemax increases linearly with the monthly average so-
lar flux, Sa, at each location for each month for the
entire range of time and Sa. The linear function varies
continuously by month at each location, and although
magnitudes differ between locations, at each location
maxima are in the equinoxes and minima are in the sol-
stices. Because of this linearity, the entire dependence
of Nemax on Sa over the solar cycle can be represented
the 2 parameters, slope and intercept of the line for
each month for each location. The further understand-
ing of this linearity lies in the fact that ExB drift also
increases linearly with Sa. As measured at Jicamarca,
the linear function is greatest in the equinoxes, least
near June and intermediate near December, a seasonal
dependence which is very similar to that of Nemax mea-
sured at the same longitude as Jicamarca. As derived
from these two relations to Sa, Nemax is nearly the
same linear function of ExB as that found in the ear-
lier study, implying that the function is independent of
solar flux.
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Ionospheric signatures of Lightning

Mei-Lan Hsu1 (+886-3-4227151 ext.5780;
s1643006@cc.ncu.edu.tw)

Jann-Yenq Liu1,2 (+886-3-4228374;
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1Institute Space Science, National Central University,
Natl Central Univ, Inst Space Science, Chung Li
320, Taiwan

2Center for Space and Remote Sensing Research, Na-
tional Central University, Natl Central Univ, Center
for Space and Remote Sensing Research, Chung-Li
320, Taiwan

The geostationary metrology satellite (GMS) mon-
itors motions of thunderstorm cloud, while the light-
ning detection network (LDN) in Taiwan and the very
high Frequency (VHF) radar in Chung-Li (25.0◦N,
121.2◦XE) observed occurrences of lightning during
May and July, 1997. Measurements from the digisonde
portable sounder (DPS) at National Central University
shows that lightning results in occurrence of the spo-
radic E-layer (Es), as well as increase and decrease of
plasma density at the F2-peak and E-peak in the iono-
sphere, respectively. A network of ground-based GPS
receivers is further used to monitor the spatial distri-
bution of the ionospheric TEC. To explain the plasma
density variations, a model is proposed.
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Comparison of DMSP SSIES Density
and Temperature Measurements With
Ground-Based Incoherent Scatter
Radar Data

Herbert L. Keyser1,2 (402-232-4102;
herbert.keyser@afwa.af.mil); Bradford S. Green1,2;
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We have compared electron density and tempera-
ture data, measured aboard the Defense Meteorologi-
cal Satellite Program (DMSP) spacecraft, against PO-
LITE campaign data collected by the Millstone Hill in-
coherent scatter radar. The POLITE data span the pe-
riod between February 1996 (near solar minimum) and
July 2000 (near solar maximum). Following the work
of Sultan and Rich [2000], we averaged the DMSP data
within a five-degree circle of Millstone Hill, and av-
eraged the corresponding radar data within ±30 min-
utes of the satellite overflight time. Our study revealed
that the average electron density difference between
DMSP and Millstone data exceeds 20 percent, which
is statistically significant compared to the published
DMSP topside ionospheric plasma monitor (SSIES) in-
strument accuracy. Further, DMSP density values are
typically lower than the corresponding radar measure-
ments; this negative bias is largest near solar mini-
mum. Conversely, DMSP electron temperature values
are an average 23 percent higher than the radar-derived
temperature. This difference is statistically significant
compared to both the DMSP and radar errors. As with
the electron density, the bias lessens toward solar max-
imum. This temperature bias appears to decrease as
the DMSP zenith angle increases, and this suggests the
possibility of increased photoelectron contamination of
the Langmuir probe for smaller zenith angles. Apart
from this, however, the root cause(s) for these density
and temperature differences remain under study.
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Observations of Langmuir Waves in the
High-Latitude Winter Auroral
Ionosphere

Brett Isham1 (+47-7760-0555; isham@eiscat.uit.no);
Vasyl Belyey2 (vasyl.belyey@phys.uit.no); Tom
Grydeland2 (tom.grydeland@phys.uit.no); César
La Hoz2 (cesar.la.hoz@phys.uit.no); Erik Mårten
Blixt2 (marten.blixt@phys.uit.no); Unni Pia
Løvhaug2 (unni.pia.lovhaug@phys.uit.no); Asgeir
Brekke2 (asgeir.brekke@phys.uit.no)

1EISCAT Scientific Association, Ramfjordmoen,
Ramfjordbotn NO-9027, Norway

2University of Tromsø, Department of Physics Faculty
of Science, Tromsø NO-9037, Norway

In late January and early February of 2003 the
EISCAT Svalbard Radar (ESR), located on Spitsber-
gen in the Arctic Ocean at 78 degrees north latitude,
was used to observe incoherent scatter plasma lines
due to backscatter from ionospheric Langmuir waves
over a frequency band covering approximately 3.3 to
4.7 MHz. The observations were performed during the
early morning hours of 6 to 10 AM local time (5-9 UT).
These are the first plasma line observations with the
ESR, as plasma line receivers had been installed in the
32-m, fully-steerable antenna system just two weeks be-
fore. In addition, during 2002 the ESR data-taking sys-
tem was upgraded to make it much easier to record un-
processed raw data, which in the case of this plasma
line data provided a maximum time resolution of be-
tween 50 and 200 ms. A 550-microsecond pulse was
used with four radar frequencies, transmitted in alter-
nating pairs of pulses. During the observations the an-
tenna was pointed along the geomagnetic field line (82-
degree elevation angle). Both up- and downshifted and
both bottomside and corresponding topside F-region
plasma lines were observed, and simultaneous ion line
data was also recorded. There were no local photoelec-
trons present during the observations, as it was dark
(early morning, late January, 12 degrees latitude from
the north pole) and thermal-level Langmuir waves are
normally too weak to produce observable plasma lines.
Most of the observed lines are likely due to backscatter
from Langmuir waves enhanced by a background “driz-
zle” of energetic particles. The altitudes of some of
the plasma line enhancements were quite irregular with
time, changing by roughly 100 km in a period of a few
seconds, which may reflect the irregular characteristics
of the precipitating drizzle. There may also be some
contributions from conjugate photoelectrons. Some of
the enhancements may be associated with backscatter
from nonthermally-enhanced ion-acoustic waves via the
natural excitation by energetic particles of parametric
and/or cavitating Langmuir turbulence. Several exam-
ples are presented which illustrate the characteristics of
natural plasma lines in the high-latitude winter auroral
ionosphere.
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Total Electron Content in Nighttime
Equatorial Ionosphere: Theoretical
Calculations and Comparisons With
Data
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2Boston College, 885 Centre Street, Newton, MA
02459, United States

Theoretical calculations of the electron density dis-
tribution in the nighttime equatorial ionosphere are
presented. Particular attention is given to the total
electron content (TEC) in the Appleton anomaly region
and its dependence on the vertical plasma drift veloc-
ity, which is enhanced after sunset. The calculations
are done by assimilating plasma drift velocity mea-
sured by Jicamarca incoherent scatter radar into the
low-latitude ambient plasma density model, which has
been developed at the Air Force Research Laboratory
(AFRL) in support of the C/NOFS mission. Specifi-
cally, drift velocity data for fourteen days in 2002 cov-
ering a wide range of values for the maximum value
of the post-sunset drift velocity are used in the cal-
culations. The latitudinal profiles of the calculated
TEC are compared with those obtained from GPS and
TOPEX measurements, and are found to be in reason-
ably good agreement. Relationships between the maxi-
mum value of the post-sunset plasma drift velocity and
the various parameters that characterize the nighttime
anomaly are also examined. It is found that definite
linear relationships with statistically significant corre-
lation coefficients exist between the maximum value of
the post-sunset drift velocity and the peak-to-valley ra-
tio of anomaly TEC. The significance of this finding
lies in the fact that the maximum value of the post-
sunset vertical drift velocity is an important, perhaps
the most important, plasma parameter for determining
both the intensity and the latitudinal distribution of
equatorial scintillation. When this plasma parameter
is not available from any direct measurement, the lin-
ear relationships may be used to estimate it from the
peak-to-valley ratio of anomaly TEC, which, in turn,
can be derived from the ultraviolet (UV) imagery data
of the anomaly region acquired by GUVI on TIMED
and hopefully by SSUSI on DMSP and by similar sensor
on NPOESS. The theoretically derived linear relation-
ships are compared with similar relationships suggested
by the TEC data obtained from GPS measurements.
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Variations of total electron content as
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A recent statistical study based on one year’s worth
of data has shown that the geomagnetic activity as in-
ferred by the geomagnetic storm index, Dst, is one of
the driving forces on the occurrence of seasonal peaks of
ionospheric total electron content (TEC) in the north-
ern hemispheric equatorial anomaly region [Wu et al.,
2003]. In this study we use three years’ worth of pub-
lished TEC data (October 1985 - September 1988) by
Huang et al [1989] to further study the geomagnetic ef-
fect. It is found that the monthly peaks of seasonal
equatorial anomaly (four maxima and six minima) of
the TEC during this period are well correlated with the
monthly peaks of the Dst index, with three exceptions.
These exceptions are also investigated. Detail data will
be presented. Possible mechanisms associated with ge-
omagnetic activity that affect the TEC anomaly will be
discussed. Wu, C.-C. et al., variation in the Equatorial
Anomaly Region during the solar minimum: Septem-
ber 1996 - August 1997, J. Atmos. Terr. Physics, in

revision, 2003. Huand, Y.-N. et al., JGR, 94, 13515,
1989.

SA21B-0089 0830h POSTER

Comparison of IRI-2001 With TOPEX
TEC Measurements
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1Utah State University, Center for Atmospheric and
Space Sciences, 4405 Old Main Hill, Logan, UT
84322-4405, United States
The International Reference Ionosphere (IRI) is an

international joint project of the Committee on Space
Research (COSPAR) and the International Union of
Radio Science (URSI). As one of the most comprehen-
sive empirical models of the ionosphere, the IRI pro-
vides the electron density, electron temperature, ion
temperature, and ion composition in the altitude range
from about 50 km to 2000 km, and also the TEC for
a given location, time and date, based on the various
measurements from the ground and space. During the
last decade, the TOPEX/POSEIDON satellite mission
has provided a wealth of data pertaining to TEC mea-
surements over the oceans, and these data can be used
to further improve the IRI. With this in mind, we com-
pared a 10-year TOPEX TEC dataset with IRI predic-
tions. The study covered solar cycle, seasonal, geomag-
netic activity, and longitudinal variations. The result-
ing comparisons provide information on how to improve
the IRI over the ocean areas. For low solar activity, IRI
slightly overestimates TEC at low latitudes and under-
estimates it at middle and high latitudes at all local
times. For the high solar activity, however, a large
underestimate appears at low latitudes and extends to
mid-latitudes, but with a smaller magnitude. At high
latitudes, the IRI TEC shows an overestimate in both
hemispheres for equinox and in the winter hemisphere
for solstice, but it underestimates in the summer hemi-
sphere. For the geomagnetic activity, we observed little
effects on both TEC maps. Another important result is
that right after sunrise, the IRI TEC at low latitudes
starts to increase always earlier than the TOPEX TEC.
At low latitudes, the TOPEX TEC shows stronger an-
nual and semiannual variations than the IRI TEC, and
at higher mid-latitudes, both TECs show the seasonal
anomaly for high solar activity. Finally, both IRI and
TOPEX TEC maps show significant longitudinal vari-
ations.
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Solar Activity Variations in the Topside
Ionosphere

Sarita Venkatraman1 (972-883-2891;
sarita@utdallas.edu)

Roderick Heelis1 (972-883-2822;
heelis@utdallas.edu)

1University of Texas at Dallas, P. O. Box 830688
MS/FO22, Richardson, TX 75083, United States
The fundamental properties of the topside iono-

sphere are dependent on the low altitude F region
plasma and neutral dynamics. Variations in solar activ-
ity can cause pressure gradients to drive neutral winds
in the F region. These winds blowing from one hemi-
sphere to another can raise the F peak in one hemi-
sphere and lower it in the other hemisphere. This
leads to field aligned motion of plasma in turn affect-
ing composition and temperature in the topside. In
this study, data are obtained from the Defense Meteo-
rological Satellite Program (DMSP) satellites for vary-
ing levels of solar activity. Variations driven by solar
activity within a month (for e.g. during equinox) and
for the same months, the average F10.7 level is repre-
sentative of the sunspot cycle. The aim here is to un-
derstand solar activity influences on the topside over
periods ranging from many years (for e.g. fraction of a
solar cycle) to a few months. During solstices, solar ac-
tivity will additionally drive variations in E x B drifts
and neutral winds responsible for changing the behav-
ior in the topside. The extent to which these variations
are seen over a period of a few months versus period of
a few years (for e.g. fraction of a solar cycle) will be
also investigated by examining daytime and nighttime
passes.
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Helium ion Measurements From the
Arecibo Incoherent Scatter Radar and
the DMSP Satelites

Christopher Richard Wilford1 (787-878-2612 x361;
cwilford@naic.edu)
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Data from the Arecibo incoherent scatter radar
(ISR) and the DMSP-F13 (Defense Meteorological
Satellite Program) satellite are presented and com-
pared. Observations from periods exhibiting the He+
layering phenomenon are analyzed. Historically, there
has been little attempt to compare data from the two
sources due to difficulties in combining ground-based
and space-based studies; also, only recently have light
ion concentration measurements from Arecibo been
possible in the topside ionosphere up to 2000 km alti-
tude. The results presented show favorable comparison
between the two data sources, giving users increased
levels of confidence in the observations. Regions where
the helium ions are of comparable concentration to the
major ions (O+ and H+) are apparent in the data, serv-
ing to reinforce the view that the helium ion should not
be regarded as a minor ion under all conditions.
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Seasonal and Latitudinal Distributions
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Topside Ionosphere During Years of
Solar Maximum
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Data taken by ROCSAT-1 from 1999 to 2002 dur-
ing years of solar maximum has been analyzed for the
observations of the dominant light hydrogen or helium
ions at 600 km topside ionosphere. The results re-
veal some interesting seasonal and latitudinal distri-
butions of the dominant light ion species in the top-
side ionosphere even during years of high solar activ-
ity. The hydrogen ions are observed as the dominant
ion species only during the nighttime. Except for the
March spring, the distribution for such transition shows
a strong hemispheric asymmetry. Furthermore, the
transition that occurs in the winter hemisphere dur-
ing the solstice seasons seems to be bounded along a
low dip-latitude that circumscribes most of the tran-
sition occurrences in one hemisphere. No significant
seasonal dependence of this latitude bound is noticed
during high solar activity years. On the other hand, the
occurrence of dominant helium ions is very rare but it
shows the seasonal and latitudinal distributions simi-
lar to that of dominant hydrogen ions. Finally, a good
correlation between the observed field-aligned ion flow
and the hemispheric asymmetry for the transition of
dominant hydrogen ions has been found as the cause
for the asymmetry inferred from the existence of inter-
hemispheric plasma flow in relation to the hemispheric
asymmetry of the F peaks and to the enhancement or
retardation of the nocturnal re-distribution of the light
ions along the field line.
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Manifestation of the 27 day solar
activity period in the topside
ionosphere electron temperature
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Response of electron temperature (Te) and density
(Ne) to solar activity variation in solar maximum is
studied. The 27 day period in solar activity is char-
acterized by the F10.7 index. The Te and log Ne re-
sponse was approximated by a linear dependence. The

manifestation of solar flux variation in Ne is rather
small. The Te dependence on the solar flux was in-
cluded in an empirical model based on the Intercosmos
satellites data. The model values were compared with
Hinotori (altitude 600 km) and ISIS-1 (altitude 2500
km) Te data. The best agreement was found at equa-
torial and low latitudes. The possible mechanisms are
discussed.
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Joule Heating at High Latitudes
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The first attempts in the early 1960s, to compute
thermospheric neutral winds were based on the exis-
tence of a global pressure pattern revealed by satellite
drag observations. These early simulations did not in-
clude a high-latitude energy source. Later attempts in
the 1970s and 1980s to compute the winds based on the
energy budget of the thermosphere required the intro-
duction of a heat and momentum source due to auroral
processes. Models of auroral particle precipitation and
plasma convection needed to calculate the energy in-
puts were developed in the 1980s. These models were
based on averaging large data sets and the resulting
patterns were forced to be smooth. The variability as-
sociated with the derived patterns of plasma convection
was neglected. A “missing energy” puzzle developed as
factors of 2 and 3 were needed for the Joule Heating
calculations in global circulation models, in order to
generate the observed wind and temperature structure.
Small scale variability in the high-latitude ion convec-
tion pattern has been proposed in the 1990s as an ad-
ditional source of Joule heating and has been shown
capable to supply the missing energy. This paper will
review the history and the status of high-latitude small-
scale variability associated with the plasma convection
pattern and its importance for the energy balance of
the thermosphere-ionosphere system.

SA21C-02 1035h INVITED

How Small Scale E Region Irregularities
Evolve and Local Implications for the
Atmosphere

Jean-Pierre St-Maurice (jstmauri@uwo.ca)
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don, ON N6A 3K7, Canada

On scales ranging from cm to 100 m in size, the
presence of positive feedback mechanisms is able to
greatly enhance the magnitude of initially small am-
plitude structures. The growth associated with these
plasma instabilities is such as to accelerate the return
to equilibrium conditions. If currents are the main
driver, the main role of the short scale irregularities
is to somehow reduce the currents. If density gradients
are the main driver, the irregularities accelerate ordi-
nary diffusive processes by introducing mixing. The
structures also change the conductivity of the medium
both directly through the introduction of anomalous
diffusion and indirectly through enhancements in elec-
tron collision frequencies triggered via electron heating
by plasma waves. The electron heating itself is a man-
ifestation of an increase in the Joule heating rate. In
this talk I will review the current state of the linear,
quasilinear and intermittency theories, relate these the-
ories to some of the numerical simulations, and connect
the processes to the conductivity and Joule heating rate
problems.
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Electrodynamic Properties in the
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The high latitude region between 90 and 150 km is
significantly structured in many of the state parameters
that describe the thermosphere and ionosphere, such
as neutral winds, ion motion, ion temperature, elec-
tron temperature, electron density, neutral density and
neutral temperature. Each state parameter responds
differently to the various processes at play in the po-
lar regions. These state parameters combine to estab-
lish the electrodynamic properties of the E-region, such
as currents, conductivities and the electric field in the
rest frame of the neutral gas. These structured electro-
dynamic parameters have an important impact on the
amount of energy exchange that takes place between
the magnetosphere and ionosphere, and on how the
ionosphere and thermosphere responds. In this talk,
comprehensive measurements provided by the incoher-
ent scatter radar technique will be used to investigate
the observed vertical structure in the high-latitude E-
region state properties and the electrodynamics. The
height structure in the Joule heating rate and related
energy dissipation properties will also be presented and
the influence of neutral winds will be elucidated. In ad-
dition, deployment plans for the new Advanced Modu-
lar Incoherent Scatter Radar (AMISR) in Poker Flat,
Alaska and Resolute Bay, Canada will be discussed.
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The JOULE experiment was carried out at the

Poker Flat Research Range in Alaska on March 27,
2003, during a substorm event in the postmidnight sec-
tor. The objective of the experiment was to measure
the electric fields and the Joule heating over a range of
scale sizes from approximately 1000 km to a few tens of
meters with the specific goal of obtaining estimates of
the contributions of the small-scale fluctuations in the
forcing to the overall Joule heating rates. The instru-
mentation included the SuperDARN radars covering
the Alaska sector which represented the largest scales,
an imaging coherent scatter radar covering the interme-
diate scales, and two instrumented rockets covering the
smallest scales. In addition, chemical tracer releases
provided information about the E-region wind profiles
and the horizontal gradients in the winds across the
auroral oval. An overview of the experiment, the sub-
storm event, and the measurements will be presented.
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