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A
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S
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Constantinos Papadimitriou, IAASARS, National Observatory of Athens, Greece

13:40

 omparison of characteristics of electron density fluctuations from Swarm satellites
C
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13:10

 ECASUS – A partnership supporting civil aviation with space weather advisories
P
Kirsti Kauristie, Finnish Meteorological Institute, Finland

13:25
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S
Chairs: Mike Marsh, MET Office and Judith de Patoul, Royal Observatory Belgium

14:30

 odernizing simulation services and accelerating R2O2R at the community coordinated
M
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S
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Quick Views
The solar sources of space weather
Implementing the MULTI-VP coronal model in EUHFORIA: results and comparisons
with the WSA coronal model
Evangelia Samara, Royal Observatory of Belgium and KU Leuven, Belgium
More than four decades of solar radio observations in Metsähovi Radio Observatory
Juha Kallunki, Aalto University, Metsähovi Radio Observatory, Finland
The chaotic solar cycle
Arnold Hanslmeier, Institut of Physics Univ. Graz, Austria
Characteristics of a long-lived CIR and the corresponding depression in the GCR flux
Mateja Dumbovic, Hvar Observatory, Faculty of Geodesy, University of Zagreb, Croatia
Coronal dimmings associated with coronal mass ejections on the solar limb
Galina Chikunova, Skolkovo Institute of Science and Technology, Russia
On the occurrence of type IV solar radio bursts in the solar cycle 24 and their association
with coronal mass ejections
Anshu Kumari, Department of Physics, University of Helsinki, Finland
The Magnetic Environment of a Stealth CME
Jennifer O’Kane, Mullard Space Science Laboratory, UCL, UK
Magnetofrictionally Modelling the Torus Unstable Eruption of AR 12473
Daniel Price, University of Helsinki, Finland
Modelling of interplanetary shocks measured by ACE using an hydrodynamical model (Cavus2013 )
and some estimations with artificial neural network
Huseyin Cavus, Canakkale Onsekiz Mart University, Turkey
Prediction of Solar Cycle 25 - Next Decade of Space Weather
Prantika Bhowmik, Department of Mathematical Sciences, Durham University, UK
Dynamic evolution of periodic magnetic helicity injection in 3-dimensional solar Active Regions
Marianna Korsos, Aberystwyth University, UK
Helicity in a jet provided by transfer of twist from a sigmoidal flux rope
Brigitte Schmieder, University of Glasgow, UK
Multi-viewpoint observations of CME kinematics and dynamics in the near-Sun environment
Niclas Mrotzek, Institute for Astrophysics, Germany
First observation of a transitioning Type II solar radio burst and the effects of scattering
on split-band Type II sources
Nicolina Chrysaphi, University of Glasgow, UK

Weak solar flares as sources of events in the meter radio range
Toropova Maria, Institute of Solar-Terrestrial Physics, Russia
Evolution of the radio signatures of energetic electrons from the flare acceleration site to the high corona
Sophie Musset, University of Glasgow, UK
The COSPAR ISWAT initiative for open validation analysis of ambient solar wind models
Martin Reiss, Space Research Institute, Graz, Austria
On the long-term evolution of small-scale solar feature: The faculae
Anett Elek, University of Debrecen, Hungary
Facilitating the systematic application of machine-learning algorithms to solar flare
and eruption forecasting: the SWAN-SF benchmark dataset
Manolis K Georgoulis, Academy of Athens, Greece
Analyzing the potential of eruptivity proxies to forecast the upcoming solar flares
Manu Gupta, University of Graz, Austria
Analysis of Large Deflections of Prominence–CME Events during the Rising Phase of Solar Cycle 24
Maria Valeria Sieyra, UTN-FRM, CONICET, Argentina

Space Weather Instrumentation
“The Trieste Solar Radio System 2.0: a new Solar Radio Weather monitor”
Giovanna Jerse, INAF OATs, Italy
Operative cosmic ray detector for space weather studies at the Argentinian base in the Antarctic Peninsula
Noelia Ayelén Santos, Universidad de Buenos Aires (UBA), Argentina
Solar Orbiter magnetometer data: opportunities for space weather prediction
Tim Horbury, Imperial College London, UK
The Argentine Space Weather Laboratory (LAMP) in Antarctica
Sergio Dasso, IAFE-DCAO-LAMP (UBA-CONICET), Argentina
Novel use of soil moisture sensors for space weather event detection
Alex Hands, University of Surrey, UK
LOFAR for Space Weather (LOFAR4SW) – New capabilities for Space Weather science
with Europe’s Largest Radio Telescope
Hanna Rothkaehl, CBK PAN, Poland
Tests of the Heavy Ion Telescope for the LAGRANGE mission
Wojtek Hajdas, PSI/SE2S, Switzerland
Progress towards miniature, photonic magnetographs for space weather
Neal Hurlburt, Lockheed Martin Advanced Technology Center, USA

The Solar Wind Monitor for ESA’s enhanced space-weather monitoring system
Dhiren Kataria, Mullard Space Science Laboratory, University College London, UK
Analysis of Signal-to-Noise Ratio (SNR) in Coronagraph Observations of Coronal Mass Ejections (CMEs)
Johannes Hinrichs, Georg-August-Universitaet Goettingen, Germany
The COR and HI Instruments for the Lagrange Mission
Jackie Davies, RAL Space, UK
Higher frequency ground magnetic field data by merging fluxgate and induction coil magnetometers
Guanren Wang, British Geological Survey, UK

Interplanetary CMEs and Solar Particle Events
International Space Weather Action Team H2 Cluster: CME structure, evolution
and propagation through heliosphere
Manuela Temmer, Institute of Physics, University of Graz, Austria
Differences between Forbush decreases originated by ICMEs and SIRs
Christian Nicolas Gutierrez, Universidad de Buenos Aires, Argentina
Multi-wavelength Observations of Coronal Mass Ejections close to the Sun with Ground
and Space-based Instruments
Shirsh Lata Soni, Awadhesh Pratap Singh University Rewa Madhya Pradesh, India
Relating CME density derived from remote sensing data to CME sheath solar wind plasma
pile up as measured in situ
Manuela Temmer, Institute of Physics, University of Graz, Austria
Prediction of the in situ coronal mass ejection rate for solar cycle 25: Implications for
Parker Solar Probe in situ observations
Christian Möstl, Space Research Institute, Austria
Spatial coherence of interplanetary coronal mass ejection sheaths at 1 AU
Matti Ala-Lahti, University of Helsinki, Finland
First in situ Evidence of Pancaked ICME and it’s Distinct Plasma Characteristics Compare
to Non-Pancaked ICME during Solar Cycles 23 and 24
Zubair Shaikh, Indian Institute of Geomagnetism (IIG), India
Imaging evidence for plasma outflows originating in a dimming region associated
with an eruption of a quiescent filament
Juraj Lorincik, Astronomical Institute of the Czech Academy of Sciences, Czech Republic
Automatic Detection and Classification of ICMEs in Solar Wind Data
Hannah Ruedisser, Know Center, Graz / University of Graz, Austria

Extending the Energy Range of the SEPSTER SEP Prediction Scheme
Ian Richardson, University of Maryland, College Park, USA
Differences in the arrival time and speed predictions of CMEs seen from two vantage points
Jürgen Hinterreiter, Space Research Institute, Austrian Academy of Sciences, Austria
CME-CME Interactions as Sources of CME Helio-effectiveness
Camilla Scolini, KU Leuven, Belgium
The visual complexity of coronal mass ejections
Shannon Jones, University of Reading, UK
A comparison of CME arrival time and speed predictions using STEREO-HI beacon
and science data with the ELEvoHI model
Maike Bauer, Austrian Academy of Sciences, Austria
Drag-based Forecast for CME Arrival
Emiliya Yordanova, Swedish Institute of Space Physics, Sweden
An investigation of the causal relationship between sunspot groups and coronal mass ejections (CMEs)
Abd-ur Raheem, Canakkale Onsekiz Mart University, Turkey
Ensemble CME modelling constrained by heliospheric imager observations
Luke Barnard, University of Reading, UK
Analysis of coronal mass ejection flux rope signatures using 3DCORE and approximate Bayesian Computation
Andreas Weiss, Space Research Institute, Austria
Correlation between Sunspots and Interplanetary Shocks measured by WIND and Some Estimations
for the 22nd Solar Cycle using Artificial Neural Network
Gani Caglar Coban, Canakkale Onsekiz Mart University, Turkey
Magnetic field lines distribution inside magnetic clouds
Sergio Dasso, IAFE-DCAO-LAMP (UBA-CONICET), Argentina
Significant rotation of spheromak CMEs from Sun to Earth: implications for numerical
space weather predictions
Eleanna Asvestari, University of Helsinki, Finland
Forecasting space weather storms driven by sheath regions of Coronal Mass Ejections
Emilia Kilpua, University of Helsinki, Finland
Statistical study of CMEs, lateral overexpansion and SEP events
Alexandros Adamis, Skoltech, Russia
Response of stratospheric ozone during super storms
Asheesh Bhargawa, University of Lucknow, India
Probing shock wave properties essential for the generation of type II radio emissions in interplanetary space
Immanuel Christopher Jebaraj, Royal Observatory of Belgium, Belgium

Uncovering Erosion Effects on the Twist Distribution in Cross-section of Magnetic Clouds
Sanchita Pal, University of Helsinki, Finland
The distribution function of the average iron charge state at 1 AU: from a bimodal wind to ICME identification
Carlos Larrodera, Universidad de Alcala, Spain
Suprathermal electrons of solar and local origins and typical pitch-angle distribution
patterns associated with ICMEs
Olga Khabarova, Institute of Terrestrial Magnetism (IZMIRAN), Russia
Solar energetic protons, radio bursts and geomagnetic storms
Rositsa Miteva, Institute of Astronomy with National Astronomical Observatory,
Bulgarian Academy of Sciences, Bulgaria

In situ Multi-Spacecraft and Remote Imaging Observations of the First CME Detected
by Solar Orbiter and its Geomagnetic Impact
Emma Davies, Imperial College London, UK
The acceleration of energetic particles by a slow coronal mass ejection
Nicolas Wijsen, KU Leuven, Belgium
Short-Term Forecasting of the SEP Flux during the Solar Cycle 25 Using the LSTM Neural Network
Mohamed Nedal, Institute of Astronomy of the Bulgarian Academy of Sciences, Bulgaria
Reliability of CME speed from single-point observations: Analysis utilizing the Time-of-Arrival on Earth
Evangelos Paouris, National Observatory of Athens, Greece
Evaluating Model Advancements for Predicting CME Arrival Time - CCMC/NOAA SWPC
Partnership Final Report
Leila Mays, NASA Goddard Space Flight Center, USA
Operational Heliospheric Space Weather at BepiColombo, Solar Orbiter, and Parker Solar Probe
Dusan Odstrcil, George Mason University and NASA/GSFC, USA
Three Dimensional Simulations of Solar Wind Preconditioning and the 23 July 2012
Interplanetary Coronal Mass Ejection
Ravindra Desai, Imperial College London, UK
The Met Office Operational Coronal Mass Ejection (CME) Ensemble Forecasting System
Siegfried Gonzi, Met office, UK

Earth’s Magnetosphere and Radiation Belts
The Role of an Alfvén wave in an extended recovery phase of an ICME induced extreme geomagnetic storm
Komal Choraghe, Department of Physics, University of Mumbai, India
Energetic electrons in Van Allen radiation belts: a first approach towards a SWx product
Antonio Niemelä Celeda, LAMP-Universidad de Buenos Aires, Argentina
Immediate response of the outer radiation belt to sheath regions of coronal mass ejections
Milla Kalliokoski, University of Helsinki, Finland
Outer Van Allen belt trapped and precipitating electron flux response to coronal mass ejections
Harriet George, University of Helsinki, Finland
Plasmapause evolution during prolonged conditions of quiet geomagnetic activity
Ljiljana Ivanković, University of Applied Sciences Velika Gorica, Croatia
Using real-time Polar Cap (PC) indices to predict magnetic storm developments
Peter Stauning, Danish Meteorological Institute, Denmark
Principal component analysis to separate different ionospheric and magnetospheric contributions
to the geomagnetic field variations
Rania Rebbah, University of Coimbra, CITEUC, Portugal

Ground-Level Geomagnetically Induced Currents
Forecasting local GICs from solar wind data using a combination of geophysical
and machine learning methods
Rachel Bailey, Zentralanstalt für Meteorologie und Geodynamik, Conrad Observatory, Austria
Temporal, directional, and spatial statistics of extreme dB/dt
Neil Rogers, Lancaster University, UK
Regional geomagnetic disturbances in Fennoscandia: statistical observations,
modelling, and driving mechanisms
Andrew Dimmock, Swedish Institute of Space Physics, Sweden
Field-aligned current ordering and intense ground dB/dt variations
Xiangcheng Dong, UKRI-STFC, UK
Modelling Geoelectric Fields in Near Real-Time for Space Weather Applications
John Malone-Leigh, Dublin Institute for Advanced Studies, Ireland
Pipe-to-soil potential modelling in the UK gas transmission network
Gemma Richardson, British Geological Survey, UK

Preliminary investigation of the GIC development during the strongest magnetic
storms of solar cycle 24 in Greece
Zoe Boutsi, Institute for Astronomy, Astrophysics, Space Applications and
Remote Sensing, National Observatory of Athens, Greece
Geoeffectiveness of 14–15 July 2012 storm and its indicators in Polish transmission lines
Agnieszka Gil, CBK PAN and Siedlce University, Poland
Magnetospheric dynamics and M-I coupling during the 8 September 2017 Geomagnetic Storm
Jonathan Eastwood, Imperial College London, UK
On extreme GIC values affecting the Portuguese power grid
Fernando Pinheiro, University of Coimbra, Portugal
ESA SSA Space Weather Network – Services for Power Grid and Pipeline Operations
Cristiana Dumitrache, Astronomical Institute of Romanian Academy, Romania
Midlatitude long-period pulsations and their implications for GIC modelling
Michael Heyns, University of Cape Town / South African National Space Agency, South Africa

Thermosphere-Ionosphere Interactions and Effects
ESA SSA Space Weather Service Network – Services for Transionospheric Radio Link Users
Octavian Blagoi, Astronomical Institute of Romanian Academy, Romania
Modeling of TEC over the Iberian Peninsula using PCA decomposition, linear regression and neural networks
Anna Morozova, University of Coimbra, CITEUC, Portugal
Thermosphere response to one-day, intense EUV-solar flux increase
Carine Briand, Observatoire de Paris-PSL, France
Sudden ionospheric disturbance monitoring using a lightning detection network and machine learning
Edmund Henley, Met Office, UK
Significant ionosphere response to thunderstorm during various times of the day in a low latitude region
Louis Osei-Poku, The Hong Kong Polytechnic University, Hong Kong
Optimum solar proxy for long-term ionospheric investigations
Jan Lastovicka, Institute of Atmospheric Physics, Czech Academy of Sciences, Czech Republic
Ionospheric data assimilation of regional ground and space based GNSS observations into NeQuick model
Pasumarthi Babu Sree Harsha, K L University, India
Solar Hard X-ray impact on ionospheric D-layer
Srivani Inturi, Observatoire de Paris, France
Ionospheric climatology at South American sector using amplitude scintillation index S4
Eduardo Macho, Universidade Mackenzie, Brazil

Analysis of the sub-auroral region response to the September 2017 geomagnetic storm
Agata Chuchra, Space Research Centre of Polish Academy of Sciences, Poland
Confirmation of the upper atmospheric emission polarisation and impact on space weather
Leo Bosse, IPAG/CNRS, France
Ionospheric irregularities during geomagnetic storms near the southern crest of the EIA in South America
Gilda de Lourdes González, National University of Tucumán, Argentina
Ionospheric tilt angle as indicator of Travelling Ionospheric Disturbances
Estefania Blanch, Observatori de l’Ebre, Spain
Storm-time patterns of Center-of-Mass of the ionosphere
Tamara Gulyaeva, IZMIRAN, Russia
Multiscale analysis of LOFAR calibration data
Katarzyna Budzinska, Space Research Centre, Polish Academy of Sciences, Poland
Observation of the ionosphere in middle latitudes during 2009, 2018 and
2018/2019 Sudden Stratospheric Warming events
Zbyšek Mošna, Institute of Atmospheric Physics, Czech Academy of Sciences, Czech Republic
Statistical characteristic and correlation of low latitude F region bottom-type
irregularity layers and plasma plumes over Sanya
Lianhuan Hu, Institute of Geology and Geophysics, Chinese Academy of Sciences, China
Low latitude ionosphere response to the 7 October 2015 event triggered by
a solar wind stream interaction region
María Graciela Molina, UNT – CONICET, Argentina
Ionosphere behavior during the Geomagnetic Storms over the different latitude Regions
Bhupendra Malvi, Barkatullah University, India
Characterization of the ionospheric scintillation impacts as measured by the Rate of TEC index (ROTI)
Pierre Cilliers, South African National Space Agency, South Africa

Aviation
Assessment of the effects of GOES sensors on space weather services for HF users
Robyn Fiori, Natural Resources Canada, Canada
Development of service to monitor and forecast ionosphere scintillation in high latitudes
Lidia Nikitina, Natural Resources Canada, Canada

Using the Spire TEC Environment Assimilative Model (STEAM) to provide ICAO space weather advisories
Matthew Angling, Spire Global, UK
Overview of South African National Space Agency’s Products and Services Development
to serve the aviation sector
Rendani Nndanganeni, SANSA, South Africa

R20 and development of services
ESA SSA Space Weather Portal 3.1 Presentation
Olivier Lamborelle, Space Applications Services, Belgium
Developing the Met Office space weather operations-to-research (O2R) process
Suzy Bingham, Met Office, UK
Real time physics-based solar wind forecasts for SafeSpace
Rui Pinto, IRAP/CNRS and LDE3/CEA Saclay, France
Space Weather research in Turin Observatory: the SWELTO project
Alessandro Bemporad, INAF - Turin Astrophysical Observatory, Italy
Toward automatic identification of transient structures in the solar wind at 1 au
Brenda Daniela Dorsch, Universidad de Buenos Aires, Argentina
New real-time auroral activity index from geomagnetic measurements
Tiera Laitinen, Finnish Meteorological Institute, Finland
Solar Energetic Particles (SEP) Scoreboard
Leila Mays, NASA Goddard Space Flight Center, USA
Space weather services in Argentina: Argentine Space Weather Laboratory (LAMP) activities
Vanina Lanabere, Universidad de Buenos Aires, Argentina
The ESA Virtual Space Weather Modelling Centre Part 3
Stefaan Poedts, KU Leuven, Belgium

The Solar Sources and Space Weather
Assessing the reliability of magnetic helicity as indicator for solar eruptivity
Julia K. Thalmann1, Luis Linan2, Kostas Moraitis2, Xudong Sun3, Etienne Pariat2, Gherardo Valori4, Manu Gupta1, and Kevin
Dalmasse5
University of Graz, Institute of Physics/IGAM, Austria 2LESIA, Observatoire de Paris, Universite PSL, France 3Institute for
Astronomy, University of Hawaii, USA 4MSSL, University College London, UK 5IRAP, Universite de Toulouse, France
To this date, we still lack a full understanding of the physics behind explosive solar phenomena. Thus, related research still
struggles to find reliable indicators for upcoming flare activity and also for the according potential to evolve into a coronal mass
ejection. The latter, however, is essential for any attempt to predict the induced Space Weather on Earth. Until present, no single
observation- or model-based parameter has been singled out as a promising candidate to unambiguously characterize the flaring
potential of active regions, yet a helicity-based parameter attracted recent attention. The so-called helicity ratio quantifies the
fraction of non-potential magnetic helicity in the active-region corona, associated to present intense electric currents. Based on a
limited sample of solar active regions, we find indications that the helicity ratio indeed marks the eruptive potential of solar active
regions. Equally important, we demonstrate the high sensitivity of magnetic helicity estimates on the quality of underlying 3D
nonlinear force-free coronal magnetic field model, in particular its level of solenoidality, and subsequently provide recipes in order
to deduce corresponding highly reliable estimates.
A new trigger mechanism for coronal mass ejections: the role of confined flares and photospheric motions in the formation of hot
flux ropes
Alexander James1, Lucie Green2, Lidia van Driel-Gesztelyi2, and Gherardo Valori2
1

European Space Astronomy Centre, Spain 2University College London, UK

Many previous studies have shown that the magnetic precursor of a coronal mass ejection (CME) takes the form of a magnetic
flux rope, and a subset observed at plasma temperatures of ~107 K have become known as "hot flux ropes''. We seek to identify
the processes by which these hot flux ropes form, with a view to developing our understanding of CMEs and thereby improving
space weather forecasts. Extreme-ultraviolet observations were used to identify five pre-eruptive hot flux ropes in the solar corona,
and the evolution of the photospheric magnetic field was studied over several days before they erupted to investigate how they
formed. Evidenced by confined solar flares in the hours and days before the CMEs, we conclude the hot flux ropes formed via
magnetic reconnection in the corona, contrasting many previously-studied flux ropes that formed lower down in the solar
atmosphere via magnetic cancellations. This coronal reconnection is driven by observed “orbiting” motions of photospheric
magnetic flux fragments around each other, which bring magnetic flux tubes together in the corona. This represents a novel trigger
mechanism for solar eruptions, and should be considered when predicting solar magnetic activity.

Predicting the magnetic structure of CMEs at Earth using data-driven coronal modeling: challenges and prospects
Jens Pomoell, Daniel Price, Emilia Kilpua, and Eleanna Asvestari
University of Helsinki, Finland
Characterizing the structure of the magnetic field of eruptive structures in the corona is of crucial importance for advancing our
capabilities to predict the properties of coronal mass ejections (CMEs) in interplanetary space and thereby for increasing the
accuracy of space weather predictions. A promising toolset to provide the key missing information on the magnetic structure of
CMEs are time-dependent data-driven simulations of active region magnetic fields. This methodology permits self-consistent
modeling of the evolution of the coronal magnetic field from the emergence of flux to the birth of the eruption and beyond.
In this work, we present our modeling approach in which the time-dependent data-driven model is linked with a simplified flux
rope model. The linking of the two, together with geometric reconstructions of the eruption kinematics and morphology, allow a
data-driven prediction of the magnetic field in interplanetary space to be constructed. We showcase the model by applying it to
several events, and discuss the challenges and prospects of the modeling chain.
Three-dimensional reconstruction of the expanding shock associated with the 21st June 2013 solar energetic particle event
Federica Frassati1, Monica Laurenza2, Alessandro Bemporad1, Salvatore Mancuso1, Paolo Romano1, Roberto Susino1, Tommaso
Alberti2, and Matthew West3
1

Istituto Nazionale di Astrofisica - INAF, Italy 2Istituto Nazionale di Astrofisica - INAF-IAPS, Italy 3Royal Observatory of Belgium –
ROB, Belgium

On 21st June 2013 an eruptive prominence and a M2.9 class flare occurred. The eruption resulted in a fast partial halo coronal
mass ejection producing a Type II radio burst which yielded a clear signature of shock propagation, also observed in white light
coronagraphic images. The concomitant emission of solar energetic particles produced a significant increase in the proton fluxes
measured by LET and HET aboard STEREO-B. Only small enhancements were observed at STEREO-A location and GOES-15 at the
Earth.
We reconstructed the 3D shape of the expanding shock front by processing the STEREO/SECCHI and SOHO/LASCO simultaneous
coronagraphic observations and by assuming a spheroidal shock model.
By projecting the 3D shock locations at different times on the ecliptic plane we obtained that during the expansion the region
located between the nose and the eastern flank of the shock was magnetically connected with STEREO-B in agreement with the
significant SEP flux measured on-board this spacecraft. On the other hand, the shock was only marginally connected with
STEREO-A and GOES-15. These results were used to interpret the different SEP flux behavior at STEREO-B, STEREO-A, and GOES15 locations, and discussed in the framework of particle acceleration by CME-driven shocks.

Space Weather Instrumentation
The Solar Activity Monitor Network – SAMNet
Robertus Erdelyi1, and SAMNet Team
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The Solar Activity Monitor Network (SAMNet) is a UK-led international network of planned individual identical Solar Activity
Magnetic Monitor (SAMM) solar telescope stations deployed at ground-based solar observatories around the Globe. SAMNet,
at its full capacity, will continuously monitor the Sun's intensity, magnetic and velocity fields at a number of heights in the lower
solar atmosphere. Each SAMM sentinel will be equipped with a range of magneto-optical filters (MOFs) capable of observing the
line-of-sight component of the magnetic and velocity fields with its K I, Na D and Ca I MOF-based instrumentation in order to
ultimately providing advanced warning of adverse space-weather events that threaten our technosphere. A subset of SAMM
stations are proposed to be equipped with coronagaphic capabilities with polarimetry. The overall aim of SAMNet is to achieve
an operationally sufficient lead time of e.g. flare warning of 2-8 hours, and provide continuous synoptic maps of the lower solar
atmosphere with a spatial resolution limited only by seeing or diffraction limit, and with a cadence of 10 minutes. The SAMM
sentinels will be connected into their master HQ hub where data will be automatically processed and flare warning issued up to
26 hrs in advance.
New developments in satellite-based magnetic field measurements for space weather monitoring
Jonathan Eastwood
Imperial College London, UK
Measurements of the magnetic field in space are a crucial element of satellite-based space weather monitoring infrastructure,
both now and in the future. Knowledge of the interplanetary magnetic field is fundamental to the prediction of future geomagnetic
activity, and distributed measurements of the magnetic field within the magnetosphere enable real-time knowledge of the precise
magnetospheric response and associated space weather effects. Measurement of the magnetic field can be performed using
hosted payloads, small-satellites, and bespoke platforms. Various trade-offs are therefore required to understand the appropriate
solutions in different circumstances. In this contribution I describe recent work at Imperial College London and in the Space
Magnetometer Laboratory developing novel instrumentation both for large bespoke missions such as the ESA L5 Lagrange
mission, and for small-satellites such as the RADCUBE CubeSat that pave the way for the next generation of space weather
constellations in magnetospheric space. Comparing and contrasting these two missions provide new insights into the challenges
of developing space weather, as opposed to space science, instrumentation, leading to a more subtle distinction in the boundary
between space weather and space science.

A Smallsat Platform for Large-scale Interplanetary Studies (SPLIS)
Noé Lugaz1, Christina Lee2, Toni Galvin1, and Christian Möstl3
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Before we launch space weather "sentinels" that take measurements upstream of L1 for advanced warning, we need to
determine the optimal orbit for such platforms and investigate how space weather forecasting tools need to be modified for subL1 measurements. Multiple classes of orbits are possible, which can take the sentinels more or less upstream of Earth and away
from the Sun-Earth line. The growth of rideshare opportunities, the availability of low-cost smallsat platforms, and the maturation
of “standardized” space instrumentation make it possible to design and develop a smallsat platform for large-scale interplanetary
studies (SPLIS), a smallsat with propulsion and the typical suite of in-situ measurements that fits within an ESPA-size and
constraints or smaller. Such a platform can be launched as a rideshare on a variety of orbits in the near-Earth interplanetary
space. Combined with assets at L1, it can be used to study the variation of properties of IP structures in the near-Earth
interplanetary environment, complementing remote observations provided by missions at Earth (SOHO, PUNCH, SWFO-L1) and
future L5 mission. This model could then be applied to develop a constellation of sub-L1 in-situ sentinels with orbits constrained
by the physical knowledge gained from this initial constellation.
ASHI: All Sky Heliospheric Imager
Bernard Jackson1, Andrew Buffington1, Philippe Leblanc1, Ed Stephan1, Matthew Bracamontes1, P. Paul Hick1, Stephen Kahler2,
and Mario M. Bisi3
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We have conceived, designed, and are now evaluating components for an All-Sky Heliospheric Imager (ASHI), to fly on future
NASA missions. ASHI’s principal objective is the timely acquisition of a precision photometric map of the inner heliosphere. The
instrument optical design views a hemisphere of sky starting a few degrees from the Sun. A key photometric specification for ASHI
is 0.1% differential photometry in a one-degree sky bin at 90 degrees elongation. This enables the three dimensional (3-D)
reconstruction of heliospheric density starting from near the Sun and extending outward, with updates as heliospheric structures
approach, and pass the spacecraft. SMEI, and now STEREO HI imager analyses, have demonstrated the success of this
technique: a similar analysis with ASHI data is expected to yield 3-D density reconstructions better than 2 x 2 degrees in latitude,
and longitude, and 2-hour time resolutions near the spacecraft.
This July 2020 we were given a go-ahead by the Columbia Scientific Balloon Facility, Palestine Texas, and NASA, to prepare ASHI
for a powered topside balloon test flight in the summer 2021. Here we present the latest results of the ASHI laboratory
evaluations, and night-time full-sky tests of the instrument data sets.

The Worldwide IPS Stations (WIPSS) Network for Space Weather Monitoring and Science
Mario Bisi1, Bernard Jackson2, Richard Fallows3, Oyuki Chang1, Americo Gonzalez-Esparza4, Ernesto Aguilar-Rodriguez4,
Alessandra Pacini5, Igor Chashey6, Sergei Tyul'bashev6, Munetoshi Tokumaru7, Yihua Yan8, Kazumasa Iwai7, Ken'ichi Fujiki7, and
David Barnes1
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Observations of Interplanetary scintillation (IPS) allow for the determination of outflow velocity as well as a proxy for plasma
density to be undertaken throughout both the corona and inner heliosphere depending on observing frequency. The results are
often used as input to space-weather forecast/prediction programs and models when data are sufficient (both in the temporal
and spatial domains) as well as having a large scientific research value (true of long-duration observations, individual
observations, and many days/weeks of observations). The Worldwide IPS Stations (WIPSS) Network brings together both the
global real-/near-real time and the scientific-/campaign-based IPS-capable observatories with well-developed and tested
analyses techniques currently being unified. By combining the results from multiple observing locations around the globe where
observations are undertaken throughout the day at each place, we can increase both the temporal and spatial coverage across
the whole of the inner heliosphere. We are also able to probe different coronal/heliospheric regions from near to the Sun all the
way out to beyond the orbit of the Earth. Here we give an overview of the WIPSS Network as well as present the first full LOFAR
and LOFAR-ISEE velocity and density tomographic reconstructions from October 2016 and PSP solar passes.

Interplanetary CMEs and Solar Particle Events
The identification and tracking of Earth-directed CMEs: A comparison between coronagraph and heliospheric imager observations
at L1 and off the Sun-Earth line
Richard Harrison, Jackie Davies, and David Barnes
RAL Space, UK
CME catalogues from both L1 coronagraph (SOHO/LASCO) and off Sun-Earth line heliospheric imager (STEREO/HI) data are
used to investigate the performance of observations from L1 and near L4/L5 in identifying and tracking Earth-directed CMEs.
Using the HI 2011 event list of 116 CMEs, we find a close association of CME identifications between coronal and heliospheric
observations, and show that back-projected CME onset times are remarkably consistent; the average difference in time between a
projected CME onset from LASCO and HI data is 71 minutes. For the 116 CMEs, we inspect the back-projected CME source
locations on the Sun and identify 29 that appear to be the most likely to be Earth-directed. For 18 of these, whilst the HI data
suggest that the CMEs are Earth-directed, the LASCO observations do not identify these CMEs. In 8 of the cases a subsequent
CME arrives at Earth. The ACE spacecraft detected 32 CMEs that arrived in the vicinity of Earth in 2011. Thus, we demonstrate
that with L1 coronagraph data alone, not only do we miss 18 potentially Earth-directed CMEs in that year, we do not detect a
quarter of the CMEs that arrive at Earth.

Solar energetic particles and the solar cycle: Impact of solar magnetic field amplitude and geometry on solar particles diffusion
coefficients
Barbara Perri1, Sacha Brun2, Antoine Strugarek2, and Victor Réville3
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SEPs are correlated with the 11-year solar cycle due to their production by flares and interaction with the inner heliosphere: the
solar magnetic field varies in amplitude but also in geometry, causing diffusion of the particles along and across the field lines;
the solar wind distribution evolves, and its turbulence affects SEPs trajectories.
We combine 3D MHD compressible numerical simulations to compute the configuration of the magnetic field and the associated
polytropic solar wind up to 1 AU, with analytical prescriptions of the corresponding parallel and perpendicular diffusion
coefficients for SEPs. First, we analyze separately the impact of the magnetic field amplitude and geometry for a 100 MeV proton:
by varying the amplitude, we change the amplitude of the diffusion by the same factor, and the radial gradients by changing the
spread of the current sheet; by varying the geometry, we change the latitudinal gradients of diffusion by changing the position of
the current sheets. Then, we use realistic solar configurations, showing that diffusion is highly non-axisymmetric due to the
configuration of the current sheets, and that the distribution varies a lot with the distance to the Sun with a drift of the peak value.
EUropean Heliospheric FORecasting Information Asset 2.0
Stefaan Poedts
KU Leuven, Belgium
This EU H2020 project aims at developing an advanced space weather forecasting tool, combining the MHD solar wind and CME
evolution model EUHFORIA with the Solar Energetic Particle (SEP) transport and acceleration modelf PARADISE. The EUHFORIA
2.0 project will address the geoeffectiveness of impacts and mitigation to avoid (part of the) damage, including that of extreme
events, related to solar eruptions, solar wind streams, and SEPs, with particular emphasis on its application to forecast
Geomagnetically Induced Currents (GICs) and radiation on geospace.
The EUHFORIA 2.0 project started on 1 December 2019, and yielded some first results. These concern alternative coronal models,
the application of adaptive mesh refinement techniques in the heliospheric part of EUHFORIA, alternative flux-rope CME models,
evaluation of data-assimilation based on Karman filtering for the solar wind modelling, and a feasibility study of the integration of
SEP models.
Evolution of coronal mass ejections and the corresponding Forbush decreases: modelling vs. multi-spacecraft observations
Mateja Dumbovic1, Bojan Vrsnak1, Jingnan Guo2, Bernd Heber3, Karin Dissauer4, Fernando Carcaboso5, Manuela Temmer4, Astrid
Veronig4, Tatiana Podladchikova6, Christian Möstl7, Tanja Amerstorfer7, and Anamarija Kirin8
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One of the very common in situ signatures of interplanetary coronal mass ejections (ICMEs), as well as other interplanetary
transients, are Forbush decreases (FDs), i.e. short-term reductions in the galactic cosmic ray (GCR) flux. A two-step FD is often
regarded as a textbook example, which presumably owes its specific morphology to the fact that the measuring instrument

passed through the ICME head-on, encountering first the shock front (if developed), then the sheath and finally the CME magnetic
structure. The interaction of GCRs and the shock/sheath region, as well as the CME magnetic structure, occurs all the way from
Sun to Earth, therefore, FDs are expected to reflect the evolutionary properties of CMEs and their sheaths. We apply modelling to
different ICME regions in order to obtain a generic two-step FD profile, which qualitatively agrees with our current observationbased understanding of FDs. We test these modelling efforts against a set of multi-spacecraft observations of the same event,
using the Forbush decrease model for the expanding flux rope (ForbMod). We find a reasonable agreement of the ForbMod model
for the GCR depression in the CME magnetic structure with multi-spacecraft measurements, indicating that modelled FDs reflect
well the CME evolution.
Evaluation of CME arrival prediction using ensemble modeling based on heliospheric imaging
Tanja Amerstorfer1, Juergen Hinterreiter1, Martin A. Reiss1, Christian Moestl1, Jackie A. Davies2, Rachel L. Bailey3, Andreas J.
Weiss1, Mateja Dumbovic4, Maike Bauer1, Ute V. Amerstorfer1, and Richard A. Harrison2
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We evaluate a coronal mass ejection (CME) arrival prediction tool that utilizes the wide-angle observations made by STEREO's
heliospheric imagers (HI), which observe the evolution and propagation of CMEs through the inner heliosphere. By exploiting this
capability we aim to improve today's CME arrival time and speed predictions.
The drag-based ELlipse Evolution model based on HI observations (ELEvoHI) assumes an elliptical CME frontal shape within the
ecliptic plane. ELEvoHI is used to perform ensemble simulations by varying the CME frontal shape within given boundary
conditions that are consistent with the observations made by HI. In this work, we evaluate different set-ups of the model by
performing hindcasts for 15 well-defined isolated CMEs that occurred when STEREO was near L4/5, between the end of 2008
and the beginning of 2011. In this way, we find a mean absolute error of between 6.2+/-7.9 h and 9.9+/-13 h depending on the
model set-up used.
ELEvoHI is specified for using data from future space weather missions carrying HIs located at L5 and/or L1. It can also be used
with near real-time STEREO-A HI beacon data to provide CME arrival predictions during the next ~7 years when STEREO-A is
observing the Sun-Earth space.

Earth’s Magnetosphere and Radiation Belts
Reconstruction of radio-wave auroral absorption during magnetospheric substorm
Maria Shukhtina1, Victor Sergeev1, Denis Rogov2, Nikita Stepanov1, Xiangning Chu3, Emma Spanswick4, and Tero Raita5
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Energetic Electron precipitation (EEP) is an important magnetospheric substorm manifestation. EEP produces Cosmic Noise
Absorption (CNA), braking radio- wave communication. Thus EEP and CNA modeling is a significant Space Weather problem.
Existing empirical EEP/CNA models are based on daily/hour geomagnetic indices (Ap or AE), not appropriate for substorms.

Our CNA model is based on the mid-latitude positive bay (MPB) index, which is the square of magnetic field horizontal component
(H2=X2+Y2) at mid-latitude stations (McPherron&Chu,2017). As one of the main substorm acceleration mechanisms is betatron
acceleration, CNA should be proportional to magnitude of dipolarization at the magnetospheric equator, which was shown to be
proportional to mid-latitude H variation.
We use the linear prediction filter (LPF) technique connecting the current CNA value with MPB values during 4 preceding hours.
The array of increments of square root of MPB index is the input, Canadian riometer data serving as output. LPFs are constructed
with 5-min resolution for the center of the auroral zone (65-750 CGL) for all MLT sectors. The obtained response functions permit
to calculate the CNA variation for substorms of arbitrary form and duration. The method was tested on a long disturbed interval
and on independent Scandinavian riometer data with satisfactory result.
ULF wave investigations at Swarm altitudes using machine learning techniques
Alexandra Antonopoulou, Constantinos Papadimitriou, George Balasis, Zoe Boutsi, Omiros Giannakis, Konstantinos Koutroumbas,
and Athanasios Rontogiannis
National Observatory of Athens, Greece
Ultra-low frequency (ULF) magnetospheric plasma waves play a key role in the dynamics of the Earth’s magnetosphere and,
therefore, their importance in Space Weather studies is indisputable. Magnetic field measurements from recent multi-satellite
missions are currently advancing our knowledge on the physics of ULF waves. In particular, Swarm satellites have contributed to
the expansion of data availability in the topside ionosphere, stimulating much recent progress in this area. Coupled with the new
successful developments in artificial intelligence, we are now able to use more robust approaches for automated ULF wave
identification and classification. The goal of this effort is to use a deep learning technique to classify ULF wave events using
magnetic field data from Swarm. We construct a Convolutional Neural Network that takes as input the wavelet spectra of the
Earth’s magnetic field variations per track, as measured by each one of the three Swarm satellites, aiming to classify ULF wave
events in four categories: Pc3 wave events, non-events, false positives, and plasma instabilities. Our primary experiments show
promising results, yielding successful identification of more than 95% accuracy. We are currently working on producing larger
datasets, by analyzing Swarm data from mid-2014 onwards, when the final constellation was formed.
ULF Wave Driven Radial Diffusion During Geomagnetic Storms
Jasmine Sandhu1, Jonathan Rae1, Clare Watt1, Richard Horne2, John Wygant3, Aaron Breneman3, Sheng Tian3, Loius Ozeke4,
Marina Georgiou5, and Maria-Theresia Walach6
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Radiation belt modelling is crucial for understanding, modelling, and forecasting hazardous relativistic electron fluxes in the inner
magnetosphere. However, these models often rely on statistical descriptions of wave processes. This includes ULF wave driven
radial diffusion, which plays a key role in the energisation, loss, and transport of radiation belt electrons.
In this overview I will highlight how radial diffusion can be significantly misrepresented during storm times by existing empirical
models and discuss how we can provide more realistic and accurate descriptions of storm time radial diffusion. The discussion
will address how the following issues are critical factors in quantifying radial diffusion:
•

The choice of ground-based vs in situ data sets

•
•
•

Impacts of parameterisation by geomagnetic indices
Capturing ULF wave power variability
Understanding the role of inner magnetospheric structuring and internal wave power sources

I hope that the overview will enable discussions around how we can improve statistical models of radial diffusion for use in
radiation belt models and operational forecasting.
Optimisation of a Steady State Radial Diffusion Model to Derive Diffusion Coefficients for the Proton Radiation Belt
Alexander Lozinski1, Richard Horne1, Sarah Glauert1, Giulio Del Zanna2, and Jay Albert3
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Proton flux measurements from the Proton Telescope instrument aboard CRRES are used to drive a radial diffusion model of the
inner proton belt at 1.1≤ L≤1.7. Our model utilises a physics-based evaluation of the cosmic ray albedo neutron decay (CRAND)
source, and coulomb collisional loss driven by plasmaspheric electron density from the Global Core Plasma Model. We drive our
model using time-averaged data at L=1.7 to calculate steady state profiles of phase space density, and optimise radial diffusion
coefficients to fit data. This is first performed for a quiet period when the belt is near steady state. Additionally, we investigate
fitting steady state solutions to time averages taken during active periods that exhibit limited deviation from steady state,
demonstrated by CRRES measurements following the 24th March 1991 storm. We discuss how to make the optimisation process
more reliable by excluding periods of variability in plasmaspheric density from any time average. Lastly, we compare our resultant
diffusion coefficients to those derived in previous work, including those derived for electrons from ground and in situ observations.
We find that higher diffusion coefficients are derived compared with previous work, but that our estimates may be increased by
uncertainty in inner zone plasmaspheric density.
Ensemble Kalman Filter Data Assimilation for the RAM-SCBE Model
Humberto C Godinez
Los Alamos National Laboratory, USA
In this work we present the implementation of the ensemble Kalman filter (EnKF) data assimilation to the ring current-atmosphere
interactions model with self-consistent magnetic and electric fields (RAM-SCBE) to correctly specify the particle distribution in
Earth’s inner magnetosphere, as well as predict a number of space weather outputs including particle fluxes, magnetic field, and
several relevant indices (Dst, SYM-H, deltaB, etc). The internal mechanism that RAM-SCBE uses to have a self-consistent
magnetic field is to perform a fixed-point iteration of the magnetic field equations to agree with the prescribed pressure field.
Hence, a simple data assimilation algorithm has the potential to disrupt the balance between the pressure and the magnetic
field. In our presentation we show that, with proper consideration of the magnetic field in the assimilation framework, we are able
to specify both the pressure and magnetic fields using the EnKF. For our experiments we simulate the enhancement storm event
that took place on 7–10 September of 2017, where a large double-dip geomagnetic storm was observed. The assimilated results
show a significant improvement in the estimation of the ring current particle distributions in the RAM-SCBE model, leading to
better agreement with observations.

Ground-Level Geomagnetically Induced Currents
Frequency Considerations in GIC modelling
Larisa Trichtchenko
Canadian Space Weather Forecast Centre, Natural Resources Canada, Canada
One of the most detrimental impacts of the space weather events on critical technology is the impact of the geomagnetic storms
on operations of the electrical power grids, which can range from weak voltage fluctuations to major blackout and damage of the
transformers.
Presented study is demonstrated the importance to consider frequency resolution of the geophysical variables in order to properly
evaluate the response of power system tom geomagnetic disturbances. Analysis includes geophysical observations and
observations of the geomagnetically induced currents and variations of the harmonics in the transformer during several extreme
space weather events of the solar cycle 23. The detailed effects of the frequency resolution are presented together with the
estimates of the sufficient frequency resolution for the adequate GIC modelling.
Analysis of the GIC impacts on the Spanish power grid by the inclusion of the 220 kV voltage level
Victoria Canillas1, Miquel Torta2, Santiago Marsal3, and Juan José Curto2
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After the results obtained from the assessment of GIC in Spain by only including the 400 kV network, we now present the
improvement achieved by adding the current flow in the entire 220 kV network. In the case of autotransformers and YY
transformers, where the high and low voltage levels are joined, the model network requires an alternative treatment. Our solution
consists in introducing two virtual nodes per substation (regardless of the number of transformers in it). By means of this solution,
the transformer winding resistances of each node turn into three virtual lines per node, getting an equivalent circuit for each real
node of the network. As a consequence of the use of an infinite earthing resistance for the virtual transformers of each node, the
resulting matrix to be inverted to resolve the Lehtinen-Pirjola (LP) method is nearly singular. We present a modified version of the
LP method that reduces the size of the matrix to be inverted and improves its conditioning. Finally, we compare the model
predictions with the GIC measurements analysed in the neutral of a couple of transformers and with the real current flowing along
several power lines, which we derive by performing differential magnetometer measurements.
Geomagnetic storm impact in Sweden – observations, modelling and prediction capability
Lisa Rosenqvist1, Jonas Kjäll1, Andrew Dimmock2, Daniel Welling3, and Emiliya Yordanova2
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A proof-of-concept modelling capability that incorporates a detailed 3-D structure of Earth’s electrical conductivity in a GIC
estimation procedure has been developed (GIC-SMAP) and verified based on measurements in northern and southern Sweden.

The model has been used to quantify the hazard of severe GICs in the Swedish power grid based on historical geomagnetic
disturbances and a worst case "perfect" storm. During three of the historical storms there was an observed impact in the Swedish
power network. The observed location and time of the impacts are investigated. It is shown that the impacts are closely related to
large rapid magnetic variations over Scandinavia and occur in a region av enhanced electric fields due to the combined effect of
the regional low crustal conductivity in combination with 3D effects due to neighbouring high conductivity regions.
Furthermore, the prediction capability of the Space Weather Modelling Framework (SWMF) is evaluated by investigating the
capability to reproduce the observed disturbances over Scandinavia that are likely to be responsible for the impacts. Although
SWMF does capture parts of the GMDs it cannot reproduce either the magnitude nor the regional variation. Consequently, the
predicted GICs will be underestimated in the region of the observed impacts.
Space Weather activities in ESA Space Safety Programme
Juha-Pekka Luntama, Alexi Glover, Melanie Heil, and Stefan Kraft
European Space Agency, Germany
ESA Space 19+ Ministerial Council is over and the budgets of ESA Programmes have been consolidated and new activities are
starting. For space weather activities the big change is that ESA's Space Situational Awareness (SSA) Programme with Space
Weather Segment has ended at the end of 2019 and the new Space Safety Programme (S2P) has been started. In Space Safety
Programme the space weather activities are carried out under the responsibility of the Space Weather Office and as projects on
implementation of big space missions like for example the Lagrange mission to L5. The Space Weather Office has the
responsibility of the overall planning of the space weather activities in ESA and particularly the long term planning of the
developments and missions that will enhance the European space weather capability.
My presentation will provide an overview on how ESA space weather activities and plans are evolving after the transition from SSA
to S2P and what are the medium and long term prospects of ESA space weather activities including the developments of the
service capabilities, space missions and ground based measurements. The objective is to also trigger discussion within the
community about longer term perspectives of European Space Weather Landscape.

Human Space Flight Operations
ESA SSA Space Weather Service Network - Provision of a General Space Weather Dashboard in Support of Spacecraft Operations
Robbe Vansintjan1, Antoine Calegaro2, Erwin De Donder2, Sophie Chabanski2, Jennifer O'Hara1, Corentin Liber2, Hannah Laurens3,
and Alexi Glover4
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As part of its Space Safety Programme, the European Space Agency (ESA) is establishing a Space Weather Service Network to
support end-users from a wide range of affected industries in mitigating the effects of Space Weather on their systems, reducing
costs and improving reliability. In building this network, Space Weather products/tools are developed and federated in services
that are suitable for operational implementation and importantly that meet end user needs.

As part of our efforts to engage with end-users, we at the SSA Space Weather Coordination Center organize dedicated user
support campaigns where we provide tailored Space Weather bulletins and dashboards for the user. Multiple campaigns have
been set up for users in the Spacecraft Operations service. During these campaigns we work with the users in order to determine
the format and content of a bulletin. In addition, products and tools from the ESA SSA SWE Service Network are tailored and
combined to address the user’s specific needs.
In this presentation we will highlight the general dashboard for satellite operations. This dashboard summarises information on
the impact of Space Weather on satellites in different orbits around Earth and serves as a prototype for building more user
specific tailored campaigns.

Thermosphere-Ionosphere Interactions and Effects
The Met Office Atmospheric Density Forecast Service
Mike Marsh
Met Office, UK
The Met Office Atmospheric Density Forecast Service provides estimates of atmospheric density, intended to support users
concerned with atmospheric drag calculation. The service provides atmospheric estimates of total neutral density within the
altitude range 120-1500 km, based on the pre-operational implementation of the semi-empirical model DTM2013 (CNES). The
service delivers three atmospheric density products: a daily density forecast up to 27-days ahead, a higher cadence 3-hourly
forecast out to 3-days ahead, and a daily retrospective density estimate. The service is currently federated via the ESA Space
Weather Network within the Ionospheric Expert Service Centre. Future developments in this domain will also supply similar
atmospheric density forecasts to the UK National Space Operations Centre for civil and defence users.
Indices of geomagnetic activity derived from space-born magnetic data from the Swarm mission
Constantinos Papadimitriou1, Georgios Balasis1, Adamantia Zoe Boutsi1, Ioannis A. Daglis2, Omiros Giannakis1, Paola De
Michelis3, and Giuseppe Consolini4
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Ground based indices, such as the Dst and AE, have been used for decades to describe the interplay of the terrestrial
magnetosphere with the solar wind and provide quantifiable indications of the state of geomagnetic activity in general. These
indices have been traditionally derived from ground based observations from magnetometer stations all around the Earth. In the
last 5 years though, the highly successful satellite mission Swarm has provided the scientific community with an abundance of
high quality magnetic measurements at Low Earth Orbit, which can be used to produce the space-based counterparts of these
indices, such the Swarm-Dst and Swarm-AE Indices. In this work, we present the first results from this endeavour, with
comparisons against traditionally used parameters, and postulate on the possible usefulness of these Swarm based products for
space weather monitoring and forecasting.

Comparison of characteristics of electron density fluctuations from Swarm satellites with the ground-based scintillation data
Daria Kotova1, Yaqi Jin1, Steffen Brask1, Pierre Cilliers2, and Wojciech Miloch1
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The main reason for the observation of scintillation at high and low latitudes is the passage of the signal through ionospheric
irregularities in the propagation medium. Ionospheric irregularities are often the cause of GNSS precise positioning errors, as well
as disruption of radio communications in the HF range. The reason for the occurrence of these irregularities can be various nonstationary processes in the near-Earth space plasma that depend on the response of the ionosphere to the variations in the nearEarth space. Therefore, the study of ionospheric irregularities is an urgent scientific and applied problem.
We use a global product based on the Swarm satellite measurements that characterizes ionospheric irregularities and
fluctuations. The IPIR (Ionospheric Plasma IRregularities product) provides characteristics of plasma density structures in the
ionosphere, of plasma irregularities in terms of their amplitudes, gradients and spatial scales and assigns them to geomagnetic
regions. It also provides indication, in the form of a numerical value index, on their severity for the integrity of trans-ionospheric
radio signals and hence the accuracy of GNSS precise positioning.
In this work we continue validations of the IPIR product against the ground-based measurements, focusing on GPS TEC and
scintillation data in low and high-latitudes regions.
Modelling the Time-Variability of the Ionospheric Electric Field: Introducing the TiVIE model
Maria-Theresia Walach, and Adrian Grocott
Lancaster University, UK
We present a statistical model of the ionospheric electric field derived from line-of-sight plasma velocity measurements from the
Super Dual Auroral Radar Network (SuperDARN). Electric field patterns are produced using an established technique that models
the electric field as a spherical harmonic expansion of the ionospheric electric potential. Major improvements over existing models
are achieved by the use of novel parameterisations that capture three major sources of time-variability of the coupled solar windmagnetosphere-ionosphere system: 1) the upstream solar wind conditions, specifically the strength and orientation of the
interplanetary magnetic field and the steadiness of the solar wind, 2) substorm onset location as well as the time relative to
substorm onset, and 3) the variability introduced by geomagnetic storms. These account for the variability in the magnetosphereionosphere system, which occurs even under continuous steady driving by the solar wind. The second source of variability relates
to the storage and release of energy in the magnetosphere that is associated with magnetospheric substorms. The electric field
evolves throughout the substorm cycle and geomagnetic storm phases, and its morphology is strongly influenced by their
occurrences. We discuss the details of the model, and assess its performance by comparison to other models and to
observations.
Turbulence Signatures in the Polar/Cusp Ionosphere during ICI-mission flights
Francesca Di Mare, Andres Spicher, Lasse B.N. Clausen, Wojciech J. Miloch, and Jøran I. Moen
University of Oslo, Norway
Turbulent plasma observations from the Investigation of Cusp Irregularities-ICI sounding rocket missions are the objective of this
study. We report methods based on cross-correlation between the signals that reveal information regarding the scales involved,

the level of turbulence in the fluctuations observed, and a quantitative measurement of the intermittency developed. The electron
density fluctuations from ICI-2 and ICI-3 missions have been analysed using time-series analysis techniques and standard
diagnostics for intermittent turbulence. The following parameters have been obtained: the autocorrelation function that gives
information about the correlation scale of the field (Pope 2000); the associated energy power spectrum in which a power-law
scaling exponent not far from the Kolmogorov value −5/3 is obtained at MHD scales (Leamon 1998), while a steeper power law
is suggested below kinetic scales (Sahraoui 2006). The presence of turbulent structures is observed in the Probability Distribution
Functions (PDFs) (Frisch 1995, Sreenivasan 1999, Bruno 2005) by means of the deviation from Gaussian of the scaledependent increments towards small scales due to intense field fluctuations. Finally, the analysis of kurtosis allows to suggest the
presence of intermittency (Anselmet 1984, Sreenivasan 1994) in agreement with the presence of small scale intermittent
structures observed in the LIM.
An attempt of adaptive phase detrending for GNSS scintillation detection
Lucilla Alfonsi1, Luca Spogli1, Hossein Ghobadi1, Antonio Cicone2, Claudio Cesaroni1, Nicola Linty3, Vincenzo Romano1, and
Massimo Cafaro4
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The present work reports an attempt to contribute to the reliability of the phase scintillation index on Global Navigation Satellite
System (GNSS) signals at high-latitude starting from a detrending scheme based on the signal decomposition provided by the
Fast Iterative Filtering (FIF) technique. This scheme enables a fine tuning of the cutoff frequency for phase detrending used in the
phase scintillation index determination. Using Galileo data taken by a GNSS Ionospheric Scintillation Monitor Receiver (ISMR) in
Concordia Station (Antarctica), we try to target an optimization of the cutoff frequency. We show how the FIF-based detrending
allows deriving adaptive cutoff frequencies, changing minute-by-minute in a range between 0.4 Hz and 1.2 Hz. Our results should
help to better accounting for diffractive effects, being stochastic in nature, in phase scintillation index calculation. As the
stochastic effects are the most challenging threat to GNSS-based positioning services, our attempt could contribute to the
improvement of scintillation indices-based techniques for the mitigation of adverse space weather effects on navigation. Our
study can also advance the current understanding of the ionospheric plasma dynamics under stormy conditions because we can
derive a GNSS-based estimation of the relative velocity between the satellite and the ionospheric irregularities.
First Evidences of Ionospheric Plasma Bubbles Observation using GNSS-R data from CyGNSS
Carlos Molina, and Adriano Camps
Universitat Politecnica de Catalunya-BarcelonaTech & IEEC, Spain
Ionospheric Plasma Bubbles constitute a threat for operational systems as they create disturbances of the electron density,
affecting the propagation delay, and inducing phase and intensity scintillation on the electromagnetic signals traveling through
the ionosphere. In the past, some studies with data from GNSS-R instruments as TechDemoSat-1 (TDS-1), proved the detection
of intensity scintillation measuring the intensity reflected over calm oceans, but it was an experimental satellite and the
availability of its data is limited. In this study, an analysis of NASA CyGNSS constellation data over calm oceanic regions is
presented, showing signatures of traveling Equatorial Plasma Bubbles (EPB). By studying GNSS-R data, this work has detected
and characterized some of these bubbles in equatorial oceanic regions during years from 2017 to 2020, estimating their length,
duration, and the increased intensity scintillation (S4).

Aviation
PECASUS - A Partnership Supporting Civil Aviation with Space Weather Advisories
Kirsti Kauristie
Finnish Meteorological Institute, Finland
The PECASUS (Partnership for Excellence in Civil Aviation Space weather User Services; pecasus.org) initiative serves as one of
the four global Space Weather centers that provide the International Civil Aviation Organization (ICAO) with Advisories during
strong solar storms. The partnership contains research groups from ten ICAO member countries: Finland, Belgium, UK, Germany,
Poland, Italy, Austria, Cyprus, the Netherlands, and South Africa. The centers have been operational since November 2019. As
solar activity has been rather low during the recent year, there has been no need to send any advisories according to ICAO
specifications, which imply advisory issuances only during strong activity. Since late 2018 PECASUS has participated actively to
the implementation phase of the ICAO services, which is a joint effort between the Space Weather information providers, ICAO
MET Panel Expert Members and their Designated Advisors. As part of this activity the service providers have tested the ICAO
dissemination network with some test advisories. In addition, the preparedness of the centers has been challenged by a couple of
space weather events that have reached in their intensity almost the thresholds of advisory issuances. In the presentation we will
discuss the lessons learnt by PECASUS during its first year of operations.
Exploring the Impacts of Space Weather on Transatlantic Aviation
Mark Gibbs1, and Jacob Young2
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In July 2018 the UK Civil Aviation Authority (CAA) and Met Office organised a space weather tabletop exercise/workshop hosted
by NATS Prestwick. The day was focused around what NATS perceived to be their biggest risk; North Atlantic traffic and
communications disruptions. The exercise was attended by Air Navigation Service Providers and airlines, alongside the CAA and
Met Office. This presentation will cover the space weather scenario used, the key topics of discussion and the key findings.
ESA SSA Space Weather Service Network - Service to Aviation
Erwin De Donder, and Antoine Calegaro
Royal Belgian Institute for Space Aeronomy, Belgium
With the objective to provide owners and operators of critical spaceborne and ground-based infrastructure timely and accurate
information that supports mitigation of the adverse impacts of space weather, a network of tailored services has been developed
within the frame of ESA’s Space Safety Programme. We present the "Non-Space Systems Operations – Service to Aviation" which
aims at providing access to global information, data, models and tools addressing radiation, communication and navigation
issues to support pilots and airline dispatchers in flight planning during enhanced space weather activity. An overview is given of
the main service products/tools together with a summary of the user support test campaign organized by the SSA SWE
Coordination Centre (SSCC). We also reflect on how this service to aviation can be complementary to the ICAO space weather
service.

R20 and development of services
Modernizing Simulation Services and Accelerating R2O2R at the Community Coordinated Modeling Center (CCMC): NextGeneration Continuous Runs Framework
Chinwe Didigu1, Tina Tsui1, Michele Cash2, Ratina Dodani2, Marcus England2, Brent Gordon2, Steven Hill2, Michael Husler2, Maria
Kuznetsova1, Chris Lauer2, Leila Mays1, Clinton Wallace2, Chiu Wiegand1, Jia Yue1, Yihua Zheng1, Lutz Rastaetter1, Richard
Mullinix1, Joycelyn Jones1, Aleksandre Taktakishvili1, Peter Macneice1, and Polymnia Manessis1
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For over 20 years, the Community Coordinated Modeling Center (CCMC) at NASA has provided unparalleled access to various
services and tools for the research and development of state-of-the-art space science and space weather models serving the
scientific community and in support of CCMC’s operational partners. Starting in 2020, CCMC will embark on modernization
projects to develop its next generation of simulation services. Specific to R2O2R is the next-generation Continuous Runs
simulation service at CCMC which aims to incorporate cutting-edge technologies and to provide portability of models and software
for both in-house systems and for R2O2R activities. In this presentation, we will give an overview of the Architecture for
Collaborative Evaluation (ACE) environment shared by CCMC and the Space Weather Prediction Testbed (SWPT) at NOAA. The
ACE environment is the first of several Proving Grounds being developed as part of the Space Weather R2O2R Framework with the
aim of providing the ability to develop, enhance, and quickly transition models and software systems from operations to research
and vice versa. We will also describe how the processes, standards, models, and software developed for near real-time
simulations at ACE will be used as a steppingstone to build further capabilities for this modernization effort.
Space Weather Innovation, Measurement, Modelling and Risk (SWIMMR): A programme of the UKRI Strategic Priorities Fund
Ian McCrea
STFC RAL Space, UK
SWIMMR (Space Weather Innovation, Measurement, Modelling and Risk) is a £20M programme, funded by UKRI's Strategic
Priorities Fund. It concentrates on the development of new models and observing techniques, which will eventually be added to
the space weather capabilities of the UK Met Office. The programme is jointly funded by STFC and NERC, with the NERC side
focusing on the transition of research models into operations and the STFC funded projects having a greater focus on enabling
technology and infrastructure. The programme officially began in 2019 and should run until 2024. In this presentation, we will
outline the progress of the projects so far, discuss plans for the immediate future and look forward to the eventual capabilities
which we expect to be delivered as a result of the various SWIMMR activities.
The present status and future plan of NICT space weather research and operation
Mamoru Ishii
NICT, Japan
The fourth mid-term research plan in NICT is going to finish on the end of March 2021 and the fifth plan starts. I will introduce
several remarkable results in the fourth plan and draft of the fifth plan in the session.

The period of fourth plan overlaps almost that of PSTEP. In PSTEP, many cutting-edge researches of space weather have improved
both in domestic and international cooperation under the leadership of Prof. Kusano, Nagoya Univ. and the scheme to use these
produces in operational space weather forecast services in NICT has established.
The X9.3 solar flare occurred in Sep. 2017 which is maximum in solar cycle 24. After this event, Japanese government
strengthened the space weather monitoring framework, e.g., 24/7 space weather forecast.
ICAO has been discussing the use of space weather information in civil aviation since early 2000s, and three global centers were
established in 2018 which includes NICT/Japan. The operation started in Nov. 2019.
Following these fruitful results, we are now discussing the fifth mid-term research plan. The present draft includes development of
data assimilation system, development of AI system, and satellite sensors for precise space weather forecast.
I will show some detailed information in my presentation.
Operations of space weather services at the Swedish Institute of Space Physics
Peter Wintoft, Magnus Wik, Masatoshi Yamauchi, Urban Brändström, and Juri Katkalov
Swedish Institute of Space Physics, Sweden
The Swedish Institute of Space Physics (IRF) operates a number of services that collect measurements, derive indices, and run
forecasts. The services are part of our Regional Warning Centre (ISES) activities and our contribution to the Geomagnetic Expert
Service Centre (G-ESC) within ESA/SSA. Currently IRF operates magnetometers in northern and southern Sweden with 1-second
resolution, and all-sky cameras for northern Sweden, providing data for space weather services. Local magnetic K indices are
derived at the two locations in real time and we plan to implement an auroral index using the all-sky data. We also provide realtime forecasts of geomagnetic indices Kp, Dst, and AE/AL/AU, and 30-minute maximum ground dB/dt over northern Europe. The
prediction models have been running for many years and in many cases without any changes: the current versions of the Kp, Dst,
and dB/dt models were implemented in 2017 and developed using ACE solar wind data up until 2015. This gives an interesting
opportunity to test the models on new data from the DSCOVR spacecraft and analyse how they have performed in real time
operation. We present various performance metrics and analyse the results.

Quick Views
The Solar Sources and Space Weather
Implementing the MULTI-VP coronal model in EUHFORIA: results and comparisons with the WSA coronal model
Evangelia Samara1, Rui F. Pinto2, Jasmina Magdalenic3, Veronika Jercic4, Camilla Scolini5, Nicolas Wijsen4, Immanuel C. Jebaraj1,
Luciano Rodriguez3, and Stefaan Poedts6
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Maria Curie-Sklodowska
The EUropean Heliospheric FORecasting Information Asset (EUHFORIA) is a new 3D magnetohydrodynamic (MHD) space weather
prediction tool (Pomoell and Poedts, 2018). EUHFORIA models solar wind and coronal mass ejections (CMEs) all the way from
the Sun to 2 AU. It consists of two different spatial domains; the coronal part, which extends from the solar surface to 0.1 AU and
the heliospheric part, which covers the spatial domain from 0.1 AU onwards. For the first part, the semi-empirical Wang-SheeleyArge (WSA; Arge et al., 2004) model is currently used, in combination with the potential field source surface (PFSS) model
(Altschuler and Newkirk, 1969) and the Schatten current sheet (SCS) model (Schatten et al., 1969), in order to reconstruct the
magnetic field up to 0.1 AU and produce the necessary boundary conditions required by the 3D MHD heliospheric part to initiate.
In the current work, we replace the default WSA model with the MULTI-VP model (Pinto and Rouillard, 2017) and compare their
output with EUHFORIA both at 0.1 AU and 1 AU, for high-speed stream cases during the minimum and maximum solar activity.
Further comparisons for the cases of interest are made by employing different magnetograms.
More than four decades of solar radio observations in Metsähovi Radio Observatory
Juha Kallunki
Aalto University, Finland
Aalto University Metsähovi Radio Observatory in Finland has been monitored Sun more than four decades with varying radio
frequencies. Metsähovi is well known for its unique, continuous solar intensity radio map collection at the wavelength of 8 mm,
which are made on the daily basis. In the past decade, the radio instrumentation has been also extended to the longer
wavelengths. These instruments are also very suitable for the space weather investigations as well. In general, the radio
observations are very useful tool for studying space weather phenomena. For instance, radio observations make possible to study
properties of Coronal Mass Ejections (CME). The northern location of the observatory enables long, continuous observations in
Summer seasons, even up to 16 hours. In this work, we present the current solar radio instrumentation of Metsähovi Radio
Observatory.
All observed data, more than forty years, have been open to the public and the database is growing daily. The link to the data
itself and data policy can be found from: http://www.metsahovi.fi/opendata/. In addition, the access to database and its
structure will be shown.

The chaotic solar cycle
Arnold Hanslmeier
University of Graz, Austria
The solar cycle can be modeled with well known mathematical functions that were also used in chaos theory. The variation of the
parameter range shows that the solar cycle is at the edge of chaotic behavior. This is well known from historical observations of
intermittent period of high and low solar activity over several decades and even longer.
Chaotic behavior has serious consequences for solar cycle forecasting. In addition to solar cycle studies it is also investigated
how methods that characterize chaotic dynamics can be applied for space weather prediction. Is there any principal time range
for for which prediction of space weather becomes problematic because of the chaotic underlying dynamics?
Some simple examples will be given.
Characteristics of a long-lived CIR and the corresponding depression in the GCR flux
Mateja Dumbovic1, Bojan Vrsnak1, Manuela Temmer2, and Bernd Heber3
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We observe a long-lived CIR recurring in 27 consecutive Carrington rotations 2057-2083 in the time period from June 2007 - May
2009. We characterize the in situ measurements of this long-lived CIR as well as the corresponding depression in the GCR count
observed by SOHO/EPHIN, and analyze them throughout different rotations. We find that the behavior of the flow speed peak
roughly shows a rising phase and a declining phase. This is similar to the evolutionary profile of some observed coronal hole
areas, but without a clear peak. The GCR count evolutionary profile roughly follows that of the flow speed peak, but moreover we
find that the inverted GCR count time-profile matches very well with that of the flow speed throughout different rotations. We
perform a statistical analysis and find the GCR count amplitude correlated to the peak in the magnetic field and flow speed, as
expected based on previous statistical studies. In order to characterize a generic CIR profile for modelling purposes, we perform
the superposed epoch analysis using relative values of the key parameters. Based on the observed properties we propose a
simple analytical model starting from the basic Fokker-Planck equation.
Coronal dimmings associated with coronal mass ejections on the solar limb
Galina Chikunova1, Karin Dissauer2, Tatiana Podladchikova1, and Astrid Veronig3
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We studied 43 coronal dimming events associated with Earth-directed coronal mass ejections (CMEs) that were observed in
quasi-quadrature by the SDO and STEREO satellites. We derived the properties of the dimmings as observed above the limb by
STEREO EUVI and compared them with the mass and speed of the associated CMEs. The unique satellite constellation allowed us
to compare our ﬁndings with the results from Dissauer et al. (2018, 2019), who studied these events observed against the solar
disk by SDO AIA. Such statistics is done for the ﬁrst time and conﬁrms the close relation between characteristic dimming and CME
parameters for the off-limb viewpoint. We ﬁnd that the dimming areas are typically larger for off-limb observations (mean value of
1.24±1.23×1011 km2 against 3.51±0.71×1010 km2 for on-disk), while the decrease in the total extreme ultraviolet intensity is
similar (c=0.60±0.14). The off-limb dimming areas and brightnesses are strongly correlated with the CME mass (c=0.82±0.06

and 0.75±0.08), whereas the dimming area and brightness change rate correlate with the CME speed (c∼0.6). Our ﬁndings
suggest that coronal dimmings have the potential to provide early estimates of the Earth-directed CMEs parameters, relevant for
space weather forecasts, for satellite locations at both L1 and L5.
On the occurrence of type IV solar radio bursts in the solar cycle 24 and their association with coronal mass ejections
Anshu Kumari, Diana Moroson, and Emilia Kilpua
University of Helsinki, Finland
Solar activity, in particular coronal mass ejections, are often accompanied by bursts of radiation at meter wavelengths, some of
which are long duration and broadband in nature, such as type IV radio bursts. However, the association of type IV bursts with
coronal mass ejections is still not well understood. We performed the first statistical study of type IV solar radio bursts in the solar
cycle 24. Our studies include a total of 445 type IV radio bursts that occurred during this solar cycle. Our results show that ~56
% of type IV bursts were accompanied by CMEs, based on a temporal association with white-light CME observations. Our results
indicated that ~65 % bursts had source region on the disk and ~35 % bursts had source region on the limb. Our studies also
suggests that type IV bursts can occur with both ‘Fast’ (≥ 500 km/s) and ‘Slow’ (< 500 km/s) CMEs, however most of the type IV
bursts (~ 66 %) were associated with ‘Wide’ (≥ 60 º) CMEs. Only ~43 % of the type IV bursts in this solar cycle were associated
with ‘Fast and Wide’ CMEs. These results are unlike the majority of type II radio bursts that are mostly associated with ‘Fast and
Wide’ CMEs.
The magnetic environment of a stealth CME
Jennifer O'Kane1, Cecilia Mac Cormack2, Cristina Mandrini2, Lucie Green1, David Long1, Pascal Demoulin3, and Gherardo Valori1
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Stealth coronal mass ejections (CMEs) are becoming of increasing interest due to their relatively high occurrence rate and space
weather impact. Stealth CMEs are known for their extremely weak CME signatures, such as EUV dimmings and post-eruptive
arcades, and require extensive image processing techniques in order to reveal these signatures and locate their source region.
Consequently, little is currently understood about the physics of these events. We present an extensive study of the magnetic field
configuration in which the stealth CME of 3 March 2011 occurred. The magnetic field prior to the eruption is evaluated using a
linear force free field (LFFF) model and a potential field source surface (PFSS) model. These models are complemented and
verified by in-depth observational analysis, i.e., plasma emission structures in the stealth CME source region. We find evidence of
a coronal null point in the PFSS model, with surrounding field lines connecting the stealth CME source region to an active region
in the northern hemisphere. We conclude that reconnection at the null point, driven by eruptive activity in the northern
hemisphere active region, aids the eruption of the stealth CME by removing field that acted to stabilise the pre-eruptive structure.

Magnetofrictionally modelling the torus unstable eruption of AR 12473
Daniel Price, Jens Pomoell, and Emilia Kilpua
University of Helsinki, Finland
Coronal magnetic field extrapolations offer a method by which the structure of the magnetic field can be characterised. However,
due to their static nature, assessing the stability of the magnetic field is difficult using such methods. Here we perform data-driven
time-dependent magnetofrictional modelling of the flux rope that erupted on 28 December, 2015 from AR 12473. The simulation
produces a clear flux rope that goes on to eject through the upper boundary of the domain. By performing additional simulations
where the photospheric driving is halted at different times we are able to probe the stability of the flux rope. The point of instability
is found to coincide with being within a region of sufficiently rapid decay of the overlying field. Consequently we conclude that the
flux rope erupts due to the torus instability. These results highlight the potential of such data-driven magnetofrictional simulations
to model coronal dynamics and provide crucial input for space weather prediction-oriented models.
Modelling of interplanetary shocks measured by ACE using an hydrodynamical model (Cavus2013) and some estimations with
artificial neural network
Huseyin Cavus1, Gani Caglar Coban2, and Abd-ur Raheem2
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The modelling of shock waves in the interplanetary environment is a complex and a major problem in solar physics. A
hydrodynamical solution to the shock waves is proposed in this study. A discussion of the model and results of the papers
published based on the model is the aim of this study. The model presents a solution that takes Reynolds number, adiabatic
index, compression rate and the Mach number for upstream and downstream flow and derives an equality between them. A scale
of the intensity of the shock waves is derived based on the model. The model’s usage with NASA’s ACE spacecraft has been
published and the correlation of the shock parameters produced by model and the sunspot numbers have been correlated.
Moreover, an artificial neural network based upon the said hydrodynamical model has also been designed to predict the shock
parameters without the need of actual satellite data.
Prediction of solar cycle 25 - next decade of space weather
Prantika Bhowmik1, and Dibyendu Nandy2
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Solar variability governs the electromagnetic, radiative, and particulate environment in the heliosphere. Modulation in the Sun's
magnetic output is closely associated with and mostly dominated by the sunspot cycle. Thus, in the context of space weather
studies, predicting the sunspot cycle has gained a significant impetus in recent times. However, the intrinsic stochastic nature of
the solar convection zone limits the range of predictability to half a solar cycle, and, the dipolar field during the cycle minimum is
one of the best precursors for sunspot cycle prediction.
In comparison, we have devised a methodology by combining an observational data-driven surface flux transport model and an
interior dynamo model to extend the prediction time window to decadal scale. This new methodology has been validated by
performing a century-scale data-driven simulation which reproduced the past observation quite successfully -- the first of its kind.
Subsequently, we employ this technique for predicting sunspot cycle 25 while considering various possible uncertainties. Our

ensemble forecast indicates cycle 25 would be similar or slightly stronger than the current cycle. Cycle 25 may thus reverse the
persistent weakening trend in solar activity which has led to speculation of an imminent Maunder-like grand minimum and cooling
of global climate.
Dynamic evolution of periodic magnetic helicity injection in 3-dimensional solar Active Regions
Marianna Korsos
Aberystwyth University, UK
The evolution of magnetic helicity has a close relationship with solar eruptions and is of interest as predictive diagnostic. In this
case study, we analyse the evolution of the normalised emergence, shearing and total magnetic helicity components in the case
of flaring and non-flaring ARs. The evolution of the three magnetic helicity components is analysed with wavelet transforms,
encompasses a vertical range from the photosphere up into the low corona. This present study reveals significant common
periodicities of the normalised emergence, shearing and total helicity fluxes before an energetic flare. This case study suggests
that the presence of significant periodicities in the power spectrum of magnetic helicity components could serve as a valuable
precursor for flares.
Helicity in a jet provided by transfer of twist from a sigmoidal flux rope
Reetika Joshi1, Brigitte Schmieder2, Guillaume Aulanier1, Veronique Bommier1, Ramesh Chandra3, Petr Heinzel4, and Akiko Tei5
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Jets often have a helical structure containing hot/cool ejected plasma denser than the corona. Jets can be sources of CMEs.
Various mechanisms have been proposed to explain how jets are triggered, primarily attributed to a magnetic reconnection
between the emergence of magnetic flux and environment or that of twisted photospheric motions that bring the system into a
state of instability. The former solution is the one found in our SDO observations of jets. We followed the magnetic history of the
active region based on the analysis of the HMI vector magnetic field computed with the UNNOFIT code. We found the evidence of
the pattern of a long sigmoidal flux rope (FR) along the polarity inversion line in the active region. The helical nature of the jet is
characterized by the IRIS spectra.
We conjecture that there is a transfer of twist to the jet during the extension of the FR to the reconnection site without FR eruption.
The reconnection would start in the low atmosphere in the bald patch reconnection region and extend at an X-point along the
current sheet formed above.
Multi-viewpoint observations of CME kinematics and dynamics in the near-Sun environment
Niclas Mrotzek and Volker Bothmer
Institute for Astrophysics, Germany
CMEs are impulsive outbursts of magnetized coronal plasma. Their initiation and evolution into the heliosphere covers several
orders of magnitude of temporal and spatial scales that can be observed with space-borne extreme-ultraviolet imagers,
coronagraphs and heliospheric imagers. In this work we present an investigation of the early dynamics of CMEs including their

kinematics, orientation and geometrical evolution. For this purpose, a set of 21 Earth-directed CMEs between July 2011 and
November 2012 was selected and analysed. The CME parametrisation is obtained by applying the Graduated Cylindrical Shell
model, to multi-viewpoint observations taken with the SECCHI instrument suite onboard the STEREO spacecrafts and with the
LASCO coronagraphs onboard the SOHO satellite. By using these instruments, the CME dynamics including the kinematics and
geometry, are covered in high detail over a spatial range starting at heights below 2 R☉ (EUVI) and extending into the field of
view of HI1 (∼100 R☉). The results reveal interactions of the CMEs with the ambient corona and solar wind by deflections of the
CMEs of up to 31° in longitude and 18° in latitude within the first 30 R☉. Furthermore, indications for the existence of CME
oscillations with periods between 29 and 93 minutes were found.
First observation of a transitioning Type II solar radio burst and the effects of scattering on split-band Type II sources
Nicolina Chrysaphi
University of Glasgow, UK
Shock waves can excite radio emissions which reflect the shock’s speed, known as Type II solar radio bursts. Drifting Type II
bursts are often associated to CME-driven shocks that propagate through the corona, but stationary Type II bursts with no
frequency-drift rate have also been observed. The fundamental and harmonic bands of a Type II burst can further split into
thinner lanes, a phenomenon known as “band splitting”, the origins of which are debated. Using high-resolution LOFAR
observations, we observed the first Type II burst that transitions from a stationary to a drifting state, reporting a new sub-class of
Type II bursts referred to as “transitioning” Type II bursts. The generation mechanism of the transitioning Type II burst was related
to the eruption of a coronal jet that produced a steamer-puff CME. The spatial separation observed between the subband sources
of split-band Type II bursts was also investigated. It was found that the imaged separation of ∼0.2+/-0.05 R_solar between two
sources at 32 and 40 MHz can be attributed to the shift that radio sources experience due to scattering. As such, band-splitting
models that require the intrinsic sources of a split-band Type II burst to be virtually co-spatial are supported.
Weak solar flares as sources of events in the meter radio range
Toropova Maria, Larisa Kashapova, and Yulia Shamsutdinova
Institute of Solar-Terrestrial Physics, Russia
Nowadays main interest to weak solar flares related to heating of the chromosphere and coronal plasma. But weak flares could
also be a source of particles propagating through interplanetary space and playing a role in space weather. We compare the
plasma properties of weak flares, which took place on July 20, 2016, with their relation to meter radio range burst. Selection of
events was carried out using data of a new generation instrument, the Siberian Radioheliograph 4 - 8 GHz (SRH), allowing the
study of solar flares of classes C and B (according to the GOES classification). We got information about flare plasma parameters
(temperature, emission measure and spectral index) using microwave and X-ray data and analyse which of the flares related with
radio burst in meter range using composite spectrum ( WIND/WAVES, AMATERAS and ORFEES).

Evolution of the radio signatures of energetic electrons from the flare acceleration site to the high corona
Sophie Musset1, Eduard Kontar1, Nicole Vilmer2, Lindsay Glesener3, and Abdallah Hamini2
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Solar energetic electrons are an important component of space weather which can be accelerated during solar flares. While such
electrons are detected in-situ in the heliosphere, the study of the acceleration and injection processes in the solar corona rely on
their signatures in X-ray and radio observations. When both signatures are observed, their combination lead to a detailed
understanding of the acceleration, injection and propagation of energetic electron beams in the corona. We present the case of
such events in the gradual phase of the GOES M4 flare on September 9 2017 at 11:04 UT, for which X-ray signatures of nonthermal electrons correlate in time with type III radio bursts extending from the acceleration site to the high corona (600 to 30
MHz). This event was observed with the LOFAR radio-telescope, providing images of the radio sources in the high corona (30-50
MHz) at unprecedented frequency resolution. Using this set coverage, we study the evolution of the radio source sizes with their
radial distance from the Sun and provide evidence that radio-wave scattering contribute largely to the characteristic of the
sources of radio coherent emission tracing the propagation of the energetic electron beams in the corona and the heliosphere.
The COSPAR ISWAT initiative for open validation analysis of ambient solar wind models
Martin Reiss1, Manuela Temmer2, Karin Muglach3, Maria Kuznetsova4, Peter MacNeice4, Richard Mullinix4, Rui Pinto5, Charles N.
Arge4, Sergio Dasso7, Chiu Wiegand4, Lan Jian3, Christian Möstl1, Evangelia Samara8,9, Camilla Scolini9, Barbara Perri10, Mathew
Owens11, Pete Riley12, and Rachel Bailey13
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Austria
Comprehensive validation analysis is instrumental for driving innovation in ambient solar wind modelling and forecast. First and
foremost, it is needed to inform developers and users about the strengths and weaknesses of the solar wind models, and also to
provide an unbiased assessment of progress over time. Here we present the Ambient Solar Wind Validation Team embedded in
the COSPAR ISWAT initiative to establish an online hub for validation analysis of ambient solar wind models allowing developers
and end-users to assess the quality of state-of-the-art model solutions. Focusing on the space weather community needs, we
present a metadata architecture including validation metrics and integrate them into the CAMEL (Comprehensive Assessment of
Models and Events using Library Tools) web application hosted by NASA's Community Coordinated Modelling Center. We use
CAMEL to compare model predictions with in situ measurements at Earth in terms of point-to-point statistics and event-based
metrics. Our activities are coordinated with ISWAT's Coronal Hole Boundary Team. In this presentation, we will discuss the main
challenges we face in the realization of our objectives, and present the status and the roadmap of our space weather community
initiative.

On the long-term evolution of small-scale solar feature: The faculae
Anett Elek1, Robertus Erdelyi2, Marianna Korsos3, and Norbert Gyenge2
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The appearance and properties of solar faculae in the lower solar atmosphere are strongly connected to the highly localised
magnetic fields of the Sun. Thus, faculae may be employed as "test particles" for checking out or validating the applicability of a
solar dynamo theory. Faculae show the well-known global butterfly diagram, i.e. both the 11- and 22-year cycle. Although faculae
do not have as strong magnetic fields as sunspots but investigating their spatial and temporal distributions reveal a clear nonaxisymmetric behaviour. We report finding facular structural patterns that indicate the presence of dynamo processes operating
on scales of a year and found signatures of even shorter cyclic magnetic field generation mechanisms. Facular migration patterns
toward the solar poles are analysed and evidence of low-band standing wave patterns will also be discussed. Further, signatures
for an active longitude of faculae will also be presented and critically addressed given the controversy about the true presence of
such patterns. Our results may be the base of a new solar dynamo model.
Facilitating the systematic application of machine-learning algorithms to solar flare and eruption forecasting: the SWAN-SF
benchmark dataset
Manolis K. Georgoulis
Academy of Athens, Greece
Machine and deep learning have seen an explosive growth in recent years and are considered important contenders to address
real-world, Big-Data problems. Space-weather forecasting and its various applications are no exception, with numerous recent
publications relying on machine- and deep-learning to break ground in nowcasting and forecasting problems. Progress, however,
implies accounting for longstanding notions of data, model and performance verification. The latter, in particular, is of little
meaning when data are not representative or fixed for different machine-learning methods. A solid path toward data verification is
via benchmark datasets that enable competing methodologies to demonstrate their applicability, efficiency and effectiveness. A
particularly well-curated benchmark dataset is the Space Weather Analytics for Solar Flares (SWAN-SF) that was constructed by
the Georgia State University’s Data Mining Lab. SWAN-SF comprises ~4,100 multivariate time series of 51 metadata parameters
representing solar active regions in flare-quiet, pre- and post-flaring situations. Five independent data partitions covering the
entire solar cycle 24 allow easy and interchangeable use for training, testing and validation. The SWAN-SF benchmark dataset
can both enhance physical insight and optimize method evaluation.
The SWAN-SF is available at Harvard Dataverse (DOI: 10.7910/DVN/EBCFKM) and is discussed in a recent Nature Science Data
paper (DOI: 10.1038/s41597-020-0548-x).
Analyzing the potential of eruptivity proxies to forecast the upcoming solar flares
Manu Gupta, Julia Thalmann, and Astrid Veronig
University of Graz, Austria
Solar flares and coronal mass ejections erupting from the solar active regions can severely impact our space weather. Physics
behind these highly energetic solar eruptions is still not well understood and predicting them is one the key challenge today.
Magnetic helicity induced from the underlying active region to magnetic loops in solar corona can cause reconnections and flare

eruptions. Therefore, to have a better understanding of these eruptive events, we identify a number of active regions based on
different flaring activity and evolutionary profiles. We then compute the coronal magnetic energy and helicity for those active
regions, based on nonlinear force-free coronal magnetic field models with a high level of solenoidality, and study the evolution of
these quantities around the time of flare. Furthermore, we estimate the preflare levels of the helicity ratio of current-carrying
magnetic field to the total helicity and test the ability of this quantity to predict the flare eruptivity. We find that the value of
helicity ratio can efficiently indicate the eruptive potential of an active region, and the order of helicity ratio is higher for the active
regions with eruptive flares than the ones with confined flares.
Analysis of large deflections of prominence–CME events during the rising phase of solar cycle 24
Maria Valeria Sieyra1, Mariana Cécere2, Hebe Cremades1, Francisco Iglesias1, Abril Sahade2, Marilena Mierla3, Andrea Costa2,
Matthew West3, and Elke D'Huys3
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The analysis of the deflection of coronal mass ejections (CMEs) plays an important role in the improvement of forecasting their
geo-effectiveness. Focusing on the governing conditions that drive deflections during the early stages, we performed an extensive
analysis of 13 CME events that exhibited large deflections in the low corona. The study was carried out using solar corona imaging
observations at different heights and wavelengths, namely the Project for Onboard Autonomy 2 (PROBA2), Solar Dynamics
Observatory (SDO), Solar TErrestrial Relations Observatory (STEREO), Solar and Heliospheric Observatory (SOHO) spacecraft, and
the National Solar Observatory (NSO). The selected events were observed between October 2010 and September 2011, taking
advantage of the quadrature location of the STEREO spacecraft and Earth. We determined the 3D trajectory of the front envelope
of the CMEs and their associated prominences by means of a forward-modeling and tie-pointing tool, respectively. Using a
potential-field source-surface model, we estimated the magnetic-energy distribution of the ambient medium to investigate its role
in the non-radial propagation of both structures and in their kinematic properties. The ambient magnetic environment during the
early stages is found to be crucial in determining the trajectory of the CME events, in agreement with previous reports.

Space Weather Instrumentation
The Trieste solar radio system 2.0: a new solar radio weather monitor
Giovanna Jerse, Valentina Alberti, Veronica Baldini, Roberto Cirami, Igor Coretti, Paolo Di Marcantonio, and Mauro Messerotti
INAF Astronomical Observatory of Trieste, Italy
The Trieste Solar Radio System 2.0 (TSRS 2.0) is a new facility installed at the Basovizza Observing Station of the INAF
Astronomical Observatory of Trieste. It is aimed at solar radio surveillance in the frequency range 1-19 GHz. Thanks to its peculiar
and unique operational features, the system is an effective diagnostic tool and plays a key role in Solar Radio Weather
monitoring. By an alt-az mount with a 3,7-meter parabolic dish and dual circular polarisation feeder, the hybrid SDR (SoftwareDefined Radio) radio spectropolarimeter has been operating at L, C, and Ku frequency bands, and at fixed frequencies (e.g.,
2800 MHz) to monitor solar radio emissions with high time resolution and full circular polarisation information by providing solar
radio spectra and relevant solar radio indices at selected frequencies. Furthermore, it will produce synoptic radio maps of solar
radio sources at 18 GHz by scanning technique. In this paper, we discuss the current status of TSRS 2.0 and present preliminary
results in the light of Space Weather applications and Solar Radio Physics investigations via coordinated observations with other

radio facilities such as, e.g., INAF non-dedicated, large single dish radio telescopes (SRT Sardinia Radio Telescope, Medicina, and
Noto) and LOFAR (Low-Frequency Array).
Operative cosmic ray detector for space weather studies at the Argentinian base in the Antarctic Peninsula
Noelia Ayelén Santos1, Sergio Dasso2, Adriana María Gulisano2, Omar Areso2, and Matías Pereira2
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The antarctic Space Weather Laboratory was deployed by the LAMP group (Laboratorio Argentino de Meteorología del esPacio) at
the Argentinian Marambio base in the Antarctic Peninsula.
The main instrument installed was a cosmic ray detector based on water Cherenkov radiation, and it started to operate in March,
2019. Since then, it has been continuously measuring the flux of secondary cosmic rays (SCR). Two main aims of this high
latitude detector are: (1) making progress of fundamental science and (2) space weather monitoring. This detector is a node of
the LAGO Collaboration (Latin American Giant Observatory).
In this work, we will show the calibrated SCR count-rate for the first year of its operation. Also, we will discuss about a seasonal
modulation which was found in those measurements during this period.
Solar Orbiter magnetometer data: opportunities for space weather prediction
Tim Horbury1, Helen O'Brien1, Jonathan Eastwood1, Mathew Owens2, and Ronan Laker1
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Launched on 10 February 2020, Solar Orbiter is following a complex trajectory through the inner solar system, ultimately reaching
under 0.29 AU and over 30 degrees heliolatitude. While scientific data can sometimes spend several months on the spacecraft
before being returned to the ground, the in situ instruments have defined reduced bandwidth “Low Latency” data products which
are returned on each daily ground station contact and are publicly available within 24 hours. The magnetometer instrument Low
Latency product is a vector magnetic field measurement every 8 seconds: while these data will not be of the highest scientific
quality, they represent an unprecedented resource for constraining global heliospheric magnetic field models and hence
improving predictions of near-Earth solar wind conditions.
We present the Solar Orbiter Low Latency magnetic field data and discuss opportunities for improving space weather forecasts
using this unique data set.
The Argentine Space Weather Laboratory (LAMP) in Antarctica
Sergio Dasso1, María Adriana Gulisano2, Omar Areso3, Matías Pereira3, and Noelia Santos4
1

IAFE-DCAO-LAMP (UBA-CONICET), Argentina 2IAA-DF-LAMP (DNA), Argentina, 3IAFE (UBA-CONICET), Argentina, 4DCAO-LAMP
(UBA-CONICET), Argentina
In 2019, a new Space Weather laboratory was deployed at the argentine Marambio base, in the antarctic peninsula at a
geographical latitude of 64ºS, a longitude of 56ºW, and an altitude of 200 m above see level. The inside of the building is
thermally controlled, between 22-24 Celsius degrees. It contains a telemetry system to transmit 5 minutes real time data to our

servers in Buenos Aires, a GPS system to make the stamp time of the records, a meteorological station, a magnetometer and a
cosmic rays detector. This system is continuously operating from March 2019.
This Antarctic laboratory is part of the LAMP group (Laboratorio Argentino de Meteorología del esPacio). LAMP was created in
2016, and since January 2020 LAMP is the Argentine regional warning center of the international consortium of space weather
centers (ISES). Our objective is to present the state of the art and challenges of this Antarctic Space Weather laboratory of LAMP.
Novel use of soil moisture sensors for space weather event detection
Alex Hands
University of Surrey, UK
Large solar energetic particle events (SEPEs) can lead to rapid and significant increases in atmospheric neutron flux. Ground level
enhancements (GLEs) in neutron flux are detected by a global network of several dozen neutron monitors. We examine the
possibility of exploiting existing networks of smaller sensors, which currently use measurements of ground level neutron flux to
infer soil moisture, to provide a complementary data source for GLE detection and characterisation.
The Cosmic Ray Soil Moisture Observing System (COSMOS) has networks of detectors in the UK, North America, Australia and
elsewhere. These provide continuous monitoring of soil moisture at high spatial but relatively low temporal resolution. We
present both historical data and simulations to show how COSMOS detectors could provide a new global network of space
weather instrumentation that would significantly enhance current capability. We explore how enhancements to the existing
network capability could lead to a highly localised detection system for space weather events, potentially mitigating the impact of
GLEs on ground level infrastructure and aviation in the UK and elsewhere.
LOFAR for Space Weather (LOFAR4SW) – New capabilities for Space Weather science with Europe's largest radio telescope
Hanna Rothkaehl1, Barbara Matyjasiak1, Mario Bisi2, Carla Baldovin3, David Barnes2, Eoin Carley4, Tobia Carozzi5, Richard A.
Fallows3, Peter T. Gallagher4, Maaijke Mevius3, Stuart C. Robertson2, Mark Ruiter3, Joris Verbiest6, René Vermeulen3, and Nicole
Vilmer7
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The LOFAR4SW project is designing an upgrade to Europe's foremost radio telescope, the Low-Frequency Array (LOFAR) which, if
implemented, would bring new capabilities to Space Weather (SW) science. The project is realised in the frame of Horizon 2020.
The final design will provide a full conceptual and technical description of the LOFAR upgrade, to enable simultaneous operation
as a radio telescope for astronomical research as well as an infrastructure working for Space Weather studies.
The already significant scientific studies made within the SW domain include: ultra-fine scale structure seen in Type II solar radio
bursts; the highest-resolution sub-100MHz images of radio bursts yet achieved; observing the full passage of CMEs traversing the
heliosphere; developing the capability to detect Faraday rotation from a CME magnetic field, and observing scintillation from two
simultaneous Travelling Ionospheric Disturbances (TIDs).
A recent key milestone in the project timeline was a LOFAR4SW User Workshop which took place in May 2020. The meeting gave
an opportunity for the project team to verify the developed operation and scientific scenarios with the Space Weather community
needs, and providing major input to the final phase of the project and future implementation plan.

Tests of the heavy ion telescope for the Lagrange mission
Wojtek Hajdas1,2, Radoslaw Marcinkowski1, Hualin Xiao2,3, Reinhold Kramert1, Hisashi Kitamura4, and Tigran Rostomyan1
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The LGR Radiation Monitor (LGR-RM) for the ESA Lagrange mission is a part of the satellite in-situ instrument suite. RM is devoted
to detecting electrons, protons, and heavy ions in an extended energy range and high flux conditions. The electron and proton
detection systems use previously developed technologies. The heavy-ion detector (HIT) represents a novel design utilizing
scintillators and SiPM light converters. HIT electronics is equipped with a dedicated ASIC and optimized for fast signal detections.
A representative model of HIT was developed at PSI to verify RM requirements for energy measurement and ion identification. An
intensive test campaign was performed at HIMAC NIRC. One used several heavy ion species ranging from He to Fe with energies
from 5 to 500 MeV/n. A separate set of tests carried out in GANIL and PSI aimed to characterize the ASIC and SiPM radiation
hardness including SEE and DD effects. We report on test measurements as well as present radiation hardness qualification of
ASIC and SiPMs. Results are discussed and compared with both mission requirements and Monte Carlo simulations, Implications
on the final design of the instrument are provided.
Progress towards miniature, photonic magnetographs for space weather
Neal Hurlburt
Lockheed Martin Advanced Technology Center, USA
We present progress on developing a novel magnetograph that leverages advances in photonics integrated circuits (PICs) and low
noise lasers which have been driven largely by the needs of the telecommunications industry. In our design, a single PIC replaces
the traditional optical components by exploiting interferometric imaging techniques developed as part of the SPIDER project, a
collaboration with LM and UC Davis. Our PIC processes incoming near infrared signals via two, independent waveguide circuits to
capture each circular polarization. Narrow band spectroscopy is achieved by heterodyning the signals with a common local
oscillator provided by a tunable laser. The resulting RF signals are processed using standard techniques from radio astronomy
and solar magnetometry.
The technology is scalable to sub-arc second resolution using larger wafers, resulting in 100x reductions in volume and mass
when compared to traditional designs. The cost of these wafers leads to a comparable reduction in the overall instrument cost
since they are printed on silicon wafers using lithographic methods developed for microelectronics rather than by precise manual
assembly. Small, solid wafers do not need expensive structures to maintain precise optical alignments during launch or on orbit,
which further reduced size and cost.
The Solar Wind Monitor for ESA’s enhanced space-weather monitoring system
Dhiren Kataria1,2, Hubert Hu1,2, and Richard Cole1,2
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ESA’s Space Safety & Security activities are aimed at monitoring and mitigating the impact of space hazards to critical
infrastructure. One of the cornerstones of these activities is development of a Space Weather monitoring system. A significant
undertaking towards this is a mission to the L5 Sun-Earth Lagrange point. A complement of remote-sensing instruments and a

suite of in-situ instruments is planned, with Phase A/B1 studies nearing completion this year. The in-situ suite studied consisted
of 5 instruments, a Magnetometer, a Solar Wind Monitor, a Medium Energy Particle Spectrometer, a Radiation Monitor and an Xray Flux Monitor.
This paper will discuss the Plasma Analyser (PLA), the suite’s solar wind monitor. The instrument is an enhanced performance tophat type electrostatic analyser, designed to measure ions at energies between 50 eV to 33 keV (~100 km/s to 2500 km/s). PLA
draws on significant heritage from the SWA instrument suite currently on-board the Solar Orbiter mission, particularly the EAS
sensor built at MSSL. Design details will be presented and key challenges in meeting the measurement requirements and mission
goals will be discussed. Current status of a number of pre-development activities initiated to raise TRL will also be presented.
Analysis of signal-to-noise ratio (SNR) in coronagraph observations of coronal mass ejections (CMEs)
Johannes Hinrichs1, Jackie A. Davies2, Matthew J. West3, Volker Bothmer1, Bram Bourgoignie3, Chris J. Eyles2, Philipp Huke1, Piers
Jiggens4, Bogdan Nicula3, and James Tappin2
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We analyse the SNR requirements for the ESA-funded Solar Coronagraph for OPErations (SCOPE) with respect to manual and
automatic detection of CMEs in its FOV of 2.5 to 30 Rs.
Firstly, SNR values are estimated from SOHO/C3 coronagraph images for a number of CMEs. Additionally, we generate sequences
of artificial coronagraph images, each comprising a modelled coronal background and a CME, the latter simulated using the
Graduated Cylindrical Shell (GCS) model. Images are created with CME SNR levels between 0.5 and 10 at the outer edge of the
FOV and velocities between 700 and 2800 km/s, and then analysed for the detectability of the CME above the noise with the
automatic detection tool CACTus.
We find that CMEs near the edge of the C3 FOV are typically 2% of the total brightness, with SNR between 1 and 4 at their leading
edge. The automated detection of CMEs in our simulated images succeeded well down to SNR = 1 and for CME velocities up to
1400 km/s. At lower SNR/higher velocity, detection started to break down. The results from both approaches confirm that the
initial SCOPE design goal of SNR=4 would, if achieved, deliver comparable performance with a compact design.
The COR and HI instruments for the Lagrange mission
Jackie Davies
RAL Space, UK
Since the start of 2018, a number of European organizations (including academic and government institutes, and industry) have
been participating in ESA-funded studies of a space weather-monitoring mission to the L5 point, currently scheduled for launch in
2027. The so-called Lagrange mission, planned to operate in conjunction with a US-led mission to the L1 point, is being
developed under the auspices of ESA’s optional Space Situational Awareness (now Space Safety) programme. Studies have
covered both system (spacecraft, ground segment) and payload elements, with the latter being separated into an in-situ package
and remote-sensing instrument suite. The remote-sensing package includes a magnetograph, an EUV imager, a coronagraph and
a heliospheric imager. This presentation will summarize the design/development status of the coronagraph and heliospheric
imager instruments, having just completed a Bridging Phase after Phase A/B1 and prior to the start of Phase B2. We will focus on

the optical, mechanical, thermal and electrical design - as well as the operations concept - of these two instruments that have
been developed to meet the observational requirements and those of the mission.
Higher frequency ground magnetic field data by merging fluxgate and induction coil magnetometers
Guanren Wang, Ciaran Beggan, Ellen Clarke, and Chris Turbitt
British Geological Survey, UK
Digital magnetic observatories have traditionally aimed at the production of one-minute values, which generate various other
outputs/indices used in space weather research and operational models. Whilst the need for these remains, measurements with
a higher cadence are also needed in space weather.
Fluxgate magnetometers are widely used at observatories and variometer stations, where their long-term stability is a strength for
measuring the spectrum of signals ranging from the Earth’s core field through to variations caused by ionospheric and lower
frequency magnetospheric signals. However, they have an inherent instrumental noise floor, large enough to “mask” ambient
natural signals of interest in the 0.1-10Hz frequency band.
Induction coil magnetometers are optimised to capture signals at higher-frequencies (0.1-100 Hz) with minimal instrument noise,
although stability over a few hours is poor. They are however, capable of capturing the spectral range of signals from the
ionosphere and magnetosphere/plasmasphere.
In this research we merge measurements from an induction coil and a fluxgate magnetometer, sited at Eskdalemuir Observatory,
to produce "improved" time-series with frequencies 0.1-1Hz for the horizontal components of the magnetic field. The method and
results are presented and the potential usage of such unique data sets in space weather discussed.

Interplanetary CMEs and Solar Particle Events
International Space Weather Action Team H2 Cluster: CME structure, evolution and propagation through heliosphere
Manuela Temmer1, Maria Kuznetsova2, Mario Bisi3, Martin Reiss4, Christine Verbeke5, Christina Kay2, and Leila Mays2
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Coronal mass ejections (CMEs) are energetically the most powerful phenomena in the solar system. Most of the times related to
solar flare emissions, CMEs consist of magnetic field and plasma that is impulsively ejected into interplanetary space. To make
progress in improving current state-of-the-art CME propagation models, validation and scientific peer-review qualification is
needed. iSWAT is an international, community driven effort and provides the required platform to challenge current models and to
exchange our experience with peers in order to improve our work. We give an overview on the available teams in the H2 cluster
and their aims for the H2 cluster.

Differences between Forbush decreases originated by ICMEs and SIRs
Christian Nicolas Gutierrez, and Sergio Dasso
University of Buenos Aires, Argentina
Interplanetary Coronal Mass Ejections (ICMEs) are the interplanetary manifestation of mass ejections from the solar corona.
Stream Interaction Regions (SIRs) are interplanetary plasma resulting as consequence of the interaction between fast and slow
solar wind. It is well known that ICMEs and SIRs are potential drivers of Forbush decreases (FDs), which consist in sudden
decreases of the galactic cosmic rays flux observed at ground level, for instance by neutron monitors.
We study here a large number of ICMEs and SIRs from well ranked catalogues, analyzing solar wind properties from MAG and
SWEPAM instruments aboard the ACE spacecraft with a time cadence of 16 and 64 seconds respectively, and GCRs data from
MacMurdo neutron monitor with a time cadence of 1 hour. The aim of this study is to demonstrate the differences in FD properties
(as for instance the shape of the flux profile decrease, the amplitude, and the recovery time) resulting from different kind of ICMEs
and SIRs. Results presented in this work will help to better understand the physical mechanisms involved in the shielding of
cosmic rays presented by these transient solar wind structures, as well as to improve the use of ground cosmic rays detectors in
Space Weather.
Multi-wavelength observations of coronal mass ejections close to the sun with ground and space-based instruments
Shirsh Lata Soni1, and E Ebenzer2
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This present study is to upgrade our understanding of Coronal Mass Ejection and other phenomena associated with it. To follow
the space-time observations of as event from near corona to large distances in the interplanetary medium we analyze the
combination of data obtained from space-based experiments and ground-based instruments as well. Here we report on the CME
event that occurred on 02 July 2012, this event associated with a type-II radio burst in metric and interplanetary domains. The
dynamic spectral analysis that the burst has harmonic and fundamental components of emission with band splitting. Due to the
interaction between the flanks of the two CMEs (~5:10UT) there was an enhancement seen in the Type II bursts. This also caused
a sudden jump in the Type II burst. Various density model has been used to obtain shock speed, Alfven speed, and Magnetic field
from the Radio burst and was compared with the parameters obtained from STEREO.
Relating CME density derived from remote sensing data to CME sheath solar wind plasma pile up as measured in-situ
Manuela Temmer1, Lukas Holzknecht1, Mateja Dumbovic2, Bojan Vrsnak2, Nishtha Sachdeva3, Stephan Heinemann1, Karin
Dissauer1, Camilla Scolini4, Eleanna Asvestari5, Astrid Veronig1 and Stefan Hofmeister1
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For better estimating the drag force acting on coronal mass ejections (CMEs) in interplanetary space and ram-pressure at planets,
improved knowledge of the evolution of CME density/mass is highly valuable. We investigate a sample of 29 well observed CMEICME events, for which we determine the de-projected 3D mass (STEREO-A and -B data), and the CME volume using GCS
modeling (STEREO, SoHO). Expanding the volume to 1AU distance, we derive the density and compare the results to in-situ
proton density measurements separately for the ICME sheath and magnetic structure. A fair agreement between calculated and

measured density is derived for the magnetic structure as well for the sheath if taking into account mass pile up of solar wind
plasma. We give evidence and observational assessment that during the interplanetary propagation of a CME 1) the magnetic
structure has rather constant mass and 2) the sheath region at the front of the driver is formed from piled-up mass that is rather
depending on the solar wind density ahead of the CME, than on the CME speed.
Prediction of the in situ coronal mass ejection rate for solar cycle 25: Implications for Parker Solar Probe in situ observations
Christian Möstl1, Andreas J. Weiss1, Rachel L. Bailey2, Martin A. Reiss1, Tanja Amerstorfer1, Jürgen Hinterreiter1, Maike Bauer1,
Scott W. McIntosh3, Noe Lugaz4, and David Stansby
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The Parker Solar Probe (PSP) and Solar Orbiter missions are designed to make groundbreaking observations of the Sun and
interplanetary space within this decade. We show that a particularly interesting in situ observation of an interplanetary coronal
mass ejection (ICME) by PSP may arise during close solar flybys (< 0.1 AU). During these times, the same magnetic flux rope
inside an ICME could be observed in situ by PSP twice, by impacting its frontal part as well as its leg. Investigating the odds of this
situation, we forecast the ICME rate in solar cycle 25 based on 2 models for the sunspot number (SSN). We calculate that
between 1 and 7 ICMEs will be observed by PSP at heliocentric distances < 0.1 AU until 2025, including 1 sigma uncertainties.
We model the flux rope signatures of such a double-crossing event with our 3DCORE flux rope model, showing a telltale elevation
of the radial magnetic field component Br and a sign reversal in Bn normal to the solar equator, which is in contrast to the classic
field rotation in the first encounter. This holds considerable promise to determine the structure of CMEs close to their origin in the
solar corona.
Spatial coherence of interplanetary coronal mass ejection sheaths at 1 AU
Matti Ala-Lahti1, Julia Ruohotie1, Simon Good1, Emilia Kilpua1, and Noé Lugaz2
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The longitudinal spatial coherence near 1 AU of the magnetic field in sheath regions driven by interplanetary coronal mass
ejection (ICME) is studied by investigating ACE and Wind spacecraft measurements of 29 sheaths. We compare the
measurements by computing the Pearson correlation coefficients for the magnetic field magnitude and components and estimate
the magnetic field coherence by evaluating the scale lengths that give the extrapolated distance of zero correlation between the
measurements. We discover magnetic fields in ICME sheaths have scale lengths that are larger than those reported in the solar
wind but that, in general, are smaller than the ones of the ICME ejecta. Our results imply that magnetic fields in the sheath are
more coherently structured and well correlated compared to the solar wind. The largest sheath coherence is reported in the GSE ydirection that has the scale length of 0.149 AU while the lengths for Bx, Bz, and |B| vary between 0.024 and 0.035 AU. The
same sheath magnitude ordering of scale lengths also apply for the low-pass filtered magnetic field data. We discuss field line
draping and the alignment of preexisting discontinuities by the shock passage giving reasoning for the observed results.

First In-situ evidence of pancaked ICME and its distinct plasma characteristics compare to non-pancaked ICME during solar
cycles 23 and 24
Zubair Shaikh1, and Anil Raghav2
1

Indian Institute of Geomagnetism, India, 2University of Mumbai, India

The decade study suggests that magnetic topology of an ICME can be cylindrical, toroidal, elongated elliptical, etc. In addition to
this, several remote observations and models/simulations suggest that ICME can show 'pancaked' structure as well. Here, for the
first time, in-situ observation of pancaked ICME at 1 AU are investigated using PMS analysis technique. The additional statistical
investigation was performed for 468 ICME from 1998 to 2017. We reveal that ∼ 30% ICME shows planar whereas ∼ 70% are
non-planar signature. The average plasma parameters i.e., plasma temperature, density, speed, beta, thermal pressure, and
magnetic pressure in the planar ICME is significantly higher compared to non-planar ICME. This indicates that planar MCs are
highly compressed. The double-strength of the southward/northward magnetic field component associated with planar ICME
clearly implies that it is more geo-effective than the non-planar ICME. We believe that the above study is very useful for ICME
arrival time predication, solar-terrestrial physics, space weather physics, etc.
Imaging evidence for plasma outflows originating in a dimming region associated with an eruption of a quiescent filament
Juraj Lorincik1, Jaroslav Dudik1, Guillaume Aulanier2, Brigitte Schmieder2, and Leon Golub3
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We report on the Atmospheric Imaging Assembly (AIA) observations of plasma outflows originating in a coronal dimming during
the 2015 April 28th filament eruption. After the filament started to erupt, two flare ribbons formed, one of which had a well-visible
hook enclosing a core dimming region. Along multiple funnels located in the dimming, outward-directed motions of plasma
started to be discernible in time-distance diagrams produced using the 171 and 193 filter channel data. There, the motions
generated a strip-like pattern which lasted for more than five hours and which characteristics did not change along the funnel. We
suggest the motion to be a signature of outflows, with velocities of 70 to 140 km/s. Interestingly, the pattern generated by the
outflows and their velocities were found to be similar to those we observed in an ordinary coronal hole located in the vicinity. The
outflows were therefore most likely related to a CME-induced slow solar wind flowing along the open-field structures of the
dimming region. To our knowledge, our observations present the first imaging evidence for outflows of plasma from a dimming
region.
Automatic detection and classification of ICMEs in solar wind data
Hannah Ruedisser1,5, Andreas Windisch2,5, Ute Amerstorfer3, Tanja Amerstorfer3, Christian Moestl3, and Rachel Louise Bailey4
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Interplanetary coronal mass ejections (ICMEs) are one of the main drivers for space weather disturbances. In the past, different
machine learning approaches have been used to automatically detect events in existing time series resulting from solar wind in
situ data. However, classification, early detection and ultimately forecasting still remain challenges when facing the large amount
of data from different instruments. We attempt to further enhance existing Convolutional Neural Network (CNN) models through

extending their possibilities to process data from multiple spacecraft. Additionally, we make an effort to extend the previously
binary classification problem to a multiclass classification, to also include Corotating Interaction Regions (CIRs) into the range of
detectable phenomena. Ultimately, we aspire to explore the suitability of several other methods used in time series forecasting,
such as Long Short-Term Memory Recurrent Neural Networks (LSTMs), in order to pave the way for the elaboration of an early
warning system.
Extending the energy range of the SEPSTER SEP prediction scheme
Alessandro Bruno1, and Ian Richardson2
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SEPSTER (SEP predictions inspired by STEReo observations; Richardson et al., Space Weather, 16, 1862, 2018) is an empirical
model that predicts the peak intensity of 14-24 MeV protons in solar energetic particle (SEP) events based on a relationship
between SEP peak intensity and the speed and direction relative to the observer of the associated coronal mass ejection (CME).
To extend the prediction energy range, one simple approach is to determine the numerical ratio of the intensities in the desired
energy range and for 14-24 MeV protons in a sample of SEP events, then multiply the predicted 14-24 MeV proton intensity by
this ratio to make a prediction for the desired energy range. For example, the GOES > 10 MeV (>100 MeV) integral flux (in pfu) is
around 20 (0.2) times the intensity at 14-24 MeV (in (MeV s cm2 sr)-1).
Here we discuss a development of SEPSTER using observations from the GOES, PAMELA and STEREO spacecraft to develop a new
parameterization of the proton spatial distribution at 1 AU at energies ranging from 10 MeV to ∼130 MeV. This analysis also
provides insight into the longitudinal distribution of SEPs at 1 AU over this extended energy range.
Differences in the arrival time and speed predictions of CMEs seen from two vantage points
Jürgen Hinterreiter1, Tanja Amerstorfer1, Martin A. Reiss1, Christian Möstl1, Manuela Temmer2, Maike Bauer1, Ute V. Amerstorfer1,
Rachel L. Bailey1, Andreas J. Weiss1, Jackie A. Davies3, Luke A. Barnard4 and Mathew J. Owens4
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We present a statistical study on the prediction of CME arrival time and speed using the drag-based ensemble model ELEvoHI
(ELlipse Evolution model based on Heliospheric Imager observations). ELEvoHI employs STEREO/HI (Solar TErrestrial RElations
Observatory/HeliosphericImager) data and assumes an elliptical shape for the CME front. The drag force exerted by the ambient
solar wind influences the dynamic evolution of CMEs during propagation. To account for this effect, we use the WSA/HUX (WangSheeley-Arge/Heliospheric Upwind eXtrapolation) model combination, which computes the ambient solar wind conditions in
interplanetary space. We select 12 CMEs that show clear signatures in HI images, are Earth-directed, and propagate close to the
ecliptic plane. A comparison of the predicted arrival time and speed for each CME based on the inputs from the two STEREO
vantage points is carried out. The mean arrival time shows a difference of 6.5 hrs and the mean arrival speed a difference of 63
km s-1 between the predictions from the two STEREO viewpoints. Our results indicate that a more structured ambient solar wind
leads to larger differences between STEREO-A and STEREO-B CME arrival time predictions.

CME-CME interactions as sources of CME helio-effectiveness
Camilla Scolini1, Emmanuel Chané1, Manuela Temmer2, Jens Pomoell3, Emilia Kilpua3, Karin Dissauer4, Astrid Veronig2, Erika
Palmerio5, Mateja Dumbovic6, Jingnan Guo7, Luciano Rodriguez8, and Stefaan Poedts1
1
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Coronal Mass Ejections (CMEs) are the main space weather drivers in the heliosphere. It is known that the capability of individual
CMEs to drive strong disturbances at Earth (“geo-effectiveness”) and other locations (“helio-effectiveness”) primarily depends on
their speed, density, and magnetic field at impact, and that CME-CME interactions can often dramatically amplify the geoeffectiveness of the individual CMEs involved. However, the actual quantification of this amplification has been rarely
investigated, and previous studies have mostly focused on the near-Earth region, i.e. without considering its full space-time
evolution as the CMEs propagate to 1 AU and beyond.
Here, we present a study on the role of CME-CME interactions as sources of CME helio-effectiveness by performing numerical
simulations with the EUHFORIA heliospheric model. As a case study, we consider a sequence of geo-effective CMEs observed in
September 2017. We perform observation-based simulations of magnetised CMEs, and quantify the resulting helio-effectiveness
amplification of individual CMEs as a function of the CME-CME interaction phase and of the location within the CME structure. We
then explore the possibility of existence of a “helio-effectiveness amplification zone”, i.e. a characteristic heliocentric distance
where CME-CME interactions have the highest probability to develop into highly helio-effective events.
The visual complexity of coronal mass ejections
Shannon Jones1, Chris Scott1, Luke Barnard1, Roger Highfield2, Chris Lintott3, and Elisabeth Baeten4
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The Heliospheric Imagers (HI) on board NASA’s twin STEREO spacecraft show that Coronal Mass Ejections (CMEs) can be visually
complex structures. To explore this complexity, we ranked 1,110 CMEs observed by HI based entirely on how "complicated" they
appeared to citizen scientists. We found that; (a) the average visual complexity of CMEs varies with the solar cycle, with a higher
level of complexity observed at solar maximum; and (b) on average, CMEs observed by STEREO-A were significantly more complex
than those observed by STEREO-B. Here we investigate the appearance of more complex, or complicated CMEs.
A comparison of CME arrival time and speed predictions using STEREO-HI beacon and science data with the ELEvoHI model
Maike Bauer1, Tanja Amerstorfer1, Jürgen Hinterreiter1, Christian Möstl1, Jackie Davies2, Ute Amerstorfer1, Rachel Bailey3, Martin
Reiss1, and Andreas Weiss1
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Coronal mass ejections (CMEs), the catalysts of the strongest geomagnetic storms, can have severe effects on critical
technological infrastructure on Earth and in near-Earth space. To be able to mitigate the potential consequences of a strong CME,
the development of models that accurately predict CME arrival time is of great importance. The Ellipse Evolution model based on
Heliospheric Imager (HI) observations (ELEvoHl) can predict the arrival of CMEs using data from STEREO’s HI instruments. HI data

is available as high-resolution science data, which is downlinked every few days and low-resolution beacon data, which is
downlinked in near real-time. Therefore, beacon data must be used to allow for real-time predictions. After performing a series of
data reduction procedures focused on improving the quality of the beacon data, we compile the resulting images into timeelongation maps (J-maps). We track the leading edge of each selected CME event by hand, resulting in a series of timeelongation points which function as input for the ELEvoHI model. We compare the predictions obtained using the different data
products with regards to accuracy and error of arrival time and speed.
Drag-based forecast for CME arrival
Emiliya Yordanova1, Simon Jaklovsky2, Mateja Dumbović3, Manuela Temmer4, Andrew Dimmock1, and Lisa Rosenqvist5
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Forecasting the arrival of CMEs is a challenging issue due to ever-changing properties of the interplanetary plasmas through which
the CMEs propagate. In this work, we investigate the performance of the recent DBEM model for CME arrival (Dumbović et al.,
2018; Žic et al., 2015, Vršnak et al., 2013). Our data sample consists of twelve geoeffective Earth-directed fast halo CMEs. We
use as input the observed CMEs’ shock speed and the velocity of the respective preceding solar wind. Overall, the model
produced a wide distribution of arrival times. The predictions were rather good, being confined in the range of ± 10 h. When
matching also the predicted to the observed arrival speeds, the best average result corresponding to +4.5 h CME arrival time was
achieved with higher drag than the recommended one. This suggest that the exerted to the CME solar wind drag was higher than
anticipated. To investigate further, we looked at details in the outlier events with greatly under- and over-estimated arrival times.
Preliminary results showed that the outliers are complex events associated with multiple eruptions at the source regions, implying
the importance of the preconditioning of the interplanetary space through which the CMEs are propagating.
An investigation of the causal relationship between sunspot groups and coronal mass ejections (CMEs)
Abd-ur Raheem, Gani Caglar Coban, and Huseyin Huseyin Cavus
Canakkale Onsekiz Mart University, Turkey
The initiation of Coronal mass ejections (CMEs) is one of the major solar events that has not been fully modelled yet. The causal
relationship between the sunspot groups and the CMEs can be uncovered by identifying the sunspot groups that are present at
the base of the large scale magnetic loops that can distort or undergo magnetic reconnection which as a consequence result in
CMEs. For this purpose, NASA’s SOHO mission’s Large Angle and Spectroscopic Coronagraph (LASCO) and magnetic doppler
imager (MDI) along with Solar Dynamics Observatory’s (SDO) Helioseismic and Magnetic Imager (HMI) can be used to identify
these sunspot groups with respect to their respective CMEs. The relationship between the parameters of these identified sunspot
groups with respect to the CMEs reveals the causal relationship between these two solar phenomena. In this study we have
identified these sunspot groups and related them to the CMEs with the help of a custom written code. Moreover, a machine
learning technique using K-means for classification is being developed to find these causal relationships in the identified sunspot
groups with their respective CMEs. This study in this manner can provide insight into the initiation of the CMEs.

Ensemble CME modelling constrained by heliospheric imager observations
Luke Barnard1, Mathew Owens1, Chris Scott1, and Curt de Koning2,3
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Predicting the arrival of CMEs is one key objective of space weather forecasting. In operational space weather forecasting solar
wind numerical models are used for this task, and ensemble techniques are being increasingly explored as a means to improve
these forecasts. Currently these forecasts are not constrained by the available in-situ and remote sensing observations, such as
those from the Heliospheric Imagers (HI) on NASA's STEREO spacecraft. We report case-studies of 4 CMEs and show how HI
observations can be used to improve the skill and reduce the uncertainty of ensemble hindcasts of these events. Using a
computationally-efficient solar wind model, we produce 200-member ensemble hindcasts, perturbing the modelled CME
parameters within uniform distributions about the best estimates. By comparing the trajectory of the modelled CME flanks with HI
observations, we compute a weight for each ensemble member. Weighting the ensemble distribution of CME arrival times
improves the skill and reduces the hindcast uncertainty of each event. The weighted ensembles show a mean reduction in arrival
time error of 20.1±4.1%, and a reduction in arrival time uncertainty of 15.0±7.2%, relative to the unweighted ensembles. This
technique could be applied in operational space weather forecasting, if real-time HI observations were available.
Analysis of coronal mass ejection flux rope signatures using 3DCORE and approximate Bayesian computation
Andreas Weiss, Christian Möstl, Tanja Amerstorfer, Rachel Bailey, Martin Reiss, Jürgen Hinterreiter, Maike Bauer, and Ute
Amerstorfer
Space Research Institute, Austria
We present an application of the 3D coronal rope ejection (3DCORE) modeling technique for coronal mass ejection flux ropes.
3DCORE is a forward simulation model that describes CMEs as a torus-like structure that expands self-similarly within the
heliosphere. It furthermore incorporates a drag-based model that can slow down or accelerate the CME depending on the
background solar wind velocity and contains an embedded analytical Gold-Hoyle-like magnetic field. The model is combined with
an approximate Bayesian Computation sequential Monte-Carlo (ABC-SMC) algorithm that performs the fitting of the flux rope
measurement and allows us to estimate the error ranges on the inferred parameters. In this work, we show the application of our
method to a test case with synthetically generated measurements and an event captured by Parker Solar Probe (PSP) shortly
after its first fly-by of the Sun on 2018 November 12 at 0.25 AU.
Correlation between sunspots and interplanetary shocks measured by WIND and some estimations for the 22nd solar cycle using
artificial neural network
Gani Caglar Coban1, Abd-ur Raheeem2, and Huseyin Cavus2
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There is a correlation found between the interplanetary shocks measured by NASA’s WIND spacecraft and the sunspot numbers
measured by the American Association of Variable Star Observers’ (AAVSO) and Sunspot Index and Long-term Solar Observations
(SILSO)sunspot number. This is an intuitive observation as the solar activity increases during the solar maximum and decreases
during the solar minimum. The shock parameters were calculated using the Cavus2013 model (Cavus, 2013). These have high
correlation with the sunspot numbers. Moreover, an artificial neural network was designed and used to predict the shock

parameters for the 22nd solar cycle where there is no shock data present. The correlation was increased when the predicted data
was added to the actual shock data. This proves that this type of artificial neural network can be used to predict for shock
parameters without the need of actual shock data but also has some limitations. The AI model needs to be fed with more data to
produce better results.
Magnetic field lines distribution inside magnetic clouds
Sergio Dasso1, Vanina Lanabere2, Pascal Damoulin3, Miho Janvier4, Luciano Rodriguez5, and Jimmy Masias-Meza6
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The internal distribution of the magnetic twist forming the flux rope of MCs (i.e., the number of turns per unit length), is a key
property to link MCs with their solar origin and ejection processes, to unveil the MCs equilibrium state (e.g., the magnetic
tension), and also to better understand the internal energetic particle propagation. Estimating the magnetic twist from 'in situ'
observations and using a single event, has a major difficulty produced by the significant field fluctuations: the significant increase
of the noise in the observed B time series. Thus, the strong bias of the deduced twist.
In this work, we apply a superposed epoch analysis to a significant sample of MCs observed at 1 au, to extract their common
features, and to remove the peculiarity of individual cases. From this analysis, we quantify the typical twist distribution inside the
flux ropes forming MCs. As main results, we find that the twist is nearly uniform in the core (central half part), and it increases
moderately, up to a factor two, towards the MC boundaries.

Significant rotation of spheromak CMEs from Sun to Earth: implications for numerical space weather predictions
Eleanna Asvestari, Jens Pomoell, Venla Koikkalainen, and Emilia Kilpua
University of Helsinki, Finland
Coronal Mass Ejections (CMEs) are one of the primary drivers of space weather phenomena. Modelling of their arrival time, as
well as their plasma and magnetic field properties are important for assessing the impact of a CME. Especially for Earth-directed
events, the interplay between the magnetic field of the CME and the Earth determines largely the severity of the CME impact.
Therefore, modelling CMEs as magnetised structures is of key importance for space weather forecasting. In these efforts, the
spheromak model has recently received attention as a viable approach for simulating the magnetic structure of CMEs. In this work
we focus in detail on how the spheromak flux rope magnetic field evolves as the CME propagates in different Interplanetary
Magnetic Field (IMF) conditions. For this purpose we use EUHFORIA, a data-driven physics-based space weather model with
varying background IMF settings. A preliminary result of our analysis is that after being injected in the modelling domain the
spheromak experiences significant rotation about its axis of symmetry. This rotation can significantly alter the signature of the
CME magnetic field as observed at 1 au, which in turn can significantly affect the predicted geoefficiency of the CME.

Forecasting space weather storms driven by sheath regions of coronal mass ejections
Emilia Kilpua1, Simon Good1, Matti Ala-Lahti1, Dominique Fontaine2, Adnane Osmane1, Erika Palmerio3, Lina Hadid2, Miho
Janvier5, Emiliya Yordanova6
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Fast coronal mass ejections (CMEs) drive turbulent sheaths ahead that often cause intense space weather storms, disturbing
particularly strongly the high-latitude magnetosphere and the radiation belt environment. The storms related to them come also
often unexpected. Forecasting the impact of the sheath is particularly challenging since they have a highly variable and complex
structure that gradually accumulates from the inhomogeneous plasma and field the CME encounters as it ploughs through the
solar wind. Increased knowledge of how sheaths form and evolve, and how their properties are controlled by the CME and
ambient solar wind conditions could help in predicting their effects.
In this presentation we give the overview of sheaths as drivers of space weather storms and related challenges, and show our
latest results on how the key geoeffective parameters in sheaths are controlled by the properties of the CME/shock driver and the
ambient solar wind. Integral part of our studies has been to investigate separately different parts of the sheath. Our results also
support the view of the complex formation of sheaths and different physical mechanisms playing a role in generating fluctuations
in them.
Statistical study of CMEs, lateral overexpansion and SEP events
Alexandros Adamis1, Astrid Veronig2, Tatiana Podladchikova1, Karin Dissauer3, Rositsa Miteva4, Jingnan Guo5, Mateja Dumbović6,
Manuela Temmer2, Kamen Kozarev4, Jasmina Magdalenic7, Veronika Haberle2, and Christina Kay8
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We present a statistical study on the early evolution of coronal mass ejections (CMEs), to better understand the effect of CME
(over)-expansion and how it relates to the production of Solar Energetic Particle (SEP) events. We study the kinematic CME
characteristics in terms of their radial and lateral expansion, from their early evolution in the Sun’s atmosphere as observed in
EUV imagers and coronagraphs. The data covers 72 CMEs that occurred in the time range July 2010 to September 2012, where
the twin STEREO spacecraft where in quasi-quadrature to the Sun-Earth line. From the STEREO point-of-view, the CMEs under
study were observed close to the limb. We calculated the radial and lateral height (width) versus time profiles and derived the
corresponding peak and mean velocities, accelerations and angular expansion rates, with particular emphasis on the role of
potential lateral overexpansion in the early CME evolution. We find high correlations between the radial and lateral CME velocities
and accelerations. CMEs which are associated to SEPs tend to be located at the high value end of the distributions of velocities,
widths and expansion rates compared to non-SEP associated events.

Response of stratospheric ozone during super storms
Asheesh Bhargawa
University of Lucknow, India
We are very much known to the importance of ozone without which life on the Earth would not have evolved in the way it has.
Strong solar storms carried energetic protons into the Earth's upper atmosphere, where they boosted production of nitrogen
oxides which are known as ozone killers. In the present study, we have estimated the effects of solar energetic protons over the
total ozone column since last 30 years. To that end, we have selected total seven solar storm events having Dst index < -300 nT
and occurred during solar cycle 22nd, 23rd and 24th. We have statistically analyzed the significance of the solar proton events
on the quantitative variation of total ozone column during super storm events. Further, we have applied the superposed epoch
analysis to verify the impact of storm events on solar protons and ultimately on total ozone content. During our analysis, we have
established that the ozone column gets depleted significantly (15 - 20%) as proton density increased with the result of solar
storm.
Probing shock wave properties essential for the generation of type II radio emissions in interplanetary space
Immanuel Christopher Jebaraj1, Athanasios Kouloumvakos2, Jasmina Magdalenic1, Alexis Rouillard2, and Stefaan Poedts3
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Eruptive events such as Coronal mass ejections (CMEs) and flares can generate shock waves. Tracking shock waves and
predicting their arrival at Earth is a subject of numerous space weather studies. Ground-based radio observations allow us to
locate shock waves in the low corona while space-based radio observations provide us opportunity to track shock waves in the
inner heliosphere.
We present a case study of CME/flare event, associated shock wave and its radio signature, e.g. a type II radio burst.
In order to analyze the shock wave parameters, we employed 3D reconstruction and modelling of the shock wave using multiviewpoint observations and evolved it in an MHD background produced by the MAS (Magnetohydrodynamics Around a Sphere)
model.
To map regions of electron acceleration on the shock wave surface, we combined 3D shock modelling results with the 3D source
positions of the type II burst obtained using the radio triangulation technique. We localize the region of interest on the shock
surface and examine the shock wave parameters to understand the relationship between the shock wave and the radio event.
First results show that shock geometry is important for the acceleration of electrons responsible for the generation of type II radio
bursts.
Uncovering erosion effects on the twist distribution in cross-section of magnetic clouds
Sanchita Pal, Emilia Kilpua, Jens Pomoell, Simon Good, and Daniel Price
University of Helsinki, Finland
Magnetic clouds (MCs) are large-scale interplanetary twisted magnetic flux ropes that originate from the Sun. Their interaction
with an ambient interplanetary magnetic field may result in erosion. The twist of MCs' magnetic field lines yields information
about their formation and geoeffectiveness. We investigate the twist distribution in the cross-section of two MCs, which travel

across spacecraft with their cores and leave behind post-eruption arcades as a coronal signature at their solar sources. We
observe a monotonous decrease in one of the two MCs' twist profile from the axis to the periphery. In contrast, the twist in the
other one initially decreases from its maximum value near the axis, becomes roughly uniform in the central half part, and
gradually increases towards the edge. We suggest that a moderate increase in twist values towards the MC boundaries may result
from helical field lines that wrap around the flux ropes formed due to low-coronal magnetic reconnection between pre-existing flux
ropes and overlying field lines. We compare MCs' magnetic properties within the Sun-Earth domain and find that the MC with a
monotonically decreasing twist profile is eroded more than the other, and the erosion peels off the MC's outer layer comprising
twisted field lines.
The distribution function of the average iron charge state at 1 AU: from a bimodal wind to ICME identification
Carlos Larrodera, and Consuelo Cid
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In this work we study the distribution function of the average iron charge state from the solar wind at 1 AU to check if it
corresponds to a bimodal wind. We use data from the SWICS/ACE instrument along 20 years. The analysis is made using the
data set as a whole or split in yearly data sets. We propose the bi-Gaussian function as the probability distribution function that
fits the charge state distribution. We study the evolution of the parameters from the bi-Gaussian fitting with the solar cycle using
the sunspot number as a proxy of the solar activity. The previous work allows us to identify a threshold for the average iron charge
state above which we can find new ICMEs that are not listed in the existing catalogs.
Suprathermal electrons of solar and local origins and typical pitch-angle distribution patterns associated with ICMEs
Olga Khabarova1, Valentina Zharkova2, Qian Xia2, and Olga Malandraki3
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It has been thought for a long time that suprathermal electrons with energies of ∼70 eV and above consisting of dispersionless
halo electrons and magnetic field-aligned beams of strahls originate only from the solar corona. Scattering was considered as the
only active process impacting their properties in the solar wind. Consequently, the interpretation of patterns of pitch-angle
distributions (PADs) of suprathermal electrons was impacted by the solar source paradigm. Recent observational studies
supported by numerical simulations have shown that there is an unaccounted population of electrons accelerated to
suprathermal energies at reconnecting current sheets and 3D dynamical plasmoids/blobs (or 2D magnetic islands) directly in the
heliosphere. We discuss observations of counterstreaming strahls and heat flux dropouts in PADs, comparing observed PAD
features with those predicted by PIC simulations and showing typical PAD patterns determined by local acceleration of thermalcore electrons. We show that in some energy channels, solar wind borne suprathermal electrons coexist with those of solar origin,
therefore complex and puzzling heat flux dropout and bidirectional strahl events associated with ICMEs can be easily explained by
a combination of local particle acceleration with the impact of corona borne suprathermal electrons.

Solar energetic protons, radio bursts and geomagnetic storms
Rositsa Miteva1, and Susan Samwel2
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We present a review on the occurrence of solar energetic particles (SEPs) and their identified solar origin - flares and coronal
mass ejections - during the last two solar cycles. The peak intensities and fluences of proton events in 10 energy channels are
analyzed and the statistical correlations with their solar origin are calculated as a function of energy. The study includes
association analysis between SEPs and solar radio bursts of types II, III and IV and SEPs and geomagnetic storms. The results are
summarized and discussed.
In-situ multi-spacecraft and remote imaging observations of the first CME detected by solar orbiter and its geomagnetic impact
Emma Davies1, Christian Möstl2, Mathew Owens3, Timothy Horbury1, Robert Forsyth1, Helen O'Brien1, Vincent Evans1, Virginia
Angelini1, Andreas Weiss2, Martin Reiss2, Rachel Bailey2, Tanya Amerstorfer2, Jürgen Hinterreiter2, Ute Amerstorfer2, Maike Bauer2
and Werner Magnes2
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On April 19th 2020 a CME was detected by Solar Orbiter at a heliocentric distance of about 0.8 AU. The CME was also observed
in-situ on April 20th by the Wind spacecraft, with a longitudinal separation of less than 5° between Solar Orbiter and the Earth.
Geomagnetic conditions at Earth reached minor storm levels with the event registering a minimum Dst index of -59 nT.
The configuration of Solar Orbiter and STEREO-A has provided an exceptionally clean link between remote imaging and in-situ
observations of the CME. The CME was launched on 15th April and was very well observed in STEREO-A HI images. These images
are useful in determining the global shape of the CME, which shows a clear flattening of the cross-section during its propagation.
We use the in-situ observations of the magnetic field at Solar Orbiter to predict the Dst index at L1 and compare with observations
at Wind to analyse the large-scale properties of the CME. We also compare in-situ results to those predicted using remote
observations and modelling of the flux rope, providing a global picture of the CME as it propagated from the Sun to 1 AU.
The acceleration of energetic particles by a slow coronal mass ejection
Nicolas Wijsen1, Angels Aran2, Jens Pomoell3, David Lario4, Alexandr Afanasiev5, Rami Vainio5, and Stefaan Poedts1
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Recent observations of Parker Solar Probe (PSP) have indicated that slow coronal mass ejections (CMEs) can be accompanied by
anisotropic, energetic ion enhancements. These ions possibly result from continuous interplanetary acceleration processes,
occurring at the compression or shock wave propagating in front of a CME. The seed population feeding into this acceleration
process may consist of the supra-thermal tail of the solar wind plasma.
In this work, we use the model PARADISE (PArticle Radiation Asset Directed at Interplanetary Space Exploration) to study the
evolution of a supra-thermal ion population, which propagates in a uniform solar wind containing a slow CME. To model the solar
wind and the CME, we use the three-dimensional inner-heliospheric model EUHFORIA (EUropean Heliospheric FORrecasting
Information Asset), which solves the ideal magnetohydrodynamic equations. We investigate how different particle scattering

conditions at the CME front affects the obtained particle intensity profiles measured by virtual observers located at various
positions in the heliosphere.
Short-term forecasting of the SEP Flux during the solar cycle 25 using the LSTM neural network
Mohamed Nedal, and Kamen Kozarev
Institute of Astronomy of the Bulgarian Academy of Sciences, Bulgaria
We developed and trained a forecasting model using a Long Short-Term Memory (LSTM) neural network model, with the goal to
make short-term predictions for SEP fluxes at three integral energy bands (>10 MeV, >30 MeV, and >60 MeV).
Here, we trained a model with a combination of solar and interplanetary magnetic field indices obtained from OMNI database,
which are the magnitude of the average interplanetary magnetic field, plasma flow speed, the F10.7 index, and the X-ray flux in
two wavelengths (0.1 – 0.8 nm and 0.05 – 0.4 nm) obtained from GOES satellite database for the past four solar cycles. We
generate and evaluate predictions of the hourly-averaged SEP fluxes in three integral energy bands at 1 AU for 1-, 3-, 7-day
periods.
So far, we found that the Mean Absolute Percentage Errors (MAPEs) of the predictions for the 1-, 3-, and 7-day periods at the
energy band >10 MeV were < 23.6%, 12.1%, and 19.7%, respectively. At the energy band >30 MeV, the MAPEs were < 23.6%,
12.2% and 12.3%, respectively. At the energy band >60 MeV, the MAPEs were < 23.9%, 18%, and 19.6%, respectively. We
also found that the model underestimates the prediction at the highest integral energy band.
Reliability of CME speed from single-point observations: Analysis utilizing the time-of-arrival on Earth
Evangelos Paouris1, Angelos Vourlidas2, Athanasios Papaioannou1, and Anastasios Anastasiadis1
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Two of the most important uncertainties to Space Weather forecasts, since all estimates of the CME Time-of-Arrival (ToA) at a
certain point within the heliosphere, utilize as input parameters, are the angular width and the linear speed of Coronal Mass
Ejections (CMEs). We present a new twofold approach by applying a limitation to the projected angular width between a lower
and an upper width values and a new correction of the CME speed. This method is based on the utilization of the direct heighttime measurements for each CME correcting the linear speed from projection effects, resulting in physically reasonable speeds.
The assessment of the ToA problem is being studied using the empirical data-driven Effective Acceleration Model (EAM)
calculating statistical metrics such as the mean absolute error (MAE) for a sample of 214 CMEs/ICMEs. The MAE shows a clear
dependence on the plane-of-sky CME speed. The lower MAE value of 11.6 hours occurs for CMEs with speeds between 691-878
km/s. For the first time, to the best of our knowledge, a further analysis concerning 2nd order speeds at distances from 15 up to
30 solar radii and the impact on ToA problem is presented.

Evaluating model advancements for predicting CME arrival time - CCMC/NOAA SWPC partnership final report
Leila Mays
NASA Goddard Space Flight Center, USA
In 2017 NOAA SWPC and CCMC started a new project to assess improvements in CME arrival time forecasts at Earth using the Air
Force Data Assimilative Photospheric Flux Transport (ADAPT) model driven by data from the Global Oscillation Network Group
(GONG) ground observatories. These outputs are then fed into the coupled Wang-Sheeley-Arge (WSA) - ENLIL model and
compared to an operational version of WSA-ENLIL (without ADAPT). The overall three-year project consisted of multiple simulation
validation studies for the entire event set (1292 simulations) including benchmark runs driven by single GONG maps and ADAPTWSA-ENLIL runs driven by time-dependent sequence of maps. For all 38 events, within each model version/settings combination,
the CME arrival time error decreased by 0.2 to 0.9 hours when using a sequence of time-dependent zero-point corrected
magnetograms compared to using single magnetogram input. Notably for the 5 events in the period 2017-2019 when more
reliable zero-point corrected magnetograms were available, the ADAPT-WSA-ENLIL CME arrival time error decreased by 5.8
(+8.6,-7.6) hours for time-dependent ADAPT compared to the single map driven benchmark.
https://ccmc.gsfc.nasa.gov/annex/
Operational heliospheric space weather at BepiColombo, Solar Orbiter, and Parker Solar Probe
Dusan Odstrcil1,2, Leila Mays2, Shaela Jones3,2, Nick Arge2, and Peter McNeice2
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Operational heliospheric space weather models require simulations of coronal mass ejections (CMEs) much faster than real-time
for all observed events. Currently, this cannot be routinely achieved by simulations that involve the origin of the CMEs. Thus their
white-light appearance in coronagraphs is used to fit the geometric and kinematic parameters and launch simple, CME-like
structures into the background solar wind. Propagation and interaction in the heliosphere are then solved by a 3-D
magnetohydrodynamic (MHD) code. We use the “cone” hydrodynamic model for all observed CMEs and the “spheromak”
magnetohydrodynamic model for selected well-observed CME events. Background solar wind is calculated using the dailyupdated WSA (Wang-Sheeley-Arge) coronal maps. Heliospheric computations are realized by the 3D MHD code ENLIL. We are
making continuous simulations of the heliospheric space weather up to 2 AU. We present numerical results to provide the global
context of solar wind stream structure and CMEs from August 2018 up to the present. This period involves the Parker Solar Probe,
BepiColombo, and Solar Orbiter missions. We compare numerical results with remote white-light observations and with in-situ
measurements of plasma parameters for selected events of interest.
Three dimensional simulations of solar wind preconditioning and the 23 July 2012 interplanetary coronal mass ejection
Ravindra Desai1, Han Zhang2, Emma Davies1, Julia Stawarz1, Joan Mico-Gomez1, and Pilar Iváñez Ballesteros1
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Predicting the large-scale eruptions from the solar corona and their propagation through interplanetary space remains an
outstanding challenge. Here, we describe the development of three dimensional magnetohydrodynamic simulations of the inner
heliosphere using the simulation code PLUTO. The model implementation provides an efficient method of accurately reproducing
the three-dimensional structure of the solar wind and handles impulsive phenomena such as Interplanetary Coronal Mass

Ejections (ICMEs) (Desai et al. 2020, https://doi.org/10.1007/s11207-020-01700-5). The simulations presented here are then
applied to study the extreme Carrington-scale ICME of 2012 July 23. The simulated time-series is shown to closely match that of
STEREO-A and, to constrain the impact of solar wind preconditioning, the launch-time of this event is then varied with regards to
an initial 19 July ICME. These results indicate that the 23 July ICME was, remarkably, mostly unaffected by events prior and would
therefore have travelled even faster had it erupted closer in time to the 19 July event where it would have experienced even lower
drag forces. The preconditioning window induced by an initial ICME presents a quantifiable prediction that can be used by current
space weather forecasting efforts to estimate the increased likelihood of a severe space weather event.
The Met Office operational coronal mass ejection (CME) ensemble forecasting system
Siegfried Gonzi, and David Jackson
Met Office, UK
Since 2015 the Met Office has been using a 24-member ensemble method for forecasting the arrival time of CMEs at Earth. It has
been acknowledged that ensemble techniques serve as an important tool for our forecasters. The ensembles are created by
perturbing 4 parameters in the so called “cone files.” The forecaster created cone files are the result of coronograph observations
of CMEs. The information in the cone files is then used to inform our operational forward model ENLIL to model the transport of
the CME from the Sun to Earth. Met Office forecasters use the ensemble output of the forecast of plasma density and solar wind
speed at Earth to derive CME arrival times.
We discuss the pros and cons of the method that we use to create ensembles by perturbing CME speed, cone angle, longitude
and latitude. We will also discuss our plans for our next generation CME forecasting ensemble system. We still are researching
the optimal ensemble size that can realistically be used every 2 hours on our computing systems. Our next generation CME
ensemble system will most likely employ a different method of creating ensembles and also the number of ensemble members
will change.

Earth’s Magnetosphere and Radiation Belts
The role of an Alfvén wave in an extended recovery phase of an ICME induced extreme geomagnetic storm
Komal Choraghe
University of Mumbai, India
Geomagnetic storms are crucial phenomena during severe space-weather conditions, which directly or indirectly affect
communication, navigation, transportation, power grid and satellite electronic systems. They are usually caused by coronal mass
ejections (CMEs) and/or corotating interaction regions (CIRs) of interplanetary space. The Earth’s magnetic shield is weakened
during a geomagnetic storm, which allows interplanetary plasma to penetrate inside the magnetosphere, further affecting the
ionosphere as well as the upper atmosphere. Mostly, CMEs generating severe/extreme magnetic storms recover within one or two
days. However, here, we demonstrate a case study of a particular extreme geomagnetic storm (SYM-H= -305 nT) caused by a
CME that exhibits a longer recovery phase than usual. Our study suggests that the possible causal agent for such extended
recovery of the storm is the Alfvén wave. We further study recovery phases of 12 extreme geomagnetic storms. We observed

distinct two trends i.e. fast and slow recovery phase for each storm. Based on this we tried to understand the relationship
between storms recovery phases and exponential decay function, hyperbolic decay function and constant decay function.
Energetic electrons in Van Allen radiation belts: A first approach towards a SWx product
Antonio Niemelä Celeda, Vanina Lanabere, and Sergio Dasso
LAMP-UBA, Argentina
The Van Allen radiation belts contain ultra-relativistic electrons, with energies covering a range from several keVs to several MeVs.
Many of the physical processes occurring in these particle populations are not fully understood due to their high time-space
variability, specially during magnetospheric storms. It is crucial to understand these physical processes and their effects on
technologies and human activities in space.
The purpose of this work is to show the first steps into developing a new tool to provide alerts upon particle storms happening in
the Radiation Belts. A characterization of the electron population in the outer radiation belt, for energies ranging from 1.6 to 18.9
MeV, was done. The measurements analysed were made by the Relativistic Electron-Proton Telescope (REPT) instrument onboard the Van Allen probes, launched into orbit in August 2012 and deactivated by the end of 2019.
A proto-operative product was developed using GOES-15 data. Different thresholds were defined to link different levels of
radiation storms. Finally, in order to provide this information in a user-friendly way, an automated plot is refreshed and uploaded
every 5 minutes to the LAMP's website (Laboratorio Argentino de Meteorología del esPacio), which is integrated into the weekly
reports done by LAMP.
Immediate response of the outer radiation belt to sheath regions of coronal mass ejections
Milla Kalliokoski1, Emilia Kilpua1, Adnane Osmane1, Drew Turner2, Allison Jaynes3, Lucile Turc1, Harriet George1, and Minna
Palmroth1,4
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The energetic electron content in the Van Allen radiation belts surrounding the Earth can vary dramatically on timescales from
minutes to days. These strong electron fluxes present a hazard for spacecraft traversing the belts. However, the response of the
belts to solar wind driving is yet largely unpredictable – especially on short timescales. We investigate the immediate response of
outer radiation belt electron fluxes to sheath regions preceding interplanetary coronal mass ejections. We also study the
associated wave activity in the inner magnetosphere. We use measurements from the Van Allen Probes and GOES-15
(Geostationary Operational Environmental Satellite) during sheath events in 2012–2018. Our statistical analysis shows that wave
activity in the inner magnetosphere is enhanced during sheath regions and that the response of outer belt electron fluxes depends
on electron energy and radial distance from the Earth. Low-energy electron fluxes (tens to hundreds of keV) primarily increase,
while high-energy electron fluxes (few MeV) mainly decrease. We also show that significant changes in the outer belt electron
fluxes can be caused by events which do not cause prominent geomagnetic disturbances.

Outer Van Allen belt trapped and precipitating electron flux response to coronal mass ejections
Harriet George1, Emilia Kilpua1, Adnane Osmane1, Timo Asikainen2, Milla M. H. Kalliokoski1, Craig J. Rodger3, Stepan Dubyagin4,
and Minna Palmroth1
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Outer Van Allen belt trapped and precipitating electron flux response to coronal mass ejections. Interplanetary coronal mass
ejections (ICMEs) can dramatically affect electrons in the outer radiation belt, altering the energy flux and location of the electron
populations. Electron flux within the outer radiation belt and precipitation into the upper atmosphere during ICMEs is not yet fully
understood due to this highly complex response. We analyse the electron response to two ICMEs with leading shocks and
sheaths, followed by magnetic flux ropes in the ejecta. The magnetic field in these flux ropes have opposite rotations in each
event, with south to north rotation during the first event and north to south rotation during the other event. We study the fluxes of
trapped and precipitating electron populations in the context of the solar wind conditions, ICME structure, and magnetospheric
wave activity. In both events, we observe enhanced precipitation at mid-latitudes during the southward portion of the ejecta, with
greater enhancements taking place in lower energy electron populations. By contrast, flux of outer radiation belt electron
populations differs significantly between the two ICMEs, highlighting the complexity of the electron flux response to these space
weather events.

Plasmapause evolution during prolonged conditions of quiet geomagnetic activity
Ljiljana Ivanković1, Mario Bandić2, Giuliana Verbanac3, and Viviane Pierrard4
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We observe changes in plasmapause position during the time period from 21 August to 1 September 2008. During this time
geomagnetic activity was low, indicated by low values of geomagnetic index Kp (Kp<2). Plasmapause positions were identified
from electron density profiles measured by THEMIS satellites.
Each profile shows dependence of electron density on shell parameter L, and six ones were used in this analysis. In every profile,
satellite crosses plasmapause around MLT=15. For each profile, we determined plasmasphere boundary layer (PBL) by
identifying two boundaries, inner and outer. Then, we examined velocities of the boundaries from a graph showing PBL position
against time. We estimated that PBL for all profiles is less than 1 L wide, with the mean width 0.5L. Also, we found that PBL
moves outward and its velocity decreases as geomagnetic activity remains low.
Using real-time Polar Cap (PC) indices to predict magnetic storm developments
Peter Stauning
Danish Meteorological Institute, Denmark
The present work examines the validity of previously derived relations between polar cap and ring current indices when used in
real time applications. Polar cap (PC) indices are derived in simulated real-time versions by using past data only from -40 to -1
days up to current time in the construction of the quiet reference levels (QDCs) for the magnetic data. From analyses spanning a
decade (2009-2018), equivalent ASY-H index values were derived from simulated real-time PCN (North) and PCS (South)

indices. For cases of strong magnetic storms (Dst(peak)<-100 nT, the equivalent ASY-H indices were found to agree well with
reported (real) ASY-H index values with rms differences less than 12 nT. The simulated real-time indices have been used in a PCbased source function to derive equivalent values of the total ring current indices Dst (or SYM-H) up to one hour ahead of time.
With integration throughout 2009-2018 the simulated real-time (equivalent) Dst indices displayed close agreement with real Dst
index values with rms differences less than 13 nT. The applied method could be used without modifications to generate PC index
values and derived ASY-H and Dst (or SYM-H) index values in real-time space weather applications.
Principal component analysis to separate different ionospheric and magnetospheric contributions to the geomagnetic field
variations
Rania Rebbah, and Anna Morrozova
University of Coimbra, Portugal
Day to day variability in the geomagnetic field (GMF) variations recorded on the ground results from several current systems in the
ionosphere and the magnetosphere. These variations are classified either as diurnal or occurring during periods of disturbances.
The most notable, among the regular variations during the geomagnetically quiet days are the so-called solar quiet daily variation
(Sq) and the disturbance daily variation SD. These variations have well recognised daily cycles and need to be detected before
the analysis of the disturbing field.
The data on variations of the geomagnetic field components X, Y and Z measured at the Coimbra Geomagnetic Observatory (COI)
in Portugal between 2007-2017 were analysed. Each month was analysed separately to take into consideration the seasonal
effect. We used principal component analysis (PCA) to extract different modes of GMF variations. The SD and Sq variations were
identified as the two PCA modes (PC1 and PC2). The PCA mode identified as Sq is compared to the Sq calculated by the
standard methods using five international quietest days per month.

Ground-Level Geomagnetically Induced Currents
Forecasting local GICs from solar wind data using a combination of geophysical and machine learning methods
Rachel Bailey1, Roman Leonhardt1, and Christian Möstl2
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A multiyear collection of geomagnetically induced current (GIC) measurements at multiple locations in Austria provides the basis
for this study, which aims to forecast the local maximum GIC from in situ solar wind measurements at the L1 point between the
Sun and Earth. The prediction of GIC from solar wind will be carried out using a deep learning method, specifically a Long-TermShort-Memory (LSTM) neural network. Measurements of GICs used as training datasets are available for six substations in the
Austrian power grid, but the forecast will be extended to the whole grid of 129 substations by predicting the local geoelectric field
and calculating the GICs per substation from there. For those substations with GIC measurements, a deep learning model will be
trained on each station and compared to the results from the geoelectric field predictions to determine any differences in
performance.

Temporal, directional, and spatial statistics of extreme dB/dt
Neil Rogers, James Wild, and Emma Eastoe
Lancaster University, UK
Extreme geomagnetic fluctuations (dB/dt) have previously been modelled from 1-min cadence data. In this talk we show how
occurrence rates for large and extreme dB/dt vary are modelled on timescales from 1 s to 60 min for both ramp changes (i.e. the
change in B over n minutes) and RMS variations (of 1-min dB over n minutes), and examine their dependence on geomagnetic
latitude, local time, and compass direction. For the 1-min dataset, we also summarise (i) new methods to improve return level
estimates by combining generalised Pareto distributions from multiple directional sectors, and (ii) an assessment of the spatial
coherence of extremes in dB/dt (pairwise extremal dependence between magnetometer sites worldwide).
Regional geomagnetic disturbances in Fennoscandia: statistical observations, modelling, and driving mechanisms.
Andrew Dimmock1, Lisa Rosenqvist2, Daniel Welling3, Ari Viljanen4, Colin Forsyth5, Mervyn Freeman6, Jonathan Rae7, Ilja
Honkonen4, Richard Boynton8, Michael Balikhin8, Elizabeth Elizabeth3, and Emiliya Yordanova1
1
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Geomagnetically Induced Currents (GICs) pose risks to ground-based infrastructures such as power lines and pipelines. Dynamic
spatiotemporal behaviour of geospace currents causes rapid geomagnetic disturbances on the ground. Since the earth is
intrinsically conductive, telluric currents are induced, setting up a geoelectric field that can drive unwanted currents in man-made
systems.
Recent studies have highlighted the highly-localised nature of the geoelectric field. Our results indicate that dB/dt can vary by
several times over just hundreds of kilometres and that this variation can result in up to 60% difference in GICs across a 200 km
transmission line. In this work, using geomagnetic observations in Fennoscandia, we report on the localised nature of these
disturbances, possible source mechanisms, and how important these are to GIC modelling and prediction. Multi-resolution runs of
the Space Weather Modeling Framework are also used to determine how well global MHD can capture these effects.
The implications from our work are: 1) during active intervals, the localised nature of geomagnetic disturbances should be
considered when modelling GICs, 2) telluric contributions to dB/dt can be significant, 3) higher resolution runs can give better
skill when modelling GICs, and 4) substorms continue to hinder accurate GIC modelling at high latitudes.
Field-aligned current ordering and intense ground dB/dt variations
Xiangcheng Dong1, Malcolm Dunlop1, Dong Wei2, Junying Wang2, and Chao Xiong3
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The orientation of field-aligned current sheets (FACs) can be inferred from dual-spacecraft correlations of the FAC signatures
between two Swarm spacecraft (A and C), using the maximum correlations obtained from sliding data segments. Statistical
analysis of both the correlations and the inferred orientations shows clear trends in magnetic local time (MLT) which reveal
behaviour of both large and small scale currents. Individual events sampled by higher altitude spacecraft (e.g. the 4 Cluster

spacecraft), in conjunction with Swarm also show two different domains of FACs: time variable, small-scale (10s km), and more
stationary large-scale (>100 km) FACs. Comparable effects seen in the ground magnetometer signals (dH/dt) during
storm/substorm activity and show similar distributions. Intense dB/dt variations particularly take place in the main phase of a
geomagnetic storm, particularly during active substorms. The characteristics and response during the recovery phase of a
geomagnetic storm were covered by multi-point ground and space measurements. The measurements show that corresponding
signals in all measurements occur simultaneously (with suitable time lags) in this region. The most intense dB/dt (dH/dt)
variations are associated with FACs corresponding to a modified SCW that are driven by BBFs at geosynchronous orbit around
substorm onset.
Modelling geoelectric fields in near real-time for space weather applications
John Malone-Leigh1, Joan Campanyà-i-Llovet2, Peter Gallagher1, Jim Hodgson2, and Seán Blake3
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Geoelectric fields are generated in the Earth’s lithosphere in response to geomagnetic variability, caused by magnetospheric and
ionospheric processes, often associated with geomagnetic storms. These geoelectric fields are responsible for GeomagneticallyInduced-Currents (GICs) in ground-based infrastructure, such as power networks. Accurate modelling of GICs requires knowledge
of intensity and direction of geoelectric fields. We present a method for modelling geoelectric fields in Ireland (caused by
geomagnetic activity) in near real-time (to within an hour), using real-time measurements of geomagnetic conditions from the
Magnetometer Network of Ireland (MagIE; www.magie.ie) and electromagnetic tensor relationships. The workflow for monitoring
geoelectric fields includes: 1) Identifying and removing artificial noise from magnetometer data, 2) Interpolate magnetic fields
over Ireland using Spherical Elementary Currents Systems (SECS), 3) Modelling geoelectric fields by adapting the fast fourier
transform to work in real time, and 4) Mapping the modelled geoelectric fields and its uncertainties over Ireland. This work is
supported by an Irish Research Council Enterprise Partnership Studentship between Dublin Institute for Advanced Studies (DIAS)
and Geological Survey Ireland (GSI).
Pipe-to-soil potential modelling in the UK gas transmission network
Gemma Richardson, and Alan Thomson
British Geological Survey, UK
Large geomagnetic field variations during geomagnetic storms induce telluric currents in pipelines. These currents can lead to
variations in the pipe-to-soil potentials (PSPs) which interfere with corrosion-prevention measures and may therefore enhance
corrosion, leading to localised damage and a reduced lifetime of the pipeline. Modelling PSP fluctuations is useful for mitigation
measures in existing pipelines, as well as at the design stage to allow new pipelines to be built to withstand such impacts.
We present a first attempt to build capability for modelling these currents in the high-pressure gas pipeline network of the United
Kingdom. We use the method of Boteler (GJI, 2013, doi: 10.1093/gji/ggs113) and modify our existing UK high-voltage (HV)
electrical network code to account for the continuous grounding of the pipelines. We use open source data to create the pipeline
network, splitting each pipeline into straight-line segments where we can assume a constant surface electric field within each
section. We present results from our pipeline models for both uniform and storm-time electric fields and discuss the results.

Preliminary investigation of the GIC development during the strongest magnetic storms of solar cycle 24 in Greece
Zoe Boutsi1, Georgios Balasis1, and Ioannis A. Daglis2
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Geomagnetically Induced Currents (GIC) constitute an integral part of the space weather research and a subject of ever-growing
attention for countries located in the low and middle latitudes. A series of recent studies highlights the importance of considering
GIC risks for the Mediterranean region. The HellENIc GeoMagnetic Array (ENIGMA) is a network of 4 ground-based magnetometer
stations in the areas of Thessaly, Central Greece, Peloponnese and Crete in Greece that provides geomagnetic measurements for
the study of pulsations, resulting from the solar wind - magnetosphere coupling. ENIGMA magnetometer array enables effective
remote sensing of geospace dynamics and the study of space weather effects on the ground (i.e. GIC). ENIGMA contributes data
to SuperMAG, a worldwide collaboration of organizations and national agencies that currently operate approximately 300 groundbased magnetometers. Here, we exploit ENIGMA data in order to study the spatio-temporal variations of the geomagnetic field
that emanate during active geospace conditions. We investigate the possibility that these variations produce geomagnetically
induced currents and provide an estimation of their intensity, focusing on the most intense magnetic storms of solar cycle 24.
Geoeffectiveness of 14-15 July 2012 storm and its indicators in Polish transmission lines
Agnieszka Gil1,3, Renata Modzelewska1, Szczepan Moskwa2, Mariusz Pozoga3, Agnieszka Siluszyk1, Marek Siluszyk1, Lukasz
Tomasik3, and Anna Wawrzynczak1,3
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During Solar Cycle 24 the Sun was calm, and there were not many spectacular geoeffective events. We analyze the geomagnetic
storm that happened on 15.07.2012 during the 602 anniversary of the famous Polish Battle of Grunwald, thus we propose this
event to be called the "Battle of Grunwald Day Storm". According to NOAA scale, it was a G3 geomagnetic storm with a
southward component of the HMF, Bz, falling to -20nT and minimum Dst index -139nT. It was preceded by a solar flare class X1.4
on 12.07. This geomagnetic storm was associated with the fast halo coronal mass ejection at 16:48:05UT on 12.07, first
appearance in the LASCO C2 coronagraph, with a plane-of-sky speed 885km/s. This geomagnetic storm was classified as the
fourth strongest geomagnetic storm of Solar Cycle 24. At that time, the computed geoelectric field reached its maximal values
and a significant growth in the failures of Polish electric transmission lines was observed, which could have a solar origin.
Analysis of each individual geoeffective event in the framework of transmission lines failures can be a clue in revealing a collective
characteristic of the state of the near heliosphere, geomagnetosphere, as the important contributor to number of failures increase.
Magnetospheric dynamics and M-I coupling during the 8 September 2017 geomagnetic storm
Jonathan Eastwood1, Joseph Eggington1, Ciaran Beggan2, Mark Clilverd3, David Jackson4, and Alan Thomson2
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Within the portfolio of risks attached to severe space weather, the impacts of ground-level geomagnetically induced currents are
of key importance because of their role in disrupting infrastructure such as power distribution networks, gas pipelines and rail
networks. Consequently, nowcasting and forecasting of such impacts is a priority for space weather service providers. One
approach is to make use of physics-based models, and in particular global magnetospheric modeling to capture the dynamics of
the coupled solar wind – magnetosphere – ionosphere system. These models can then be used to provide input into GIC now-

casts and forecasts. In this contribution we describe recent developments in the Gorgon magnetospheric model in the area of GIC
forecasting, and present a simulation of the 8 September 2017 storm, which provides a useful opportunity for benchmarking as
well as for better understanding the nature of a relatively severe event which was well observed both in space and on the ground.
We compare the output of Gorgon to magnetospheric spacecraft observations, and examine the ionospheric and ground
response, and place this in the context of new R20 activities with the UK Met Office.
On extreme GIC values affecting the Portuguese power grid
Fernando Pinheiro1, Joana Alves Ribeiro1,2, Anna Morozova1, Fernando Monteiro Santos2, Pedro Baltazar-Soares2, Paulo Ribeiro1,
João Fernandes1, and Maria Alexandra Pais1
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A magnetic superstorm occurred in October/November 1903, close to the minimum of solar cycle 14, and is well documented by
variograms from Coimbra magnetic observatory (COI). During this storm, the alternative index Dst’ attained an extreme value -513
nT (Hayakawa et al., 2020). If such a storm occurred today, how large could be the currents induced along the grounded
conductors of the Portuguese power system network?
In this presentation, we assess the repercussions that a geomagnetic storm similar to the one on the 31st October 1903 (one of
the largest events registered at COI) would have in the current southern Portuguese power system network. In order to achieve this
goal, we i) build a power transmission grid model taking into account information provided by the national power network
operator, REN; ii) analyse COI station's magnetograms for the 1903 storm and other historical events, as well as 1-min series
from some of the strongest events of solar cycle 24; iii) compare the state of geomagnetic activity with the solar surface state for
the strongest events; iv) evaluate the impact of different ground resistivity models, including the results from MT soundings, on
GICs and on the geoelectric fields that drive them.
ESA SSA Space Weather Network - services for power grid and pipeline operations
Cristiana Dumitrache, Diana Ionescu-Besliu, Octavian Blagoi, Cristian Danescu, Liliana Dumitru, Nedelia A. Popescu, and Oana
Stere
Astronomical Institute of Romanian Academy, Romania
Space Weather can affect ground-based, electrically conducting infrastructures such as power transmission systems, pipelines
and railways. Variations of magnetospheric and ionospheric currents induced by solar wind fluctuations give rise to geomagnetic
disturbances at the Earth’s surface. These geomagnetic variations are accompanied by geoelectric fields that drive currents within
the Earth, also known as Geomagnetically Induced Currents (GIC). The rapid variations of the geomagnetic field (dB⁄dt) that
produce GIC can disturb the normal operation of technological systems like electric power systems, oil and gas pipelines,
telecommunications cables and interfere with railway signalling systems.
In this presentation we highlight the ESA SSA Space Weather Services tailored to Power Grid and Pipeline system operators that
are implemented through a combination of products, tools and alerts. We aim to give an overview of the main products/tools
such as Geomagnetically Induced Currents for Power Grid and for Pipeline systems, nowcasts and forecasts of geomagnetic
conditions, information on heliospheric data that can influence the Earth’s magnetic field and geomagnetic storm onset alerts.

Midlatitude long-period pulsations and their implications for GIC modelling
Michael Heyns1,2, Stefan Lotz2, and C. T. Gaunt1
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Geomagnetically induced currents (GICs) are driven by fluctuations of Earth’s geomagnetic field. Drivers of intense GICs are often
associated with impulsive events such as coronal mass ejections. Recent studies have shown however that long-period
geomagnetic pulsations or Ps6-type disturbances can also drive large GICs at high latitudes. In this work, similar Ps6-type
disturbance signatures are seen in measured GIC data from midlatitude sites. There are a couple of implications given pulsation
driving in GICs. Firstly, the often used dB/dt proxy does not adequately characterise GIC activity during ULF pulsations with
periods significantly different to the sampling rate of the geomagnetic field measurements. Secondly, the quasi-ac nature of the
sustained pulsation driving challenges the assumption of damage due to peak GICs alone and affects the power system response
in general, which may not be properly modelled using only dc models.

Thermosphere-Ionosphere Interactions and Effects
ESA SSA Space Weather Service Network – services for transionospheric radio link users
Octavian Blagoi, Cristiana Dumitrache, Diana Besliu-Ionescu, Cristian Danescu, Oana Stere, Nedelia Popescu, and Liliana
Dumitru
Astronomical Institute of Romanian Academy, Romania
The ionospheric layers arise as a result of high-energy solar UV and X-ray radiation and their interaction with the Earth’s upper
atmosphere. Space Weather effects can lead to ionospheric disturbances, such as scintillation, and other phenomena that can
influence signal propagation between ground- and space- based systems. The dependence on much of our technological
infrastructure on satellite-based communications or GNSS highlights the need for coherent systems to address the vulnerability of
these systems. We will present these services provided by the ESA SSA Space Weather Service Network that provide data
measurements and forecasts of TEC maps, applications to GNSS corrections, scintillation maps, other ionospheric activity
parameters and disturbances that impact the transionospheric radio transmissions.
Modeling of TEC over the Iberian Peninsula using PCA decomposition, linear regression and neural networks
Anna Morozova, Tatiana Barlyaeva, and Teresa Barata
University of Coimbra, Portugal
The total electron content (TEC) over the Iberian Peninsula was modeled using the principal component analysis (PCA)
decomposition and a reconstruction of the PCA modes using space weather parameters as regressors.
As the first step, the principal component analysis applied to the TEC data allowed us to extract two main modes. Each mode is
characterized by daily TEC variation of a certain type (PC) and its amplitude for each of the studied days (given by the empirical
orthogonal functions, EOF).

Afterwards, multiple regression models (MRM) were constructed to fit EOFs using combinations of the space weather parameters
with different lags. As space weather parameters we considered proxies for the solar UV and XR fluxes, number of the solar flares,
parameters of the solar wind and the interplanetary magnetic field, and geomagnetic indices. Combining MRMs of EOFs with the
corresponding PCs we reconstructed TEC variations as a function of space weather parameters observed in previous days. The
possibility to use such reconstructions for the TEC forecasting was also studied.
Another approach with reconstruction of EOFs using neural networks (NN) and the same set of space weather parameters was
tested. The results of the PCA-MRM and PCA-NN reconstructions of TEC are compared.
Thermosphere response to one-day, intense EUV-solar flux increase
Carine Briand1, Kelsey Doerksen2, and Florent Deleflie1
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EUV solar flux is known to play a crucial role in the thermosphere equilibrium during periods of low solar activity. Being the
primary heating source of the atmosphere, it induces fluctuations on different time scales, from the solar rotation to seasonal, as
well as diurnal local time and latitude dependence.
During periods of solar activity, geomagnetic activity and X-flux become the main sources of density perturbations. They act on
shorter time scales (days to hours). The large X-flux increase dominates the other EM-radiation and masks their possible role.
Models have been used to investigate the role of EUV irradiance on long time scales. We present results on the role of EUV-flux
variation on the intermediate time scales of one to two days, from observational data.
Four intense and rather long duration (1 to 2 days) EUV-enhancements, isolated from geomagnetic storms and large X-flares,
have been detected during the period 2002-2010. They were observed simultaneously from the two channels of SOHO/SEM. The
neutral density disturbances have been studied from CHAMP and GRACE measurements. We show that these events, although
rare, can produce noticeable (>20%) density perturbation. Minor geomagnetic storms are also often observed. We discuss the
possible links between them.
Sudden ionospheric disturbance monitoring using a lightning detection network and machine learning
Mike Protts, Edmund Henley, Andrew Horseman, Laura Dreyer, Samantha Adams, Stephen Prust, Ed Stone, Sue Twelves, Graeme
Marlton, and Debbie O'Sullivan
Met Office, UK
The new Met Office lightning detection system Leela measures very low frequency atmospheric electromagnetic radiation to
identify lightning. Sudden changes in received signals not caused by lightning will, in some cases, arise from solar flares triggering
Sudden Ionospheric Disturbances (SIDs). The Met Office Space Weather Operations Centre (MOSWOC) monitors space weather
conditions - including solar flares, and the ionosphere - to inform users of potential impacts, e.g. on radio communication, or
radars.
Forecasting solar flares and resulting ionospheric disruptions is difficult, and there is value in MOSWOC having a
monitoring/nowcasting capability. Leela is also attractive as a ground-based alternative to the GOES satellites usually used,
which can saturate for very large flares.

We will present an overview of a recently-started project to use machine learning to detect anomalies in Leela data, and
discriminate those associated with SIDs.
Significant ionosphere response to thunderstorm during various times of the day in a low latitude region
Louis Osei-Poku1, Long Tang2, Wu Chen1, and Mingli Chen1
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The ionosphere is disturbed by various natural phenomena. Of interest is thunderstorm/lightning as it produces very low
frequency (VLF) discharges which can be used to study the ionosphere behaviour. Thunderstorm is dominant in the equatorial low
latitude regions and coastal areas. By using differential total electron content (DTEC) derived from Global Navigational Satellite
Systems (GNSS), thunderstorm effects on the ionosphere have been studied. In this study, we deploy a similar GNSS approach to
observe ionosphere response at different times of the day during thunderstorm in the Southern China coastal area. The results
show that DTEC of about ±1.5TECU was observed during both daytime and night-time. The daytime ionosphere response which is
similar to that of other areas is deemed as significant. In contrast, the night-time response is about twice as large as that of other
areas. This indicates that the night-time response to thunderstorm is quite significant in the Southern China coastal area as
compared to other regions.
Optimum solar proxy for long-term ionospheric investigations
Jan Lastovicka
Czech Academy of Sciences, Czech Republic
The problem of optimum solar proxy is important for long-term and/or climatological studies of ionospheric parameters as well as
for modeling. I focus on possibly different optimum solar proxies for different ionospheric parameters, as they are affected by
partly different spectral ranges of solar ionizing radiation. I use yearly average values of foF2 and foE of four European stations
with long (1976-2014) and high-quality data (Juliusruh, Pruhonice, Rome, Slough/Chilton), and the global total electron content
(G-TEC). Four solar proxies are used: F10.7, Mg II, solar Lyman-alpha flux Fα and sunspot numbers R. The most important finding
is that the optimum solar proxies are different for different ionospheric parameters. The most suitable solar proxy for foF2 is found
to be Mg II, whereas for foE F10.7 evidently outperforms Mg II. Fα and sunspot numbers perform slightly worse but none of four
solar proxies performs poorly. F10.7 is favored for G-TEC, to some extent surprisingly, as previous results favored rather Mg II.
However, also Fα and R provide results which are not significantly worse than those based on F10.7 and Mg II.
Ionospheric data assimilation of regional ground and space based GNSS observations into NeQuick model
Pasumarthi Babu Sree Harsha, Devanaboyina Venkata Ratnam, Kondaveeti Siva Krishna, and Kakumanu Sirilakshatha
K L University, India
Ionospheric data assimilation became eminent in providing optimal electron density, TEC estimates through proper ingestion of
ionospheric variables into the background model. Here, we present an Unscented Kalman filter-based data assimilation
methodology in regional scale for Indian region. The idea is to assimilate ground based GNSS observations from GPS Aided GEOAugmented Navigation (GAGAN) network and space based COSMIC mission observations into NeQuick model. The model is

tested for September (Equinox) and December (Solstice) days of the year 2016. The model results are quantified with four IGS
stations to observe model accuracy. The northern crest of Equatorial Ionization Anomaly (EIA) over Indian region is clearly
characterized by the assimilated model. The statistical parameter namely root mean square error is between 2 to 5 TECU
between truth data and assimilated model signifies model efficiency. The proposed assimilated model results greatly help in
understanding low-latitude ionospheric effects during geomagnetic storm conditions. Estimated forecast score and forecast skill
numbers are appreciable to explain the proposed model forecast reliability.
Solar hard X-ray impact on ionospheric D-layer
Srivani Inturi, Carine Briand, and Baptiste Cecconi
Paris Sciences et Lettres University, France
This work presents a study of the response of the ionospheric D-region (50-90 km) during periods of solar flare occurrence. The
increase of X and UV fluxes during flares alters the degree of ionisation down to the lowest layers. From a space weather point of
view, an increase of the electron density of the D-layer induces an increase of absorption of the high-frequency radio-emission,
which used by the civil aviation for instance. An efficient way to study these ionospheric variations is to measure the temporal
evolutions of VLF/LF waves that propagate from man-made, ground-based VLF transmitters in the waveguide formed by the earth
and the ionosphere. In our case, we follow VLF/LF signals from six stations simultaneously, with a SUPERSID instrument located
near Paris (France), covering a large latitudinal and longitudinal extension over Europe. We analysed 30 flares, from C3.0 to X9.3
event occurring in 2017. In particular, we focus on the flares that occurred on September which are the strongest flares since
2005. It is well known that Soft X-rays (SXR, 0.1-0.8nm) strongly affects the D-layer. We demonstrate that Hard X-rays (HXR,
0.05-0.001nm) play a major role in ionising the lowest layers during the strongest X-class flare.
Ionospheric climatology at South American sector using amplitude scintillation index S4
Eduardo Macho, and Emilia Correia
Mackenzie Presbyterian University, Brazil
Scintillations are caused by ionospheric irregularities and can affect trans-ionospheric radio signals. One way to understand and
predict such irregularities is through ionospheric climatology using scintillation indexes during different periods of times of solar
cycle in different regions, including the Equatorial Ionospheric Anomaly (EIA) and the South Atlantic Magnetic Anomaly (SAMA)
regions. In this work we are using amplitude scintillation index S4 during the full solar cycle 24 at South American sector.
Preliminary results show a significant intensification of ionospheric fluctuation at northern and southern crest of EIA, especially
during the southern hemisphere’s spring/summer seasons, with a higher increase during solar maximum. In the SAMA region,
where the intensity of field magnetic lines is lower, the fluctuation is much higher during the spring/summer months of solar
maximum.

Analysis of the sub-auroral region response to the September 2017 geomagnetic storm
Agata Chuchra, Barbara Matyjasiak, Hanna Rothkaehl, Mariusz Pożoga, and Łukasz Tomasik
Space Research Centre of Polish Academy of Arts, Poland
A geomagnetic storm is a major disturbance of Earth’s magnetic field and results from variations in the solar wind which can be
caused e.g. by Coronal Mass Ejections from the Sun. The traveling magnetic cloud can produce significant changes in electrical
currents, circulation, composition, temperature and density of plasma in the magnetosphere-ionosphere-thermosphere system.
The energy injection into the magnetosphere through the magnetotail reconnection affects directly the auroral region of the Earth’s
ionosphere, where energetic particles precipitation, auroral oval expansion, and variations of plasma density and field-aligned
current intensity can be observed during geomagnetic storms. The September 2017 storm was an extreme and complex event
during the 24th solar cycle minimum, that resulted in dynamic changes in Earth’s auroral region. As an ionospheric trough region
is a kind of a boundary region where physical processes of different origin can act, we are willing to present an analysis of
variations in plasma density, intensity of field-aligned currents, and variability of the ionospheric trough structure during the
geomagnetic storm of 6-8 September 2017. The interaction and correlation of the mentioned parameters are studied in the
context of different phases of the event. Analysis is based on the data from the Swarm mission.
Confirmation of the upper atmospheric emission polarisation and impact on space weather
Leo Bosse1, Jean Lilensten1, Nicolas Gillet2, Sylvain Rochat1, Alain Delboulbe1, Stephane Curaba1, Alain Roux1, Yves Magnard1,
and Magnar G. Johnsen3
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Our group confirmed in 2008, with a dedicated photopolarimeter, that the red line at 630 nm is polarised. Since then, several
auroral emissions have also been shown to be polarised (Bosse et al., 2020). The impacts in term of space weather could be
quite important, as this polarisation witnesses the variability in term of electron density and the ionospheric currents. However,
one question remained in order to ensure that the polarisation does not come from an out-of-line of sight emission via Rayleigh
scattering. In order to check it, we solved a polarised radiative transfer equation that allows to take account of polluting ground
sources or all sky camera images.
In this conference, we will show the first results of this study during a campaign held in February 2020 and March 2019, in
Northern Norway. These results indicate that the emissions are at least partly polarised at the emission. We will discuss the first
implications in term of atomic physics for the atomic oxygen and in term of space weather.
Ionospheric irregularities during geomagnetic storms near the southern crest of the EIA in South America
Gilda de Lourdes González
National University of Tucumán, Argentina
We present the analysis of the occurrence of ionospheric irregularities during three geomagnetic storms at a low latitude station in
the Southern American longitudinal sector ( 26.9 ° S, 294.6 ° E; magnetic latitude 15.5 ° S), near the southern crest of the
equatorial ionization anomaly (EIA). The geomagnetic storms occurred on May 27, 2017 (low occurrence rates of spread-F),
October 12, 2016 (transition from low to high occurrence rates of spread-F) and November 7, 2017 (high occurrence rates of
spread-F). We used data from Global Positioning System (GPS) receivers and ionosondes. We analyzed the rate of change of total

electron content (TEC) Index (ROTI), GPS Ionospheric L-band scintillation, the virtual height of the F-layer bottom side (h'F) and
the critical frequency of the F2 layer (foF2). Each ionogram is examined for the presence of spread-F.
We observed that geomagnetic activity creates favorable conditions for the initiation of ionospheric irregularities. Post-midnight
irregularities are developed due to the presence of eastward disturbance dynamo electric fields (DDEF). For the May storm, an
eastward over-shielding prompt penetration electric field (PPEF) is also acting. This PPEF is added to the DDEF and produces the
uplifting of the F region that helps trigger the irregularities.
Ionospheric tilt angle as indicator of Travelling Ionospheric Disturbances
Vadym Paznukhov1, David Altadill2, José Miguel Juan3, and Estefania Blanch2
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Ionospheric tilt is a concept used to characterize local horizontal electron density gradients in the ionosphere. Digisonde systems
allow measuring angles of arrival of ionospherically reflected radio signals, from which the ionospheric tilts are derived. Here, we
present the results from the analysis of the tilt measurements collected in 2012–2014 with a digisonde at Ebro Observatory
(40.8°N, 0.5°E). A climatological distribution of wavelike variations in the tilt records presumed to be associated with traveling
ionospheric disturbances (TIDs) with periods of 30 min to 1.5 hr which is rather typical for medium-scale TIDs. There is a good
agreement between the presence of TIDs and sporadic E layer occurrence, suggesting that some TIDs can be driven by instability
in the electric field which is initiated via an interhemispheric link between the E and F regions of the ionosphere. Direction of
disturbance propagation is also analyzed and compared to the modeled neutral wind. There are indications that during the
daytime TIDs tend to propagate in the direction opposite to the background neutral wind. This suggests that daytime TIDs are
produced by atmospheric gravity waves originating in the lower atmosphere and experiencing background wind filtering effect on
their upward propagation.
Storm-time patterns of Center-of-Mass of the ionosphere
Tamara Gulyaeva1, Haris Haralambous2, Bruno Nava3, and Iwona Stanislawska4
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Modern telecommunication and navigation systems can suffer from degradation or loss of signals at the severe perturbations of
the ionospheric plasma during the space weather storms. We present results of analysis of the ionospheric global maps GIMs
during 1994-2020. GIM-TECs are assimilated by IRI-Plas system to produce instantaneous F2 layer maps of foF2 (or NmF2),
hmF2 and the slab-thickness GIM-tau which represents ratio of TEC to NmF2 at each cell of a map. The slab-thickness tau
includes its bottom part, τbot, below hmF2, and topside, τtop. The IRI-Plas and NeQuick production of electron density height profile
Ne(h) is complemented by calculation of electron content height profile, TEC(h), from the lower boundary of the ionosphere,
65km, to 20,000km (GPS orbit). The Center-of-Mass of the ionosphere Hc is evaluated from slab-thickness model within the
range from (hmF2-τbot) to (hmF2+τtop). Analysis of GIM-Hc maps under quiet and storm conditions shows effect of appreciable
uplifting Hc during the ionospheric storm. Statistical characteristics of GIM-Hc maps can serve for validation and updating the
shell height model with Hc parameter varying over the globe for improved vertical TEC evaluation from STEC observations. This
study is supported by RFBR 19-52-25001_Kipr_a, Russia, and RPF Bilateral/Russia(RFBR)1118/0004 (RENUM), Cyprus.

Multiscale analysis of LOFAR calibration data
Katarzyna Budzinska1, Marcin Grzesiak1, Maaijke Mevius2, Mariusz Pozoga1, Hanna Rothkaehl1, and Barbara Matyjasiak1
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The Low Frequency Array (LOFAR) interferometer is a radio telescope network that provides the radio astronomical observations
with the highest up-to-date sensitivity in the frequency regime between 10 and 240 MHz. As these frequencies approach the
ionospheric plasma frequency, ionospheric perturbation of propagating electromagnetic signal is the main environmental factor
affecting the quality of observations. Removal of ionospheric influence is a part of routinely conducted data calibration, resulting
in high sensitivity differential Total Electron Content (dTEC) values between LOFAR stations. In this study we present a method for
medium scale ionospheric structures detection applied to interferometric data obtained from calibration solutions of one of the
key LOFAR projects- the Epoch of Reionization. Combined analysis performed on different spatial scales helped to validate our
findings and obtain complementary description of observed phenomena.
Observation of the ionosphere in middle latitudes during 2009, 2018 and 2018/2019 Sudden Stratospheric Warming events
Zbyšek Mošna1, Ilya Edemskij2, Jan Laštovička3, Michal Kozubek1, and Petra Koucká Knížová1
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Three Sudden Stratospheric Warming (SSW) events from the periods of low solar activity during 2008/2009, 2017/2018, and
2018/2019 were studied to evaluate the effects of the neutral atmosphere on the ionosphere. The main question is to what
extent is the ionosphere responding on the SSW events. The source of the data was ground based measurement using the
Digisondes, and Total Electron Content (TEC) derived from the Global Navigation Satellite System (GNSS). In all three events the
ionosphere response was demonstrated as an increase in total electron density and density around the peak height of the F2
region, presence of wave activity and changes in plasma drift behaviour. We presume that the strong ionospheric response in the
F region was caused due to a combination of neutral atmosphere forcing and geomagnetic activity with different contribution of
the drivers in individual events. 2008/2009 ionospheric response was predominantly influenced by the neutral lower
atmosphere, and 2017/2018 and 2018/2019 as a combination of both effects.
Statistical characteristic and correlation of low latitude F region bottom-type irregularity layers and plasma plumes over Sanya
Lianhuan Hu
Institute of Geology and Geophysics, Chinese Academy of Sciences, China
VHF radar observations of ionospheric F region bottom-type irregularity and plasma plumes over the low latitude station Sanya
(18.4°N, 109.6°E) during the equinoctial months of 2011-2018 are analyzed. The results show an equinoctial asymmetry in the
occurrence of F region backscatter plumes, wherein the occurrence could be greater in spring or autumn months under different
solar activity and background ionospheric conditions. On the other hand, the bottom-type irregularity layer occurred almost
exclusively in the descending phase of solar cycle (2015-2018). No clear correlation is found between the occurrences of
bottom-type irregularity layer and plasma plume at low latitude. The F layer virtual height observations from the Sanya ionosonde
show that the average h’F is higher during the months when the plume occurrence is higher, suggesting that the asymmetric
plasma vertical drift could play a role in the equinoctial asymmetry of plume occurrence. Larger vertical drift (and higher h’F)
could cause higher occurrence of equatorial plasma plumes which extend to low latitudes along magnetic field lines. In contrast,

the h’F is relatively lower during the days when bottom-type irregularity layers occur. We surmise the background h'F could play a
negative role in the generation of bottom-type irregularity layer at low latitude.
Low latitude ionosphere response to the 7 October 2015 event triggered by a solar wind stream interaction region
María Graciela Molina1, Sergio Dasso2, Gustavo Mansilla1, Jorge Namour1, Miguel A. Cabrera1, and Enrico Zuccheretti2
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In this work, we present a study of the disturbances occurring on the ionosphere over a low latitude station in the southern
hemisphere due to perturbations observed in the space environment of Earth on 07 October 2015. The study focuses on a multiinstrument approach with the objective of analyzing the complete chain of events from the sun to the upper atmosphere.
In particular, we study two ionospheric storms observed at the low latitude station of Tucumán, Argentina (26° 51' S, 65° 12'
W). We observed a negative ionospheric storm followed by a positive ionospheric storm. The impact of the solar wind on the
Earth’s environment is analyzed using geomagnetic data and proxies, combined with data acquired in the "Tucumán Low Latitude
Observatory for Upper Atmosphere. Tucumán exhibits two major ionospheric features with great interest for space weather
monitoring within the region: it is located under the south crest of the EIA and near SAMA.
We also investigate the solar and interplanetary drivers that triggered an intense geomagnetic storm (Kp=7). We find that the
main responsible for this strong perturbation in the geospace was a Co-rotating Interaction Region (CIR) even when typically,
ICMEs are the most geo-effective transient interplanetary events.
Ionosphere behavior during the geomagnetic storms over the different latitude regions
Bhupendra Malvi1, Sharad C. Tripathi2, and P. K. Purohit3
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In the present study, we have done the investigation of the ionospheric perturbations during geomagnetic storms which are
disturbed conditions in earth’s magnetic field. Geomagnetic storm leads to a number of disruptions in technological applications
such as space vehicle operation, interrupt radio communication, and disrupt power grids. Quantitative analysis has been done in
three different storm criteria, strong, weak and moderate ones and their response in ionosphere has been investigated over
different latitude. Fair enough results have been witnessed in different longitudinal and latitudinal regions over the globe. An
attempt has been made to find some qualitative and quantitative relationship between the storm and ionospheric perturbations
with different latitudinal indices.
Characterization of the ionospheric scintillation impacts as measured by the rate of TEC index (ROTI)
Pierre Cilliers, and Tshimangadzo Matamba
South African National Space Agency, South Africa
This paper presents an attempt to characterize the impacts of ionospheric scintillation as measured by means of the Rate of
Change of TEC Index (ROTI) on navigation accuracy. Ionospheric scintillation indices are required products for the Aviation
navigation support services by ICAO. These include the amplitude (S4) and phase scintillation (σφ) indices as well as the ROTI
which is a proxy for the conventional scintillation indices. The ROTI product is derived from RINEX data logged by standard dual

frequency receivers of the Global Navigation Satellite System (GNSS) of which there are many more than there are L-band
scintillation monitors. The ROTI product is a potentially useful proxy for the S4 product over regions where there is a scarcity of
dedicated high sampling rate ionospheric scintillation receivers especially over the equator. ICAO does not currently provide any
specification of thresholds for alerts based on the ROTI product. The navigation errors are quantified in terms of kinematic position
errors, cycle slips, loss-of-lock, carrier-to-noise-density ratio, and number of visible satellites and correlated with estimations of
the ROTI index as derived from both 1-s and 30-s RINEX data. These results may be useful for the establishment of thresholds for
alerts on the ROTI product.

Aviation
Assessment of the effects of GOES sensors on space weather services for HF users
Robyn Fiori, Larisa Trichtchenko, Lidia Nikitina, and Taylor Cameron
Natural Resources Canada, Canada
Ionospheric disturbances caused by solar radiation and magnetospheric-ionospheric coupling occurring both due to normal
interactions within the Sun-Earth system, and enhanced activity due to space weather, impact high frequency radio
communication (HF COM) used, for example, by the aviation industry. Impacts due to polar cap absorption and shortwave
fadeout are mitigated through monitoring of the solar proton flux and solar x-ray flux measured by the GOES satellites operated by
NOAA SWPC. This work presents a comparison of solar flux and solar proton flux data from the east and west sensors of the GOES
13 and GOES 15 satellites for periods where both instruments were in operation.
Development of service to monitor and forecast ionosphere scintillation in high latitudes
Lidia Nikitina, and Robyn Fiori
Natural Resources Canada, Canada
Natural Resources Canada (NRCan) develop an operational service for aviation to provide monitoring and forecast of scintillation
activity in the auroral zone for safe operation of aviation including cross-arctic flights. Small-scale disturbances in the ionosphere
related to space weather activity cause phase and amplitude scintillation of a radio-frequency signal and can lead to degrading of
accuracy and availability of GNSS service. Phase scintillation activity ( σ_φ) is often observed in high latitude ionosphere. This
work presents an analysis of scintillation activity at high latitudes across Canada together with local geomagnetic activity.
Comparison was made with use of geomagnetic data recorded by NRCan observatories and scintillation data from the Canadian
High Arctic Ionosphere Network (CHAIN). This comparison demonstrates that the ionosphere scintillation, its intensity and
duration, are strongly related to local geomagnetic disturbances. Analysis of this regression model, its stability and statistical
significance will be used for further development of NRCan operational ionosphere scintillation service for providing space
weather advisories according to International Civil Aviation Organization (ICAO) guidance.

Using the Spire TEC Environment Assimilative Model (STEAM) to provide ICAO space weather advisories
Matthew Angling1, Giorgio Savastano2, and Shradha Mohanty2
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The International Civil Aviation Organisation (ICAO) has recognised the issue of space weather and has implemented activities to
provide operational space weather information services. These new services are provided by dedicated space weather centres
(SWXCs) which generate and share space weather advisories using the existing aeronautical fixed network for international
aviation. The advisories can be provided directly to airlines, but also to air navigation service providers (ANSPs) such as The
European Organisation for the Safety of Air Navigation (EUROCONTROL) and the National Air Traffic Services (NATS) in the UK.
One of the ICAO advisories is concerned with detecting and forecasting the occurrence of extreme total electron content (TEC)
values that may directly impair (or act as a proxy for gradients that may impair) the operation of GNSS services. In this paper we
will discuss the modifications that have been made to the Spire TEC Environment Assimilation Model (STEAM) so that it can
provide probabilistic nowcasts of the TEC. These may be used to aid the SWXCs in producing the required advisories.
Overview of South African National Space Agency’s products and services development to serve the aviation sector
Rendani Nndanganeni, Mpho Tshisaphungo, Lee-Anne McKinnell, and Keenan Janneker
South African National Space Agency, South Africa
The South African National Space Agency (SANSA) has operated the Regional Warning Center (RWC) for Space Weather (SWx) in
Africa since 2010. Recently, South Africa, through SANSA, was designated by the International Civil Aviation Organisation (ICAO)
as a Regional Centre for the provision of SWx information to international air navigation. The centre depends on ground based
data from distributed networks across Southern Africa and the South Atlantic which complement SWx satellite data to achieve
SWx operations. In anticipation of the recent designation, SANSA is establishing capabilities to provide SWx services primarily to
the aviation sector. In addition, the development of products/services as per ICAO requirements is in progress. This paper will
discuss the current status on the products/services development within SANSA and other projects such as research to operations
processes for a successful 24/7 operational center. The legislative considerations, success factors, the importance of
partnerships, and challenges of SANSA’s drive to a 24/7 operational SWx centre is presented.

R20 and development of services
ESA SSA Space Weather Portal 3.1 presentation
Olivier Lamborelle
Space Applications Services, Belgium
The ESA SSA Space Weather Web Portal provides access to latest and archived Space Weather data, alerts and tools for
researchers and end users in various application domains. An important part of the development of the ESA SSA Space Weather
Services is engaging with end-users in dedicated meetings and campaigns across domains in order to solicit feedback on current
capabilities and recommendations for future evolution. A recent major release of version 3.1 of the portal builds on this end-user

feedback and features a new layout and the implementation of additional features and tools. Users will now find domain specific
dashboards with tiles and widgets enabling an instantaneous overview of key Space Weather information. This session will
present and guide you through these new features, whether you are a new or experienced user of the portal.
Developing the Met Office space weather operations-to-research (O2R) process
Suzy Bingham, David Jackson, Edmund Henley, Mike Marsh, Siegfried Gonzi, Daniel Griffin, Richard Mace, Mark Seltzer, Krista
Hammond, Simon Machin, and Mark Gibbs
Met Office, UK
The Met Office Space Weather Operations Centre (MOSWOC) has provided a 24/7 service since 2014. Robust and reliable
operational models, data and IT infrastructure are essential to monitor and forecast space weather, and for timely alerts and
warnings. Supporting MOSWOC are the Science Research Group and IT Team. An effective means of communication and
knowledge sharing between MOSWOC, supporting groups and the research community is crucial to address issues and gaps in
current operational capabilities and to enhance forecasting capabilities.
Recent developments in the Met Office O2R process will be described. Our starting point is to adopt best practices from terrestrial
O2R methods and then to adapt these for space weather. This has led to the development of the Space Weather Issues and
Reviews Log (SWIRL) process, which we will describe in detail. SWIRL is the regular recording and reviewing of MOSWOC feedback
on models, data, IT and impacts. This central repository of feedback is primarily used to identify systematic model issues and
recurring IT incidents. SWIRL will facilitate planning of improvements to current capabilities and will further develop our
understanding of model characteristics. We will highlight some issues captured by the SWIRL process and outline planned future
O2R developments.
Real time physics-based solar wind forecasts for SafeSpace
Rui Pinto1,2, Rungployphan Kieokaew1, Benoît Lavraud1, Vincent Génot1, Myriam Bouchemit1, Alexis Rouillard1, Stefaan Poedts3,7,
Evangelia Samara3,4, Antoine Brunet5, Sébastien Bourdarie5, and Ioannis Daglis6
1

IRAP/CNRS, France 2LDE3/CEA Saclay, France 3KU Leuven, Belgium 4Royal Observatory of Belgium 5ONERA, France 6National
and Kapodistrian University of Athens, Greece 7 University of Maria Curie-Skodowska, Poland
We present the solar wind forecast module of the Sun – interplanetary space – Earth’s magnetosphere chain of the H2020
SafeSpace project. The wind modelling pipeline, developed at IRAP, performs real-time robust simulations of the solar wind from
the surface of the Sun up to L1, from which magnetospheric indices are determined using a neural network.
The pipeline combines synergistically different mature research models: determination of the background coronal magnetic field,
computation of solar wind acceleration profiles (1 to 90 solar radii), propagation across the heliosphere and formation of CIRs
(up to 1 AU or more), estimation of synthetic diagnostics (white-light and EUV imaging, in-situ time-series) and comparison to
observations and spacecraft measurements. Different magnotograms sources (WSO, GONG, ADAPT) can be combined, as well as
coronal field reconstruction methods (PFSS, NLFFF), wind models (MULTI-VP), and heliospheric propagation models
(CDPP/AMDA 1DMHD, EUHFORIA), magnetospheric indices neural network (ONERA). We tested the wind forecasts against
different in-situ observatories using a dynamic time-warping metric. We provide a web-based service that continuously supplies a
full set of physical parameters (wind speed, density, temperature, magnetic field, phase speeds) of the solar wind up to 6-7 days
in advance, at a time cadence compatible with other space weather applications.

Space Weather research in Turin Observatory: the SWELTO project
Alessandro Bemporad1, Lucia Abbo1, Dario Barghini1, Carlo Benna1, Ruggero Biondo1,2, Donata Bonino1, Gerardo Capobianco1,
Francesco Carella3, Alberto Cora1, Silvano Fineschi1, Federica Frassati1, Daniele Gardiol1, Silvio Giordano1, Alessandro Liberatore1,
Salvatore Mancuso1, Andrea Mignone3, Fabio Reale2, Alberto Riva1, Roberto Susino1, and Luca Zangrilli1
1
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The INAF-Turin Astrophysical Observatory started in the end of 2017 the project SWELTO – Space Weather Lab in Turin
Observatory (https://www.oato.inaf.it/portfolio-items/swelto/). The aims of SWELTO are: to test new diagnostics to analyze
space-based data and develop MHD models for predictions of interest for Space Weather applications; to procure, test and
deploy in Turin Observatory new ground-based instruments to monitor the ionospheric and geomagnetic disturbances related with
solar activity; to involve other already existing projects and assets looking for possible applications not considered so far of
interest for Space Weather purposes; to promote outreach activities to involve students and the general public in Space Weather
topics.
We describe here the actual status of the project, starting with tools developed so far or currently under development to monitor
the solar activity, coronal densities, coronal outflows, interplanetary propagation of plasma, and plasma conditions at 1 AU
(http://swelto.oato.inaf.it/). We will then describe the ground-based instrumentation (now under procurement and testing) we
plan to employ to monitor the Sudden Ionospheric Disturbances and the Geomagnetic Field disturbances. Finally, we will discuss
how other existing projects (such as PRISMA aimed at monitoring and tracking falling meteors) and facilities (Cosmic Ray
detectors) have been involved for Space Weather applications.
Toward automatic identification of transient structures in the solar wind at 1 au
Brenda Daniela Dorsch1, Noelia Santos1, Vanina Lanabere, and Sergio Dasso2
1
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The characteristics of the solar wind at 1 au are vital to determine the level of solar-terrestrial coupling. In this report we present
an analysis of the relation between solar wind and the geoeffective events of solar origin, in order to generate tools which let us
identify such events operationally. Plasma and interplanetary magnetic field (IMF) data from the ACE (Advanced Composition
Explorer) satellite, obtained from the beginning of 1998 to the middle of 2017, will be analyzed with particular focus on the
behaviour of interplanetary coronal mass ejections (ICMES), identified in Richardson and Cane’s catalogue during the
aforementioned period, in relation to the solar wind temperature and Parker´s spiral, at the L1 libration point.
This study seeks to define a criterion to identify ICMEs, based on the combination of (1) the observed to expected proton
temperature ratio (expected from the solar wind speed) and (2) the difference between the observed IMF direction and the
expected one from assuming a Parker's spiral. Thus, our aim is to quantify these quantities and define thresholds to them, in
order to obtain a combined criterion that let us increase the probability of success in identifying these transient interplanetary
structures.

New real-time auroral activity index from geomagnetic measurements
Tiera Laitinen, Atte Kapanen, Kirsti Kauristie, and Ari Viljanen
Finnish Meteorological Institute, Finland
We have developed a new local geomagnetic index for nowcasting the probability of visible auroras. We used 463 hours of all-sky
camera images, which were visually classified as containing bright auroras, only weak auroras or a dark sky. This data was
compared statistically against several index candidates describing geomagnetic variations as measured by a co-located
magnetometer. After selecting the final formula for the index, we determined its threshold values for three observation sites in
Finland. We plan to implement this new auroral index as a public real-time nowcast service.
Solar Energetic Particles (SEP) scoreboard
Leila Mays
NASA Goddard Space Flight Center, USA
The Community Coordinated Modeling Center (CCMC) has been facilitating real-time forecast verification projects led by the
international space weather community to test predictive capabilities before event onset. These "Scoreboards" allow a consistent
real-time comparison of various operational and research forecasts. The scoreboards also enable world-wide community
involvement in real-time predictions, foster community validation projects, and ultimately help researchers improve their
forecasts. The SEP scoreboard captures SEP onset, duration, peak flux, probability, all-clear, and overall profile. In 2018, Johnson
Space Center's Space Radiation Analysis Group has become involved in the SEP scoreboard as part of a 3-year project called
ISEP. As part of this project, a variety of SEP models will become available on the SEP Scoreboard display in real-time in support
of upcoming human exploration missions. Here we present the goals of the scoreboard and demo the current prototype of the
interactive SEP scoreboard display. All SEP forecast modelers and experts worldwide are invited to advise or participate in this
community-wide effort. (https://ccmc.gsfc.nasa.gov/challenges/sep.php)
Space weather services in Argentina: Argentine Space Weather Laboratory (LAMP) activities
Vanina Lanabere1, Noelia Ayelen Santos1, Brenda Dorsch1, Antonio Esteban Niemelä-Celeda1, Viviana López2, Christian
Gutiérrez1, Adriana Maria Gulisano3, Gustavo Pittaluga1, and Sergio Dasso4
1
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Argentina, 4CONICET-UBA, Argentina

As an answer to the national demand to operative Space Weather activities in Argentina, the Argentine Space Weather Laboratory
(in spanish: Laboratorio Argentino de Meteorología del esPacio, LAMP) was created in 2016. One of the main activities of LAMP
consists on developing prototype operative activities and on offering Space Weather services in Argentina. One of these activities
consists on carry out daily monitoring real-time information about space weather conditions (space and ground-based
instruments). Furthermore, since January 2020 LAMP is the Argentine regional warning center of the international consortium of
space weather centers (ISES). LAMP works with a view to the continuous improvement on the monitoring of the space weather
conditions. In this work we present the latest operative space weather products developed by LAMP that are offered publicly at
spaceweather.at.fcen.uba.ar.

The ESA Virtual Space Weather Modelling Centre-Part 3
Stefaan Poedts
KU Leuven, Belgium
The ESA Virtual Space Weather Modelling Centre (VSWMC) project was defined as a long term project including different
successive parts. A first, limited version went operational in May 2019 under the H-ESC umbrella on the ESA SSA SWE Portal.
Part 3 is the next development step before all objectives of the VSWMC are achieved. The goal of the ESA project "Virtual Space
Weather Modelling Centre - Part 3" (2019-2021) is to further develop the Virtual Space Weather Modelling Centre, building on
the Part 2 prototype system and focusing on the interaction with the ESA SSA SWE system. The objective and scope of this new
project include, apart from maintaining the current operational system, the efficient integration of new models and new model
couplings, including daily automated end-to-end (Sun to Earth) simulations, the further development and wider use of the
coupling toolkit and front-end GUI, making the operational system more robust and user-friendly.
We will provide an overview of the state-of-the-art and demonstrate the system.

Abstract Book and Programme

Registered charity number 293851 (England & Wales) and SC040092 (Scotland)

