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Ercha A (National Space Science Center, Chinese Academy of Science)
Poster Number: I4

Poster - A Global model: Empirical orthogonal function analysis of TEC 1999-2009 data

Authors: Ercha A, A. J. Ridley, D.-H. Zhang, W.-G. Huang, S.-Q. Liu, L.-Q. Shi, and Z. Xiao

Abstract: A global ionospheric total electron content (TEC) model based on the empirical orthogonal 
function (EOF) analysis method is constructed using the global ionosphere maps provided by Jet 
Propulsion Laboratory during the years 1999–2009. The importance of different types of variation to the 
overall TEC variability as well as the influence of solar radiation and geomagnetic activity toward TEC can 
be well represented by the characteristics of EOF base functions Ek and associated coefficients Pk. The 
quick convergence of EOF decomposition makes it possible to use the first four orders of the EOF series to 
represent 99.04% of the overall variance of the original data set. E1 represents the essential feature of 
global spatial and diurnal variation of the TEC. E2 contains a hemispherically asymmetric pattern 
manifesting the summer-to-winter annual variation. E3 and E4 can well reflect the equatorial anomaly 
phenomenon. P1 contains an obvious solar cycle variation pattern as well as annual and semiannual 
variation components. P2 mainly includes an annual fluctuation component. P3 has a strong annual 
variation and a weak seasonal variation pattern. P4 has both evident annual and semiannual oscillation 
components. The Fourier series as a combination of trigonometric and linear functions are used to represent 
the solar cycle, annual, and semiannual variation of the coefficients. Therefore the global TEC model is 
established through incorporating the modeled EOF series. The accuracy and quality of the model have 
been validated through the model-data comparison, which indicates that the model can reflect the majority 
of the variations and the feature of temporal-spatial distribution of the global ionospheric TEC.

Graham Barnes (NWRA)
Poster Number: S10

Poster - The Second NWRA Flare-Forecasting Comparison Workshop: Topical Discussions and 
Preliminary Results 

Presented by – KD Leka

Authors: G. Barnes, KD Leka, and the Flare Forecasting Comparison Group

Abstract: The Second NWRA Workshop to compare methods of solar flare forecasting was held 2-4 April 
2013 in Boulder, CO.  Many researchers who are active in the field participated, and presented their 
methods' prediction results on standardized datasets.  Topical discussions were held regarding the data sets, 
event-list definitions, method limitations, and how to treat time-series data; we present the salient points for 
future research considerations, and preliminary method comparisons based on standardized skill scores.
Funding for the workshop and the data analysis was provided by NASA/Living with a Star contract 
NNH09CE72C (Dr. Graham Barnes, PI) and NASA/Guest Investigator contract NNH12CG10C (Dr. KD 
Leka, PI).

Fabio Becker-Guedes (INPE)
Poster Number: I5

Poster - Influence of X-ray solar emissions on low-latitude TEC 

Authors: F. Becker-Guedes, J. E. R. Costa, H. Takahashi, C. M. Denardini, C. M. N. Candido, P. M. de 
Siqueira, E. R. de Paula



Abstract: When the X-ray solar flux in the interplanetary medium reaches values above a certain threshold, 
some undesired effects affecting radio communications are expected. Basically, the magnitudes of these 
effects depend on the X-ray peak brightness and the duration, which drive the intensity of the ionosphere 
response when the associated electromagnetic wave hit the sunlit side of the Earth atmosphere. An 
important aspect defining the severity of damages to HF radio communications and LF navigation signals 
in a certain area is the local time when each event takes place. In order to create more accurate warnings 
referred to possible radio signal loss or degradation in the Brazilian sector, we analyze total electron 
content (TEC) maps obtained by a GPS network formed by tents of dual-frequency receivers spread all 
over the country to observe ionospheric local changes during several X-ray events in the 0.1-0.8 nm range 
observed by GOES satellite. Considering the duration, peak brightness, and local time of the events, our
goal is to understand and predict the degree of changes suffered by the ionosphere during these X-ray 
blasts.

Jens Berdermann (German Aerospace Center)
Poster Number: I7

Poster - Forecast of Total Electron Content over Europe for disturbed ionospheric conditions

Authors: J. Berdermann, C. Borries, M.M. Hoque and N. Jakowski

Abstract: A general picture of the occurrence of ionospheric storms as function of local time, season and 
location is known from numerous studies over the past 50 years. Nevertheless, it is not yet possible to say 
how the ionosphere will actually respond to a given space weather event because the measurements of the 
onset time, location of maximum perturbation, amplitude and type of storm (positive or negative) deviate 
much from the climatology. However, statistical analyses of numerous storm events observed in the Total 
Electron Content (TEC) since 1995 enable to estimate and predict a most probable upcoming perturbed 
TEC over Europe based on forecasts of geomagnetic activity. The forecast of perturbed TEC is part of the 
Forecast System Ionosphere build under the umbrella of the FP7 project AFFECTS (Advanced Forecast 
For Ensuring Communication Through Space). It aims to help users mitigating the impact on 
communication systems.

Francois-Xavier Bocquet (Met Office)
Poster Number: S1

Poster - Exploring uncertainty in CME arrival time predictions with an ensemble prediction system

Authors: Francois Bocquet, David Jackson

Abstract: Providing advance warning of geomagnetic storms resulting from coronal mass ejections is one 
of the key challenges in space weather forecasting. Recent improvements in  the operational prediction of 
earth-bound CME propagation through the heliosphere have resulted in a typical error in the predicted 
arrival time at Earth of approximately six hours. The accuracy of this prediction depends on a number of 
factors, e.g. the initial fit of the CME to a geometric model using coronograph observations and the 
representation of the background solar wind through which the CME propagates.

This work presents initial results from a trial ensemble prediction system designed to take the uncertainty in 
the initial fit of the CME into account. The uncertainty is sampled by adding random perturbations to the 
best-fit CME parameters and propagating the perturbed CME's in the background solar wind modelled by 
the WSA-ENLIL model.

Predicting the geo-effectiveness of the CME is not possible as no information on the magnetic structure of 
the CME is available prior to arrival at Earth. The results from this system provide however useful 
information to assess the likelihood of the CME hitting the Earth's magnetosphere and to quantify the 
uncertainty in arrival time of the CME.



Monica G. Bobra (Stanford University)
Poster Number: S2

Poster - SHARPs - A New Near Real-Time Space Weather Data Product from Solar Dynamics Observatory

Authors: Bobra, M. G.; Sun, X.; Turmon, M.; Hoeksema, J.T.

Abstract: A new data product from the Helioseismic and Magnetic Imager (HMI) on the Solar Dynamics 
Observatory (SDO) called Spaceweather HMI Active Region Patches (SHARPs) is now available. 
SDO/HMI is the first space-based instrument to measure the full-disk, 3-component photospheric vector 
magnetic field from space. SHARPs are space weather quantities computed in the tracked patches of
photospheric vector magnetic field data that encapsulate active regions. Several space weather quantities 
useful for prediction are calculated per patch and available on a 12-minute cadence. We present [1] 
spaceweather results for several X-class flares, and [2] an easy-to-use visualization tool, designed to 
monitor near real-time data.

Scott Budzien (Naval Research Laboratory)
Poster Number: I20

Poster - The Next Generation Special Sensor Ultraviolet Limb Imager (SSULI+) for Operational Defense 
Space Weather Monitoring and Forecasting

Authors: S. A. Budzien, A. C. Nicholas, K. F. Dymond, C. Coker, D. Chua, P. Walker

Abstract: The Special Sensor Ultraviolet Limb Imager (SSULI) sensors aboard the Defense 
Meteorological Satellite Program (DMSP) Block-5D3 satellites have successfully demonstrated both space 
weather sensing of the thermosphere and ionosphere and the high impact potential of UV remote sensing 
upon global assimilative operational ionosphere and thermosphere models.  NRL is currently developing 
next-generation SSULI+ space weather sensors to maintain operational space weather sensing capability 
beyond the DMSP program.  Applying recent technological innovations to update the proven heritage 
design provides SSULI+ with 10X higher effective sensitivity, robust rejection of environmental ion noise, 
and added measurement capability while reducing size, weight, and power requirements.  We present data 
product improvements expected for the new SSULI+ sensor design and discuss the positive impact upon 
operational applications.

Michele D. Cash (NOAA Space Weather Prediction Center)
Poster Number: S14

Poster - Potential Improvements in Space Weather Forecasting using New Products Developed for the 
Upcoming DSCOVR Solar Wind Mission

Authors: Michele D. Cash, Doug Biesecker, Alysha Reinard

Abstract: The Deep Space Climate Observatory (DSCOVR) mission, which is scheduled for launch in late 
2014, will provide real-time solar wind thermal plasma and magnetic measurements to ensure continuous 
monitoring for space weather forecasting.  DSCOVR will be located at the L1 Lagrangian point and will 
include a Faraday cup to measure the proton and alpha components of the solar wind and a triaxial fluxgate 
magnetometer to measure the magnetic field in three dimensions.  The real-time data provided by 
DSCOVR will be used to generate space weather applications and products that have been demonstrated to 
be highly accurate and provide actionable information for customers.  We present several future space 
weather products currently slated for development. New potential space weather products for use with 
DSCOVR real-time data include: more accurate L1 to Earth delay time, automatic solar wind regime 
identification, and prediction of rotations in solar wind Bz within magnetic clouds. We discuss the current 
progress on the development of the first of these space weather products and welcome additional product 
ideas from both space weather researcher and customers.



Dong Chen (Center for Space Science and Applied Research, China)
Poster Number: M1

Poster - The Space Radiation Effect Research in Space Environment Prediction Center, CSSAR

Authors: Dong Chen, Fang Yang, Shanqiang Chen, Liqing Shi, Siqing Liu

Abstract: Satellite users including satellite designers, flight control teams, science operation teams, 
launcher teams and ground operators, are the most important service targets of Space Environment 
Prediction Center (SEPC) in CSSAR. Space radiation is the main concern of Satellite users. In most cases 
there is a gap between the common space weather prediction products and the needs of satellite users. 
SEPC made efforts to meet the demands of Satellite users. First, a series of radiation effect models were 
developed or studied in SEPC, including the Geant4 based SEE model, internal charging model and TID 
model, etc. Second, we developed the integrated space radiation analysis system to assess special orbit and 
special spacecraft, the system integrated the space environment real-time data, the environment models and 
the radiation effect models. At last, SEPC also carried out the satellite anomalies analysis and research. We 
have participated in several cases of satellite fault diagnosis, and the satellite anomalies analysis system is 
also in developing.

Yanhong Chen (National Space Science Center,Chinese Academy of Sciences)
Poster Number: I8

Poster - Ionosphere response to CIR-induced recurrent geomagnetic activity during the declining phase of 
Solar Cycle 23 

Authors: Wenbin Wang, Alan G. Burns, Xinan Yue, Guoying Jiang

Abstract: During the declining phase of solar cycle 23, corotating interaction regions (CIRs) occurred 
periodically and frequently when high solar wind speed streams originating from solar coronal holes 
interacted with the slow speed solar wind. These CIRs produced recurrent geomagnetic activity on Earth, 
which perturbed the ionosphere on a global scale as a result of energy and momentum deposition at high 
latitudes. Based on the GPS-TEC data from the madrigal database at the MIT Haystack Observatory and 
electron density data obtained by the CHAMP Planar Langmuir Probe (PLP) observations, we investigated 
the ionosphere response to recurrent geomagnetic activity during about 80 CIR events from 2005-2009.
The results indicate that global ionosphere response to CIR events had some common features. The TEC 
and Ne data show significant positive response (increased electron densities) during the daytime. This 
response had a strong dependence on the south component (Bz) of the interplanetary magnetic field and 
solar weed speed. This means that penetration electric fields were an important process in causing the 
positive ionospheric response. During the recovery time of the CIR-produced geomagnetic activity, the 
TEC disturbance at low latitudes sometimes could last for 2-3 days, whereas that at middle to high latitudes 
occurred only for 1 day in most cases. A comparison of the ionospheric responses between the America, 
Europe and Asia sectors shows that the ionosphere response in Europe was relatively weaker than those in 
the other two regions. A full understanding of these common features is helpful for forecasting the 
ionosphere weather during geomagnetic disturbed conditions.

Jong-Kyun Chung (Korea Astronomy & Space Science Institute)
Poster Number: I10

Poster - Ionospheric Variation over Korea Peninsula from 2000 to 2010 using GPS TEC

Authors: Chi-Na Lee, Jun-Cheol Moon, Hwan-Sang Lee, Jae-Hyung Lee

Abstract: The ionospheric variation over the Korean Peninsula is firstly examined by GPS local TEC data 
from Daejeon site for the period 2000-2010 with 98% data availability. We analyzed the periodicity of the 
daily averaged GPS local TEC and compared the local TEC with solar parameters, F10.7 and solar EUV
flux, and geomagnetic index, Ap index. The daily averaged GPS local TEC shows significant 
annual/semiannual component, a common ionospheric feature, in the periodic study, but not for the 27-day 
periodicity. The annual/semiannual periodicity is most obvious at the solar maximum period (2000-2002) 
and is reduced down to solar minimum period (2008-2010). The 27-day periodicity of the daily averaged 



GPS local TEC is clear only at 2003, that year is included in descending phase. As the 27-day periodicity is 
caused by Sun’s rotation with continuing corona hole ejection, transient and strong solar flare events 
disturb this periodicity and weak solar activity is also hard to generate periodic solar feature at GPS local 
TEC. At the correlation study, the daily averaged GPS local TEC has a good relationship with daily solar 
EUV flux and F10.7, but there is a cruel connection with geomagnetic parameter, Ap index. The correlation 
trend of the daily averaged GPS local TEC and solar EUV flux is similar to that of global GPS TEC. 
Otherwise there is a linear relationship from low F10.7 to high F10.7 no with saturation effect on the high 
F10.7, which relationship is similar to that of low-latitude global TEC. Being aware of daily variation for 
local time and seasons, we calculated hourly averaged GPS local TEC for each month. Maximum of GPS 
local TEC is appeared near 13h and the minimum is near 01h for most of days. Monthly averaged GPS 
local TEC for 13h presents clear equinoctial asymmetry for most of years but seasonal anomaly only at the 
solar maximum period. GPS local TEC over the Korean Peninsula well represents the solar activity in this 
study and the long-term variation study for regional ionospheric variation by GPS local TEC will be used 
for monitoring the ionosphere over the Korean Peninsula as well as the studies of other ionospheric 
observation and theoretical modeling works.

Misty D. Crown (Space Weather For Today and Tomorrow (SWFTT))
Poster Number: O1

Poster - Space Weather Forecasting for the Commercial Enterprise

Authors: Heather M. Stewart

Abstract: Space weather forecasting, like its close relative terrestrial weather forecasting, has gone through 
growth and advancement since its advent.  We will discuss the commercialization efforts already underway 
to bring space weather events and affects to the commercial spaceflight community and other users.  We 
will also explore new efforts coming down the pipeline, specifically by the company Space Weather For 
Today and Tomorrow.

Clezio M. Denardini (INPE)
Poster Number: O2

Poster - Status of the Ground-Base Instrumentations in South America and the New Forecast Center of the 
Embrace Space Weather Program

Authors: C. M. Denardini, J. E. R. Costa, R. Gatto, H. Takahashi, A. Dal Lago, N. SantAnna, J. R. de 
Souza, A. L. Padilha, E. R de Paula

Abstract: After 45 year of research in the space science field, the National Institute for Space Research 
started a task force to develop and operate a space weather program, which is kwon by the acronyms 
EMBRACE that stands for the Portuguese statement “Estudo e Monitoramento BRAasileiro de Clima 
Espacial” program (Brazilian Space Weather Study and Monitoring program). The main purpose of the 
EMBRACE program is to monitor the space climate and weather from sun, interplanetary space, 
magnetosphere and ionosphere-atmosphere, and to provide useful information to space related 
communities, technological, industrial and academic areas. Several physical parameters of the sun-earth 
environment are already being monitored through a large ground base network of scientific sensors and 
under collaboration with space weather centers partners. Most of these physical parameters are daily 
published on the Brazilian space weather program web portal, related to the entire network sensors 
available. A comprehensive data bank and an interface layer are under development to allow an easy and 
direct access to the useful information. Nowadays, the users will count on products derived from a GNSS 
monitor network that covers most of the South American territory; a digisonde network that monitors the 
ionospheric profiles in two equatorial sites and in one low latitude site; several solar radio telescopes to 
monitor solar activity, and a magnetometer network, besides a global ionospheric physical model. 
Regarding outreach, we publish a daily bulletin in Portuguese with the status of the space weather 
environment on the Sun, in the Interplanetary Medium and close to the Earth. Since December 2011, all 
these activities are carried out at the Embrace Headquarter, a building located at the INPE's main campus.



Barbara A. Emery (NCAR High Altitude Observatory)
Poster Number: I17

Poster - Matching CHAMP and C/NOFS Climatology at Low Latitudes with the ionosphere-thermosphere 
TIEGCM and the plasmasphere GIP Models

Authors: BA Emery (emery@ucar.edu, HAO/NCAR), P Bhaneja, D Bilitza (GSFC), J Chau (Jicamarca 
Radio Observatory Peru),  WR Coley (UTD), D Drob (NRL), T-W Fang (CIRA/NOAA), B Fejer (USU), B 
Foster (HAO/NCAR), K H&Atilde;&curren;usler (HAO/NCAR), M Jones Jr (U CO), J

Abstract: The equatorial orbiting Communications/Navigation Outage Forecasting System (C/NOFS) 
satellite observations from 400-800km started in mid-2008 in a period of deep solar minimum where the 
10.7 cm solar radio flux flattened out around 67.  By 2012, the solar flux increased to about 135.  The polar 
orbiting CHAllenging Minisatellite Payload (CHAMP) satellite observations between about 410-310km 
above the equator are available from 2000 to 2010 from high to very low solar flux conditions.  CHAMP 
Planar Langmuir Probe (PLP) observations of the electron density and temperature and the instrument 
measuring neutral cross-track winds (mostly zonal) are used.  C/NOFS PLP, Ion Velocity Meter (IVM), 
and Vector Electric Field Instrument (VEFI) observations are used.  The IVM package gives cross-track 
ExB ion drifts (meridional/upward and perpendicular) which can be mapped to the magnetic equator, along 
with a Retarding Potential Analyzer (RPA) for along-track ion drifts (zonal), plus [O+] composition and
ion temperatures.  VEFI also gives meridional/upward and zonal ion drifts.  We compare climatological 
observations in equinox and winter with empirical models, and with the first-principles model estimates 
from the Thermosphere-Ionosphere-Electrodynamics General Circulation Model (TIEGCM), coupled with 
the Global Ionosphere-Plasmasphere (GIP) model, with various tidal forcings from the lower atmosphere.    
We compare longitude variations as well as local time zonal averages between the observations and model 
results.  We also compare with ground observations of the meridional/upward and zonal ion drifts from the 
magnetic equator at Jicamarca, Peru.

Robyn A.D. Fiori (Natural Resources Canada)
Poster Number: M10

Poster - Superposed epoch study of geomagnetic storm sudden commencements

Authors: R. A. D. Fiori, D. H. Boteler, D. M. Gillies

Abstract: During periods of enhanced geomagnetic activity, geomagnetically induced currents (GIC) flow 
in power systems potentially causing damage to system components or failure of the system.   The largest 
GIC flow when there are large rates of change of the geomagnetic field (dB/dt).  These conditions are 
present during periods of intense geomagnetic activity and are caused by sudden strong variations in the 
solar wind.  In this study, we investigate the risk posed by the sudden enhancement of the geomagnetic 
field associated with a sudden commencement, which may or may not be followed by a geomagnetic storm.  
For some events, we show that the amplitude of the enhancement and the dB/dt are largest in the high 
latitude region due to enhancements of the ionospheric convection electrojet.  This effect is more prevalent 
for sudden storm commencement (SSC) events opposed to sudden impulse (SI) events, during periods of 
southward oriented interplanetary magnetic field, for events caused by coronal mass ejections opposed to 
coronal holes, and for events associated with a solar wind speed >390 km/s or a sudden change in velocity 
of >40 km/s.

Juan Fontenla (University of Colorado)
Poster Number: S7

Poster - The Solar EUV Radiation Forecast System (SERFS) Implementing near-real-time high-resolution 
extended EUV solar spectral irradiance forecast

Presented by – Tim Fuller-Rowell

Authors: Juan Fontenla and the SERFS Team



Abstract: The objective of this project is to achieve an operational capability to produce daily forecasts of 
the extended extreme ultraviolet solar spectral irradiance (XUV/EUV/FUV SSI, hereafter EUV SSI) by 
delivering quantitative expectations of the EUV SSI at high-spectral resolution for every day in the period 
of at least a week after the day the forecast is issued. The forecasted EUV SSI in the range of 0.1 to 170 
nm, at resolutions of 0.1 nm and 1 nm, issued daily is obtained by using the available near-real-time
observations of solar surface features both on the near- and far-side. 

The engine for this forecast is based on physical models of the solar atmosphere features, non-LTE 
radiative transfer computation of the spectra appropriate for them, and near real-time observations of the 
Sun by various techniques and instruments that determine the area and position on the disk of each feature. 
Forecasted areas and positions are obtained by considering the currently measured of evolution of such 
features by several techniques. Instruments and techniques are used that provide information on the entire 
solar surface including the far-side that is not directly observable from Earth by existing optical 
instrumentation. These far-side data are used in combination with near-side very detailed data to include 
trends observed on the near-side together with the changes in those trends that occurred in areas that transit 
over the far-side.

The quality and usefulness of these methods to thermospheric density forecasts will be evaluated by using 
measurements of SSI from SDO/EVE and SORCE/SOLSTICE, at 0.1 nm resolution, and by performing 
simulations with existing thermospheric modeling tools.

Donald L. Hampton (Geophysical Institute - UAF)
Poster Number: I14

Poster - Plans for a distributed array of ionospheric sensors in the auroral zone in Alaska 

Authors: Donald Hampton, Mark Conde, Geoff Crowley, Irfan Azeem, Adam Reynolds and Julio Santana

Abstract: Significant insights into the structure and evolution of the ionosphere have been enabled by the 
increasing use of dual-frequency GPS receivers to probe the total electron content and GPS scintillation. In 
the US, this development has largely been concentrated in the contiguous states while the high latitude 
ionosphere has been poorly represented, due primarily to remoteness and lack of infrastructure. We are 
planning to remedy this by proposing to install 15 to 20 GPS receivers and fluxgate magnetometers across 
northern Alaska with the primary goal of significantly improving the temporal and spatial resolution of 
ionospheric remote sensing in a region of poor coverage but high geospace interest. We will describe the 
expected network, including station locations, improvement in coverage based on these locations and 
expected data products and latency. In a pilot program, ASTRA deployed four CASES dual-frequency GPS 
receivers in Alaska coincident with other instrumentation from the GI.  We will present preliminary results 
from this network of instruments, demonstrating the value of the data.

Sunhak Hong (Korean Space Weather Center)
Poster Number: S11

Poster - Solar Flare Probability depending on Sunspot Characteristics and Their Changes for a given 
McIntosh Classification

Authors: Sunhak Hong, Jae-Hun Kim, Ki-Chang Yoon, Jaehyung Lee, Yong-Jae Moon, Dong-Hun Lee

Abstract: Solar flare prediction has been at the core of space weather research and a number of different 
approaches have been developed. However, many of space weather operation centers, like International 
Space Environment Services's Regional Warning Centers, still rely on the traditional flare prediction 
method, that is somewhat subjective owing to its nature of human intervention. In this study, we have 
investigated solar flare probability depending on several sunspot characteristics (sunspot area, Mt. Wilson 
magnetic classification and previous flare activity) and their changes for a given McIntosh classification. 
For this, we used NOAA sunspot and flare catalog from August 1996 to February 2011. A new index of 
WSP, Weighted Probability Sum, is introduced to quantify the effective contribution of flare activity. We 
found several interesting results as follows. First, WFP index increases not only when the sunspot area 



increasing but also when decreasing with almost the same proportion. Second, the index also increases for 
both cases of sunspot magnetic complexity increasing and decreasing. This result might be the evidence 
that the change (flux emergence or flux cancelation) of magnetic flux may trigger a flare since sunspot area 
can be a good proxy of magnetic flux. Third, active regions that have significant flare activity history are 
much more active than those without. We have developed a flare prediction tool by using this study results. 
We will show how this new flare prediction tool works in practice by deploying at the Korean Space 
Weather Center.

Bernard V. Jackson (University of California at San Diego)
Poster Number: S12

Poster - The 3-D Forecast of Inner Heliosphere Solar Wind Parameters from IPS Data – Future Plans

Authors: Bernard V. Jackson, P. Paul Hick, Andrew Buffington, Hsiu-Shan Yu, Julio C. Mejia-Ambriz, 
Munetoshi Tokumaru

Abstract: At the University of California, San Diego (UCSD), remote-sensing analyses of the inner 
heliosphere using interplanetary scintillation (IPS) data have measured and reconstructed 3-D time-
dependent solar wind structure for almost two decades. These analyses have primarily used Solar-
Terrestrial Environment Laboratory (STELab) IPS observations. Recent innovations in this effort include:

• Inclusion of real-time in-situ data into the remote-sensing analyses to better-forecast the Earth-
arrival of heliospheric features.

• Matching these analyses to either ACE level-0 or SOHO CELIAS density data in near real time.

• Incorporation of additional remotely-sensed velocities, from IPS radio sites other than STELab, to 
further enhance the modeling effort.

Several IPS arrays now being operated around the world are expected to have data available in near real 
time, and we suggest next steps in this effort, and present some future ideas:

• Incorporation of IPS data from sites other than STELab to enhance the UCSD modeling effort 
with fewer periods of data outage.

• Enhancement of the current modeling effort by incorporating aftcast in-situ magnetic fields into 
the 3D analysis in order to better-match 3-component fields up to the time of the forecast, similar to the 
way in-situ velocity and density are used now.

• Provide a magnetic field traceback to near the solar surface in order to match each in-situ 
measurement with solar surface magnetic fields in order to discern the onset locations and strengths of the 
magnetic field Bz component.

• Provide Faraday-rotation maps in near real time from these data to discover the field vector-
component differences from the background field that this remote-sensing technique must provide in order 
to determine magnetic vector components in situ.

Andrea Karelitz (Pennsylvania State University)
Poster Number: S16

Poster – Advances in Forecasting of Solar Energetic Particle Events Based on Coronal Mass Ejections

Authors: Antti Pulkkinen

Abstract: Solar energetic particles are a wide scale space weather phenomena that are not only an issue for 
the 2,000+ costly satellites in the sky but also have negative implications on the power grid, GPS, an can 
even interfere with ground based communication and aviation. Forecasting the magnitude of the high 



energetic particles events based on preceding events from the sun that cause them, i.e. coronal mass 
ejections, is an important step in future operational space weather as well as research. In this study, many
coronal mass ejections and solar energetic particle events were analyzed and parameters were correlated. 
The most meaningful correlation was between >10 MeV solar energetic particle peak flux and the coronal 
mass ejection speed and it produced an R2 value of 0.8 with an exponential fit of y=2.4e0.0031x. Using the 
parameters of this correlation, a model was created and will allow space weather forecasters the capability 
to predict the peak flux of the solar energetic particle event after an Earth directed coronal mass ejection 
erupts from the sun. Doing so will enable precautions to be taken on spacecraft, GPS, aviation as well as 
ground based entities that are vulnerable to the high energy protons.

Jung-Hoon Kim (SETsystem, Inc.)
Poster Number: M11

Poster - Monitoring geomagnetically induced currents (GIC) in the Korean power grid

Authors: Chul-hwan Lee, Saeho Yoo, Sung Won Park, Jong Woon Kim, Young Yun Kim

Abstract: To monitor the amount of GIC on power grid caused by geomagnetic disturbance, we have 
implemented the GIC measurement system, for the first time in Korea, at one of the 765 kV substations ( 
Singapyung, 37
The monitoring system consists of clamp type current sensor (HIOKI 9279/9555-10), data acquisition 
module for A/D conversion (NI 9205) and data processing computer. GIC are measured in the neutral 
'earth' connection of the power transformer. 

Geomagnetic field has been measured at nearby Icheon observatory (about 60km apart from the 
Singapyung substation) since 1995. Geomagnetic field data with GIC data are compared to monitor the 
effect of geomagnetic disturbance since October, 2012. The preliminary results are showed in this study.
For more systematic study of relation between geomagnetic disturbance and GIC, KSWC is to set two more 
GIC measurement system up in Korea, one at another .765 kV substation and the other at 154kV 
substation.

Delores J. Knipp (Universtiy of Colorado)
Poster Number: M9

Poster - High Resolution Space-Based Magnetometer Comparisons--DMSP and AMPERE

Authors: Tomoko Matsuo, Liam Kilcommons, Nathan Parish, Brian Anderson and Fred Rich

Abstract: We show high resolution comparisons of space-based magnetometer data from close magnetic 
conjunctions of  four  Defense Meteorological Satellite Program (DMSP) spacecraft and the Iridium Active 
Magnetosphere and Planetary Electrodynamics Response Experiment (AMPERE) satellite constellation.  
We placed all data in the APEX magnetic coordinate system and referred the data to a common altitude in 
order to compute the magnetic conjunctions.  We provide animations  of a 48-hour interval to show the 
high-latitude response to passage of the magnetic cloud and the subsequent high-speed solar wind flow.  
We show the response in terms of the IMF polar angle and the Newell et al. [2007] Universal Coupling 
Function.  The magnetic perturbations we processed for a magnetic cloud event on 29-30 May 2010 show 
good agreement.  We find minor discrepancies in the magnitude of the total vector perturbation in the polar 
cap and at low latitudes.  We expect that the latest reprocessing of the AMPERE data will eliminate most of 
these.

Josef Koller (Los Alamos National Laboratory)
Poster Number: I1

Poster - IMPACT – Integrated Modeling of Perturbations in Atmospheres for Conjunction Tracking 



Authors: Josef Koller, Mike Shoemaker, Andrew Walker, Humberto Godinez, Richard Linares, Piyush 
Mehta, Earl Lawrence, David Higdon, Alexei Klimenko, David Palmer, David Thompson, Sean Brennan, 
Brendt Wohlberg, Aaron Ridley, Greg McLaughlin, Eric Sutton

Abstract: Space weather and satellite drag are intricately linked through complex physical mechanisms in 
the upper atmosphere and thermosphere. Density changes due to changes in the solar cycle and space 
weather events can increase or decrease the drag force on satellites by several orders of magnitude making 
satellite drag the most important non-conservative force for low-Earth orbiting (LEO) objects. However, 
thermospheric density changes due to space weather is currently insufficiently understood and modeled. 
The IMPACT project (Integrated Modeling of Perturbations in the Atmosphere for Conjunction Tracking) 
has the goal to address three critical areas of research: (1) atmospheric drag modeling, (2) conjunction 
analysis, and (3) uncertainty quantification. IMPACT is developing an integrated solution combining 
physics-based density modeling of the upper atmosphere between 120-700 km altitude, satellite drag 
forecasting for quiet and disturbed geomagnetic conditions, and conjunction analysis with non-Gaussian 
uncertainty quantification. We employ several novel approaches including data assimilative modeling using 
a physics-based approach instead of empirical modeling of the thermosphere.  The goal of this project is to 
develop the ability to monitor and track space objects during highly disturbed geomagnetic conditions and 
provide suitable forecasts for satellite drag conditions and conjunction analysis for low Earth orbit. We will 
present an overview of this project with first results and future outlook.

Emil Kraaikamp (Royal Observatory Belgium)
Poster Number: S5

Poster - Solar Demon, a Dimming and EUV wave Monitor on SDO-AIA data

Presented by – Matthew J. West

Authors: Kraaikamp, Emil; Verbeeck, Cis; the AFFECTS team

Abstract: Extreme-ultraviolet (EUV) dimmings and waves are closely associated with coronal mass 
ejections (CMEs). Automatic detection and quantification of EUV dimmings and waves can be used to gain 
better understanding of underlying mechanisms, but also to predict otherwise difficult to detect front-side 
CMEs.

The Dimming and EUV wave Monitor (Solar Demon) will run in near real-time on Solar Dynamics 
Observatory/Atmospheric Imaging Assembly (SDO/AIA) data by the end of 2013. On this poster we 
provide the details of the algorithm and we present initial results of Solar Demon.

Jaejin Lee (Korea Astronomy ans Space science Institute)
Poster Number: M7

Poster - RBSP (Van Allen Probes) real-time data receiving system and space weather application 

Authors: Kyung-Chan Kim, Yeo-Han Kim, Young-Deuk Park

Abstract: The RBSP (Van Allen Probes) mission, launched on August 30, 2012, is designed to investigate 
the physical processes and dynamics of the Earth’s radiation belts. In addition to the scientific objectives,
these spacecraft broadcast a 1 kbps real-time space weather data to support real time space weather 
modeling, forecast and prediction efforts. Because only one ground station could receive space weather 
data for the limited access time, multi station installations by international cooperation are necessary. In 
response to the international demands, Korea Astronomy and Space science Institute (KASI) in South 
Korea built a 7-m antenna to relay the RBSP real-time data. In this presentation, we describe the data 
receiving system and how the data is processes for the space weather application. The antenna system is 
designed to track RBSP spacecraft and receive S-band radio signals. The received real-time data is 
transferred to JHU/APL with TCP/IP protocol. KASI use these data to predict energetic particle flux to 
protect Korean Geo-Satellites from hostile space environment. For this space weather application, we are 
now developing a radial diffusion model of radiation belts.



Sangwoo Lee (SELab, Inc.)
Poster Number: S8

Poster - Development of an Automated System for Identifying Sunspot Groups, Coronal Holes and 
Filaments 

Authors: Sangwoo Lee, Sunhak Hong, Jeong Deok Lee, Kyu Chol Choi, Jae Hun Kim, Gi-Chang Yoon, 
Seung Jun Oh, Jae-Hyung Lee

Abstract: We have developed a fully automated system of realtime monitoring and identification of key 
solar phenomena such as sunspot groups, coronal holes and filaments, which is called ASSA(Automated 
Solar Synoptic Analyzer). Identification of sunspot groups starts with processing high-resolution SDO HMI 
continuum and magnetogram images. This procedure includes algorithms for intensity thresholding, 
morphological processing, region growing and grouping process based on separation between sunspots. 
Afterwards, each identified sunspot group is further processed to determine its McIntosh and Wilson 
magnetic class through estimation of quantitative parameters such as existence and maturity of penumbra, 
longitudinal extent, compactness of sunspots aggregation, complexity of magnetic neutral lines. Coronal 
holes are identified by processing high-resolution SDO AIA 193 and HMI magnetogram images, whereas 
filaments are identified by processing ground-based H-alpha images provided by global H-alpha network. 
The whole procedures of obtaining raw data, image processing, producing output files are performed 
automatically and periodically. The resultant images and text data can be accessed on the official website of 
Korean Space Weather Center. Additionally, a standalone application program for ordinary users is 
scheduled to be provided soon, in which users can experience the same procedures of ASSA on their own 
computers. Currently we are also planning to apply the sunspot classification algorithm to the past archive 
of SOHO MDI images during 1996-2011. We expect the classification results for those data can be utilized 
for research on estimation of flare probability based on various kinds of quantitative parameters derived 
with ASSA algorithms.

KD Leka (NWRA)
Poster Number: S9

Poster - The Second NWRA Flare-Forecasting Comparison Workshop: Methods Compared and 
Methodology

Authors: KD Leka, G. Barnes, and the Flare Forecasting Comparison Group

Abstract: The Second NWRA Workshop to compare methods of solar flare forecasting was held 2-4 April 
2013 in Boulder, CO.  This is a follow-on to the First NWRA Workshop on Flare Forecasting Comparison, 
also known as the ``All-Clear Forecasting Workshop'', held in 2009 jointly with NASA/SRAG and 
NOAA/SWPC.  For this most recent workshop, many researchers who are active in the field participated, 
and diverse methods were represented in terms of both the characterization of the Sun and the statistical
approaches used to create a forecast.  A standard dataset was created for this investigation, using data from 
the Solar Dynamics Observatory/Helioseismic and Magnetic Imager (SDO/HMI) vector magnetic field
HARP series.  For each HARP on each day, 6 hours of data were used, allowing for nominal time-series 
analysis to be included in the forecasts. Separate "training" and "forecast" data sets were prepared.  We 
present here a summary of the forecasting methods that participated and the standardized dataset that was 
used. Funding for the workshop and the data analysis was provided by NASA/Living with a Star contract 
NNH09CE72C (Dr. Graham Barnes, PI) and NASA/Guest Investigator contract NNH12CG10C (Dr. KD 
Leka, PI).

Siqing Liu (Center for Space Science and Applied Research)
Poster Number: O3

Poster - Alert Standards for Space Weather Events

Authors: Liu Siqing,  Gong Jiancun,  Zhong Qiuzhen,  Miao Juan



Abstract: Solar X-ray flares, solar proton events, geomagnetic storms, relativistic electron enhancement 
events are severe space weather events which likely bring effects on people and technological systems. 
Space Environment Prediction Center (SEPC) has been forecasting the space environment for almost 20 
years and providing successful services for Shenzhou missions and Chang’e(CE) missions. In order to 
provide effective and normative space weather event information to customers, after comprehensively 
investigated the frequency, potential effects, and subsequent development tendency of these space weather 
events as well as the needs of customers SEPC has established the alert standards for these events. For 
each kind of events, the alerts are divided into three levels: red alert, orange alert, and yellow alert. The red 
alert, which is the highest level, means that the potential effects are most serious and widespread on 
technological systems. The orange alert, which is the middle level, means that the effects are moderate and 
will affect some systems. The yellow alert, nominally the lowest level, means weak effects and might have 
minor impacts on few systems.

Jeffrey J. Love (U.S. Geological Survey)
Poster Number: M16

Poster – The magnetic tides of Honolulu

Authors: Jeffrey J. Love and E. Joshua Rigler

Abstract: We review the phenomenon of geomagnetic tides by constructing a high-resolution, frequency-
domain Lomb power spectra from a long historical time series of hourly measurements made at the 
Honolulu observatory. The spectra reveal the panorama of stationary harmonics across periods from 0.1 to 
1000.0-d, including amplitude and phase modulations between harmonics sustained by the ionospheric and 
oceanic dynamos. Identified tides include: solar diurnal tides and their annual and solar cycle sideband 
modulations, lunar semi-diurnal tides and their solar diurnal sidebands, and lunar eccentricity tides. We 
also provide evidence that a long-used method intended for separating the ionospheric and oceanic dynamo 
signals by midnight subsampling of observatory data time series is prone to frequency-domain aliasing. We 
have not resolved tides associated with 18.6-year precession of the lunar nodes.

Petrus C. Martens (Montana State University)
Poster Number: S3

Poster – Computer Vision for Solar Physics: Application to Space Weather Forecasting

Authors: Petrus C. Martens and the SDO Feature Finding Team

Abstract: The Solar Dynamics Observatory (SDO) data repository dwarfs the archives of all previous solar 
physics missions put together.  NASA recognized early on that the traditional methods of analyzing the 
data -- solar scientists and grad students analyzing the images by hand -- would simply not suffice, and 
tasked our Feature Finding Team (FFT) with developing automated feature recognition modules for solar 
events and phenomena likely to be observed by SDO.  The purpose of these modules is to produce 
metadata (data about the data, like catalogs) that enable solar scientist to conduct statistical studies 
involving large sets of events that would be impossible now with traditional means.

We have now produced 12 operational modules that deliver in near real time metadata on flares, filaments, 
sigmoids, emerging flux, active regions, coronal holes, coronal mass ejections, coronal dimmings, sunspots, 
a polarity inversion line tracker, and a trainable module that can be applied to any type of solar 
phenomenon.  Four more are under development.

We have found that the metadata we produce also serve an important role as space weather alerts, and can 
be applied to improve space weather forecasts.  Computerized feature detection has the advantage of being 
consistent and complete in comparison with human observations.  Hence these metadata can be correlated 
with the subsequent flares and solar eruptions and provide alerts for such events.



Tsutomu Nagatsuma (National Institute of Information and Communications Technology)
Poster Number: M8

Poster - Operational Relativistic Electron Flux Forecast at GEO Satellite 

Authors: Tsutomu Nagatsuma, Kaori Sakaguchi, Shinji Saito, Yoshizumi Miyoshi, Kanako Seki

Abstract: Dynamic changes of the Earth’s Radiation belt are one of the well-known but still unsolved issue 
of solar terrestrial physics. This is also important for the practical point of view because relativistic electron 
can penetrate into a satellite body and causes deep dielectric charging. This phenomenon is one of the 
major reasons of satellite anomaly. For prediction of space environment around GEO, we will proceed to 
develop 1) near real time prediction model of relativistic electron environment, 2) high precision global 
MHD simulation in this 5-year term from 2011. As for the prediction model of relativistic electron 
environment, we plan to develop two types of models. One is near real time prediction model based on the 
AR model that is a kind of the parametric analysis methods for the time-series data. The product of this 
model is for daily operation of geosynchronous satellite. We have prepared the web pages for this product.
The other is high time and spatial resolution numerical forecast model based on combination between 

global MHD simulation code and particle tracing code and others. The product of this model is for post 
analysis of satellite anomalies. In this presentation, we will introduce current status and future perspective 
of our project.

Catalin Negrea (NOAA)
Poster Number: I3

Poster - Spectral Characteristics of Ionospheric Plasma Density and Tilt Variations from the Dynasonde 
Data

Authors: Catalin Negrea, Nikolay Zabotin, Terence Bullett

Abstract: Unique capabilities of the Dynasonde technique of ionospheric radio sounding allow measuring 
echo ranges and angles of arrival with high precision. The inversion algorithm NeXtYZ, which is a part of 
the Dynasonde data analysis package, uses this information to restore parameters of a three-dimensional 
plasma density distribution over the sounder location, including its vertical cross-section (vertical profile) 
and tilts of constant electron density surfaces as functions of the true altitude. With a month-long data 
series from a state-of-the-art Dynasonde installation at Wallops Island, VA, we demonstrate how results of 
this analysis can be used to study temporal spectral characteristics of the wave disturbances at a wide range 
of mesospheric and thermospheric altitudes. Spectra describing dominant activity at low frequencies are 
determined from observations over large time periods. Also, the time evolution of high-frequency (up to 4 
mHz) components is studied using a short (~2 hours) sliding window spectral calculation technique. The 
procedure has a relatively high sensitivity level and an estimate of it is provided. Possible sources of 
variability at all frequencies are investigated. Some spectral features have clear sources, such as tidal 
effects. Both the diurnal peak and its higher harmonics are clearly visible in our results. Other parts of the 
spectra have less obvious sources that may include interactions of a wind with orography and a coupling 
with wave motions in the ocean and/or seismic activity in the crust. We discuss likely causes for features 
such as the increased activity in the East-West direction compared to activity in the North-South direction 
at the Wallops location.

Andrew Nicholas (Naval Research Laboratory)
Poster Number: I19

Poster - The Winds-Ions-Neutral Composition Suite (WINCS)

Authors: Andrew Nicholas, Fred Herrero, Ted Finne, Andrew Stephan

Abstract: The Winds-Ions-Neutral Composition Suite (WINCS) instrument was designed and developed 
jointly by the Naval Research Laboratory (NRL) and NASA/Goddard Space Flight Center (GSFC) for 
ionosphere-thermosphere investigations in orbit between 400 and 550 km altitude. The three WINCS 
instruments are: the Wind and Temperature Spectrometer WTS, the Ion-Drift and ion temperature 



Spectrometer IDS, and the Neutral and Ion Mass Spectrometer NMS/IMS. The WINCS fits into a single 
package with a low Size, Weight, and Power (SWaP): 7.6 x 7.6 x 7.1 cm outer dimensions, 0.75 kg total 
mass, and

Seung Jun Oh (Space Environment Laboratory)
Poster Number: I9

Poster – The Signature of the Post-midnight Plasma Density irregularities in mid-latitude F-region during 
the solar minimum observed by VHF radar in Korea.

Authors: Seung Jun Oh, Hyosub Kil, Wookyoung Lee, Young-Sil Kwak and Tae Yong Yang

Abstract: Plasma density irregularities are a significant feature that can be responsible for the interference 
to radio communication and navigation systems. The occurrence of the plasma density irregularities in mid-
to-low latitude has seasonal and longitudinal variability during the solar minimum, and the onset conditions 
of the plasma density irregularity, specifically, in mid latitude still remains questionable due to the lack of 
the observation data. The most recent observations have revealed that the plasma density irregularities exist
after midnight with the low level of background ionospheric density during the solar minimum period. We 
have investigated the post-midnight plasma irregularities over Korean peninsula using the FAI echoes 
observed by the VHF radar and in-situ measurements by Defense Meteorological Space Program (DMSP) 
satellite. The observational characteristics of the post-midnight plasma density irregularities in mid latitude 
F-region will be discussed combining the multiple observational results.

Suyeon Oh (Chungnam National University)
Poster Number: S18

Poster - Asymmetric cosmic ray modulation of Forbush decreases

Authors: Suyeon Oh, Yu Yi, Yeon-Han Kim, Young-Deuk Park

Abstract: A Forbush decrease is a depression of cosmic ray intensity observed by ground-based neutron 
monitors. The cosmic ray intensity is thought to be modulated by the heliospheric magnetic structures such 
as the interplanetary coronal mass ejection surrounding the Earth. The different magnitude of the 
decreasing intensity at each neutron monitor is explained only by the geomagnetic cutoff rigidity of neutron 
monitor. However, neutron monitors of the almost same rigidity in northern and southern hemispheres 
observed the asymmetric intensity depression magnitudes of Forbush decrease. Thus, in this study we 
intend to see the effects on cosmic ray intensity depression rate of Forbush decrease recorded at different 
neutron monitors due to different interplanetary coronal mass ejection propagation direction as an 
additional parameter in the model explaining the cosmic ray modulation. Fortunately, since 2006 the 
coronagraphs of twin spacecraft of STEREO mission allow us to infer the propagation direction of 
interplanetary coronal mass ejection associated with the events in 3-dimension with respect to the Earth for 
each Forbush decrease. We confirm that the asymmetric cosmic ray decreasing modulations of Forbush 
decreases are determined by the propagation directions of the associated interplanetary coronal mass 
ejections.

Linda Neergaard Parker (Jacobs Technology)
Poster Number: M5

Poster - Survey of DMSP Charging Events During the Period Preceding Cycle 24 Solar Maximum

Authors: Linda Neergaard Parker and Joseph I. Minow

Abstract: It has been well established that POLAR orbiting satellites can see mild to severe charging levels 
during solar minimum conditions (Frooninckx and Sojka, 1992, Anderson and Koons, 1996, Anderson, 
2012).  However, spacecraft operations during solar maximum cannot be considered safe from auroral 
charging. Recently, we have seen examples of high level charging during the recent approach to solar 
maximum.  We present here a survey of charging events seen by the Defense Meteorological Satellite 



Program (DMSP) satellites (F16) during the solstices of 2011 and 2012.  In this survey, we summarize the 
conditions necessary for charging to occur in this environment, we describe how the lower than normal 
maximum conditions are conducive to the environment conditions necessary for charging in the POLAR 
orbit, and we show examples of the more extreme charging events, sometimes exceeding 1 kV, during this 
time period.  We also show examples of other interesting phenomenological events seen in the DMSP data, 
but which are not considered surface charging events, and discuss the differences.

Linda Neergaard Parker (Jacobs Technology)
Poster Number: M6

Poster - Development of Diffusive Shock Acceleration Algorithms for Application in Space Weather Models

Authors: Linda Neergaard Parker and Gary P. Zank

Abstract: Development of real time space weather models capable of providing quantitative predictions for 
energetic particle environments of interest to spacecraft operators during solar energetic particle events 
require modules for estimating the energy spectrum of accelerated ions.  We are approaching the problem 
by developing first principle physics based algorithms to compute energy spectra of ions accelerated at 
interplanetary shocks.  On the basis of diffusive shock acceleration (first-order Fermi acceleration), we 
address the injection of an arbitrary upstream particle distribution into the acceleration process for both 
quasi-parallel and quasi-perpendicular interplanetary shocks.  In doing so, we investigate the different 
mechanisms involved in the injection process.  Only those particles that exceed a theoretically motivated 
prescribed injection energy, E_inj, are injected.  We identify a set of quasi-parallel and quasi-perpendicular 
shocks at 1 AU observed by the Advanced Composition Explorer (ACE) and Wind (where appropriate) 
spacecraft and use the observed solar wind particle distribution information to construct upstream 
distributions, which are then assumed to be accelerated diffusively at the shock, after considering the 
observed shock parameters.  By using the observed upstream solar wind distribution function and the 
observed shock parameters, we compute the injection energy that matches the observed downstream 
accelerated particle spectrum.  Unlike the earlier studies of Vannes et al, 1984, Lario et al., 2004, and Ho et 
al, 2005, our primary focus is on the injection mechanism for protons associated with the shocks in our 
study in the context of diffusive shock acceleration with a background thermal solar wind modeled as a 
Maxwellian or kappa distribution.  Our approach allows for a direct test of injection at interplanetary 
shocks.  It has been proposed that an additional seed population of energetic particles is needed to explain 
the accelerated particle distribution downstream of quasi-parallel shocks. We find that diffusive shock 
acceleration with injection directly from an upstream thermal Maxwellian or kappa distribution for protons 
can explain the Energetic Solar Particle (ESP) events associated with quasi-parallel and quasi-
perpendicular shocks.  The current work is focused on the problem of developing accurate algorithms for 
predicting energetic particle environments generated at interplanetary shocks and validating the models 
against spacecraft observations.  Once validated, the algorithms may be incorporated into future space 
weather modeling tools.

Nicole M. Pothier (National Institute of Aerospace)
Poster Number: M12

Poster - Earth’s Ground-Based Magnetic Perturbations in Response to Substorms 

Authors: Nicole M. Pothier, Daniel R. Weimer, William Moore

Abstract: We have produced the first large-scale maps of the time-dependent surface perturbations in the 
Earth’s magnetic field following the onset of substorms.  Data from 124 ground magnetometer stations in 
the Northern Hemisphere at geomagnetic latitudes above 33 degrees were used.  Ground station data 
averaged over 5-minute intervals covering eight years (1998-2005) were used to construct pseudo-Auroral 
Upper, Auroral Lower, and Auroral Electrojet (AU, AL, and AE) indices.  These indices were convolved 
with an idealized substorm response to generate a list of substorms that extended from 1998-2005.  Events 
were sorted by Interplanetary Magnetic Field (IMF) orientation (at the Atmospheric Composition Explorer 
(ACE) satellite), season (dipole tilt angle), and substorm magnitude.  Within each category, the timing of 
the events were aligned to a common onset.  A spherical cap harmonic analysis (SCHA) was used to fit a 



smooth response at 5-minute intervals, with the fitted field at onset time subtracted from the subsequent 90 
minutes.  Maps of the three vector components of the averaged magnetic perturbations were constructed 
showing the expected effects of substorms having specified values for the peak AL index, IMF orientation, 
and dipole tilt angle.  We demonstrate a significant influence of the dipole tilt angle in the response to 
substorms.  Our results indicate that upward and downward currents in substorms appear to close through 
Pedersen currents that are co-located with the peak in the Westward electrojets.

Abdul Rachman (LAPAN Indonesia)
Poster Number: M2

Poster - The study of the relation between space weather and satellite anomalies in Indonesia 

Authors: Abdul Rachman, Neflia, Dhani Herdiwijaya

Abstract: The study of the relation between space weather and satellite anomalies in Indonesia has been in 
progress with some results. National Institute of Aeronautics and Space (LAPAN) is developing an early 
warning system against operational disruption for LEO and GEO satellites. The system utilizes two-line 
element data and some parameters of space weather such as SSN, F10.7, Kp and Dst index and the flux of 
energetic particles. This system has been used to analyze the problems ever experienced by LAPAN-
TUBSAT and Garuda 1. LAPAN in collaboration with Bandung Institute of Technology (ITB) has also 
conducted a study on the relationship between CME and CIR with energetic particles using satellite 
anomaly events available on the internet. The results of the analysis support the idea that CIR-driven storms 
pose more of a problem for the satellites than CME-driven storms. The study also indicates the significant 
influence of charged particles especially low-energy electron (< 100 keV) in the anomaly dataset. ITB has 
studied space charging as a function of SEP energy and satellite's altitude. ITB also has studied the South 
Atlantic Anomaly and the appropriate material for reducing the effects of space environment on satellites. 
The conclusion is aluminum is suitable for reducing the effects from space charging and gold is suitable for 
reducing the effects from SEU. Currently, LAPAN is studying the effects of CME and CIR on Indonesia's 
GSO satellites using data from related operators.

Zhipeng Ren (High Altitude Observatory, National Center for Atmospheric Research)
Poster Number: I16

Poster - TIME3D-IGGCAS: A New Three-Dimension Theoretical Ionospheric Model in realistic 
geomagnetic fields

Authors: Zhipeng Ren*, Hanli Liu, Weixing Wan,  Libo Liu, and Huijun Le

Abstract: Based on the previous work, a new global three-dimension theoretical ionospheric model in 
realistic geomagnetic fields is developed, named Three-Dimension Theoretical Ionospheric Model of the 
Earth in the Institute of Geology and Geophysics, Chinese Academy of Sciences (TIME3D-IGGCAS). This 
new model covers the whole ionosphere and plasmasphere. It self-consistently solves the equations of mass 
continuity, motion and energy of electron and ions to give out the time-dependent three-dimensional 
structures of the main ionospheric and plasmaspheric parameters in realistic geomagnetic fields, including 
ion number densities of O+, H+, He+, NO+, O2+ , N2+ and electron; electron and ion temperature; and ion 
velocity vectors. TIME3D-IGGCAS can also self-consistently run as the module of ionosphere-
plasmasphere of GCITEM-IGGCAS (Global Coupled Ionosphere-Thermosphere-Electrodynamics Model 
developed at Institute of Geology and Geophysics, Chinese Academy of Sciences). We carry out 
simulations in March Equinox and in June Solstice, and compare the simulated results with that from IRI 
empirical model. TIME3D-IGGCAS can well reproduce the main ionospheric features in all simulations. 
We also simulate the ionospheric differences between different kinds of geomagnetic fields. The results 
suggest that the geomagnetic field configuration obviously affect the ionospheric plasma density, and the 
differences between NmF2 in realistic geomagnetic fields and that in tilted dipole fields can be larger than 
40%.



E. Joshua Rigler (U.S. Geological Survey)
Poster Number: M15

Poster - Information Theory and Multivariate Analysis applied to Geomagnetic Data

Authors: E. Joshua Rigler, Michael Wiltberger, and Lutz Rastaetter

Abstract: Information theory is largely concerned with quantifying the joint probability distribution of sets 
of related random variables. The multivariate Gaussian function is one of the most familiar and widely used 
distributions, due to its simple parametric form. Here, classical multivariate Gaussian probability density 
distributions are reviewed, then generalized to non-Gaussian distributions using mixture models. There is a 
broad array of practical applications for such probability density distributions, generally falling into one of 
three functional categories: clustering analysis; discriminant analysis (i.e., feature classification); and 
regression analysis. This presentation focuses mostly on the latter by applying multivariate Gaussian 
mixture models to fill in "missing" ground magnetometer observations in magnetic local time coordinates 
where available observations are relatively sparse. The “imputed” data are now statistically consistent with 
observed data, and the complete data may be used for a variety of additional analyses.

Juan V. Rodriguez (University of Colorado)
Poster Number: S19

Poster - Intercalibration of GOES 8-15 Solar Proton Measurements

Authors: Juan V. Rodriguez and Justin Krosschell

Abstract: We have developed a method for intercalibrating GOES solar proton measurements, based on 
the theory that similar detectors at different locations in Earth's magnetosphere measure the same solar 
proton fluxes if their energies are above the geomagnetic cutoffs and if the interplanetary source is 
isotropic.  This method is applied to data from the energetic proton instruments of identical design on 
GOES-8-12 (Energetic Particle Sensors) and GOES-13-15 (Energetic Proton, Electron and Alpha 
Detectors).  These instruments record proton fluxes in seven energy channels.  Integral fluxes derived from 
the channel fluxes are used by SWPC to categorize solar proton events according to the NOAA Solar 
Radiation Storm Scale.  We find that there is good agreement among the multiple flight models.  While a 
few channels differ by 25-30%, most agree within 10% and a few agree to within 1%.  Apart from the
channels that have failed due to noise, the relative responses of the instruments have been stable over 
multiple years on orbit.

Susumu Saito (Electronic Navigation Research Institute)
Poster Number: I11

Poster - Ionospheric characterization program of ENRI in support of air navigation

Authors: Susumu Saito, Takayuki Yoshihara, and Kazuaki Hoshinoo

Abstract: Global navigation satellite system (GNSS) has been regarded as the core navigation 
infrastructure for the enhancement of capacity and efficiency of air transportation. 
The ionosphere is one of the most important error sources in GNSS positioning accuracy. It has been 
recognized that ionosphere data collection is important to characterize the low latitude ionosphere to 
enhance the performance of GNSS with keeping a high level of required safety.

Since current air navigation use single-frequency (L1) based GNSS, ionospheric delay correction is 
essential. Differential GNSS techniques are used to correct ionospheric errors. Therefore, spatial, especially 
very localized, variation in the ionospheric delays (or total electron contents) needs to be characterized.
Ionospheric scintillation is another risk to GNSS with degradation of measurements and loss-of-lock of 
satellites.

Electronic Navigation Research Institute (ENRI) is working on collecting short-baseline ionospheric delay 
variations and scintillations associated with low latitude ionospheric disturbances in Ishigaki (24.3N, 



124.2E, 19.4 Mag. Lat.), Japan. All-sky imager installed Yonaguni, near Ishigaki is used to observe two-
dimensional ionospheric density variations.

Similar short baseline ionospheric spatial variation measurement systems are in operation in Bangkok, 
Thailand(*1), and Kototabang, Indonesia(*2).

ENRI is also leading an internationally coordinated ionospheric characterization program through ICAO 
(International Civil Aviation Organization). The Ionospheric Studies Task Force (ISTF) has been 
established in July 2011 in the ICAO Asia-Pacific Region to facilitate characterization of ionosphere to 
support the implementation of GNSS applications for aviation by internationally coordinated ionospheric 
data collection, analysis and sharing. So far, 542 data sources for ionospheric delay and 37 data sources for 
ionospheric scintillation have been identified. Common data formats for GNSS TEC data and scintillation 
data have been developed. ISTF is working with a target date of delivering outcomes at the end of 2014.
Since the ionospheric conditions are similar in the same logitudinal region, collaborative approach to this 
issue should be effective. Contributions of GNSS ionospheric data and technical information to ISTF are 
welcome. 

(*1) In collaboration with King Mongkut's Institute of Technology Ladkrabang (KMITL), Thailand
(*2) In collaboration with Nagoya University, Kyoto University, Japan, and National Institute of Space and 
Aeronautics (LAPAN), Indonesia.

Michael Schuh (Flare Forecast LLC)
Poster Number: S4

Poster - A Comprehensive Approach to Reliable Solar Flare Forecasting 

Authors: Michael Schuh, Alexander Engell, Rafal Angryk, Petrus Martens

Abstract: Flare Forecast LLC is currently developing a space weather prediction system that will meet the 
solar flare forecasting needs of our increasingly technological world. Our state-of-the-art system combines 
a broad range of new and relevant solar science data products and computer science algorithms to produce 
the most comprehensive and reliable forecasting system available. Fully automated forecasts are delivered 
in near real-time and are highly customizable to meet the unique needs of any concerned industry, greatly 
enhancing their ability to prepare and respond to potentially catastrophic space weather events related to 
solar flare eruptions. Such events can damage power grids causing electrical blackouts, disrupt satellites 
and telecommunication services, and expose humans to unsafe levels of solar radiation requiring the 
rescheduling of space missions and rerouting of commercial polar flights; all at the cost of millions of 
dollars to government and industry.

Ja Soon Shim (CUA/ NASA GSFC)
Poster Number: I15

Poster – Role of High-latitude drivers in Ionosphere/Thermosphere dynamics during 2006 AGU storm

Authors: J. S. Shim, M. Kuznetsova, L. Rastatter, D. H. Berrios, M. Codrescu, B. Emery, M. Fedrizzi, M. 
Foerster, B. Foster, T. Fuller-Rowell, A. J. Mannucci, C. Negrea, X. Pi, B. E. Prokhorov, A. Ridley, A. 
Coster, L. Goncharenko, L. Lomidze, L. Scherliess

Abstract: To study effects of high-latitude drivers, we compared Ionosphere/Thermosphere (IT) model 
performance for predicting IT parameters, which were obtained using different models for the high-latitude 
ionospheric electric potential including Weimer 2005, AMIE (assimilative mapping of ionospheric 
electrodynamics) and global magnetosphere models (e.g. Space Weather Modeling Framework). For this 
study, the physical parameters selected are Total Electron Content (TEC) obtained by GPS ground stations, 
and NmF2 and hmF2 from COSMIC LEO satellites in the selected 5 degree eight longitude sectors. In 
addition, Ne, Te, Ti, and Tn at about 300 km height from ISRs are considered. We compared the modeled 
values with the observations for the 2006 AGU storm period and quantified the performance of the models 
using skill scores. Furthermore, the skill scores are obtained for three latitude regions (low, middle and high 



latitudes) in order to investigate latitudinal dependence of the models’ performance. This study is supported 
by the Community Coordinated Modeling Center (CCMC) at the Goddard Space Flight Center. The CCMC 
converted ionosphere drivers from a variety of sources and developed an interpolation tool that can be 
employed by any modelers for easy driver swapping. Model outputs and observational data used for the 
study will be permanently posted at the CCMC website (http://ccmc.gsfc.nasa.gov) as a resource for the 
space science communities to use.

Hisao Takahasi (INPE)
Poster Number: I12

Poster - Ionospheric weather monitoring by TEC Mapping over South America 

Presented by - Joaquim E.R. Costa

Authors: H. Takahashi, C. M. Denardini, J. E. R. Costa, R. C. Gatto, S. Costa, Y. Otsuka, J. G. Monico, E. 
de Paula, J. R. de Souza, A. Ivo, V. Gomes, W. G. Junior, F. B. Guedes

Abstract: Total electron contents (TEC) in the equatorial and low latitude ionosphere over South America 
have been monitoring by ground-based GPS receiving network RBMC, IGS, LISN and RAMSAC. Around 
120 GPS receivers spread out over the continent made it possible to produce TECMAP with a spatial 
resolution of approximately 100 - 300 km and a time resolution of 10 minutes. Real-time TEC mapping is 
also available since December 2012 but with the limited receiving sites. From the TECMAP image data 
over Brazil in 2011, it was possible to visualize time evolution of the Equatorial Anomaly, post-sunset 
plasma enhancement and plasma bubbles. Large day to day variability of these phenomena indicates the 
difficulty in ionospheric weather prediction in the equatorial region.

W. Kent Tobiska (Space Environment Technologies)
Poster Number: S17

Poster – Automated Radiation Measurements for Aviation Safety (ARMAS)

Authors: W. Atwell, J.B. Blake, W.R. Crain, K. Cecil, C. Flynn, R. Fuschino, R. Wilkins, B. Gersey, M. 
Holland, K. Malone, B. Schunk, D. Rice, D. Bell, C. Mertens, G. Crowley, D. Bouwer, L. Didkovsky, J. 
Bailey, and H. Garrett

Abstract: The Automated Radiation Measurements for Aviation Safety (ARMAS) project uses an 
innovative approach with a low-cost dosimeter sensor to enhance Earth science research and improve 
aviation safety. The ARMAS team is deploying and obtaining data from a micro dosimeter to be flown on a 
commercial altitude aircraft. These data will be retrieved in real-time, downlinked to the ground, and used 
to validate the Nowcast of Atmospheric Ionizing Radiation for Aviation Safety (NAIRAS) modeled 
radiation environment. The result will be improved accuracy of radiation dose and dose rates along flight 
tracks. In doing so, the ARMAS project is making a significant contribution toward improving U.S. and 
international aviation safety by laying the groundwork for an automated, reliable operational system that 
can monitor the natural galactic and solar radiation environment at commercial aviation flight levels. We 
will describe the progress of ARMAS development.

Takuya Tsugawa (NICT)
Poster Number: I13

Poster - Current and future perspective of NICT ionospheric observations

Authors: T. Tsugawa, H. Kato, H. Ishibashi, M. Kunitake, M. Nishioka, T. Kondo, K. Yamamoto, H. 
Kitauchi, T. Maruyama, and M. Ishii

Abstract: National Institute of Information and Communications Technology (NICT) has been observing 
ionosphere by ionosondes for over 60 years in Japan. At present, four ionosondes at Wakkanai(Sarobetsu), 
Kokubunji, Yamagawa, Okinawa(Ogimi) are automatically operated and controlled from Tokyo. Routine 
observation cycle is 15 minutes, but we can have high time resolution of 1-min in special observation 



mode.NICT has also been observing ionosphere at Syowa station in Antarctic using the same instruments 
as domestic ones since IGY, 1957. In addition to ionosonde observations, we have developed two-
dimensional total electron content (TEC) maps over Japan using the dense GNSS network, GEONET, 
operated by Geospatial Information Authority of Japan (GSI) since mid-1990s. For the research purpose of 
severe ionospheric disturbances in the equatorial region, such as plasma bubble, we have developed the 
Southeast Asia low-latitude ionospheric network (SEALION) since 2003. SEALION consists of six 
ionosondes, four GPS receivers, two GPS scintillation monitors, and two magnetometers, and one all-sky 
imager in Thailand, Indonesia, Vietnam, Philippines, and China. SEALION is a unique ionospheric 
observation network in having the conjugate observational points in the northern and southern hemispheres 
and around the magnetic equator. We will introduce the current status and future perspective of NICT 
ionospheric observations.

Bonnie Valant-Spaight (Propagation Research Associates, Inc.)
Poster Number: I21

Poster – GPS User Needs for Communication of Ionospheric Scintillation Impact

Authors: G. Martin Hall, Bonnie Valant-Spaight

Abstract: The GPS user community has a variety of needs in terms of positioning accuracy and 
consequently has equally varied sensitivity to the effects of ionospheric scintillation on GPS solutions.  For 
example, the GPS user who is a hobbyist (perhaps wanting to calibrate his car’s speedometer) will likely 
have a higher tolerance for error than the farmer using automated equipment to spray pesticide on crops.  In 
addition, the integration of GPS receivers into larger systems affects the sensitivity of those user groups 
toward degradation or loss of one or more GPS satellite links. In order to develop a better understanding of 
these needs, we created a user map and identified GPS users requiring precise positioning, navigation, and 
timing results that might be affected by scintillation.  We researched these communities and interviewed 
users and user surrogates to determine what the impacts of ionospheric scintillation might be on operations 
and how scintillation nowcasts might be effectively communicated.  This poster presents the results of this 
analysis.

Andrew C. Walker (CUA/ NASA GSFC)
Poster Number: I2

Poster – A Comparison of Drag Coefficients Computed with Diffuse and Quasi-specular Gas-Surface 
Interaction Models

Authors: Walker, A., Mehta, P., Koller, J.

Abstract: Previous drag coefficient models for satellites in low Earth orbit have assumed diffuse reflection 
with incomplete accommodation for the gas-surface interaction model. At altitudes below ~300 km, where 
atomic oxygen dominates the atmosphere, diffuse reflection accurately describes the gas-surface interaction 
due to the adsorption of atomic oxygen to satellite surfaces. At altitudes above ~500 km, where helium 
becomes a significant atmospheric constituent, gas-surface interactions are expected to become quasi-
specular in nature as atmospheric gas interacts directly with the “clean” satellite surface. Quasi-specular 
reflection has been observed in molecular beam experiments for clean surfaces; however, when an 
adsorpate such as atomic oxygen is present, the same experiments indicate particles are reflected diffusely 
and in near complete accommodation with the surface. The Cercignani-Lampis-Lord (CLL) gas-surface 
interaction model can simulate a continuum of reflected angular distributions from specular to quasi-
specular to diffuse and the entire spectrum of energy accommodation. Both the CLL and diffuse drag 
coefficient models are made self-consistent by relating the effective energy accommodation (based on the 
fractional surface coverage of atomic oxygen) to the partial pressure of atomic oxygen through a Langmuir 
isotherm. Drag coefficient solutions using the quasi-specular CLL gas-surface interaction model are 
compared to fitted drag coefficients and drag coefficients computed using two other gas-surface interaction 
models: diffuse reflection with incomplete accommodation and Maxwell’s model. Comparison during solar 
maximum conditions shows that both the diffuse reflection with incomplete accommodation and CLL 



models agree with fitted drag coefficients within ~2% below ~500 km altitude. Maxwell’s model is unable 
to agree with the fitted drag coefficients as a function of altitude with errors up to ~10%. Further 
comparison is made between drag coefficients computed with atmospheric properties at solar minimum and 
solar maximum conditions using the CLL gas-surface interaction model. Solar minimum drag coefficients 
are found to be up to ~24% higher than those at solar maximum based on GITM atmospheric properties. 
Drag coefficients computed with NRLMSISE-00 and GITM agree within ~2% at solar maximum but 
disagree by up to ~11% at solar minimum due primarily to differences in the atmospheric number density.

Shinichi Watari (National Institute of Info. and Com. Tech.)
Poster Number: O4

Poster - Survey of Space Weather Information Users in Japan 

Authors: Shinichi Watari, Mamoru Ishii, Tsutomu Nagatsuma, Takuya Tsugawa, Hidekatsu Jin, and 
Yasubumi Kubota

Abstract: Communication with users is important for improvement of any information services. This is 
also true for space weather information services. For this purpose, we have the space weather users’ forum 
approximately every year since 2003. This year’s forum is the 8th forum and approximately ninety people 
participated in the forum. Many people related with aviation came to the forum reflecting release of a draft 
of the Concept of Operations for International Space Weather Information in Support of Aviation by the 
International Civil Aviation Organization (ICAO). Adding to the forum, we carried out survey of space 
weather information users this year. We listed up our present users and potential users of space weather 
using participant lists of the forum, access data of web site, and list of mail users. We picked up 
approximately 50 institutes or companies and made telephone interviews. Then we selected five places for 
hearing. As the result of hearing, we re-recognized that HF communication is still important 
communication method in aviation. Result of our survey suggests the followings. 1) It is important to
increase of user’s awareness and knowledge on ‘space weather.’ This suggests that we need to provide 
educational materials such as a tutorial of space weather. Lectures or consultant services may be helpful for 
users. 2) Customized service for each user is important because they use only limited number of data for 
their purpose. 3) Many users need forecast rather than nowcast.

Lisa Wei (AER)
Poster Number: M13

Poster - Surface Electric Fields for North America During Geomagnetic Storms 

Authors: Nicole Homeier, Jennifer Gannon

Abstract: We are developing surface electric field scenarios for the continental U.S. to better understand 
the impact of geomagnetic disturbances (GMDs) on the electric grid. These surface electric field time-
series are created for both historical and simulated extreme geomagnetic storms. Using the spherical 
elementary current system method (SECS), we interpolate the sparsely distributed magnetometer data 
across North America. This interpolated magnetic field data is combined with surface impedances from the 
United States Geological Survey for physiographic regions to create a database of horizontal, orthogonal 
surface electric field maps in one-minute time steps during each storm. The induced surface electric field 
strongly depends on the local surface impedance – we discuss the relative response of different 
physiographic regions to different sets of magnetic field inputs. We also discuss our current implementation 
of the coastal enhancement effect of the surface electric field.

Daniel R. Weimer (Virginia Tech)
Poster Number: M14

Poster - Space Weather Predictions Using Real Time Solar Wind Measurements In Empirical Models 

Authors: Daniel R. Weimer



Abstract: Predictive models that use real time data from the Advanced Composition Explorer satellite 
(ACE) have been constructed to calculate various parameters in the high-latitude, auroral ionosphere.  
Maps of the electric potentials, field-aligned currents, and Poynting flux are generated in near real time.  A 
separate model calculates the ground-level geomagnetic perturbations in the Northern Hemisphere, 
producing maps of the north-south, east-west, and vertical components of the magnetic disturbance.   These 
maps are displayed on web pages that are continuously updated as the ACE data are received from the 
NOAA Space Weather Prediction Center.  This web site has been running continuously for well over a 
year.   It is also possible to calculate, from the total Poynting flux, future changes in the global average 
temperature of the thermosphere, and from this, the neutral densities in the thermosphere at various 
altitudes.

Matthew John West (Royal Observatory Belgium)
Poster Number: S6

Poster - PROBA2 and its uses for Space Weather Monitoring

Authors: M.J. West, D.B. Seaton, D. Berghmans, M. Dominique, J. Zender, A. De Groof, A. BenMoussa, 
I.E. Dammasch, J.-F. Hochedez, K. Stegen, E. Pylyser, B. Nicula

Abstract: PROBA2 is the second satellite in the European Space Agency's series of PROBA small scale 
(low budget) satellites that are being used to validate new spacecraft technologies while also carrying 
scientific instruments. It was launched on November 2, 2009 into a sun-synchronous low Earth orbit 
(altitude of 700 km). PROBA2 contains two instruments designated to observe the Sun: "The Sun Watcher 
using APS and Image Processing" (SWAP, an EUV imager) and the "Lyman Alpha Radiometer" (LYRA). 
Both instruments monitor the sources of space weather. In particular; SWAP performs a systematic CME 
(coronal mass ejection) watch program at an image cadence of approximately 1 image every minute. 
SWAP monitors events in the low solar corona that might be relevant for space weather. These events 
include EIT waves (global waves propagating across the solar disc from the CME eruption site), EUV 
dimming regions (transient coronal holes from where the CME has lifted off) and filament instabilities (a 
specific type of flickering during the rise of a filament). SWAP also takes advantage of off-pointing, 
provided by the agility feature of the PROBA2 platform, to follow CMEs or features off the solar disk. 
LYRA monitors solar irradiance in four UV passbands specifically chosen for their relevance to solar 
physics, aeronomy and Space Weather, providing high tie cadence observations of flares and other UV 
phenomena. Here we discuss some of the unique features of the mission, including its off pointing 
capabilities and some of its unique observation capabilities.

Emily M. Willis (Marshall Space Flight Center)
Poster Number: M3

Poster - Recent Applications of Space Weather Research to NASA Space Missions 

Authors: Emily M. Willis, James W. Howard Jr., J. Scott Miller, Joseph I. Minow, L. Neergaard Parker, 
and Robert M. Suggs

Abstract: Marshall Space Flight Center’s Space Environments Team is committed to applying the latest 
research in space weather to NASA programs. We analyze data from an extensive set of space weather 
satellites in order to define the space environments for some of NASA’s highest profile programs. Our goal 
is to ensure that spacecraft are designed to be successful in all environments encountered during their 
missions. We also collaborate with universities, industry, and other federal agencies to provide analysis of 
anomalies and operational impacts to current missions. This presentation is a summary of some of our most 
recent applications of space weather data,  including the definition of the space environments for the initial 
phases of the Space Launch System (SLS),  acquisition of International Space Station (ISS) frame potential 
variations during geomagnetic storms, and Nascap-2K charging analyses.



Lisa M. Winter (Atmospheric and Environmental Research)
Poster Number: M4

Poster - Solar Energetic Proton Nowcast for Low Earth Orbits

Authors: R. A. Quinn

Abstract: Solar energetic proton flux levels above > 10 pfu can damage spacecraft and pose a hazard to 
astronauts as well as passengers and crew on polar commercial flights.  While the GOES satellites provide 
real-time data of SEP levels in geosynchronous orbit, it is also important to determine the risk to objects in 
lower altitude orbits.  To assess this risk in real-time, we created a web-based nowcast of SEP flux.  The 
tool determines the current solar energetic proton flux level given input position (latitude, longitude, and 
altitude) and energy of the protons (e.g., > 10 MeV).  The effective cutoff energy is calculated for the 
location and current geomagnetic storm level (i.e., the Kp value from SWPC) using the Shea & Smart (e.g., 
Smart et al. 1999abc, 2000) geomagnetic cutoff model, which uses a trajectory tracing technique through 
the Tsyganenko magnetospheric model for the geomagnetic field.  With the cutoff energy and GOES 
proton flux measurements, a map of the current predicted proton flux level at the input energy is displayed 
along with the calculated integral spectrum for the input position.

Qian Wu (NCAR)
Poster Number: I18

Poster - Balloon Borne Fabry-Perot Interferometer for Thermospheric Wind Observation 

Authors: Qian Wu

Abstract: HIWIND is the first balloon borne Fabry-Perot interferometer designed to measure daytime 
thermospheric winds.   Thermospheric wind is a key parameter for understanding ionosphere at all 
latitudes.  The most common method of measuring the wind is through Doppler airglow remote sensing 
using a Fabry-Perot interferometer.   Optical remote sensing is difficult during the day due to the high solar 
scattering background.   HIWIND overcomes this problem by flying at 40 km, where the scattering 
intensity is only 0.1 % of that at the sea level.    In June 2011, HIWIND flew from Kiruna Sweden across 
the Atlantic Ocean and landed in northern Canada.  HIWIND was able to obtain high quality daytime 
thermospheric winds as we had expected.    During the HIWIND flight, local ground based incoherent 
scatter radar from EISCAT provided simultaneous ionosphere observation.   The combined neutral-ion 
observation offers a great opportunity to explore the interaction between the thermosphere and ionosphere 
and for future spaceweather applications. The daytime observation allows us to estimate the ion-neutral 
collision with a much higher accuracy.   HIWIND data also gives a rare chance to validate daytime NCAR 
TIEGCM simulation and is a good reference for future refinements.   A short flight of HIWIND certainly 
cannot satisfy all the need for thermospheric winds.   We hope to fly HIWIND more in the future to realize 
its full potential.

Hsiu-Shan Yu (University of California at San Diego)
Poster Number: S13

Poster - The 3D Recontstructed Global Solar Wind Boundary from Remote-Sensing IPS Data

Authors: Hsiu-Shan Yu, B.V. Jackson, P.P. Hick, A. Buffington, Tae K. Kim, Nikolai V. Pogorelov, Chin-
Chun Wu

Abstract: The University of California, San Diego (UCSD) interplanetary scintillation (IPS) remote-
sensing analyses of the heliosphere have measured and reconstructed 3D solar wind velocities and densities 
for nearly two decades. These global results, especially using Solar-Terrestrial Environment Laboratory 
(STELab) IPS observations, provide time-dependent density and velocity that is nearly complete over the 
whole heliosphere for the major part of each year and with a time cadence of about one day. The IPS 
volumetric velocity from this time-dependent tomography accurately convects solar surface magnetic fields 
outward and thus provides values of the magnetic field throughout the global volume. Therefore, we can 
extract these parameters at any height in the inner heliosphere and use it as an inner "boundary" for MHD 



models. Here we present sample determinations of the global solar wind boundaries we have provided for 
3D-MHD models from recent IPS data sets. Preliminary 3D-MHD modeling results from two different 
modeling efforts are shown using these boundaries.

Xinan Yue (UCAR)
Poster Number: I6

Poster - GNSS Radio Occultation (RO) signal response to solar radio burst (SRB) event 

Authors: Xinan Yue, William S. Schreiner, Ying-Hwa Kuo

Abstract: Solar Radio Burst (SRB) is the radio wave emission after solar flare covering a broad frequency 
range originated from the Sun's atmosphere. During the SRB occurrence, some specific frequency radio 
could interfere with the Global Navigation Satellite System (GNSS) signals and therefore disturb the 
received signals. Some previous investigations, which were mainly based on ground based observation, 
have shown that SRB could cripple GNSS signals significantly. In this study, low Earth orbit (LEO) based 
high resolution radio occultation (RO) signals from multi-satellites (COSMIC, CHAMP, GRACE, SAC-C, 
Metop-A, and TerraSAR-X) processed in University Corporation for Atmospheric Research (UCAR) 
COSMIC data analysis and archive center (CDAAC) were used to evaluate the effect of SRB on RO 
technique. The radio solar telescope network (RSTN) observed radio flux was used to represent SRB 
occurrence. An extreme case during December 6 2006 and statistical analysis during April 2006-September 
2012 were studied. The LEO RO signals show frequent loss of lock (LOL), simultaneous decrease and 
oscillations on L1 and L2 signal-to-noise ratio (SNR) globally during daytime, small scale oscillations of 
SNR, decreased successful retrieval percentage (SRP) for both ionospheric and atmospheric occultations 
during SRB occurrence. Either decreased data volume or data quality will influence weather prediction, 
climate study, and space weather monitoring by using RO data during SRB time. A threshold value of 
~1600 SFU, which can result in observable GNSS SNR decrease, was derived based on statistical analysis.

Lawrence J. Zanetti (Johns Hopkins University)
Poster Number: S15

Poster - Advanced Techniques for Space Weather Predictions - L5 

Authors: DN Baker, JC Kasper, G Fountain, C DeBoy

Abstract: Systems research will develop the solutions to space weather issues, warnings and alerts, and 
advanced predictive capability.  Agencies that fund missions have focused on observations critical to the 
understanding of space weather phenomena of the Sun-heliosphere-Geospace and near-Earth space, 
including routine broadcasts of real-time observations. 

Advanced measurements, such as those on ACE and STEREO along with high and low altitude Geospace 
missions and ground-based observations, are crucial for advances in research, modeling and future 
prediction capability.  STEREO and ACE energetic particle research and chronograph images have proven 
the outstanding vantage points of L5 as well as L1 for space weather warnings; mission concepts are 
presented that will satisfy the real-time space weather requirements as well as provide advanced 
measurement techniques to verify models, possibly assimilate into propagation models, and to increase 
space weather storm warning times.


