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February 15 to March 15, 2003 are used to determine
the EB vertical drift of plasma for a one-month pe-
riod. The data-determined driver is used to drive the
LLIONS model and obtain a specification of the iono-
sphere in the Peruvian sector. The GPS-TEC obser-
vation chain of South America and TOPEX TEC data
are used to examine the veracity of the LLIONS re-
sults. A second model study will make adjustments to
the LLIONS drivers, both EB and meridional neutral
wind, to move LLIONS results into optimal agreement
with TEC data. The comparisons of the two runs are
used to give insights into the remaining problems of
ionospheric models and unknowns in the drivers.
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In the low latitude, ionospheric F region, the pri-
mary transport mechanism that determines the elec-
tron and ion density distributions is the magnitude
of the daytime, upward ExB drift velocity. During
the geomagnetic storms on Oct. 29 and 30, 2003, we
have inferred these upward ExB drift velocities from
ground-based magnetometer observations at Jicamarca
and Piura, Peru as a function of local time (0700 -
1700LT). On both days these ExB drifts exceeded 80
m/sec which is about four times greater than the nor-
mal, quiet time value of 20 m/sec. We study the iono-
spheric response in the Peruvian longitude sector to
these large upward drifts by theoretically-calculating
electron and ion densities as a function of altitude,
latitude and local time using the time-dependent Low-
Latitude Ionospheric Sector model (LLIONS). This is a
single sector ionosphere model capable of incorporating
data-determined drivers. Initial results indicate that
the large, upward ExB drift velocities on Oct. 29 pro-
duce equatorial anomaly crests in ionization at +/- 22◦
dip latitude rather than the usual +/- 16◦ dip latitude.
We compare the theoretically-calculated results with a
variety of ground-based and satellite observations for
Oct. 28, 29, 30 and 31 and discuss the implications
of these comparisons as they relate to the capabilities
of current theoretical models and our ability to infer
ionospheric drivers such as ExB drifts.
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Ionospheric zonal electric field and thermospheric
winds drive and affect the sharp latitudinal struc-
tures and occurrence of irregularities in the low lati-
tude ionosphere. The prediction of the daily variability
of these ionospheric features against their climatolog-
ical patterns requires the prediction of the dynamical
driving forces. We will present a fully 3-dimensional
(3-D) global assimilative ionospheric model (GAIM)
and its application to low-latitude modeling, particu-
larly to the estimation of the dynamical driving forces.
GAIM numerically solves the ionospheric plasma fluid-
dynamic equations to obtain ion and electron densities
on a 3-D grid, and optimizes the solutions by assimilat-
ing various kinds of ionospheric measurements such as
line-of-sight total electron content (TEC) derived from
dual-frequency Global Positioning System (GPS) mea-
surements. The GAIM optimization techniques include

the Kalman filter and 4-dimensional variational ap-
proach (4DVAR). The Kalman filter corrects the mod-
eled ionospheric state by estimating its error covari-
ance. The 4DVAR technique estimates the model driv-
ing forces that satisfy a requirement of minimization of
the difference between the modeled state and observa-
tions in an entire region. The assimilative modeling of
low-latitude ionosphere can be conducted by combining
both optimization techniques and particularly through
the estimation of plasma drift (driven by zonal elec-
tric field) and thermospheric winds. Examples of such
modeling with assimilation of GPS data available from
global and regional GPS networks will be presented. A
short-term forecast scheme for prediction of ionospheric
weather conditions will also be presented that utilizes
the GAIM with the optimized solutions of both dynam-
ical forces and state.
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GPS Occultation Sensor Contributions
to Studies of the Equatorial
Ionosphere

Paul R Straus1 (310/336-5328; paul.straus@aero.org)

Geoff Crowley2 (gcrowley@swri.org)

Phillip C Anderson1 (phillip.anderson@aero.org)
1The Aerospace Corporation, PO Box 92957, Los An-

geles, CA 90009, United States

2Southwest Research Institute, Building 178 6220
Culebra Rd., San Antonio, TX 78238, United States

The GPS occultation remote sensing technique pro-
vides highly precise profiles of limb-viewing total elec-
tron content (TEC). These TEC profiles can be con-
verted into electron density profiles given assump-
tion of spherical symmetry. In cases where ancillary
data characterizing horizontal gradients is available,
the spherical symmetry assumption can be relaxed and
more accurate vertical density profiles can be inferred.
While such profiles are more similar to traditional (e.g.,
ISR, ionosonde) ionospheric measurements, the occul-
tation TEC observations can also be directly compared
with a modeled ionosphere. We present such compar-
isons using the NCAR-TIMEGCM model together with
both simulated occultation data and observations made
by the Ionospheric Occultation Experiment (IOX). Our
focus is to evaluate the extent to which occultation
data can be used to identify the state of the equato-
rial anomaly (e.g, crest separation, altitude, and asym-
metry). The anomaly region state is related to the
strength of the pre-reversal enhancement (PRE) of the
vertical ion drift and the meridional neutral wind. The
TIMEGCM model provides a self-consistent picture of
the equatorial ionosphere, including variability in the
PRE driven by nighttime conductivity gradients in the
E-region. The ability of occultation sensors to measure
this low altitude portion of the ionosphere will also be
discussed. Finally, GPS occultation measurements of
ionospheric scintillation are also possible, but the sensi-
tivity to ionospheric irregularities varies dependent on
the occultation geometry relative to the Earth’s mag-
netic field.
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During geomagnetically active conditions, there
are two major mechanisms responsible for ionospheric
electric-field disturbances at low latitudes. The first
is the direct penetration to lower latitudes of the elec-
tric field due to magnetosphere-ionosphere interactions
at high latitudes. The penetration electric field reaches

the magnetic equator almost instantaneously, but tends
to decay with a time scale less than one hour. The
time scale depends on under/overshielding conditions
determined by magnetospheric properties and iono-
spheric conductivity. The second mechanism is the ef-
fect of the disturbed wind on ionospheric dynamo pro-
cesses. The disturbance winds develop over a period
of hours and can persist for several hours due to the
neutral-air inertia. It has been difficult to actually
identify the relative importance of these two mecha-
nisms for the disturbance in the equatorial electric field
and for the associated changes in the ionosphere and
thermosphere in individual cases. This study utilizes
the Coupled Thermosphere-Ionosphere-Plasmasphere-
Electrodynamics (CTIPe) model where the mid-/low-
latitude electrodynamics is solved self-consistently with
the global ionosphere and thermosphere system. In
order to investigate the effect of the direct penetra-
tion electric field together with the disturbance dy-
namo process on the equatorial ionosphere and ther-
mosphere, Rice Convection Model (RCM) electric fields
are imposed on CTIPe. Our preliminary results indi-
cate that the direct penetration electric field can mod-
ify the ionospheric dynamo by changing the conductiv-
ity and neutral wind. We discuss our results in rela-
tion to observations of low-latitude ionospheric distur-
bances.

SA43A CC: 220 C-E Thursday
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The Extended Ionosphere: A
Unifying Approach to
Magnetosphere-Ionosphere Coupling
III Posters (joint with SM)
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Auroral energy deposition in the
ionospheric F-region studied through
ground-based optical tomography
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Studies of ionospheric perturbations produced by
the aurora generally focus on the E-region where the
majority of the kinetic energy flux is deposited. How-
ever, it is the state of the topside ionosphere that is
most critical for mass coupling with the magnetosphere.
In this paper, ground-based optical tomography is used
to characterize auroral energy deposition in the E- and
F-regions simultaneously. The tomographic data are
derived using two imaging spectrometers in a 290km
baseline near Sondrestrom, Greenland. Vertical pro-
files of volume emission rate were reconstructed for four
prominent auroral emissions: 470.9 nm (N2+ 1NG),
557.7 nm (OI 1S), 630.0 nm (OI 1D), and 844.6 nm
(O 3P). The ionospheric response was monitored us-
ing the Sondrestrom Incoherent Scatter Radar (ISR).
An analysis of a stable auroral arc near the polarward
edge of the auroral oval revealed a latitudinally broad
region of 844.6 emission at 250km above a narrower re-
gion of 470.9 and 557.7 emission. The 844.6 emission
is produced by impact of 11 eV electrons on atomic
oxygen, suggesting that the primary electron spectrum
had both a high and low energy component. The ISR
measurements showed intense F-region ion heating on
this flux tube, and a factor-2 increase over the ambi-
ent plasma density at 300km, demonstrating that the
low energy end of the precipitating particle spectrum
can have a significant affect on the topside ionosphere,
even in relatively hard auroral arcs.
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Coupling between horizontal and
vertical ion transport along the
nightside polar cap boundary
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Conjugate observations by the incoherent scatter
radar at Sondrestrom, Greenland, and the Wideband
Imaging Camera (WIC) on the IMAGE satellite have
been used to establish a causal relationship between
drifting F-region plasma structure in the polar iono-
sphere and upward ion number flux near the poleward
edge of the auroral oval. A longitudinally extended
patch of enhanced F -region density was observed as it
advected equatorward across the open-closed field line
boundary and into a region of discrete auroral rays and
strong ion upflow (Vi>800 m/s at 900 km altitude).
Upward velocities within the upflow region remained
constant during the patch transit, such that the up-
flowing number flux was directly controlled by F-region
density (both increased by a factor of 2 within the
patch). Because polar cap patches and ion upflows are
both longitudinally extended, quasi-stable features of
the nightside polar cap boundary, the observed interac-
tion can produce a global-scale increase in plasma den-
sity at higher altitudes where suprathermal outflows
are initiated.

URL: http://isr.sri.com
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Satellite observations of the polar cap
O+ trough at 5000 km altitude
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The Thermal Ion Dynamics Experiment (TIDE) on-
board the Polar satellite has observed O+ ion density
trough regions, in which the O+ densities were at least
one order of magnitude lower than the surrounding O+

densities. These were observed in the polar cap during
POLAR perigee passes at approximately 5000 km alti-
tude. The estimated O+ densities were generally lower
than 0.01 per cc within these trough regions. From De-
cember 1, 1997 to November 30, 1998, polar cap O+

troughs in Polar/TIDE observations occurred at a fre-
quency of about 48%. The O+ density troughs were
always located on the nightside portion of the polar
cap magnetosphere/ionosphere, and the invariant lati-
tude spans of such troughs were as large as 23o in ex-
tent. The trough occurrence displayed strong seasonal
dependence; in the winter season (e.g. for July in the
southern hemisphere) the O+ ion density trough oc-
currence frequency ranged up to 92%, while during the
summer season (e.g. for January in the southern hemi-
sphere) it decreased to as infrequent as 15%. The O+

ion density trough occurrence appeared relatively inde-
pendent of the geomagnetic Kp index, and IMF Bz, By
conditions, although it generally anti-correlated with
the solar wind dynamic pressures in the solar wind dy-
namic pressure range 0.8 - 2.6 nanopascal. However, as
suggested by the seasonal dependence, the O+ ion den-
sity trough occurrence was strongly related to the solar
zenith angle (SZA). In the SZA range 50o to 125o, the
trough occurrence increased monotonically with SZA.
Case-by-case examinations of near-simultaneous O+

densities and vertical velocities observed by the DMSP
satellite group orbiting at 840 km altitude indicate that
the O+ density troughs observed at 5000 km altitude at
times exhibited apparent relationships with features of
the topside ionosphere. Finally, preliminary transport
simulations indicate that some of the troughs could be
produced by the effects of recombination when the F-
region feet of these flux tubes circulat through dark
regions for several hours.
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Simulations of polar cap field-aligned
electron density profiles measured
with IMAGE Radio Plasma Imager
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The Radio Plasma Imager(RPI) aboard the IM-
AGE spacecraft can be used to measure density pro-
files along magnetic field lines in the polar magneto-
sphere. The recently-developed Dynamic Fluid semi-
Kinetic (DyFK) model is used to simulate the ion field-
aligned flows within flux tubes drifting along a model
specified convection line across the polar ionosphere.
In this DyFK model, the collision-dominated portion
of the flux tube is treated with a moment-based fluid
model for altitudes from 120 to 1100 km, while the
generalized semi-kinetic model is used for 800 km to
3 RE region where collisions are not necessarily domi-
nant and the distribution functions can not be assumed
Maxwellian. The effects of auroral soft electron pre-
cipitation, centrifugal acceleration, wave-driven trans-
verse ion heating and parallel potentials are incorpo-
rated into the simulation of the ion field-aligned trans-
port. The modeled field-aligned electron density pro-
files in the polar cap are compared with several field-
aligned density profiles measured by IMAGE/RPI on
March 4, 2003, in a weak magnetic storm (minimum Dst
value of -58 nT). The electron densities were substan-
tially elevated during the magnetic storm, with electron
density reaching 10 cm-3 at 2.8 RE altitude. It is
found that reasonable parameters for the indicated au-
roral processes raise the modeled electron densities to
the level of the densities measured by the IMAGE/RPI.
The simulation results indicate that O+ becomes the
dominant ion species in the altitude range considered.
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Conductance Effects on Inner
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Model Comparisons With IMAGE
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Modeling results of the inner magnetosphere show-
ing the influence of ionospheric conductance on the in-
ner magnetospheric electric fields during the April 17,
2002 magnetic storm are presented. Kinetic plasma
transport code results are analyzed in combination with
observations of the inner magnetospheric plasma pop-
ulations, in particular those from the IMAGE satel-
lite. Qualitative and quantitative comparisons are
made with the observations from EUV, MENA, and
HENA, covering the entire energy range simulated by
the model (0 to 300 keV). The electric field descrip-
tion, and in particular the ionospheric conductance,
is the only variable between the simulations. Results
from the data-model comparisons are discussed, detail-
ing the strengths and weaknesses of each conductance
choice for each energy channel.
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The responses of the thermospheric
neutral wind circulation and
temperature to intense Joule heating
during geomagnetic storms
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The Center for Integrated Space weather Model-
ing (CISM) suite of models was run recently to per-
form an end-to-end simulation of the solar-terrestrial
environment. The Coupled Magnetosphere-Ionosphere
Model (CMIT) is one of the models used in this run.
The CMIT has two components: the LFM global mag-
netosphere model and the Thermosphere-Ionosphere
Nested Grid (TING) model. The CMIT was driven
by the simulated solar wind data from solar coronal
and solar wind models. In this paper, we present the
thermosphere-ionosphere response to variations in the
energy and momentum inputs from the magnetosphere
under various solar wind conditions. It is found that:
1) During the IMF Bz southward period, the neutrals
and ions were tightly coupled. The neutral winds fol-
lowed the ion two cell-convection pattern. Their speeds
were greatly enhanced due to the enhanced ion drifts
during the geomagnetic storm. Neutral temperature
also increased; 2) During the Bz northward, but By
negative period, the ions and neutrals were less cou-
pled. Significant Joule heating occurred, which en-
hanced the F-region neutral temperature to a maxi-
mum of more than 2000 K. In this period F-region neu-
tral winds were driven mostly by the pressure gradient
force instead of the ion convection pattern; 3) During
the long period when IMF Bz was northward and By
was close to zero, the F region neutral winds weakened
significantly and neutral temperatures were greatly re-
duced. Features of semidiurnal tides were evident in
both the neutral winds and temperatures.

SA43A-07 1330h POSTER

Composition Changes in a CISM
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Recently the CISM suite of models was run together
to produce an end-to-end run from the Sun’s corona
to the Earth’s ionosphere and thermosphere. The re-
sulting Interplanetary Magnetic Field (IMF) pattern
displayed a number of interesting features. Of in-
terest to this study is the rapid transition from Bz
zero conditions to Bz southward conditions and then
to Bz northward conditions. In conjunction with the
end-to-end run a simulation was made for compari-
son purposes using the default statistical inputs to
the TING model, the thermosphere/ionosphere com-
ponent of the CISM end-to-end model. Significant
changes between the two TING model runs were no-
ticed: 1) it was shown in a previous presentation that
precipitation in the statistical model reacts much more
quickly to changes in IMF than the coupled magne-
tosphere/ionosphere/thermosphere model does, which
has important implications for the response time of
thermospheric composition to sudden changes in IMF;
2) the continuation of Joule heating in Bz northward
conditions caused unusual changes in thermospheric
composition.
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On January 14, 2002 the SIERRA sounding rocket
was launched from Alaska into active substorm expan-
sion aurora and reached 735 km altitude. For the first
time, measurements of the cold ionospheric popula-
tion in darkness were made by the UNH thermal elec-
tron detector (TED). At these middle altitudes, un-
derstanding this population is important because the
thermal electrons can carry currents coupling the col-
lisional atmosphere and the magnetospheric auroral
source. The considerable instrumental difficulties with
this measurement will be discussed including the effects
of spacecraft potential, Debye length, applied skin bias,
and surface charging. During flight, the TED instru-
ment yielded thermal temperatures between 0.1 - 0.4
eV. We will examine the temperature variations com-
pared by pitch angle and also in the overall context
of auroral particle observations. Next we will show
how well independent comparisons of density as derived
by the TED and also an HF wave receiver plasma fre-
quency measurement agree. This leads to an evaluation
of two interesting topics: how the measured population
agrees with a Maxwellian-shaped distribution and how
accurate our estimate for the spacecraft potential is.
These possibilities will be thoroughly discussed as we
strive to understand the physics of the ambient cold
population and its interaction with both auroral mech-
anisms and the local spacecraft environment.
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New Frontiers in Equatorial
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ROCSAT-1 Observations of the
Low-latitude F-region Ionospheric
Irregularities During Solar Maximum
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2The University of Texas at Dallas, William B. Han-
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Over the passing solar maximum years the
ROCSAT-1 IPEI payload has collected a large set of
ionospheric irregularity data at the altitudes near 600
kilometers. Because of the long mission life and the 35-
degree orbital inclination of ROCSAT-1 and because of
the high sampling rate and the full duty-cycle opera-
tions of IPEI, the ROCSAT-1 IPEI data have several
advantages over the existing data sets in studying the
low-latitude ionospheric irregularities. These include
(1) fast global coverage in local time and longitude so
that the geomagnetic field configuration (longitude) ef-
fects can be separated from the local time effects, (2)
continuous data sets enable us to examine the seasonal
effects and dependencies on solar activity, (3) more ob-
servations under the great magnetic storm conditions,
and (4) simultaneously high-resolution ion density and
velocity data for investigating the spectral character-
istics of the irregularities to the smallest scale of 15
meters along the satellite tracks. With these advan-
tages, several new results are found. In this report, we
present the statistical features of the morphology as
well as occurrence probability of the irregularities ob-
served by ROCSAT-1. Based upon these features, we

discuss the role of relative importance among the neu-
tral wind, electric field and density gradient in driving
the irregularity structures under both quiet time and
storm time conditions. Furthermore, we will report
some results concerning the correlation between den-
sity and velocity spectra for those of fast rising bubbles
from background plasma and for those of descending or
fossil bubbles drifting with background plasma. The
comparisons of the cross-spectral features between the
two types of irregularity may help identifying the un-
derlying processes (instabilities) that control the evo-
lution of irregularity structures.
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Large-scale plasma density depletions are typically

associated with equatorial spread F (ESF) plasma ir-
regularities in the nightside F region, especially in the
post-sunset sector. Data gathered on the ROCSAT-1
spacecraft reveal numerous cases of localized, discrete
plasma density enhancements in the nightside low lati-
tude region at 600 km altitude. In some cases, nearly
simultaneous DMSP observations at 800 km reveal
similar density enhancements in the same local time
sector. These density enhancement structures occur in
association with ESF plasma depletions, i.e., the den-
sity enhancements are observed in the same local time
where ESF plasma depletions are also present simulta-
neously. Within these discrete structures, the plasma
density may be enhanced by 2–3 times above the back-
ground density. The density enhancement regions have
sharp, distinct edges with embedded irregularities that
appear to have similar scale sizes and density fluctua-
tion spectra as those typically found in plasma deple-
tions. Examples studied here occur at local times about
3 hours after sunset near the equatorial anomaly region,
10◦ to 20◦ from the magnetic equator. The ion veloc-
ity data within the density enhancement regions show
upward plasma drifts perpendicular to the magnetic
field, similar to those within adjacent plasma depletion
regions. The magnetic field-aligned plasma flows are
generally poleward within the density enhancement re-
gions. The observations suggest that density enhance-
ment structures are caused by the polarization electric
field which is generated within the equatorial plasma
depletions and then maps to the higher latitudes along
the magnetic field lines.
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Defense Meteorological Satellite Program (DMSP)
satellites regularly encounter severe plasma depletions
at low magnetic latitudes in the evening local time
sector. Data from these operational spacecraft pro-
vide unique perspectives on the global and secular
variability of these phenomena. We concentrate on
two aspects of their distribution in longitude. The
first concerns systematic seasonal/longitudinal effects
described by Tsunoda [1985] who argued that equa-
torial plasma bubbles (EPBs) are most apt to form

when/where the dusk terminator and equatorial mag-
netic field are most closely aligned. We tested this hy-
pothesis by considering the monthly and longitudinal
distributions of approximately 10,000 EPBs encoun-
tered during more than 100,000 DMSP orbits between
1989 and 2002. While the data generally support Tsun-
oda’s hypothesis, they reveal several unpredicted fea-
tures. The second aspect concerns longitudinal effects
whereby the local minimum in EPB rates occurs near
the west coast of South America. We argue that precip-
itation of inner belt particles near the South Atlantic
Anomaly (SAA) increases ionospheric conductance to
reduce EPB growth rates. Weakened conductance gra-
dients near the dusk terminator also diminish polar-
ization electric fields needed to maintain current con-
tinuity. We suggest several ways to incorporate SAA
effects into global models for EPB growth. Reference:
Tsunoda, R. T., JGR, 90, 447, 1985.
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Previous models of equatorial plasma bubbles have

been two-dimensional, describing the structure of the
bubbles/plumes strictly perpendicular to the geomag-
netic field in the equatorial plane or describing field-
line integrated quantities. Our goal is to introduce the
third dimension, and describe the variations along the
direction of the geomagnetic field. Plasma transport
within the three-dimensional structure is described us-
ing the perpendicular transport code of our previous
two-dimensional bubble model along with a parallel
transport code. The resulting plasma densities are then
used to evaluate the field-line integrals of conductivity
and current density in the current-continuity equation
to provide self-consistent electric fields. In runs of the
model, we find that the three-dimensional plasma ex-
hibits the same upwelling instability found in two di-
mensions, with a similar tendency for the plumes to
bifurcate in the plane perpendicular to the geomag-
netic field. In new results, we find that the uplifting
flux tubes of low plasma density tend to remain de-
pleted from end to end, at least until they rise to the
equatorial heights that map to the equatorial ioniza-
tion anomalies. The anomalies tend to be structured
on the inside (low latitude), smooth on the outside.
These three-dimensional structures will be illustrated
with computer animations. Images of equatorial bub-
bles as depletions of airglow emission are a useful diag-
nostic of bubble structure. We compare the predictions
of the bubble model with some of the common views of
airglow images of equatorial features. In-situ measure-
ments of plasma density in the vicinity of the bubbles
give us a set of constraints on the bubble extent. An-
other important diagnostic of bubble structure is the
extent of radio scintillation measured by ground-based
receivers. As an application of the model, this parame-
ter is pursued with the goal of making forecasts of the
scintillation.
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Numerous studies of geophysical observables asso-

ciated with large-scale instabilities in the post-sunset
equatorial ionosphere have been conducted for several
decades; these observables include electric fields, elec-
tron density profiles, total electron content (TEC),
plasma and neutral drift, scintillations and coherent
radar backscatter. Despite a general understanding of
the local correlations between these parameters during
the on-set and evolution of equatorial bubbles, detailed
knowledge of the variations of these parameters as a


