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Introduction – (re) shaping the 
Common Vision on the future of 
Carpathian Research

   

The Science for the Carpathians (S4C) network, established in 2008, aims at defining 
research priorities for the Carpathian region and linking research, policy, and practice 
(Kozak et al. 2011). The S4C Conference, Forum Carpaticum, has been organised on a bi-
ennial basis as a meeting point among the scientists, as well as practitioners and poli-
cy-makers, devoted to integration of knowledge across sectors, to address challenges 
of the Carpathian region. 

The 1st Forum Carpaticum (2010, Kraków, Poland), was dedicated to the “Integration of 
nature and society towards sustainability” and identified the need for better information 
on data generation, availability, and accessibility in the Carpathians region. The conference 
programme of the 2nd FC Forum Carpaticum (2012, Stará Lesná, Slovakia) discussed 
the data-knowledge-action circle in three overarching and overlapping themes: 1)Abiotic 
Environment, 2) Biodiversity and ecosystems and 3) Human Dimensions. The 3rd Forum 
Carpaticum (2014, Lviv, Ukraine) were related, but not limited, to the policy priorities 
of the Europe 2020 Strategy and the Horizon 2020 Programme, focusing on major chal-
lenges affecting the Carpathian ecoregion. 

Since its formation, but particularly in the last several years, the S4C made efforts to 
strengthen interdisciplinary and transdisciplinary research and promote these approaches 
among its members and young scientists from the Carpathian countries. At the 4th Forum 
Carpaticum (2016, Bucharest, Romania) an emerging theme in the Carpathian area was 
the education for sustainability, debated in workshops as well as during oral and poster 
presentations. Most sessions and keynote speeches of the 5th Forum Carpaticum (2018, 
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Eger, Hungary) addressed interdisciplinary and intersectoral linkages, among others, 
such topic as climate change vulnerability assessment, and adaptation, potential of so-
cial innovation in the Carpathian area, green energy innovations, workshop on education 
for sustainable development (Mázsa, 2018). The S4C Steering and Executive committee 
members are working on strengthening exchange of knowledge and collaboration among 
the S4C scientists, practitioners and policy-makers engaged in the Carpathians.

The S4C has since its establishment maintained a close relationship with the Framework 
Convention on the Protection and Sustainable Development of the Carpathians (Carpathian 
Convention) – a Multilateral Environmental Agreement, adopted by the seven Carpathian 
countries (Czech Republic, Hungary, Poland, Romania, Serbia, Slovak Republic, Ukraine) 
in May 2003 in Kyiv, Ukraine. The Convention, which entered into force in 2006, constitutes 
the first regional agreement addressing sustainable development of the Carpathians re-
gion at the policy level. The S4C provides regular inputs, based on the results of the Forum 
Carpaticum conferences, to the Convention Secretariat and the Convention Conference 
of the Parties, the main decision-making body of the Convention.

Close collaboration among the Carpathian Convention and the S4C network continues – for 
example, through co-organised events. Joint discussions focused on identifying: 1) urgent 
knowledge gaps in the fields addressed by the Carpathian Convention (2003), as well 
as the related to the Sustainable Development Goals (UN 2015), including conservation 
of biodiversity, education for sustainable development, sustainable tourism and climate 
change; 2) important interdisciplinary areas and research questions, which can be ad-
dressed by S4C and 3) concrete ways and opportunities for scientists to cooperate with 
the Convention Secretariat and parties, in order to support the implementation of the 
Convention. 

During the recent 6th Forum Carpaticum, “Linking the Environmental, Political and Societal 
Aspects for Carpathian Sustainability”, which took place virtually in June 2021 (Cudlin and 
Plch, 2021), a Plenary has been devoted to discussion about how to enhance the role of 
Carpathian scientists and transdisciplinary approaches for sustainable development of 
the region. Furthermore, a broad participatory approach, initiated by the S4C, resulted 
in collecting recommendations from all conference participants for the Research Agenda 
for the Carpathians, and for the implementation of the Carpathian Convention (Zawiejska 
and Mitrofanenko 2021).

In the 2020–2030 period we envision:

•	 Stronger participation of S4C in Carpathian Convention activities, and closer col-
laboration between S4C and the Convention Secretariat, Focal Points, Working Groups 
(WG) and other partners. Our vision in this respect includes: 
 —	 S4C colleagues often represented at the WG and Carpathian Convention Implemen-

tation committee (CCIC) meetings,
 —	 The S4C Executive Board and Steering Committee remain open to communication 

and collaboration with convention Parties and Partners,
 —	 Important S4C updates, relevant for policy and practice, are communicated to the 

Convention Secretariat, and published on the Convention website,
 —	 Carpathian Convention Focal Points are invited to the relevant scientific events on 

the national and regional level.

•	 Stronger collaborations with other mountain research networks, such as the Sci-
entific Network for the Caucasus Mountain Region (SNC-mt)1, the International Scientific 
Committee on Research in the Alps (ISCAR), and the Mountain Research Initiative (MRI). 
In 2021 S4C and SNC-mt signed an MoU to strengthen cross-regional collaboration. Our 
vision in this respect includes: 
 —	 Exchange of information and knowledge, 
 —	 Supporting cooperation between individual network members, cooperation during 

regional conferences,
 —	 Development, financing, and implementation of joint activities, aimed at building re-

search capacities and fostering dialogue between research, policy and practice, in 
order to link research to the needs of sustainable development and environmental 
protection of the both ecoregions,

 —	 Cross-regional exchange and learning, addressing socio-ecological challenges and 
facilitating sustainability transformations of mountainous regions.

•	 Intensifying efforts to involve younger and early career scientists in the S4C, as well 
as providing them opportunities for training and exchange. Our vision in this respect 
includes: 

1	 www.caucasus-mt.net (last accessed 2022.02.07)
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 —	 Further supporting participation of young and early-career researchers from the 
Carpathian countries in the Forum Carpaticum conferences,

 —	 Organising regular training and exchange opportunities for young and early-career 
researchers from the Carpathian countries, such as summer and winter schools, in 
order to create a better understanding of the complex challenges faced by the Car-
pathian region, and jointly learn how inter- and transdisciplinary approaches can be 
applied to address these challenges effectively.

Aims for the S4C Research Agenda 2022–2030:

In the next chapters we present a number of topics, which the S4C research community 
finds most critical and fundamental for supporting sustainable development of the Car-
pathian region. For each topic, we provide a brief introduction, as well as recommended 
topics and research questions to guide research. 

We envision the given S4C Research Agenda 2022–2030 as a fluid document in develop-
ment – S4C members and peers will be encouraged to revisit and revise it to maintain 
its relevance for the region. 

Interested scientists, practitioners, policy-makers 
are welcome to Join us! by becoming a member of 
the S4C Network, or following our activities: 
http://carpathianscience.org/

References

 —	 Carpathian Convention. 2003. Framework Convention on the Protection and 
Sustainable Development of the Carpathians. http://www.carpathianconvention.
org/tl_files/carpathiancon/Downloads/01%20The%20Convention/1.1.1.1_
CarpathianConvention.pdf

 —	 Cudlin, P, Plch, R., 2021. Book of Abstracts. International scientific conference 
6th Forum Carpaticum – Linking the Environmental, Political and Societal Aspects 
for Carpathian Sustainability. Global Change Research Institute of the Czech Academy 
of Sciences. Brno, Czech Republic. http://carpathianscience.org/downloads/ 
Book-of-Abstracts_2021.pdf

 —	 Kozak J., Björnsen Gurung A. & Ostapowicz K. (eds.): Research Agenda for the 
Carpathians: 2010–2015. Kraków, 2011.

 —	 Mázsa, Katalin, ed. (2018) 5th Forum Carpaticum : Adapting to Environmental and 
Social Risk in the Carpathian Mountain Region. MTA Ökológiai Kutatóközpont, Tihany. 
ISBN 978-615-5270-48-2

 —	 http://real.mtak.hu/93241/1/MazsaK_szerk_Forum_Carpaticum_2018-book-of-
abstracts.pdf

 —	 UN [United Nations]. 2015. Resolution Adopted by the General Assembly 
on 25 September 2015. Transforming Our World: The 2030 Agenda for Sustainable 
Development. General Assembly Report No. A/RES/70/1. New York, NY: UN. http://
www.un.org/ga/search/view_doc.asp?symbol=A/RES/70/1&Lang=E; accessed 
on 8 February 2018. 

 —	 Zawiejska, J; Mitrofanenko, T (Eds) (2021): Recommendations to the Carpathian 
Convention from the Science for the Carpathians (S4C) Network. Based on the inputs 
of participants of the 6th Forum Carpaticum “Linking the Environmental, Political and 
Societal Aspects for Carpathian Sustainability”, 21–25 June 2021. Secretariat of the 
Carpathian Convention. 

http://www.carpathianconvention.org/tl_files/carpathiancon/Downloads/01%20The%20Convention/1.1.1.1_CarpathianConvention.pdf
http://www.carpathianconvention.org/tl_files/carpathiancon/Downloads/01%20The%20Convention/1.1.1.1_CarpathianConvention.pdf
http://www.carpathianconvention.org/tl_files/carpathiancon/Downloads/01%20The%20Convention/1.1.1.1_CarpathianConvention.pdf
http://carpathianscience.org/downloads/Book-of-Abstracts_2021.pdf
http://carpathianscience.org/downloads/Book-of-Abstracts_2021.pdf
http://www.un.org/ga/search/view_doc.asp?symbol=A/RES/70/1&Lang=E
http://www.un.org/ga/search/view_doc.asp?symbol=A/RES/70/1&Lang=E
https://forschung.boku.ac.at/fis/suchen.publikationen_uni_autoren?sprache_in=en&menue_id_in=106&id_in=&publikation_id_in=141032
https://forschung.boku.ac.at/fis/suchen.publikationen_uni_autoren?sprache_in=en&menue_id_in=106&id_in=&publikation_id_in=141032
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1	 Climate Change 
   

There are currently significant relatively rapid phenomena and processes on Earth, which 
we include under the term “climate change”. Its most pronounced manifestation is global 
warming (Rignot et al, 2019). The cause of current global warming and related phenomena 
is the intensification of the greenhouse effect of the atmosphere due to the increase in 
the concentration of greenhouse gases (Powell et al., 2017). The increase in the amount 
of greenhouse gases in the atmosphere occurs mainly through the combustion of fossil 
fuels (Quéré et al., 2018). Current climate change cannot be explained by natural cli-
mate variability or changes in natural climate-forming factors (Ganopolski et al., 2016). 
Climate change is a global problem that not only affects us, but we also have a stake in 
it. The possibilities of its mitigation or adaptation are professionally developed but their 
implementation significantly depends on the decisions of national governments (Murphy 
and Ravishankara, 2018). 
According to a representative set of regional climate models (EURO-CORDEX), the inten-
sity of the observed manifestations of ongoing climate change will increase in the com-
ing decades. According to the most likely scenario, greenhouse gas emissions in Central 
Europe will result in warming by an average of 2 °C by the middle of the century, com-
pared to the average of 1981–2010. Annual precipitation totals will increase only slightly 
or stagnate. A slight increase in precipitation is expected in the winter months, but in the 
lower and middle altitudes it will mostly be rainy. In the summer, on the other hand, the 
models expect a decrease in the amount of precipitation. Combined with higher tem-
peratures, this will lead, among other things, to an increase in the evaporation of water 
available in the landscape, and thus to a significant risk of more frequent and prolonged 
drought episodes. Particularly southern locations will be affected, with significant risks 
in the form of serious deterioration in agricultural production and forest growth condi-
tions (EEA, 2020).

S4C Research Agenda 2022–2030
Topics and Research 
questions guiding inter- and 
transdisciplinary collaboration 
for sustainable development of 
the Carpathian Region

Pavel
Cudlín
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Recommended topics

•	 Selection of a sufficiently wide range of regional climate models for individual areas of 
the Carpathians. Additional downscaling of selected climate models for regional studies

•	 Use of envelop models to estimate the impact of changing climatic conditions on major 
ecosystems and ecosystem service providers

•	 Social aspects of climate change mitigation measures
•	 Resilience of ecosystem services and land use practices to climate change. 

Recommended research questions

•	 Which of the climate change mitigation measures are relevant and socially acceptable 
in the Carpathian region?

•	 Which groups of ecosystem services are the most affected by the impacts of climate 
change in the Carpathian region and what measures can be implemented to prevent 
their further degradation?

•	 Are there any practices (forest management, farming methods) in the Carpathian re-
gion that are resilient to climate change?

•	 What are most appropriate climate change mitigation and adaptation measures in the 
Carpathians, considering their complexity and mutual positive and negative effects in 
terms of expected future developments?. 

References

 —	 EEA, 2020. European life Environment — State and outlook 2020, Summary. EEA, 
Brussels.

 —	 Ganopolski, A., Winkelmann, R. and Schellnhuber, H. J. 2016. Critical insolation–CO2 
relation for diagnosing past and future 660 glacial inception, Nature, 529(7585), 
pp 200–203, https://doi.org/10.1038/nature16494.

 —	 Murphy D.M., Ravishankara, A.R, 2018. Trends and patterns in the contributions 
to cumulative radiative forcing from different regions of the world. PNAS, 115 (52), 
https://doi.org/10.1073/pnas.1813951115

 —	 Powell, J. Scientists Reach 100% Consensus on anthropogenic global warming. Bulletin 
of Science, Technology and Society, 37 (4), pp 183–184.

 —	 Quéré et al. 2018. Global Carbon Budget. Earth Syst. Sci. Data, 10, pp 2141–2194.

 —	 Rignot, E., Mouginot, J., Scheuchl, B., van den Broeke, M., van Wessem, M. J., 
Morlighem, M. 2019. Four decades of Antarctic ice sheet mass balance  
from 1979–2017. PNAS, 116(4), https://doi.org/10.1073/pnas.1812883116

 —	 Smith, C. J., Forster, P. M., Allen, M., Fuglestvedt, J., Millar, R. J., Rogelj, J., Zickfeld, K. 
2019. Current fossil fuel infrastructure does not yet commit us to 1.5 C warming. 
Nature communications, 10(1), pp 1–10.

https://doi.org/10.1038/nature16494
https://doi.org/10.1073/pnas.1813951115
https://doi.org/10.1073/pnas.1812883116


S4C Research Agenda� 2022–2030 S4C Research Agenda� 2022–203016 17

2	 Water resources 
and management

   

While numerous studies explored the pollution of the environment with microplastic, the 
pollution of riverine environment with macroplastic debris has only recently been recog-
nized and research allowing for identification of mechanisms and rates of macroplastic 
storage, transport, and redeposition in rivers is required (Liro et al., 2020). In the 20th 
century, valleys of Polish Carpathian rivers experienced considerable expansion of flood-
plain forest and the change has important impacts on riverine ecosystems and flood 
hazard (Hajdukiewicz and Wyżga, 2020) – however, recent trends of forest development 
may differ among Carpathian countries. Trees fallen to river channels were recognized 

to beneficially influence ecological processes in rivers, but mobility of in-channel wood 
during floods may pose hazard to property and infrastructure on valley floors. Sustaina-
ble management of in-channel wood requires knowledge of its mobility, which can differ 
considerably between mountain channels of different size (Mikuś et al., 2016). The ongoing 
climate change may variously affect flow characteristics of Carpathian rivers, such as flow 

Fluvially transported 
plastic debris

Regulated Dřevnice river, 
West Carpathians, 

Czech Republic

Near-natural reach 
of a large Carpathian river

Bartłomiej 
Wyżga

Joanna 
Zawiejska
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amount, seasonality of extremes and temperature regime (Kędra, 2020), depending on 
river location in the Carpathian arc. Conventional engineering management of mountain 
streams was shown to exert negative impacts on all dimensions of sediment connectivity 
and, thus, on hydromorphological stream quality. Therefore, there is a need to find and 
apply more environment-friendly approaches to the management of mountain streams 
(Galia et al., 2021). The onset of restoration projects in Carpathian streams and rivers 
raises the question of suitability and effectiveness of applied restoration measures. Sci-
entific monitoring of river restoration projects is thus required to help the choice and 
promote a wider use of innovative, cost-effective restoration measures aimed to improve 
the functioning of degraded mountain ecosystems (Wyżga et al., 2021).
 

Recommended topics

•	 Pollution of mountain watercourses with micro- and macroplastic, including storage and 
redeposition of plastic in the river sediments.

•	 Recent trends of development/decline of riparian forests along mountain rivers in Car-
pathian countries and their impact on changes of the quality of riverine and riparian 
ecosystems and flood hazard

•	 Assessment of the mobility of in-channel wood in mountain watercourses narrower and 
wider than the height of riparian trees with use of a variety of monitoring techniques

•	 Impacts of climate changes on the amount and variability of river flow, including the fre-
quency and seasonality of extreme events (floods and droughts), and thermal regime of 
river waters

•	 Changes in sediment connectivity in Carpathian rivers resulting from various engineer-
ing measures (channelization structures, dams, check-dams) and channel incision

•	 Evaluation of immediate and long-term effects of river restoration projects

 
Recommended research questions

•	 What are the morphological features of mountain rivers that promote the entrapment 
and storage of plastic debris and where can the debris be preferentially transported 
downstream?

•	 What is the spatial distribution of plastic pollution in Carpathian rivers?
•	 What are the drivers of recent changes in the occurrence of riparian forests in the val-

leys of Carpathian rivers?
•	 How does the mobility of in-channel wood differ between mountain watercourses of dif-

ferent sizes and how do these differences affect flood hazard in the valleys?
•	 How do river restoration projects modify abiotic and biotic characteristics of degraded 

mountain watercourses during the time span of these projects and in the long term?

Riparian forest 
developed along 

a large Carpathian river 
(Czarny Dunajec, 

Poland)
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References

 —	 Galia T., Škarpich V., Ruman S., 2021. Impact of check dam series on coarse sediment 
connectivity. Geomorphology 377, 107595.

 —	 Hajdukiewicz H., Wyżga B., 2022. Twentieth-century development of floodplain forests 
in Polish Carpathian valleys: The by-product of transformation of river channels? Sci. 
Total. Environ. 802, 149853.

 —	 Kędra M., 2020. Sensitivity of mountain catchments to global warming: a case study of 
the San Basin, Poland. Water Environ. J. 34, 648–660.

 —	 Liro M., van Emmerik T., Wyżga B., Liro J., Mikuś P., 2020. Macroplastic storage and 
remobilization in rivers. Water 12, 2055.

 —	 Mikuś P., Wyżga B., Ruiz-Villanueva V., Zawiejska J., Kaczka R.J., Stoffel M., 2016. 
Methods to assess large wood dynamics and the associated flood hazard in Polish 
Carpathian watercourses of different size. In: Kundzewicz Z.W. et al. (eds.), Flood Risk 
in the Upper Vistula Basin. Springer, Cham, pp 77–101.

 —	 Wyżga B., Amirowicz A., Bednarska A., Bylak A., Hajdukiewicz H., Kędzior R., Kukuła K., 
Liro M., Mikuś P., Oglęcki P., Radecki-Pawlik A., Zawiejska J., 2021. Scientific monitoring 
of immediate and long-term effects of river restoration projects in the Polish 
Carpathians. Ecohydrol. Hydrobiol. 21, 244–255. 

3	 Natural hazards 
and risks 

   

Mountainous areas are predestined for natural hazards. Relief energy and high intensity 
of natural processes create risks for people residing in mountainous areas, potentially 
more serious than risks posed to populations living elsewhere. Climate change and in-
creasing intensity of extreme events means that risks have to be taken into account for 
social development in the Carpathians. The most important point of view is that all such 
phenomena are natural processes and they become ‘risks’ only from a human point of 
view. Respect for nature and understanding of its functioning is the most effective way 
to reduce future losses. 

Recommended topics

•	 ‘Living with hazards’ - development of society with respect to natural processes
•	 Susceptibility and risk assessment for main natural hazards in the Carpathians - land-

slides, floods, flash floods, local droughts, strong winds, avalanches
•	 Natural hazard’s impact on safety
•	 Implementation of results on natural hazard research in spatial planning
•	 Prediction of natural hazard occurrence and rates in the climate change context, for 

example:
 —	 precipitation change vs landsliding susceptibility 
 —	 snow cover and rainfall vs flash floods
 —	 local droughts vs susceptibility 
 —	 transboundary research and risk management: integration of natural hazards re-

search and risk management between neighbouring countries and regions, espe-
cially when natural systems (e.g. catchment area) are shared by two countries

Paweł 
Kroh
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Recommended research questions

•	 How to develop society and its infrastructure in a sustainable way, with respect for nat-
ural resources and processes? 

•	 How will climate change affect the intensity of natural processes and susceptibility for 
natural hazards?

   

4	 Land use and land  
cover change

   

Dominant land use processes observed in the Carpathian region are land abandonment 
leading to forest cover increase (Kolecka et al., 2017, Pazur et al., 2014, Săvulescu et al., 
2019) and settlement development (Kaim 2017, Pazur, Bolliger, 2017) - that leads to farmland 
decrease. Critical drivers for land use change include: climate change, demographic pro-
cesses, policy and institutional interventions (e.g. Common Agricultural Policy, Biodiversity 
Strategy 2030 etc.). Settlement pressure and sprawl in the region results in strong impacts 
on biodiversity and ecosystems (e.g. movement barriers, light pollution, noise pollution, hu-
man-wildlife interactions). At the same time, traditional land management approaches have 
been preserved throughout the Carpahian region, including in some of its lesser-known, 
peripheral areas (for example, at the junction of the Carpathian and Pannonian regions). 
Protection of these peripheral areas, which often form a buffer between the intensively 
used agrarian landscape and the forested piedmont and mountain landscapes.

Recommended topics

•	 Multi-disciplinary research of rural areas especially in context of their depopulation, in-
cluding measures to stop this trend.

•	 Research to facilitate ecological restoration of Carpathians grasslands.
•	 Understanding, mapping and supporting traditional land management approaches in 

the Carpathian region
•	 Land abandonment and its consequences in the Carpathians
•	 Long-term land use legacies in the region 
•	 Scenarios of the future land use changes in regard to demography and climate change 

in the region. 

Slide around the stream, 
Western Carpathians, 

Czech Republic

Dominik 
Kaim
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Recommended research questions

•	 How will land use change in the Carpathians affect biodiversity and other ecosystem 
services in future?

•	 How will the land use be affected in future by the critical drivers, which are: climate 
change, demographic processes, policy and institutional interventions (Common Agri-
cultural Policy, Biodiversity Strategy 2030 etc.)?

References

 —	 Kaim, D. (2017). Land cover changes in the Polish Carpathians based on repeat 
photography. Carpathian Journal of Earth and Environmental Sciences, 12(2).

 —	 Kolecka, N., Kozak, J., Kaim, D., Dobosz, M., Ostafin, K., Ostapowicz, K., ... & Price, B. 
2017. Understanding farmland abandonment in the Polish Carpathians. Applied 
Geography, 88, 62–72.

 —	 Pazúr, R., Lieskovský, J., Feranec, J., & Oťaheľ, J. 2014. Spatial determinants of 
abandonment of large-scale arable lands and managed grasslands in Slovakia 
during the periods of post-socialist transition and European Union accession. Applied 
Geography, 54, 118–128.

 —	 Pazúr, R., & Bolliger, J. 2017. Land changes in Slovakia: Past processes and future 
directions. Applied Geography, 85, 163–175.

 —	 Săvulescu, I., Mihai, B. A., Virghileanu, M., Nistor, C., & Olariu, B. 2019. Mountain arable 
land abandonment (1968–2018) in the Romanian Carpathians: Environmental conflicts 
and sustainability issues. Sustainability, 11(23), 6679.

Cottage colony, 
Western Carpathians, 

Czech Republic

Land use in the Polish Carpathians
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5	 Integrated landscape 
management  
and governance  
for better regional  
development policy

   

Sustainable landscape governance should be based on the following principles: inclusive 
decision-making in the landscape, culture of collaboration in the landscape, coordina-
tion across landscape sectors, levels and actors, sustainable landscape thinking and 
action based on nature-based approaches to land use and natural resource manage-
ment. Based on such principles, land-use planning and management practices can limit 
the degradation of water, forests, grasslands and soils, and promote their restoration 
while conserving biodiversity, thus contributing to sustainable landscapes. The loss of 
traditional inherited knowledge in land-use governance and management is gaining 
importance in the context of increasing rates of rural depopulation in the Carpathians 
(Molnar and Berkes, 2018; Smaliychuk et al., 2016). For example, agricultural land is 
being abandoned due to the continuous decline of rural population, increasing urban-
isation, outmigration, marginalisation, and dependency on the external economy. The 
trend of a gradual increase of abandoned agricultural land will likely continue in the next 
decade (EC, 2020). Therefore, novel approaches and governance models, often based 
on traditional landscape management approaches, are receiving increased attention 
in policy debates and scientific research (e.g. social innovation to promote sustainable 
landscape governance). 

It is critical to understand possible pathways and enabling factors for the revitalisation 
of inherited landscape governance (e.g., farming practices) in order to preserve them. 
Finding new mechanisms for the governance and use of agricultural land, e.g. based on 
traditional farming approaches, is crucial (Molnar and Berkes, 2018). A holistic consid-
eration of the influence of energy flows on ecosystem services, both within and outside 
Carpathian markets, could help identify ways towards decarbonization, while simultane-
ously maximising the benefits that people derive from nature. It is important not only to 
preserve traditional knowledge, but also, in the current socio-economic conditions, to 
apply novel governance mechanisms by integrating traditional approaches into new ag-
ricultural practices (see Spacek et al., 2020). 

Recommended topics

•	 Green infrastructure planning
•	 Sustainable green energy provision in the Carpathians (e.g. action research with rel-

evant stakeholders involved, including NGOs, Universities, local authorities), including 
formation of citizen energy communities

•	 Shift to Renewable Energy (such as thermal solar facilities on the roof of kindergartens, 
schools, etc)

•	 Adopting a broader approach to protecting the few remaining valleys in the Carpathians 
where natural processes and dynamics are operating at truly landscape scales

•	 Building a ground for creation of common policy, enforcement of the law in terms of 
voluntary and obligatory forest certification requirements

•	 Participatory natural resource governance, including on the transboundary level

Recommended research questions 
•	 How can the interaction of actors and their networks foster knowledge co-production 

for the revitalisation of traditional farming, and thus the reconfiguration of social prac-
tices towards sustainability transformation?

•	 How could smart resource management help stakeholders to more effectively deliver 
and adapt concepts of bio- and circular economy as well as less waste in environmental, 
economic, and social challenges of the Carpathian region?
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•	 How is it possible to design a common, united and holistic development policy to change 
the Carpathians into an ecologically efficient region?

•	 How can circular business models in the public and private sector be introduced and 
evaluated in common integrated resource management and regional development poli-
cy?

•	 How can local initiatives of environmental, economic, and social nature be designed to 
use and reuse Carpathians’ resources?

•	 Which solutions gained broadly from bio and circular economy might be introduced into 
integrated resource management policies in the Carpathians, and how?

•	 How might traditional ecological knowledge be encouraged and in some cases adapted 
for present changing environmental conditions?
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6	 Forests,  
their management 
and governance 

   

Forest ecosystems in the Carpathians will continue to change into the future as com-
pounded stresses from climate disruption, alteration of disturbance regimes, invasive 
species, land use pressures, and other factors increase. With changes in ecosystem 
dynamics will come shifts in the mix of ecosystem goods and services those forests pro-
vide (Kruhlov et al. 2018, Thom et al. 2019). Foresters, scientists, and policy makers alike 
are challenged to integrate knowledge from multiple disciplines in addressing questions of climate change. Our research agenda will address the multiple ecological, social, and 

economic dimensions of global change as it pertains to the forest sector. 

Forests in the Carpathians, as in the rest of the world, are increasingly valued as Natu-
ral Climate Solutions (NCS) (Griscom et al. 2017). Yet alterations of natural disturbance 
regimes, such as increases in the frequency and severity of bark beetle outbreaks and 
wind events, may limit NCS solutions through reduced carbon storage capacity in Euro-
pean forests (Seidl et al. 2014). Thus, forest managers face major challenges as they 
seek adaptive forest management approaches. Research on all aspects of forest resil-
ience – from flood control and hydrologic regulation, to forest road design, to silviculture 
for functional trait diversity – will be particularly relevant to the Carpathian region. 

Also of concern is conservation of rare and under-represented forested communities 
and seral stages, including intact floodplain and riverine systems, as well as primary and 
old-growth forests (Sabatini et al. 2018). Research is needed to identify both protection 
priorities (Sabatini et al. 2020) as well as vulnerabilities in the face of climate change, 
invasive species, and illegal timber harvesting, the latter posing threats to forest ecosys-
tems even more generally (Korn et al. 2013). Research investigating the role that natural 
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disturbances play in shaping landscape patterns, beta diversity in habitat and species 
distributions, and ecosystem service provisioning will be central to our agenda (Mikoláš 
et al. 2022). 

To ensure sustainable and multifunctional development of forestry, good and participa-
tory forest governance is key and focuses on local communities as key stakeholders for 
sustainability, including to achieve socio-economic and environmental performances. 
Participatory forest governance refers to processes and mechanisms that enable those 
people who have a direct stake in forest resources to be part of decision- making in all 
aspects of forest management, from managing resources to formulating and implement-
ing institutional frameworks (FAO, 2012). In Carpathians conditions participatory forest 
governance would include institutional arrangements ranging from community ownership 
and management of forest resources to partnerships for forest management between 
the state and local communities, and devolution of management of forest resources from 
the state to individual households. 

Recommended topics

•	 Climate change effects, vulnerabilities, risks, and adaptation responses
•	 Invasive species effects on forest ecosystems
•	 Natural disturbance dynamics, including alteration of disturbance regimes and implica-

tions for habitat and ecosystem services
•	 Reforestation and restoration
•	 Ecological silviculture, including but not limited to close-to-nature forestry
•	 Forest biodiversity, including rare, threatened, and endangered species
•	 Forest carbon dynamics, carbon forestry, and implications for climate mitigation
•	 Protected areas and natural climate solutions
•	 Sustainable forest-based recreation
•	 Forest hydrology and relationships to flood regimes and risks
•	 Riparian ecology; forest-stream interactions; flood-plain forests
•	 Improving the region’s forest road networks, design, and engineering
•	 Plant functional trait diversity and ecosystem resilience
•	 Primary, old-growth, and under-representated seral stages and communities
•	 Illegal timber harvesting and enforcement of country-specific forest laws

Small forest recovery cycle 
in natural spruce forest 
in Western Carpathians

Unmanaged forest 
after wind break, 

High Tatras, 
Slovakia



S4C Research Agenda� 2022–2030 S4C Research Agenda� 2022–203034 35

•	 Forest governance, including stakeholder involvement in decision making and communi-
ty-based forest management

•	 Sustainable wood bioenergy and uncertainty regarding effects on carbon budgets
•	 Value-added wood products
•	 Non-timber forest products
•	 Good forest governance and forest stakeholders engagement in decision-making
•	 Innovations in forestry 

Recommended research questions

•	 What are the optimal criteria and methodologies for determining the most at risk forest 
resources, functions, and biological diversity in the region?

•	 What are the main challenges of sustaining forest ecosystems into an uncertain future? 
•	 Which forest attributes and forest management approaches best confer resilience or 

adaptability to climate change?
•	 How can the forest sector contribute to climate change mitigation through forestry prac-

tices, restoration, and conservation promoting Natural Climate Solutions? 
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7	 Conservation  
and sustainable use  
of biodiversity

   

Healthy biodiversity is a background of diverse resources and services necessary for 
human survival, prosperity, and well-being (MEA, 2005). However, as a result of continued 
population and economic growth, it is declining globally at a historically rapid rate (Díaz 
et al., 2019). The Carpathian Mountains are a biodiversity hot-spot in European context, 
they harbour many relatively undisturbed ecosystems, e.g. large unmanaged old-growth 
(‘‘virgin’’) forests or Europe’s  largest wolf and brown bear populations. In addition, 

Carpathians are still rich also in semi-natural, traditional landscapes (Björnsen-Gurung 
et al., 2009) supporting rich biodiversity. 
Carpathians are very dynamic due to the transformation of a political and economic sys-
tem at the end of the previous century followed by urbanisation and changes in land use. 
The loss of natural habitats is mostly caused by forest exploitation, land-use conversion, 
nutrient loading, pollution and by natural disturbances that are often a consequence of 
climate change (Primack, 2000). Recent spruce dieback in Carpathians could be con-
sidered as a threat to natural forests while in monocultures it could be considered as 
an opportunity.
The loss of near-natural habitats is mostly caused by termination of (traditional) man-
agement, their abandonment or shifts to intensive, production-oriented management 
practices. Effects of all these changes to biodiversity are still not sufficiently known and 
therefore the strategy of the management measures for biodiversity maintenance and 
protection of habitat and species diversity is needed.
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The recent EU policies, especially the European Biodiversity Strategy and Green Deal bring 
new inputs, e.g. in the field of ecosystem restoration.

Recommended topics

•	 Revealing the most threatened habitats and species, preparation of action plans for the 
protection of these

•	 Finalisation of the draft Red List of Species and Red List of Forest Habitats (2014) with 
involvement of relevant experts from all Carpathian countries 

•	 Identification of conflicts between humans and wildlife (build on experience from other 
mountainous regions in resolving wolf-livestock conflicts)2 and of measures to their re-
solving or reconciling

•	 The effect of linear infrastructure development to fragmentation of wild animal popula-
tions and to animal-vehicle collisions; identify measures to prevent or reduce them

2	 https://www.eurolargecarnivores.eu/en/feature/bruno-zaehner (under AGRIDEA; 
in German).

•	 Impact of land use changes to natural and semi-natural habitats and their diversity
•	 Restoration of damaged or destroyed ecosystems
•	 As knowledge gaps exist of endemic and rare species for which the Carpathian coun-

tries have high responsibility, research on endemic taxa should be fostered
•	 Biodiversity-related data collection for spatial planning, landscape conservation 
•	 Identification of ecosystem services provided by natural areas
•	 Addressing knowledge gaps in applying ecosystem approach, ecosystem services to 

humans, ecosystem effects to human health, methods of mapping and assessment of 
ecosystem services. 
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Recommended research questions

•	 Which management measures for biodiversity maintenance and protection of habitat 
and species diversity can be applied and how, considering a long-term perspective? 

•	 What are indirect effects of human activities to species/biodiversity?
•	 What are the effects of climate change on biodiversity?
•	 What are consequences of forestry management to biodiversity?
•	 How do invasive species impact natural ecosystems and their regulation?
•	 What are optimal sizes of large carnivores’ populations in the Carpathians?
•	 How can knowledge gaps of human interaction with large carnivores be addressed?
•	 What are the effects of legal hunting on pack structure and behaviour?
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8	 Ecosystem  
services  
and human  
well-being

   

Ecosystem Services (ES) play an important role in economic and social development of 
mountain regions, e.g. being a source of wood and non wood forest products (NWFPs), 
a renewable energy source, and a basis for outdoor recreation, in addition to maintain-
ing their ecological significance (e.g. for watershed protection, erosion control and bio-
diversity conservation). Mountain forests contribute to reducing societal vulnerability to 
climate change and to ensuring the well-being of local, forest-dependent communities. 
Attention is being increasingly paid to an improved understanding of human-environmental 
interactions within the Forest Socio-Ecological Systems (FSES) (Kalaba, 2014; Mohammed 
and Inoue, 2017). Recent studies seek to explain how forest ecosystems can contribute 
to human well-being and provide sustainably a broad array of essential ES (Melnykovych 
and Soloviy, 2014). Forest-dependent communities, such as mountain communities in the 
Carpathians, use ecosystems intensively because they depend on ES. Forest users and gov-
ernance representatives at a local level influence the sustainability of FSES (Sarkki et al., 
2017a). To date, however, mountain FSES, where communities are highly dependent on 
goods and services derived from forests and where human-environmental interactions 
remain a key factor for sustainable development, remain underexplored. Exploration of 
multi-functionality in forest social-ecological interactions constitutes a challenge, since 
the combination of ES may be different across different locations and contexts, and de-
pendent on a high number of factors. Thus, it is imperative to examine the socio-ecological 
system complexity across a range of social and environmental interactions as well as the 
dynamics and cross scale issues that have multiple outcomes (Melnykovych et al., 2018; 
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Nijnik and Miller, 2013). Specifically, there is a lack of understanding of the flows of ES 
that contribute most to the well-being of communities that are highly dependent on for-
ests, as it is in the Carpathian Mountains (Nijnik and Melnykovych, 2016; Melnykovych and 
Soloviy, 2014). 
Knowledge of the economic value of ecosystem services can be extremely important for 
e.g. decision-makers. As part of the analysis of ecosystem services, the following main 
elements (stages) can be distinguished:

•	 assessment of ecosystems (type, condition, etc. – translating into the potential to pro-
vide services);

•	 assessment of services (which services and in what volume can be delivered by a given 
ecosystem in given state/condition);

•	 valuation of services (calculation of the value of services provided in monetary units). 

Therefore, the proposed directions of expert, research activities by the S4C community, 
could possibly entail and/or focus on the following tasks related to the Carpathian:

•	 ecosystem mapping, taking into account the diversification of categories and charac-
teristics of ecosystems with respect to their components and both biotic and abiotic 
elements and in relation to eco-landscapes zones, physiogeographical regions, and ad-
ministrative division,

•	 select / develop credible indicators to understand (a) the state of ecosystems as well 
as (b) potential to deliver ecosystem services and (c) capacity to supply further the 
ecosystem services, 

•	 communicate the value of ecosystem services to be included in policy making processes.

Recommended topics

•	 Ecosystem services valuation for better decision making and good governance of nature
•	 Human-environmental interactions pertaining to ecosystem services demand and supply 

evelopment of innovative responses to address contemporary challenges in ecosystem 
services supply and enhance systems’ resilience

•	 Investigate the perception of ecosystem services by relevant stakeholders to integrate 
them in decision making

•	 Develop diverse development trajectories to overcome current challenges to sustaina-
bility of ecosystem services provision, with 
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•	 Identification of appropriate responses (e.g. social innovations and social-ecological in-
novations) to assist in overcoming the challenges and achieving sustainability in ecosys-
tem services provision, including at a local scale

Recommended research questions

•	 Which Ecosystem Services contribute most to the well-being of communities that are 
highly dependent on forests in the Carpathian Mountains?

•	 Which social and social-ecological innovations can assist in overcoming the challenges and 
achieving sustainability in ecosystem services provision to generate human well-being? 
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structures, typical for mountain communities, by population coming from big towns out-
side the mountain area, which contributed to the development of settlements by their 
real-estate investments. Social innovations might contribute significantly to urban and 
rural sustainable development objectives.   

Recommended topics

•	 Inventory and mapping of urban and rural development processes 
•	 Identification of drivers for urban and rural development
•	 Depopulation of rural areas
•	 Socio-ecological trends in development of urban settlements   

Recommended research questions

•	 Is it still possible to define a Carpathian type of rural and urban settlements after the 
recent social and economic transformations? 

•	 Can internal transformation of built-up areas in Carpathian settlements reflect the latest 
social and economic developments/evolutions? Is it possible to develop and standardise 
a methodology in this context, to be applied for the entire region?

• 	 Which are the relationships between topographic background and the spatial and func-
tional development of Carpathian rural and urban settlements?

•	 Is it possible to map in a standardised way the effects of the depopulation of the moun-
tain areas?

•	 How can the relationship between Carpathian settlements and the accessibility of the 
mountain regions be evaluated and mapped, together with the development of transpor-
tation infrastructures? 

•	 How can emerging transportation infrastructure affect the settlement’s dynamics and 
their spatial, social and economic profile? 
 

9	 Urban and rural  
development

   

Carpathian landscapes are well defined by thousands of settlements, permanent as 
well as temporary, developed along valleys and slopes and, very interestingly, on high 
mountain plateaus or remnants of the erosion surfaces, such as in the Romanian Car-
pathians – the Apuseni Mountains central regions with scattered villages located up to 
1400–1500 m (Tara Motilor region). Urban development is another aspect, strongly re-
lated to the industrial tradition and to the transportation networks. Tourism development 
influenced the evolution and the reshaping of the built-up areas, especially after 1989, as 
the centralised urban planning was replaced by private initiatives and a secondary role of 
state decision makers. Inventory and mapping of these transformations in an unified way 
is highly important, with the objective to identify simultaneously the spatial and temporal 
patterns, as well as the main drivers and the potential directions of these processes. An 
inventory of settlements is necessary as we can observe a general trend of depopulation 
of rural areas, for example, in Romanian Carpathians, where poor infrastructure and 
limited investments poses challenges to maintaining rural landscapes with high cultural 
value and traditional experience (e.g. arable ground on top of hills and mountains dis-
appears as explained by Savulescu et al., 2019). On the other hand, some urban areas, 
situated along mountain valleys with higher levels of transportation infrastructure (i.e. 
main railway lines, modernised highways, motorways) create high levels of urban pres-
sure on the landscape, with increasing density of houses, including tourism-related de-
velopments, such as ski areas. These settlements are creating new urban landscapes in 
a shorter time interval (ex. after 2001 in Romania), where buildings are often construct-
ed on slopes with old mass movements, previously covered by secondary forest stands 
from the 1950s (ex. Upper Prahova Valley in Southern Romanian Carpathians, see Mihai et 
al., 2014). Recent development of settlements shows a general trend of homogenization 
of functional features, as well as social changes, with the visible replacement of former 
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10	Traditional  
Ecological Knowledge  
and Tourism 

   

Traditional Ecological Knowledge (TEK) is increasingly understood as a key component of 
human engagement with ecosystems historically and moving forward. This is especially true 
in relatively isolated and challenging ecosystems that abound in mountainous regions such 
as the Carpathians (Moga 2016, Angelstam 2017). TEK is often a generative component of 
local traditions generally, and those traditions are featured as part of the creation of many 
tourist destinations. In the framework of sustainable tourism destinations development, 
where the setting up of equilibrium among environment quality, local communities benefits, 
tourist satisfaction and economic  of investor welfare are required, TEK could be a driving 
force for all these sectors. Thus, more attention should be paid to research on tourist satis-
faction with the originality of (eco)tourists products (Matei et al., 2014), functioning of envi-
ronmental conservation areas (Widawskiet al., 2018) or sustainability of economic tourism 
business (Filimonau et al., 2020). However, the concept of “local communities” needs to be 
clarified and included as part of our research findings. In areas with strong tourism impact, 
we need to include the interactions between local communities who retain TEK, more recent 
migrants to any given area, and tourists (eg. for studies of traditional local residents, more 
recent settlers, and tourist trends in the Polish Tatra Mountain region as seen in Cooley 
2005: 58–82; Dabrowski 2021). This research agenda will generate new knowledge about 
the ties and tensions between tourism as an economic driver and the pressure this puts 
on ecosystems and the local communities with long traditions of living symbiotically with 
delicate mountain environments. The topics proposed suggest the value of research teams 
that include specialists in the arts and humanities working collaboratively with environmental 
scientists, geographers, and others to develop new models for sustainable tourism. We ask 
if there are links between displacing local communities or replacing their land use practices, 
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•	 Human-wildlife conflict in tourism-related research.
•	 Re-evaluating alternatives to existing understandings of ecotourism.
•	 Past, current, and future roles of Traditional Ecological Knowledge in maintaining resilient 

mountain ecosystems. 
•	 The potential value of research teams that include specialists in the arts and humanities 

working collaboratively with environmental scientists, geographers, and others to devel-
op new models for sustainable tourism. 

•	 Scientists and humanists working together to propose new (and revive old) approaches 
to ecology in the Carpathians.

•	 Quantifying the tensions between slowing climate change to support regional ecosystems 
and tourism development to support economics.

•	 The incorporation into policy recommendations requires that Traditional Ecological Knowl-
edge be respected and that traditional local stakeholders be part of any land use decisions. 

Recommended research questions

•	 How can we clarify the conception of “local communities” and their relationships to Tra-
ditional Ecological Knowledge?

•	 Is it desirable and possible to (a) openly recognize distinctions between populations who 
may be considered “traditional” to a region, and to (b) prioritize the traditional residents 
in particular regions as integral to our understanding of those regions’ ecologies?

•	 How might this impact tourism to these same regions?
•	 Where is it possible and helpful to defer to Traditional Ecological Knowledge (TEK) as 

interpreted by traditional residents of regions-of-interest as the starting point for any 
land use, including tourism?

•	 Make the causes of depopulation and population ageing a priority research question 
that precedes policy recommendations of tourism development.

•	 How to best change or pair the concept of “sustainability” with “resilience” since “to 
sustain” too often implies keeping things as they are rather than adapting to changing 
circumstances (see Allen 2019). 

•	 Strengthen the link between the protection and valorisation of cultural heritage and cli-
mate mitigation.

•	 How might TEK be encouraged and in some cases adapted for present changing envi-
ronmental conditions? 

and damaging local ecosystems. More positively, we ask if supporting or renewing traditional 
ecological knowledge and practices may help us restore damaged ecosystems, encourage 
resilience and enhance tourism values. As researchers, how can we better understand the 
impact of human cultural practices on ecosystems? Since environmental restoration efforts 
often rely on the active engagement of local stakeholders, understanding and respecting 
TEK may improve the success of S4C policy recommendations.

Recommended topics

•	 Resilience, adaptations, innovations for sustainable Carpathian tourist destinations.
•	 Mapping of the entire region in a standardized way and the development of a living atlas 

of the Carpathian Region. 

Mountain lake in the High Tatras, Slovakia
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11	 Cultural  
heritage  
and traditional  
knowledge

   

The richness and diversity of local cultures are part of the unique values of the Carpathian 
region, distinguishing it from other regions of Europe and the world. However, weakened 
knowledge of traditional land-use management and governance in local communities, 
decline of knowledge exchange and skill transfer between generations can be observed 
in the Carpathian region (Spacek, Melnykovych et al., 2022). The cultural heritage of the 
Carpathian region, in particular its intangible manifestations, is increasingly threatened, 
also by social transformations and changing economic conditions, the ongoing depopu-
lation of rural areas particularly concerning marginalised mountain areas, and globali-
sation of culture, which can lead to its deterioration, abandonment and disappearance. 
Article 11 of the Carpathian Convention requires parties to pursue policies to preserve 
and protect cultural heritage and traditional knowledge, which includes cultural heritage, 
traditional knowledge, architecture, land use, animal husbandry, horticulture and botany 
(Carpathian Convention, 2003). Based on the Carpathian Convention documents pertaining 
to Cultural Heritage and Traditional Knowledge (e.g. the Draft Protocol on Cultural Herit-
age and Traditional Knowledge, etc.), discussed at the Fifth Meeting of the Working Group 
Cultural Heritage and Traditional Knowledge in 2018, in Szentendre, Hungary3, the follow-
ing research topics and questions could be formulated as an aim for the near future. 

3	 http://www.carpathianconvention.org/eventdetailwg-cultural-heritage/events/
fifth-meeting-of-the-wg-cultural-heritage-and-traditional-knowledge.html
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•	 Raising awareness on cultural heritage and traditional ecological knowledge of the Car-
pathians.

•	 Promotion of cultural heritage and traditional knowledge through educational programs 
and research and social innovation projects; 

•	 Promoting traditional value-added local products, arts and handicrafts ;

 
Recommended research questions

•	 What are the specificities of the Carpathian region in relation to cultural heritage and 
traditional knowledge that could enrich the European and global level understanding of 
how to protect local and regional heritage? Best practices and region-specific options 
for research, protection and education.

•	 How soft tourism, the production of local ‘labelled’ products and the maintenance of 
local livestock breeds and crop varieties can help maintain local cultural heritage? What 
practices are harmful for the development and adaptation of local cultural heritage? 
What are the best possible ways to protect built cultural heritage? What is the role of 
built heritage in maintaining intangible heritage?

•	 What kind of species and ecosystem types are well known and used in the local ecologi-
cal understanding in any given area by local traditional land users? What are the specific 

Cultural heritage, 
Beskydy, 

Czech Republic

Recommended topics

•	 Identification and mapping of the cultural heritage and traditional knowledge of the Car-
pathians;

•	 Inventory of the cultural heritage and traditional knowledge of the Carpathians;
•	 Traditional architecture in the Carpathians and its preservation;
•	 Preservation of cultural landscapes, traditional land-use patterns, local agricultural 

practices and breeds of domestic animals, cultivated plant varieties, sustainable tradi-
tional use of wild plants and land use practices.

A high nature-value cultural landscape in the Eastern Carpathians



S4C Research Agenda� 2022–2030 S4C Research Agenda� 2022–203056 57

References

 —	 Babai, D. and Molnár, Zs. (2014) Small-scale traditional management of highly species-
rich grasslands in the Carpathians. Agr. Ecosyst. Environ. 182, 123–130.

 —	 Babai, D. et al. (2015) Do conservation and agri-environmental regulations support 
effectively traditional small-scale farming in East-Central European cultural 
landscapes? Biodivers. Conserv. 24, 3305–3327.

 —	 Carpathian Convention. 2003. Framework Convention on the Protection and 
Sustainable Development of the Carpathians: http://www.carpathianconvention.
org/tl_files/carpathiancon/Downloads/01%20The%20Convention/1.1.1.1_
CarpathianConvention.pdf

 —	 Cultural landscapes: http://whc.unesco.org/en/culturallandscape/

 —	 European Year of Cultural Heritage: https://europa.eu/cultural-heritage/european-
year-cultural-heritage_en

 —	 Hartel, T. et al. (2017) Valuing scattered trees from wood-pastures by farmers in 
a traditional rural region of Eastern Europe. Agr. Ecosyst. Environ. 236, 304–311.

 —	 Hill, R. et al. (2020) Approach to working with indigenous, local and scientific 
knowledge systems in assessments of biodiversity and nature’s contribution to people. 
Curr. Opin. Env. Sust. 43, 8–20.

 —	 IPBES (2019) Summary for policymakers of the global assessment report on 
biodiversity and ecosystem services (Díaz, S. et al. Eds.), IPBES Secretariat. Online: 
https://ipbes.net/sites/default/files/2020-02/ipbes_global_assessment_report_
summary_for_policymakers_en.pdf

 —	 Lyver, P.B. et al. (2019) Biocultural hysteresis inhibits adaptation to environmental 
change. Trends Ecol. Evol. 34, 771–780.

 —	 McElwee, P. et al. (2020) Integrating Indigenous and Local Knowledge (ILK) into Large-
Scale Ecological Assessments: The Experience of the IPBES Global Assessment. J Appl. 
Ecol. 57, 1666–1676.

 —	 Protocol on Cultural Heritage and Traditional Knowledge to the Framework Convention 
on the Protection and Sustainable Development of the Carpathians – ZERO Draft

 —	 http://www.carpathianconvention.org/eventdetailwg-cultural-heritage/events/fifth-
meeting-of-the-wg-cultural-heritage-and-traditional-knowledge.html

 —	 Roué, M. and Molnár, Zs. (2017) Knowing our lands and resources: Indigenous and 
local knowledge of biodiversity and ecosystem services in Europe and Central Asia, 
Knowledges of Nature, vol 9, UNESCO Publishing. Online: https://unesdoc.unesco.org/
ark:/ 48223/pf0000247462 In UNESCO Publishing.

 —	 UN Environment, Vienna Programme Office – Secretariat of the Carpathian Convention 
(2017) World Heritage and Sustainable Tourism in the Carpathians. Background 
document No 25 for CC COP5: http://www.carpathianconvention.org/tl_files/
carpathiancon/Downloads/03%20Meetings%20and%20Events/Implementation%20
Committee/CCIC_Modra%202017/documents/Doc.%2025_World%20Heritage_
Sustainable%20Tourism_Carpathians.pdf

 —	 UNESCO World Heritage and Sustainable Tourism Programme: http://whc.unesco.org/
en/tourism/

short- or long-term ecological processes that are recognized and are modified while 
using or managing natural resources? What ideas and understanding do traditional eco-
logical knowledge (TEK) holders have of the causes of ecological change, including unde-
sirable changes linked to their own practices, as well as drivers of change beyond their 
control, such as climate change or policies made by remote governments? How can TEK 
and modern resource management develop in parallel in an adaptive, dynamic way, what 
is the role of regulations and subsidies?
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adopted United Nations Educational, Scientific and Cultural Organization (UNESCO) glob-
al framework on ESD for the period of 2020–2030 (ESD for 2030) builds on the results 
of the Global Action Programme (GAP) on ESD (UNESCO 2014). It provides guidance for 
further strengthening ESD as a tool for making progress in implementing SDGs (UNESCO 
2019). Article 13 of the Carpathian Convention outlines provisions for awareness raising, 
education, and public participation (Borsa et al 2008). The Science for the Carpathians 
network, in collaboration with the Carpathian Convention Secretariat is facilitating stronger 
integration of ESD into the Convention Programme of Work, including by understanding 
challenges and possible pathways for enhancing implementation of ESD - related strat-
egies in the Carpathian region and supporting the establishment of the Carpathian ESD 
Expert Network (Mitrofanenko, Varga and Zawiejska 2020). 

Recommended topics

•	 Integration of Real world labs and other transdisciplinary approaches into university 
education

•	 Life-long teacher education
•	 Integrating main research findings and applied knowledge into school and university 

curricula.
•	 Carpathian Identity in environmental education and education for sustainable develop-

ment.
•	 Reconciliation of national differences and recognition of similarities in approaches to ESD.

Recommended research questions

•	 What are previous experiences of networks related to or created in the framework of 
the Carpathian Convention? What can be learned from these experiences?

•	 What are the needs of the educational community - how the Carpathian ESD Expert net-
work can contribute to the practitioners, to research at universities etc. (for example, 
development of specific guidelines for implementing ESD or other ESD-related concepts, 
with the view that we are operating in the framework of the Carpathian Convention)?

•	 How can we identify the needs, the quality of research, methods that should be further 
developed, barriers that can be overcome with the help of the ESD Network?

12	Education  
for Sustainable  
Development 

   

The critical role of education for implementing the 2030 Agenda has been reiterated in 
academic and policy documents (i.e. Garcia et al 2017; UNESCO 2019). Moreover, how 
sustainable development is understood and achieved at local, national, and regional lev-
els is subject to negotiation and societal learning (Barth 2016). Education for Sustainable 
Development (ESD), highlighted in SDG 4.7 (UN 2015), provides a framework for such 
societal learning. It advocates both for educational approaches, which facilitate societal 
transitions toward sustainable livelihoods, and for the use of sustainability as a learning 
context in order to enhance educational praxis (UNESCO 2014; Barth 2016). The recently 
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•	 What are the connections within the ESD network at different levels - like universities and 
schools, research and practice. 
 —	 How can we map these connections (network analysis?)
 —	 Can we enhance the connections? Do we want to do it? Who will do it? 

•	 What potential strategies linked to learning, sharing and integration of knowledge can 
we use to address Carpathian Sustainability challenges? and which roles can specific 
actors plan in these strategies?

•	 Role of the scientists / Universities / S4C 
 —	 Could Universities support the process of collection of good examples?
 —	 How can (academic) research institutes cooperate with the S4C in the activities on 

environmental education for teachers and pupils? 
 —	 How can the S4C and scientific community in general contribute to identifying and 

strengthening the links between Carpathian Convention activities, Informal, and For-
mal education?

 —	 Could Universities (and other CC stakeholders) play a role in supporting teachers, 
and governments in integrating local / Carpathian issues into the curriculum?

•	 Formal/ Informal /Non Formal Education
 —	 How can we integrate / strengthen learning / informal education components of 

Carpathian Convention activities?
 —	 What are the good examples of ESD embodied in practical teaching-learning in the 

Carpathians?
 —	 How do schools/teachers use the curricula and textbooks? How do they learn to be 

able to perform quality ESD? What obstacles do they overcome and how?
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societal challenges and promoting what is perceived to be the common good (Pohl and 
Hadorn, 2007, Moulaert 2013).

Recommended topics

•	 Local communities’ participation in research e.g. through citizen science, living labs 
•	 Participatory action research (Chevalier and Buckles 2019) and implementation 
●	 Integrating inter-and transdisciplinary approaches and participatory methods connect-

ing academia, local action groups and policy makers 
•	 Promoting research on social innovation as a trigger for transformations towards sus-

tainability in the Carpathians (through better collaborative links of science, local stake-
holders, and policy makers to tackle the challenges that the mountainous region face). 

•	 Promotion and dissemination of best practices and Social innovations initiatives – activi-
ties of local communities for tackling challenges that are not addressed by existing insti-
tutions or markets (e.g. activities for sustainable governance of landscapes along with 
promoting local culture, local food, tourism, creating value added local products, etc.).

A participatory workshop 
by the S4C with the Biodiversity 

Working Group of 
the Carpathian Convention

13	Participatory research,  
multi-actor dialogues  
and knowledge  
co-production

   

Addressing complex challenges of sustainable development requires integration of 
knowledge and competences, reaching beyond single disciplines and academic fields. 
Multi-stakeholder cooperation with science will bring benefit to the policies for sustain-
able development formulation and their implementation. This cooperation could bring 
a comprehensive and systematic approach to resolving the environmental and social 
challenges in the Carphathian region (Melnykovych et al., 2018). Participatory research 
and planning imply that various actors and stakeholders can help shape the research 
and foster multi-actor dialogue for sustainable development (Mitrofanenko et al. 2020). 
Participatory approaches (e.g. citizen science) can be applied in research, bringing to-
gether different academic and non-academic actors, including those who are affected 
by the issues addressed by the research and/or can contribute relevant knowledge to 
the research process, in order to co-produce knowledge and jointly elaborate actions to 
address the respective sustainability challenges (Enengel et al., 2012). 
Recognizing and integrating different types of knowledge, and know-how, as well as 
interacting with different groups inside and outside academia can create more robust 
learning outcomes and contribute to awareness raising - a key process for sustainable 
development, which contributes to the rethinking and changing of mental models and 
behaviours, and helps to deal with new circumstances (Peer and Stoeglehner, 2013 in 
Mitrofanenko et al., 2020). Participatory research and planning are major components 
of transdisciplinary approaches, which aim at integrating knowledge across disciplines 
and sectors, enabling co-creation of knowledge and practices for addressing complex 

Tamara 
Mitrofanenko

Mariana 
Melnykovych



S4C Research Agenda� 2022–2030 S4C Research Agenda� 2022–203064 65

References

 —	 Chevalier, J. and Buckles, D. 2019. Participatory Action Research: Theory and Methods 
for Engaged Inquiry, Routledge. DOI: 10.4324/9781351033268.

 —	 Enengel, B., Muhar, A., Penker, M., Freyer, B., Drlik, S., & Ritter, F. 2012. Co-production of 
knowledge in transdisciplinary doctoral theses on landscape development-An analysis 
of actor roles and knowledge types in different research phases. Landscape and 
Urban Planning, 105(1–2), 106–117. https://doi.org/10.1016/j.landurbplan.2011.12.004

 —	 Moulaert, F., 2013. The international handbook on social innovation: collective action, 
social learning and transdisciplinary research: Edward Elgar Publishing.

 —	 Peer, V. and Stoeglehner, G., 2013. Universities as change agents for sustainability–
framing the role of knowledge transfer and generation in regional development 
processes. Journal of Cleaner Production 44, pp. 85–95.

 —	 Pohl, C., & Hirsch Hadorn, G. 2007. Principles for Designing Transdisciplinary 
Research. Oekom Verlag.

 —	 Mitrofanenko, T; Zitnanova, A; Keryan, T; Khartishvili, L; Salukvadze, G; Gugushvili, T; 
Kekenadze, N; Katalieva, M; Khokhobaia, M; Matosyan, M; Khoetsyan, A. 2020. 
Developing and Implementing a Transdisciplinary Case Study Course. Manual for 
University Lecturers. Prepared in the framework of the project Transdisciplinarity 
for Sustainable Tourism Development in the Caucasus Region (CaucaSusT), 
130; Eigenverlag, BOKU, ILEN, Wien. https://caucasust.boku.ac.at/wp-content/
uploads/2020/12/CaucaSusT-Manual-for-Lecturers_Implementing-a-TD-Case-Study-
Course_final_web.pdf

Recommended research questions

•	 What is the state of inter- and transdisciplinary research in the Carpathian region?
•	 What good examples exist of collaboration and co-creation of knowledge with local com-

munities’ in research in the Carpathian region?
•	 What are barriers to integrating participatory action research, inter- and transdisci-

plinary research as a  common practice among scientists working in the Carpathian 
region?
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	 5) Seek for financial support (seed money) to enhance the emergence/growth of SI and 
help with its success.

Recommended topics

•	 Productive mountains: 
 —	 Food security
 —	 Security and human rights standards of value chains
 —	 Maintenance and stabilisation of regional production systems in European mountain 

areas, including agro-food systems as well as manufacturing.
•	 Comparative mountain research on different social practices and strategies with the 

approach of dichotomies: 
 —	 Mountain distinction versus mountain/lowland linkages dichotomies.
 —	 Territorial cleavages vs. urban-rural linkages
 —	 Distinction vs. Inclusion 
 —	 Isolation vs. Immigration
 —	 Production vs. Consumption
 —	 Environmental/cultural protection vs productivism.
 —	 Smart and resilient mountains

Recommended research questions

•	 How to maintain balanced regional production systems in agriculture and manufactur-
ing beyond the main tendency to leisure and residential functions in mountains?

•	 How to gain external new knowledge without losing one’s own (traditional) competences?
•	 Has social innovation been shown to steer the development of disadvantaged commu-

nities towards sustainability? What are its examples? What are the opportunities, barri-
ers, and trade-offs involved?

•	 What are the driving forces of social innovation and key observations as to its emer-
gence and development? What are key determinants and scaling opportunities of social 
innovation? 

•	 What are inter- and transdisciplinary approaches that foster social innovation? How can 
early involvement of expert and/or local/indigenous knowledge foster its development?

14	Social innovation  
to promote sustainable 
development

   

Social innovation (SI) is often seen as a force to promote sustainable development and 
steer a sustainable governance of nature. As a product of policy discourse, social innova-
tion has led to the promotion of civic values as a means of delivering support to commu-
nities and enhancing sustainable use of ecosystem services where markets and existing 
institutions fail. Attention to social innovation has been rising. It is becoming particularly 
relevant in (marginalised) mountain regions, including of the Carpathian Mountains, where 
market imperfections and a shortage of public funding are obstacles on the way towards 
sustainability transformations. 

It is important to analyse, design and ensure ways of how public and private sectors, 
various partnerships and collaborations can enhance, scale-up and scale-out social inno-
vation in mountain areas and communities. Consideration and understanding of enablers 
and barriers to answer the question of how SI can deliver transformative opportunities 
to people (and socio-ecological systems) on the ground. For doing this, the initial steps 
suggested would be: 

	 1) To define SI in the Carpathian context; 
	 2) To create the Carpathian database of examples of SI and social-ecological innova-

tions (under the Carpathian Convention Platform) 
	 3) To popularize and share positive examples, advance the knowledge on SI and create 

a workable network between successful cases, providing and extending the opportuni-
ties for wider (transboundary) cooperation and SI diffusion.

	 4) To create tools for dissemination of scientific results for use by regional/local policy 
makers and other stakeholders (via policy briefs and practice guides). 
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•	 Integration of REs within larger supply chains in rural economies, such as agriculture, 
forestry, traditional manufacturing and green tourism

•	 Use of REs resources appropriate for the specific areas and focus on relatively mature 
technologies such as heat from biomass

•	 Establishment of integrated energy systems based on small grids able to support man-
ufacturing activities

•	 Social acceptance of green energy projects by engaging local communities in the pro-
cess 

Recommended research questions

•	 What is the potential for sustainable green energy in the Carpathians?
•	 What innovative renewable energy initiatives are currently implemented in the regions 

and how do they contribute to sustainability and building resilience to future energy 
challenges? 

•	 What kinds of (social and technological) innovations in the field of renewable energy and 
energy efficiency could promote local development in the region?

•	 What is the power of co-creation of energy transition with multiple stakeholders?
•	 What are the supportive policies for energy transition in the Carpathians ?

15	Green energy  
and energy efficiency 
 

   

Traditionally mountainous communities are deeply dependent on wood energy used to 
meet the heating demands of households and public buildings. However, despite increasing 
forest area and timber volume in this region during the last years, affordable bioenergy 
from forests remains scarce in many areas. At the same time, local communities suf-
fer from energy scarcity, energy insecurity and high energy costs, and also experience 
lack of energy efficiency. In an effort to understand how to make better use of bioen-
ergy resources, address sustainability goals as well as the needs of local communities, 
there is a need to assess the significance and future potential of wood energy and other 
renewable energy sources (wind, solar) for regional economies and households from 
an environmental, economic and social perspective. At the same time, application of in-
novative socio-ecological governance approaches, such as citizen energy communities 
(Ryszawska et al. 2021; Soloviy et al., 2019), should be explored, as a way to revitalise 
rural Carpathian areas.

Recommended topics

•	 Social and technological innovations for transition to green renewable energy (RE)
•	 Energy efficiency 
•	 Reasons for the scarcity of affordable bioenergy sources 
•	 Knowledge and technology transfer to local communities to support their energy effi-

ciency along with climate mitigation efforts (afforestation programs) 
•	 Community-driven bioenergy initiatives (e.g. local cooperatives)
•	 Best practices of energy strategies embedded in the local economic development strat-

egy so that they reflect local potential and needs 
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16	Data Management
   

Availability of high-quality Data, its proper management and use are prerequisites for 
scientific inquiry, understanding socio-ecological processes and addressing socio-ecolog-
ical challenges. Historical data in digital form is increasingly available in the Carpathian 
region. Long-term processes and phenomena will be easily detectable in many research 
areas in the Carpathians thanks to increasing availability of historical data. A way for-
ward in this respect could involve building a unified geodatabase with all the available 
historical aerial and remote sensing imagery at higher resolutions for the entire Car-
pathian region – for example, DECLASS 1 and 2 imagery from USGS are available for the 
former Eastern European countries and can be processed as historical orthoimages to 
be integrated in landscape change mapping and analysis (Mihai et al., 2016, Nistor et al., 
2017, Niță et al., 2018, Jabs-Sobocinska et al., 2021). LiDAR landscape palimpsest could 
be used for mapping and identifying current and historical anthropogenic landscape 
features. However, LiDAR can also be used for mapping soil degradation and geomor-
phic processes. As LiDAR data are becoming available in Carpathian countries, collecting 
available LiDAR data for a unified LiDAR dataset for Carpathians is recommended. Sys-
tematic integration of the available ESA Copernicus complementary satellite data could 
help generate maps, based on derived models, covering the Carpathian mountains and 
the neighbouring regions.

Recommended topics

•	 Applications of historical data in geography, land use, ecology and conservation
•	 Advances in Earth observations for sustainable development in mountainous regions: 

 —	 Systematic integration of the available ESA Copernicus complementary satellite 
data (free access, starts from 2014) in regional scale analysis for Carpathian envi-
ronmental mapping in a unified formula for the entire region. 
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 —	 Development of unified semi-automatic/automatic approaches for land cover change 
mapping in the Carpathian Region, by integrating panchromatic aerial and satellite 
analogical imagery with recent multispectral digital imagery, in order to generate 
synthetic maps for the entire region. 

Recommended research questions

•	 How is it possible to validate by fieldwork the mountain landscape changes in last dec-
ades reforested areas, after the remote sensing integrated approach?

•	 Could we reconstruct traditional farming landscapes in mountain areas by integrating 
historical data with remote sensing data, including LiDAR?

•	 Which are the most objective radiometric indices derived from Sentinels data to be 
adapted for the mapping of the entire Carpathian Region? Is it possible to propose 
a broad validation of them with field data and other independent data (ex. wildfire events 
inventorying data – see Mihai et al., 2019).
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international collaboration with partners from outside the Carpathians.

	 Science for the Carpathians was established in 2008.

	 Our objectives:

•	 Develop and implement the „Research Agenda for the Carpathians“

•	 Promote research coordination and collaborations across disciplines and national 
boundaries

•	 Advocate for a Carpathian research area towards pan-Carpathian research

•	 Facilitate the development of peer-reviewed papers and synthesis articles

•	 Foster dialogue between research, policy and practice
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