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Jicamarca Workshop: 40th Anniversary 
 

Schedule 
Monday May 20 
0800-0930 Registration1 
0930-1100  Opening Ceremony 
1100-1200  Cocktail Reception 
1400-1830 Session 1 
 

Wednesday May 22 
0830-1200 Session 2 
1400-1800 Session 3 
2000-   Group Dinner at El Pueblo 
 
 

Tuesday May 21 
0830-1200 Session 2 
1230-1400  Lunch at Jicamarca2 
1400-1800  Observatory Visit2 
2000-  Folkloric events at El Pueblo 
 

Thursday May 23 
0830-1200: Session 4 
1400-1600: Session 4 
1630-1730: Workshop Closing 
 

1Participants could also register on Sunday afternoon. 
2at JRO 
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Scientific Program 
 
Opening Ceremony 
Conveners: H. Montes and J. Chau 
 
Draft Agenda (TBD) 
Monday May 20  

0900 Welcome Coffee  
0945 R. Woodman Executive President, Instituto Geofísico del Perú (IGP) 

Presidente Ejecutivo, IGP 
1005 B. Balsley Research Professor, CIRES, University of Colorado 

Profesor de Investigación, CIRES, Universidad de Colorado 
1025 A. Mabres Representative of Peruvian University at IGP Directory 

Representante de la Universidad Peruana en el Consejo Directivo del 
IGP 

1035 R. Behnke Head of the Upper Atmospheric Research Section, Division of 
Atmospheric Science, National Science Foundation (NSF), USA. 
Jefe de la Sección de investigaciones de la Alta Atmósfera, División de 
Ciencias Atmosféricas, Fundación Nacional de Ciencias de los 
EE.UU. 

1045 N. Lynch* Minister of Education, Peru 
Ministro de Educación, Perú 

1100 Cocktail Reception  
* Waiting for confirmation (Por confirmar) 
 
Session 1: Radar Scatter Theory at Jicamarca: New ideas and capabilities 
Conveners: J. Chau and D. Farley 
 
Monday May 20   

1400 Introduction   
1405 R. Woodman Incoherent scatter theory perpendicular to B including 

charged particle collisions: A hand waving approach 
Invited 

1430 D. Hysell  
J. Chau 

Coherent scatter, theory and practice Invited 

1455 E. Kudeki et al. F-region plasma density measurements with Jicamarca 
beams pointed perpendicular to B 

Invited 

1520 M. Sulzer et al. Coulomb Collisions and the Te/Ti Problem at Jicamarca Invited 
1545 J. Meriwether Is hot oxygen important to the equatorial ionosphere 

energy balance? 
 

1600 Cofee Break   
1620 D. Hysell 

J. Chau 
New experiments and techniques at Jicamarca Invited 

1645 J. Sahr et al. Passive radar opportunities at Jicamarca Invited 
1710 S. Gonzalez et al. Topside Ionosphere Measurements and Science Invited 
1735 T. Van Zandt et al. New Radar Techniques for Measuring Turbulence  
1750 J. Röttger Middle and Lower Atmosphere Research with the 

SOUSY VHF Radars. A brief history and perspective 
Invited 

1810 J. Kelly  
R. Tsunoda 

Jicamarca 8 Panel Radar—A Mini RAO  

1825 End of Session 1   
Tuesday J. Chau 

R. Woodman 
Ionospheric and atmospheric measurements at 
Jicamarca: Current and future capabilities 

Talk before 
Jicamarca 
visit 
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Session 2: D, E and F region Electrodynamics and Irregularities 
Conveners: D. Hysell and E. Kudeki  
 
Tuesday May 21   

0830 Introduction   
0835 F. Lu et al. The Aspect Angles of Radar Echoes from the Equatorial 

Electrojet 
Invited 

0900 R. Woodman 
J. Chau 

First radar observations of two-stream E-region 
irregularities under daytime counter equatorial electrojet 
conditions over Jicamarca 

 

0915 W. Ecklund 
R. Tsunoda 

Radar  observations  of  equatorial  electrojet  
irregularities  at Pohnpei 

Invited 

0940 M. Oppenheim  
Y. Dimant 

Fully Kinetic 2-D and 3-D Simulations of the Farley-
Buneman Instability: First Results 

Invited  

1005 Coffe Break   
1025 C. Denardini et al. Observation of the 3m-Irregularities Altitude 

Distribution at the EEJ in the Brazilian Sector: Calm and 
Disturbed Conditions. 

 

1040 L. Gelinas et al. Winds and Waves:  Electrodynamics of the Nighttime 
Equatorial Ionosphere 

Invited 

1105 G. Lecmacher Measurements of Layers in the Equatorial Mesosphere Invited 
1130 End of Session 2 (first part)  
1130 Talk before Jicamarca visit  
1145 Goto to Jicamarca   

Wednesday May 22   
0830 M. Oppenheim et al. Meteor induced plasma irregularities and radar 

signatures 
 

0845 E. Kudeki The 150 km riddle  
0900 D. Hysell et al. Rocket investigation of postsunset F region scattering 

layers and electrodynamics 
 

0915 M. Kelley Plasma Instabilities in Space and in the Laboratory:  A 
Comparative Anatomy 

Invited 

0940 J. Drexler  
J. P. St. Maurice 

New insights from a nonlocal generalization of the 
Farley-Buneman instability problem at high latitudes 

Invited 

1005 Coffee Break   
1022 E. de Paula et al. The São Luís VHF coherent backscatter 

ionospheric radar results during solar maximum 
Invited 

1050 F. Rodrigues et al. 
 

L band scintillation and VHF coherent radar 
observations at São Luis, Brazil 

 

1105 A. Patra et al. 
 

Low latitude off-electrojet E region irregularities as 
observed by the Gadanki MST radar: Some new aspects 

 

1120 J. Chau et al. Characteristics of low latitude backscatter from 
ionospheric E and F region field-aligned irregularities 
obtained with the Piura VHF radar 

 

1135 A. Patra et al. Evidence of kilometer-scale waves in the lower E region 
from high resolution VHF radar observations over 
Gadanki 

 

1150 End of Session 2   

Session 3: Modeling the Low Latitude Upper Atmosphere and Ionosphere 
Conveners: C. Fesen, D. Anderson, and R. Heelis 
 
Wednesday May 22   
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1400 Introduction   
1405 T. Fuller-Rowell Magnetic Storm Response of the Equatorial Ionosphere Invited 
1430 J. Meriwether 

M. Biondi 
Equatorial optical measurements of thermospheric 
temperatures between solar minimum and solar 
maximum 

 

1445 Discussions   
1550 Coffee Break   
1610 J. Huba 

J. Joyce 
SAMI3 Modeling of the Low Latitude Ionosphere Invited 

1635 D. Anderson et al. Estimating Daytime Vertical ExB Drift Velocities from 
Equatorial Magnetometer    Observations 

 

1650 Discussions   
1800 End of Session 3   

 
Session 4: Space Weather Activities at Equatorial Regions 
Conveners: Cesar Valladares and David Anderson 
 
Thursday May 23   

0830 Introduction   
0835 R. Behnke The National Space Weather Program Invited 
0855 R. McCoy Equatorial Ionospheric Research Programs at the Office 

of Naval Research 
Invited 

0915 O. de La Beaujardière 
et al. 

The C/NOFS satellite mission and science plan Invited 

0935 P. Bernhardt et al. Space-Based Observations of the Low-Latitude 
Ionosphere with the NRL SCITRIS Instruments 

Invited 

0955 Coffee Break   
1015 F. Kamalabadi et al. Two-dimensional Imaging of Equatorial Spread-F 

bubbles with a longitudinal Radio Receiver Array  
Invited  

1035 D. Anderson et al. Forecasting the Occurrence of Ionospheric Scintillation 
Activity on a Day-to-Day Basis in the South American 
Sector 

 

1050 D. Anderson Global Assimilation of Ionospheric Measurements 
(GAIM) Model 

 

1105 V. Rios Atmosphere Sounding with SAC-C satellite and GPS 
network over Argentina 

Invited 

1125 Discussions   
1200 Lunch Break   
1400 Sa. Basu et al. Development of the equatorial anomaly in TEC using 

GPS measurements and links to scintillation 
Invited 

1420 M. Abdu et al. Equatorial Spread F Variability and Forecasting Studies 
in Brazil 

Invited 

1440 C. Valladares 
R. Sheehan  

Studies of equatorial Spread-F using a network of GPS 
receivers 

Invited 

1500 M. Kelley Prediction of Equatorial Spread F: One Scheme to Try Invited 
1520 Discussions   
1600 End of Session 4   
1600 Coffee Break   
1620 Workshop Closing   
1730 End of Workshop   
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Abstracts 
Session 1 

 
Radar Scatter Theory at Jicamarca: New 

ideas and capabilities 
 

Our goal for this session is to explore the future for research at Jicamarca.  We will begin with brief 
reviews of incoherent and coherent scatter.  These reviews will not be comprehensive, but will rather 
emphasize issues that may be controversial and/or of particular importance at Jicamarca.  A third brief 
review will summarize current radar capabilities at Jicamarca.  The rest of the session will be devoted to 
contributed and invited talks on new experiments or improvements of on-going experiments using the 
existing capabilities, short term and long term plans for upgrades and the addition of new facilities, and 
experiments that the upgrades and/or additions would make possible.  Possible topics include the Te/Ti 
problem, ISR measurements perpendicular to B, E-region density measurements using Faraday rotation 
via an oblique path, SOUSY radar measurements at Jicamarca, new topside measurements, collaborations 
with the Piura radar and/or possible passive radar measurements in Peru. We hope that discussions 
stimulated by this session will continue during the rest of the workshop, particularly during the visits to 
the Observatory. 

 
Conveners: 

J. Chau and D. Farley 
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Incoherent scatter theory perpendicular to B including charged particle 
collisions: A hand waving approach 
 
Ronald F. Woodman 
 
Radio Observatorio de Jicamarca, Instituto Geofísico del Perú, Lima, Perú 
 
Abstract: 
Incoherent scatter theory was settled to a broadly accepted state more than 35 years ago. Jicamarca was the most 
demanding IS radar for a complete theory, which should include the magnetic field, self consistent electric fields and 
Coulomb collisions. This theory was worked out by Woodman [1967]. Recently experiments close to perpendicular 
to the magnetic field has revived the interest for a theory that includes the electron-electron and electron-ion 
collisions. Woodman's theory includes such an effect. Sultzer and Gonzales have argued that a more exact theory ---
which would include these collisions in a more realistic way--- is necessary to explain subtle differences with 
Jicamarca experimental results at angles around to 2-3 degrees from perpendicular; otherwise, unrealistic Te/Ti ( 
<1? )would have to be assumed. We will revise Woodman's theory, avoiding the cumbersome mathematics 
involved, using animated graphics instead of equations and solutions to illustrate the physics involved. We will 
include a discussion of the Fokker Plank collision model used, and its possible limitations considering the 
assumption of a constant collision frequency independent of particle velocity. 
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Coherent scatter, theory and practice 
 
David L. Hysell1 and Jorge L. Chau2 
 
1Department of Earth and Atmospheric Sciences, Cornell University, Ithaca, NY, USA 
2Radio Observatorio de Jicamarca, Instituto Geofísico del Perú, Lima, Perú 
 
Abstract: 
Jicamarca devotes the majority of its observing time to coherent scatter measurements as opposed to incoherent 
scatter or MST radar observations. However, no formal theory exists for interpreting the shape of the coherent 
scatter spectrum, and even the physical significance of the backscatter intensity is ambiguous. Interferometric 
measurements made with a single baseline are particularly ambiguous. What, then, can we learn from all the data? 
This presentation aims to relate the characteristics of the coherent backscatter from F region plasma irregularities 
(mainly) to features of the flow that produces them. We will rely partly on analysis but mostly on inference and 
argue that coherent scatter observations support a theoretical picture of plasma irregularities in spread F if they do 
not uniquely specify one. 
Much of the ambiguity associated with traditional coherent scatter experiments can be resolved by using multiple 
interferometry baselines and performing in-beam radar imaging. Imaging helps to resolve space-time ambiguities 
and also shows how certain space-time and spectral features in the data arise from the spatial superposition of 
different scatterers within the radar beam. Examples of radar images of E and F region ionospheric irregularities 
made at Jicamarca will be shown. These images are sufficiently detailed to resolve primary plasma waves in the 
ionosphere for the first time. The images can be compared directly to two-dimensional computer simulations of 
gradient drift and interchange instabilities. The time evolution of the plasma waves in the images provides clear 
evidence of nonlocal and nonlinear effects predicted by past theoretical studies. Previously undetected phenomena 
are also revealed by the radar images including range-spread meteor echoes and a new class of E region 
irregularities that occur at twilight. 
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F-region plasma density measurements with Jicamarca beams pointed 
perpendicular to B 
 
Erhan Kudeki1, Zhaomei Feng1,  Ronald F. Woodman2, and Jorge L. Chau2 
 
1Department of Electrical and Computer Engineering, University of Illinois at Urbana-Champaign, lL, USA 
2Radio Observatorio de Jicamarca, Instituto Geofísico del Perú, Lima, Perú 
 
 
 
Abstract: 
The density profile of the F-region ionosphere above Jicamarca has been estimated with 
incoherent scatter radar signals collected with radar beams pointed perpendicular to B. The 
estimation procedure makes use of the average power and differential phase of backscattered 
signals sampled by orthogonal polarized reception antennas. Differential phase data allows us to 
convert the total backscattered power into density estimates by providing a scaling factor that 
includes the effect of unequal electron and ion temperatures. The simplest interpretation of the 
differential phase data is obtained by assuming that the orthogonal antenna signals are due to 
linear polarized ordinary and extraordinary components of the backscattered radar returns. A 
more detailed model for the differential phase also takes into  account elliptic polarized O- and 
X-mode components of the returns propagating slightly off the direction perpendicular to B. 
Density estimates obtained using different models for the differential phase will be compared. 
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COULOMB COLLISIONS AND THE Te/Ti PROBLEM AT JICAMARCA 
 
Michael P. Sulzer, Nestor Aponte, and Sixto Gonzalez 
 
Arecibo Observatory, Arecibo, PR, USA 
 
Abstract: 
The agreement between the predicted effects of Coulomb collisions (Sulzer and Gonzalez, 1999) and measurements 
(Aponte et al., 2001) shows that the incoherent scatter equation must include a complete statistical description of 
electron motion when the radar k vector is nearly perpendicular to the B field. Simple collisional models such as a 
frictional representation (Langevin’s equation) and the BGK description differ little from each other, but both 
predict an insignificant collisional effect on the ratio of electron to ion temperatures measured at Jicamarca in the 
on-axis position. The significant behavior we predict results from a combination of interesting circumstances that 
illustrate the complicated behavior of the ionospheric plasma. 
Four factors contribute to this surprising behavior in the spectrum considered without the electrostatic shielding 
interaction (single particle spectrum). 
1. The diffusion coefficients decrease rapidly with increasing electron speed. 
2. Electron–ion collisions do not significantly affect the electron speed, but contribute most of the momentum 
(directional) change. 
3. Electron-electron collisions change the momentum less than electron-ion collisions, but affect the speed. 
4. The electron single-particle spectrum narrows as the k vector approaches perpendicularity causing the collisional 
effects to become important. 
Electron-ion collisions alone yield the wrong spectral shape because the speed changes introduced by the electron-
electron collisions are crucial. The spectral signature introduced by the speed dependence of the diffusion 
coefficients is partially destroyed when the electrons change speed. 
Hagfors and Brockelman (1971) describe the connection between the single particle spectrum and the incoherent 
scatter spectrum including the electrostatic interactions among the various particles. In applying this to Jicamarca, 
electron collisions are important because the electron single particle spectrum narrows as the radar k vector 
approaches perpendicularity while the equivalent ion spectrum does not. The shape of the electron single particle 
spectrum becomes important and even dominates the spectrum as the radar k vector approaches perpendicularity. 
Later Hagfors described a possible limitation on the validity of this relatively simple equation relating to 
relationships developing between pairs of particles when collisions of like particles (for example, electrons with 
electrons) are considered. In the case of electron-electron Coulomb collisions, we argue that this cannot be a 
problem. A typical electron moves through a “Debye tube” with a random path. That is, electrons within about a 
Debye length contribute momentum changes, but the electron must move much more than a Debye length before its 
path is significantly altered. Therefore, the concept of a tube is appropriate. It is clear that the number of electrons 
that perturb one electron’s path in the time it takes to significantly alter its direction is large. It does not seem 
possible that binary relationships could develop. 
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Is hot oxygen important to the equatorial ionosphere energy balance? 
 
John W. Meriwether 
 
Department of Physics and Astronomy, Clemson University, Clemson, SC, USA 
 
Abstract: 
Comparison of the MSIS model predictions of thermosphere temperatures with observed 630 nm temperatures 
derived from nightglow measurements from different FPI observatories show that the observed values are generally 
hotter by an excess of 100 to 200 degrees regardless of solar cycle phase or magnetic activity. The MSIS model is an 
empirical model with roots that can be traced to radar and satellite measurements over the past decades. Thus, the 
question arises as to the correct interpretation of this offset. The emisson of the 630 nm airglow is a result of the 
dissociative recombination of molecular oxygen ions, O2+, with electrons in which the oxygen atoms produced are 
energetic with kinetic energies of several ev.  The lifetime of the hot oxygen atoms produced, namely O(1D), has 
been measured to be ~110 s but in the thermosphere when nitrogen quenching is included this lifetime becomes 
more typically 35 s. It has been assumed that this is sufficiently long for thermalization of these atoms to take place 
in the thermosphere before emission of 630 nm photons occurs. This thermalization process is relatively complex to 
model but results show that significant differences with MSIS can be expected only for altitudes above 300 km. 
Observations from DE have confirmed this conclusion. However, it is not unreasonable to infer that the observed 
excess of ~150 K might indeed be attributed to the incomplete thermalization of these hot atoms.  Evidence for the 
existence of a hot oxygen geocorona has been accumulating over the years. Perhaps the most convincing work 
pointing to the existence of a hot oxygen atom population has been the detection of a thermal broadening of the 732 
nm twilight emission profile of O+ by Yee et al.[1980]. Modification of the Arequipa FPI interferometer is currently 
underway to revisit this problem with a sensitivity that is estimated to be 30 times higher than that of the FPI 
instrument used by Yee et al.[1980]. If the existence of the hot oxygen geocorona can be reaffirmed by the new 
prospective measurements, the question arises as to the possible impact upon the analysis of the ion-electron energy 
balance of JRO observations. A similar analysis conducted by Oliver and colleagues utilizing Millstone Hill data has 
concluded that the hot oxygen atom population needs to be considered for the topside F-region ionosphere. Thus, it 
would appear that the role of hot oxygen atoms in the energy balance analysis of JRO measurements should be 
evaluated before considering the question of the hydrogen composition within the topside ionosphere. 
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New experiments and techniques at Jicamarca 
 
David L. Hysell1 and Jorge L. Chau2 
 
1Department of Earth and Atmospheric Sciences, Cornell University, Ithaca, NY, USA 
2Radio Observatorio de Jicamarca, Instituto Geofísico del Perú, Lima, Perú 
 
Abstract: 
Several new observing modes have been introduced at Jicamarca in recent years with the goal of measuring 
background parameters inaccessible to Jicamarca’s more traditional modes. Two of these utilize coherent scatter 
from the equatorial electrojet. In one experiment, the plasma density profile in the E region is inferred from the 
Faraday rotation of the coherent scatter. A bistatic radar is used in order to maximize the rotation rate observed. 
Accurate density profile measurements are possible during the day even using a low-power transmitter and small 
antenna arrays at the transmit and receive sites. Nighttime experiments will necessitate a more sensitive system 
which is currently being proposed. In another experiment, the electrojet is probed from Jicamarca with a narrow-
beam oblique incidence antenna, and horizontal winds in the lower thermosphere are inferred from the Doppler 
shifts of the echoes. Forward modeling involving a three-dimensional computational model of the E region is used. 
Lastly, a new incoherent scatter experiment designed to improve our ability to measure plasma densities, 
temperatures, compositions, and drifts in the bottomside and topside F region is being developed. The new mode 
called the hybrid mode, combines double pulses and long, alternating coded pulses and also makes use of Faraday 
rotation information. Three transmitters are used with this mode. Close attention is paid to the removal of clutter 
from satellites and space debris. We hope to use the mode to examine density, temperature, drift, and composition 
changes in response to geomagnetic storms. 
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Passive Radar Opportunities at Jicamarca 
 
John Sahr, Melissa Meyer, Dawn Gidner, and Chucai Zhou 
 
Department of Electrical Engineering, University of Washington, Seattle, WA, USA 
 
Abstract: 
We will describe opportunities for enhancing radio science Jicamarca by using techniques for VHF passive radar, 
which have recently been developed for remote sensing of ionospheric irregularities at mid and high latitudes. The 
method involves operation of geographically distributed yet synchronous receivers, tuned to 100 MHz FM 
broadcasts. The data from these receivers are then brought together, and their cross-ambiguity is computed. Radar 
data of surprisingly high quality results, including all the usual data products: power spectrum vs. range, and radar 
interferometry. Furthermore the data are completely free of aliasing in range and Doppler.  
We will describe the key hardware elements of our system, the Manastash Ridge Radar (MRR), including GPS 
clock, digital receiver, and GHz-class desktop computing. The MRR continuously publishes RTI and Range-
Doppler information to the WWW, which may be found at http://www-rcs.ee.washington.edu. 
We will show some examples of recent high latitude observations of auroral electrojet irregularities and meteors, 
and then discuss how the techniques may be applied at JRO to study electrojet irregularities, F region irregularities, 
"string of pearls" echoes, and perhaps even incoherent scatter. We will also show how one can rapidly create bistatic 
instruments using the JRO and JULIA transmitters, with geographically distributed receivers providing information 
from a range of scattered ks. 
Ultimately the techniques of "passive bistatic radar" will be well-applied to conventional radar. The passive bistatic 
radar detector is universal in the sense that it works with any transmitter waveform, and without prior knowledge of 
it. Thus, to the extent that high power transmitters have flaws (droop and chirp), the cross-ambiguity function 
provides better performance than the usual detector which assumes "perfect" transmitter waveform. 
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Topside Ionosphere Measurements and Science 
 
Sixto Gonzalez, Michael P. Sulzer, and Nestor Aponte 
 
Arecibo Observatory, Arecibo, PR, USA 
 
Abstract: 
Measurements of light ions in the topside ionosphere over Arecibo taken between 1988 and the present will be 
shown. We will discuss the altitude and temporal variations of the three major ion species in the topside ionosphere 
(O+, H+, and He+). The ISR spectra were reduced using a non-linear least squares fitting algorithm which allows 
for Te, Ti, [O+], [H+], and [He+] to be free simultaneously. We describe certain limitations on allowing 
simultaneous freedom to [He+] and Te resulting from the similar spectral signature that changes in either cause. 
One of the more striking features of the ion distributions is the formation of a He+ layer during the night at altitudes 
near the O+/H+ transition region. We show that the magnitude of [He+] in the layer as well as its altitude is strongly 
dependent on the solar cycle and also its magnitude is dependent upon the season. In addition, we will present 
results of independent velocity and temperature measurements of oxygen and hydrogen ions, and briefly explain 
how these measurements are done. These measurements have been made regularly since 1994 and sample many 
different solar cycle levels although equinox and winter are more represented than is summer.  
Finally, we will describe the rationale for doing joint topside lower/plasmasphere observations using Arecibo and 
Jicamarca. We comment on the differences in radar techniques and analysis methods required, and discuss the 
relative amounts of information available for the cases of high and low signal-to-noise ratios. 
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New Radar Techniques for Measuring Turbulence 
 
Thomas E. Van Zandt1, G. D. Nastrom2, and W. L. Clark1 
 
1Aeronomy Laboratory, NOAA, Boulder, CO, USA 
2Saint Cloud State University, Saint Cloud, MN, USA 
 
Abstract: 
The turbulent kinetic energy (TKE) density can be inferred from the variance of the Doppler spectral width of radar 
echoes. However, the total observed variance is the sum of the variance due to the TKE and an additional variance 
or correction term due to interaction of the background wind with the finite beamwidth, which must be estimated 
using a model. When the wind is large, the correction term can be comparable with the TKE term, so that small 
errors in the correction term will cause large errors in estimation of the TKE term. 
The correction term is approximately proportional to the beamwidth squared, so if nested volumes are observed with 
two different beamwidths, the correction term can be inferred without reference to the details of the model. This 
technique has been applied at the MU radar with beamwidths of 1.87  and 3.46  at 10  zenith angle (VanZandt et al., 
GRL, 2003, in press). 
This technique can be applied at any radar frequency and at any altitude. The effects of thin layers of turbulence will 
be discussed. The turbulent kinetic energy density dissipation rate, epsilon, can be inferred from the TKE using one 
of several more or less heuristic theoretical models. However, epsilon can also be inferred directly from 
simultaneous observations with two radar wavelengths using Hill’s well-established theory of turbulent irregularities 
in the vicinity of the dissipation cutoff. This technique has been applied using observations with wavelengths 
(frequencies) of 10.58 and 32.8 cm (2835 and 920 MHz) at 0  zenith angle during the MCTEX campaign in northern 
Australia (Van Zandt et al., GRL 27, 2537-2540, 2000). These measurements were made in the boundary layer. In 
order to make measurements at higher altitudes, the shorter of the two wavelengths must be suitably chosen. 
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MIDDLE AND LOWER ATMOSPHERE RESEARCH WITH THE SOUSY 
VHF RADARS. A BRIEF HISTORY AND PERSPECTIVE 
 
Jürgen Röttger 
 
Max-Planck-Institut für Aeronomie, Katlenburg-Lindau, Germany 
 
Abstract: 
Initial experiences, which were some of the major kernels of the SOUSY VHF Radars, were acquired in the mid 
1970s at the Jicamarca Radio Observatory. A short summary of the historical development of this research direction 
at the Max-Planck-Institut für Aeronomie, using VHF radars as the major part of the SOUnding SYstem SOUSY, 
will be given. This relates to two experiment units, the 600kW-radar, which was constructed and operated in the 
Harz mountains in Germany and is now located in Jicamarca, and the mobile 100kW-radar, which was particularly 
constructed for operation at the Arecibo Observatory and several other places, and is now located on Svalbard in the 
high Arctic. 
These radars were extensively used for studies of the structure and dynamics of the troposphere, lower stratosphere 
and the mesosphere. Meteorological applications to use these VHF radars as wind profilers were brought forward as 
early as twenty-five years ago. New techniques and methods were developed and tested with the SOUSY VHF 
Radars, such as spaced antenna and interferometer applications, complementary codes and high-resolution 
approaches. Intense scientific studies of gravity waves and turbulence, synoptic-scale disturbances (weather fronts 
and tropopause variations), mesospheric irregularities, and in particular the polar mesosphere summer echoes 
(PMSE) were performed, which contributed to the better understanding of these processes. 
Further science will be gained by operating the SOUSY VHF Radar at the equator in Peru, which comprises a good 
complement to the existing radar observatory and the additional instrumentation collected there. It is also expected 
that the SOUSY Svalbard Radar, together with the EISCAT Svalbard Radar, will continue to study high latitude 
phenomena, such as PMSE. A most relevant task, to be attacked in cooperation with the Jicamarca Radio 
Observatory, will be to investigate the difference of high and low latitude middle and lower atmosphere phenomena, 
such as waves and turbulence. An even more challenging task will be to study the hemispheric differences of the 
polar mesosphere summer echoes, which are observed on Svalbard and at its Antarctic counterpart, the Machu 
Picchu research station of the Instituto Geofisico del Peru. This endeavor could have relevance to global climate 
change. The extension of the use of the SOUSY VHF Radar for studies of the equatorial ionosphere will be 
rewarding as well. 
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Jicamarca 8 Panel Radar - A Mini RAO 
 
John D. Kelly and Ronald T. Tsunoda 
 
Center for Geospace Studies, SRI International, Menlo Park, CA, USA 
 
Abstract: 
As part of the development of the RAO incoherent scatter radar, SRI intends to locate a subset of RAO near 
Jicamarca. This deployment will support the 2004 NASA sounding rocket campaign and supplement measurements 
made with the Jicamarca radar and other instruments. We intend to place 8, 32 element panels end to end to create a 
4 x 64 element phased array radar (the full RAO will contain 64 x 64 elements). This linear array will be aligned in 
the magnetic east-west direction, and will form a fan-shaped beam that could be scanned electronically in that plane. 
This configuration is well suited for measurements of ionospheric backscatter from small-scale field-aligned 
irregularities, because the angular width of backscatter in the north-south plane would be severely restricted by 
magnetic aspect sensitivity. And, because the beamwidth is narrow in the east-west plane, the measurements can be 
made with high spatial resolution. A phased-array radar of this kind would be able to make several important 
contributions. A critical application would be as a means of providing rocket launch criteria in experiments where in 
situ measurements are desired within equatorial plasma bubbles that occur in the nighttime F layer. Repeated spatial 
maps of a developing plasma bubble are essential for the success of this kind of experiment, as demonstrated with 
ALTAIR, a steerable radar, during such an experiment from Kwajalein in 1979. As a scientific tool, it will 
complement the backscatter (and incoherent scatter) measurements that will be available from the Jicamarca radar. 
Among various applications, spatial maps of backscatter from either the E or F region can be used to provide context 
for more detailed measurements along one beam direction with the Jicamarca radar. Another important application 
would be in investigations of the wavelength dependence characteristics of ionospheric irregularities, both in the 
electrojet and in spread F. A high-resolution UHF radar has never been available for joint investigations with the 
Jicamarca radar. 
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Ionospheric and atmospheric measurements at Jicamarca: Current and Future 
capabilities 
 
Jorge L. Chau and Ronald F. Woodman 
 
Radio Observatorio de Jicamarca, Instituto Geofísico del Perú, Lima, Perú 
 
Abstract: 
We summarize the current capabilities at the Jicamarca Radio Observatory (JRO) for atmospheric and ionospheric 
measurements for both incoherent and coherent scatter modes. We will take a chronological approach, whenever 
possible. It is indeed remarkable how an instrument that was designed and built 40 years ago, continues to make 
very and many important contributions to our understanding of the neutral and ionized atmosphere. And the 
potential to do more is still there. All that is required is time and the removal of some limitations. The majority of 
the limitations of the current techniques are mainly due to hardware limitations (e.g., limited antenna steerability, 
receiver dynamic range, etc.) We describe and discuss the list of the upgrades being developed (e.g., digital 
receivers, electronic beam switching, SOUSY radar, etc.) and the desirable ideal upgrades that could help us 
improved the Observatory’s capabilities. In addition, we present a list of potential scientific experiments nearby 
Jicamarca that would allow us to explore and learn more about equatorial phenomena (e.g., latitudinal radar studies 
of the equatorial electrojet, studies of 150-km echoes at the feet of the magnetic tubes, multinstrumental 
observations: combined rocket and radar observations, TEC tomography, etc.). 
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Abstracts 
Session 2 

 
D, E and F region Electrodynamics and 

Irregularities 
 

This session will address experimental and theoretical aspects of irregularities in the D, E, and F region 
ionosphere that give rise to enhanced radar backscatter and other radio wave propagation effects and are 
detected by space probes at the magnetic equator. Plasma irregularities associated with equatorial spread 
F and the equatorial electrojet have been studied at Jicamarca for decades, during which time rather 
detailed analytic and computational theories of the underlying plasma instabilities have been developed. 
Numerous phenomena remain poorly understood, however, including the causes of variability, the 
nature of the plasma turbulence responsible for generating 3 m waves, and the role of nonlocal effects, 
including finite parallel wavenumber effects. By comparison, theoretical frameworks surrounding 150-
km echoes and range spread and field aligned meteor echoes are still in their infancy, although renewed 
interest in these phenomena, coupled with the emergence of new experimental techniques, are leading to 
rapid advances in both areas. Finally, Jicamarca is the only instrument capable of detecting mesospheric 
echoes reliably every day, affording the community a means of understanding mesospheric instabilities 
and turbulence and the neutral and plasma structures they create. We solicit presentations on all aspects 
of equatorial ionosphere irregularities and encourage presenters to highlight and suggest means of 
solution of outstanding problems in the field. 

 
Conveners: 

D. Hysell and E. Kudeki 



 26 

The Aspect Angles of Radar Echoes from the Equatorial Electrojet 
 
Fei Lu, Donald T. Farley, and Wesley E. Swartz 
 
School of Electrical and Computer Engineering, Cornell University, Ithaca, NY, USA 
 
Abstract: 
The unstable plasma waves responsible for VHF radar echoes from the equatorial electrojet (EEJ) travel nearly 
perpendicular to the geomagnetic field, but the wave vectors can have a small component parallel to the field. We 
can measure the distribution of wave vector angles (the "aspect sensitivity") using the large Jicamarca array in an 
interferometer mode with multiple north-south baselines. The first such studies were described in a 1989 JGR paper 
by Kudeki and Farley. 
We are now revisiting this topic using a much larger radar interferometer data base (the 1989 paper was based on a 
single day in 1985) plus (1) complementary observations of oblique EEJ echoes, (2) echoes from near 150 km 
altitude (which provide electric field data during the day), and (3) daytime magnetometer data. The aspect angles are 
important because the coupling to waves that are not exactly perpendicular to the magnetic field provides a loss 
mechanism that may (or may not) limit the growth of the waves. Perhaps surprisingly, after many years of research 
we still do not know whether the limiting process is primarily 3-D (associated with finite aspect angles) or 2-D (a 
wave cascade). We report here on the current status of our work. 
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First radar observations of two-stream E-region irregularities under daytime 
counter equatorial electrojet conditions over Jicamarca 
 
Ronald F. Woodman and Jorge L. Chau 
 
Radio Observatorio de Jicamarca, Instituto Geofísico del Perú, Lima, Perú 
 
Abstract: 
We report the first observations of irregularities under daytime counter equatorial electrojet (CEEJ) conditions, 
made at the Jicamarca Radio Observatory (JRO) with a VHF radar. This type of irregularities, although predicted by 
linear theory, has been observed only very few times at other sites (once in Africa and two times in India). In the 
first 40 years of the existence of JRO, these irregularities were not observed. Since June 2000 and November 2001, 
we have observed them, surprisingly on seven occasions. Our observations reveal that CEEJ irregularities appear 
only when large reversed zonal electric fields are reached. We have used DH (horizontal component of the magnetic 
field due to the equatorial electrojet) as a proxy of the zonal electric fields. Initially, the irregularities are type 1-like, 
with a Doppler velocity comparable to the ion-acoustic speed, a relatively narrow spectral width, and observable 
only at small elevation angles. Then as the DH values gets more negative (-200 nT around noon), very strong echoes 
appear, still with ion-acoustic velocities at low elevation angles but with a similar behavior as type 2 (large spectral 
widths and Doppler velocities with a dependence on the cosine of elevation angle). Weak type 1-like echoes are 
again observed when the irregularities are about to disappear (i.e., when DH is less negative close to the threshold 
value). In order to get a better understanding of the physical mechanism responsible of these echoes, we have 
devised a simple scattering model and compared its spectra to the radar spectra data. We attribute the type 1-like 
echoes to be pure two-stream. We hypothesize that the echoes with a broad spectrum are due to a turbulent 
breakdown of the same two-stream waves by secondary gradient drift instabilities produced in the gradients of 
longer-wavelength pure two-stream waves. The mechanism proposed works under the presence of stabilizing (i.e., 
positive) ambient vertical density gradient. 
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Radar Observations of Equatorial Electrojet Irregularities at Pohnpei 
 
Warner L. Ecklund1 and Roland T. Tsunoda2 
 
1Aeronomy Laboratory, NOAA, Boulder, CO, USA 
2Center for Geospace Studies, SRI International, Menlo Park, CA, USA 
 
Abstract: 
A former NOAA wind-profiler site at Pohnpei (7 N, 158 E geographic, 0.7 magnetic dip) in the western Pacific was 
converted to ionospheric research by SRI in 1998. A 50 MHz radar with a 100 by 100 meter electrically-steered 
antenna has been in continuous operation since June 1999. A second radar at 24.5 MHz with a linear array of 16 
Yagis was put in continuous operation in February 2002. Each radar records 256 point Doppler spectra from 110 
range gates with 1 km resolution. The 50 MHz radar antenna beam has a 2-way width of about 2 and is cycled 
through three positions, vertical and 14 degrees from vertical in magnetic East and West directions. The 24.5 MHz 
radar has a beam that points vertically with a 2-way width of about 3.5 . In this presentation we will discuss the 50 
MHz 3-beam spectra in terms of vertical and horizontal irregularity drifts and the development of type 1 (two-
stream) irregularities on the type 2 (gradient drift) background . The 3-beam data during reversed electrojet periods 
also show the drifts changing from westward and upward to eastward and downward. Echoes in the reversed period 
occur 4 to 6 km higher in altitude than the normal electrojet echoes and are characteristic of type 2 (gradient drift) 
irregularities. We will also present first comparisons of 24.5 and 50 MHz electrojet spectra which show good 
agreement in Doppler velocities but interesting relative changes in their signal-to-noise ratios, depending on echo 
strength and time of day. 
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Fully Kinetic 2-D and 3-D Simulations of the Farley-Buneman Instability: First 
Results 
 
Meers M. Oppenheim and Yakov Dimant 
 
Astronomy Department, Boston University, Boston, MA, USA 
 
Abstract: 
The Farley-Buneman instability is a collisional two-stream plasma instability observed in the electrojet of the E-
region ionosphere. This instability, along with the related gradient drift instability, has been assumed to create much 
of the common E-region radar clutter. While linear theory predicts the dominant wavelengths generated by this 
instability, radars and rocket-borne instruments make measurements of the nonlinearly saturated instability. In the 
last the last decade numerical simulations have become an important tool in exploring the nonlinear behavior of this 
instability. However, these simulations have been limited to 2-D and generally have represented electron dynamics 
with a fluid model while resolving ions kinetically with a particle-in-cell method (PIC) [see Oppenheim, et. al., 
Geophys. Res. Lett., 1996] or they have been fully kinetic but have failed to reach saturation [Janhunen, J. Geophys. 
Res., 1994]. Today, taking advantage of modern, massively parallel, supercomputers, we can represent electron 
dynamics using a fully kinetic PIC algorithm. This allows us to simulate electron temperature variations as well as 
kinetic effects instead of making a simplifying set of assumptions about electron evolution. In this paper we will 
present the first results from a new set of 2 and 3 dimensional simulations of the fully kinetic Farley-Buneman 
instability. We compare the instability evolution with those calculated by older 2-D hybrid simulations with fluid 
electrons. Further we evaluate electron heating effects and the implications for the ionosphere. 
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Observation of The 3m-Irregularities Altitude Distribution at the EEJ in the 
Brazilian Sector: Calm and Disturbed Conditions 
 
Clezio Marcos Denardini, Mangalathayil A. Abdu, and José H. A. Sobral 
 
Instituto Nacional de Pesquisas Espaciais, São José dos Campos, SP, Brazil 
 
Abstract: 
We had carried out equatorial electrojet (EEJ) campaigns in 1999, 2000 and 2001, using the RESCO coherent back-
scatter radar at São Luís (2.33  S; 44.2  W; dip: -0.5 ), on the magnetic equator. On this paper we selected a set of 
days covering a relatively disturbed period and another set of days covering a calm period. We compared the altitude 
distribution for both Gradient Drift and Farley-Buneman irregularities during quiet conditions with that observed 
during disturbed conditions. We toke into account the EEJ enhancements observed in the evening hours for some 
days and we compare our results to previously published results. In general way they had fit well with the previously 
results. Some discrepancies are discussed here. The altitude distribution during the day is taken from a set of spectra 
maps obtained from the radar data. We have used the auroral activity indexes AU and AL as well as the equatorial 
ring current index Dst to evaluate the response of the equatorial electrojet to magnetic disturbances. 
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Winds and Waves:  Electrodynamics of the Nighttime Equatorial Ionosphere 
 
Lynette J. Gelinas1, Michael C. Kelley2, and Miguel F. Larsen3 
 
1Laboratory for Plasma Studies, Cornell University, Ithaca, NY, USA 
2School of Electrical and Computer Engineering, Cornell University, Ithaca, NY, USA 
3Department of Physics and Astronomy, Clemson University, Clemson, SC, USA 
 
Abstract: 
In this talk we describe plans to make common volume measurements of neutral winds and E region electric fields 
near the magnetic equator. The goal of the experiment is to determine the response of the E region ionosphere to 
short period atmospheric buoyancy waves, also called internal gravity waves (IGW). We propose to launch two 
identical payloads, each consisting of a TMA release section and a separable instrumented section, from the launch 
range at Punta Lobos, Peru in the spring of 2004, as part of the upcoming Peru sounding rocket campaign. Ground 
based airglow imagers will be used to determine the presence and orientation of short wavelength gravity waves and 
Jicamarca Observatory will monitor the ionospheric plasma conditions at the time of launch. The payloads, though 
identical, will be launched into gravity wave packets with different orientations with respect to the local magnetic 
field in order to determine the coupling between neutral wind and plasma motion parallel and perpendicular to the 
magnetic field lines. 
Evidence for electric field generation by internal gravity waves exists but is circumstantial. Several recent rocket 
experiments have measured 2-3 V/m electric fields with wavelengths on the order of ~10-20 km, roughly the same 
scale size as internal gravity waves; in fact, one of the measurements occurred during observed gravity wave activity 
of the same scale size (Gelinas et. al, JASTP, 2002). These measurements were made at midlatitudes, where it had 
been assumed that any gravity wave induced polarization charges would leak away along the magnetic field lines, 
effectively shorting out the generator. This appears not to be the case, and the implication is that the strength of 
these wind-generated electric fields could be comparable to the background large scale electric fields, especially at 
mid and low latitudes. 
The magnetic equatorial region is ideal for studying E region wind-generated fields, since the horizontal magnetic 
field geometry greatly simplifies the electrodynamics. Specifically, the equatorial geometry makes it easier to 
determine whether electric fields are generated via Hall or Pedersen currents. Armed with knowledge about electric 
field generation in the equatorial region, we may be able to understand and model the complex midlatitude case. 
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Measurements of Layers in the Equatorial Mesosphere 
 
Gerald Lehmacher 
 
Department of Physics and Astronomy, Western Kentucky University, Bowling Green, KY, USA 
 
Abstract: 
VHF radar echoes from the mesosphere reveal a multitude of small-scale structures caused by refractive index 
fluctuations. The temporal and spatial characteristics as well as the velocities of the scatterers exhibit a variety of 
dynamical regimes that can be associated with tides, gravity waves, and instabilities down to intermittent turbulence. 
The smallest scales on the order of the radar wavelength are only accessible with sounding rockets. Often they have 
measured the electron density and fluctuations responsible for the echoes. For turbulence analysis it must be 
assumed that the electron or ion fluctuations are good tracers for small-scale neutral air motions. Additional 
instruments observing directly neutral density fluctuations have proven and also time disproved this assumption. For 
example, polar mesosphere summer echoes show often no signs of neutral turbulence while at the same time there 
are strong electron fluctuations and evidence for a population of heavy charged particles. 
Daytime mesospheric echoes seen by the Jicamarca radar in MST mode show different spectral characteristics at 
different altitudes. Previous rocket experiments have also provided different views on small-scale electron density 
structures such as dynamic instabilities and neutral turbulence. In order to distinguish between neutral and plasma 
induced fluctuations and to study the coupling between the different tracers, it is desirable to measure neutrals, 
electrons, ions and possible particles all simultaneously. 
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Meteor induced Plasma Irregularities and Radar Signatures 
 
Meers M. Oppenheim, Lars P. Dyrud, Sigrid Close, Stephen Hunt, and Licia Ray 
 
Astronomy Department, Boston University, Boston, MA, USA 
 
Abstract: 
Radars probing the atmosphere between 75 and 130 km frequently receive echoes from plasma trails left by ablating 
micron-sized meteors. These echoes have proven useful in characterizing meteors and in estimating wind velocities 
and temperatures. In two earlier papers, we used simulations to show that non-specular echoes can easily result from 
the gradient--drift/Farley--Buneman (GDFB) instability which rapidly develops into plasma turbulence [Oppenheim 
et. al., Electrodynamics of meteor trail evolution in the equatorial E-region ionosphere, GRL, 2000, 3173 and Dyrud 
et. al., The anomalous diffusion of meteor trails, GRL, 2002, 2775]. We also discussed the mechanism whereby this 
instability causes rapid anomalous diffusion. This talk discusses the plasma physics of meteor trail irregularities and 
compares the results with simulations and observational data. This study helps us use radar data to better understand 
the composition of meteor trails and their interactions with the surrounding atmosphere. In particular, we can 
evaluate: (1) the criterion for the onset of the instability as a function of altitude, atmospheric temperature, and 
meteor trail composition and density; (2) the nature of the instability and the resulting waves; (3) the range of 
unstable wavelengths both perpendicular and oblique to the geomagnetic field; and (4) the growth rates at each 
wavelength. This analysis should enable us to better use meteor radar data to characterize meteors and the upper 
atmosphere. 
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The 150 km riddle 
 
Erhan Kudeki 
 
Department of Electrical and Computer Engineering, University of Illinois at Urbana-Champaign, lL, USA 
 
Abstract: 
 
They were first reported by Balsley in 1964 but we still lack an explanation in 2002 as to what causes them: they are 
the equatorial 150 km VHF radar echoes and the associated meter scale plasma irregularities. 
 
New Jicamarca results on enigmatic 150 km irregularities will be presented: dual-beam measurements with an east-
west separation, and two-element interferometry with north-south as well as east-west baselines. Interferometry 
results show that the irregularities are highly field aligned (more so than electrojet irregularities) but quite 
unstructured in east-west direction. Temporal variations (~5 min time scale)in echo intensity are almost perfectly 
synchronous in east and west beam signals detected during the dual-beam measurements. 
 
The observations suggest that conditions which favor the amplification of 150 km irregularities may be modulated 
by meridional propagating wave systems. Meridional propagating gravity waves, for instance, could cause the 
formation of descending density layers of mostly metallic composition which in turn may develop the meter scale 
structures detected by the Jicamarca radar. 
 
Since the enhanced 150 km echoes preclude the use of incoherent scatter technique to diagnose the mean state of the 
ionosphere in 150 km region, suggestions like the one given above are difficult to test based on only radar 
observations. In-situ measurements of all the pertinent state parameters of the region with sounding rockets may be 
the only way to solve the riddle of what causes the 150 km radar echoes. 
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Rocket investigation of postsunset F region scattering layers and electrodynamic 
 
David L. Hysell1, Miguel F. Larsen2, Charles Swenson3, and Timothy Wheeler4 
 
1Department of Earth and Atmospheric Sciences, Cornell University, Ithaca, NY, USA 
2Department of Physics and Astronomy, Clemson University, Clemson, SC, USA 
3Utah State University, USA 
4Penn State University, USA 
 
Abstract: 
A sounding rocket experiment investigating the electrodynamics of the postsunset bottomside equatorial F region 
ionosphere and the bearing this has on thin scattering layers that form there will be described. Coherent scatter from 
such layers has been observed at the Jicamarca Radio Observatory in Peru for many years and generally occurs as a 
precursor to more fully developed equatorial spread F. The thin scattering layers have not been investigated with 
sounding rockets before and are difficult to study with satellites, being thin and often residing at low altitudes. We 
study them both because they serve as tracers of the circulation in the low-latitude ionosphere and because ESF 
initiation is closely tied to their motion and evolution. 
Thin scattering layers are enigmatic in that they do not exhibit significant vertical development after they form even 
though vertical development is expected for layers of irregularities generated by ionospheric interchange 
instabilities. Furthermore, the layers are generally observed drifting westward though they reside at altitudes where 
the local thermospheric wind is eastward. Full-blown ESF occurs when the layers reverse direction and begin 
developing vertically. Our experiment seeks to understand the westward drift of the layers, the relationship between 
the countervailing drifts and the plasma irregularities that comprise the layers, and the source mechanism for the 
layers themselves. To understand the westward drifts, we must undertake a broader study of circulation in the 
postsunset equatorial ionosphere. 
We will conduct two sets of launches (conducted on two separate nights) consisting of three rockets each to take 
place from the Punta Lobos range in 2004. One of the rockets in each launch will contain an instrumented payload 
and will be launched nearly westward. The remaining two will contain chemical release (TMA) payloads. The 
instrumented rocket payload will measure upleg and downleg plasma density, temperature, collision frequency, and 
electric field profiles while the chemical release rocket payloads will permit the measurement of neutral wind 
profiles in three distinct locations. The objective of the mission is to obtain a comprehensive set of measurements in 
the postsunset equatorial ionosphere on which to base realistic modeling studies of ionospheric circulation. A 
detailed study of the microphysics of the thin scattering layers will also be conducted. 
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Plasma Instabilities in Space and in the Laboratory:  A Comparative Anatomy 
 
Michael C. Kelley 
 
School of Electrical and Computer Engineering, Cornell University, Ithaca, NY, USA 
 
Abstract: 
Plasma instabilities occur in natural and laboratory settings as well as in outdoor laboratories. In this talk I will 
intercompare results of interest to ionospheric science. In terms of outdoor laboratories I will consider two types. 
Instabilities in large barium clouds were studied for many years and are compared here with observations of 
naturally occurring equatorial spread F. Second, I will discuss the production of artificial field-aligned irregularities 
by high power radio waves. This is of interest in its own right but my goal is to see if certain waves can be produced 
which may be related to those naturally occurring waves which scatter diagnostic radars. In brief, I want to answer 
the question of whether drift waves occur in equatorial spread F and/or in the heater irregularities. To explore this 
question we compare the natural case to both the outdoor laboratory case and to attempts by Indian scientists to 
simulate equatorial spread F in the laboratory. In brief, drift waves probably do not occur in ESF. Furthermore, the 
laboratory case actually scales more closely with heater-induced irregularities and both do seem to yield drift waves. 
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New insights from a nonlocal generalization of the Farley-Buneman instability 
problem at high latitudes 
 
Josef Drexler and Jean-Pierre St.-Maurice 
 
Department of Physics and Astronomy, University of Western Ontario, London, Ontario, Canada 
 
Abstract: 
When their growth rate becomes too small, the E region Farley-Buneman and gradient-drift instabilities switch from 
absolute to convective. The neutral density gradient is what gives the instabilities their convective character. At high 
latitudes, the orientation of the neutral density gradient is close to the geomagnetic field direction. We show that this 
causes the wavevector component along the geomagnetic field to increase with time. This in turn leads to wave 
stabilization since the increase goes hand-in-hand with an increase in parallel electric fields that ultimately short-
circuit the irregularities. We show that from an equivalent point of view, the increase in the parallel wave vector is 
accompanied by a large upward group velocity which limits the time during which the perturbations are allowed to 
grow before escaping the unstable region. The goal of the present work is to develop a systematic formalism to 
account for the propagation and the growth/decay of high-latitude Farley-Buneman and gradient-drift waves through 
vertical convective effects. We note that our new formalism shies away from a plane wave decomposition along the 
magnetic field direction. A study of the solution to the resulting nonlinear aspect angle equation shows that, for a 
host of initial conditions, jump conditions are often triggered in the parallel wavevector (defined here as the vertical 
derivative of the phase). When these jump conditions occur the waves turn into strongly damped ion-acoustic modes 
and their evolution is quickly terminated. We have limited this first study to Farley-Buneman modes and to a flow 
direction parallel to the electron E x B drift. Our initial findings indicate that, irrespective of whether or not a jump 
in aspect angle is triggered by initial conditions, the largest amplitude modes are usually near the ion-acoustic speed 
of the medium (although Doppler shifted by the ion motion), unless the growth rates are small, in which case the 
waves tend to move at the same drift as the ambient electrons. 
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The São Luís VHF coherent backscatter ionospheric radar results during solar 
maximum 
 
Eurico Rodrigues de Paula1, David L. Hysell2, and Fabiano da Silveira Rodrigues1 
 
1Instituto Nacional de Pesquisas Espaciais, São José dos Campos, SP, Brazil 
2Department of Earth and Atmospheric Sciences, Cornell University, Ithaca, NY, USA 
 
Abstract: 
On December 2000 a new 30 MHz coherent scatter radar was setup at São Luís (2.33  S, 44.00  W, dip latitude 1.3  
S), a Brazilian equatorial station. Since May 2001 this radar has been operated continuously. It has 8 Kw peak 
power and uses coded pulses transmitted by two magnetic east-west spaced arrays of 16 element vertical Yagi 
antennas. The backscattered signal from the E and F region were measured and plotted as RTI (Range-Time 
Intensity) graphics and their vertical (using Doppler) and zonal velocities (using interferometry) were determined. 
Using this radar, many characteristics of the E and F region were studied during a period of solar maximum activity 
when a large occurrence of ionospheric irregularities was observed. The electrojet RTI echoes were strong at almost 
all days from the height range of 94 to 108 km, being stronger at about 104 km and presented an upward movement 
in the afternoon, what was also observed by the INPE’s 50 MHz backscatter radar located at the same site. The so 
called 150 km echoes were observed during many observation days and they presented quasi-periodic echoes with 
periods of 10 to 15 minutes and normally they appeared at about 165 km of altitude at 12 UT, presented a 
descending movement up to about 145 km at noon and moved back to about 160 km in the afternoon and 
disappeared at about 17 UT, presenting the necklace shape as observed at other sites. During magnetically quiet 
periods the F region topside irregularities echoes (plumes), that reached in many cases an altitude larger than 1,200 
km, were normally preceded by the bottom-type thin layers around 400 km that were confined in altitude and were 
moving to west driven by the E region dynamo. Later these topside plumes evolved to bottomside layers which were 
more structured than the bottom-type ones. These F region plumes presented upward and downward portions and a 
predominantly eastward velocity. During some magnetically disturbed days the topside plumes appeared without the 
precursor bottom-type layers and had westward velocities. The spectral characteristics of some ionospheric 
irregularities will be presented. 
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L Band Scintillation and VHF Coherent Radar Observations at São Luis, Brazil 
 
Fabiano da Silveira Rodrigues1, Eurico Rodrigues de Paula1, Mangalathayil A. Abdu1, K. N. Iyer2, Paul M. 
Kintner3, and David L. Hysell4 
 
1Instituto Nacional de Pesquisas Espaciais, São José dos Campos, SP, Brazil 
2Department of Physics, Saurashtra University, Rajkot, India 
3School of Electrical and Computer Engineering, Cornell University, Ithaca, NY, USA 
4Department of Earth and Atmospheric Sciences, Cornell University, Ithaca, NY, USA 
 
Abstract: 
During November 10th to 20th, INPE carried out simultaneous L Band scintillation and coherent VHF radar 
observations at São Luís (2.33  S, 44.00  W, dip latitude 1.3  S), a Brazilian equatorial station. In this presentation 
we will focus on the comparison between the data obtained at São Luís using radar and scintillation techniques. For 
scintillation observation we have used Global Positioning System (GPS) based scintillation monitors developed by 
Cornell University. These scintillation monitors measure amplitude scintillation of the L1 (1.575 GHz) signal 
transmitted by GPS satellites. These transionospheric signals are sensitive to ~400 meters electron density 
irregularities, considering these irregularities to be situated around 350 km of altitude. Observations were also made 
by VHF (30 MHz) coherent radar, recently developed and installed at São Luís. This radar gives Range-Time-
Intensity (RTI) maps of the echoes from 5 meters irregularities at zenith, as well as the zonal and vertical velocities 
of these irregularities. During the period we observed plumes on all nights except November 19, on which 
scintillation was also absent. Comparing the radar maps and scintillation data from GPS satellites with elevation 
higher than 50 degrees we have observed strongest scintillation (S4 ~0.3) only during the fully developed plumes, 
with strong radar echoes. During the remaining part of the time, S4 was ~0.2 or less. During November 13, there 
was a precursor bottom-type layer that started to rise from about 400 km at 18:45 LT to 500 km around 20:00 LT 
followed by plume like structure. During the bottom-type layer occurrence, scintillation index was lower than 0.1 
while during the plume S4 exceeded 0.2. In this presentation we will report these 10 days’ observations and we will 
discuss their physical implications. 



 40 

Low latitude off-electrojet E region irregularities as observed by the Gadanki 
MST radar: Some new aspects 
 
Amit K. Patra1, S. Sripathi2, V. Siva Kumar2, and P. B. Rao2 
 
1Space Physics Laboratory, Vikram Sarabhai Space Centre, Thiruvananthapuram, Kerala, India 
2National MST Radar Facility, Tirupati, India 
 
Abstract: 
We have made an extensive study on the low latitude off-electrojet E region plasma irregularities using a vast 
database generated using the Gadanki MST radar. We noted a number of aspects of the E region irregularities that 
are uncommon at other latitudes. Among these, the two aspects that have been studied quite remarakble are as 
follows. The lower E region echoes display slowly descending layered structures of thickness of 2-3 km, resembling 
characteristics similar to that of the tidal winds. These irregularity structures are found to descend to altitudes as low 
as 86 km. Another important observations is on the nighttime E region irregularities that are found to extend to 
altitudes as high as 160 km. These irregularities were found to trigger about 21 LT first at higher altitude (140-160 
km) and propagate downward with time. These observations are intriguing due to the fact that their occurrence is 
unusual and the characteristics resemble to that of the intermediate layers observed over Arecibo. More importantly, 
these are the first observations of low-latitude upper E region irregularities that resemble the characteristics of 
intermediate layers observed over Arecibo. The observations are clearly not of the type reported from Jicamarca as 
valley region echoes that were found to be associated with spread F, as evident from the radar as well as nearby 
ionosonde observations. It may be mentioned that Gadanki (79.2  E, 13.5  N, 6.3  dip latitude), situated close to 
Tirupati in the southern part of India, is located just outside the equatorial electrojet and the observations of the E 
region irregularities over Gadanki show characteristics that exhibit to some extent both equatorial and mid-latitude 
behaviour. The most interesting aspect of these observations is their occurrence at altitudes as high as 160 km, 
which requires an interpretation in terms of their source mechanism. In addition to these, we have made a number of 
statistical studies on the low latitude E region irregularity characteristics that are remarkably different from that of 
equatorial as well as midlatitudes. The irregularities have been studied both statistically and episodically to 
characterize the irregularities in detail and to understand the generation mechanisms. While the irregularities, in 
general, are believed to be generated through gradient drift instability process, we are yet to identify the potential 
driving forces responsible for the generation of the irregularities at different height regions, since the irregularities 
correspond to low latitude, where the electric field is significantly low compared to equator. We also attempted to 
estimate the electric field and neutral wind using the irregularities as tracer. In this paper we present the above 
results in detail and discuss these in terms of the physical processes involved. 
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Statistical characteristics of low latitude ionospheric field-aligned irregularities 
obtained with the Piura VHF radar 
 
Jorge L. Chau1, Ronald F. Woodman1, and Luis A. Flores2 
 
1Radio Observatorio de Jicamarca, Instituto Geofísico del Perú, Lima, Perú 
2Laboratorio de Física, Universidad de Piura, Piura, Perú 
 
Abstract: 
We present a summary of the statistical characteristics of echoes from ionospheric (E and F region) field-aligned 
irregularities obtained with the Piura VHF radar. This radar is located at 7.0o dip latitude, just outside the equatorial 
electrojet (EEJ) region. Our results are based on (1) intermittent observations made between 1991 and 1999 just few 
days a year, and (2) continuous observations made between January 2000 and June 2001. During most of the 
intermittent observations, simultaneous measurements of EEJ and equatorial spread F (ESF) irregularities were 
performed with the Jicamarca VHF radar. From the continuous measurements, we have obtained the diurnal and 
seasonal characteristics of a variety of parameters (percentage of occurrence, signal-to-noise ratio and/or Doppler 
velocities) from the lower and upper E-region irregularities and also from F-region irregularities over Piura. For 
example, we have found that (1) the E-region echoes are stronger and occur more frequently during local summer 
(i.e., between December and March); (2) between May and June the E-region echoes are weaker and occur less 
frequently, moreover during these months a semidiurnal wave with large amplitudes is observed in the meridional 
wind (>100 m/s); (3) there is vertical wavelength of about 20 km in the Doppler velocity, particularly after 
midnight; (4) the lower (upper) E-region Doppler velocities are mainly influenced by meridional winds (equatorial 
F-region vertical drifts). In addition, we have observed that the seasonal and daily occurrences of Piura F-region 
irregularities are similar to the occurrence of topside ESF irregularities over Jicamarca. The likelihood of occurrence 
of F region irregularities over Piura and therefore topside ESF over Jicamarca is greater when there are no E-region 
irregularities over Piura. On the other hand, there is more probability to observe bottomtype/bottomside ESF 
irregularities over Jicamarca when E-region irregularities are observed over Piura. 
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Evidence of kilometer-scale waves in the lower E region from high resolution 
VHF radar observations over Gadanki 
 
Amit K. Patra1, S. Sripathi2, V. Siva Kumar2, P. B. Rao2 
 
1Space Physics Laboratory, Vikram Sarabhai Space Centre, Thiruvananthapuram, Kerala, India 
2National MST Radar Facility, Tirupati, India 
 
Abstract: 
High resolution VHF radar observations made at Gadanki revealed the kilometer-scale waves in the low latitude 
lower E region. These waves are found to occur in a narrow altitude range of 92 - 97 km and have vertical 
wavelengths of ~0.5 km and wave periods of ~40 seconds. They resemble quite closely to that reported recently for 
midlatitude using the MU radar. The signal intensities associated with these waves, shown in SNR, are found to be 
as high as 25 dB, quite comparable to that observed at higher altitudes. It is in contrast to the much weaker 
midlatitude lower E region echoes reported by the MU radar. The wave structures show both positive and negative 
altitude rates with values in the range of 15 - 20 m/s, which are in good agreement with the observed Doppler 
velocities. The spectral widths are found to be relatively lower, implying the lower E region wave structures to be 
less turbulent compared to their counterpart at higher altitudes. The observed wave structures bear remarkable 
resemblance to that simulated for the equatorial E region through nonlocal nonlinear gradient drift instability. In 
addition to the above, we have detected kilometre scale wave structures during daytime whose periods are found to 
be somewhat more (< 2 minutes). The periods of these echoes are such that neither they belong to the category 
mentioned above nor to the category of the quasi periodic echoes. These observations are important in view of the 
fact that their occurrence at such low altitudes are not fully understood. In this paper we present these new structures 
and discuss the results in the light of current understanding on generation mechanisms of the wave structures. 
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Abstracts 
Session 3 

 
Modeling the Low Latitude Upper 

Atmosphere and Ionosphere 
 

The equatorial ionosphere exhibits a variety of fascinating phenomena, from small scale irregularities to 
large scale wave features and disturbances. The National Space Weather Program has provided 
additional impetus to efforts to understand and model the region. 
This session will mainly be an open discussion focused on identifying what is needed to advance our 
understanding of the low latitude ionosphere.  A few talks will review past progress and help identify the 
future challenges. Through the talks and subsequent discussion, we aim to 

• identify outstanding problems which will yield    significant/substantial advancement in the 
theoretical understanding of the low latitude atmosphere/ionosphere 

• evaluate which of the problems can be realistically and successfully pursued; and  
• formulate plans/projects/groups to address the problems. 

This will require (1) identifying the models, instruments, and scientists needed to participate; (2) deciding 
on a strategy.  Possibilities include formulation of campaigns; retroactive analysis of past observations; 
synergistic studies by individual groups.   
To stimulate discussion at the session, we encourage participants to think about the outstanding 
questions or challenges they encounter in their research and, if possible, how these could be addressed. 
Participants are allowed two viewgraphs to illustrate their points.   
Some sample questions could be:  

1. What determines the bottom side altitude gradient in density at the equator?  Does it depend on 
hmax?  If so, why? 

2. Does hmax depend on the ExB drift history?  If it does, how far back in time is important? 
3. Can ion drifts exceed the neutral flow?  If so, why? 
4. Can ion drifts be used to infer information on the tidal neutral winds?  

 
Conveners: 

C. Fesen, D. Anderson, and R. Heelis 
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Magnetic Storm Response of the Equatorial Ionosphere 
 
Tim Fuller-Rowell 
 
Space Environment Center, NOAA, Boulder, CO, USA 
 
Abstract: 
A three-dimensional coupled model of the thermosphere, ionosphere, plasmasphere and electrodynamics has been 
used to investigate the dynamic and electrodynamic response at low latitudes during a geomagnetic storm. At high 
latitudes, the increase in magnetospheric convection deposits momentum and energy in the thermosphere and drives 
equatorward wind surges that change the global circulation. The first wave arrives at the equator, 3.5 hours after 
storm onset. Over the hours following the wave surges, a new global circulation pattern develops with enhanced 
meridional winds leading to the build up of westward winds from the action of the Coriolis force. Previous studies 
have shown that the equatorward Pedersen current driven by the westward wind causes a positive charge build up at 
the equator. A poleward electric field balances the wind driven current and drives an eastward Hall current causing a 
positive charge build-up at the dusk terminator and negative charge at dawn. The dynamo effect of the altered wind 
circulation opposes the normal diurnal variation, driving ions downward during the day and upward at night. The 
recent simulations indicate that the equatorial electrodynamic response might respond much faster than the time-
scale for the build up of the zonal winds at mid latitude. The model results indicate that the zonal Pedersen currents 
driven by the meridional wind surges can drive substantial changes in the equatorial electrodynamics very early in 
the storm. The zonal Pedersen currents polarize at the terminators and in regions of reduced conductivity in the 
nightside F-region. The result is a rapid reduction in the normal pre-reversal enhancement of the eastward electric 
field in the dusk sector, and the generation of a similar feature at dawn. The results support observations indicating 
increased upward drift in the pre-dawn sector during storms and the triggering of irregularities, and the tendency for 
a reduction of irregularities at dusk. 
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Equatorial optical measurements of thermospheric temperatures between solar 
minimum and solar maximum 
 
John W. Meriwether1 and M. A. Biondi2 
 
1Department of Physics and Astronomy, Clemson University, Clemson, SC, USA 
2Department of Physics and Astronomy, University of Pittsburgh, USA 
 
Abstract: 
The first comparisons of Fabry-Perot measurements of 630 nm thermospheric temperatures with incoherent scatter 
radar measurements of nighttime measurements of the F-region electron temperature took place at the Jicamarca 
Radar Observatory in March 1968. The results reported by G. Hernandez suggested good agreement between the 
two techniques. Since that time, our understanding has improved greatly in regard to both the measurement 
instrumentation and the dissociative recombination process that generates the 630 nm airglow emission. We will 
review this literature and present 630 nm measurements obtained at Arequipa, Peru between the period of solar 
minimum activity in 1996 and solar maximum in 2001. These results show that the observed 630 nm temperatures 
respond to the increasing level of solar activity, with an increase in temperature from ~700 K to ~1200 K as the 
F10.7 cm index increases from 70 to 200. These results also show that the rate of temperature decay over the course 
of a night is also sensitive to the phase of the solar cycle. Typically, the decay rates change linearly from ~ -10 K/hr 
at solar minimum to ~ -30 K/hr at solar maximum. 
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SAMI3 Modeling of the Low Latitude Ionosphere 
 
Joe D. Huba and G. Joyce 
 
Plasma Physics Division, Naval Research Laboratory, Washington, DC, USA 
 
Abstract: 
SAMI3 is a fully three-dimensional model of the low-to mid-latitude that has recently been developed at NRL. It is 
based on the two-dimensional model SAMI2 (Huba et al., 2000). SAMI3 uses a unique non-orthogonal gridding 
system and includes longitudinal transport. The code has been paralellized using the Message Passing Interface 
(MPI) method and runs on Beowulf Linux systems. We present simulation results from several benchmarking runs. 
We consider a latitudinal extent +/- 55 degrees about the geomagnetic equator and a longitudinal resolution of 2 
degrees. We compare and contrast the impact of longitudinal drifts. We also compare model results with those 
obtained from EUV remote sensing experiments on the ARGOS satellite. 
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Estimating Daytime Vertical ExB Drift Velocities from Equatorial 
Magnetometer Observations 
 
David Anderson1, Adela Anghel2, Kiyohumi Yumoto3, Bodo Reinisch4, César E. Valladares5, Jorge L. Chau6, Oscar 
Véliz6 
 
1Space Environment Center, NOAA, Boulder, CO, USA 
2CIRES, University of Colorado, Boulder, CO, USA 
3Department of Earth and Planetary Sciences, Kyushu University 
4Center for Atmospheric Research, University of Massachusetts Lowell, Lowell, MA, USA 
5Institute for Scientific Research, Boston College, Chestnut Hill, MA, USA 
6Radio Observatorio de Jicamarca, Instituto Geofísico del Perú, Lima, Perú 
 
Abstract: 
The daytime equatorial electrojet is a narrow band of enhanced eastward current flowing in the 100 to 120 km 
altitude region within +/- 2 degrees latitude of the dip equator. The strength of the electrojet varies considerably 
from day-to-day and has its origin in the Sq current dynamo mechanism and the penetration of electric fields from 
high latitudes. A unique way of determining the daytime strength of the electrojet is to observe the difference in the 
magnitudes of the Horizontal (H) component between a magnetometer placed directly on the magnetic equator and 
one displaced 6 to 9 degrees away. The difference between these measured H values provides a direct measure of 
the daytime electrojet current, and in turn, the magnitude of the vertical ExB drift velocity in the ionospheric F 
region. 
This paper discusses a recent study that has established the relationship between the vertical ExB drift velocity in the 
ionospheric F region and the daytime strength of the equatorial electrojet in the South American (west coast) 
longitude sector. Magnetometer H component observations from Cañete (0.8 N. dip lat.) and Piura (6.8 N. dip lat.) 
in Peru and daytime, vertical ExB drift velocities measured by the Jicamarca Incoherent Scatter Radar (ISR) Facility 
have been used to establish this relationship. The magnetometer observations and the ISR drift measurements were 
obtained for the period between July, 1998 and June, 1999. In addition, the ∆H vs ExB drift relationship was 
obtained for 17 days in August, 2001 from magnetometer observations at Jicamarca and Piura and the observed 
daytime ExB drifts using the JULIA 150 km echo observations.  
This ∆H vs ExB drift relationship is then used to infer the daytime vertical ExB drift velocities from magnetometer 
observations on days when the Jicamarca ISR was not measuring these drifts. To verify that realistic ExB drifts are 
being inferred, the drifts are incorporated into a theoretical, time-dependent ionospheric model and the calculated 
electron density distributions are compared with electron density profiles obtained from digital sounder observations 
at Jicamarca and with Total Electron Content (TEC) observations from a chain of ground-based, dual frequency 
GPS receivers. The results of these comparisons will be presented and discussed. 
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Abstracts 
Session 4 

 
Space Weather Activities at Equatorial 

Regions 
 

During the last few years, the number of different techniques dedicated to studies of the equatorial 
ionosphere has increased steadily at locations near the Jicamarca radar.  At the same time, a network of 
equatorial receivers and satellites is now in place; others will be operational soon. This large number of 
sensors presents new challenges to synthesize the information, assimilate the results, compare 
experimental results with outputs from first-principle models, and formulate a comprehensive forecast 
model of the onset of plasma bubbles and km-scale irregularities.  This session will introduce results from 
instruments (other than incoherent radars) working near equatorial latitudes, describe their benefits and 
limitations, and discuss a plan to assimilate experimental data and model results for real-time forecasts of 
the onset of equatorial irregularities.  Another topic of discussion will be the application of numerical 
inversion techniques (e.g. tomography) to derive geophysical parameters. We will discuss the use of the 
Kalman filter, which is presently used in meteorology and oceanography, not only to assimilate data 
from different sensors, but also to form the core of a numerical weather predictor.  We plan on debating 
which measurements are needed from Jicamarca and other nearby instruments, and what type of analysis 
is required to formulate a reliable real-time Spread-F forecaster. 

 
Conveners: 

César Valladares and David Anderson 
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The National Space Weather Program 
 
Richard A. Behnke 
 
Division of Atmospheric Sciences, National Science Foundation, Arlington, VA, USA 
 
Abstract: 
The National Space Weather Program began in 1994 in response to community efforts to highlight the strategic 
nature of space science research. In response to these efforts, several government agencies have established an 
interagency working group to coordinate space weather activities. The elements of the Program include basic 
research, modeling, observations, technology transition, operational forecasting, and education. The goals and 
objectives of the Program have been delineated in a strategic plan and an implementation plan which has been 
recently updated. Accomplishments during the past five years include the support of targeted basic research, various 
workshops and meetings focussing on the needs of space weather customers, the development of a modeling center 
for transitioning space weather models, and education and outreach efforts that have resulted in unprecedented 
awareness of space weather. The Program emphasizes the treatment of space the space environment as an integrated 
system encompassing the sun, solar wind, magnetosphere, ionosphere, and thermosphere. The history of the 
National Space Weather Program underscores the merits of interagency partnering and user-oriented goals in 
enhancing the quality and relevance of scientific research. 
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Equatorial Ionospheric Research Programs at the Office of Naval Research 
 
Robert P. McCoy 
 
Space & Remote Sensing, Office of Naval Research, Arlington, VA, USA 
 
Abstract: 
The Office of Naval Research (ONR) supports basic and applied research directed towards improved global 
specification and forecast of the ionosphere and thermosphere with special emphasis on low latitude regions. Major 
initiatives include the sponsorship of an assimilating model for the ionosphere and the development of a 
geosynchronous ultraviolet imaging system to make real-time observations of ionospheric weather from space. The 
assimilating modeling effort involves the combination of first principles ionospheric models with new sources of 
ionospheric measurement including satellite in-situ data, GPS ground and occultation data, ultraviolet remote 
sensing data, digisondes and ionospheric tomography. In support of the modeling efforts, the program supports 
innovative new techniques and algorithms for ionospheric remote sensing and combined ground and space 
campaigns to validate models and sensor algorithms. The geosynchronous satellite program will enable real-time 
remote sensing of the ionosphere and thermosphere from geosynchronous orbit. High resolution images at 10 km x 
10 km resolution over fields of view 1000 km x 1000 km will be obtained with a desired time resolution of 100 
seconds. These major efforts are part of a common theme characterized as "Learn from the Meteorologists". The 
ONR program is attempting to leverage 50 years of research and development in meteorology and adapt lessons 
learned to improve ionospheric weather specification and forecast. This talk will discuss various elements of the 
current program and future directions. 
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The C/NOFS satellite mission and science plan 
 
Odile de La Beaujardiere, L. Jeong, B. Dichter, F. Rich, J. Retterer, W. Borer, K. M. Groves, and T. Beach 
 
Space Vehicles Directorate, Air Force Research Laboratory, Hanscom AFB, MA, USA 
 
Abstract: 
This talk describes the science to be conducted as part of the C/NOFS (Communication and Navigation Outage 
Forecast System) Mission. This mission will provide a prototype space weather product by demonstrating the ability 
to effectively forecast scintillation events in order to warn affected users of possible communication and navigation 
disruptions. The mission will also conduct a program of focused theoretical investigations, collaborative 
measurements and data analysis. 
Broadly speaking, the science objectives can be organized in three categories: 
1. Understand the physics of the ionospheric plasma in the equatorial regions at all local times and after sunset in 
particular, in order to accurately forecast the background ionosphere and the subsequent formation of scintillation-
producing irregularities.  
2. Understand the physical processes that lead to the formation of plasma bubbles and plumes in the ionosphere, and 
identify the mechanisms that trigger or inhibit plasma instability.  
3. Model the propagation of radio waves through the irregular equatorial ionosphere, in order to estimate the phase 
and amplitude scintillation for various propagation geometries, at all local times, at all longitudes, and for all 
frequencies. 
This talk describes these questions in more detail, provides the scientific rationale for needed research, and describes 
the approach to reach these goals. 
C/NOFS is the first equatorial satellite that is dedicated solely to forecasting ionospheric irregularities and 
ionospheric scintillation. It will be launched in November 2003, in a 13 degrees inclination, 700 x 400 km orbit. Its 
suite of instruments includes sensors that provide the electric and magnetic fields, the neutral wind, and the in situ 
plasma density. In addition, it has a GPS occultation receiver, and a radio beacon. These instruments will be 
complemented by a broad set of ground based-measurements. Several campaigns will be planned which will 
validate the operational forecasts, acquire the data to achieve the science goals, and test the theoretical models. The 
research will include international collaborations.  
We anticipate that at the end of the C/NOFS mission, our understanding of the physics of the equatorial ionosphere 
will have advanced to the point that we can nowcast and forecast the formation of ionospheric irregularities with 
greatly improved accuracy. Thus, the science efforts will transition seamlessly to Space Weather applications. 
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Space-Based Observations of the Low-Latitude Ionosphere with the NRL 
SCITRIS Instrument 
 
Paul A. Bernhardt1, Carl L. Siefring1, Joe D. Huba1, and C. S. Selcher2 
 
1Plasma Physics Division1, Naval Research Laboratory, Washington, DC, USA 
2Information Technology Division, Naval Research Laboratory, Washington, DC, USA 
 
Abstract: 
The Scintillation and TEC Radio Instrument in Space (SCITRIS) program of the Naval Research Laboratory (NRL) 
uses radio and other sensors to provide global images of the plasma densities and irregularities in the ionosphere. 
SCITRIS I is a tandem satellite demonstration of space-based measurements of ionospheric parameters. The primary 
instruments for SCITRIS I are the Coherent Electromagnetic Radio Tomography (CERTO) beacon and the 
Computerized Ionospheric Tomography Receiver in Space (CITRIS) receiver. The first component of SCITRIS I is 
Naval Post Graduate School NPSAT1, which has the NRL CERTO radio beacon, and the NRL Langmuir probe. 
The second component of SCITRIS I is the NRL CITRIS receiver on the Air Force STPSAT1 satellite. These 
instruments, which will be used to monitor total electron content (TEC) and ionospheric scintillations (IS), are 
scheduled for launch on a DELTA IV rocket in late 2006. The satellites will orbit at 560 km altitude with 
inclinations of 35 degrees. The CITRIS receiver on STPSAT1 will record signals from radio beacons operating near 
150, 400, 1067 and 2036 MHz. Within 23 degrees of the equator, the frequency pair 401.25 and 2036.25 MHz will 
be transmitted from the 21 ground transmitters. These transmitters are part of the Doppler Orbitography and 
Radiopositioning Integrated by Satellite (DORIS) system maintained by CNES in France. The frequencies 150.012, 
400.032, and 1066.752 MHz will be transmitted using NRL's CERTO beacon on NPSAT1. CITRIS may also 
receive CERTO beacons on ARGOS and PICOSat currently in orbit, the CERTO beacon on AFRL's C/NOFS 
satellite scheduled for launch in 2003 or from the six ROCSAT-3/COSMIC satellites scheduled for launch in 2005. 
The CITRIS receiver will process the measurements of complex amplitude from the multifrequency beacons to yield 
TEC and scintillation indices (S4, sf). Global maps of electron density and ionospheric irregularities will be 
produced with a latency of about 90 minutes using the data from the CITRIS receiver. Data from the SCITRIS I 
instruments will be available through the internet to the scientific research community. 
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Two-dimensional Imaging of Equatorial Spread-F bubbles with a longitudinal 
Radio Receiver Array 
 
Farzad Kamalabadi1, Steve Franke1, Erhan Kudeki1, Panos Tzanos1, Paul A. Bernhardt2, Carl L. Siefring2, and Ivan 
Galysh2 
 
1Department of Electrical and Computer Engineering, University of Illinois at Urbana-Champaign, IL, USA 
2Plasma Physics Division, Naval Research Laboratory, Washington, DC, USA 
 
Abstract: 
A technique for imaging equatorial F-region density depletions using an array of radio receivers in a longitudinal 
configuration is described. The receivers each record the difference in phase between VHF and UHF radio 
transmissions from NRL CERTO beacons on several satellites. The total electron content (TEC), with an accuracy 
of 0.1 percent, is proportional to the differential phase. The collections of TEC measurements are subsequently 
inverted tomographically to reconstruct two-dimensional images which contain simultaneous altitude profiles and 
longitudinal gradients of ionospheric electron density. The zonal configuration of the proposed array would provide 
a unique and novel view of the processes responsible for the formation of density structures. Furthermore, the 
latitude of the array, corresponding to that of the Jicamarca observatory with a base receiver at Jicamarca, would 
enable the validation of the reconstructed electron density images using the Jicamarca incoherent scatter radar. 
The resolution and imaging capabilities of the proposed radio tomographic system are examined in the context of a 
number of parameters including the number and spacing of ground-based radio receivers. Furthermore, open 
questions of optimal sensor configuration, optimal fusion of array measurements, and characterization of imaging 
resolution as a function of size and topology of the array are investigated. The solution of the associated inverse 
problem is approached from a stochastic regularization standpoint. In particular, we formulate the corresponding 
statistical interpretation of the inverse problem in the context of Bayesian estimation models with corresponding 
uncertainty measures. The objective of this imaging system is to improve specification and forecasting of the 
evolution of equatorial spread-F, in support of upcoming space missions such as C/NOFS and COSMIC, by 
studying the mechanisms for the formation and evolution of these instabilities. 
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Forecasting the Occurrence of Ionospheric Scintillation Activity on a Day-to-
Day Basis in the South American Sector 
 
David Anderson1, César E. Valladares2, Jorge L. Chau3, Oscar Véliz3, and Bodo Reinisch4 
 
1Space Environment Center, NOAA, Boulder, CO, USA 
2Institute for Scientific Research, Boston College, Chestnut Hill, MA, USA 
3Radio Observatorio de Jicamarca, Instituto Geofísico del Perú, Lima, Perú 
4Center for Atmospheric Research, University of Massachusetts Lowell, Lowell, MA, USA 
 
Abstract: 
In the low latitude ionospheric F region, ambient conditions after sunset are often conducive to the generation of 
small-scale plasma density structures by the Rayleigh-Taylor instability mechanism. Radio wave signals passing 
through these electron density irregularities experience amplitude fluctuations that lead to radio wave "scintillation". 
The scintillation index, S4, is a measure of the severity of these amplitude fluctuations. It is well known that the 
occurrence frequency of scintillation activity depends on solar cycle, season, longitude and local time, with a large 
day-to-day variability. In this paper, we present the results of a continuing study that utilizes a ground-based digital 
sounder at the magnetic equator to provide a "forecast" of the subsequent occurrence of scintillation activity and a 
network of UHF and L-band receivers that measure the S4 index, on a night-to-night basis. To establish the 
"forecasting" relationship, observations were carried out in 1998 and 1999 in the Peruvian/Chilean longitude sector. 
The relationship between the magnitude of the vertical ExB drift velocity enhancement just after sunset as 
determined by the Jicamarca Digisonde and the magnitude of the S4 index subsequently observed an hour or two 
later by the scintillation receivers at Ancón, Perú and Antofagasta, Chile was established. In most cases at both UHF 
and L-band frequencies, this relationship is not linear, but there appears to be a "threshold" in ExB drift of ~20 
m/sec. On nights when ExB drift was less than 20 m/sec, the UHF S4 index generally was less than 0.5, while on 
nights when ExB drift exceeded 20 m/sec, the S4 index was greater than 0.5. The day-to-day variability of this 
relationship will be presented and discussed. Since Oct. 1, 2001, the Jicamarca Digisonde has been used to 
"forecast" the occurrence of UHF S4>0.5 or S4<0.5 on a night-to-night basis. The validity of the "forecast" is 
subsequently confirmed by UHF S4 observations at Ancón, Perú and Antofagasta, Chile. The resulting statistics for 
these nightly S4 forecasts from Nov. 1, 2001 to April 30, 2002 will be presented and discussed. 
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Global Assimilation of Ionospheric Measurements (GAIM) Model 
 
David Anderson 
 
Space Environment Center, NOAA, Boulder, CO, USA 
 
Abstract: 
The Department of Defense (DoD) is funding a Multi-Disciplinary University Research Initiative (MURI) to 
develop a global, ionospheric data assimilation model. This funding represents the first time a concerted effort has 
been made to develop a Space Weather global ionospheric model similar to the numerical weather models that were 
initiated more than forty years ago. This paper will describe the philosophy and status of the Global Assimilation of 
Ionospheric Measurements (GAIM) model that is being developed by a consortium of universities that include Utah 
State University (USU), the University of Colorado (CU), the University of Texas at Dallas (UTD), and the 
University of Washington (UW). After 3 years of a 5-year program, the GAIM model has been developed and 
various Kalman filter data assimilation techniques are being applied to a variety of ground-based and satellite 
observations. The specific data sets that are incorporated and the results from various model runs will be presented. 
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Atmosphere Sounding with SAC-C satellite and GPS network over Argentina 
 
Víctor H. Ríos 
 
Laboratorio de Técnicas Satelitales, Departamento de Física, UNT, San Miguel de Tucumán, Argentina 
 
Abstract: 
 
The development and/or improvement of largely already existing infrastructure (networks of GPS stations, orbiting 
GPS receivers, communication links, network and mission operation centers, data information and archival centers, 
analysis centers and related S/W systems, user interfaces) required for the use of ground- and space-borne GPS 
tracking data for atmospheric and ionospheric sciences and applications. This should be realized in such a short time 
and to such an extent, that already atmospheric/ionospheric data products from the forthcoming SAC-C satellite 
mission and from densified regional geodetic GPS networks in Argentina can be explored for their potential 
information content and operational availability in applications such as meteorological weather forecasting, climate 
variability investigations and space weather monitoring. 
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Development of the Equatorial Anomaly in TEC using GPS measurements and 
Links to Scintillation 
 
Santimay Basu1, César E. Valladares2, Keith M. Groves1, and Sunanda Basu3 
 
1Space Vehicles Directorate, Air Force Research Laboratory, Hanscom AFB, MA, USA 
2Institute for Scientific Research, Boston College, Chestnut Hill, MA, USA 
3Division of Atmospheric Sciences, National Science Foundation, Arlington, VA, USA 
 
Abstract: 
The latitude variation of the total electron content (TEC) of the ionosphere over the South American sector at ~75 W 
longitude has been obtained using two frequency GPS observations. The measurements have been compiled from a 
total of six GPS stations of the International Geodynamic Service (IGS) and the NSF funded NAP (North Andes 
Project) network. The latitude variation of TEC exhibits the features of the equatorial anomaly with a trough at the 
magnetic equator and crests at about ±15 magnetic latitude. The study is confined to magnetically quiet conditions. 
The locations of the crest and the ratio of TEC at the crest and the trough are taken as a qualitative proxy for the 
upward ExB drift.  
Spaced receiver scintillation measurements using 250 MHz signals from a geostationary satellite have also been 
performed at Ancon, Peru, near the magnetic equator and at Antofagasta, Chile, located at 11 S magnetic latitude. 
These measurements are used to determine at both stations the onsets of scintillation and their magnitudes at 250 
MHz as well as the zonal irregularity drifts. In view of the saturation of the level of scintillation at 250 MHz, 
additional scintillation measurements are made at both sites using the GOES-8 satellite transmissions at 1694 MHz.  
It is shown that, during the solar maximum period and on magnetically quiet days, scintillation onset occurs at both 
Ancon and Antofagasta when, between 1800 LT and 2000 LT, the TEC at the trough progressively decreases and 
the TEC at the crest progressively increases with time. It signifies that the variation in the TEC characteristics, 
probably tracking the evolution of ExB drift, is an important parameter for predicting the onset of scintillation. In 
addition to the onset, the magnitudes of scintillation at both stations are compared in the context of the development 
of the equatorial anomaly in TEC. The zonal irregularity drift, as is expected, exhibited a latitude variation with 
larger drift at the magnetic equator and smaller drift at Antofagasta. The difference in the magnitudes of the drift at 
the two stations becomes more pronounced as the latitude variation of TEC becomes more pronounced. With 
increasing deployment of GPS receivers on a global scale, the use of TEC measurements for the prediction of 
equatorial scintillation is promising.   
While we focused on finding a proxy for the ExB drift, we recognize the importance of other parameters of 
importance to ESF generation notably the neutral wind and the seeding of instabilities. 
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Equatorial Spread F Variability and Forecasting Studies in Brazil 
 
Mangalathayil A. Abdu, I. S. Batista, José H. A. Sobral, Eurico Rodrigues de Paula, P. Muralikrishna, and Jonas de 
Souza 
 
Instituto Nacional de Pesquisas Espaciais, São José dos Campos, SP, Brazil 
 
Abstract: 
Studies on equatorial spread F irregularity phenomenon (ESF) has been in progress at the Instituto Nacional de 
Pesquisas Espaciais – INPE, in Brazil since the 70’s. The investigations have been based on ionospheric 
observations at Brazilian equatorial and low latitude sites utilizing ground based ionosondes/digisondes, optical 
imagers and photometers, rocket borne sensors, and satellite beacon monitors. In recent years the diagnostic network 
has been extended to include GPS TEC and irregularity receivers, and VHF back-scatter radars. The extensive data 
sets already available has been used in investigations aiming at establishing important characteristics of the 
phenomenon, such as the development, dynamics, morphology and spatial and temporal distributions of the 
irregularities, in the Brazilian sector.  
It is to be noted that the South American region possesses important peculiarities in geomagnetic field configuration 
that is known to cause ESF development features to differ significantly, with the rapid variation of the magnetic 
declination angle, from the western to the eastern sector of this region. This fact has highlighted the need to pursue 
ESF investigation focusing on comparing the ESF phenomenology between Peruvian and Brazilian sectors. Such 
studies have produced valuable results pointing to longitudinal and seasonal patterns in ESF occurrence.  
It is well known that the occurrence and intensity of ESF F events, present variabilities that are of short (hours to 
day), medium (month and season), long (solar activity) term scales. ESF development conditions are also highly 
responsive to transient disturbance electric fields and wind systems stemming from space weather disturbances. 
Theoretical prediction based on observed ambient ionosphere-thermosphere conditions seems to explain their 
occurrence, in an average situation. But they do not so far predict the intensity of a spread F event on a day-today 
basis. The ongoing ESF studies at INPE focus on identifying major causes of the day-to-day variability of ESF in 
terms of their development conditions defined by 1- linear growth rate for the generalized Rayliegh-Taylor (R-T) 
instability process that is dependent on the sunset zonal prereversal electric field (PRE) and associated F layer 
height, and the bottomside density gradients; 2- field line integrated conductivities that control the Item-1 as well as 
the nonlinear bubble development that could follow; and 3- a density perturbations as a seeding source due possibly 
to gravity waves originating at lower atmospheric domains, or other possible mechanisms. New results related to the 
Items 1 and 2, in terms of the competing influence of the zonal and meridional components of the thermospheric 
wind and field line integrated conductivity will be presented. A conjugate point spread F observational campaign in 
Brazil planned for Oct-Nov. 2002 period has the objective to clarify some of these questions. Longitudinal variation 
arising from anomalous conductivity distributions due SAMA (South Atlantic Magnetic Anomaly) and magnetic 
declination angle will also be discussed. 
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Abstract: 
Five GPS receivers have been deployed near the Jicamarca longitude to conduct detailed studies of the ionospheric 
conditions prevailing during the onset, evolution, and decay of equatorial spread F phenomena. These new receivers 
are able to measure the TEC, the amplitude and phase scintillations, and can indicate the presence of TEC 
depletions. In addition, two identical receivers were installed at Bogota, Colombia to determine the drift of the 
irregularities using the spaced antenna technique. We present preliminary results from several studies that have been 
carried out using these GPS receivers and others belonging to the IES (Arequipa, and Santiago) and SAP (Iquique 
and Copiapo) networks. 
Our first study dealt with calculations of the latitudinal profiles of the TEC values obtained between 1998 and 2000 
and a comparison of these profiles with the occurrence of scintillations measured by UHF receivers located at 
Ancón. Firstly, we confirmed the seasonal and solar cycle dependence of the TEC distributions at latitudes near the 
equator. Secondly, we found that during the equinoxes and the December solstice, plasma bubbles or scintillations 
occur when there is a drastic increase of the crests of the anomaly and a sharp decrease near the trough that starts at 
1800 LT. We also found that ESF events correlate with a preferred crest/trough ratio larger than 2, small TEC values 
at the trough, and large latitudinal integrated values of the TEC distributions. 
The combined field-of-views of the receivers at Cuzco, Pucallpa, Iquitos and Bogota extend from the equator up to 
23  magnetic latitude. This fact allows us to know the maximum latitudinal extension of the irregularities and 
consequently set a lower limit of the maximum altitude of the plasma bubbles. Since August 2001, when the system 
at Bogota became operational, we have been able to measure the maximum altitude of the plasma depletions on a 
day-to-day basis. We have found a large degree of variability even during magnetically quiet days. One of the goals 
of this project is to correlate these values with other geophysical values. We have used foF2 and hmF2 values 
obtained with the digisonde located at Jicamarca and associated these values with the maximum altitude of the 
plasma irregularities. We have also compared the maximum extension of the scintillations with the latitudinal 
distribution of the TEC values and the location of the crests of the anomaly. 
We also present our plans to use real-time values of TEC to forecast the onset of equatorial spread-F. The TEC 
values from our GPS receivers and from two other networks will be assimilated using Kalman filters to provide a 
forecasting capability of the onset of ESF irregularities. 
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Abstract: 
One of the goals of the National Space Weather program and, in particular, of the C/NOFS satellite project is to 
predict equatorial spread F. A variety of factors contributes to the day-to-day variability of this fascinating 
phenomenon and, at times, one can become discouraged about prediction! In this talk I will describe a scheme to 
minimize some of the confusing aspects and to zero in on what many researchers think is the single most important 
factor: the height of the F layer at sunset. I will review some of the other factors and will argue that the Hawaiian 
sector is an important region to study since (a) the magnetic and equatorial equators are close to each other, and (b) 
major orographic features are limited to a very small region surrounded by flat ocean. The declination is large but 
seasonal variations can be used to gauge its importance. Prediction involves both input and output products. In our 
scheme we will use GPS observations of TEC to drive a global assimilative ionospheric model (GAIM) during the 
afternoon. This model will have as its key product a prediction of the height of the F layer at sunset. The latter is 
controlled by the pattern of the eastward electric field during the afternoon in response to a highly complex system. 
But having such a simple parameter as a key factor should make the problem tractable. As an output we already 
have in place a dual CCD camera system capable of determining both the height of the F layer and whether it goes 
unstable. We can also determine whether the bottomside is modulated spatially (seeded) at this crucial time. Parts of 
this scheme are in place but several additional items are needed: 
1. Funding; 
2. Scintillation monitors and GPS at Christmas Island; 
3. An instability calculation needs to be embedded in the GAIM model. 
We are hopeful in all three of these areas. 
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