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Director’s preface
The Kvantum Institute was established in 2017 to promote, coordinate and strengthen 
research in the University of Oulu’s (UOULU) strategic focus areas of ‘Sustainable materials 
and systems’ and ‘Changing climate and northern environment’. The Kvantum Institute 
coordinates and develops doctoral training in the fields of Science and Technology with 
the University of Oulu Graduate School (UniOGS). Kvantum’s work is conducted in collab-
oration with UOULU’s vice rector of research, the Tellus arena and the other three focus 
institutes at the UOULU. The overall aim is to promote and coordinate research on strategic 
focus areas of the UOULU. Kvantum also participates in research training, funding and 
strategy work at the UOULU.  

The name “Kvantum” is derived from the Latin quantum, meaning “how much” or 
“how significant” and is a word that captures the nature of research in the fields of natural 
sciences and technology.

The backbone of Kvantum is its funded projects and its principal investigators (PIs) 
and research staff that are expected to take part in its activities. Kvantum allocates strate-
gic university funding to 10–15 projects over four years involving around 15 post-doctoral 
researchers and 20 PhD students. In addition to these positions, research groups use their 
own funding and staff. Kvantum aims to promote research collaboration across projects and 
faculty boundaries to strengthen multidisciplinary research. The activities organised by 
Kvantum are open to all researchers at the university.

Kvantum’s research includes a wide diversity of research excellence at the UOULU. In 
the focus area of ‘Sustainable materials and systems’ the research contributes to the sus-
tainable and responsible use of natural resources by creating smart solutions that are based 
on and combine our expertise in different fields. These range from fundamental materials 
science to the production and use of superior materials and (bio)catalytic systems, bioeco-
nomics and circular economics, cleantech, ICT, and open data solutions. In the focus area 
of ‘Changing climate and northern environment’, researchers are seeking to understand 
near-Earth space, the Earth’s atmosphere and the Earth’s changing environment. Research 
is primarily conducted in the Faculty of Science, Faculty of Technology and Faculty of In-
formation Technology and Electrical Engineering.

I wish to warmly thank all researchers on the strategic projects for their excellent 
work in the period 2017– 2020.

Bjørn Kløve, Professor
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1. Promoting multidisciplinary 
research and communality
A key task for the Kvantum Institute is to promote and coordinate multidisciplinary re-
search across faculties and research units. Promoting multidisciplinary research is realised 
through high-level seminars and other events that bring researchers together and activate 
networking and cooperation between research groups, faculties and focus institutes. From 
2017–2020, we organised, or co-organised over 30 events. The topics were truly multidis-
ciplinary, ranging from the microbiomes we breath to the space climate. The events were 
open to everyone in the university community and were organised as part of R3 (Rapid 
Research Radicals) activities in the UOULU’s Tellus Linnanmaa environments.  

Promoting research excellence in the UOULU’s focus areas is a way to strengthen 
the research groups and the university’s profile. Recruiting talented post-docs and PhD 
students via Kvantum projects provides the basis to grow and develop. Working on the 
strategic projects provides peer support and ways to access scientific networks both at the 
UOULU and internationally. The strategic projects also have broad international collabo-
ration with universities and other research institutions, for example, in the use of research 
infrastructures. 

The Kvantum Institute also actively participated in preparing multidisciplinary fund-
ing applications, coordinating project cooperation and supporting university management 
with knowledge on ongoing research and scientific experts from our current and past pro-
ject base. During the project period, we applied funding for Arctic Interactions programme 
that was highly ranked by the Academy of Finland (AoF) and received funding of around 
EUR 3 million.

New infrastructure supporting polar middle atmosphere research and research 
collaboration. Comments from spearhead project Mesospheric Monitoring of Ozone 
(MeMO) PI THOMAS ULICH, Head of Observations, Sodankylä Geophysical 
Observatory (see page 21)

In support of the Kvantum spearhead project 
Mesospheric Monitoring of Ozone (MeMO), 
the British Antarctic Survey (BAS) deployed its 
microwave radiometer at the Sodankylä Space 
Campus. The instrument had previously oper-
ated at BAS’ Halley VI research base in Antarc-
tica. The radiometer enables us to gain a better 
understanding of the chemistry and physics of 
the polar middle atmosphere, from 35–90 km 
above the ground, and how it affects climate. It 
is a highly valuable and welcome contribution to 
the MeMO project, which will make the Sodanky-
lä Space Campus a reference location for mid-
dle-atmospheric observations of ozone, nitric 
oxide and other trace gases. This allows us to 
validate the results from the MeMO-developed, 
simple ozone radiometer with those of a highly 
sophisticated instrument. While the MeMO 
observations will lack temporal resolution, their 
cost is low enough to deploy them at many loca-
tions covering large geographic areas.

“

The radiometer is built around an incredibly 
sensitive superconducting detector that 
works at a temperature of 4K (-269°C), which 
requires liquid Helium cooling.



2. Supporting multidisciplinary 
research projects 
The Kvantum Institute improves the quality of multidisciplinary research by funding four-
year research projects that have been selected based on international assessments. Kvantum 
projects from the period 2017–2020 are presented in this report. 12 projects were selected to 
Kvantum through international assessment conducted in 2017. Kvantum provided funding 
for 12 post-doctoral researchers and 17 doctoral students. A total of around 75 researchers 
worked in research groups related to Kvantum projects from 2017–2020.  

The Kvantum also funds “Emerging projects”, aimed at promising and talented young 
researchers. The Emerging projects programme was launched in 2018 by the UOULU and 
is targeted at projects led by starting group leaders who develop an association between 
their own emerging research and a top research project in a related focus area. Four-year 
doctoral student positions (with partial funding) are allocated to each project. Five projects 
received funding and the funding period for doctoral students is 2018–2022. The projects’ 
interim reports are presented below. 12 researchers worked on emerging projects.

From 2017–2020, the researchers published a total of 230 articles in scientific peer-re-
viewed journals. The projects actively applied for competitive funding. 12 new Academy of 
Finland projects and three EU projects were funded. In addition, a few new projects started 
that were funded from national sources.

Table 1. Key figures of Kvantum projects from 2017-2020 (note: the figures indicate activities on
the Kvantum projects, not only researchers funded by Kvantum)

As part of the UOULU’s strategy for building a responsible and sustainable society, it 
was assessed how the Kvantum’s projects research relates to the United Nations Sustaina-
ble Development Goals (SDGs). The SDGs that most relate to the Kvantum projects reflect 
the UOULU’s focus areas of ‘Changing climate and northern environment’ and ‘Sustain-
able materials and systems’, represented by the Kvantum. The most common SDG-related 
themes were Climate Action (SDG 13) and Life on Land (SDG 15). In addition, Good Health 
and Wellbeing (SDG 3) and Industry, Innovation and Infrastructure (SDG 9) were linked 
several projects.

Key figures of the Kvantum research projects 
Spearhead projects 12
Emerging projects 5
Number of researchers involved in projects research activities 87 
Number of publications (directly related to research on Kvantum projects) 230
Number of doctoral defences 10
New competitive funding projects related to Kvantum projects (AoF and EU) 15

2 1

4

1

2 1

1

1 1

1

6

United Nations Sustainable Development Goals and Kvantum projects connected to a goal
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The focus to sustainability - principal investigator’s view to sustainable 
development. Professor MEHDI BENNIS, Resource optimization for context-
aware smart cities (SAFARI) project (see page 23). 

Future smart cities – are they automatically also the cities of sustainable 
development? 

Smart cities and sustainability are two faces of the same coin, now more than ever 
after the COVID19 pandemic. I like to call them cognitive cities inspired from human 
cognition to better reflect the smartness in Smart cities. The goal is to leverage the 
vast amount of data coming from a plethora of multimodal sensors to optimize a 
multitude of operations ranging from city planning, transport/mobility, modular infra-
structure (for shared services), logistics, and livelihoods and much more. And all this 
should be carried out while being cognizant of citizens’ privacy and the limited nature 
of our resources. 

What do you think are the key factors in sustainable city development in your 
research field? 

Leveraging advances in AI, robotics, AR/VR, metamaterials and beyond 5G/6G con-
nectivity (+others) will be instrumental in enabling the vision of a cognitive/sustaina-
ble city. A cognitive city will be more resilient, efficient, and sustainable based 
on sensing, understanding, and swiftly addressing environmental and societal 
challenges.

“

“



Project description  
CAESAR aims to improve our understanding of space-related factors that are ultimately, 
but not necessarily directly, controlled by solar activity. In addition to direct factors like 
solar electromagnetic radiation (total and spectral irradiance), these factors include particle 
radiation, in particular solar wind particles that are known to affect the polar and high-lat-
itude atmosphere and surface climate at interannual to decadal timescales. This topic is 
highly relevant because the climate at high latitudes, especially in the Arctic, is quite var-
iable and extremely vulnerable to external and internal forcings. Moreover, the dramatic 
changes in solar magnetic activity during the recent decades enhances the acuteness and 
importance of these this research. In addition to the long-term change, the Arctic climate 
shows large year-to-year variability, which is demonstrated during the winter season as the 
leading northern-hemisphere pattern called the Northern Annular Mode (NAM) and its 
Atlantic part, the North Atlantic Oscillation (NAO). These are hemispheric-scale patterns of 
air circulation, which arise from internal atmospheric dynamics and dominate the winter-
time climate in the Northern hemisphere. Caesar aims to study whether and how the solar 
wind related particle precipitation can affect the winter climate in the Arctic. 

Key words: Space climate, solar activity, long-term change, solar effects to atmosphere 
and climate 
 
Results and impact  
We have studied the effect of energetic particle precipitation (EPP) to Northern hemisphere 
winter climate variability. EPP is known to enhance the formation of NOx molecules in the 
upper mesosphere, which are transported downward into the stratosphere during winter. 
There they catalytically destroy ozone and thereby affect atmospheric temperature and 
dynamics. However, the detailed mechanisms and conditions when and how this happens 
have been unclear. Using various long-term climate datasets, we studied the connection 
between EPP and atmospheric dynamics and found that enhanced EPP causes a strong, 

2.1. Strategic spearhead research projects 2017-2020

2.1.1. Climate and atmospheric effects of the Sun in Arctic regions 
(CAESAR)

Responsible Principal Investigators (PIs) 

KALEVI MURSULA, Professor Emer., 
Space Physics and Astronomy, Faculty of 
Science, UOULU, 2017-06.2021

TIMO ASIKAINEN, Associate Professor  
(Tenure Track), Space Physics and Astronomy, 
Faculty of Science, UOULU, 07.2021-2022

Other project PIs and researchers  
Timo Asikainen, Associate Professor (Tenure Track), Ilya Usoskin, Professor, 
Ville Maliniemi, Postdoctoral Researcher, Antti Salminen, Doctoral Student

University’s focus area, where the project is related to: 
Changing climate and northern environment
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significant response in the polar stratosphere during winter, which is seen as a strong polar 
vortex, a westerly wind that circulates the pole during winter. Changes in polar vortex 
are also reflected to ground weather, e.g., the North Atlantic Oscillation, which influences 
the winter weather in large parts of Eurasian and North American continents. We found 
that this EPP effect is dramatically modulated by the level of planetary wave activity prop-
agating from the troposphere to the stratosphere. Our results help to better understand the 
EPP effect and its joint effects with planetary waves.  

We also discovered that EPP greatly influences the occurrence of wintertime break-
ings of the polar vortex, so-called sudden stratospheric warmings (SSW), which have 
long-lasting (i.e., several weeks) effects on the winter weather in large parts of the Northern 
Hemisphere. We found that, during the easterly phase of equatorial stratospheric winds, 
low EPP level is strongly associated with the occurrence of SSWs. This is a very important 
result for practical purposes, because SSWs are extremely influential for ground winter 
weather, and predicting their occurrence has a huge stake. EPP level and QBO phase be-
have in predictable ways over the solar cycle time scale, which potentially allows improved 
prediction of SSW-type winters years beforehand.  

We have made advances for improved modeling of EPP effects on climate. We pro-
duced a novel homogenized composite data series using historical POES satellite data from 
1979 to present. This was coupled to numerical models of atmospheric ionization and used 
as input in a large-scale climate model intercomparison experiment, which aimed at clar-
ifying the level of NOx molecules produced by the ionization, and how it compares with 
measurements of NOx amounts. This work forms the first step towards incorporating our 
unique EPP dataset into climate models thereby allowing improved modeling capability to 
study the EPP influences.  

Results of CAESAR clarify the role of solar-wind driven EPP as a natural driver of 
wintertime climate variability in the Northern hemisphere. The results have shown that 
EPP can have a significant influence on interannual variation of winter weather, and that 
these influences offer a potential for a long-term prediction of winter climate/weather var-
iability. This will have obvious practical relevance for any field of society that is dependent 
on weather, e.g. energy consumption, transport, and agriculture.  Since CAESAR results 
clarify natural climate variability, they may also influence and be included in the contents 
of future IPCC reports, which would have a significant impact on policy measures.

  
Top five publications   
Asikainen, T., A. Salminen, V. Maliniemi and K. Mursula, Influence of enhanced planetary wave activity on 
the polar vortex enhancement related to energetic electron precipitation, Journal Geophysical Research: 
Atmospheres, 125, e2019JD032137, 2020. https://doi.org/10.1029/2019JD032137 
Salminen, A., T. Asikainen, V. Maliniemi and K. Mursula, Dependence of sudden stratospheric warmings on 
internal and external drivers, Geophysical Research Letters, 47, e2019GL086444, 2020. 
https://doi.org/10.1029/2019GL086444 
Asikainen, T., New homogeneous composite of energetic electron fluxes from POES satellites: 2. In-
ter-calibration of SEM-1 and SEM-2 instruments for the telescope viewing direction, J. Geophys. Res. 
Space Phys., 124, 5761– 5782, 2019. https://doi.org/10.1029/2019JA026699 
Salminen, A., T. Asikainen, V. Maliniemi and K. Mursula, Comparing the effects of solar-related and terres-
trial drivers on the northern polar vortex, J. Space Weather Space Clim., 10, 56, 2020.  
https://doi.org/10.1051/swsc/2020058 
Golubenko, K., E. Rozanov, I. Mironova, A. Karagodin, I. Usoskin, Natural Sources of Ionization and Their 
Impact on Atmospheric Electricity, Geophys. Res. Lett., 47, e2020GL088619, 2020.  
https://doi.org/10.1029/2020GL088619  

https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2019JD032137
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2019GL086444
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2019JA026699
https://www.swsc-journal.org/articles/swsc/full_html/2020/01/swsc200033/swsc200033.html
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2020GL088619


The research of this project supports the following United Nations Sustainable Development Goal:
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2.1.2. Diversity of species interactions: a missing key for 
understanding biodiversity in a changing world

 

Project description  
Coevolution among species via species interactions is the major driving force of biodiver-
sity. Yet, the concept of and metrics to estimate species interactions is largely missing from 
biodiversity studies. The project had two major aims. First, our goal was to create a novel 
community diversity index and second, we aimed to estimate a species-specific characteris-
tic, which describes species competitive – facilitative interaction abilities. The association of 
this new metric with species capability to adapt to global changes was then examined. We 
used long-term and geographically comprehensive passerine breeding bird and moth data. 
We used a state-of-the-art statistical modelling technique, Joint Dynamic Species Distribu-
tion Modelling, in extracting species associations from the survey data. 

Key words: species interactions, biodiversity, climate change, global change, species 
distribution modeling, macroecology, community ecology, human disturbance, 
anthropogenic disturbance, boreal ecosystem

Results and impact 
According to the results from the project, birds belonging to the family Paridae (tits), all of 
which are forest-dwelling, can be used as an indicator of total abundance of forest birds. 
A positive association between abundance of tits and abundance of other forest birds was 
found both in Finland and France, but the relationship was stronger in Finland, suggesting 
that tits are a better indicator of forest bird abundance in Northern than in western Europe. 
The possibility to use tits as indicators of forest bird abundance suggests that many forest 
birds use tit abundance as a cue in breeding habitat selection. Such an informed breeding 
habitat selection has consequences for the distribution of animals in space, and on the asso-
ciations and interactions among individuals. In a theoretical analysis, we predicted that the 
spatial distribution of individuals deviates from the so-called ideal free distribution – theory 
of the ideal free distribution being one of the bedrock theories in ecology – if acquisition of 
information is costly. Information acquisition can be assumed to be costly in general, which 
is why the ideal free distribution should not be a baseline expectation in ecological studies.

The project also studied how particular species are associated with other species 
among communities. This research suggests that the whooper swan (Cygnus cygnus) is neg-

Responsible Principal Investigators 

JUKKA FORSMAN, Senior Research Fellow, Ecology and Genetics, Faculty of Science, 
UOULU, 2017-2018

SAMI KIVELÄ, Academy Research Fellow, 
Ecology and Genetics, Faculty of Science, 
UOULU, 2018-2020

Other project PI
James Thorson, PhD, 
National Marine Fisheries Service, NOAA, 
Seattle, USA

Other project researchers  
Maximilian Vollstädt, Postdoctoral Researcher
Jere Tolvanen, Postdoctoral Researcher 
Mira Kajanus, Doctoral Student

University’s focus area, where the project is related to: 
Changing climate and northern environment



atively associated with other water birds in the duckling stage, while other water birds are 
generally positively associated with each other in the duckling stage. The negative associa-
tion of the whooper swan ducklings with ducklings of other water bird species is consistent 
with the hypothesis that the whooper swan is aggressive towards other water bird species 
during the breeding time and may so exclude other species from sites that it occupies. This 
result highlights the importance of species interactions for the assembly of water bird 
communities, which has also applied significance because many water birds are important 
game species.

The project still continues, and we can expect results that have importance and rele-
vance for nature conservation and game species management. 

Top five publications 
Forsman JT, Kivelä SM (2021). Evolution of searching effort for resources: a missing piece of the puzzle in 
the ideal free distribution paradigm. Oikos. https://doi.org/10.1111/oik.08202
Tolvanen J, Kivelä SM, Doligez B, Morinay J, Gustafsson L, Bijma P, Pakanen V-M, Forsman JT (2020). 
Quantitative genetics of the use of conspecific and heterospecific social cues for breeding site choice. 
Evolution 74: 2332–2347. https://doi.org/10.1111/evo.14071 
Thorson JT (2019). Guidance for decisions using the Vector Autoregressive Spatio-Temporal (VAST) 
package in stock, ecosystem, habitat and climate assessments. Fisheries Research 210: 143–161. 
https://doi.org/10.1016/j.fishres.2018.10.013
Thorson JT, Munch SB, Swain DP (2017). Estimating partial regulation in spatiotemporal models of com-
munity dynamics. Ecology 98: 1277–1289. 
https://esajournals.onlinelibrary.wiley.com/doi/10.1002/ecy.1760 
Mönkkönen M, Devictor V, Forsman JT, Lehikoinen A, Elo M (2017) Linking species interactions with phy-
logenetic and functional distance in European bird assemblages at broad spatial scales. Global Ecology 
and Biogeography 26: 952–962. https://onlinelibrary.wiley.com/doi/full/10.1111/geb.12605 

The research of this project supports the following 
United Nations Sustainable Development Goal:
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https://onlinelibrary.wiley.com/doi/10.1111/oik.08202
 https://onlinelibrary.wiley.com/doi/10.1111/evo.14071
https://www.sciencedirect.com/science/article/abs/pii/S0165783618302820?via%3Dihub
https://esajournals.onlinelibrary.wiley.com/doi/10.1002/ecy.1760
https://onlinelibrary.wiley.com/doi/full/10.1111/geb.12605


Responsible Principal Investigators 

MARKKU ORELL, Professor, Ecology and Genetics, Faculty of Science, UOULU, 2017-2019

SEPPO RYTKÖNEN, University Lecturer, Ecology and 
Genetics, Faculty of Science, UOULU, 2019-2020

Other project researchers  
Panu Välimäki, Postdoctoral Researcher 
Coen Westerduin, Doctoral Student
Emma Vatka, Coordinator 
Marko Mutanen, Senior Curator
Sami Kivelä, Academy Research Fellow
Veli-Matti Pakanen, University Teacher
Netta Keret, MSc, Doctoral Student

University’s focus area, where the project is related to: 
Changing climate and northern environment

2.1.3. Ecology and evolution in trophic interactions in changing 
boreal forest habitats

Project description
The project focused on temporal variation in seasonality and consequent changes in the 
selection regime within a boreal forest food chain. We studied the following tri-trophic 
system: (1) the birch and (2) associated folivorous insects, (3) insectivorous birds. We aimed 
at revealing the roles of phenotypic plasticity within and between generations as well as 
indirect genetic effects on the adaptation of wild animal populations to changing environ-
ment. We utilized the unique long-term data of individually marked birds and extensive 
life-history data on moths. In addition, we have access to the nationwide data on weather 
parameters that define the seasonality, phenology and abundance of nocturnal moths and 
leaf succession of deciduous trees. In research, we applied experimentation, state-of-the-
art quantitative genetics and metabarcoding. We quantified both selection agents that act 
on phenotypes and evolutionary potential in life history traits. These were used to produce 
predictions of evolutionary trajectories for traits affecting adaptation within a trophic level, 
and its implications for trophic interactions that define ecosystem function.

Key words: climate change, boreal food chain, adaptation, additive genetic variance, 
indirect genetic effects, phenotypic plasticity, long-term data, experimentation, ther-
mal sensitivity, quantitative genetics, metabarcoding, birch, folivorous moths, birds

Results and impact
We showed that an important life-history trait, timing of breeding, of two northern passer-
ines showed low level of evolutionary potential. This means that their responses to warm-
ing climate do not promote microevolution but show phenotypic plasticity without genetic 
changes. This finding is important when we consider the possibilities how wild animals 
adapt to the changing environment and warming climate. If they don’t have enough evo-
lutionary potential, local extinctions are inevitable. This kind of case studies form the very 
important network of studies that can find generality for this crucial question.

We developed a new DNA-metabarcoding method in analyzing both the consumed 
and the available prey species of insectivorous passerines, which has good potential for fur-
ther use and applicability in many corresponding studies. The diet analyses of insectivorous 
passerines by using DNA-metabarcoding methodology revealed an unexpectedly diverse 
prey species lists, consisting mostly of Lepidoptera moths. The more detailed ecological 
analysis is ongoing and will give new insight to the roles of interspecific competition and/



or resource partitioning among the ecologically similar species – a key question for under-
standing the mechanisms behind the changes in community structures due to northward 
shift of flora and fauna caused by the warming climate.

The results of our project are based on an internationally important long-term data 
of individually marked birds collected for decades. This is the only way to get insight to the 
effects of climate warming and environmental change on the ecology and evolution of wild 
animals. 

Societal importance and applicability of the results have a lot of potential for wide use 
in solving various kinds of practical environmental issues, e.g., in sustainable land use plan-
ning, practical nature conservation and monitoring of changing landscape structure and 
species distributions. Predicting how ecosystems respond to environmental change enables 
global and local economics and politics to make informed decisions regarding the manage-
ment of natural resources that provide the very basis of human well-being.

Top five publications 
Vatka E, Orell M, Rytkönen S & Merilä J (2020). Effects of ambient temperatures on evolutionary potential 
of reproductive timing in boreal passerines. Journal of Animal Ecology. 
https://doi.org/10.1111/1365-2656.13370
Keret N, Mutanen M, Orell M, Itämies J & Välimäki P (2020). Climate change-driven elevational changes 
among boreal nocturnal moths.  Oecologia 192: 1085–1098. 
https://dx.doi: 10.1007/s00442-020-04632-w
Rytkönen S, Vesterinen EJ, Westerduin C, Leviäkangas T, Vatka E, Mutanen M, Välimäki P, Hukkanen M, 
Suokas M, Orell M (2019). From feces to data: a metabarcoding method for analyzing consumed and avail-
able prey in a bird-insect food web. Ecology and Evolution 9:361-369. https://doi.org/10.1002/ece3.4787
Kivelä S, Viinamäki S, Keret N, Gotthard K, Hohtola E & Välimäki P (2018). Elucidating mechanisms for 
insect body size: partial support for the oxygen-dependent induction of moulting hypothesis.  Journal of 
Experimental Biology 221(2). http://dx.doi.org/10.1242/jeb.166157
Meister H, Esperk T, Välimäki P, Tammaru T (2017). Evaluating the role and measures of juvenile growth 
rate: latitudinal variation in insect life histories.  Oikos 126 (12). http://dx.doi.org/10.1111/oik.04233

The research of this project supports the following United Nations Sustainable Development Goals:
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https://doi.org/10.1111/1365-2656.13370
https://link.springer.com/article/10.1007%2Fs00442-020-04632-w
 https://onlinelibrary.wiley.com/doi/10.1002/ece3.4787
https://journals.biologists.com/jeb/article/221/2/jeb166157/20438/Elucidating-mechanisms-for-insect-body-size
https://onlinelibrary.wiley.com/doi/10.1111/oik.04233


Responsible Principal Investigator 
JUHA VAARA, Professor, NMR Research Unit, Faculty of Science, UOULU

Other project researchers  
Sanna Komulainen, Postdoctoral Fellow
Vladimir Zhivonitko, Associate Professor (Tenure Track) 
Pär Håkansson, Postdoctoral Fellow
Anne Selent, Postdoctoral Fellow
Maryam Arianpouya, Doctoral Student
Yashu Kharbanda, Doctoral Student
Ben Tickner, Postdoctoral Fellow
Nazmul Hossain, Doctoral Student
Jyrki Rantaharju, Doctoral Student
Shubham Agarwal, Doctoral Student
Sharif Ullah, Doctoral Student
Akseli Mansikkamäki, Postdoctoral Fellow
Anand Chekkottu Parambil, Doctoral Student

University’s focus area, where the project is related to: 
Sustainable materials and systems

2.1.4. Frontiers of materials NMR 

Other project Pls
Ville-Veikko Telkki, Professor,
NMR Research Unit,
Faculty of Science, UOULU

Perttu Lantto, Senior Research Fellow,
NMR Research Unit,
Faculty of Science, UOULU

Anu Kantola, Senior Research Fellow,
NMR Research Unit,
Faculty of Science, UOULU

Project description 
In the project we developed experimental, theoretical and computational research meth-
ods based on magnetic resonance phenomena and applied the methods to topical problems 
in molecular and materials sciences. The project topics were a) ultrafast multidimensional 
Laplace NMR, in which spatial encoding is used to correlate dynamic properties such as  
T1/2 relaxation times and molecular diffusion to achieve unforeseen speed and applica-
tions potential in the chemical resolution and dynamics in macromolecular systems; b) 
nuclear magneto-optic spectroscopy to combine nuclear site-specific information similar 
to but also adding to that of NMR; c) theory of paramagnetic NMR, in which we developed 
quantum-chemical methodology for the NMR parameters (nuclear shielding, spin-spin 
coupling and relaxation times) of electronically open-shell molecules and materials; and 
d) computational NMR of materials systems, where we developed and applied molecular 
modelling (quantum chemistry and molecular simulation) to assign, analyse, and predict 
the NMR spectral parameters of complex materials. 

Keywords: Natural Sciences, environment, physical sciences 

Results and impact 
We improved the efficiency and sensitivity of multidimensional relaxation and diffusion 
experiments by developing ultrafast Laplace NMR experiments and combining them 
with modern nuclear spin hyperpolarization techniques and exploited the methodology in 
multidisciplinary applications ranging from materials science to biochemistry and climate 
research. We developed and applied methods for the calculation of nuclear magnetic reso-
nance spectra of molecules and solids that contain unpaired electrons. In particular, relativ-
istic effects, environmental and thermal effects, the couplings between nuclei, and the so-
called point dipole approximation were focused on. The latter renders it possible to calculate 
very large systems. In addition, we developed method for calculating the frequency shifts as 
well as spin polarization transfer taking place in spin-exchange optical hyperpolarization 
processes. We have shown a proof-of-concept for increasing the signal strength in a new 
emerging NMOS methods. The work is of basic research type with plenty of applications 
in applied materials studies as well as the high-precision measurements of fundamental 
physics.  



Methods developed in this project open new avenues in research by enabling further 
physical processes to be studied by this technique, as well as detailed analysis and predic-
tion of the results. In the long run these methods contribute to the development of sustain-
able materials, improved health care methods, investigation of items belonging to cultural 
heritage, and improved understanding of fundamental physics phenomena.  

Top five publications 
Jyrki Rantaharju, Matti Hanni, and Juha Vaara: Polarization transfer in a spin-exchange optical pumping 
experiment, Physical Review A, 102, 032813 (2020). DOI: 10.1103/PhysRevA.102.032813
Otto Mankinen, Vladimir V. Zhivonitko, Anne Selent, Sarah Mailhiot, Sanna Komulainen, Nønne L. Prisle, Su-
sanna Ahola, and Ville-Veikko Telkki: Ultrafast Diffusion Exchange Nuclear Magnetic Resonance, Nature 
Communications, 11, 3251 (2020). DOI: 10.1038/s41467-020-17079-7
Muhammad Asadullah Javed, Susanna Ahola, Pär Håkansson, Otto Mankinen, Muhammad Kamran Aslam, 
Andrei Filippov, Faiz Ullah Shah, Sergei Glavatskih, Oleg. N. Antzutkin, and Ville-Veikko Telkki: Structure 
and dynamics elucidation of ionic liquids by multidimensional Laplace NMR, Chemical Communica-
tions, 53, 11056-11059 (2017). DOI: 10.1039/C7CC05493A
Petr Štěpánek, Anu M. Kantola: Low-concentration measurements of nuclear spin-induced optical rota-
tion using SABRE hyperpolarization, Journal of Physical Chemistry Letters, 10, 5458-5462 (2019). 
https://doi.org/10.1021/acs.jpclett.9b02194
Petri Peuravaara, Jouni Karjalainen, Jianfeng Zhu, Jiří Mareš, Perttu Lantto, and Juha Vaara: Chemical shift 
extremum of 129Xe(aq) reveals details of hydrophobic solvation, Scientific Reports, 8, art. no. 7023 (2018).  
DOI: 10.1038/s41598-018-25418-4
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https://www.nature.com/articles/s41467-020-17079-7
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2.1.5. Impact of extreme weather events in the Arctic on 
technological system, critical facilities and urban environment 
(ARCEMIS)

Responsible Principal Investigator 

ELENA KOZLOVSKAYA, Professor, 
Oulu Mining School (OMS), 
Faculty of Technology, UOULU

Other project Pl
Esa Muurinen, Docent, 
Environmental and Chemical Engineering, 
Faculty of Technology, UOULU

Other project researchers  
Jarkko Okkonen, Postdoctoral Researcher, 
OMS, Faculty of Technology. 
At present, Seniour Researcher at the Geological 
Survey of Finland  

Nikita Afonin, Doctoral Student, 
OMS, Faculty of Technology
 
Taewook Kim, Doctoral Student, 
Environmental and Chemical Engineering, 
Faculty of Technology 

Kari Moisio, Senior Researcher,
OMS, Faculty of Technology

University’s focus area, where the project is related to: 
Changing climate and northern environment

Project description 
Despite measures taken to reduce emission of greenhouse gases to the atmosphere, the 
processes initiated by climate change and their negative consequences cannot be stopped 
immediately.  Among such consequences is rapid warming of the Arctic that results in 
occurrence of extreme weather or climate events. They can be very unexpected and haz-
ardous for buildings and roads in the urban environment and for such critical facilities as 
mining waste storage facilities, dams, underground communication lines and pipes, wind 
mills etc. On the other hand, rapid warming of the Arctic attracts more businesses and 
activities to the area. Particularly mining activities are expanding in Finland as well as in 
other Arctic countries due to increased need of minerals. Development of these activities 
can have a positive effect on local communities (for example, job creation, common infra-
structure development). However, mining in the Arctic climate conditions is a risky and 
challenging task and without proper planning and control can result in negative impacts on 
both the environment and local communities. The main target of our project was to in-
crease amount of knowledge about impact of climate variability and change, in particular, 
of extreme weather events on the environment and infrastructures and about their possible 
consequences for society, communities and individuals in the Arctic.  
 
Results and impact 
The ARCEMIS project aimed to investigate the phenomenon of frost quakes that are caused 
by extreme weather conditions in the Arctic and sub-Arctic areas. These unexpected 
weather conditions can initiate massive fracturing of water-saturated soil and rock as water 
has suddenly frozen and expanded. Fractures in frozen soils (frost quakes) can cause dam-
age to buildings and other infrastructure, but their formation mechanisms remain poorly 
understood. A proposed mechanism for frost quakes is when liquid water trapped within 
pores of saturated soil freezes and expands due to a rapid decrease in atmospheric temper-
ature followed by a sudden decrease in soil temperature. This expansion of the freezing 
water increases the stress within in the soil, which can be released quickly in an explosive 



way. Based on this conceptual idea, we developed a method that can be used to predict the 
timing of frost quake. This method is based on calculating thermal stress due to intrusion of 
cool air in soil and comparing the results of calculated thermal stress to strength of the soil. 
The results of the project can be used to predict occurrence of such events and minimize 
their destructive effect on urban infrastructures and industrial facilities. 

Top five publications
Okkonen, J., Neupauer, R. M., Kozlovskaya, E., Afonin, N., Moisio, K., Taewook, K., Muurinen, E. (2020). 
Frost quakes: Crack formation by thermal stress. Journal of Geophysical Research: Earth Surface, 125, 
e2020JF005616. https://doi.org/10.1029/2020JF005616  
Pavlenko, O., Kozlovskaya, E. (2018). Characteristics of radiation and propagation of seismic waves in the 
northern Finland estimated based on records of local earthquakes. PAGEOPH. 
https://doi.org/10.1007/s00024-018-1919-5
Afonin, N., Kozlovskaya, E., Narkilahti, J., Nevalainen, J., 2019. Improving quality of empirical Greens func-
tions, obtained by cross-correlation of high-frequency ambient seismic noise, Solid Earth, 10, 1621–1634, 
https://doi.org/10.5194/se-10-1621-2019
Afonin, N., Kozlovskaya, E., 2020. Development of events detector for monitoring cryoseisms in upper 
soils, EGU General Assembly 2020, online, 4–8 May 2020, EGU2020–EGU7744.  
https://doi.org/10.5194/egusphere-egu2020-7744
Afonin, N; Kozlovskaya, E; Heinonen, S; Buske, S., 2021. Near-surface structure of the Sodankyla area in 
Finland, obtained by passive seismic interferometry. Solid Earth, 12, 1563–1579, 
https://doi.org/10.5194/se-12-1563-2021

The research of this project supports the following United Nations Sustainable Development Goal:
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2.1.6. Impact of mining on the rate of molecular aging in Arctic wildlife

Responsible Principal Investigator
PHILLIP WATTS, Professor, Ecology and Genetics, Faculty of Science, UOULU, 

since 2020 Department of Biological and Environmental Science, University of Jyväskylä 

Other project researchers at Ecology and Genetics research unit, Faculty of Science, UOULU 
Eugene Tukalenko, Postdoctoral Researcher

Anton Lavrinienko, Doctoral Student
Ilze Brila, Doctoral Student

University’s focus area, where the project is related to: 
Changing climate and northern environment

Project description 
This project quantified some key molecular signatures (e.g., telomere and mitochondrial 
homeostasis) associated with inhabiting areas containing elevated levels of metals, released 
through mining activities, in Arctic field sites. The project also examined the potential for 
variation in metal pollution to affect gut microbiota (host-associated bacteria inhabiting 
the gastrointestinal tract) composition and infection status. The principle model species is a 
small rodent, the bank vole Myodes glareolus. 

Keywords: telomere, cellular stress, ecotoxicology, immunity, microbiota, amplicon 
sequencing  

Results and impact 
We studied the bank vole Myodes glareolus, a small rodent that is common in mixed forest 
and woodland areas of much of northern Europe. This small mammal lives in burrows in 
the ground where it may be exposed to metal pollution derived from mining activities. We 
measured the lengths of telomeres, the protective ends of chromosomes, and damage to 
mitochondrial DNA in our study animals, as these are widely-used biomarkers of the rate 
of ‘molecular ageing’. We found few consistent impacts on telomere length and damage 
to mitochondrial DNA in bank voles inhabiting areas with elevated levels of metals (and 
metalloids), reflecting the relatively low level of metal uptake in bank vole tissues. None-
theless, exposure to chronic, low level metal pollution (total metal load, and specifically 
the elements Cd, Hg, Pb and Se) was found to impact the gut microbiota (the community 
of microbes residing within the gut, principally bacteria) and these changes are associated 
with the probability of infection/co-infection by certain pathogens. These data indicate 
how exposure to low levels of pollution derived from mining activities can elicit a change in 
the mammalian gut microbiota, and potentially affect wildlife health. 

Our data imply that low level metal pollution derived from mining activities does not 
have a major impact on telomere length and integrity of mitochondrial DNA in terrestrial 
wildlife. By contrast, exposure to low levels of specific metals can associated with a change 
in the animal gut microbiota. We also identified moderate effects of infection on bank vole 
gut microbiota, with a difference between animals that had one infection and those with 
multiple infections. The mechanisms behind these impacts on gut microbiota should be 
explored further in wildlife to improve biodiversity conservation, and possibly also to act as 
a model to understand how exposure could affect human gut health.

Top publication
Brila I, Lavrinienko A, Tukalenko E, Ecke F, Rodushkin I, Kallio ER, Mappes T, Watts PC (2021) Low-level 
environmental metal pollution is associated with altered gut microbiota of a wild rodent, the bank vole 
(Myodes glareolus). Science of the Total Environment, 790, 148224.  
https://doi.org/10.1016/j.scitotenv.2021.148224

https://www.sciencedirect.com/science/article/pii/S0048969721032952?via%3Dihub


2.1.7. Loss of ice in the Arctic system: geological perspective of 
global environmental change

Project description 
The research group’s task was to study the role of the glaciated high latitude areas as a part 
of the Earth system in order to setting boundary conditions for future climate and environ-
mental change. The research group owns expertise of the Eurasian Arctic ice-sheet distri-
bution and ice streaming during melting episodes in the Arctic land environment as well 
as successfully use mineralogical, including clay and heavy minerals, radiogenic isotope 
proxies and other source area fingerprints in sediments for study sediment distribution and 
meltwater releases in the Arctic marine environment. 

Keywords: Arctic, sea ice, glacier ice, sediment, mineralogy, geochemistry, isotopes, 
paleoclimate, environment  

Results and impact 
This project was a part of a wider scientific venture through the International Arctic Sci-
ence Committee (IASC) endorsed international network programme PAST Gateways (Pal-
aeo-Arctic Spatial and Temporal Gateways) and its follow-up research network programme 
PalaeoArc. New sediment geochemistry and varietal mineral geochemical data has been 
generated in this project to evaluate past glacial dynamics and events such as loss of ice and 
related meltwater releases and to understand processes behind those changes.  Research 
on past Arctic ice-sheet collapses, transitions are extremely important today when human 
effected climate change is warming the Earth, still constantly. 

Arctic ice is an important component of the Earth climate system affecting global sea 
level, ocean circulation and heat transport. The Arctic glaciers and the Arctic Ocean sea ice 
are very dynamic in response to global warming as well as affecting environmental change 
for the rest of the world. The achieved research results can be used for better planning e.g., 
future Arctic operations.

Responsible Principal Investigator 

KARI STRAND, Professor, Oulu Mining School, 
Faculty of Technology, UOULU

Other project Pl
Juha Pekka Lunkka, Professor, Oulu Mining School, Faculty of Technology, UOULU

Other project researchers  
Ninna Immonen, Post-Doctoral Researcher
Olli-Matti Kärnä, Post-Doctoral Researcher
Ekaterina Kaparulina, Doctoral Student 
Tiina Nikarmaa, Doctoral Student
Tiina Eskola, Doctoral Student
Raisa Alatarvas, Doctoral Student
Matleena Hyvärinen MSc Student
Hanna Koskinen MSc Student
Linnea Kaislo, MSc Student

University’s focus area, where the project is related to: 
Changing climate and northern environment
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Top five publications
Nikarmaa, T., Lunkka, J. P. and Putkinen, N. 2017. Factors affecting the dynamics of the North Karelian/
Oulu Ice Lobe, Central Finland, during the last deglaciation – a LiDAR and DEM interpretation of subglacial 
lineation patterns. Bulletin of the Geological Society of Finland 89, 100-120. 
https://doi.org/10.17741/bgsf/89.2.003 
Kaparulina, E., Junttila, J., Strand, K. & Lunkka, J. P., 2018. Provenance signatures and changes of the 
southwestern sector of the Barents Ice Sheet during the last deglaciation. Boreas, Vol. 47, pp. 522-543. 
https://doi.org/10.1111/bor.12293
Lunkka, J. P., Kaparulina, E., Putkinen, N. and Saarnisto, M. 2018. Late Pleistocene palaeoenvironments and 
the last deglaciation on the Kola Peninsula, NW Russia. Arktos – the Journal of Arctic Geosciences 4:18 pp.  
https://doi.org/10.1007/s41063-018-0053-z
Lunkka, J. P., Nikarmaa, T. & Putkinen, N., 2019. Baltic Ice Lake levels and a LiDAR/DEM-based estimate of 
glacio-isostatic uplift gradient of the Salpausselkä zone, SE Finland. Bulletin of the Geological Society of 
Finland 91, 119-137. https://doi.org/10.17741/bgsf/91.1.005
Lunkka, J. P., Palmu, J.-P. & Seppänen, A., 2021. Deglaciation dynamics of the Scandinavian Ice Sheet in 
the Salpausselkä zone, southern Finland. Boreas, Vol. 50, pp. 404–418. https://doi.org/10.1111/bor.12502

Ice melting from a glacier in the ice fjord in Greenland. Photo by Kari Strand.

https://www.geologinenseura.fi/sites/geologinenseura.fi/files/bulletin_vol89_2_100-120_2017_nikarmaa-etal.pdf
https://onlinelibrary.wiley.com/doi/10.1111/bor.12293
https://link.springer.com/article/10.1007%2Fs41063-018-0053-z
https://www.geologinenseura.fi/sites/geologinenseura.fi/files/bulletin_vol91_1_119-137_2019_lunkka_et_al.pdf
 https://onlinelibrary.wiley.com/doi/10.1111/bor.12502


2.1.8. Mesospheric monitoring of ozone above the polar vortex 
(MeMO)

Responsible Principal Investigator 

THOMAS ULICH, Head of Observations, 
Sodankylä Geophysical Observatory (SGO), UOULU

Other project researchers  
Jia Jia, Postdoctoral Researcher, SGO 
Emranul Sarkar, Doctoral Student, SGO
Kenneth Nilsen, Doctoral Student, SGO 
Alexander Kozlovsky, Adjunct Professor, SGO 
Pekka Verronen, Professor, 
SGO & Finnish Meteorological Institute (FMI)
Antti Kero, Assistant Professor, SGO 
Rigel Kivi, Dr, Senior Researcher, FMI 

University’s focus area, where the project is related to: 
Changing climate and northern environment
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Project description 
Both solar radiation and energetic particle precipitation from space affect the physics and 
chemistry and of the middle atmosphere. We do know that energetic electron precipitation 
destroys ozone in the mesosphere and indirectly in the stratosphere. While solar radia-
tion effects on atmospheric chemistry are quite well studied, particle effects are much less 
understood. Mesospheric ozone chemistry plays a crucial role in the dynamic of the middle 
atmosphere. The project “Mesospheric Monitoring of Ozone” (MeMO) utilises a novel meth-
od to measure ozone using standard, low-cost satellite-TV receivers. The MOSAIC receiver 
is based on the 11.07-GHz radio emission of ozone, which happens to lie in the same radio 
band as TV signals. 

Keywords: ozone, mesosphere, ionosphere, near-Earth space, space weather, 
radiometer  

Results and impact 
SGO operates more than 75 scientific instruments at 29 locations including 2 in Sweden and 
1 in Antarctica. The project makes of use of, among others, the new MOSAIC receiver, the 
Sodankylä-Leicester Ionospheric Coupling Experiment (SLICE, meteor radar), magnetome-
ters, riometers, and the Kilpisjärvi Atmospheric Imaging Receiver Array (KAIRA).

MOSAIC receiver: while stratospheric ozone shields the biosphere from harmful UV 
radiation, mesospheric ozone is important for atmospheric dynamics.  The MOSAIC receiv-
er concept provides a low-cost means to measure mesospheric ozone alas with lower accu-
racy, making large-area coverage feasible.  The relative simplicity of the instrument allows 
any interested party to build a receiver, even as a school project, and join the international 
MOSAIC network.  Due to the measurement geometry, it is possible to study ozone above 
otherwise inaccessible areas such as the Barents Sea. 

Solar Protons in the Stratosphere: During relatively infrequent Solar Proton Events 
(SPE), very high-energy protons from the Sun penetrate the Earth’s middle atmosphere.  
Earlier studies of balloon soundings of stratospheric ozone have shown effects of ozone 
depletion after SPEs.  Using Microwave Limb Sounder (MLS) satellite measurements and 
Whole Atmosphere Community Climate Model (WACCM-D) simulations, we did not see a 
statistically significant effect of SPEs in the lower statosphere.  Overall, we find a very good 
consistency between WACCM-D simulations and MLS observations. 
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Mesopause Temperature from Meteor Radars: For 2 decades, meteor radars have 
been routinely used to monitor atmospheric temperature around 90 km altitude, i.e. at or 
below the mesopause.  Traditionally this is done by fitting a linear regression model to mete-
or decay time and decay height and requires calibration with temperature observation from 
another instrument.  Compared to lidar data, meteor radar temperatures have a systematic 
offset, which is due to the inability of classic linear regression to take into account measure-
ment errors in both decay time and decay height.  Using the errors-in-variables (EIV) model, 
we obtain meteor radar temperatures independently without external calibration with 
greatly reduced systematic offset of 5 % or better on average. 

Observations and studies of the polar middle atmosphere are crucial for understand-
ing how climate change will affect the polar regions and to mitigate climate change effects. 
The mesosphere is notoriously hard to observe: it lacks ionisation and it is out of reach 
of atmospheric balloons.  The new 8-channel MOSAIC receiver is a low-cost instrument 
measuring continously mesospheric and lower thermospheric ozone. The instrument can 
be assembled in a high-school classroom.  Collaboration with schools and higher education 
institutes in circumpolar regions ensures large geographical coverage and will have a sig-
nificant impact on inspiring interest in STEM subjects in young people.

 
Top publications
Sarkar, E., Kozlovsky, A., Ulich, T., Virtanen, I., Lester, M., and Kaifler, B.: Improved method of estimating 
temperatures at meteor peak heights, Atmos.  Meas.  Tech., 14, 4157–4169, 2021. 
https://doi.org/10.5194/amt-14-4157-2021, 2021
Jia, J., Kero, A., Kalakoski, N., Szeląg, M.  E., and Verronen, P.  T.: Is there a direct solar proton impact on 
lower-stratospheric ozone?, Atmos.  Chem.  Phys., 20, 14969–14982, 2020. 
https://doi.org/10.5194/acp-20-14969-2020, 2020.
Nilsen, K., Kero, A., Verronen, P.T., Szeląg, M. E., Kalakoski, N., & Jia, J. (2021). Sensitivity of middle atmos-
pheric ozone to solar proton events: A comparison between a climate model and satellites. Journal of 
Geophysical Research: Atmospheres, 126, e2021JD034549. https://doi.org/10.1029/2021JD034549
Y. Miyoshi, K. Hosokawa, S. Kurita, S.-I. Oyama, Y. Ogawa, S. Saito, I. Shinohara, A. Kero, E. Turunen, P. T. 
Verronen, S. Kasahara, S. Yokota, T. Mitani, T. Takashima, N. Higashio, Y. Kasahara, S. Matsuda, F. Tsuchiya, 
A. Kumamoto, A. Matsuoka, T. Hori, K. Keika, M. Shoji, M. Teramoto, S. Imajo, C. Jun & S. Nakamura; Pene-
tration of MeV electrons into the mesosphere accompanying pulsating aurorae. Sci Rep 11, 13724 (2021). 
https://doi.org/10.1038/s41598-021-92611-3

Antenna array of the 8-channel 
MOSAIC using 4 TV satellite 
dishes. Photo by Jia Jia.

https://amt.copernicus.org/articles/14/4157/2021/
https://acp.copernicus.org/articles/20/14969/2020/
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2021JD034549
https://www.nature.com/articles/s41598-021-92611-3


2.1.9. Resource optimization for context-aware smart cities 
(SAFARI)

Responsible Principal Investigator 

MEHDI BENNIS, Professor, 
CWC-Radio Technologies, Faculty of Information Technology and Electrical Engineering, UOULU 

Other project researchers  
Sumudu Samarakoon, Postdoctoral Researcher 
Mohamed Abdelaziz, Doctoral Student
Hamza Khan, PhD (Doctoral Student during the project) 

University’s focus area, where the project is related to: 
Sustainable materials and systems 

Project description 
Our cities are becoming increasingly complex to optimize and manage. Optimizing these 
multi-dimensional networks over time and space warrants a fundamental paradigm shift 
from traditional centralized optimization toward self-organizing and context-aware net-
worked cities. Exploiting Intelligent Transportation systems (ITS) via vehicle-to-vehicle 
(V2V) and vehicle-to-infrastructure (V2I) communications, holds the promise of making 
our future transportation system safer, efficient, and environmentally sustainable. This pro-
ject investigated how to exploit urban analytics, computing, storage, in conjunction with 
recent advances in 5G wireless technologies to address the myriad of challenges in traffic 
safety, mobility, sustainability, and energy-efficiency.  This project was multidisciplinary 
in nature and aimed at weaving in notions from optimization theory, game theory, control 
theory, statistical physics and others whose applications will go beyond SAFARI.  

Keywords: Smart mobility, smart cities, 5G-vehicle-to-everything (V2X), 
ultra-reliability and low-latency communication (URLLC) 

Results and impact 
The research in SAFARI project has led to several publications in IEEE conference and 
journal publications. In fact, the very first application of federated learning in V2X has been 
done under this project. This has opened the new area of federated learning over wireless 
networks. I was also invited by Google to present out works in their HQ in Seattle. Moreover 
several tutorials, panels and keynotes were given. Central to the project was the graduation 
of two PhD students who were been directly and indirectly funded by SAFARI project. New 
collaborations were also enabled by this project which have led to new proposal submis-
sions. In terms of impact, our scientific outputs have not only helped address many chal-
lenges related to vehicular communication but also enabled new research areas, for e.g. in 
sustainability, resiliency and cognitive cities.

V2X as a topic is related to mobility, transport, climate change via electrification and 
how to plan smart cities of the future. The vertical of vehicular communication will contin-
ue to evolve as we transition to 6G and parts of the economy will be automated. We will be 
witnessing autonomous vehicles, fleets of trucks and lorries and so forth.  
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Top five publications
Park, Jihong; Samarakoon, Sumudu; Bennis, Mehdi; Debbah, Mérouane. Wireless Network Intelligence at 
the Edge. In Proceedings of the IEEE, vol. 107, no. 11, pp. 2204-2239, Nov. 2019. 
http://urn.fi/urn:nbn:fi-fe202002195825
S. Samarakoon, M. Bennis, W. Saad and M. Debbah, “Distributed Federated Learning for Ultra-Reliable 
Low-Latency Vehicular Communications,” in IEEE Transactions on Communications, vol. 68, no. 2, pp. 
1146-1159, Feb. 2020. http://urn.fi/urn:nbn:fi-fe202001314071
M. K. Abdel-Aziz, S. Samarakoon, C. Liu, M. Bennis and W. Saad, “Optimized Age of Information Tail for 
Ultra-Reliable Low-Latency Communications in Vehicular Networks,” in IEEE Transactions on Communi-
cations, vol. 68, no. 3, pp. 1911-1924, March 2020. http://urn.fi/urn:nbn:fi-fe202001131883
M. K. Abdel-Aziz, S. Samarakoon, M. Bennis and W. Saad, “Ultra-Reliable and Low-Latency Vehicular Com-
munication: An Active Learning Approach,” in IEEE Communications Letters, vol. 24, no. 2, pp. 367-370, 
Feb. 2020.  http://urn.fi/urn:nbn:fi-fe202001131883
M. M. Wadu, S. Samarakoon and M. Bennis, “Federated Learning under Channel Uncertainty: Joint Client 
Scheduling and Resource Allocation,” 2020 IEEE Wireless Communications and Networking Conference 
(WCNC), Seoul, Korea (South), 2020, pp. 1-6. http://urn.fi/urn:nbn:fi-fe2020102687770

The research of this project supports the following United Nations Sustainable Development Goals:

http://jultika.oulu.fi/Record/nbnfi-fe202002195825
http://jultika.oulu.fi/Record/nbnfi-fe202001314071
http://jultika.oulu.fi/Record/nbnfi-fe202001131883
http://jultika.oulu.fi/Record/nbnfi-fe202001131883
http://jultika.oulu.fi/Record/nbnfi-fe2020102687770


2.1.10. Surface-groundwater interaction in boreal peatland-esker 
systems: conceptualization of hydrogeological process, integrated 
numerical modelling and assessment of climate change

Responsible Principal Investigator 

BJØRN KLØVE, Professor, 
Water, Energy and Environmental Engineering, Faculty of Technology, UOULU 

University’s focus area, where the project is related to: 
Changing climate and northern environment 

Other project researchers  
Filip Muhic, Doctoral Student
Kashif Noor, Doctoral Student
Anna Autio, Doctoral Student
Leo-Juhani Meriö, Doctoral Student
Ali Torabi Haghighi, Associate Professor (Tenure Track)
Pertti Ala-aho, Docent
Hannu Marttila, Assistant Professor (Tenure Track)

Project description 
Hydrological conditions are expected to change rapidly in snow-influenced northern 
environments due to global warming. Snowmelt recharges groundwater storages, which 
provide a stable water source for both ecosystems and human needs, especially during dry 
spells. However, hydrological flow paths from snowmelt to streamflow via groundwater 
storage are changing which effect groundwater discharge into streams and peatlands. The 
projects combines the use of environmental traces and numerical modeling to understand 
how groundwater and surface water interact in northern ecosystems. Special focus is put 
in conceptualizing snowmelt processes with stable water isotopes, which will produce new 
information on the role of snow in the boreal hydrological regime. The work is done in col-
laboration with biogeochemical and biological research to significantly advance the holistic 
understanding of environmental change in the north.

Keywords: hydrological modeling; groundwater – surface water interaction; peatland 
hydrology; cold climate hydrology; environmental tracers  

Results and impact 
Our studies have developed new hydrological methods and analysis on global change in 
northern ecosystems. The project has improved the understanding of hydrological pro-
cesses and groundwater-surface water interaction. We have successfully applied advanced 
numerical modelling to study flows in complex ecosystems such a northern peatlands. We 
have carried out a series of detailed studies at Pallas research site to understand critical 
landscape level processes related to water availability and vegetation water use. Our work 
has advanced the understanding on northern rivers and climate change by improved analy-
sis and understanding of ice jam and flow regulation. The studies provide input and support 
to ongoing long-term assessment of climate change, biodiversity and carbon balances in the 
North. 
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Top five publications
Jaros, A., Ala-aho, P., Ronkanen, A-K., Rossi, P.M., Klöve, B., 2020. Implications of Peat Soil Conceptual-
ization for Groundwater Exfiltration in Numerical Modeling: A Study on a Hypothetical Peatland Hillslope. 
Water Resources Research, 56, e2019WR026203,  https://doi.org/10.1029/2019WR026203 
Ala-aho P, Jaros A, Bhattacharjee J, Isokangas E, Kujala K, Marttila H, Menberu M, Meriö L-J, Postila H, 
Rauhala A, Ronkanen A-K, Rossi P.M., Saari M, Torabi Haghighi A, Kløve B. What conditions favor the influ-
ence of seasonally frozen ground on hydrological partitioning? A systematic review. 2021. Environmental 
Research Reviews, 16 (4), 043008 https://doi.org/10.1088/1748-9326/abe82c 
Marttila H, Aurela M, Büngener L, Rossi PM, Lohila A, Postila H, Saari M, Penttilä T, Kløve B. 2021. Quan-
tifying groundwater fluxes from an aapa mire to riverside esker formation. Hydrology Research, 52(2), 
585–596. https://doi.org/10.2166/nh.2021.064 
Menberu, M.W., Haghighi, A.T., Ronkanen, A.K., Marttila, H. and Kløve, B., 2018. Effects of drainage and 
subsequent restoration on peatland hydrological processes at catchment scale. Water Resources Re-
search, 54(7), pp.4479-4497.  
Menberu, M.W., Marttila, H., Ronkanen, A.K., Torabi Haghighi, A. and Kløve, B., Hydraulic and physical 
properties of managed and intact peatlands: Application of the van Genuchten-Mualem models to peat 
soils. Water Resources Research, p.e2020WR028624. 

The research of this project supports the following United Nations Sustainable Development Goals:

https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2019WR026203
https://iopscience.iop.org/article/10.1088/1748-9326/abe82c
https://iwaponline.com/hr/article/52/2/585/81108/Quantifying-groundwater-fluxes-from-an-aapa-mire


2.1.11. Towards the genomic era in species identification and 
delimitation

Responsible Principal Investigator 

MARKO MUTANEN, Senior Curator, Ecology and Genetics, Faculty of Science, UOULU

Other project researchers  
Kyungmin Lee, Postdoctoral Researcher
Vladislav Ivanov, Doctoral Student 

University’s focus area, where the project is related to: 
Changing climate and northern environment  

Project description 
Species underpin all biological research and are important in many other ways for humani-
ty, yet until now we have been unable to efficiently document the vast biodiversity of Earth 
with available methods. The research particularly focus, at genomic level, on molecular de-
limitation of species and clarifying issues caused by DNA barcode sharing between species, 
deep intraspecific splits in DNA barcodes, introgression and endosymbionts on DNA-based 
taxonomy. Butterflies and moths, sawflies, spiders and other invertebrates were used as 
model groups. As methods, ddRAD sequencing and other NGS techniques were applied. The 
project aimed at pointing the way ahead towards the genomic era for the scientific field of 
taxonomy. 

Keywords: Species delimitation, species identification, DNA barcoding, 
ddRAD sequencing, molecular taxonomy, molecular phylogenetics, DNA taxonomy 

Results and impact 
This project focused on elucidating and understanding patterns observed in mitochondrial 
DNA, particularly in so called DNA barcodes, using genomics tools. DNA barcodes are of 
great importance in modern biodiversity research, because enable identification of indi-
viduals to the species level without taxonomic expertise in a straightforward and accurate 
manner. DNA barcodes are also efficient in revealing cryptic diversity, i.e. species that have 
remained unnoticed because of high morphological similarity. We have demonstrated that 
wide intraspecific variability in DNA barcodes sometimes indeed flag true cases of cryp-
tic diversity, but in many cases other evolutionary phenomena, for example introgression 
through hybridization, may explain the observed patterns. We also studied species that do 
not have species-specific DNA barcodes and clarified the evolutionary causes behind this 
pattern, termed mitonuclear discordance. Furthermore, we investigated the extent of DNA 
barcode variability in space, that is, across geographical areas. Our results suggest that in 
many cases populations tough to belong to a single species and separated geographically 
actually represent genetically widely distinct populations that could even be considered 
distinct at species level. This observation may have remarkable effect on our understanding 
of biodiversity at a global scale. 

Species is a central unit of biological diversity. Being able to assign organisms into 
species is important not only for biologists, but also for all people interested in nature and 
working on fields that are connected to biodiversity. Being able to identify individuals 
into species is also critical in many areas of the society, for example in food and construc-
tion industries in which products must be labelled by species. DNA barcoding is a rapid, 
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straightforward, and accurate tool to identify organisms by short standard tags of DNA. In 
this project, we focused on understanding phenomena that are of great relevance for DNA 
barcoding and that potentially may compromise its use. Taking a benefit of efficient genom-
ics tools, we studied insects and spiders to understand causes of DNA barcode sharing 
across species. We also focused on cryptic diversity and whether DNA barcodes are efficient 
in revealing such species. Thirdly, we focused studying genetic variation in a special scale 
to better understand how the observed variability could be delineated into species. 

Top five publications
Mutanen, M., Ovaskainen, O., Varkonyi, G. Itämies, J., Prosser, S., Hebert, P.D.N & Hanski, I. (2020). Dy-
namics of a host–parasitoid interaction clarified by modelling and DNA sequencing. Ecology Letters 23: 
851–859.  
Mutanen, M., Kivelä, S.M., Vos, R.A., Doorenweerd, C., Ratnasingham, S., Hausmann, A., Huemer, P., Dincă, 
V., van Nieukerken, E.J., Lopez-Vaamonde, C., Vila, R., Aarvik, L., Decaëns, T., Efetov, K.A., Hebert, P.D.N, 
Johnsen, A., Karsholt, O., Pentinsaari, M., Rougerie, R., Segerer, A., Tarmann, G., Zahiri, R. & Godfray, H.C.J. 
(2016). Species-Level Para- and Polyphyly in DNA Barcode Gene Trees: Strong Operational Bias in Euro-
pean Lepidoptera. Systematic Biology 65: 1024–1040. 
Ivanov, V., Lee, K.M. & Mutanen, M. (2018). Mitonuclear discordance in wolf spiders: genomic evidence for 
species integrity and introgression. Molecular Ecology 27: 1681-1695. 
Dincă, V., Lee, K.M., Vila, R. & Mutanen, M. (2019). The conundrum of species delimitation: a genomic per-
spective on a mitogenetically super-variable butterfly. Proceedings of the Royal Society B 286: 20191311. 
Lee, K.M., Ivanov, V., Kivelä, S., Hausmann, A., Kaila, L., Wahlberg, N. & Mutanen, M. (2018). Information 
Dropout Patterns in Restriction Site Associated DNA Phylogenomics and a Comparison ith Multilocus 
Sanger Data in a Species-rich Moth Genus. Systematic Biology 67: 925–939. 
https://doi.org/10.1093/sysbio/syy029

Photo by Niina Kiljunen.

The research of this project supports the following United Nations Sustainable Development Goals:

https://doi.org/10.1093/sysbio/syy029


2.1.12. Understanding and predicting environmental change in 
northern rivers: biodiversity and ecosystem functioning in 
a changing climate

Responsible Principal Investigator 

TIMO MUOTKA, Professor. Ecology and Genetics, Faculty of Science, UOULU. 

Other project researchers  
Kaisa-Leena Huttunen, Postdoctoral Researcher
Jacqueline Malazarte, Doctoral Student 

University’s focus area, where the project is related to: 
Changing climate and northern environment 
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Project description 
The project had three focus areas: 1) What are the likely effects of climate change on stream 
invertebrate diversity across multiple spatial scales (α, β and γ diversity)? 2) Do land-use 
disturbances modify the responses of stream biodiversity and ecosystem functioning to 
climate change? 3) Does diversity beget stability to stream communities? Each subproject 
included both large-scale correlative surveys and mesocosm experiments. The research 
group focused on different aspects of community ecology of stream and groundwater-de-
pendent ecosystems. 

Keywords:  biodiversity change, boreal streams, climate change, community 
variability, land-use impacts  

Results and impact 
Much of our field work is based at Oulanka Research Station. We have collected a unique 
data set of benthic invertebrates in 24 streams draining rivers Oulanka-, Kitka and Kuu-
sinkijoki across 21 consecutive years (2000-2020). Our experimental studies on multiple 
environmental stressors related to land use and climate change are mostly based at Paltamo 
Research Station hosted by National Resources Institute Finland (Luke). 

We selected 23 sites to represent reference (mature second growth) and clear-cut, 
buffered sites (buffers of 1-40 m wide) for an intensive study on biodiversity and functional 
responses of headwater streams to forest management. We found that the reduction of ri-
parian buffers resulted in higher water temperatures, intensified primary production, stre-
ambed sedimentation and reduced invertebrate diversity. Current forest certificates only 
require very narrow riparian buffers, which clearly is insufficient for protecting headwater 
stream ecosystems.  

Growing bioeconomy increases the pressure to clear-cut drained peatland forests. 
We studied the effects of peatland drainage and clear-cutting on stream benthic biodiver-
sity. We used extensive field material to show that the impact of clear-cutting of drained 
peatland forests exceeded the sum of the effects of drainage or clear-cutting alone. We also 
found that small headwater streams were more sensitive to forestry impacts than the larger 
downstream sites. This study was based on collaboration with Finnish Environment Insti-
tute (SYKE).
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Air temperature at the north-
ernmost latitudes is predicted to 
increase and precipitation to become 
more variable by the end of the 21st 
century, resulting in altered ther-
mal and hydrological regimes. We 
applied five climate-change scenar-
ios in a species distribution model to 
predict future (2070–2100) benthic 
macroinvertebrate assemblages 
at 239 near-pristine sites across 
Finland. As expected, projected 
air temperature increased most in 
northernmost Finland. Predicted 
taxonomic richness also increased 
most in northern Finland. North-
ern streams were predicted to lose 
much of the seasonality of their flow 
regimes, causing potentially marked 
changes in stream benthic assem-
blages.

One of the most important 
practical implications of our re-
search is related to effectiveness (or 
rather, lack of it) of forest certificates 
in providing protection for small 
streams from forest harvesting. 

Our results were used by environmental authorities to justify their withdrawal from the 
national working group for reformation of PEFC, the most widely used certificate in Fin-
land. Another finding that should have direct relevance for environmental decision making 
is a study where we quantified the effects of clear-cutting of drained peatlands on stream 
biodiversity. Our results showed that the combined effect of peatland drainage and forest 
harvest on stream biodiversity is much more dramatic than could be expected based on the 
individual effects of each pressure alone.  

Top five publications
Mustonen, K., Mykrä, H., Marttila, H., Sarramajene, R., Sippel, K., Veijalainen, N., Muotka, T. & Hawkins, C. P. 
(2018). Reduced flow seasonality as a key determinant of boreal stream invertebrate assemblages under 
climate change. Global Change Biology 24: 2434-2446.  https://doi.org/10.1111/gcb.14053
Kuglerova, L., Jyväsjärvi, J., Ruffing, C., Muotka, T., Jonsson, A., Andersson, E. & Richardson, J. S. (2020). 
Cutting edge: a comparison of contemporary practices of riparian buffer management around small 
streams in Canada, Finland and Sweden.  Water Resources Research 56, e2019WR026381. 
https://doi.org/10.1029/2019WR026381
Truchy, A., Sarremejane, R., Muotka, T. et al. (2020). Habitat patchiness, ecological connectivity and the 
uneven recovery of boreal stream ecosystems from an experimental drought.  Global Change Biology 26: 
3455-3472. https://doi.org/10.1111/gcb.15063
Sarremejane, R., Truchy, A., McKie, B., Mykrä, H., Johnson, R.K., Huusko,A., Sponseller, R. A. & Muotka, T. 
(2021). Stochastic processes and ecological connectivity drive stream invertebrate community responses 
to short-term drought.  Journal of Animal Ecology 90: 886-898. https://doi.org/10.1111/1365-2656.13417
Rajakallio, M., Jyväsjärvi, J., Muotka, T. & Aroviita, J. (2021). Blue consequences of the green bioeconomy: 
clear- cutting intensifies the harmful impacts of land drainage on stream invertebrate biodiversity. 
– Journal of Applied Ecology 58: 1523-1532. https://doi.org/10.1111/1365-2664.13889

Researchers making a field experiment in Paltamo, Finland.

https://onlinelibrary.wiley.com/doi/10.1111/gcb.14053
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2019WR026381
https://onlinelibrary.wiley.com/doi/10.1111/gcb.15063
https://besjournals.onlinelibrary.wiley.com/doi/10.1111/1365-2656.13417
https://besjournals.onlinelibrary.wiley.com/doi/10.1111/1365-2664.13889


2.2. Emerging research projects 2018 – 2022, 
interim report

2.2.1. Bayesian techniques for radar observations of the near-Earth 
space

Responsible Principal Investigator 

ILKKA VIRTANEN, University Lecturer, Space Physics and Astronomy, Faculty of Science, UOULU 

Other project researcher  
Habtamu Tesfaw, Doctoral Student, 
Space Physics and Astronomy, 
Faculty of Science, UOULU 

University’s focus area, where the project is related to: 
Changing climate and northern environment 

Project description 
At the high latitudes, almost vertical geomagnetic field couples the top of the Earth’s atmos-
phere with the magnetosphere and the solar wind. The magnetic field maps electric fields 
and guides energetic particles from the magnetosphere down to the ionosphere, a partially 
ionized region of the atmosphere between 60 and 1000 km in altitude. In the ionosphere, 
electric fields and particle precipitation drive electric currents and plasma drifts, ionize and 
heat the atmosphere, and cause changes in both ion and neutral chemical composition. The 
visible auroras are formed when precipitating electrons excite atoms and molecules, which 
emit light when returning to their ground states. The ionosphere is observed with vari-
ous instruments including radars, optical instruments, rockets and satellites. The EISCAT 
scientific association operates incoherent scatter radars in the northern Fenno-Scandinavia. 
These radars have the benefit that they can observe the whole altitude range of the iono-
sphere from ground, and they are not affected by weather. EISCAT is building the next-gen-
eration EISCAT_3D radar system, which will provide an order-of-magnitude improvement 
in resolution and volumetric observations. However, resolutions of the radar observations 
will still need to be improved to catch the rapid, small-scale processes of the high-latitude 
ionosphere, and information of the ion chemical composition is currently not extracted 
from EISCAT radar data. In this project we develop cutting-edge data analysis tools for the 
EISCAT and EISCAT_3D radars and use them for high-resolution observations of the auro-
ra and the related ionospheric phenomena. 

Keywords:  EISCAT, EISCAT_3D, Bayesian techniques

Recent progress 
We have developed an incoherent scatter radar data analysis tool that can be used for fitting 
ion composition in the 150-400 km altitude range, and for simultaneously reaching high 
time resolutions and altitude resolutions in radar observations of the ionization related to 
the northern lights. Neither of these have been possible with the existing radar data analy-
sis tools. We have shown that the new analysis tool can remove a significant bias from radar 
observations of the auroral electron precipitation. We have also applied sophisticated hier-
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archical prior models to radar signal deconvolution and found that such models work better 
than previously used techniques in presence of narrow ionospheric layers. The hierarchical 
priors are expected to be beneficial for our new radar data analysis tool.

The project produces improved techniques for observing the near-Earth space and up-
per atmospheric effects of space weather phenomena that ultimately originate from the Sun. 
The improved observations will lead to better understanding of processes that are important 
for satellite orbit predictions, including space debris collision avoidance, in future. The im-
proved radar observations may help to fill in a gap in observations of the mesosphere, where 
chemical processes that affect thermal balance of the atmosphere take place. The computa-
tional tools developed in the project could potentially be used in some of the many practical 
applications that use Bayesian filtering and prior models.

Top publications
Virtanen, I. I., H. Tesfaw, L. Roininen, S. Lasanen, and A. Aikio (2021). Bayesian Filtering in Incoherent 
Scatter Plasma Parameter Fits, Journal of geophysical research: space physics 126 (3), e2020JA028700.
Takahashi, T., I. I. Virtanen, K. Hosokawa, Y. Ogawa, A. Aikio, H. Miyaoka, and A. Kero (2019). Polarization 
Electric Field Inside Auroral Patches: Simultaneous Experiment of EISCAT Radars and KAIRA. Journal of 
geophysical research: space physics 124 (5), 3543-3557.

EISCAT VHF radar antenna in Tromsø, Norway. Photo by Ilkka Virtanen.



Responsible Principal Investigator 

SATU OJALA, University Researcher, 
Environmental and Chemical Engineering, Faculty of Technology, UOULU

Other project Pl
Krisztian Kordas, Professor, 
Microelectronics, Faculty of Information Technology and Electrical Engineering, UOULU

Project researcher  
He Zhao, Doctoral Student, 
Environmental and Chemical Engineering, 
Faculty of Technology, UOULU

University’s focus area, where the project is related to: 
Sustainable materials and systems

2.2.2. Charge carrier recombination dynamics in semiconductor 
materials

Project description 
Semiconducting materials are used in both photocatalytic and optoelectronic applications 
basically due to the same reason: they absorb photons while electrons are excited from the 
valence band to the conduction band thus creating electron-hole pairs that can participate 
in number of events. In photocatalysis, these photogenerated charge carriers reduce as well 
as oxidize surface adsorbed moieties. However, a pitfall is the partial recombination of the 
carriers before their participation in the surface reactions. There are several approaches 
that can minimize this adverse effect, such as using co-catalysts and other semiconductors 
to form hybrid structures, which can enable efficient charge separation and limit recombi-
nation. We approach the research problem by developing novel perovskite-based materials 
and their hybrid structures to variety of applications and by studying the charge-carrier 
recombination dynamics in real conditions with advanced research methods. 

Keywords:  photocatalysis, perovskites, Time-gated Raman, environmental catalysis, 
environmental technologies

Recent progress 
The project focuses on the development of sustainable hybrid perovskites for the production 
of hydrogen from water. As the developed materials have band gap of ~2.1 eV, photocatalyt-
ic activation of reactions using visible light is anticipated. Hybrid perovskites have earlier 
been used in the presence of concentrated hydrohalic acids due to their instability in water. 
In the project, a way to avoid degradation of the perovskite in water was discovered. It was 
also demonstrated that the new bismuth-containing perovskite is able to produce hydrogen 
from water under visible light irradiation. Currently, the work is focused on the modifica-
tion of the material to improve hydrogen production rates.

We expect that the project will bring out new understanding on fundamental mech-
anisms behind the photocatalytic hydrogen production based on hybrid halide perovskites. 
This knowledge can be utilized in the development of greener and more sustainable ma-
terials for clean fuel production. Using of cleaner fuel will eventually have strong impact 
on the environment by reducing the atmospheric pollution and emissions. Development of 
less toxic, more efficient, and sustainable materials will also decrease contamination of the 

32
—
33



environment and reduce the need of the virgin raw materials. Improved environment has 
direct impact on human wellbeing as well. 

Top publication
Zhao, H., Chordiya, K., Leukkunen, P., Popov, A., Udadhyay Kahaly, M., Kordas, K., Ojala, S. (2021). Dimeth-
ylammonium iodide stabilized bismuth halide perovskite photocatalyst for hydrogen evolution, Nano 
Research, 14, 1116-1125.  http://urn.fi/urn:nbn:fi-fe2020111992056.

The research of this project supports the following United Nations Sustainable Development Goals:

Time-gated Raman analysis by He Zhao. Photo by Satu Ojala.

http://jultika.oulu.fi/Record/nbnfi-fe2020111992056


2.2.3. Localization and dissipation in superconducting quantum 
simulations

Responsible Principal Investigator 

MATTI SILVERI, Academy Research Fellow, 
Nano and Molecular System Research Unit, Faculty of Science, UOULU

Other project researcher  
Olli Mansikkamäki, Doctoral Student

University’s focus area, where the project is related to: 
Sustainable materials and systems

Project description 
Many important quantum mechanical problems, for example in material science or quan-
tum chemistry, are out of reach of even the most modern computational methods. Quan-
tum simulation is an alternative approach to solve these kinds of problems. In a quantum 
simulation, one studies a controllable and measurable quantum system whose physics 
simulates accurately an otherwise computationally intractable system. Thus, the quantum 
simulations are expected to yield valuable information on hard problems. In this project, 
we concentrate on the theory of quantum simulations based on superconducting circuits. 
Our focus is in strongly interacting and disordered superconducting transmon circuits. The 
motivation is the recently discovered phenomenon of non-equilibrium quantum phases, 
such as, many-body localization and dynamical quantum phase transition.  The goal is to 
show compelling theoretical evidence that an array of superconducting transmon circuits 
constitutes a versatile experimental platform for non-equilibrium quantum phases, such 
as, localization phases and other dynamical phases and phase transitions. Project develops 
novel numerical methods for studying dissipation, localization, and bosonic many-body 
dynamics. The results will contribute in near-future quantum simulations and novel quan-
tum memories. 

Keywords:  superconducting circuits, open quantum systems, localization, dynami-
cal phase transitions, dissipation, dephasing, quantum simulation, quantum devices, 
quantum trajectories

Recent progress 
During the first half of the four-year period the project has resolved the ground state quan-
tum phases and the phase diagram of the disordered Bose-Hubbard model with attractive 
interactions. The model supports three phases: (I) Localized phase, (II) A multi-site and 
multi-particle entangled W-phase, (III) Superfluid. Current superconducting-circuit based 
small-scale quantum processors realize the disordered-attractive Bose-Hubbard model in 
a natural manner. Thus, our results are important in understanding on implications of the 
disorder and bosonic multi-occupancy on quantum computation and development of quan-
tum devices. 

In the field of quantum technologies, boosted by over 20 years of academic successes, 
industrial and governmental investments have increased to noteworthy levels during the 
last couple of years.   Startup companies (like the Finnish IQM Oy) beside mega tech cor-
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porations race towards building working quantum computing architecture. This Emerging 
project focusing on localization and dissipation phenomena with superconducting trans-
mon arrays is an advancement step on building robust quantum technologies and quantum 
computations and educating future critical workforce in the field. 

In long-term, quantum computation can unleash huge computation powers to cur-
rently overwhelmingly difficult problems, for example, in medicine development, quantum 
chemistry and material development. 

Top publications
Olli Mansikkamäki, Sami Laine & Matti Silveri. Phases of the disordered Bose-Hubbard model with attrac-
tive interactions, Phys. Rev. B 103, L220202 (2021). 
https://link.aps.org/doi/10.1103/PhysRevB.103.L220202
Tuure Orell, Alexios A. Michailidis, Maksym Serbyn & Matti Silveri, Probing the many-body localization 
phase transition with superconducting circuits, Phys. Rev. B 100, 134 504 (2019). Editors’ suggestion, 
https://link.aps.org/doi/10.1103/PhysRevB.100.134504

 Transmon lattices

The research of this project supports the following United Nations Sustainable Development Goals:

https://journals.aps.org/prb/abstract/10.1103/PhysRevB.103.L220202
https://journals.aps.org/prb/abstract/10.1103/PhysRevB.100.134504


2.2.4. Wildlife-originated zoonoses in the changing northern 
environment

Responsible Principal Investigator 

EVA R. KALLIO, Academy Research Fellow, Ecology and Genetics, UOULU 2018-2019. 
Since 2019 Department of Biological and Environmental Sciences, University of Jyväskylä.

Project researcher  
Mahdi Aminikhah, Doctoral Student, 
Ecology and Genetics, Faculty of Science, UOULU

University’s focus area, where the project is related to: 
Changing climate and northern environment

Project description 
Wildlife-originated zoonotic diseases pose a substantial risk to humans. Quantifying this 
risk is complex as it arises from the interplay of multiple hosts, vector and parasite species, 
and the environment. This project will quantify the role of host community composition 
and environmental drivers in wildlife-originated zoonotic disease epidemiology in Finland. 
This will be achieved by integrating long-term human disease incidence data with unique 
data on host communities and environmental factors, using state-of-the-art community 
ecological analytical and modeling tools. 

Keywords:  Wildlife-originated zoonoses, infection ecology, host community composi-
tion, environmental change

Recent progress 
The project utilizes many national datasets from Finnish institute for health and welfare 
(THL), Natural Resources Finland (Luke) and Finnish Meteorological Institute (FMI). 
Research collaboration has started during this project with Dr Sami Kivelä (UOULU), 
co-supervisor for Mahdi Aminikhah and Dr Jukka Forsman (Luke), co-supervisor for 
Aminikhah. 

This still ongoing project will help us to quantify factors that drive the epidemiology 
of zoonotic diseases in changing northern environment.

Top publication
Mahdi Aminikhah, Jukka T Forsman, Esa Koskela, Tapio Mappes, Jussi Sane, Jukka Ollgren, Sami M Kivelä, 
Eva R Kallio. Rodent host population dynamics drive zoonotic Lyme Borreliosis and Orthohantavirus infec-
tions in humans in Northern Europe. Scientific Reports 2021, 11: 16128.
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2.2.5. Zero-CO2 cement concept via phase-separated nano-glass

Responsible Principal Investigator 

PÄIVÖ KINNUNEN, Associate Professor (Tenure Track), 
Fibre and Particle Engineering, Faculty of Technology, UOULU 

Other project researcher  
Jing Li, Doctoral Student

University’s focus area, where the project is related to: 
Sustainable materials and systems

Project description 
Cement is the third largest anthropogenic CO2 emitter. Alternative binders are actively de-
veloped in order to reduce global cement CO2 emissions to zero or below by 2050 as necessi-
tated by climate predictions. In this research we combine high-level NMR research compe-
tence to the characterization of cementitious materials to study low-CO2 cement binders.

Keywords:  NMR, Cement, geopolymer, porosity, pore structure

Recent progress 
Geopolymers are environmentally materials with applications as low-CO2 cements as well 
as catalysts and in water purification applications. We have applied novel NMR methods to 
study these materials and have shown that 129Xe NMR is effective for detecting the pore 
sites, diameters and connectivity of amorphous geopolymers and that NMR relaxometry 
and cryoporometry are effective tools to monitor the curing and characterize the pore 
structure of geopolymers, providing important tools to develop further these sustainable 
materials. Research is done in collaboration between Fibre and Particle Engineering Re-
search Unit (FPERU) in the Faculty of Technology and NMR Research Unit in the Faculty 
of Science, enabling unique cross-disciplinary approach. Equipment of Centre for Material 
analysis, including NMR facilities, and FPERU research facilities are used in the research 
project.

Cement is responsible for 8% of anthropogenic CO2 emissions, and alternative mate-
rials are actively sought after. One class of them are aluminosilicate binders, called geopol-
ymers, which can also be used for water purification and in catalysis. The porosity and the 
pore geometry of these materials are extremely important in all of these applications, how-
ever there are only few tools to study them. Furthermore, pore connectivity is very difficult 
to study. Here, we have applied novel methods to study the porosity and pore connectivity 
among other variables and assessed how they change as a function of dilution.

Top five publications
Li, Jing, Sarah Mailhiot, Harisankar Sreenivasan, Anu M. Kantola, Mirja Illikainen, Elijah Adesanya, Lubica 
Kriskova, Ville-Veikko Telkki, and Paivo Kinnunen (2021). “Curing Process and Pore Structure of Metaka-
olin-Based Geopolymers: Liquid-State 1H NMR Investigation.” Cement and Concrete Research 143: 
106394. https://doi.org/10.1016/j.cemconres.2021.106394

https://www.sciencedirect.com/science/article/pii/S0008884621000430?via%3Dihub


Sreenivasan, Harisankar, Elijah Adesanya, He Niu, Priyadharshini Perumal, Anu M. Kantola, Ville-Veikko 
Telkki, Marko Huttula, Wei Cao, John L. Provis, Mirja Illikainen and Paivo Kinnunen (2021). “Evidence of 
Formation of an Amorphous Magnesium Silicate (AMS) Phase during Alkali Activation of (Na-Mg) Alumi-
nosilicate Glasses.” Cement and Concrete Research 145: 106464. 
https://doi.org/10.1016/j.cemconres.2021.106464 
Sreenivasan, Harisankar, Wei Cao, Yongfeng Hu, Qunfeng Xiao, Mohsen Shakouri, Marko Huttula, John L. 
Provis, Mirja Illikainen, and Paivo Kinnunen (2020). “Towards Designing Reactive Glasses for Alkali Acti-
vation: Understanding the Origins of Alkaline Reactivity of Na-Mg Aluminosilicate Glasses.” Plos One 15 
(12): e0244621. https://doi.org/10.1371/journal.pone.0244621
Sreenivasan, Harisankar, Paivo Kinnunen, Elijah Adesanya, Minna Patanen, Anu M. Kantola, V.-V. Telkki, 
Marko Huttula, Wei Cao, John L. Provis, and Mirja Illikainen (2020). “Field Strength of Network-Modifying 
Cation Dictates the Structure of (Na-Mg) Aluminosilicate Glasses.” Frontiers in Materials 7. 
https://doi.org/10.3389/fmats.2020.00267
Luukkonen, T., Sreenivasan, H., Abdollahnejad, Z., Yliniemi, J., Kantola, A., Telkki, V.V., Kinnunen, P. and 
Illikainen, M., (2020). Influence of sodium silicate powder silica modulus for mechanical and chemical 
properties of dry-mix alkali-activated slag mortar. Construction and Building Materials, 233, p.117354 
https://doi.org/10.1016/j.conbuildmat.2019.117354
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3. Creating new research openings 
and strengthening international 
networking
The Kvantum Institute supports the strategic profiling of the UOULU’s research by coordi-
nating a profiling project called Arctic interactions (ArcI) and by impacting future profiling 
themes. Kvantum represents the UOULU in its focus areas by participating in preparation 
of the Academy of Finland’s and the EU’s research programmes. 

Kvantum and profiling research projects
The Academy of Finland grants competitive funding to Finnish universities to strengthen 
their research profiles. These research profiles are part of the research strategy of the UOU-
LU. Funding of the Academy of Finland and the equal co-funding of the university signif-
icantly boost the development of a specific research field through high-level recruitment, 
targeted seed money projects, international research mobility, visiting professors, commu-
nication activities and other activities. The funding opportunity is referred to as a Profi.

Coordination work for one of the UOULU’s multidisciplinary Profis is conducted at 
the Kvantum Institute. This comprises Arctic interactions (ArcI) 2018–2023, which com-
bines the Arctic research expertise of three faculties – Technology, Science and Human-
ities. The directors of the ArcI are Professor Björn Klove at the Faculty of Technology and 
Kvantum Institute and Professor Jeffrey Welker at the Faculty of Science, and the coordi-
nator is Jouko Inkeröinen at Kvantum. ArcI promotes cooperation between the UOULU’s 
Arctic research institutes and coordination units, namely, the Thule Institute, the Giellagas 
Institute and the faculties. The multidisciplinary themes of the ArcI are global change and 
northern environments; human-environmental relationship; and sustainable systems, re-
source use and development. The joint work strongly promotes multidisciplinary planning 
and the realisation of Arctic research projects.

The profiling measures to advance Arctic research at the UOULU include 1) recruit-
ment of a cohort of new Arctic scientists through tenure track and post-doc programmes, 
2) further development of the Sámi Culture Archive, 3) development of the research infra-
structures in northern research stations, 4) visiting scientist programme (internationalisa-
tion), 5) new initiatives research project programmes, and 6) communication and visibility 
actions, all supported by Profi funding.

During the first years of operation, ArcI has recruited four tenure track professors 
and a senior researcher, as well as eleven postdoctoral researchers and five PhD students 
to the UOULU’s research units. Two top level part-time visitor professorships have been 
agreed with the Universities of Aarhus and Tromsø. 22 international research visits have 
been granted, six of which have been outgoing visits from the UOULU and 16 incoming 
visits to the UOULU. Three internal seed money or twinning project calls have been organ-
ised to support both established and new research groups in their Arctic research. Research 
infrastructures have also been modernised.

The ArcI coordinator also participates in the management of the UOULU’s network 
of Arctic researchers, in which all Arctic researchers at the UOULU are brought together 
to promote cooperation and communication. This network is hosted by the Thule Institute. 
The network supports international activities and networking through small grants to its 
members. 



Similar kinds of profiling in Kvantum’s focus areas are Space research and the Ge-
nome of Steel, Inorganic side streams and partly Arctic Anthropocene Natures and Trans-
disciplinary Science. These profiling actions, hubs and programmes are led and coordinated 
by the respective faculties and their research units.

Arctic collaborator’s comment 
JEFFREY WELKER, ArcI Vice-Chair, UArctic Research Chair  

Oulu is Arctic

The Arctic programme at the UOULU is now an internationally recognised major par-
ticipant and leader in Arctic research across the North, a major aim of the AoF Profile 
4 programme; Arctic Interactions-ArcI. This framework and the emphasis on studies 
that focus on appreciating and exploring Arctic System interactions are unique in 
Finland and the Nordic region. ArcI has an emphasis on how combinations of earth, 
biological and cultural processes and their independent and combined effects influ-
ence climate feedback and community responses to a New Arctic. A landmark study, 
funded by the AoF regarding the role of sea ice loss in driving extreme snow events 
and the cascading processes to atmosphere, ecosystems and societies, is a prime 
example of Oulu’s dramatic elevation and recognition in its scope and scale with ArcI 
as a new platform for the UOULU. Other major programmes that address permafrost 
and its degradation and consequences for infrastructure, as well as the extent to 
which ancient C is leaking into the atmosphere and amplifying warming, are further 
evidence that the UOULU’s Arctic programme has reached new heights and is on 
a trajectory of supreme research excellence and contributions to globally relevant 
issues in the Arctic and beyond.  

An established programme in ArcI at the UOU-
LU is now fully solidified with a fresh set of Arc-
tic-centric new hires at faculty level and with 
an excellent set of postdoctoral scientists and 
PhD students led by senior faculty staff. This 
Arctic System thematic approach positions the 
UOULU to contribute to major global sustaina-
bility efforts in the north through programmes 
such as: One Health, Sustaining Arctic Ob-
serving Systems, UArctic Thematic Networks, 
Synoptic Arctic Survey and Pan Arctic, synthe-
sis and integration associated with the Interna-
tional Tundra Experiment and MOSAiC. 

“

Arctic Research Chair, UOULU Professor Welker, aboard the US Coast Guard icebreaker Healy, 
on the 2021 NW Passage-Baffin Bay: Arctic Freshening and Fertilization study. He had just 
completed a 45-day, 12,000 km, 30,000,000 data point study of the water and C isotopes in 
marine air and seawater. 
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4. Supporting and developing doctoral 
training 
An important role of the focus institutes is to develop field-specific doctoral training and 
coordinate official doctoral programmes related to their fields of research in cooperation 
with the University of Oulu Graduate School (UniOGS). The UniOGS provides the frame-
work for doctoral training by promoting equal processes and requirements for every doctor-
al student, regardless of their doctoral degree programme. The UniOGS provides support for 
doctoral students and their supervisors regarding timely degree completion of their doctor-
al studies. The focus institutes support doctoral training in their four-year research projects 
via four-year funded doctoral student positions. The focus institutes also coordinate calls 
for four-year funded doctoral student positions open to all applicants.

The Kvantum Institute is responsible for the activities of the Technology and Natu-
ral Sciences Doctoral Programme, TNS-DP, which is one of the four official doctoral pro-
grammes of the UniOGS. TNS-DP supports field-specific doctoral training activities and 
courses organised by the research units in technology and natural sciences, as well as across 
fields. TNS-DP organises research plan seminar courses twice a year.

During the project period for 2017–2020, the Kvantum participated in doctoral train-
ing, in addition to its projects, via:  

 › TNS-DP: the DP supported and participated organising a total of 80 courses. 
These courses were mainly field-specific courses organised by the research units 
in technology and natural sciences. The courses included seven UniOGS Winter 
School courses, several I4FUTURE-related courses, eight TNS research plan semi-
nars (1–3 days, longer seminars in connection with the Kvantum Science Days).

 › I4Future Doctoral Programme – Imaging for the Future: Novel Imaging and 
Characterization Methods in Bio, Medical and Environmental Research and 
Technology Innovations, which was a Marie Sklodowska-Curie action co-funded 
international, interdisciplinary and inter-sectoral doctoral programme, hosted 
by the UOULU. The programme period was 2016–2021 and included a total of 
20 funded four-year doctoral student positions starting at the beginning of 2017. 
Over one half of the selected doctoral students have defended their theses during 
the programme period and all the selected students are expected to graduate.

Comments from the UniOGS Dean, Professor HARRI OINAS-KUKKONEN

Focus institutes collaborate with the UniOGS in organizing field-specific doctoral 
training at the University of Oulu. A recent successful joint addition to the doctoral 
training offering has been the introduction of the UniOGS Arctic Attitude Winter 
School, a collection of one weeklong intensive doctoral courses on selected topics 
given by enthusiasted faculty members and staff organized in the spring winter. In 
addition to doctoral training through such field-specific courses, the institutes have 
also had the privilege to organize open calls for the university’s funded doctoral 
student positions. Focus institutes are an important alliance with the UniOGS. 

“



5. Promoting co-operation and 
societal impact
The Kvantum promotes innovation activities and cooperation among national and inter-
national networks. The Kvantum has been working with Finnish research institutes and 
cooperation with business sector has strengthened. 

Science Garden and project videos
Kvantum participated in the development of the new Science Garden Visitor Centre at the 
University of Oulu Botanical Gardens in the EKI project (European Regional Development 
Fund 2017–2020). Part of the Kvantum projects from 2017-2020 were video recorded in 
order to present the UOULU’s research to the public. In order to promote wider visibility of 
Kvantum’s research, the videos were submitted to the Year of Research-Based Knowledge 
2021 campaign, which was a joint initiative organised by the Ministry of Education and 
Culture, the Academy of Finland and the Federation of Finnish Learned Societies. The cam-
paign aims to make research-based knowledge more visible and accessible.

Video page: 
https://www.oulu.fi/fi/auringosta-atomeihin-videoita-oulun-yliopiston- 
ymparisto-ja-materiaalitutkimuksesta 

Societal impact, strengthening collaboration with stakeholders and industry
The Kvantum was one of the co-organisers of the University Business Forum 2019. The 
overall theme of this academy and business forum was resilience. The main sessions were 
about resilient and smart solutions, responsibility and sustainability and skills and com-
petencies for the future. The Kvantum organised the resilient and smart solutions session 
by way of science and business expert talks. Speakers and actors working at the interface 
between science and business were introduced.

Public outreach and the popularisation of science
The Kvantum was one of the co-producers of the university’s pop-up studio campaign in the 
city centre of Oulu during spring 2021. Kvantum coordination planned the topics for the 
popup studios in the theme of Nature, Environment and Climate and designed and hosted 
three studios:

 › Lumi – riemu vai riesa? 2.2.2021 (”Snow – joy or nuisance?”)

 › Tavoitteena hiilineutraali teollisuus – utopiaako? 9.2.2021 
(”Aiming for a carbon-neutral industry – utopia?)

 › Kestävyysstudio: Ruokahävikki kuriin – mutta miten? 29.3.2021 
(”Sustainability studio: Food waste under control – but how?”)

As part of early research career training, Kvantum participated in the UOULU’s Class 
of 18, 20 and 21 – a training event for young researchers. 
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6. Main events
One way to promote multidisciplinary scientific collaboration is through joint events. Ar-
ranging these kinds of events was one of the main activities during Kvantum’s period from 
2017–2020. The multidisciplinary collaboration created in the focus institutes in the focus 
areas is supported by the Rapid Research Radicals (R3) operating model, facilitated by the 
Strategy and Science Policy Unit and implemented in the Tellus environments. 

The Kvantum has participated in developing the R3 activities, for example, by creat-
ing the Kvantum Science Coffee concept and developing the Science Days concept in which 
the events have been organised in the Tellus.

 
Comments from Tellus partners about R3 cooperation. 
Director JOHANNA BLUEMINK and specialist NINA JACKSON

R3 activities boost multi and transdisciplinary collaboration on various levels from in-
formal get-togethers, multidisciplinary seminars and events to facilitated workshops 
and workshop series aimed at new research openings. During the previous term, nine 
informal Science Coffee events were organised and researchers from the institute 
have been actively involved in the monthly Brown Bag lunch seminars in which two 
researchers from different fields present their latest research and discuss possible 
contact points between the research topics. All this happens during lunch, which 
saves time from the audience’s busy schedules. Also, Meet the top scientist -sem-
inars and Twitter conferences have been piloted with Kvantum during the previous 
period. The idea of Meet the top scientist seminars is that top scientists from one 
focus institute present their research. The presenters and audience are encouraged 
to multidisciplinary discussions. However, the Twitter conference is a novel way of 
organising a research seminar via social media. The seminar is excellent at reaching a 
wide audience as the previous conference reached thousands of people in one day.

The R3 activities have successfully triggered some new research ideas. In future, 
more activities and workshops will take place in order to trigger multi and transdisci-
plinary encounters on different levels. Also, further activities between the four differ-
ent focus institutes are being planned.

“

Main events that Kvantum has organised and 
participated in

Science Days
Kvantum Science Days were held three times, during the autumn from 2017–2019. Science 
Days are a two-day seminar in which strategic research projects present their progress and 
project news. According to the Science Day concept, the first day introduces the highlights 
of the strategic research projects in the focus areas of ‘Changing climate and northern envi-
ronment’ and ‘Sustainable materials and systems’. The programme comprises keynote talks 
and the projects’ progress narratives. The second day features presentations from doctoral 
students and researchers. The seminar serves as a research plan seminar for doctoral stu-
dents. The Science Days are organised jointly with Kvantum and the related Technology and 



Natural Sciences Doctoral Programme. In addition, doctoral training seminars were held on 
three occasions, from 2018–2020.

The first Kvantum Science Days were held on 20–21 November on the theme of 
Sustainable Resource Use and Earth’s Changing Environment. Keynote talks were given 
by Associate Professor Nønne Prisle, Nano and Molecular Systems Research Unit, UOULU 
(New understanding of atmospheric aerosols and climate from a synchrotron super-microscope) 
and Professor Jouni Pulliainen, Head of the Arctic Research Centre, Finnish Meteorologi-
cal Institute (Earth Observation satellite-based Arctic services and research: Perspective of the 
Finnish Meteorological Institute).  

In 2018, Science Days were held on 21–23 November on the theme of Environmental 
Change and Sustainable Resource Use. Keynote speakers were Professor Bjørn Kløve, Water 
Resources and Environmental Engineering, Faculty of Technology, UOULU and the Kvan-
tum Institute (Hydrology of groundwater dependent ecosystems of the boreal landscape) and 
Academy Research Fellow Minna Patanen, Nano and Molecular Systems Research Unit, 
Faculty of Science, UOULU (Soft X-ray studies of soft matter).

Science Days 2019 were held on 15–16 October. A keynote talk was given by Professor 
Jukka Kömi, Materials and Mechanical Engineering, Faculty of Technology, UOULU (Steel 
know-how solves climate change) and Academy Research Fellow Satu Ojala, Environmental 
and Chemical Engineering, Faculty of Technology, UOULU (JUFO – Publication forum; 
What? Why? and How?)

In 2020, the Science Days were held online in December as a doctoral training seminar.

 
Science Coffees  
The Science coffee concept was developed during 2018. The events were a casual discussion 
forum for researchers to present their research, receive feedback and collaboration within 
or outside of their own discipline, discuss methods or just topical themes. Science Coffees 
were held approximately once a month during the semesters at Tellus Linnanmaa and the 
events were open for all. Nine events were held, attracting approx. 20 participants each. 

Kvantum Institute’s Science Coffee event programmes
8 JUNE, 2018. The Biodiversity that we breathe: Microbiomes in the air and their implications for 
the health of individuals and ecosystems. Nonne Prisle, Phillip Watts, Eva Kallio and Jukka Forsman 
21 SEPTEMBER, 2018. Academy of Finland’s Strategic Research themes and research priority for 
2019. Director Teija Kekonen, Research support services, Professor Rauli Svento, the BCDC energy 
research project.
30 NOVEMBER, 2018. Hydrology, water resources and global change. Researchers Hannu Marttila 
and Pertti Ala-Aho, Water, Energy and Environmental Engineering and Jussi Jyväsjärvi, Ecology 
and Genetics. 
18 DECEMBER, 2018. Wireless AI (artificial intelligence). Associate Professor Mehdi Bennis, 
Centre for Wireless Communications. 
21 MARCH, 2019. Space research. Professor Anita Aikio, Ionosphere Research Unit, Head of 
observations, Thomas Ulich, Sodankylä Geophysical Observatory. 
7 JUNE, 2019. Climate and resource smart peatland use – do we improve biodiversity by 
compromising? Professor Anne Tolvanen, Natural Resources Institute Finland (LUKE). 
27 SEPTEMBER, 2019. Space Climate and Solar effects on climate system. Professor Ilya 
Usoskin and Docent Timo Asikainen, Space Physics and Astronomy.
8 NOVEMBER, 2019. Mining, climate risks and environment. Professor Elena Kozlovskaya, Oulu 
Mining School, University Lecturer Anna-Kaisa Ronkanen and Academy Research Fellow Katharina 
Kujala, Water, Energy and Environmental Engineering. 
13 DECEMBER, 2019. Diversity of species. Senior Curator Marko Mutanen and Academy Research 
Fellow Sami Kivelä, Ecology and Genetics.
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Meet the top scientists 
The Meet the top scientist seminar is a concept that gathers top scientists to discuss selected 
research themes and welcomes people to hear the most recent news. Kvantum held the first 
seminar in autumn 2018. The topic of the event was Arctic issues with top scientists Jeffrey 
Welker, Anna-Kaisa Salmi and Arja Rautio.

Twitter conferences
Kvantum’s Research coordinator Jouko Inkeröinen and Tellus Innovation Development 
Manager Simo Kekäläinen developed and introduced a new concept to Tellus Rapid Re-
search Radicals in spring 2019. The concept was a Twitter Conference – a combination of 
research presentations, scientific communication, and the popularisation of research. In 
practice, Twitter conferences involve chaining a researcher’s presentation into a series of 
Tweets on the Twitter microblogging platform. The presentation is based on a summary of 
the researcher’s message (results or goals) and a strong visual look. There are several pres-
entations during the conference and the Tweets from each presentation are sent from the 
researcher’s own account but moderated from the conference’s account. Social media appli-
cations make it easy to reach a large number of people with relatively little organising. Thus, 
the audience of one Twitter conference could comprise thousands of people. Tellus created a 
Twitter account for the Twitter conferences of the UO: @OuluTC. Similarly, a unified visual 
look was created for the Tweets from the moderator.

Welcome to the Arctic research seminar with Jeffrey 
Welker, Anna-Kaisa Salmi and Arja Rautio.  
16.10.2018 at 12:00 Tellus Innovation Arena, Stage

Programme
12.00 Opening words. Vice Rector Taina Pihlajaniemi
12.15 One Arctic research. Professor Arja Rautio
12.35 Human-reindeer histories in the Arctic. Academy 

Research Fellow Anna-Kaisa Salmi
12.55 Discussion
13.00 Coffee break
13.30 “Meet the Top Scientist”. Interview with Professor Jeffrey 

Welker
14.00 "Arctic Crystal Ball". Panel discussion with Jeffrey 

Welker, Anna-Kaisa Salmi and Arja Rautio
14.30 Introduction to the ideation and working in small groups 

by Vice Rector Taina Pihlajaniemi 
Afternoon snack served during the working hour

15.30 Wrap-up of the event and summary of the ideas for next 
steps towards new projects.

The seminar is organized by Kvantum Institute and Tellus
Innovation Arena, University of Oulu. 



The first conference SCENE2050 was 
held online on 17 May 2019 and was organ-
ised together with UOULU researchers on 
the Horizon 2020 project SIMRA. There were 
presentations from Finland, Scotland and The 
Netherlands.

The second Tellus & Kvantum Twitter 
conference was STARCTIC2019, focusing on 
Arctic Sustainability. It featured presentations 
on the subject of Arctic Sustainability from the 
perspective of a multitude of different fields of 
research. The conference was organised as a 
part of the UOULU’s and the Student Union of 
the UOULU’s Sustainable Development Week. 

After these two conferences, the concept 
was also adopted by other research actors 
co-operating with Tellus. Kvantum and 
Tellus held their next Twitter conference 
on 29 October 2020. The theme for the 
SUSTMAT2020 conference was “Sustain-
able steelmaking and low CO2 materials” 
and the co-organiser was the Genome of 
Steel research profile area. 
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Key events of the Kvantum Institute on a timeline



Research coordinator Jouko Inkeröinen hosting an event in the UOULU Science Forum 2019. .

Kvantum Science coffee event on November 2018. Photo by Riitta Kamula.
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7.1. Administrative staff
Professor Bjørn Kløve. Director of Kvantum Institute 2017-2020. 
Water, Energy and Environmental Technology, Faculty of Technology, UOULU

Research Coordinator Jouko Inkeröinen. Kvantum Institute, UOULU

Coordinator Riitta Kamula. Kvantum Institute, UOULU

Coordinator Pirjo Taskinen. Kvantum Institute, UOULU

7.2. Spearhead project principal investigators
Associate Professor Timo Asikainen. Space Physics and Astronomy, 
Faculty of Science, UOULU

Professor Mehdi Bennis. CWC-Radio Technologies, Faculty of Information Technology 
and Electrical Engineering, UOULU 

Researcher Professor Jukka Forsman. Ecology and Genetics, Faculty of Science, UOULU. 
Since 2018 Natural Resources Institute Finland (Luke)

Academy Research Fellow Sami Kivelä. Ecology and Genetics, 
Faculty of Science, UOULU

Professor Bjørn Kløve. Water, Energy and Environmental Engineering, 
Faculty of Technology, UOULU

Professor Elena Kozlovskaya. Oulu Mining School, Faculty of Technology, UOULU

Professor Timo Muotka. Ecology and Genetics, Faculty of Science, UOULU

Professor Emer. Kalevi Mursula. Space Physics and Astronomy, 
Faculty of Science, UOULU

Senior Curator Marko Mutanen. Ecology and Genetics, Faculty of Science, UOULU

Professor Emer. Markku Orell. Ecology and Genetics, Faculty of Science, UOULU

University Lecturer Seppo Rytkönen. Ecology and Genetics, 
Faculty of Science, UOULU

Professor Kari Strand. Oulu Mining School, Faculty of Technology, UOULU

Head of Observations Thomas Ulich, Sodankylä Geophysical Observatory, UOULU

Professor Juha Vaara. NMR Research Unit, Faculty of Science, UOULU

Professor Phillip Watts. Ecology and Genetics, Faculty of Science, UOULU. 
Since 2019 Department of Biological and Environmental Sciences, 
University of Jyväskylä

7. Staff



7.3. Emerging project principal investigators
Academy Research Fellow Eva R. Kallio. Ecology and Genetics, Faculty of Science, 
UOULU. Since 2019 Department of Biological and Environmental Sciences, 
University of Jyväskylä

Associate Professor Päivö Kinnunen. Fibre and Particle Engineering, 
Faculty of Technology, UOULU 

Senior Research Fellow Satu Ojala. Environmental and Chemical Engineering, 
Faculty of Technology, UOULU

Academy Research Fellow Matti Silveri. Nano and Molecular Systems 
Research Unit, Faculty of Science, UOULU

University Lecturer Ilkka Virtanen. Space Physics and Astronomy, 
Faculty of Science, UOULU

Environmental Sciences Building, UOULU. Photo by Riitta Kamula.
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