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INTRODUCTION

IAASARS is the largest Institute of the National Observatory of Athens. In 2018 it hosted 27
permanent researchers, 5 permanent supporting personnel 27 postdoctoral research
associates 32 research support personnel and 20 research students. In addition there were
ten adjunct researchers associated to the Institute.

The Institute boasts a high scientific productivity as this reflected by the number of
publications in international refereed journals. Moreover the Institute has the privilege to
host two prestigious European Research Council (ERC) Grants. One on Massive stars (PI
A. Bonanos) and the other one on the long-range transport of atmospheric dust (Pl V.
Amiridis). Additionally, the Institute hosts four major Research Infrastructures: (i) the 2.3-m
Aristarchos telescope on Mt. Helmos which currently runs its tenth year of successful
operations; (ii) the Kryoneri 1.2-m telescope that has recently been refurbished and has
been used continuously ever since - mainly in the framework of the ESA NELIOTA project,
monitoring the infall of meteorites on the lunar surface; (iii) the BEYOND center for the
monitoring of natural disasters and recently (iv) the PANhellenic GEophysical observatory of
Antikythera (PANGEA) which is a major climate change monitoring infrastructure.

Last but not least, in 2018 IAASARS operated two visitor centers. The first in Penteli and
the second at the heart of Athens, in Thiseion. All visitor centers are open on a daily basis,
in order to, facilitate educational visits from school, while each center opens about three
times per week accommodating visits of the public combined with observations of the night
sky with our historical telescopes. Indicative numbers that highlight the Educational & Public
Outreach service provided by IAASARS this year, are the 50,000 students from 400 schools
that visited our telescopes at both Penteli and Thiseion.

Spyros Basilakos
Director of IAASARS/NOA
Research Director RCAAM Academy of Athens
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2. SCIENTIFIC FOCUS & CORRESPONDING ACTIVITIES

The IAASARS is committed to: (i) advance scientific research in the areas of astrophysics,
space sciences and remote sensing, (ii) engage in civil protection by managing natural
disasters and offering specialized forecasts, (iii) increase the awareness of the society
towards science, technology and innovation and (iv) encourage young people to follow
scientific careers.

Highlights of IAASARS activities towards the fulfillment of the above mission include:

1 Studies of Near-Earth Objects via observations of Lunar impacts from the newly-
refurbished Kryoneri 1.2-m telescope.

1 Development of added-val ue products for ESAG6s flagship
science archives.

I The production of real-time nowcasts and forecasts for the ionospheric critical
parameters, making predictions for upcoming disturbances over Europe.

1 The dissemination to the worldwide community of real-time forecasts for solar
radiation storms.

1 The mapping of the impact of natural disasters such as wildfires, floods and the
assessment of landscape deformations as a consequence of earthquakes or
volcanic activity.

1 The establishment of a national facility for climate change monitoring at the island of
Antikythera

1 The operation of two popular visitor centers that run lively and regular outreach and
science dissemination activities for the general public.

1 The hosting of a postgraduate course (M.Sc.) on Space Sciences and Earth
Observation, which is jointly organized with the Computer Science and
Telecommunications Department of the University of Peloponnese.

Regarding research, the activities of IAASARS cover the following areas:

C Astronomy & Astrophysics: (a) Physics of the interstellar medium, (b) High Mass
Stars, (c) Stellar systems and galaxies, (d) Infrared Astronomy, (e) X-ray Astronomy,
(f) Cosmology, (g) instrumentation. The research is carried out using both ESA and
NASA space telescopes (e.g. HST, XMM-Newton, Chandra, Swift, NUSTAR,
Herschel) as well as ground-based telescopes. The ground-based telescopes
include those operated by NOA at Helmos and at Kryoneri, as well as, overseas
telescopes at ESO.

C Space Physics: the research concerns (a) space in the vicinity of the earth (b)
interplanetary space, (c) planetary exploration (d) solar physics (e) particle and
electromagnetic interaction of solar phenomena in the heliosphere (f)
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magnetosphere @ U(g) ionospheric physics. The space physics group is involved in
the development of instruments for both ESA and NASA missions. Moreover, it
offers products and services related to the observations of solar activity, the
interplanetary space, the magnetosphere and the ionosphere. These products are
used by the European Space Agency (ESA) for the protection of operational
systems, missions and of course human personnel (telecommunication systems,

civil aviation radar, aircraft pilots,s pace mi ssi ons & ,elecgicgoweoni ¢

grids).

Earth observation by satellite and ground-based remote sensing: In the field of
remote sensing, research focuses on: (a) the design and implementation of
observational facilities for the monitoring of the Land-Ocean-Atmosphere system, (b)
the study of dynamical physical processes and the development of Earth System
Models, (c) the development of prototype data processing algorithms for remote
sensing sensors; and (d) the creation of global Earth Observation and Monitoring
databases. In addition, more complex and value-adding products are generated,;
such as diachronic mapping of land and monitoring of changes in sensitive natural
and anthropogenic environment due to climate change and economic activity;
natural disasters management (forest fires, floods , earthquakes, volcanoes,
episodes of air pollution), and the monitoring of the Urban Thermal Island
phenomenon.

Machine learning for signal and image processing (MLSIP): our research
activities in MLSIP focus on the development, analysis and validation of advanced
machine learning algorithms for signal processing, image processing and pattern
recognition, aiming at the extraction of information from (big) data originating from
various sources, including earth observation, astronomical, ionospheric, lidar data
etc. The main engineering problems of interest are, but not restricted to, (a) data
classification and clustering for object recognition and material identification in
imaging data; (b) data dimensionality reduction and subspace learning; (c) sparse
and low-rank data representations and compressed sensing; (d) image data
restoration from partial information using matrix completion and (e) signal and image
denoising by exploiting structural properties of the data such as sparsity and low-
rank using robust principal component analysis.

syst



Yearly Repor2018
IAASAR

3. STRUCTURE

Director
Basilakos Spyridon (10/2018-present; Research Director at the Academy of Athens)

Charmandaris Vassilis (13/092013-23/09/2018; Professor at the University of Crete)

Researchers

Amiridis Vassilios (Deputy Director)
Anastasiadis Anastasios (Research Director)
Balasis Georgios (Research Director)
Belehaki Anna (Research Director)
Bellas-Velidis loannis (Senior Researcher)
Bonanos Alceste (Senior Researcher)
Boumis Panayotis (Research Director)
Dapergolas Anastasios (Research Director)
Georgakakis Antonios (Senior Researcher)
Georgantopoulos loannis (Research Director)
Hantzios Panayotis (Senior Researcher)
Keramitsoglou Iphigenia (Research Director)
Kontoes Charalambos (Research Director)
Koutroumpas Konstantinos (Research Director)
Malandraki Olga (Senior Researcher)
Papaioannou Athanasios (Associate Researcher)
Rontogiannis Athanasios (Research Director)
Sifakis Nikolaos (Research Director)
Sinachopoulos Dimitris (Senior Researcher)
Sykioti Olga (Senior Researcher)

Tsagouri loanna (Senior Researcher)
Tsiropoula Georgia (Research Director)
Xilouris Manolis (Research Director)

Research Scientists
Akylas Athanasios (Senior Research Scientist)
Giannakis Omiros (Senior Research Scientist)

Adjunct Researchers
Daglis loannis
Hatzidimitriou Despina
Kiranoudis Christos
Kollias Pavlos

Kutiev Ivan
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Magdis Giorgos
Sergis Nick
Theodoridis Sergios
Tsinganos Kanaris
Vourlidas Angelos

Permanent Research Support Personnel
Elias Panagiotis

Kolokotronis Evangelos

Paronis Dimitrios

Saloustros Georgios

Varsos Thomas

Postdoctoral Researchers
Alikakos loannis
Athanasopoulou Eleni
Gavras Panagiotis
Gkikas Antonis
Giampouras Paris
Dasyra Kalliopi
leronymidi Emanuela
Kosmopoulos Panagiotis
Koutoulidis Lazaros
Liakos Alexios
Maravelias Grigoris
Mountrichas Georgios
Mylona Eleftheria
Paouris Evangelos
Papoutsis loannis
Proestakis Emmanouil
Ruiz Angel

Sandberg Ingmar
Sismanidis Panagiotis
Sokolovsky Kirill
Solomos Stavros
Tsekeri Alexandra
Tsironis Christos
Tziotziou Konstantinos
Vika Marina

Xenaki Irida

Yang Ming



Yearly Repor2018
IAASAR

Research support

Antoniadi Sylvia (Research Specialist)
Apostolakis Alexis (Research Specialist)

Charisi Anna (IT specialist)

Christia Eleni (Research Specialist)

Filippas Dimitris (Research Specialist)

Giannaraki Georgia (Research Specialist)
Georgiou Thanasis (IT specialist)

Gourzelas Alex (Telescope Support)

Herekakis Themistocles (IT Specialist)
Karagiannopoulou Aikaterini (Research Specialist)
Karamanolis George (Research Specialist)
Katsanaki Peggy (Research Specialist)

Mageiridis Charalampos (Research Specialist)
Makri Kiki (MSc in SSTA Coordinator)

Metallinou Fiori-Anastasia (Public Outreach Officer)
Metaxa Margarita (Astronomy Education)

Milonas Aris (Public Outreach Astronomer)
Nantsou Tina (Astronomy Education)
Papatheochari Stavroula (Assistant Project Manager)
Parselia Elisavet (Research Specialist)

Pavlos Apostolos-Evgenios (Research Specialist)
Petala Christina (Head of Information Systems)
Psalidas Michael (Research Specialist)

Roussakis Christos (Research Specialist)
Sitokonstantinou Vassilis (Research Specialist)
Trypitsidis Anestis (Research Associate)

Tsamis Fotis (Research Specialist)

Tsimpidas Dimitrios (Public Outreach Officer)
Tsioutsia Dimitra (Public Outreach Support)
Tsontzou Anastasia (Research Specialist)

Tsouni Alexia (Research Specialist)

Varsou Konstantina (Astronomy Outreach Support)

Postgraduate students - supervisor

Boutsi Adamantia Zoe (PhD student) i G. Balasis
Chira Maria (PhD student) 7 E. Plionis
Daskalopoulou Vasiliki (PhD student) i V. Amiridis
Derlopa Sophia (PhD student) i P. Boumis

Drivas Thanassis (MSc student)

Gialitaki Anna (PhD student) 1 V. Amiridis

Giamini Sigiava (PhD student) i G. Balasis
Kampouri Anna (MSc Student) i V. Amiridis
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Katsavrias Christos (PhD Student) i I. A. Daglis

Masoura Vasileia Aspasia (PhD student) i |. Georgantopoulos
Mouzakis-Christopoulos Angelos (MSc Student)

Nersesian Angelos (PhD Student) i E. Xilouris

Papachristou Michalis (PhD Student) i K. Dasyra

Papadimitriou Constantinos (MSc student) i G. Balasis

Paraskeva Emmanouela (PhD Student) i A. Bonanos

Paschou Peristera (MSc Student) i V. Amiridis

Pouliasis Ektoras (PhD student) i |. Georgantopoulos, A. Bonanos
Spetsieri Zoi i Tzogia (PhD student) i A. Bonanos

Tompolidi Athanasia-Maria (PhD Student) i O. Sykioti, K. Koutroumbas
Vasalos Georgios (MSc Student) - G. Balasis
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4 RESEARCH ACTIVITIES

4.1 DETAIL DESCRIPTION OF SCIENTIFIC ACTIVITY

4.1.1 ASTROPHYSICS
Ground Based Astrophysics
Massive Stars

Research on massive stars is an active research area of IAASARS. Specifically, we are
seeking to answer the following questions: What is the highest possible mass of a star?
What is the role of episodic mass loss in the evolution of massive stars? Due to complex
instabilities during the formation and evolution of massive stars, the theoretical prediction of
the maximum mass limit and the exact evolutionary path followed by a massive star remain
uncertain. IAASARS astronomers use a special mass measurement technique, using
eclipsing binary systems, as well as variability of massive stars and the infrared properties
of evolved massive stars to tackle these questions and provide insight on their mass loss
and evolution. This research is funded by the ERC COG ASSESS project.

NELIOTA: NEO impact lunar monitoring project

The research program NELIOTA (Near-Earth object Lunar Impacts and Optical TrAnsients)
is an activity launched by the European Space Agency (ESA) at the National Observatory of
Athens in February 2015. It aims to determine the distribution and frequency of small near-
earth objects (NEOs) by monitoring lunar impact flashes, which are visible for a fraction of a
second. The NELIOTA project has established an operational system that started
monitoring the Moon for faint NEO impacts in early 2017, using the refurbished 1.2m
Kryoneri telescope, located in the Northern Peloponnese, in Greece. So far, it has detected
57 impact flashes (April 2019). The NELIOTA campaign has been extended and will run
until January 2021. The impact events are reported and made available to the scientific
community and the general public within 24 hours of observation via the NELIOTA website.

10
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Hubble Catalog of Variables

The Hubble Catalog of Variables (HCV) is a research program funded by the European
Space Agency (ESA) from 2015 to 2019. Its aim is to identify variable sources among 108
million sources in the Hubble Source Catalog (HSC), to validate candidate variables and
make them available through a catalog. The algorithms developed by the HCV team include
the removal of unreliable photometry measurements, the calculation of statistics
characterizing the variability of a source as well as a validation procedure to confirm
variable sources. The software developed has been installed at the Space Telescope
Science Institute's computing center, and a catalog of variable sources has been created.
The HCV is scheduled to be released in June 2019 and is expected to contain very faint,
variable stars that have been observed to vary over the last 25 years.

INTERSTELLAR MEDIUM (ISM): SUPERNOVA REMNANTS (SNRs), NOVA,
PLANETARY NEBULAE (PNe).

Supernova explosions belong to the most spectacular events in space. Observations of
galaxies reveal several events every year, where the supernova is of comparable brightness
to the entire galaxy for days up to weeks. SNRs, which are the subsequence of such
events, belong to the strongest radio sources observed. SNRs have a major influence on
the properties of the interstellar medium (ISM) and on the evolution of galaxies as a whole.
They enrich the ISM by heavy elements, release about 10°* ergs and heat the ISM,
compress the magnetic field and accelerate in their shock waves efficiently energetic
cosmic rays as observed throughout the Galaxy The three-dimensional structure of complex
systems like SNRs, Nova and PNe is a very interesting problem by itself. Studying their
shape provides us with significant information on their formation and evolution as well as
their interaction with the ISM. Our aim is to investigate the kinematics and dynamics of the
interaction zone between these phenomena and their surrounding medium and try to map
the kinematics of this zone as well as of the whole area for each individual object of study.
The observational results together with theoretical and/or morphological models provide a

very nice interpretation and help to come closer to the real picture of such complex objects.
11
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A number of PNe, Nova shells and SNRs have already been studied and published by our
team, while there are more under study.

EXOPLANETS.

The detection of terrestrial mass planets is a major theme in astrophysics. Measuring transit
timing variations is one of the few ways to detect warm, low-mass planets, by measuring
perturbations in the transit times induced by another planet. The RISE2 instrument on the
2.3m Avristarchos telescope was built for such transit timing experiments. Its precision allows
the detection of Earth-size planets in resonant orbits or more massive planets in non-
resonant orbits. We have started to observe candidate planets since 2014 (in collaboration
with other telescopes abroad, i.e. LT/RISE) and the first results of our contribution have
started to be published in refereed articles in 2016. In this project, we study the planetary
nature of the exoplanets systems by performing photometric observations, while other
telescopes perform spectroscopic observation, so we are able to define the type of the star,
effective temperature, mass, radii, orbital period etc.

Ground-based instrument development

The total funding sums to 1.21Mu0, gained
of proposals. The Group participates in a number of international scientific collaborations
(e.g. OPTICON), and there is significant, ongoing development of instrumentation, with the
design and construction of new astronomical instruments (MAWFC, AWFC, Kryoneri Prime
Focus Instrument), as well as, the upgrade of existing instruments (ATS, CCD imaging
Cameras) and the retrofit of the 1.2m Kryoneri telescope. A new dome is under construction
for the MAWFC instrument at the Kryoneri Observatory, the AWFC upgrade is ongoing, and
a new calibration system for the ATS spectrometer is to be designed and built. All these
projects offer opportunities to the group members to establish new collaborations and to get
new funding through national and international agencies (GSRT, ESA, EU FP7 and H2020
etc.). We aim to attract collaborations and funding in order to operate the 1.2m Kryoneri
telescope full-time.

Furthermore, the ESA NELIOTA project gave group members the opportunity to study
NEOs, while the ESA HCV project required expertise in stellar variability and familiarity with
archival data from the Hubble Space Telescope.

Recently, the Team at IAASARS has been designing, testing and integrating new
astronomical instruments:

1 The Manchester-Athens Wide-Field (Narrow-Band) Camera (MAWFC), the first

scientific instrument for astronomy that constructed and tested as a whole in Greece.

The instrument is ready, first light tests have started in 2016 and 2017. Once a new

dome is ready for this instrument at the Kryoneri site, a large-area emission-line

12
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(Halpha) sky survey will be carried out to search for extended and low surface-
brightness emission-line regions.

1 The Aristarchos Wide-Field Camera (AWFC) is a new state-of-the-art wide field
imager which will be used at the 2.3m Aristarchos telescope (Helmos Observatory)
and it is also constructed and tested
are: (a) Calculation of precise photometric redshifts of objects in sky fields already
covered by XMM using the SDSS filters (u, g, , i, Z, Y), and (b) Detection and/or
study extended faint filamentary structures using narrow-band interference filters
(HU, [B £ E[B 1], [N H]). The instrument was manufactured (only an optical mirror
and a mechanical part for the collimator lenses are expected to be complete within
2017) and it will be then fully tested in the optical lab. First light is expected in 2019.

4.1.2 SPACE ASTROPHYSICS

INFRARED ASTROPHYSICS. The infrared group consists of two senior researchers, two
postdocs and two PhD students. The research is focused on the study of star-forming
galaxies. The group exploits data mainly from Herschel (ESA), Spitzer (NASA), WISE
(NASA) space observatories and has a record of 87 refereed journal publications with 2600
citations within the last five years. Members of the group are involved in two main projects.
DustPedia is a project funded by the European Union under the FP7 framework and deals
with exploitation of infrared data focusing on the analysis of the Spectral Energy
Distributions (SED) of 4000 nearby galaxies, all of which are detected by Herschel. The aim
of this project is to study the properties of cosmic dust, and provide constraints on the
chemical evolution of the interstellar medium in galaxies. For the interpretation of the data
the group has developed state-of-the-art SED fitting codes including Monte Carlo radiative
transfer modeling. More information can be found at http://dustpedia.com. The second
project, GOALS (Great Observatories Allsky LIRG Survey), deals with the analysis and
interpretation of the SEDs of large sample of Ultra Luminous Infrared Galaxies (ULIRGS)
making use of data from, mainly, the Spitzer, Herschel and Hubble telescopes. More
information on GOALS can be found at_http://goals.ipac.caltech.edu.

The tot al fundi ng s hrough conapetifive Mafiaval and Bueopeanecdlls
of proposals. High-profile projects include the participation in the FP7 Space Research
program ADust Pedi a: A Definitive Study of

as a wh

Cosmi c

program, the group has developed and mai ntains the ADustPediao

multiwavelength database of nearby galaxies all observed at infrared wavelengths by
Herschel (http://dustpedia.astro.noa.gr).

The group also participates in large international collaborative programs (e.g., GOALS,
HER33MES, HerCULES, HeViCS and Herschel-GOODS). Infrared Astrophysics is on the
threshold of a revolution worldwide. Members of the IAASARS joined the SPICA
extragalactic science team, contributing to the definition of the science goals.

13
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The group consists of one permanent member of staff (M. Xilouris) and two Ph.D. students
(A. Nersesian, V. Paspaliaris)

X-RAY ASTROPHYSICS. The main research topic is the study of supermassive black holes
in the centers of active galaxies (Active Galactic Nuclei). This research is based on
observations performed with the X-ray missions XMM-Newton, Chandra, NUSTAR and
SWIFT (NASA, UK). The X-ray group is active in research having over 50 publications in
international refereed journals in the past five years (2013-2017). This work is influential as
it has accumulated over 2000 citation in the same time period.

Apart from the research work the group carries out support work for the international high
energy astrophysics community. An important project is the European project AHEAD (¢ -
2020) (Activities for High Energy Astrophysics). This program aspires to unify the activities
of all High energy Astrophysics Laboratories in Europe. The AHEAD activities involve the
training of scientists on the analysis of high energy astrophysics data access to space
laboratories, the organization for schools and conferences. Our team is responsible for the
coordination of the public outreach activities of AHEAD. We also train students and
postdoctoral scientists in the analysis of X-ray data especially in the field of X-ray surveys.

Anot her program we are carrying out has
particular with the 3XMM catalogue. Under
estimate photometric redshifts for all the sources in the 3XMM catalogue the largest sample
of X-ray sources ever produced. This catalogue comes from the analysis of all serendipitous
sources found in XMM observation. Currently the catalogue contains 700,000 sources
covering 1000 sq. degrees. Photometric redshifts for these sources have been estimated
using optical and near-IR observations from the PANSTARRS, SDSS, WISE and VISTA
surveys.

Our team is a member of the consortium that is responsible for the construction of the Wide
Field Imager (WFI) instrument on board the ATHENA mission. The ATHENA mission will
carry the largest X-ray telescope ever constructed. It is an L-class mission with a cost of
1 Mi@nd is expected to be launched in 2028.

TheX-ray Astrophysics group has been funded
European projects in the past five years. For 2018 high-profile projects include the
participation in the H2020 Research Infrastructures program AHEAD (Integrated Activities in
the High Energy Astrophysics Domain) and leading ESA-PRODEX programs to develop
advanced data products for the XMM serendipitous source catalogue.

Researchers of the IAASARS remain heavily involved in the German-led eROSITA
telescope with representation both in the data analysis team and the AGN Science Working
Groups of the telescope.

14
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The X-ray Astronomy group consists of three permanent researchers (A. Akylas, A.
Georgakakis, |. Georgantopoulos) two postdoctoral researchers (G. Mountrichas, A. Ruiz)
and three research students (V. Masoura, E. Pouliasis, G. Dimopoulos).

The Athena Observatory Willingale ef al, 2013
arXiv1308.6785
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GAIA MISSION SUPPORT.

The Space Astrophysics team is engaged in the software development and the data
analysis of the ESA / GAIA mission. The Gaia mission was launched at the end of 2013 with
the main goal to study in detail our Galaxy through repeated sweeps of the whole sky. It is
expected to reveal the stellar content and potential. Gaia will make available to the scientific
community information for about a billion stars of our Milky Way, as well as for all objects we
will see as V = 20, including extragalactic sources. It will provide astrometric, photometric
and spectroscopic data and furthermore will perform classification and parameterization of
the observed objects. A large proportion of unresolved galaxies, about one million sources,
will be included in the final sample.

Since 2006, IAASARS is a member of the DPAC, the Consortium accepted by ESA for the
processing and analysis of the mission's scientific data and is actively involved in two of the
nine Coordination Units of DPAC, with the supervision of two top-level work packages
(GWP-806, GWP-832). Our Institute is entrusted with the development and implementation

in the DPACG6s pipeline of software for the

15
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galaxies, Unresolved Galaxy Classifier (UGC), where we implement artificial intelligence
algorithms. We have already processed the data available to DPAC and we have matched
to the known galaxies, the sources that have been detected so far and we estimate that the
total number of galaxies Gaia will repeatedly see is above one million. With the UGC system
we will offer significant and uniform astrophysical data for these objects as galaxy type,
redshift, star-formation parameters, which will be included in the final release of the Gaia
Archive.

The GAIA team consists of two permanent research staff (A. Dapergolas, I. Bellas-Velidis)
and one postdoctoral scientist.

4.1.3 SPACE SCIENCE

Solar and Heliospheric Physics

The Solar and Heliospheric Physics Group carries out studies of the Sun and the
interplanetary medium. Studies of the Sun comprise analyses of observational data
acquired from spacecraft (such as SDO, IRIS, TRACE and Hinode) and/or ground-based
observatories (such SST and DOT in La Palma) combined with modeling and theoretical
tools (such as radiative transfer). The observational data provided, through a multi-
wavelength analysis, cover the solar atmosphere from the lower layers to the outer corona
and permit the extraction of quantitative information about the physical parameters that
describe the thermodynamic state of the solar plasma. The group investigated a wide range
of solar phenomena occurring in active and quiet regions of the Sun. The research goal was
to understand the rich structure and dynamics of the Sun and its impact on the
interplanetary space that is determined by the solar wind.

Analysis and interpretation of Solar Energetic Particle (SEP) data, as well as
complementary plasma and magnetic field data collected by ESA and NASA spacecraft
(e.g. STEREO, Ulysses, ACE, Wind, Cluster) has been carried out in order to study the
effects of eruptive solar events in the interplanetary space and the Earth's environment.
Research has been performed on the solar origin, acceleration and transport of SEPs in the
Heliosphere, Heliospheric Particle Reservoirs, Space Weather forecasting, the effect of
solar storms to the environment of Mars and to astronauts of future Manned Space
Missions. Moreover, the effect of small-scale magnetic islands in the solar wind and their
role in particle acceleration in terms of energization inside magnetic cavities in
interplanetary space has been extensi velty
Earth analysis of major geoeffective solar eruptions has been carried out as well as studies
of the extreme geomagnetic storms within the last two centuries. Extensive analysis of the
composition signatures of large SEP events during solar cycles 23 and 24 have been
carried out. Non-extensive statistical analysis of magnetic field during the March 2012 ICME
event using a multi-spacecraft approach was also implemented. In collaboration with

16
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European and American partners COMESEP, the first European Space Weather Alert
System, has been implemented. Furthermore, the HESPERIA forecasting tools have been
implemented disseminating SEP forecasts in real-time to the worldwide community.

From mid-2017 the group participates in the European Solar Telescope Preliminary Phase
(PRE-EST) project funded by the European Commission. The principal objective of PRE-
EST is to provide a detailed plan regarding the implementation of EST - a revolutionary 4-m
class solar telescope which entered the ESFRI Roadmap in 2016. The Group also
participates in Science Use Cases that built the Critical Science Plan of the Daniel K. Inouye
Solar Telescope (DKIST) the worldés |l argest tele:
completed in 2020. Member of the group is the National representative in the European
Association for Solar Telescopes (EAST). The group has close collaborations with several
well-established solar groups like the ones at the Academy of Athens (Greece), Paris
Observatory (France), Ondrejov Observatory (Czech Republic) and Armagh Observatory
and Northumbria University (UK). It is involved in several solar observational campaigns as
Principal Investigator or Guest Investigator. The members of the group have published
several papers in peer-review journals and conference proceedings, served as referees in a
large number of international scientific journals, supervised PhD students and post-docs,
served as external examiners in PhD theses and participated in several international and
national conferences and in public outreach activities. They have been involved in the
organization of international/national meetings, have submitted several proposals for
funding as Pls or Cols and have coordinated or participated in several funded projects. The
group has attracted funds from the EC (HESPERIA, SEPServer, COMESEP, PRE-EST)
and from national funds (EXCELLENCE project).

The activities of the Solar and Heliospheric Physics Group are supported by two permanent
researchers (O. Malandraki, G. Tsiropoula), post-docs (I. Kontogiannis, S.-H. Park, K.
Tziotziou, A. Papaioannou, G. Dorrian, R. Miteva, G. Share, L.C. Tan), MSc. students (l.
Patsou, E. Pavlos) and support staff (A. Charisi).

Space Research & Technology

The Space Research & Technology Group (SRGT) specializes in studies of planetary and
interplanetary plasmas, geomagnetism and space magnetism, space weather prediction
and space radiation environment and its effects on spacecrafts.

The main scientific objective of the team is the detailed investigation of interconnected
space plasma physics phenomena at the Sun, the interplanetary space and the Earth and
other planets. The Group has become involved in the design and implementation of space
instrumentation and in the application of innovative space communications for efficient
space-data exploitation.
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One of the main research lines of the SRTG is the spaceborne and ground-based
magnetometry. This activity pertains to the operation of the Hellenic Geomagnetic Array
(ENIGMA), a network of several ground-based magnetometer stations in Greece, as well as
to the group's involvement in magnetic field satellite missions. In particular SRTG is a
member of the Validation Team of the Swarm satellite mission of the European Space
Agency (ESA).

The team has developed and operates the Solar Energetic Proton Flux (SEPF) tool
(http://proteus.space.noa.gr/sepf tool/), which provides Solar Energetic Particle 9SEP)
intensity variations recorded from the ESA Standard Radiation Environment Monitor
(SREM) units on-board INTEGRAL, Herschel, Planck, and Rosetta spacecraft. Active
collaborations exist with the Department of Physics at the University of Athens (Prof. I.
Daglis, former Director of IAASARS), the Department of Physics at the University of
Thessaloniki (Prof. L. Vlahos) and the Academy of Athens (Dr. M. Georgoulis).

Research topics include among others:
1 Charged particle acceleration mechanisms and radiation processes
Geospace magnetic storms
Magnetosphere-ionosphere coupling
Ring current and radiation belts
Solar energetic particle events
Wave-particle interactions
Space radiation environment and effects

= =4 =4 4 -8 4

The research activity of the group involves:

1 Development of original advanced algorithms for processing raw space
measurements of particles and the electromagnetic field, as well as methodologies
for data assimilation in order to study physical parameters related to space
exploration, i.e. surveying, mapping and understanding of the near-Earth Space and
our Solar System planets (Research programs ESA/SREM-SPE, ESA/ULFwave,
ESA/SRREMs, FP7/MAARBLE, FP7/SDR, Thalis/Hellenic National Space Weather
Research Network, participation in data analysis ESA/Cluster, ESA/MarsExpress,
NASA/THEMIS).

1 Modeling and analysis software development for the implementation of space
mission objectives.

1 Theoretical studies and numerical simulations of basic plasma physical processes.

Technology development for space instrumentation.

91 Development of Solar Energetic Particle (SEP) event forecasting concepts focusing
on the identification of the probability of SEP occurrence, the expected SEP
characteristics (fluence, peak flux) and the SEP time profile evolution at respective
energies (ESA/FORSPEF, ESA/ASPECS, IKY).

=
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1 The identification and quantification of large scale structures propagating in the
interplanetary space (ICMEs) through their resulting modulation on galactic cosmic
rays (Forbush decreases) (NOA/TRACER).

1 The analysis and interpretation of high energy SEP events, utilizing combined
observational evidence and advanced simulations, in order to shed light in the
particl e 6 smelacisms ESSIAHEROIC).

1 The characterization of the radiation environment at Mars (MSL/RAD data).

The group has been participating in several ESA and NASA space missions under the Co-
Investigator or Group Member status (e.g., BepiColombo, Solar Orbiter, Rosetta, Cluster,
THEMIS, Swarm, etc.). Active collaboration exists with a number of research institutes in
Europe, USA and Japan.

IAASARS Researchers participating in the group are four permanent staff members
(Anastasiadis, Balasis, Giannakis, Papaioannou), four adjunct researchers (Daglis,
Tsinganos, Vourlidas, Sergis), two postdoctoral researchers (Dimitrakoudis, Sandberg), five
PhD students (Boutsi, Georgiou, Giamini, Katsavrias, Mitrokotsa), 2 MSc students
(Papadimitriou, Vasalos) and one technical permanent staff member (Salustros).

lonospheric Physics

The main activities of the lonospheric Physics Group focus on the performance of
systematic ionospheric monitoring and the development of ionospheric and trans-
ionospheric nowcasting and prediction systems through the on-line implementation of
advanced modeling techniques ingesting ground and space data from all geospace regions.
The lonospheric Group coordinates large European Commission funded consortia
(DIAS/FP6, COST Action ES0803, ESPAS-RI/FP7, TechTIDE/HORIZON2020) and multi-
year research projects funded by the European Space Agency, by the NATO Science for
Peace and Security Programme and by the US Air Force Research Laboratory.
Furthermore, the lonospheric Physics Group participates in large scale global research
initiatives supported by the European Science Foundation, NASA and COSPAR for the
consolidation and validation of space weather activities.

The research priorities of the lonospheric Group are:

1 The operation of ionospheric monitoring systems for probing the ionosphere, the
development of data and model infrastructures and the provision of ionospheric -
space weather services that cover the whole European region;

1 The development of novel modeling techniques for the prediction of ionospheric
perturbations, including both large scale effects, instabilities and irregularities,
triggered by the geospace and the lower atmosphere, based on observational data
from ground and space-based experiments.

19



Yearly Repor2018
IAASAR

9 The enhancement of international collaboration for the standardization of data
exchange, archiving and curation methodologies, and for the development of novel
validation procedures for the performance of space weather predictions models

The activities of the lonospheric Physics Group are supported by three permanent
researchers (A. Belehaki, I. Tsagouri, K. Koutroumbas), one adjunct researcher (l. Kutiev)
and six support scientists (P. Elias, K. Themelis, K. Tziotziou, A. Charisi, I. Xenaki, A.
Mouzakis).

Machine Learning for Signal/lmage Processing (MLSIP)

The main activities of MLSIP group cover the following research topics: analysis and
validation of advanced machine learning algorithms for signal processing, pattern
recognition, image processing, aiming at the extraction of information from (big) data
originating from various sources (earth observation data, astronomical data, ionospheric
data, lidar data, etc). The main engineering problems of interest are, but not restricted to, a)
data classification and clustering for object recognition and material identification in imaging
data b) data dimensionality reduction and subspace learning, c) sparse and low-rank data
representations and compressed sensing, d) out-lier detection and removal from data via
robust principal component analysis, e) image data restoration from partial information
utilizing matrix completion, f) signal and image denoising by exploiting structural properties
of the data such as sparsity and low-rank. Over the last five years, the members of the
group published 44 articles in refereed journals and refereed international conferences
proceedings (~9 articles per year), which have received more than 500 citations (source
Google Scholar Citations). This work has been published in highly competitive and high
impact IEEE journals including the IEEE Transactions on Signal Processing, IEEE
Transactions on Fuzzy Systems, IEEE Transactions on Image Processing, |EEE
Transactions on Geoscience and Remote Sensing, IEEE Transactions on Computational
Imaging and IEEE Transactions on Communications. In addition, the research results of the
group were presented in the top relevant refereed conferences, such as IEEE ICASSP,
EUSIPCO, IEEE IGARSS, WHISPERS, CoSeRa, IEEE ISSPIT, IEEE SSP and the SPARS
workshop.

Some characteristic research activities of the group are listed below.

1 A large part of our work is related to the development of generic machine learning
techniques for information retrieval from multispectral and hyperspectral images
acquired by sensors onboard satellites such as the Sentinels and ESA Mars
Express. Novel clustering and unmixing algorithms have been devised and applied
for: (a) mineral exploration on the surface of planet Mars, (b) recognition of different
crop species types based on earth observation hyperspectral images, (c) lava flow
characterization based on hyperspectral images from Mt. Enta.
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1 In collaboration with the lonospheric Physics group, the group has developed
models for forecasting (a) the state of the ionosphere soon and (b) the propagation
of ionospheric disturbances.

1 The MLSIP group is collaborating with the ground-based remote sensing group of
IAASARS in the processing and analysis of lidar data. More specifically, by
exploiting the inherent structural properties and noise type of lidar measurements,
we aim at developing beyond the state-of-the-art algorithmic tools for estimating
various atmospheric parameters of interest with high accuracy.

1 With the collaboration of the X-ray astrophysics group of IAASARS, the MLSIP
group is working on the design and implementation of efficient online robust principal
component analysis and deep learning methods for accurate detection of sources in
big X-ray astronomical data.

The activities of the MLSIP Group are supported by two permanent researchers (A.
Rontogiannis, K. Koutroumbas), and three post-doctoral scientists (P. Giabouras, K.
Themelis, I. Xenaki).

4.1.4 REMOTE SENSING

The Remote Sensing group of IAASARS/NOA participates in strategic research projects to
fulfil its research priorites ( see 4. 1) , aiming also to increase t
international audience and to support other researchers in the country by utilizing its
innovative infrastructure, research and products/services. During the reporting period, the
RS group participated in a range of competitive programs of the EU and ESA as well as
National Programs. The benefited organizations are across the entire value added chain
and research ecosystems, including Excellence Frameworks of the H2020 such as the
ERC, Marie Curie and Research Infrastructures, EC Services (DG-ENV, DG-ECHO, DG-
GROW), Ministries, Regional Authorities, Civil Protection Organizations, Forestry Services,
Environmental Organizations, International Funding Organizations (IFls), and Governmental
Entities.

The RS group of IAASARS/ NOA has accumulated expertise and infrastructural capacities
and developed skills in the context of the aforementioned frameworks, as well as large scale
capacity building projects. It has managed to position itself as a regional EO hub for
research, advanced data exploitation, and delivery of information and services in the south-
eastern Europe, Middle East and North Africa, specifically for the monitoring of the
environment and the management of natural and manmade disasters. This resulted in
receiving an award from the EU in the REGPOT 2013-2016 framework program for the
development and operation of the European EO Center of Excellence BEYOND. The
Center continues its successful operation until today.
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Beyond BEYOND, the RS group had two additional major highlights. The first was the
recognition of the IAASARS excellence in atmospheric remote sensing with the award of Dr.
Vassilis Amiridis with the 2016 ERC Consolidator Grant D-TECT, aiming to advance
research on desert dust processes and impacts in the region employing innovative remote
sensing techniques. Moreover, the lead role of IAASARS in the Eastern Mediterranean was
highlighted with the GEO-CRADLE project, a collaborative EU action led by IAASARS and
Dr. Haris Kontoes. GEO-CRADLE brought together 25 partners from 3 continents, aiming to
promote the uptake and exploitation of EO activities in North Africa, Middle East and the
Balkans.

The participation of IAASARS/NOA at this wide range of EO frameworks resulted in an
expansion of the research and innovation portfolio, addressing priorities in line with the
Societal Benefit Areas of GEO, the strategic UN Agenda 2030 for Sustainable Development
Goals, the Sendai Framework for DRR, the Water Directive and the Common Agricultural
Policy.

The Earth-Observation team hosts the largest number of scientists in NOA. It consists of
over 30 scientists of which four are permanent researchers, three permanent support
scientists, and more than 23 researchers (either at Ph.D. or postdoctoral scientist level)

Sentinels Greek Hub

For the period 2012-2017 ESA has assigned to the @
IAASARS, in collaboration with the National Network

of Research & Technology (NNRT, the operation of
the International Data Hub (IntHub) or Sentinels SENTI N ELS
Greek Hub, which transfers the Sentinels mission data
to users around the world. E R E E K H U E

The Sentinels Greek Hub collects, archives and distributes, in real time, the data to a large
number of users including NASA, USGS, NOAA, JAXA. The signed agreement supports
the operation of the Hub by NOA under the support of NNRT which include data networks,
computer facilities.

GEO-CRADLE: Coordinating and Integrating State-of-the-Art Earth Observation
Activities in the Regions of North Africa, Middle East, and Balkans and Developing
Links With GEO Related Initiatives Towards GEOSS

GEO-CADLE is a Coordination and Support Action established for providing support to the
Intergovernmental Organization_GEO (Group on Earth Observations) and the Program for
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Global Monitoring for the Environment and Security_Copernicus. GEO-CRADLE is also a
synergetic action that establishes a network of stakeholders across the entire value added
chain in Earth Observation (research, service providers, data providers, decision
makers)and builds on platforms for the integration and dissemination of EO data and know-
how across the regions of N. Africa, Middle East, and the Balkans (NAMEBA - also
called as Rol-Region of Interest). For the time being GEO-CRADLE coordinates Earth
Observation activities in 21 countries over NAMEBA. It supports practices of research
organizations, public authorities, and private sector entities for accessing to and exploiting
the satellite data of Copernicus and Copernicus contributing missions, as well as accessing
to open and high quality in-situ platforms, data portals and arithmetic modeling capacities
linking with the more advanced European research and industry facilities. The program
establishes links with International Organizations and International Funding Mechanisms
and creates roadmaps for actions towards using the Earth Observation technology and data
in support to the four thematic priority areas of the project that are Adaptation to Climate
Change, Improved Food Security and Water Extreme Management, Exploitation of
Renewable Energy Resources, and Access to Raw Material in the regions of Rol. GEO-
CRADLE as such has been recognized as_Community Activity of GEO, and its outcomes so
far have been used as fundamental components in the definition and development of
following European Union flagship initiatives and big projects in the domain such as
EuroGEOSS and_NextGEOSS.

In the course of its lifetime the project has succeeded to:

Promote the uptake of EO services and data in response to regional needs.

Support the effective integration of existing Earth Observation Capacities in the Rol.
Facilitate the networking and engagement of the EO stakeholders in the Rol.

Build trust and capacity among the actors, and enhance their participation in and
contribution to the implementation of GEOSS and Copernicus in the Rol.

1 Propose a roadmap (http://geocradle.eu/en/regional-capacities/roadmap/) for the
implementation of GEO, GEOSS and Copernicus in the Rol.

= =4 =4 =4

Copernicus Emergency Management Service

NOA provides services through the EU Joint
Research Center within the framework of
Copernicus EMS project. The services provide
an estimate for the level of risk in physical
disasters and can be used to enhance public
safety. The service has a worldwide coverage.
The delivery of the products is completed within
20 days after the activation. So far, over 7000 |
7,000 maps have been delivered after the
following activations:
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0 Multiple natural hazard risk assessment - Planning and Recovery, Azores Islands

0 Multiple natural hazard risk assessment - Planning and Recovery, Madeira and
Porto Santo islands, Portugal

0 Earthquake risk assessment Austria i Planning and Recovery

0 Post-disaster analysis, damage assessment, recovery and rehabilitation planning
and monitoring, flood risk assessment, disaster preparedness in Bulgaria

0 Forest fire damage assessment i Planning and Recovery in Greece

0 Post-disaster assessment of toxic cloud dispersion after an industrial accident in
Catalonia

0 Ground deformation mapping and monitoring by satellite based multi-temporal

DInSAR technique, in Solotvyno, Zakarpattya region, Ukraine
0 Forest fire damage assessment and landslide risk, Madeira Island, Portugal

A variety of natural disasters are covered by this service including fires, floods, tsunamis,
landslides, soil corrosion, sandstorms, industrial accidents.

PANGEA Climate change observatory

The "PANhellenic GEophysical observatory of Antikythera (PANGEA)" was established by
NOA with major contributions from IAASARS to provide continuous monitoring of Essential
Climate Variables and to stream real-time information to the State and the Society focusing
in particular on: (i) the provision of certified data and expertise on issues related to climate
change, (i) the improvement of climate projections at the regional scale, for effective
mitigation and adaptation. The PANGEA aims to address a number of societal objectives
related to challenges such as the climate change and its impact on severe weather and
natural disasters in Greece and the Eastern Mediterranean. As such, PANGEA is a flagship
initiative with significant benefits, such as: (a) ensuring the sustainability and development
of key sectors of the economy in relation to climate change; (b) meeting the State's
obligation to reduce pollutant exceedances, by providing observations of background
pollutants from natural sources (e.g. deserts, forest fires). It is anticipated that PANGEA will
contribute specifically and substantially

scienceo in the Eastern Mediterranean region,

to: (a) the creation of new jobs to meet the operational and maintenance needs of PANGEA,
(b) strengthening of the local tourist product by developing scientific tourism in Antikythera
and Kythera, and (c) reversing the population decline of Antikythera and improving coastal
shipping in this border area.

Remote Sensing of Aerosols, Clouds and Trace gases

The Remote Sensing of Aerosols, Clouds and Trace gases (ReACT) group includes highly
specialized scientists in the field of atmospheric sciences leaded by Dr. Vassilis Amiridis.
The ReACT team operates within IAASARS, also contributing to the BEYOND Center for
Excellence and the PANGEA station. ReACT group has more than 15 members (Post-

Docs, PhD Students, MSc administration and technical stuff) funded on competing scientific
24
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programs. The natural laboratory of PANGEA facilitates the scientific needs of ReACT and
the ERC Consolidator Grant D-TECT (PI: V. Amiridis). Until now the IAASARS / ReACT
group has installed and operates the following equipment at PANGEA:

Polly-XT lidar: Multi-wavelength lidar for the 24/7 monitoring of the atmospheric state. The
system enables the determination of the particle backscatter coefficient at 355, 532, and
1064 nm and of the extinction coefficient at 355 and 532 nm, allowing aerosol classification
and microphysical characterization to derive the particle size distribution and concentration.
In addition, the system operates two polarization-sensitive channels at 355 and 532 nm, to
determine the aerosol particle shape from the (particle) linear depolarization ratio, to
separate dust and non-dust particles in mixed aerosol layers, and to investigate mixed-
phase clouds.

UV_Multi-Filter Rotating Shadowband Radiometer (UV-MER 7): Ultraviolet (UV) Multi-Filter
Rotating Shadowband Radiometer (Model UVMFR-7), an instrument that measures global,
diffuse, and direct UV solar irradiance at the same time. The recording channels are
centered around seven wavelengths (300, 305, 311, 317, 325, 332 and 368 nm) with
Nominal Full Width Half Maximum at 2 nm. Measurements are performed every 10 seconds
and averaged values are stored every 1 minute. It is designed to operate automatically and
autonomously in remote locations with only periodic manual cleaning of the fore optic.

CIMEL sunphotometer: CIMEL is a high-precision multiband, automatic sun-and-sky
scanning radiometer that provides measurements of the optical properties of the
atmosphere by measuring the sun and sky radiance. Due to its very low power consumption
and its self-powered system, it meets the requirements of continuous monitoring in terms of
reliability, long term and very low maintenance cost.

Direct-sun Solar Polarimeter (SolPol): a prototype solar polarimeter, kindly conferred by the
University of Hertfordshire, is designed to operate with direct sun tracking capabilities and
measures the degree of linearly and/or circularly polarized sunlight due to forward scattering
from atmospheric aerosols. Measurements are centered on 550nm, due to light detector
current Il i mi tati ons,ecisioh and accutaty are of order of thenppm
and 1%, respectively. SolPol is a robust instrument capable of manual operation per
demand, especially under heavy Saharan dust loads and with low maintenance
requirements. It is hosted within a medium sized astronomical dome for the optimum
protection-to-applicability relation.

Field Mill Electrometer (JCI 131 FM): a compact and robust instrument for continuous long
term measurements of the ambient electric field, adverse environmental conditions. It is
particularly suitable for continuous monitoring of atmospheric electric field conditions,
associated with varying weather conditions and electric content, such as during
thunderstorms or extreme volcanic activity. The output signal is proportionate to the electric
field strength and currently operates at a range of 2kV/m with a precision better than 1%.
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The instrument is mounted on a 3m mast in order to avoid ground distortions. The FM is
ideal for remote site installation due to its low power consumption and straightforward data
collection system.

GRAW Radiosonde launch station (DEM-90, GS-E): specialized launching site for the
deployment of meteorological GRAW radiosondes with attaching capabilities of newly
developed atmospheric electricity sensors. The used radiosondes are of the DFM-09 type,
are extremely light, small and robust, and provide reliable measurements of core
atmospheric parameters with a columnar distribution. Effective telemetry and optimum
reception guaranteed by the GS-E ground station, make it the ideal set-up for on demand
launches.

Current status at Antikythera:
the Polly XT multi-wavelength
aerosol
baskscatter/Raman/depolariza
- tion and water vapor lidar
_(upper-left); the NASA-
AERONET sun-photometer
CIMEL and the Solar

" Polarimeter SolPol (upper-
right); a view of the current
~ installations of NOA at
Antikythera (lower panel).

Remote Sensing participation in Infrastructure Networks

PANACEA (http://panacea-ri.gr/panaceari-wip/index.php/observational-facilities )

The PANhellenic infrastructure for Atmospheric Composition and climatE change
(PANACEA) is envisioned to become the high-class, integrated Research Infrastructure (RI)
for atmospheric composition and climate change not only for Greece, but also for southern
Europe and eastern Mediterranean, an area that is acknowledged as a hotspot for climate
change. The RI is designed to be: in full compliance with EU Regulation 651/26.6.2014 and
act as the Greek component of ACTRIS/ESFRI (Aerosols, Clouds and Trace gases
Research Infrastructure) and ICOS/ESFRI (Integrated CO2 Observation System).
PANACEA addresses the need for monitoring of atmospheric composition, solar radiation
variations, climate change and related natural hazards in Greece, and for providing tailored
services to crucial national economy sectors that are affected by air pollution and climate
change, such as public health, agriculture/food security, tourism, shipping and energy/
renewables. The overarching goal of PANACEA is the integration of all existing national

26



http://panacea-ri.gr/panaceari-wip/index.php/observational-facilities

Yearly Repor2018
IAASAR

facilities to create a single harmonized high-class innovative distributed RI to serve and
provide access to all academic/research institutions and the private sector (industry/SMES)
in the wide scientific range covered by PANACEA. IAASARS participates in PANACEA
since 2017 with the PANGEA Climate Change Observatory of Antikythera.

EARLINET (https://www.earlinet.org/index.php?id=earlinet homepage )

The European Aerosol Research Lidar Network, EARLINET, was established in 2000 as a

research project with the goal of creating a quantitative, comprehensive, and statistically

significant database for the horizontal, vertical, and temporal distribution of aerosols on a

continental scale. Since then EARLINET has continued to provide the most extensive

collection of ground-based data for the aerosol vertical distribution over Europe. EARLINET

is supported by the EU_ACTRIS project under the H2020 specific programme for

Al ntegrating and opening existing national and re
interesto Grant Agr e e me nlt Map 20695 Sihce 2017( INASARSY 2015
researcher Vassilis Amiridis has been elected at the 5-member EARLINET council.

PollyNET (http:/polly.rsd.tropos.de/ )

Lidars are a key instrument for the characterization of aerosols and their impact on the
Earth's environment as they are able to provide vertically resolved information of aerosols.
With multiwavelength-Raman-polarization lidars, aerosol layers can be characterized in
terms of types, size distribution, and concentration. The sophisticated multiwavelength-
Raman-polarization lidar (PollyXT) has been designed for scientific purposes, but with the
advantages of an easy-to-use and well-characterized instrument with same design, same
automated operation, and same centralized data processing in line with the CIMEL Sun
photometer of AERONET. These Polly systems have been developed for continuous, stand-
alone operation in remote environments and were successfully deployed in the high
northern latitudes of Finland, in the rain forest of the Amazonian Basin, and under
permanent mechanical stress from motor vibrations plus rough sea aboard the research
vessel Polarstern. As the number of Polly systems and measurement sites has increased
with time, an independent, voluntary, international network of cooperating institutes, the so-
called PollyNET has evolved as an additional contribution to the world wide aerosol
observational efforts. Namely the Finnish Meteorological Institute (FMI), the National
Il nstitute of Environment al Resear dnhPoruddll(BEER) i n Kor
ICT), the University of Warsaw (UW) in Poland, The German Meteorological Service (DWD)
and the National Observatory of Athens (NOA) in Greece contribute actively to the network
by hosting Polly systems. Each group contributes with its expertise and knowledge to the
network and to joint scientific projects. IAASARS participates in PollyNET with the PollyXT
lidar system of PANGEA at Antikythera.

SDS-WAS (https://sds-was.aemet.es/ )

The mission of the World Meteorological Organization Sand and Dust Storm Warning

Advisory and Assessment system (WMO / SDS-WAS) is to enhance the ability of countries

to deliver timely and quality sand and dust storm forecasts, observations, information and
27



https://www.earlinet.org/index.php?id=earlinet_homepage
http://www.actris.eu/
http://www.actris.eu/
http://polly.rsd.tropos.de/
https://sds-was.aemet.es/

Yearly Repor2018
IAASAR

knowledge to users through an international partnership of research and operational
communities. The SDS-WAS, as an international framework linking institutions involved in
SDS research, operations and delivery of services, addresses the following objectives:
Provide user communities access to forecasts, observations and information of the SDS
through regional centers connected to the WMO Information System (WIS) and the World
Wide Web, identify and improve SDS products through consultation with the operational and
user communities, enhance operational SDS forecasts through technology transfer from
research, Improve forecasting and observation technology through coordinated international
research and assessment, build capacity of relevant countries to utilize SDS observations,
forecasts and analysis products for meeting societal needs and build bridges between SDS-
WAS and other communities conducting aerosol related studies (air quality, biomass
burning, etc.). IAASARS is represented at the Regional Steering Group of SDS-WAS by
researcher Vassilis Amiridis.

AERONET (https://aeronet.gsfc.nasa.qov/ )

The AERONET (AErosol RObotic NETwork) project is a federation of ground-based remote

sensing aerosol networks established by NASA and PHOTONS ( PHOt om®t ri e pour
Traitement Op®r ationnel duaiv. df dilemMadNES, antd iICRHRS- Sat el | it
INSU) and is greatly expanded by networks (e.g., RIMA, AeroSpan, AEROCAN, and

CARSNET) and collaborators from national agencies, institutes, universities, individual

scientists, and partners. For more than 25 years, the project has provided long-term,

continuous and readily accessible public domain database of aerosol optical, microphysical

and radiative properties for aerosol research and characterization, validation of satellite

retrievals, and synergism with other databases. The network imposes standardization of

instruments, calibration, processing and distribution. IAASARS researcher Vassilis Amiridis

is the PI of the AERONET stations in Athens and Antikythera.

ACROSS

The primary goal of ACROSS is to conduct in-depth research on the EarthCARE satellite
products for Greece, an area known for its complex atmospheric environment. Experiments
will be designed to achieve the following key objectives: (1) validation of EarthCARE
automatic aerosol and cloud algorithms using ground sensors and space observations of
passive and active satellite instruments; (2) use the validated aerosol and cloud products
radiative transfer simulations; (3) Extend the IAASARS ESA-LIVAS application to include
CALIPSO-based radiation estimates (PI: V. Amridis)

VADAM

The general objective of VADAM is to validate the cloud and aerosol products of the ESA-
Aeolus L2A mission. Validation activities are carried out using measurements from five
EARLINET stations: PANGEA in Antikythra, TROPOS in Leipzig, Germany, FMI in Kuopio,
Finland, UW in Warsaw and CUT in Limassol, Cyprus. All selected stations are members of
the European Infrastructure Network ACTRIS (www.actris.eu) and use the advanced
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Raman / polarization PollyXT system in combination with the AERONET-CIMEL sun-
photometric measurements. Two additional lidar systems (Lidis portable POLIS in LMU, and
EMORAL Raman / polarization lidar of ESA in IAASARS) are deployed along the Aeolus
orbit path. Also the lidar system EVE that is developed in VADAM, will be a circular
polarization system adapted to mimic the Aeolus static measurement from the ground.
Finally, VADAM is an important component of the ASKOS experimental campaign to be
held in June-July 2020 in Cape Verde. (PI: V. Amiridis

4.2 BRIEF EXAMPLES OF SCIENTIFIC ACTIVITY

Connecting supermassive black-holes with the cosmic web

The most recent observational campaigns have placed the total number of galaxies in the
Universe in the trillions. The majority, if not all of them, are thought to host at their centers
large black holes, millions or even a billion times heavier than our Sun. These beasts build
up their mass over time by devouring material from their surroundings. During this process
they emit huge amounts of energy that impacts the physical conditions of the surrounding
interstellar and intergalactic medium, with far-reaching implications for the formation and
evolution of stars, galaxies and large-scale structures in the Universe. Despite the ubiquity
of black holes among galaxies, observations show that at any given time only a tiny fraction,
fewer than 1 in 1000, are active, i.e. accreting material and growing their masses at a
significant rate. The vast majority appear dormant. This observational fact had led
astronomers to debate the physical conditions and environments that may be responsible
for the activation of supermassive black holes. Are there specific triggering mechanisms
required to initiate an accretion event at the centers of galaxies (e.g. interactions between
galaxies)? Or is black-hole growth a stochastic phenomenon that occurs naturally as part of
the normal life-cycle of the stars and gas in galaxies and does not require specific triggers
or favourable conditions?

To answer these questions astronomers are trying to isolate those factors that can
potentially modulate the level of activity in the centers of galaxies. One of them is the
environment around the host galaxy, measured by the local density of galaxies in their
neighborhood. It is well established that matter in the Universe is organized in filaments,
groups and clusters separated by large voids (see Figure 1.). The conditions in these
diverse environments of the cosmic web vary widely in terms of density of matter, frequency
of galaxy encounters, and temperature of the intergalactic medium. We know that these
different conditions imprint observable signatures on galaxies and affect the way they
evolve with time. It is therefore natural to wonder if the position of a galaxy on the cosmic
web also deter mi nes tshuep eacntaisvsiitvye 0o fb liatcsk cheonlter.a |
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In a recent_publication researchers of the IAASARS used cosmological N-body (see Figure
1.) simulations to investigate the connection between environment and black-hole
activation. They showed that the incidence of AGN in galaxies does not depend on the
density of matter on large-scales (>1Mpc). This finding disfavors scenario that postulate
causality between accretion events onto supermassive black-holes and galaxy-density
averaged on Mpc-scales. The highlight from this study, however, was evidence that the
distribution of AGN on scales smaller than 1Mpc deviates from the stochasticity (no-
causality) assumption. The density of matter on these scales may modulate the incidence of
accretion events among galaxies. This finding can reveal physical processes that regulate
the activity of supermassive black holes as a function of the environment.

Galaxies Active Supermassive Black Holes

Fig. 1: N-body simulation of the cosmic web as traced by galaxies and active galactic nuclei. The red dots show
the positions of simulated galaxies. These are organized in groups, and clusters (high density of dots), which in
turn are connected by filaments and separated by low-density voids. The cyan circles mark active supermassive
black holes within the galaxy population. Astronomers of the IAASARS have been combining such N-body
simulations with observational data to map the distribution of accretion events (i.e. the red stars) on the cosmic
web and explore the connection between activation of the supermassive black-hole and the density of the local
environment.
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Co-evolution of supermassive black holes and their host galaxies.

In the last decade there has been growing evidence supporting the coeval growth of
galaxies and their resident Supermassive Black Hole (SMBH). However, it is still not clear
what are the physical mechanisms that drive the black hole (BH) growth, how the large-
scale environment (the mass of their Dark Matter Halo, DMHM) affects these feeding
mechanisms and what is the connection between the environment of the SMBH and the

host galaxy properties, e.g. Star- Formation Rate (SFR) and stellar mass (M ).

Astronomers of the X-ray group of the IAASARS, used galaxies observed in X-rays that
have an active SMBH at their center (AGN), from one of the largest contiguous X-ray fields
(XMM-XXL). They studied the dependence of their large-scale environment on the host
galaxy properties and compared it with galaxies that host inactive SMBHs (Mountrichas
Georgakakis, Georgantopoulos 2019). Their analysis revealed that both active and normal
galaxies have a similar dependence on the properties of the host galaxy. Even more
importantly, active and normal galaxies seem to live in similar environments. These results
suggest, that the activity of the SMBH does not affect its large-scale environment (DMHM)
nor its dependence on the host galaxy properties.
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The HESPERIA HORIZON 2020 Project and Book on Solar Particle Radiation Storms
Forecasting and Analysis

Solar energetic particles (SEPs), ranging in energy from tens of keV to a few GeV,
constitute an important contributor to the characterization of the space environment. They
are emitted from the Sun in association with solar flares and coronal mass ejection-driven
shock waves. SEP radiation storms may have durations from a period of hours to days or
even weeks and have a large range of energy spectrum profiles. These events pose a
threat to modern technology strongly relying on spacecraft, are a serious radiation hazard to
humans in space, and are additionally of concern for avionics and commercial aviation in
extreme circumstances. The High Energy Solar Particle Events forecasting and Analysis
(HESPERIA) project, supported by the HORIZON 2020 programme of the European Union
(Project 637324, Project Coordinator: Dr. Olga Malandraki, NOA/IAASARS), has furthered
our scientific understanding and prediction capability of high-energy Solar Energetic Particle
(SEP) events by developing new European capabilities for SEP forecasting and warning
while exploiting novel as well as already existing data sets. The results of the HESPERIA
project as well as our current understanding of SEP physics are reviewed in the recently
published book entitled Solar Particle Radiation Storms Forecasting and Analysis, The
HESPERIA HORIZON 2020 Project and Beyond, edited by Malandraki and Crosby,
Springer, Astrophysics and Space Sciences Library, 2018, ISBN 978-3-319-60051-2.

In Chapter 1, the book provides a historical overview on how SEPs were discovered back in
the 1940s and how our understanding has increased and evolved since then. Current state
of the art based on the unique SEP measurements analyzed in the three-dimensional
heliosphere and the key SEP questions that remain to be answered in view of the
forthcoming missions Solar Orbiter and Parker Solar Probe that will explore the solar corona
and inner heliosphere are also presented. This is followed by an introduction to why SEPs
are studied in the first place describing the risks that SEP events pose on technology and
human health.

Chapters 2 through 6 serve as background material covering solar activity related to SEP
events such as solar flares and coronal mass ejections; particle acceleration mechanisms;
and transport of par t i cl es through the interplaneta
atmosphere. Furthermore, ground-based NMs are described. The last four chapters of the
book are dedicated to and present the main results of the HESPERIA project. This includes
relativistic SEP-related gamma-ray and radio data comparison studies, modeling of SEP
events associated with gamma-rays and the inversion methodology for NM observations
that infers the release timescales of relativistic SEPs at or near the Sun, and the two real-
time HESPERIA SEP forecasting tools that were developed.

The HESPERIA UMASEP-500 tool makes real-time predictions of the occurrence of >500
MeV and ground level enhancement (GLE) events from the analysis of soft X-ray flux and
high-energy differential proton flux measured by the GOES satellite network. An important
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finding is that the use of proton data alone allowed this tool to make predictions before any

NM stationds alert. Regarding the pi20ibjteis i on of
tool had a probability of detection of 53.8% and a false alarm ratio of 30.0%. For this period,

the tool obtained an advanced warning time of 8 min taking as reference the alert time from

the first NM station; using the time of the warning issued by the GLE Alert Plus tool for the
aforementioned period as reference, the HESPERIA UMASEP-500 tool obtained an
advanced warning time of 15 min (N%fez et al ., 2
Alert System for Exploration (REIeASE) forecasting scheme (Posner, 2007), the HESPERIA

REIeASE tools generate real-time predictions of the proton flux (30150 MeV) at the

Lagrangian point L1, making use of relativistic electrons (v > 0.9c) provided by the Electron

Proton Helium Instrument on the SOHO spacecraft and near-relativistic (v < 0.8c) electron
measurements from the Electron Proton Alpha Monitor aboard the Advanced Composition

Explorer. An analysis of historic data from 2009 to 2016 has shown that the HESPERIA

REIeASE tools have a low false alarm ratio (~30%) and a high probability of detection

(63%).

In summary, the goal of the presented HESPERIA tools has been to improve mitigation of

adverse effects both in space and in the air from significant solar radiation storms, providing

valuable added minutes of forewarning to users of space weather services. Both

HESPERI A SEP forecasting tool s ar e operational
(http://www.hesperia.astro.noa.gr) at the National Observatory of Athens.

It is noteworthy that this book is published with open access under a CC BY 4.0 license and
is freely available to the whole community at
https://www.springer.com/de/book/9783319600505. The book was rated by Springer as one
of the top downloaded books of 2018.

Solar small-scale vortex flows

High spatial and temporal resolution solar observations have revealed the existence of
ubiquitous small-scale swirling motions (more than 10,000 at any given time across the
Sun) with a mean radius of ~2,000 km that last about 5-10 minutes. Theory and numerical
simulations show that they are formed at the boundaries of convective cells of size ~1,000
km called granules that correspond to bubbles of hot material rising from the sub-surface
layers of the Sun (resembling bubbles of water in a boiling kettle). When these bubbles
reach the solar surface, their material cools down and starts falling back towards their edges
called intergranular lanes, often in a swirling motion like water flowing in a bathtub. As
intergranular lanes are also the locations of magnetic field concentrations, these downward
motions can sometimes cause the rotation of these magnetic field structures and of the
plasma material travelling upwards along them forming a structure resembling a dust-devil
or an upwards moving mini-tornado. Such swirling structures can act as a channel for
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transferring material and energy (often in the form of waves) from the lower solar
atmospheric heights higher up.

Recently, such swirling motions have been detected in observations of one of the spectral
emissions of hydrogen (HU) that is the most abundant solar element. For the first time a
long duration (at least 1.7 hours) small-scale vortex flow event has been observed with the
Swedish Solar Telescope (SST) that has a radius of ~2,200 km and, moreover, shows
complex substructure as it seems to consist of several individual, intermittent, recurring
smaller swirling motions. Despite recent advancements in observations, theory, simulations
and modeling, the detection and precise physics of these swirling motions and how they
transport energy in the solar atmosphere remain poorly understood. Nowadays, it is a real
challenge to detect and follow such structures in even smaller scales simultaneously in
several atmospheric layers, measure their magnetic field and investigate in further detalil
their properties and dynamics.

Doppler velocity (km/s)

Ha line center intensity

arcsec

120 122 124 126 128 130 120 122 124 126 128 130
aresec arcsec

Fig. 3: A long duration vortex flow observed on the Sun in one of the spectral emission lines of hydrogen with
the Swedish Solar Telescope. The vortex exhibits significant substructure in the form of smaller intermittent
swirling motions. For context, 1 arcsec on the solar surface is equal to 725 km so the solar area depicted in this
figure is about 60 million square kilometres.

Real-time identification of Travelling lonospheric Disturbances

The Earth's upper atmosphere is directly affected by the solar variability, by the near-Earth
space dynamics and by lower atmosphere phenomena. This, results in a complex and
dynamic environment influenced by solar radiation, energy transfer, winds, waves tides,

electric and magnetic fields, and plasma processes.
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Travelling lonospheric Disturbances (TIDs) are an important Space Weather effect in the
upper atmosphere driven by this complexity. TIDs are plasma density fluctuations that
propagate as waves through the ionosphere at a wide range of velocities and frequencies
and play an important role in the exchange of momentum and energy between various
regions of the upper atmosphere. TIDs are the ionospheric manifestation of internal
atmospheric gravity waves (AGW) in the neutral atmosphere and are associated with
auroral and geomagnetic activity and with lower atmosphere phenomena of non-space
origin (e.g., severe tropospheric convection or passages of cold fronts, seismicity, volcanic
activity, and artificially triggered events such as explosions).

TIDs constitute a threat for operational systems using predictable ionospheric
characteristics as they can impose disturbances with amplitudes of up to ~20% of the
ambient electron density, and a Doppler frequency shifts of the order of 0.5 Hz on HF
signals. The last years it was clearly demonstrated that TIDs can have multiple effects in the
operation of aerospatial and ground-based infrastructures and especially in the European
Geostationary Navigation Overlay Service (EGNOS) and Network Real-Time Kinematic (N-
RTK) services, in High Frequency (HF) communications, in radio reconnaissance
operations and in Very High Frequency i Ultra High Frequency (VHF-UHF) radiowave
propagation. Despite these important effects in the reliable operation of infrastructures that
are critical for the safety and security of the citizens, the identification and tracking of TIDs is
very complicated and has not been achieved in operational service mode.
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Fig. 4. The Digisonde-to-Digisonde and CDSS methods observations retrieved on 21 April 2017
magnetospheric substorm, show clear evidence of a strong TID activity over Europe
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The TechTIDE-HORIZON 2020 project comes to fill in this gap. TechTIDE is a consortium
formed around 13 research organizations and providers of operational services coordinated
by the lonospheric Group of IAASARS. TechTIDE is delivering in real-time data, products
and services capable of detecting the occurrence of TIDs over specific regions.
Furthermore, in close collaboration with operators of the technologies concerned, TechTIDE
consortium will design and test new viable TID impact mitigation strategies and will
demonstrate the added value of the proposed mitigation techniques which are based on
TechTIDE products. The TID detection methodologies are based on the analysis of
Digisonde, GNSS and Doppler Sounding data using complementary modeling techniques
for Medium Scale and Large Scale TID identification. In the figure we present travelling
lonospheric disturbances detected with data retrieved from Digisonde to Digisonde bistatic
operations, the resulting Doppler shift at the reflection point and the corresponding
fluctuations of the Doppler shift of the transmitted frequencies recorded from the Continuous
Doppler Sounding System. The first TechTIDE prototype is to be launched in spring 2019
and the final system will be delivered in April 2020. More information is available through the
web site of the project_http://tech-tide.eu.

Forecasting Solar Flares and Solar Energetic Particle Events

Large Solar Energetic Particle (SEP) events may be a significant hazard to humans and
equi pments outside the protection of the
events (in terms of energy) can even pass through the magnetosphere, all the way through
the atmosphere and create cascades, leading to enhanced ionization rates - especially at
flight altitudes. In order to provide mitigation actions for these effects, the scientific
community has turned to precursors that hold prognosis potential and can reliably lead to
the prediction of the onset and magnitude of SEP events.

Over the last five years the Space Research and Technology Group of the Institute for
Astronomy, Astrophysics, Space Applications & Remote Sensing (IAASARS), of the
National Observatory of Athens (NOA), has been involved in the development of novel
scientific techniques, spanning from statistical data driven methods to higher order
multivariate concepts. SRTG has further implemented and operate web based tools, that
provide reliable predictions of Solar Flares and Solar Energetic Particle Events in real-time
(FORSPEF, http://tromos.space.noa.qr/forspef/). These activities were financed by the
European Space Agency (ESA) and the State Scholarships Foundation (IKY).

Building on the gained experience, the Space Research and Technology Group of the
IAASARS/NOA, is currently leading a large effort by a consortium of 5 experienced partners
from 4 countries aiming at providing a scientifically advanced and easy to use integrated
solution to the problem of SEP forecasting: the ASPECS (Advanced Solar Particle Event
Casting System) tool. ASPECS collates and combines outputs from different modules
providing forecasts of solar eruptive phenomena, solar energetic particle event occurrence
flux and duration; tailored to the needs of different spacecraft and launch operators, as well
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as the aviation sector. The predictions shall start with the solar flare forecasting and will
continuously evolve through updates based on near-real time inputs (e.g. solar flare and
coronal mass ejections data/characteristics) received by the system. For the first time
ASPECS will provide the complete time profile of the SEP event at respective energies in
near real-time, utilizing both simulations and observations.

Common solar wind drivers behind magnetic stormi magnetospheric substorm
dependency,

The time-dependent coupling between the solar wind and the magnetosphere along with the
relationship between magnetic storms and magnetospheric substorms is of paramount
importance for space weather processes. However, the storm/substorm relationship is one
of the most controversial aspects of magnetospheric dynamics [Daglis et al., Journal of
Geophysical Research 2003]. In order to further disentangle this relationship and the role of
relevant solar wind variables as drivers and mediators, multivariate causality measures
employing the concept of graphical models constitute one particularly promising tool [Runge
et al., Nature Communications 2015]. Toward this goal, in a recent article we highlighted the
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