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Article 1: 

An introduction on ISEST (International Study 

of Earth-Affecting Solar Transients)   Working 

Group on Theory 

Bojan Vrsnak 
Hvar Observatory, Croatia  
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I n June 2013, a kick-off meeting of the 

ISEST program (International Study of 

Earth-Affecting Solar Transients) was 

held at Hvar, Croatia (Figure 1), 

following an initiative by Jie Zhang, 

Yuming Wang, and Nat Gopalswamy. 

This workshop, organized by Hvar 

Observatory, was a kind of ñforerunnerò 

of the forthcoming launch of the VarSITI/

SCOSTEP program   in   January    2014. 

Figure 1.  ISEST Kick-off meeting, 
June 17-20 2013, Hvar, Croatia (http://
spaceweather.gmu.edu/meetings/
ISEST/Home.html). 
 

The workshop was attended by 36 

participants from 14 countries (http://  

spaceweather.gmu.edu/meetings/ISEST/

Home.html). The main goal of the 

meeting was to formulate objectives of  

the ISEST program and its further                             

activities. Beside plenary sessions, the  

work at the meeting was organized in four 

groups (WG1: Data, WG2: Theory, WG3: 

Simulation, WG4: Event Campaign), 

which became a backbone of the ISEST 

program. Later on, three more groups 

were added (WG5: Bs Challenge, WG6: 

Solar Energetic Particles, WG7: MiniMax 

Campaign). 

 

T he overall aim of WG2 is to advance our comprehension of the physical 

background of Earth-affecting solar 

transients. The main goals can be  

summarized as follows: 

- to improve the understanding of the 

structure and evolution of coronal mass 

ejections (CMEs) as well as their origin 

and their magnetic structure, including the 

problem of modelling the southward 

magnetic field component (Bs);  

- to improve comprehension of the 

coronal and heliospheric dynamics of 

CMEs, including the interaction with 

ambient solar wind and interplanetary 

magnetic field, causing deceleration/

acceleration and deflections; 
-  to get a better insight into how long 
does the Lorentz force dominate over the 

aerodynamic drag force, including the 

estimation of the drag parameter and/or 
the dimensionless drag coefficient;  
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- to compare the results derived by different analytic and 

numerical models with observations, e.g., 1 AU transit 

time, impact speed, impact magnetic field, etc.; 

- to advance understanding of the structure and evolution 

of corotating interaction regions and physical relationship 

with coronal holes. 

 

A t this point, the WG2 operational activity is mainly directed to advancing analytic CME-propagation 

models that can be used for the forecasting purposes, 

such as the Drag Based Model (DBM, Ģic et al. 2015 and 

references therein), the Deflection Model (DIPS; Wang et 

al. 2014) and Snow Plough Model (SPM; Tappin, 2006). 

In recent years, the DBM started to be frequently 

employed tool used to understand better various aspects 

of the heliospheric dynamics of CMEs (e.g., Wang et al. 

2016 and references therein). The CME deflected 

propagation in the solar wind was reproduced in a 3D 

MHD simulation (Shiota et al. 2016). Comparisons of 

results based on analytical models and those based on 

numerical models have become another important aspect 

of WG2 activity, such as ENLIL, COIN-TVD, CESE, 

and H3DMHD (Figure 2; Vrġnak et al. 2014). 
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Figure 2.  Comparison of numerical ENLIL code and analytic Drag-Based Model (DBM).  
a) ENLIL simulation (http://iswa.gsfc.nasa.gov/iswa/iSWA.html); b) DBM output (http://oh.geof.unizg.hr/
DBM/dbm.php). Snapshots show the situation on 2012 April 26 (12 UT and 07 UT for ENLIL and DBM, 
respectively), representing the CME that was launched on 2012 April 23. c) DBM-calculated vs. ENLIL-
calculated Sun-1AU transit times for a sample of 50 CMEs (adopted from Vrġnak et al. 2014). 
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Database of global òEIT wavesó identified by the Coronal Pulse 

Identification and Tracking Algorithm (CorPITA) 

Article : 

David Long and David Pérez-Suárez  

Mullard Space Science Laboratory,  

University College London, UK 

ñE IT wavesò are globally-propagating bright wave-

like features associated with a solar eruption that 

can traverse the solar disk in under an hour (see Figure 

1). They were first observed by SOHO/EIT in 1997 

(e.g., Moses et al., 1997; Dere et al., 1997; Thompson et 

al., 1998) but are not yet fully understood. However, 

they are strongly associated with coronal mass ejections 

(CMEs) and could provide opportunities to study both 

the solar corona through which they propagate (via coro-

nal seismology) and the associated CME itself. Although 

they can be readily identified ñby-eyeò using moving 

images, identifying and tracking them over an extended 

period of time requires extensive image processing of 

individual images. This approach is complicated by the 

sheer volume of data provided by the Solar Dynamics 

Observatory (SDO), which has necessitated develop-

ment of automated techniques for identifying and track-

ing dynamic solar features (cf. Martens et al., 2012).   
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Figure 1. An ñEIT waveò event observed on 12-May-1997 by the SOHO/EIT instrument. These 
running difference images (wherein a following image is subtracted from a leading image) are 
used to highlight the moving pulse and make it easier to identify in single images. 

5ŀǾƛŘ tŞǊŜȊ-{ǳłǊŜȊ  

 

T he Coronal Pulse Identification and Tracking Algo-rithm (CorPITA; Long et al., 2014) was designed 

to identify, track and analyse global ñEIT wavesò using 

SDO images in the 211¡ passband. The code is trig-

gered by the start time of a solar flare, using its location 

as a source and searching for any bright transient feature 

radiating from there. CorPITA uses a series of overlap-

ping arc sectors to produce intensity profiles which are 

examined to identify a moving pulse. If a pulse is de-

tected, the algorithm tracks it for as long as possible 

before measuring its velocity and acceleration in each 

arc. The derived properties of the pulse are then used to 

determine a quality rating, which defines the confidence 

that the detection is a true ñEIT waveò pulse. An exam 

 

 

 

ple of the output provided by CorPITA is shown in Fig-

ure 2. 

 

T he process of putting the output from the CorPITA code online has begun thanks to a grant awarded by 

the VarSITI consortium. The grant was used to fund an 

undergraduate student who began running CorPITA 

systematically by applying it to 238 ñEIT waveò events 

previously identified by Nitta et al. (2013). This is the 

first step in compiling a database of ñEIT wavesò and 

also provides a benchmark for the effectiveness of the 

code. The initial database is available online at https://

sites.google.com/site/daithisolar/research/corpita, and 

will be added to as more events are processed.    
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Article 3: 

ULF Wave Power Index for Space Weather and Geophysical  

Applications 
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Figure 2. An example of the output from CorPITA, in this case an event from 13-March-2012. The code 
provides a visual output of the identified pulse (left panel) and a plot of the fitted kinematics of the highest 
rated arc sector (right panel). 
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T he interaction between the solar wind (SW) and terrestrial magnetosphere is the primary driver of  

the processes occurring in the near-Earth environment. 

This interaction has often been viewed using the implicit 

assumption of a laminar plasma flow. Various geomag-

netic indices and averaged SW/IMF parameters quantify 

the energy supply in certain regions of the SW-

magnetosphere-ionosphere system, and are used as pri-

mary tools in studies of solar-terrestrial relationships. 

However, these indices characterize the steady-state lev-

el of the electrodynamics of the near-Earth environment. 

The turbulent character of SW drivers and the existence 

of natural MHD waveguides and resonators in the ULF 

frequency range (~2-10 mHz) ensures a quasi-periodic 

V.A. Pilipenko(1,2) , O.V. Kozyreva3,  

M.J. Engebretson4, and A.A. Soloviev(1,3)  

1. Geophysical Center, Moscow, Russia 

2. Space Research Institute,  

    Moscow, Russia 

3. Institute of Physics of the Earth,  

    Moscow, Russia 

4. Augsburg College, Minneapolis, USA 
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response to forcing at the boundary layers. We have elab-

orated a new index, coined a ñULF wave power index,ò 

characterizing the turbulent character of the energy trans-

fer from the SW into the upper atmosphere and the short-

scale variability of near-Earth electromagnetic processes.  

 

E ven a provisional version of the index has been suc-cessfully used in various areas of space geophysics. 

An hourly ULF wave index, using the spectral features of 

ULF power in the Pc5 band (periods from ~500 sec to 

~150 sec) is derived from a world-wide array of magne-

tometers in the Northern hemisphere. 

 

F or any UT hour, the magnetic stations in a chosen MLT sector and in a selected CGM latitude range are 

selected. The amplitude spectra F(f) of each horizontal 
component are calculated in a 1 hour running window. A 

discrimination line, separating the background noise and 

signal spectra S(f), is determined as the linear fit in log-

linear plot of F(f) (Figure 1). A spectral bump above the 

discrimination line is considered as a contribution from a 

narrow-band signal. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The global ULF wave index is calculated from the 2.0-7.0 

mHz band-integrated total power at each station. The sta-

tion with a maximal amplitude is selected for each UT. 

For the calculation of the provisional version of the 

ground ULF index stations have been selected from 

LT1=05 to LT2=15 to suppress the contribution of 

nighttime substorm activity, and in the CGM latitude 

range 60o-75o. The output value has been normalized by 

the spectral width to make the index dimension [nT].  

 

G round magnetic fluctuations are not always a perfect image of ULF waves in the magnetosphere. There-

fore, the ground global index needs to be augmented by a 

similar index, estimated from space magnetometer data. 

This wave index, coined the GEO ULF-index, is calculat-

ed from 1-min 3-component magnetic data from GOES 

satellites to quantify the ULF fluctuations and waves in 

the region of geostationary orbit. Additionally, to quantify 

the short-term variability of IMF and SW plasma, the 

interplanetary ULF indices are estimated using 1-min data 

from the OMNI database. 

 

T he hourly ULF index database has been compiled for the period since 1991 up to nowadays, and is perma-

nently updating. The database is freely available via the 

specially designed website http://ulf.gcras.ru/. The web-

site provides a user the possibility: 

ừ to browse and download monthly plots and ASCII 

files with basic space weather information, including 

the ground, geosynchronous, and interplanetary ULF 

indices; 

ừ to browse and download daily plots with world-wide 

magnetometers, GOES magnetometers, and basic 

SW/IMF parameters; 

Additionally, the website provides a list of downloadable 

journal publications and conference talks related to the 

use of ULF wave index in space weather studies.  

 

A  wide range of space physics studies already benefit-ed from the introduction of this new index. ULF 

waves in the Pc5 band have emerged as a possible energy 

reservoir (ñgeosynchrotronò) for resonant acceleration of 

magnetospheric electrons to relativistic energies. The in-

troduced ULF wave index became a convenient tool in a 

correlative statistical studies of high-energy particle ener-

gization. The daily relativistic electron flux at geostation-

ary orbit can be predicted with multiple regression anal-

yses using a set of variables, including ground ULF and 

VLF wave powers. The combined effect of ULF and VLF 

waves shows a synergistic interaction, where each in-

creases the influence of the other on flux enhancement. 

The elaborated statistical models are able to predict (with 

accuracy ~80%) (Figure 2) increases of relativistic elec-

tron fluxes at geosynchronous orbit. 

Figure 1. Schematic plot of the technique for the 
discrimination of signal and noise from the power 
spectral density of ULF variations.  

            Figure 2. A time plot of the observed (solid line) and predicted values with the one day lag model    
(dashed line) of electron flux at geosynchronous orbit from Simms et al. , JGR 2016. 



6          VarSITI Newsletter Vol. 12 

 

The level of upstream SW turbulence determines the 

degree of the flow coupling with the magnetosphere. 

Using the ULF index of the IMF variability, it was con-

firmed that when the SW is more turbulent, the effective 

degree of its coupling to magnetosphere is higher, and 

the magnetosphere is driven more strongly (Figure 3). 

Figure 3.  Comparison of the auroral response, as characterized by hourly AE index, with  
the strength of the SW driver, determined by the IMF Bz component, for the calm (log 
SIMF<0, blue dots) and turbulent  (log SIMF>0, red dots) IMF for the period 1994-1995 from 
Romanova et al . , 2008. 

ULF wave power in the SW was proposed to be an addi-

tional factor in controlling the coupling of the SW ï 

magnetosphere - ionosphere system. Elevated ULF 
wave power can substantially enhance the convection in 

the high latitude ionosphere. The average cross polar cap 

potentials show a roughly linear dependence on the ULF 

interplanetary index. The variability of the SW might be 

an important factor in triggering magnetospheric sub-

storms. Application of statistical methods for the search 

for wave precursors of substorms will benefit from the 

development of an index quantifying ULF activity.  

 

A  wide range of space physics studies may benefit from the introduction of the new hourly wave indi-

ces. Comments and requests for the ULF index construc-

tion are welcomed via website (http://ulf.gcras.ru/

feedback.html). This research was supported by a grant 

from SCOSTEP/VarSITI. 
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Predicting CME Deflections and Rotations and 

their Effect on the Magnetic Field of Near Earth 

CMEs

Figure 1:  ForeCAT results for the 2010 April 8 CME, 
which match the observed trajectory.  The color con-
tours show the magnetic field at the solar surface.  The 
line contours show the magnetic field farther out, with 
the darkest lines indicating the location of the Helio-
spheric Current Sheet (HCS).  The CME is initiated 
parallel to the polarity inversion line of an active re-
gion.  The CME deflects south along the HCS and the 
rotation brings the CME orientation more parallel to 
that of the nearby HCS. 

  /ƘǊƛǎǝƴŀ Yŀȅ 
Christina Kay 

Solar Physics Lab, NASA Goddard Space Flight Center, USA 

C oronal mass ejections (CMEs) often do not propagate radially following an eruption.  Sin-

gle coronagraph observations show latitudinal de-

flections and multiple coronagraphs can be used to 

reconstruct longitudinal deflections (e.g. [1]).  Ob-

servations and simulations also show that CMEs can 

rotate, changing their orientation with respect to the 

solar equator.  The largest deflections and rotations 

occur in the corona, but interplanetary deflection can 

also occur [2].   

 

W e developed a model, Forecasting a CMEôs Altered Trajectory (ForeCAT, [3]), to predict 

the coronal deflection and rotation of CMEs using 

the background magnetic pressure gradients and 

magnetic tension.  We have shown that ForeCAT 

matches the general trends in CME deflection and 

rotation [3] and can reproduce individual observed 

CMEs (e.g. [4]).  Figure 1 shows a sample ForeCAT 

simulation. 

 

T he presence of southward magnetic field is one of the key drivers of geomagnetic storms, so 

understanding a CMEôs near-Earth magnetic field is 

critical for accurate space weather predictions.  Fore-

CAT determines the location and orientation of a 

CME, which we use to simulate the passage of a flux 

rope past a spacecraft in a new model, the ForeCAT 

In Situ Data Observer (FIDO, [5]).  Figure 2 com-

pares FIDO results with observations showing that 

FIDO can reproduce a CMEôs in situ magnetic field 

on large scales. 
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Figure 2: FIDO results for the 2010 May 24 CME.  The 
black and blue lines correspond respectively to the ACE and 
Wind data and the red line shows the FIDO simulation. 
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Highlight on Young Scientists 1: 
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Figure 1:  Relative VLF amplitude pertur-
bations over the relative X-ray flux change 
of solar flares derived from the VLF path 
between HWU (France: 20.9 kHz) to 
Neustrelitz. 

I n my PhD studies at the German Aerospace Cen-ter in Neustrelitz, I took part in the construction 

of a ground based Global Ionospheric Flare Detec-

tion System (GIFDS). GIFDS is based on a globally 

distributed network of Very Low Frequency (VLF) 

receivers tuned to receive signals from Navy VLF 

stations in order to continuously monitor the day-

side lower ionosphere. Since X-ray flares cause an 

enhanced ionisation of the daytime D-region, corre-

sponding VLF paths experience a related change 

measured in the amplitude. In my analysis of flare 

events from April 2014 to May 2015, the VLF am-

plitude was compared to the original solar X-ray  

flux measured by GOES. The relative changes of 

both observations follow a trend shown in Fig. 1.  

 

I n order to confirm a flare activity, GIFDS is combining multiple VLF signals by a weighted 

arithmetic mean [1] . The weights depend on the 

solar elevation at the pathôs midpoint. Fig. 2 

demonstrates a strong correlation of the resulting 

superposition (top) and the GOESô original X-ray 

flux (bottom). With a resolution of 1 second GIFDS 

is able to operate complementary to the well-

established GOES system.          
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Highlight on Young Scientists 2: 

 5ŀƴƛŜƭŀ ²ŜƴȊŜƭ 

Daniela Wenzel 

German Aerospace Center (DLR) 

Institute of Communications and Navigation, Germany 
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VLFΆbased Flare Detection

Figure 2: Compound VLF measurement and the corresponding 
solar X-ray flux measured by GOES. 
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