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Editorial note

This Monograph outlines the recent achievements of the Institute of Geophysics, Polish
Academy of Sciences, focusing on the main strategic areas: Geosystem Processes, Earth Struc-
ture and Georesources, Anthropogenic and Natural Geohazards, Climate Change and Polar Re-
search.

The publication is a reviewed and formatted version of the Annual Report 2019, providing
information about the research done at the seven departments (Seismology, Atmospheric Phys-
ics, Lithospheric Research, Theoretical Geophysics, Hydrology and Hydrodynamics, Mag-
netism, Geophysical Imaging, and Polar and Marine Research), together with the Institute’s
infrastructure, instrumentation, projects that have been completed or are under way, as well as
editorial, educational, and many other activities.

We hope the information contained in this monograph may be useful for a broader audience,
in particular those who may find the presented materials applicable in their work, or perhaps
arrange a co-operation with the Institute.

The Editors
of the Publications of the Institute of Geophysics PAS
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1. GENERAL
Beata Orlecka-Sikora, Mariusz Majdanski, Beata Fromeliusz, Krzysztof Otto

1.1 The mission of the Institute of Geophysics, Polish Academy of Sciences

Studying geophysical processes for a better understanding of the mechanisms controlling the
Earth’s system and risk management
e Working for the benefit of the society and economic development

e Development and maintenance of strategic research infrastructure
e Geophysical monitoring
e Training future leaders of scientific communities

1.2 Research areas
The main research areas and their interrelations

ANTHROPOGENICAND
NATURAL GEOHAZARDS

GEOSYSTEM
PROCESSES

ARTH STRUCTURE
AND GEORESOURCES

CLIMATE CHANG
AND POLAR
RESEARCH

Main research areas of the Institute of Geophysics PAS.

1.3 Management
The Board of Directors:

Prof. Beata Orlecka-Sikora Mariusz Majdanski Beata Fromeliusz Krzysztof Otto
Director IG PAS Deputy Scientific Director Deputy Director Deputy Director
(the 2nd term since Sep 2019) for Administration and Finance  for Technical Issues
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1.4 Employment structure
The structure of employment is illustrated by tables and graphs below:

The number of employees

N =748 Total Researchers PhD students
2016 175 69 29 (6 KNOW)
2017 178 67 26 (6 KNOW)
2018 187 74 22 (6 KNOW)
2019 184 78 18 (9 DS)

Change +9 +9 -8

The employees by function

Function Number
Polar expedition 8 Researchers Number
Administration 59 Research Assistant 12
Technicians 39 Assistant Professor 31
Researchers 78 I:> Associate Professor 20
Total 184 Professor 15

The employees by sex

Female Male
Total 80 105
Researchers 28 53
Other 52 52
25
20
g 15
£
2 10
) Besesn
0
35 40 45 50 55 60 65 65+
age

Researchers’ age structure.
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1.5 Activity of Scientific Information and Publishing Department

As in the previous years, in 2020 the activity of the Scientific Information and Publishing De-
partment concentrated on the three titles:

* Acta Geophysica.

* GeoPlanet: Earth and Planetary Sciences Book Series,

* Publications of the Institute of Geophysics, Polish Academy of Sciences,

Acta Geophysica

Acta Geophysica is a leading geophysical journal published by the Institute of Geophysics and
Committee of Geophysics. The Editor-in-Chief is Prof. Eleftheria Papadimitriou. In the editing
of Acta Geophysica she is supported by eminent international experts who hold the position of
Associate Editors.

(G e 4 Springer

Front cover of Acta Geophysica.

Acta Geophysica is a bimonthly journal, so six issues were published. The total number of
pages (B5) was 2047, and the number of articles was 158. The impact factor amounted to 1.395.

3.000 100%0
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Impact Factor of Acta Geophysica.



8 ACHIEVEMENTS OF THE INSTITUTE OF GEOPHYSICS, PAS: ANNUAL REPORT 2019

GeoPlanet: Earth and Planetary Sciences Book Series

The Editor-in-Chief of GeoPlanet Series is Prof. Pawet M. Rowinski.
The following four books were published in 2019:
— “Reservoir Rock Diagnostics for Water or Hydrocarbon Exploration” by Jerzy Sobotka,
— “Earthquake Analysis and Design of Industrial Structures and Infrastructures” by Indrajit
Chowdhury and Shambhu P. Dasgupta;
—“Ice Mechanics for Geophysical and Civil Engineering Applications” by Ryszard
Staroszczyk;
— “Aerospace Robotics III”” ed. by Jerzy Sasiadek.

eservoir Rock Earthqﬁéké Anss ; el | s
Diagnostics and Desi?n of lffﬁ é/\eeocgﬁ;)sllcém Aerospace

for Water or Industrial Structures A
Hydrocarbon and Infra-structures and Civil
Exploration Engineering
e Applications

(Seismoelectric & Electroseismic Effect)

Robotics Il

[i Springer _@_ Springer “;_1 Springer {’_ Springer

Front covers of GeoPlanet books issued in 2019.

Publications of the Institute of Geophysics, Polish Academy of Sciences

It is an electronic journal published by the Institute of Geophysics. It is available at
https://pub.igf.edu.pl/.
The Editor-in-Chief is Marek Kubicki. In the year 2019, two issues were published:
— “Results of Geomagnetic Observations: Belsk, Hel, Hornsund, 2018 by Jan Reda, Mariusz
Neska, Stanistaw Wojcik, and Pawet Czubak;
— “Book of Extended Abstracts. “Electromagnetic ULF/ELF Fields on Earth and in Space”
Conference, Warsaw, Poland, 3-5 July 2019” ed. by Andrzej Kutak and Anna Odzimek.

Institute of Geophysics
Polish Academy of Sciences

PUBLICATIONS
OF THE INSTITUTE OF GEOPHYSICS
POLISH ACADEMY OF SCIENCES

: sRUpLICATIONS
FITOTE OF GEORHYSICS
DEMY
Geophysical Data Bases, Processing and Instrumentation.
426 (C-113)

Results of Geomagnetic Observations:
Belsk, Hel, Hornsund, 2018

Front covers of Publications of the Institute
of Geophysics, PAS issued in 2019.

Warsaw 2019
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1.6 Educational activity of the Institute in the Academic Year 20192020

The GeoPlanet and International Environmental Doctoral Schools made their debut in October
2019 and immediately turned out to be a great success, as evidenced by the great interest of
candidates for the first year of studies.

The GeoPlanet PhD School offers interdisciplinary studies in 7 scientific institutions of the
Polish Academy of Sciences. The main tasks of the school include educating doctoral students
in climate change, dynamics of geophysical and space processes, natural disasters and extreme
phenomena on Earth, in oceans and space, protection and exploitation of natural resources (in-
cluding water management), monitoring of processes occurring on Earth, in oceans and in the
Solar System and developing new methods for the research and measurement of the Earth and
space.

The International Environmental Doctoral School associated with the Centre for Polar Stud-
ies at the University of Silesia in Katowice (IEDS) provides the education in the field of Natural
Sciences in academic disciplines: Mathematics, Earth and related environmental sciences, and
in the field of the Engineering and Technology in academic discipline: Materials engineering.
The aim of the IEDS is to provide a new generation of scientists with new opportunities for
high-quality contributions to scientific research by offering them theoretical and practical
(methodological) training, designed to stimulate their intellectual growth and boost their aca-
demic status.

1.7 Projects, commercial agreements and publications

‘ FNP ’ Fundacja na rzecz 2 projects

Nauki Polskiej
NARODOWA AGENCJA :
NA\ VA WYMIANY AKADEMICKIE) 4 pI‘OjeCtS
N NATI
[N POLAN

50

NAL SCIENCE CENTRE 29projects

Ministry of Science
and Higher Education 25 projects

Repubdic od Poland

- Narodowe Centrum
—=, Badan i Rozwoju 1 project

14 projects

Commercial agreements

. 12 projects
GIOS, PIG-PIB, KGHM SA, PGE
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2. DEPARTMENT OF SEISMOLOGY
Stanistaw Lasocki

2.1 About the Department

Department of Seismology is the world’s leading research group in the field of anthropogenic
seismicity. This is confirmed by the scientific community by inviting the entire department
and/or its employees to various international activities. The chapter “Anthropogenic Seismicity
Related to Exploitation of Georesources” (Lasocki and Orlecka-Sikora, doi.org/10.1007/978-
3-030-10475-7), recently published on invitation in Encyclopedia of Solid Earth Geophysics
(ed. H. Gupta, Springer) is an example of this international recognition. However, the depart-
ment’s research activities extend also on natural seismic processes. The research activities pre-
sented here can be divided into: seismicity induced by exploitation of geo-resources, statistical
properties of anthropogenic and natural seismic processes, seismicity induced by water reser-
voirs, engineering seismology, and natural seismicity of Poland. The first topic was a subject
of the H2020 S4CE research project dealing with hydrofracturing, carbon dioxide storage, and
geothermal energy, and two projects studying underground mining of the copper ore (funded
by NCN and FNP, respectively). The research activity carried out in the Department in the
framework of SACE project has been focused on seismicity evolution in relation to fluid-injec-
tion. Studying the seismicity observed at The Geysers in California, USA, related to large-scale,
long-term fluid injection into two wells, we found out that pressurized injections can lead to
rock fracturing at stress levels below the rock toughness, i.e., subcritical fracture growth. Fur-
thermore, it was found that, counterintuitively, high injection rates decrease the probability that
induced seismic fractures coalesce into far-reaching pathways for fluid migration. These dis-
coveries open a new perspective on managing the seismic hazard associating pressurised injec-
tions. Projects dealing with underground mining aim at aftershock studies as well as analyses
of post-blasting seismic sources, to find characteristic physical properties of focal mechanisms,
which might provide hints for the rockburst active prevention. Another research was aimed at
tracking ground deformation corresponding to a massive collapse in a mine after an induced
seismic event.

The seismicity induced by water reservoirs was studied on Czorsztyn (Poland), Song Tranh2
(Vietnam) and Lai Chau (Vietnam) reservoir cases. The studies, conducted in the framework of
the NCN research project, concerned the natural seismicity on the sites, and the development
of induced seismic activity associated with filling the reservoirs.

Monitoring of natural seismicity in Poland resulted in the recording of nine tectonic earth-
quakes in Podhale region.

Within the engineering seismology area, new approaches to ground motion prediction equa-
tions (GMPE) are investigated. In 2019 the estimates by Fahlman’s Cascade Correlation Neural
Network was improved.

In addition to significant research, Department of Seismology was also active in EPOS Pro-
gramme. In 2019 the consortium EPOS Thematic Core Service Anthropogenic Hazards (TCS
AH) was established. The consortium of 12 institutions from 8 EU countries, tightly linked to
EPOS-ERIC, is currently lead by Prof. Lasocki from the department. The department newly
participates in EPOS IP H2020 project and EPOS PL+ national project.

2.2 Personnel

Head of the Department
Stanistaw Lasocki
Professor
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Professor
Beata Orlecka-Sikora

Associate Professor
Artur Cichowicz

Assistant Professors
Grzegorz Lizurek

Fukas Rudzinski

Konstantinos Leptokaropoulos
Maria Koztowska

Dorota Olszewska

Taghi Shirzad

Monika Sobiesiak

Senior Technical Officer
Jan Wiszniowski

Research Assistants
Alicja Caputa
Szymon Cielesta
Beata Plesiewicz
Monika Staszek
Piotr Satek

Pawetl Urban

Technical Assistants
Izabela Dobrzycka
Dominika Wenc

Kaj Michatowski

Administrative Coordinator
Anna Lesnodorska

PhD Students

Izabela Nowaczynska, Poland; Grzegorz Lizurek — PhD supervisor
Anna Tyminska, Poland; Grzegorz Lizurek — PhD supervisor
Alicja Caputa, Poland; Lukasz Rudzinski — PhD supervisor

2.3 Main research projects

SA4CE: Science for Clean Energy, S. Lasocki, H2020, 2017-2020;

SERA: Seismology and Earthquake Engineering Research Infrastructure Alliance for Eu-
rope, S. Lasocki, H2020, 2017-2020;

EPOS IP: EPOS Implementation Phase, B. Orlecka-Sikora, H2020, 2015-2019;
EPOS PL, D. Olszewska, POIR, OPI, 2016-2021;

Analysis of post-blasting seismic sources recorded after rock burst active prevention,
A. Caputa, NCN, 2018-2020;

Comprehensive analysis of the impact of local production conditions, main shock parameters
and stress transfer on productivity and distribution of aftershocks in induced seismicity —
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research for improving the safety of natural resources extraction, M. Koztowska, Fundacja
Nauki Polskiej, 2018-2020;

¢ Initialization and development of anthropogenic seismic processes induced by artificial sur-
face reservoirs, G. Lizurek, NCN, 2018-2021.

2.4 Instruments and facilities
Equipment
Seismic networks:
e LUMINEOS - seismic network for monitoring the mining-induced seismicity in Leg-
nica—Gtogow Copper District,
e BOIS — seismic network for monitoring the seismicity induced by mining in Lubelski
Wegiel Bogdanka,

e SENTINELS - seismic network for monitoring the induced seismicity around Czor-
sztyn—Niedzica artificial lake,

e Lai Chau — seismic network for monitoring the seismicity in the vicinity of an artificial
water reservoir in Vietnam,

e Hue —seismic network for monitoring the seismicity in the vicinity of an artificial water
reservoir in Vietnam,

e Geodynamic monitoring of Poland,

e Monitoring of the area of past hydrofracturing operations.

Department of Seismology in cooperation with Technical Support Department is involved
in seismic monitoring of potential nuclear power plant (NPP) site in northern Poland since 2015.
During that time, IG PAS has been operating surface seismic stations including broadband and
short period devices. In 2019 the network was extended in accordance with agreement assigned
between 1G PAS and PGE EJ1. The signals are recorded continuously and contain information
not only about possible local seismic activity but also influences of regional earthquakes.

INFRASTRUCTURE BUILDING:
Department is leading TCS AH of European Plate Observing System. The mission of TCS AH
is to integrate research infrastructures for studies on anthropogenic hazards particularly those
related to the exploration and exploitation of geo-resources. The TCS AH consortium of 12
European institutions is maintaining and further developing the e-research platform IS-EPOS
with the international data nodes connected to it. The platform provides open access to unique
datasets called episodes, to bespoke software application and to specialised written materials
from the field of anthropogenic hazards. The development of these TCS AH resources is sup-
ported in the framework of various European and national projects.
Long term service contracts:
e Supervising the monitoring of seismic impact due to mining exploitation on the OUOW
“Zelazny Most” repository embankment seismic network and the stations monitoring
the western foreland of OUOW,;

e Monitoring of seismic phenomena within the mining area, in particular determining the
energy of events and their location using 1G PAS equipment;

e Geodynamic monitoring of Poland.
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Laboratory

Department of Seismology is equipped with 78 modern seismic stations: 62 broadband, 6 very
broadband seismometers, and 10 strong-motion monitoring devices. 48 stations are already in-
stalled in seismically active areas: two mining regions in Poland and two regions with seismic-
ity induced by water reservoirs in Poland and Vietnam. With the exception of data embargoed
by the principals, all data is on the IS-EPOS Platform (http://tcs.ah-epos.eu/).

IS-EPOS e-platform owed commonly by IG PAS and the Academic Computer Center
Cyfronet AGH, whose concept has been worked out in the Department of Seismology, is a
gateway for the data and research applications related to anthropogenic hazards. The data are
stored in data nodes, whereas the metadata, applications, and AAAI are on the platform. There
are two data nodes linked to the platform. One in IG PAS, managed by Department of Seismol-
ogy, and the other is located in and managed by EOST in Strasbourg. Currently, 31 out of 36
datasets, called episodes, are available on IS-EPOS platform and stored in Polish e-Node.

2.5 Research activity and results
Brief description/abstracts/summaries of some of the achievements of the Department’s staff:

FRACTURE GROWTH MECHANISMS

B. Orlecka-Sikora, S. Cielesta

Seismicity induced by geo-engineering operations may be hazardous for people, infrastructure
and the environment. The crucial information for assessing induced seismic hazards and related
risks is the knowledge of time-dependent strength of rocks and of deformations due to fluid
injection. Studying the seismicity observed at The Geysers (TG) in California, USA, related to
large-scale, long-term fluid injection into two wells, Prati-9 and Prati-29 we found out that
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Fracture network growth exponent a

Fig. 1. The fracture network growth “a” parameter versus |(o1 — 02)/(o1 — 03) — 0.5] estimated for the
consecutive 50-event windows with 10 events overlap for the analyzed dataset.
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pressurized injections can lead to rock fracturing at stress levels below the rock toughness, i.e.,
subcritical fracture growth (SFG). Providing evidence for subcritical mixed-mode fracture
growth at TG, we evaluated the impact of the injection rate on SFG and on the maximum mag-
nitude of analysed earthquakes. We found also that SFG is governed by the changes in stress
due to the injection of water into the reservoir, and we provided the relation between the injec-
tion rate and the fracture growth rate (Fig. 1). Our approach provides a new perspective on
earthquake mechanics driven by fluid injection. Recognizing the phenomenon of subcritical
fracture network growth and its reaction to technological activity and combining this infor-
mation with the characteristics of the stress state in the reservoir can be used to help manage
seismic hazards and optimize production. Based on SFG information, we can infer when the
transient fracture network growth rate is slowing, or when it implies increasing event rate and
a risk of large events occurrences during operations. Seismic hazard management during fluid
injection can then be supported by adjusting the injection schedule to keep the fluid pressure
and the injected volume below a critical level, at which the observed maximum magnitude ap-
proaches an allowable level.

RELATIONSHIPS BETWEEN A POTENTIAL TO BUILD FAR-REACHING PATHWAYS
FOR FLUID MIGRATION AND INJECTION RATES

S. Lasocki, B. Orlecka-Sikora

Geothermal energy production is often based on pumping cold water to deep hot rocks and
extracting hot water or steam. This process induces brittle fracturing of rocks, that is seismic
events, which enhances the rock permeability and increases the surface on which heat exchange
takes place. However, the seismic fractures may also coalesce into undesired pathways enabling
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Fig. 1. Comparison of the time-variation of ZZ with the time-changes of average injection rate. Black —
the injection rate into Prati9 well, blue — the total injection rate into Prati9 and Prati29 wells, brown —
ZZ. The horizontal bars mark the durations of injection phases. It is seen that in the first two phases ZZ
positively correlated with the injection rate whereas in the third phase the correlation was negative
(after Lasocki and Orlecka-Sikora 2020).
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the fluids to migrate far and reach pre-existing tectonically preloaded faults. Then the fluids
decrease fault strength, and, as a result, the fault can rupture producing a major seismic event.
Furthermore, the migrating fluids may contaminate groundwater. We have formulated three
conditions which we expect to play a role in linking fractures and building such pathways:
closeness of hypocenters; similarity of fracture planes orientations; closeness of radii, which
begin at the open hole section of the injection well and on which events occur. Beginning from
these three conditions, which we assume determine jointly the potential of seismic sources to
build far-reaching pathways for fluid migration, we parameterize this potential by the average
distance between the events in the 8D space of hypocentral coordinates, of angles of orienta-
tions of the T and P axes of the double-couple focal mechanisms, and of angular coordinates of
hypocenters in the spherical system beginning at the open hole of injection well. Because the
metrics of these parameters are not the same and, moreover, for some of their metrics are not
Euclidean, thus, we transform these parameters to ED. This average distance, computed in the
ED space, called the degree of disordering of sources, ZZ, expresses to which extent the above
three conditions have been fulfilled. The chance for the seismic events with small value of ZZ,
which they link and reach far is higher than in other cases. In the studied case from The Geysers
geothermal field, in the injection phases where the injection rate level was high ZZ correlated
positively with injection rate. Also, the amplitudes of the ZZ-changes agreed well with the am-
plitudes of the average injection rate changes (Fig. 1). Hence, the optimal conditions to avoid
such ordering of seismic fractures that enable linking them into longer pathways, extending
farther from the injection point were met for high injection rates. The higher the injection rate
was, the more disordered the seismic fractures were generated, i.e., the chances to build longer
pathways for undesired fluid migration decreased. This result, if confirmed in other cases of
injection-induced seismicity, will open new perspectives on managing seismic hazards and op-
timizing technological production.

INTEGRATION OF GEODETIC AND SEISMOLOGICAL TECHNIQUES FOR BETTER
UNDERSTANDING OF MINING COLLAPSE

L. Rudzinski, G. Lizurek, D. Olszewska

The collapse of a mine roof which occured in Rudna copper mine, Poland resulted in a signifi-
cant surface deformation and generated a tremor with a magnitude of M4.6. This study com-
bines the seismological and geodetic monitoring of the event. Data from local and regional
seismological networks were used to estimate the mechanism of the source and the ground
motion caused by the earthquake. GNSS data, collected at 10 Hz, and processed as a long-term
time-series of daily coordinates solutions and short-term high frequency oscillations, are in
good agreement with the seismological outputs, having detected several more tremors. The
range and dynamics of the deformed surface area were monitored using satellite radar tech-
niques for slow and fast motion detection. The radar data revealed that a 2-km? area was affected
in the six days after the collapse and that there was an increase in the post-event rate of subsid-
ence (Fig. 1). This investigation has provided a new method for dealing with hazardous rock
bursts in underground mines. The current study has proved the high potential for obtaining
a broader understanding of anthropogenic hazards by combining different Earth monitoring
techniques. Joint geodetic and seismological observations can complement each other and help
to overcome the individual disadvantages of the separate methods. The method would be espe-
cially useful in areas with sparse seismic monitoring and/or regions with already known iso-
tropic source mechanisms, such as mining or volcanic. The study is the next step for understand
the surface effects deal with mining collapses observed previously in another mining region in
Poland (see also Rudzinski et al. 2019).
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Fig. 1. Vertical deformation patterns derived from the ascending (a) and descending (b) DInSAR inter-
ferograms: (1) and (2) — pre-seismic; (3) — co-seismic — (a.3) 12-day and (b.3) 6-day; and (4) and (5)
post-seismic DINSAR interferograms. The images used for each interferogram are shown in the format
[YYYY.MM.DD]. The red star represents the epicenter. The inset in (a.3) shows the footprint (red rec-
tangle) of the DINSAR results over the local LUMINEQOS network. The blue polygon represents the
“Zelazny Most” tailing pond (after llieva et al. 2020).

2.6 Visiting scientists

Jan Sileny, IG CAS, Praha, Czech Republic, 29.01.2019,
Vaclav Vavrycuk, IG CAS, Praha, Czech Republic, 29.01.2019,
Makoto Okubo, Kochi University, Kochi, Japan, 07-16.06.2019.
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3. DEPARTMENT OF ATMOSPHERIC PHYSICS

Janusz Krzyscin

3.1 About the Department

The Department activities comprise the long-term monitoring and short-term observations of
various unique atmospheric parameters (column amount of ozone and its vertical distribution,
atmospheric electricity, lightning, aerosols characteristics, UV spectra, concentration of trace
gases, waves in the tropical atmosphere) in different parts of the atmosphere: surface layer,
troposphere, stratosphere, and ionosphere as well as global and regional climate modelling. The
measurements are routinely carried out in Poland (IG PAS observatories: Belsk, Raciborz,
Swider), and Hornsund (Polish Polar Station, Svalbard), and during short term campaigns
within national and international projects. These observations provide the data examined by
various statistical models and software developed in the Department. The primary tool used for
climate modelling studies is the atmospheric chemistry model GEM AC. The objectives are to
find out and predict variability of the atmosphere parameters and identify sources of such vari-
ability in different time scales (from days up to decades).

The Department contains five internal groups: Atmospheric Aerosols (AA), Atmospheric
Electricity (AE), Global Modelling (GM), Ozone and UV (OsUV), and Tropical Dynamics
(TD). Throughout 2019, the groups focused on the following subjects:
¢ ldentification of aerosols layers in the free troposphere (based on Ceilometer soundings) and

their impact on the surface UV using the Random Forest regression applied to UV radiation

and aerosols data collected at Raciborz in 2019 (AA);

e Building amobile LIDAR (Raman Lidar with YAG laser) to monitor the vertical distribution
of aerosols particles — searching for cases with extreme aerosols loading in the free tropo-
sphere (AA);

e Longitudinal variability of the long-term changes of the ozone profile in the Northern Hem-
isphere midlatitudes in the period 1978-2018 — searching for anomaly regions (OsUV);

e Determination of the climatological sources (more days with extreme high UV and warmer
air temperature in April) of the melanoma incidence rate increase in Europe in XXI century
(OsUV);

e Development and analysis of flood database for Sumatra and case study of Makassar (South
Sulawesi) flood of January 2019 (TD);

e Finding characteristics of non-linear interactions between convectively coupled Kelvin
waves and local diurnal cycle in circulation over the island of Sumatra (TD);

¢ Quantification of the dynamical and chemical processes impact on the low o0zone events in
the NH midlatitudinal stratosphere (GM);

e GEM-AC model development and validation (GM);

e Detection of lightning ground flashes by our Local Lightning Detection Network in the War-
saw region to evaluate their initiation sources in thundercloud (AE);

e Analysis of main generators on the Global Electric Circuit (GEC) based on the atmospheric
electricity measurements in polar and mid-latitude regions (AE).

3.2 Personnel

Head of the Department
Janusz Krzys$cin
Professor
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Professor
Janusz Borkowski

Associate Professors
Janusz Jarostawski
Jacek KaminskKi
Aleksander Pietruczuk

Assistant Professors
Dariusz Baranowski
Agnieszka Czerwinska
Magdalena Kossakowska
Michat Posyniak

Artur Szkop

Post-Doctoral Researchers
Jakub Guzikowski

Marek Kubicki

Anna Odzimek

Izabela Pawlak

Piotr Sobolewski

Research Assistants
Piotr Baranski

Jakub Wink

Sabina Kucigba

Observers
Anna Glowacka

Dorota Sawicka

PhD Students

Alnilam Fernandez, India; Aleksander Pietruczuk — PhD supervisor

Beata Latos, Poland; Aleksander Pietruczuk — PhD supervisor

Maria Kteczek, Poland (resigned in December 2019); Jacek Kaminski — PhD supervisor
Anahita Sattari, Iran; Jacek Kaminski — PhD supervisor

Wojciech Szkotka, Poland; Krzysztof Mizerski — PhD supervisor

3.3 Main research projects

e Multi-scale interactions over the Maritime Continent and their role in weather extremes over
Central and Eastern Europe, Baranowski Dariusz, Foundation for Polish Science, 2018—

2020;

e Aerosols, Clouds, and Trace gases Research Infra Structure (ACTRIS-2), Pietruczuk Ale-

ksander, H2020 Research and Innovation Framework Programme, 2015-2019;
e ACTRIS-Preparatory, Pietruczuk Aleksander, H2020 Research and Innovation Framework

Programme, 2017-2019;

¢ |dentification of processes responsible for anomalous total ozone variability in the Northern

Hemisphere mid-latitudes, Kaminski Jacek, The National Science Centre (OPUS12), 2018—

2020;
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e Impact of the aerosols optical properties on the surface UV and photochemical smog, Pie-
truczuk Aleksander, The National Science Centre, Poland, 2018-2020;

e Monitoring of Total Ozone Amount in the Atmosphere and UV-B Radiation at Belsk Ob-
servatory in 2017-2020, Jarostawski Janusz, Chief Inspectorate of Environment Protection,
2017-2020;

e Impact of absorbing aerosols on the planetary boundary layer height, Posyniak Michat, The
National Science Centre, Poland, 2016-2020.

3.4 Instruments and facilities

Equipment

e Onset Hobo U-24-002-C (2 pieces), temperature/conductivity data logger;

e Carbon dioxide analyzer model Horiba APCA370, continuous CO2 monitoring at Belsk.

Laboratory
Mobile laboratory for aerosol and trace gases field measurements.

The lab was built on a 4-meter-long trailer with opening roof window for vertical pointing
remote sensing measurements and air condition allowing four-season measurements. Build-in
rack system and electrical installation allow to use series of trace gases and in-situ aerosol an-
alysers, APOA-370 Ozone Monitor manufactured by Horiba is used now. The lab is equipped
with Raman LIDAR for aerosol studies. This instrument allows for aerosol backscattering co-
efficient profiling at three wavelengths from UV to NIR, aerosol extinction in UV and water
vapour concentrations.

3.5 Research activity and results
Brief description/abstracts/summaries of some of the achievements of the Department’s staff:

GLOBAL MODELLING GROUP — SHORT SUMMARY OF ACTIVITIES IN 2019

Jacek Kaminski, Magdalena Kossakowska

The ozone mini holes (or low o0zone events) are defined as synoptic-scale phenomena that lead
to a rapid drop of total ozone, followed by complete recovery after a few days. Unlike the
Antarctic ozone hole, the ozone mini holes are driven mainly by dynamical processes in the
atmosphere rather than the anthropogenic chemical impact of high concentrations of chlorine
and bromine. They occur between the autumn and spring seasons, with the peak during the
winter over the mid-latitudes. Latest studies have shown that the amount of ozone in the lower
stratosphere over the northern mid-latitudes decreases with a year-round trend of —1.4% per
decade in 1998-2018. Although most of the ozone mini holes occur in winter and early spring,
there are still several events during early autumn, increasing the amount of incoming solar ul-
traviolet radiation reaching the surface, which has a significant influence on living organisms
as well as on the tropospheric chemistry.

In the project, we focus on understanding the processes that lead to low o0zone events, how
climate changes influence the number of ozone mini holes, and if there is a shift between those
processes over the last decades. The global climate model used in this project is an atmospheric
chemistry model GEM AC.

The first part of the project focused on comparing model results and reanalysis and obser-
vational datasets for the selected documented low ozone events. The modelling results are in
good agreement with observations. Results are presented in Fig. 1.
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Fig. 1. Total column ozone in Dobson units calculated for 4th of April 2011, GAM AC model results
(left panel) and results obtained from Aura-OMI using the TOMS algorithm (right panel).

The second initiative pertains to the application and validation of GEM-AC model (GEM-
AQ was developed at York University in Canada and at WxPrime Corporation) at IG PAS. This
work is directed by Professor Jacek W. Kaminski. This part of the research requires cooperation
with research centres and international initiatives:

e Environment and Climate Change Canada, where the meteorological core of the GEM AC
model, the GEM model, was developed and is used as an operational weather prediction
model;

e The Royal Belgian Institute for Space Aeronomy, where the GEM model with physics and
chemistry adapted to planet Mars is used to analyze observations from the NOMAD instru-
ment and to carry out Martian climate simulations;

¢ Institute of Environmental Protection — National Research Institute, where the GEM-AQ
model is used for air quality modelling over Poland and for Copernicus Services;

e Hemispheric Transport of Air Pollutants (HTAP) under the auspices of the United Nations
Economic Commission for Europe (UNECE) Convention on Long-range Transboundary Air
Pollution (CLRTAP) — Prof. Jacek W. Kaminski is a vice-Chair of the task force;

e The Tropospheric Ozone Assessment Report (TOAR-II) — Prof. Jacek W. Kaminski was
appointed to the Steering Committee.

TROPICAL WAVES and THEIR INFLUENCE on HAZARDOUS WEATHER EVENTS
Dariusz Baranowski, Beata Latos (PhD Student), Wojciech Szkétka (PhD Student)
Tropical dynamics group within the Atmospheric Physics Department is composed of three
people and organized around the international project Equatorial Line Observations (ELO). In-
teractions between weather systems in the tropics (the so-called tropical waves) and their influ-
ence on high-impact and hazardous weather events have been examined. Activities of the group
throughout 2019 focused on the following components:

e ELO deployment of underwater autonomous vehicles (gliders) between Java and Christmas

Island (January—May 2019).

The team prepared and presented weekly weather briefings and outlooks during the deploy-
ment of seagliders (led by UK component). Weekly briefings included analysis of the current
state of circulation in the atmosphere and ocean with particular interest on synoptic and in-
traseasonal features, analysis of surface ocean currents, dynamical structure of the atmosphere
in the upper and lower levels. At the beginning of the deployment interactions between Kelvin
and Rossby waves in the Java sea was observed. Anomalous westerly flow and low-level con-
vergence over Makassar caused extreme precipitation and the biggest flood ever in this region.
Weekly weather briefings allowed us to quickly assess potential dynamical precursors of this
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event, such as interaction between tropical waves. Weekly briefings also included forecasts and
extended outlooks based on filtered products from numerical weather projections.
e Development and analysis of flood database for Sumatra and case study of Makassar (South

Sulawesi) flood of January 2019.

Floods in Indonesia are a major contributor to all-natural hazards. Our analyses focus on
predictability of precipitation-induced floods in various regions of Indonesia. Due to the lack
of consistent, reliable and long-term flood databases, we used social media: local newspapers
available online and Twitter — the social media platform. Initial analysis was performed for
Sumatra during 2014-2018 period. We have found that statistics and predictors independently
derived based on 3 datasets (Twitter, papers, and reports from governmental agencies) show
consistent results: a vast majority of floods can be associated with the activity of convectively
coupled Kelvin waves (over 90%). Although for most floods the Kelvin waves coincide with
other dynamical drivers (monsoon or Madden-Julian Oscillations), for nearly 30% of floods
they were the sole predictor. This result shows that such events should be considered important
predictors of floods in Sumatra.
¢ Study of non-linear interactions between convectively coupled Kelvin waves and local diur-

nal cycle in circulation over the island of Sumatra.

Analysis shows a Kelvin wave signature at upper-level winds data based on gridded and
local datasets. Diurnal variability of the upper-level winds was investigated in connection to
Kelvin waves activity. This interaction is non-linear and likely occurs through dynamical cou-
pling between circulation around a Kelvin wave event and local diurnal response to heating.
Analysis shows Kelvin waves’ impact and support for enhanced convection due to anomalous
divergence at the upper level, often synchronized with the local diurnal cycle. Mr. Wojciech
Szkotka defended his MSc thesis based on a model for analysis of such interactions.

LOCAL AND GLOBAL VARIABILITY OF THE ATMOSPHERE ELECTRICITY FROM
FIELD MEASUREMENTS

Marek Kubicki, Anna Odzimek, and Piotr Baranski

¢ Identification of main generators on the Global Electric Circuit (GEC)

As part of the research task, the Geophysical Observatory at Swider participated in the
GloCAEM project. The GIoCAEM (Global Coordination of Atmospheric Electricity Measure-
ments) project has brought together experts in atmospheric electricity to make the first steps
towards an effective global network for atmospheric electricity monitoring. Analysis of the di-
urnal variation in potential gradient (PG) from 17 sites has indicated that the majority of sites
show corresponding daily maxima PG patterns yielding together a reliable measure of global
thunderstorm generator on a day-to-day timescale. The averaging of PG during fair weather
conditions over the GIoCAEM sites on a daily basis also allows to identify a clear signal of
global lightning activity. The averaging method minimizes any local influences on PG, such as
fluctuations in aerosol concentration. There is a clear similarity between the averaged Carnegie
curve and the daily averages across the GIoCAEM sites, especially during the times of maxima.
Thus, it will be a significant increase in the number of days from any single site possible for a
determination of global electricity fields enhancing the statistics derived from individual sta-
tion’s observations.

e Thunderstorms in the Warsaw region in 2019

The five E-field signatures of positive single ground flashes together with their initial/pre-
return stroke time development containing, or not containing, the intra-cloud preliminary break-
down (PB) pulses are selected from the storm episode in the Warsaw region on 30 July 2019.
All these cases/incidents are connected to the transfer of positive charge from the thundercloud
to the earth’s surface. These types of ground discharges are very rare because most of the cloud-
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Fig. 1. The PSD spectrogram obtained from the electric field signature recorded by the LLDN-F meas-
uring station (from the file F20190730113438.dat) during the occurrence of the positive single lightning
stroke in the Warsaw region, preceded by the PB phase (left panel). The PSD spectrogram obtained
from the record file F20190730115024.dat containing E-field signature of the positive single lightning
stroke, which is not preceded by the PB phase (right panel).

to-ground discharges (90%), in this time of year and in our latitudes, are single and multiple
negative lightning. There are two possible scenarios for initiating the considered single dis-
charges to the ground. The first scenario assumes the occurrence of a preceding phase involving
the preliminary intra-cloud breakdown discharges, the so-called PB stage. After that, the leader
E-field change is followed in few tens milliseconds interval and is ended by a single lightning
stroke (Fig. 1 — left panel). On the other hand, in the second scenario, the development stage of
the lightning leader before the ground stroke is not preceded by any PB phase (Fig. 1 — right
panel).

3.6 Visiting scientists
Jaka Paski, BMKG, Jakarta, Indonesia, 21.09-12.10.2019.

3.7 Publications

ARTICLES

Baranowski, D.B., et al. (2019), Contemporary GCM fidelity in representing the diurnal cycle
of precipitation over the maritime continent, J. Geophys. Res. — Atmos. 124, 2, 747769,
DOI: 10.1029/2018JD029474.

Rohm, W., J. Guzikowski, et al. (2019), 4DVAR assimilation of GNSS zenith path delays and
precipitable water into a numerical weather prediction model WRF, Atmos. Meas. Tech.
12, 1, 345-361, DOI: 10.5194/amt-12-345-2019.

Werner, M., J. Guzikowski, et al. (2019), Assimilation of PMzs ground base observations to
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