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Executive Summary:  
 

This report was commissioned by UNEP with the purpose of identifying the socio-economic benefits 
of applying Nature-based Solutions to enhance ecological connectivity in the Carpathian region. The 
findings of the 2014 BioREGIO project in the pilot area of the Djerdap National Park (Serbia) and 
the Iron Gates Natural Park (Romania), as well as interviews with local experts and secondary research 
of existing reports, were used as a case study to derive a Theory of Change (ToC). This ToC serves 
both as the theoretical framework and as a final output of the project. It focuses on the conservation 
and restoration of wetland and forest ecosystems to highlight how increasing ecological connectivity 
through nature-based solutions (NbS) fosters socio-economic benefits in the Carpathians. This report 
provides a comprehensive analysis of how nature can be used to restore and repair itself while 
benefitting society in terms of health, social well-being, and economic opportunities. 

The first part of the research consisted in assessing how the causes of ecosystem fragmentation and 
biodiversity loss has evolved since 2014 in the case study area. One of the main findings of the 
BioREGIO project was that the threats to forest ecosystems such as invasive species, illegal logging, 
clear-cutting, single-stock plantations, uncontrolled increased tree cover, and fragmentation caused by 
roads, were still threats in 2022. Similarly, the threats identified by said pilot project in 2014, including 
flooding caused by hydroelectric dams, eutrophication, water contamination by plastic waste and fuel, 
land degradation caused by both air and water pollution, changes to sedimentation and erosion 
processes, disruptions to water flow and levels, and invasive plant and animal species were still 
threatening wetland ecosystems in the pilot area in 2022. 

These threats to wetland and forest ecosystems were found to be triggered by anthropogenic factors. 
Among the identified threats to forest ecosystems, the primary root causes were found to be poor 
forest management practices, mining, urban development, insufficient monitoring of habitat health, 
and a lack of economic opportunity that pushes locals to resort to illegal tree cutting. In wetland 
ecosystems, root causes of ecosystem fragmentation and biodiversity loss were also directly prompted 
by anthropogenic activities such as unsuitable agricultural practices, improper waste management, 
mining waste dumping, adverse effects caused by hydroelectric plants, and the introduction of invasive 
species both accidental and deliberate. However, an indirect effect of anthropogenic activity which 
translates into a natural phenomenon in the form of climate change also threatens the existence of 
wetland ecosystems with changes in water levels linked to upstream flooding or prolonged droughts, 
changes in water temperature, and more. 

The report found that ecosystem fragmentation translates into the loss of supporting, provisioning, 
regulating, and cultural ecosystem services offered by the area, which can have devastating socio-
economic consequences for the local and Pan-European region. The loss of supporting ecosystem 
services has socio-economic consequences. Indeed, it would not only mean the disappearance of 
native and endemic plant and animal species, but it would also affect agriculture with the degradation 
of soil formation and nutrient cycling capacities. Moreover, wetland and forest ecosystems provide 
provisioning services that are essential to human survival such as water and agricultural goods for 
human consumption. Additionally, the provision of timber, agricultural goods, and hydroelectric 
power enable local communities to generate revenue. Moreover, fragmentation and biodiversity loss 
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threaten cultural ecosystem services such as ecotourism or the appeal of historical tourist attractions 
such as medieval monuments, which also generate revenues for local communities. Lastly, the loss of 
biodiversity and fragmentation of wetland and forest ecosystems would intensify the release of carbon 
that had been sequestered in the past by those habitats while simultaneously decreasing those same 
carbon sequestration capacities of the Carpathian region.  

Research findings show that national governments, municipalities, and private actors can counteract 
the effects of ecosystem fragmentation by tackling the root causes of ecosystem degradation through 
an array of NbS. In 2014, one of the key findings of BioREGIO was that wetlands can be restored 
and preserved through NbS such as installations of water treatment facilities, restoration of proper 
hydrological regimes and river dynamics, floodplain recovery, changes to agricultural practices, and 
the introduction of buffer zones. NbS for forest ecosystems restoration and conservation included 
banning illegal logging through economic schemes directed at the population, species’ introduction, 
replication of natural distributions for tree plantation, creation of ecological corridors, and 
implementation of financial tools aimed specifically at biodiversity conservation.  

The research showed that in the pilot areas located in both Romania and Serbia, these NbS were not 
implemented and that the main barriers to such implementations of these NbS were legal, cognitive, 
and economic. Indeed, lack of legislation and transboundary agreements prevented the tackling of the 
threats to ecosystems and the facilitation of NbS employment. The lack of funds also explained the 
absence of implementation of the NbS. Finally, a lack of knowledge about the socio-economic impact 
of these solutions explained the deficiency of investment in NbS by both the private and public sector.  

However, this investigation also demonstrates that although these NbS were not implemented in the 
pilot area, other areas have derived socio-economic benefits from the implementation of NbS. The 
main socio-economic benefits of implementing these NbS resulted in flood disaster risk prevention 
and reductions of monetary losses caused by flood damage, climate change mitigation through the 
increase of carbon storage capacities, creation of employment opportunities, improved health benefits 
through the improvement of water quality, and more.  

The Theory of Change derived from the research of this report concluded that to achieve the 
enhancement of ecological connectivity as a long-term impact, the following outcomes need to be 
met: international cooperation for the implementation of Nature-based Solutions, continuous and 
proper monitoring of biodiversity, increased financing for ecosystem restoration and conservation, 
and improved sustainable management. The report generated some policy recommendations for each 
outcome.  

The main policy recommendations for the realization of these outcomes were the following: 

• Increasing knowledge production and quantification of the socio-economic benefits of 
Nature-based Solutions through ecosystem service assessments and more 

• Introduction of transboundary agreements in terms of knowledge sharing, legislation, and 
funding in the Carpathian Convention, etc. 

• Creation of financial tools to fund these solutions: establishment of markets with offset 
mechanisms. 
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Introduction: 
 
With each passing year, climate change progressively dominates the national and international political 
agendas worldwide with more gravity, and understandably so. It is imperative that competent, 
collective action is taken to minimize the acceleration of climate change and mitigate its effects. 
Nevertheless, several other environmental matters are also simultaneously worsening. Amongst them, 
biodiversity conservation is routinely disregarded as a major problem. Biodiversity degradation can 
lead to major negative consequences not just for the plant and animal species in danger, but also 
humanity as a whole. To combat degradation, ecological connectivity remains as a key element. 
 
Ecological connectivity is characterized by the degree to which landscapes and seascapes allow species 
to move freely and ecological processes to function unimpeded (UNEP, 2014). Ecological 
connectivity is crucial for the proper conservation of biodiversity in any ecosystem. By connecting 
different populations and enabling processes to influence a wider area, problems associated with 
fragmentation are minimized. Strategies designed to increase ecological connectivity are therefore 
crucial to prevent environmental degradation. 
 
No region is more ecologically fragmented than the Pan-European region (UNEP, 2021). Located in 
Central and Southeastern Europe, the Carpathians Mountains remain as one of the main biodiversity 
hotspots in the continent, with the region still possessing massive ecological importance. The 
Carpathians are home to a myriad of plant and animal species. For instance, two-thirds of the 
European populations of large carnivores, including bears, lynxes, and wolves, can be found here, as 
well numerous endemic species such as the beluga sturgeon, now on the edge of extinction (Egerer, 
2020). The Carpathians is also the second largest forested area in the Pan-European region with over 
100,000 km2 of semi/natural forest. Additionally, the Carpathians contain the largest expanse of old-
growth forests in Europe and one-third of European plant species can be found in the region 
(Secretariat of the Carpathian Convention, 2022). 
 
However, the preservation of the Carpathians is threatened by economic development, climate 
change, and ecosystem fragmentation. Ecosystem Fragmentation is the dissection and reduction of 
the habitat area available to a given species caused directly by habitat loss or indirectly by habitat 
isolation (Iuell et al., 2021). The conservation and restoration of the various Carpathian ecosystems is 
a crucial endeavor that requires a comprehensive and well-thought-out approach from its many 
stakeholders, from the national governments of the constituent states to the local management entities, 
to the individual inhabitants of the region.  
 
Climate change and economic development are intrinsically linked to ecosystem fragmentation. As 
the region has seen substantial human development over the course of the last several decades, 
reconciling economic growth with biodiversity preservation, ecosystem restoration, and ecological 
connectivity has become a challenge. The negligence of these dilemmas is extremely problematic, as 
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ecosystem fragmentation represents a major threat for the survival of countless species, and even 
crucial human activities such as agriculture and fishing are coming considerably under threat. To 
address these issues, the implementation of Nature-based Solutions (NbS) is absolutely paramount. 
 
On the 2nd of March 2022, the 5th United Nations Environment Assembly (UNEA) adopted a 
universal definition of Nature-based Solutions. UNEA defines NbS as actions to ‘protect, conserve, 
restore, sustainably use, and manage natural or modified terrestrial, freshwater, coastal, and marine 
ecosystems which address social, economic, and environmental challenges effectively and adaptively, 
while simultaneously providing human well-being, ecosystem services, resilience, and biodiversity 
benefits (UNEA, 2022). UNEA recognises that NbS for biodiversity conservation play an essential 
role in the overall global effort to achieve the Sustainable Development Goals (SDGs) and climate 
change mitigation.  
 
This resolution marks a turning point as over the past decades, mainstream environmental discourses 
have focused on curbing climate change primarily through reducing CO2 emissions while overlooking 
biodiversity restoration and conservation. In the wake of the recent adoption of this concept as a 
universally accepted climate change mitigation strategy, this applied research project will focus on 
studying the extent to which the implementation of Nature-based Solutions in one of the most 
important biodiversity hotspots of the Pan-European region, the Carpathians, can generate 
socio-economic benefits.  
 
Several types of ecosystems can be found in the Carpathians. However, two of the most important 
ones in relation to biodiversity conservation and ecosystem services are old-growth forests and 
wetlands. Although not the most extensive ecosystems in the area, they disproportionately provide 
innumerable benefits to the region. Both ecosystems are especially important as highly efficient carbon 
sinks. 
 
Old-growth or virgin forests may be defined as a climax forest that has never been disturbed by 
anthropological activities or are essentially free from disturbances. Old-growth forests can be classified 
as per the age and disturbance criteria (EEA Glossary, 2022). When determining which type of 
ecosystem is most crucial for conservation, forests tend to come to mind first. This is especially true 
in regions like the Carpathians, where the importance of forests is already well established. 
Nonetheless, not all forests are created equal. While restored forests or forests with notable human 
development can still provide many benefits through ecosystem services, old-growth forests provide 
services that no other ecosystem can provide. These are strongholds for biodiversity and are especially 
vulnerable to ecosystem degradation and fragmentation. 
 
Although wetlands provide a massive number of highly beneficial services, they are often overlooked 
when it comes to conservation efforts. Shedding light on the current state of wetlands across the 
Carpathians and highlighting the countless benefits that they provide is crucial for biodiversity 
conservation. Wetlands, just like old-growth forests, are also biodiversity hotspots, yet they remain 
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largely ignored during restoration and conservation efforts (Hajdukiewicz et al., 2018). In particular, 
submontane drainages are the most under-protected and under-evaluated (Kajtoch et al., 2013). 
Although wetlands make up a small portion of the global surface area, they retain a disproportionate 
amount of the terrestrially stored carbon (UNEP Freshwater, 2022). This is just one of the many 
reasons why wetlands need to be properly accounted for in conservation efforts. 
 
The health of a multitude of ecosystem services rests on the preservation of the area. Ecosystem 
services are the benefits continged to a natural environment and a healthy ecosystem. (Bolund, P. & 
Sven H. 1999). These services can be provided by agroecosystems, forests, grasslands, and aquatic 
ecosystems, among others. They have a massive impact not only regionally, but globally, aiding in a 
multitude of relevant issues, from local flood mitigation to carbon sequestration. By quantifying 
ecosystem services in terms of socio-economic benefits, they can be better valued and can form an 
integral part of sustainable development and conservation. 
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Methodology: 
 
This Applied Research Project aims to analyze how enhancing ecological connectivity through nature-
based solutions can generate socio-economic benefits in the Carpathian region. The project objectives 
include: 
  

●  Assessing the importance and contributions of the emergence of concepts such as nature-
based solutions and ecological connectivity within the historical baseline of biodiversity 
conservation in the Carpathian region 

●  Deconstructing the socio-political institutional barriers to ecological connectivity 
●  Evaluating the impact of past development projects that used nature-based solutions and 

current gaps in the solution landscape 
●  Determining the common criteria of successful projects to find guidelines for the 

identification of future project opportunities 
 
The main research question of this research project is: How does increasing ecological connectivity 
through nature-based solutions foster socio-economic benefits in the Carpathian region? 
 

Theoretical Framework: 
 
For the duration of the project we utilized the Theory of Change as defined by our partner UNEP. 
Their definition posits,  
 
“A Theory of Change is a method used for planning a project, describing the participation that will be 
needed by different actors and for evaluating the project’s performance. It articulates long lasting 
intended impact and then maps backward to identify the preconditions necessary to achieve this 
impact(s). It is a comprehensive description and illustration of how and why a desired change is 
expected to happen in a context. A Theory of Change also allows for unintended positive and/or 
negative effects to be depicted.” 
 
Utilizing the Theory of Change as our central framework allows for a clear presentation of our findings 
within an easily understandable and a clearly formatted framework. This also permits the dissemination 
of our findings to be made in a coherent and concise manner that can be presented to stakeholders 
and other interested parties.  

Case Study Area: 
  
This research project will assess the impact of a project implemented in the pilot area of Iron Gates 
Natural Park  (IGNP) and Djerdap National Park (DNP) in 2014. This specific area serves as the ideal 
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case study for assessment. While both parks are comprised of the same ecosystems, IGNP is in 
Romania and DNP in Serbia. This provides the opportunity to analyze the differences in conservation 
and management practices in two different states, one EU and one non-EU. This study can also 
highlight the importance of cross-country collaboration for ecosystem conservation.  

Investigation Methods: 
 
In order to determine the success of implementing program recommendations begun under the 
BioREGIO project, we contacted a range of scientists and policy professionals involved in the 
development of the project and research for interviews. The substantial response rate for interviews 
provided us with meaningful access to expert opinions on the ongoing impacts of BioREGIO. We 
took as our starting point the significant literature and technical outputs developed during the duration 
of the RioREGIO project and formulated questions based on our preliminary research in order to 
best determine whether recommendations and best practices had been implemented.  
 
We also looked beyond the context of the work done by BioREGIO to academic literature provided 
by ongoing research. This was supplemented by our attendance at two working group meetings 
facilitated by UNEP. The presentations and conversations at the Carpathian Convention workgroup 
for forest management in Levice, Slovakia and the Convention for Wetlands held in Geneva, 
Switzerland provided the foundation for our technical understanding of the problems facing each 
ecosystem in the research area. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



BIOREGIO
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Part 1: Theory of Change of the BioREGIO Project  
 
The BioREGIO project was the fruit of the collaboration between UNEP and the EU’s South East 
Europe Transnational Cooperation Programme. Additionally, 16 other partners participated in the 
project including international, national, and local authorities and organizations and scientific 
institutions. All seven Carpathian Ministries of the Environment oversaw the project in the capacity 
of observers. The project was co-funded by the European Union and the European Regional 
Development Fund (ERDF), it had an overall budget of €2,202,888.77. The European Union 
provided €200,000.00 provided to the Republic of Serbia for their partnership in this project. The 
project started in 2011 and ended in 2014.   
 
The multi-actor collective aimed to contribute to the protection and development of the Carpathian 
Mountain region. The project built on the existing framework of the Carpathian Convention and its 
Biodiversity Protocol to improve the management of natural resources in the region and to promote 
sustainable development. The overall desired impact of the project was to promote nature-based 
solutions to address ecosystem fragmentation in the Carpathian area. Impacts are long-lasting results 
arising directly or indirectly from a project, impacts are intended and positive changes and must relate 
to UNEP's mandate (UNEP, 2021). 
 
This report evaluates the theory of change of the project, how the outputs contributed to the desired 
outcomes of the project. According to UNEP, the outputs of a project are availability (for intended 
beneficiaries/users) of new products and services and/or gains in knowledge, abilities and awareness 
of individuals or within institutions. For example, access by the intended user to a report; new 
knowledge held by a workshop participant at the end of a training event; heightened awareness of a 
serious risk among targeted decision-makers. Outputs are viewed from the perspective of the intended 
beneficiary or user of the output rather than the provider (2021). The outcomes of a project are 
characterized by the use (i.e., uptake, adoption, application) of an output by intended beneficiaries, 
observed as a change in institutions, behaviors, attitudes, or conditions. 
 
Furthermore, this report will analyze the necessary preconditions to translate outcome to impact 
through the determination of drivers and assumptions of this theory of change. As defined by UNEP, 
we understand drivers to be “a significant external factor that, if present, is expected to contribute to 
the realization of the intended results of a project. Drivers can be influenced by the project and its 
partners.” Likewise, assumptions are understood to be, “significant external factors or conditions 
that need to be present for the realization of the intended results but is beyond the influence of the 
project and its partners. Assumptions are often positively formulated risks (UNEP, 2021).”  
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Figure 1: Theory of Change 
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Table 1: Drivers and Assumptions  
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Part 2: Root Causes of Ecological Fragmentation 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Root causes of Forest Ecosystems Fragmentation  
 
Identifying the root causes of ecosystem degradation and fragmentation is an essential step before 
improving ecological connectivity can be done. This report will evaluate whether the threats identified 
by BioREGIO in 2014 are still the degrading and fragmenting forest and wetland ecosystems in 2022. 
 
The current threats forests are facing in the Carpathians fall largely under the heading of management. 
While overall forest cover in the region has been expanding, threats to old-growth and virgin forests 
are still widespread with the potential for irreversible damage and sustained decline of intact forest 
systems. Legally, clear cutting and illegal logging are particularly influential threats with limited 
efforts being made in some areas to address these concerns. Even within protected areas, forest 
management practices are often highly similar to that of managed for-profit forests with 
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insufficient regard for biodiversity conservation and the maintenance of long-term ecosystem services 
(CIMM, 2014, Keeton, 2022). 
 
A lack of clear national regulatory regimes and a dearth of funding for supporting forest management 
and the implementation of best practices also stands as an obstacle to proper forest protection and 
sustainable forestry implementation. Forestry related subsidy programs also have a mixed history with 
some funding going towards projects and forestry stands that have exacerbated existing problems. 
Insufficient funding for forest rangers also means that monitoring of illegal practices and monitoring 
of correct implementation of best practices is limited and often poorly distributed geographically 
(CIMM, 2014). 
 
Finally, a lack of capacity building among forest management officials and practitioners is an obstacle, 
as the wrong practices are often prioritized or warped to fit special interests. This is particularly true 
of old-growth and virgin forests. This has become an impediment to bettering the understanding of 
the importance of old-growth and virgin forest systems in regulating broader ecosystems and 
preserving local and regional biodiversity and connectivity (CIMM, 2014, Keeton, 2022).  
 
Table 3: Threats to forest ecosystems 
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Figure 3: Root causes of Forest Ecosystems Fragmentation  
 

 
 
According to BioREGIO’s report, in 2014, the main threats to biodiversity were both natural and 
anthropological. Anthropogenic threats to biodiversity include activities such as tourism, mining, 
agriculture, energy production, and transportation. The previously mentioned activities have led to 
numerous negative outcomes, such as flooding, droughts, eutrophication, water contamination, soil 
erosion, and sedimentation. All these processes or events can greatly disturb existing ecosystems and 
imperial human welfare. Natural threats to biodiversity are linked to climate change and invasive 
species introductions, which in turn is linked to anthropogenic activities as well. 
 
Water Contamination: 
 
The first general category of root causes of wetland degradation is related to water itself. Issues with 
contamination and management are often the most complicated ones to correct, although these are 
also the ones that normally attract the most attention. According to the 2014 UNEP BioREGIO, 
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there are two main issues related directly to water: water contamination from organic waste and 
fertilizers, and water flow disturbances and sedimentation and erosion.  
 
In the area, agricultural activities have caused both drainage and eutrophication as unsustainable use 
of fertilizers coupled with the increase of waste from animal sources have led to strong input of 
nutrients in an aquatic environment that stimulates algae growth (BioREGIO, 2014: 69). 
Bioaccumulation of toxins (or the increase in concentration of a chemical in a biological organism 
over time) affects more than just the food chain (UNEP 2014, 67). It can also have dangerous effects 
on activities such as recreational fishing (UNEP 2014, 67). Contamination from organic waste such 
as manure and fertilizers both organic and inorganic can have devastating impacts on all types of flora 
and fauna found in wetland habitats.  
 
Mismanagement of sewage has also been causing water contamination with the dumping of 
wastewater directly into the Danube (BioREGIO, 2014: 81). Transport on the Danube River as well 
as toxic fumes from road transportation have likewise been associated with water contamination. An 
increase of plastic water contamination has been monitored because of touristic activities (BioREGIO, 
2014: 67). Today, water contamination due to waste mismanagement in the Danube remains one of 
the main threats to wetland ecosystems (Dumbrava, 2022).  
 
The heavy metal extraction of the Moldova Nouă copper mine and Majdanpek gold mine caused water 
contamination as well as land degradation and air pollution (BioREGIO, 2014: 76). In Romania, 
mining and metallurgy date back to over 2000 years. However, what was once perceived as a traditional 
and cultural economic activity has become a major threat to public health over the years. Although 
the mine in Moldova Nouă closed in 2006 (Cuprumold Mining SA, 2022), mining is still contaminating 
water sources in both Serbia and Romania (Sekulic, 2022).  
 
Although not mentioned in detail in the BioREGIO project, which simply refers to ‘mining activities’, 
the abandonment of the Bosneag pond, a tailing pond, was and still is a major threat to biodiversity 
and wetland ecosystems. A tailing pond is a man made dam or pond that stores residues from the 
mining process, including tailings. If abandoned, the pond could flood and contaminate neighboring 
water sources. It is extremely important that these infrastructures are maintained properly as mining 
waste contains high levels of heavy metals which can be harmful to the environment and human 
health. If abandoned, the tailing ponds could dry and the toxic mining residues can turn into dust and 
pollute the air. If the tailing ponds flood, then the contaminated tailings will contaminate other water 
sources such as the Danube in the case of the Bosneag pond. Nevertheless, the Bosneag tailing pond 
has been contaminating the subterranean water sources of the park for over 60 years. The 
abandonment of the Bosneag pond was extremely problematic since it represented 102 hectares of 
copper and zinc tailing extracted from Moldova Noua mines. To this day, the Bosneag pond 
represents a public health and safety hazard.  
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I. Hydroelectric Plants: 
 
In the Serbian Djerdap National Park pilot area, wetland management developments such as the 
construction of accumulation lakes or water reservoirs caused floods that led to the reduction of 
endemic plant species such as the Boiler tulip and Crocus banaticus (BioREGIO, 2014: 10). A series of 
hydroelectric dams straddling both sides of the border also led to changes in water levels, contributing 
to the increase of flooding upstream of the dams and droughts downstream, negatively affecting 
biodiversity and wetland habitats as a whole (BioREGIO, 2014: 24). Water temperature changes have 
also been attributed to the construction of the dams (BioREGIO, 2014: 82). These can greatly alter 
the living conditions for freshwater species on both sides of the dam. Changes in water levels caused 
by dams have also had an impact on nesting birds habitats and sedimentation patterns, thus causing 
both degradation in bird species populations through ecosystem fragmentation and increased soil 
deposition (BioREGIO, 2014: 77). Studies from 2010 also reported that the construction of the 
hydroelectric dams caused the fragmentation of sturgeon populations in the park (Schneider, 2010). 
This is still an issue in 2022, according to WWF Serbia representative (Sekulic, 2022).  
 

II. Climate Change - Floods to Droughts: 
 
During the summer of 2022, water level issues were characterized by droughts caused by climate 
change. In July, water levels of the Danube were one-third of what they should be during that time of 
the year (Chirileasa, 2022). In Romania, 700 towns had to reduce their water supplies, the drought 
affected the Iron Gates hydropower stations, which were operating at lower capacities, fishing, and 
over 240,000 hectares of agricultural crops (Greenpeace, 2022).   
 

III. Invasive Species: 
 
Finally, natural causes of biodiversity loss include invasions of non-native plant and animal species. 
Monotypic plant communities altered habitats structures, productivity, food chains, and nutrient 
cycles (BioREGIO, 2014: 59). Moreover, the deliberate introduction of large herbivores caused 
biodiversity loss as the newly introduced non-native species overgrazed.  
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Table 3 - Threats to Wetland Ecosystems: 
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Part 3: Consequences of Biodiversity and Ecosystem 
Degradation and Fragmentation 
 
There are consequences to ecosystem fragmentation and degradation that surpass strictly 
environmental damage and affect human wellbeing and economic activity. In order to understand the 
true repercussions of biodiversity loss and ecosystem degradation, it is important to comprehend the 
ecosystem services provided by those ecosystems. Biodiversity loss, habitat destruction, and ecosystem 
fragmentation lead to the disappearance of ecosystem services and the emergence of biological and 
health threats. 
 
Table 4: The Consequences of Ecosystem Service Degradation  
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I. The Consequences of Losing Supporting Services: 
 
Supporting services are the processes that allow the planet to sustain basic life forms (National Wildlife 
Federation, 2022). Crucial processes such as nutrient recycling cycles and photosynthesis serve as the 
basis for entire ecosystems and help maintain healthy biodiversity levels (Food and Agriculture of the 
United Nations, 2022). The pilot area studied is considered a biodiversity hotspot, and BioREGIO 
scientists found that the Serbian and Romanian parks host a myriad of different plant and animal 
species. In IGNP alone, over 5,000 species of invertebrates, 14 species of amphibians, 17 species of 
reptiles, 205 species of birds, and 34 species of mammals, including large and medium carnivores, 
were categorized (BioREGIO, 2014: 23). Many of these have protected status. Additionally, 1,668 
plant species were inventoried, with 242 (14.5%) of these being included in the Red List of Higher 
Plants in Romania (BioREGIO, 2014: 21). These species are part of a collection of complex and 
endangered ecosystems. In 2008, the International Union for the Conservation of Nature (IUCN) 
began developing a Red List of Ecosystems to assess the vulnerability status of ecosystems worldwide. 
By analyzing a multitude of factors, experts determined the likelihood that the environment would 
collapse within the next 50-100 years (South East Europe and BioREGIO Carpathians, 2014).  
 
As a consequence of ecosystem fragmentation, the existence of these ecosystems is threatened. The 
study found that across the Carpathians, 65% of all ecosystems categorized were either “critically 
endangered”, “endangered”, or “vulnerable” to collapse, 27% were “near-threatened”, and only 
around  8% were “least concern” or “ecologically satisfactory” (South East Europe and BioREGIO 
Carpathians, 2014). In Romania, the situation was worse, with the respective numbers being 72% 
“endangered” or similar, 25% “near threatened'', and only 3% “ecologically satisfactory” (South East 
Europe and BioREGIO Carpathians, 2014). 

II. The Consequences of Losing Regulating Ecosystem Services: 
 
Regulating services are benefits provided by ecosystem processes that moderate natural phenomena 
such as water filtration or pollination of crops by wild insects (National Wildlife Federation, 2022). 
The regulating systems provided by wetlands in the DNP and IGNP area are characterized by 
hydrological transfer and flood control, biochemical transfer, nitrogen and carbon cycling, filtering, 
cleaning, and retention of nutrients (UNEP, 2014: 36). According to RAMSAR (2022), the importance 
of the Djerdap site hydrological regimes as a regulating service is high with features such as 
groundwater recharge and discharge.  
 
Accelerating Climate Change by Losing Carbon Sequestration: 
 
Forests landscapes, particularly old-growth (older and diverse stands) and virgin (completely or largely 
untouched) forests, throughout the Carpathian region provide essential ecosystem services which are 
coming increasingly under threat. Virgin and old-growth forests are particularly valuable for their 
contribution to carbon retention and uptake. Mostly or completely undisturbed forest ecosystems with 
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ecological balance and cohesive systems are the most effective forest ecosystem in sequestering and 
storing carbon long term. High biodiversity forests are also more resilient to natural disturbances and 
are more likely to naturally adapt to changes in climate and nutrient conditions than managed or single 
species stands (Konôpka et al, 2019). Encroachment on virgin forests, which contain high volumes of 
carbon, also threaten to speed the advance of climate change while depriving forest management of 
valuable tools for best practices within managed areas.  
 
While concrete data on the effects of invasive species on carbon sequestration in the Carpathian 
Mountains is not available, research conducted across a range of ecosystems indicates that invasive 
species, particularly invasive plant and insect varietals, can have profound effects on an ecosystem’s 
carbon cycle. This is particularly true of aquatic plants and their effects on wetland forests. A pilot 
study conducted in wetland forests in Hawaii found that the removal of invasive aquatic plants 
dramatically increased native plant expansion and overall carbon uptake. More research on the role 
invasive species play in the various carbon cycles across ecosystem diversity could be beneficial for 
further incentivizing the maintenance of natural ecosystems and the funding of invasive species 
eradication. (Poland, et al 2021) 
 
Carbon sequestration is arguably the most important ecosystem service provided by wetland 
ecosystems. In fact, wetlands have higher carbon storing capacities than any other terrestrial ecosystem 
(UNEP Freshwater, 2022). Although wetlands make up only 6% of the global surface area, they retain 
more than 20% of the terrestrially stored carbon (UNEP Freshwater, 2022). This is why the loss of 
wetland ecosystems not only prevents higher levels of carbon sequestration, it also discharges 
extensive amounts of carbon into the atmosphere. 
 
Losing Soil Properties such as Water Retention: 
 
Wetlands also provide water retention and flood prevention capabilities that can aid massively during 
periods of heavy precipitation (Keeton & Crow, 2009), (which in recent years have become more 
damaging and common). Additionally, erosion may lead to issues such as hazardous impacts on water-
side infrastructure and alterations to riparian habitats (UNEP 2014, 77). The recovery of natural forest 
habitats in previously agricultural or managed areas also results in better outcomes for landscape 
management and safety with corresponding decreases in soil erosion, landslides, water pollution, and 
species disturbance related to carbon release (Malek et al, 2018).  

III. The Consequences of Losing Provisioning Services: 
 
Threats to wetland ecosystems also affect provisioning services. According to the National Wildlife 
Federation and Millennium Ecosystem Assessment (a major UN-sponsored effort), provisioning 
services include any kind of tangible resource that can be extracted out of an environment (National 
Wildlife Federation, 2022). The IGNP and DNP area provide a variety of provisioning services such 
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as timber, fish, grains, water, copper, zinc, and gold, as well as energy since there are hydroelectric 
plants in the area. In Iron Gates, 24.6% of the park is agricultural land with 285 km2 of coverage. 
 
Losing provisioning services would affect economic activities such as fishing, electricity production, 
logging, and more. According to Eurostat, the gross value of forestry in Romania was reported to be 
521 million euros in 2005 and 898 million euros in 2010 (NEPA et al, 2017). 
 
Water contamination affects provisioning services such as clean water for human consumption. In 
August 2022, a study assessed water quality in the regional Banat area’s mining sites, such as 
Ciudanovita, Lisava, Moldova Nouă, and Anina (Murarescu et al, 2022). The assessment concluded 
that the heavy metal contamination of sources of drinking water, both surface and subterranean, are 
concerning. High heavy metal contamination dramatically increases the risk of diseases in the renal, 
respiratory, and cardiovascular systems, and the possibility of developing cancer. This contamination 
is particularly dangerous for the normal development of children. The levels of lead, copper, 
chromium, and nickel found in the water samples were higher than national standards allow for, as 
well as World Health Organization's specifications for water intended for human consumption. 
Moreover, the study determined that the levels of toxicity were particularly high in the Banat region 
neighboring Serbia. Despite high toxicity levels, the water was considered safe for adults in terms of 
cancer risks from a non-cumulative perspective. Nevertheless, these concentrations present a threat 
to adults if accumulated with other sources of heavy metal. Toxicity levels demonstrated higher risks 
for children for the development of cancer as target hazard quotients were found to be three times 
higher for children due to the levels of cadmium and lead in the water. 
 
Additionally, provisioning services such as clean air can be affected by tailing ponds. Sites such as the 
Tausani and Bosneag tailing ponds generate dust that pollute the air of several localities in Romania, 
including Moldova Ceche, Moldova Nouă, Macesti, and Pojejena, as well as the following localities in 
Serbia: Vinci, Pozezeno, Ram, Stara Palanka and Veliko Gradiste (Burlacu et al, 2022).  

IV. The Consequences of Losing Cultural Services: 
 
Cultural services are non-material benefits that contribute to the development and cultural 
advancement of people (such as recreational activities or cultural heritage traditions) (National Wildlife 
Federation, 2022). Recreational fishing, water sports, and hunting are some of the benefits provided 
by wetland ecosystems.  
 
The Djerdap Park's spiritual and cultural heritage has high historical and archaeological importance, 
scientific and educational. Archaeological historical sites such as the "Lepenski Vir" (7,000-6,000 BC) 
and Vlasac from the Mesolithic period, as well as cultural goods from the Roman period, are part of 
the cultural identity of the national park (Ramsar, 2020).  
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Culturally, old-growth and virgin forests in the Carpathians serve as some of the last core habitats for 
large carnivores in Europe. These species hold a high degree of cultural significance for local and 
regional peoples and their cultures.  
 
Losing these cultural services that the area offers would translate into a loss of revenue for local 
populations, since activities such as hunting, tourism and fishing would be affected.  
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Part 4: Measuring the impact of BioREGIO on Nature-
based Solutions Implementation 
 
Since the main objective of the BioREGIO project was to promote multi-stakeholder cooperation in 
the implementation of NbS for conservation and restoration as well as economic development 
purposes, this report evaluates whether the NbS proposed by BioREGIO were implemented as well 
as the barriers to their implementation.  
 
Furthermore, the project was an advocacy endeavor to promote NbS, which is why we have examined 
other NbS projects that have been implemented in the region as well as opportunities. The main 
takeaways of the research aimed at identifying how these NbS solve the threats previously mentioned 
and what the socio-economic benefits of these NbS are.  
 
NbS can be implemented simultaneously in order to mitigate or even completely reverse these 
problems already mentioned previously. To a varying degree of success, these NbS have already been 
put into action in various wetland habitats in diverse regions, including some in the Carpathians. In 
the following paragraphs, distinct kinds of root causes that affect wetland and forest ecosystems will 
be coupled to specific NbS that can be employed to counter them as well as their socio-economic 
benefits. 
 
NbS for Water Contamination: 
 
In 2014, in an effort to combat water contamination, BioREGIO recommended that water treatment 
facilities be constructed to significantly reduce household waste that ends up in natural water systems 
(BioREGIO, 2014:70). Strict requirements with possible financial penalties for farmers to build proper 
storing capacity for fertilizers and waste (UNEP 2014, 81) can also greatly curtail water contamination. 
While representatives of IGNP ensure that there are water treatment plants installed in the park, these 
solutions need to be implemented across the whole Danube area to increase efficiency. The United 
Nations Economic Commission for Europe reported that only 81.99% of Romanians had access to 
drinking water in 2020, thus indicating that there is still progress to be made regarding reaching access 
to clean water (2021, xxxix). 
 
Regarding the heavy-metal pollution caused by the Bosneag tailing pond, official representatives of 
the park report that solutions have been provided to regulate the humidity of the pond in order to 
prevent the tailings from turning into dust and contaminating the air (Dumbrava, 2022). However, 
this solution does not prevent the infiltration of heavy metals into subterranean water sources. The 
National Institute of Research and Development in Environmental Protection proposed other NbS 
to ‘green the tailings ponds’ by covering the pond with a gravel layer and installing a drainage system. 
The drained water would then be collected in a tank which would store it for treatment before 
dumping it into the Danube (Burlacu et al, 2017).  
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The socio-economic benefits of NbS for the treatment of contaminated water encompass health 
improvements for local communities and any community depending on the Danube. In order to 
prevent future costs associated with preventable health treatment, it is crucial to improve the water 
contamination situation. 
 
NbS for Water Flow Disturbance: 
 
As for water flow disturbances and sedimentation and erosion problems, there are a variety of specific 
problems that can affect wetlands. The disturbance of sedimentation levels can lead to problems 
ranging from channeling to the establishment of invasive species (UNEP 2014, 84). Meanwhile, 
erosion may lead to issues such as hazardous impacts on water-side infrastructure and alterations to 
riparian habitats (UNEP 2014, 77).  Most NbS that tackle these problems fall under the restoration of 
hydrological regimes and river dynamics. These are key for the long-term persistence of wetland 
ecosystems, and solutions like restoration of catchment areas often include the construction of small-
scale infrastructure, like small dams made to reflood former peatland (UNEP 2014, 84). Although 
these strategies are quite effective, they may run into financial limitation issues. In the IRGN and DNP 
area, none of these NbS have been implemented so far. While these projects tend to require more 
funding and specialized supervision (thus complicating the feasibility in the region), they are vital for 
long-term restoration of wetland ecosystems (UNEP 2014, 84).  
 
One pilot project that did utilize the restoration of hydrological regimes is the Garla Mare-Vrata 
Wetland. The project is a cross-sectoral partnership between WWF-Romania (which carried out the 
project), the Coca-Cola Foundation (which funded the project with 4.4 million US Dollars), and the 
International Commission for the Protection of the Danube (which provided oversight) (WWF, 2022). 
Beginning in 2020, the partnership restored 400 hectares of floodplain by reconnecting the riparian 
ponds to the Danube. The newly designated Natura 2000 site was designed according to EU and 
Romanian legislation in order to protect a number of endangered species (WWF, 2022). The wetland 
is now home to over 80 species of fauna and flora, but its benefits go much beyond biodiversity. The 
risk of flooding in the area is now vastly reduced, as an additional 5 million m3 of water can be stored 
in the wetland (WWF, 2022). Moreover, the project is already becoming an attractive spot for fishing 
and ecotourism, improving the local economy. This pilot area showcases how proper NbS projects 
can be applied across the region to develop a variety of benefits. 
 
While floodplain restoration of the lower Danube Green Corridor was estimated to cost €183 million, 
it is a worthwhile investment as it generates significant economic benefits in the long run. Socio-
economic benefits of such restoration projects include annual earnings through ecosystem services 
including water purification, flood control, groundwater replenishment, reservoirs of biodiversity, 
sediment and nutrient replenishment, recreation and tourism, and more (Mansourian et al., 2019). In 
fact, a study estimated the benefits of restoring floodplains to an expected annual earning through 
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ecosystem service of €111.8 million per year, as each hectare provides €500 per year in ecosystem 
services, helping to diversify the livelihoods of local people (Mansourian et al., 2019). 
 
NbS for Pollution: 
 
Pollution stemming directly from tourism and agriculture can be minimized through the establishment 
of buffer zones, which distance the protected areas from human activity and can work suitably for 
wetlands close to intense agriculture (UNEP, 2014:82). Although a fairly easy and inexpensive solution 
to implement, both IGNP and DNP have not established any buffer zones. This is particularly an 
issue in IGNP, where more substantial agricultural activity lies adjacent to the protected areas 
(Dumbrava, 2022). 
 
Agricultural pollution can likewise be minimized through policy solutions. Cross-compliance rules can 
oblige farmers to respect set standards like limits on fertilizers while simultaneously rewarding those 
who do with single area payments (UNEP, 2014:86). Strategies like payments from rural development 
programs to farmers and compensatory measures that oblige the compensation of habitat loss can be 
quite beneficial (for example, compensation for habitat loss can go directly into restoration projects) 
(UNEP, 2014:86). Finally, the implementation of conservation and restoration projects on wetlands 
can come directly from European operational programs that provide funding schemes (UNEP, 
2014:86). As for the lack of inter-sectoral communication, the utilization of joint projects with broad 
partnerships is imperative (UNEP, 2014:85). It is key that all of these solutions are examined carefully 
and that they are put into action simultaneously so that restoration and protection efforts can work as 
efficiently and expeditiously as possible.  
 
NbS for Invasive species: 
 
The deliberate introduction of ruminants can be harmful or beneficial to the environment depending 
on how it is managed. The introduction of a horse population to a specific wetland in IGNP led to 
overgrazing of native plant species (UNEP, 2014:63), but the proper management of grazing activity 
can also prevent quick changes to wetland flora makeup linked to invasive species (UNEP, 2014:83). 
This can usually be done (alongside with mowing) responsibly through NGOs, but these projects are 
prone to capacity limits. In IGNP, proper ruminant management projects have not been implemented 
due to lack of funding. (Dumbrava, 2022).  
 
Mulching, or the cutting down of biomass into small pieces to be left on site, can serve as an active 
management measure (although this may also lead to eutrophication if done incorrectly) (UNEP, 
2014:83). This can serve as an additional measure to control invasive plant species. Other physical 
solutions include the reduction of trees and shrubs and the manual removal of invasive plant species 
through things like underwater cutting (UNEP, 2014:84).  
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NbS for Ecosystem Resilience: 
 
Proper management and conservation of specific parts of an ecosystem can act as a multiplier when 
increasing ecosystem resilience. One of the most important and well-known NbS strategies in this 
sub-field is the reintroduction of native species. In Romania, the European bison has already been 
reintroduced to parts of its former range across three pilot areas outside of IGNP (WWF, 2021). As 
both an ecosystem engineer and a keystone species, European bison are a vital element in the 
environment. They not only serve as a source of food for large carnivores, but keep plant growth 
under control, create habitats for smaller fauna through trampling, and enrich soil through waste 
(WWF, 2021). 
 
While IGNP and DNP have not implemented a reintroduction project of their own yet, this endeavor 
has been considered substantially, and the success of the other Romanian reintroduction projects has 
pushed the initiative forward (Dumbrava, 2022). European bison can provide socio-economic benefits 
by increasing biodiversity resilience and creating sustainable entrepreneurship opportunities through 
ecotourism. For these projects to be successful, locals have to sustainably coexist with the wild bison 
populations. The “Urgent Actions for the Recovery of European Bison Populations in Romania 
Project”, implemented by WWF Romania and Rewilding Europe, can provide expertise in IGNP, as they 
lead the original pilot projects (WWF, 2021). 
 
NbS for Old-Growth Forest Loss: 
 
The primary NbS for old-growth and virgin forest preservation is conservation. Proper protection of 
untouched or largely untouched forest ecosystems is the only sustainable way to maintain them. 
However, drawing clear boundaries around old-growth and virgin forests is not sufficient to maintain 
their ecosystem diversity. In order to assure proper ecosystem preservation, connectivity and buffering 
must occur. Simply designating forests as protected areas is insufficient for their protection, as 
stressors at the periphery of forest systems can cause disturbances internal to the system. For example, 
simply designating a stand as protected and then clear cutting around it will put profound stress on 
the protected area and will not insulate it from ecosystem degradation. Likewise, having designated 
protected areas in isolation without proper ecological connection or wildlife corridors can lead to 
imbalance within the internal dynamics of those isolated systems and can make them more susceptible 
to outside disturbances. A potential solution to these issues would be to consciously buffer old-growth 
and virgin forests with managed conservation areas and sustainably managed for-profit forestry areas. 
This would allow for greater distance of protected areas from outside stressors. Connectivity can be 
increased via several different solutions, such as better management of forest roads and power line 
corridors to allow for easier passages of species among protected areas, and the proper management 
of erosion and landscape fragmentation around protected stands. The remoteness of old-growth and 
virgin forests remains one of their greatest assets, however increasing human activities makes the 
formalization of best practices essential for their continued survival and protection, especially in 
privately owned areas (Keeton, 2022).  
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The primary socio-economic benefit of old-growth forests is their actual ability to serve as a NbS 
themselves. Implementation of Cultural Complexity Enhancement (CCE) cutting practices in 
managed forests relies on old-growth forests to provide natural distribution patterns that can be 
emulated as discussed in more detail below (Keeton, 2022) 
 
NbS for Enhance Connectivity in Forest Habitats and Single Stock Plantation Reduction: 
 
Old-growth and virgin forests can serve as a NbS for forest restoration in managed and for-profit 
forests. By replicating natural patterns and distributions within largely untouched systems and by 
scheduling cuts to minimize the disturbance of those patterns in the forestry industry, proper 
management can increase both biodiversity and the carbon carrying capacity within managed forests. 
Old-growth and virgin forests are our best assets, as they are able to reproduce such systems on a large 
scale (Keeton, 2022). As such, virgin forests can play an essential role in giving forest management 
officials a blueprint for forest restoration in managed areas. By mapping species distribution and 
natural adaptive patterns within virgin forests and applying these patterns in managed stands, foresters 
can better replicate natural systems and increase biodiversity, carbon retention, and opportunities for 
more sustainable, close-to-nature silviculture (Keeton et al., 2009, Svetozarevic, 2022). Management 
practices that seek to emulate old-growth and virgin systems also result in higher rates of tree related 
microhabitats which result in more resilient and adaptive managed stands (Asbeck et al, 2021).  
 
Implementation of best practices in natural forest pattern restoration has the potential to improve 
overall landscape management, restore cultural significance, enhance flood protection, and 
dramatically increase carbon sequestration capacity. All this can be accomplished with minimal effects 
on long term forestry-related profit margins if best practices are implemented. This could allow 
ecotourism sites and for-profit forests to be better jointly managed (Keeton, 2022).  
 
NbS for Ecosystem Fragmentation Caused by Roads and Infrastructure: 
 
Ecological fragmentation due to roads, particularly forest roads, and other human infrastructure such 
as power lines, are an obstacle to ecological connectivity. Implementation of best practices in the 
maintenance of vegetation underlying powerlines in Slovakia has shown great potential for increasing 
connectivity, especially for small mammals, birds and pollinators. Innovative alternatives to stripping 
vegetation from under power lines and tapering and adapting vegetation to the particular needs and 
contexts of the managed area has the potential to be upscaled and implemented both within and at 
the periphery of managed areas in order to better allow for species passage and dissemination (UNEP, 
2021) 
 
Fragmentation due to roads and railways is a major obstacle with few clear solutions. However, certain 
practices can decrease the potential for increased ecological strain and externalities. Where current 
roads and railroads exist, it is essential for management to take account of disconnected forest systems 
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and consciously create buffer zones and connecting corridors to allow for the passage of species. 
Specifically in relation to forest and dirt road management, attention must be paid to the ways in which 
poor management contributes to the deterioration of water quality, the increased likelihood of erosion, 
and the long term need for new roads due to deterioration (Keeton, 2022). 
 
Financial NbS: 
 
The financial situation for protected areas in the Carpathian region is not good, as they are often 
dependent on public funds. They need more funding sources and more freedom to contract external 
providers. Studies have found that it is important to not just define the value of ecosystem services, 
but to also identify stakeholders who would benefit from them. (UNEP 2014). 
 
The majority of funding for protected areas in the Carpathian region comes from public budgets, with 
a smaller amount coming from tourism and green markets. Private funding sources are very low, 
resulting in protected areas being very dependent on public funds. The study also found that several 
parks cannot deliver their expected outcomes even under a basic management scenario. A more 
diverse portfolio of financial sources could help ensure the sustainability of PAs in the long term 
perspective. 
 
Furthermore, increasing the funding for infrastructure and facilities, incrementing the autonomy of 
forest management, and implementing a legal united framework for the general management of the 
Carpathians are all strategies that should be adopted. All these alternatives could lead to 
socioeconomic benefits, including better financial management that will increase the job market 
opportunities for the local community and the incentivizing of ecotourism.  
 
Urban NbS for Climate Change Mitigation: 
 
As previously mentioned, climate change is affecting the ecosystems in drastic ways and threatening 
the very existence of wetlands. In 2013, Romania exceeded its emission pledge which was met by an 
EU infringement case (UNECE, 2021). In 2017,  Therefore, ecosystem resilience cannot be reduced 
to implementing NbS at the local level. The places that produce the most emissions such as big cities 
need to be part of the effort for the conservation of the Carpathians. Solutions such as green 
infrastructures, which include  green roofs and walls, can help reduce cooling energy usage and 
therefore reduce the emissions emitted to produce energy. Moreover, they sequester carbon in cities 
and enhance ecological connectivity. Green walls create wind barriers by reducing the speed of wind 
on the building surface, thus reducing heat transfer (Charoenkit and Yiemwattana, 2016). This acts as 
a cooling benefit of the cavity insulation when the air between plants on indirect green walls creates 
thermos insulating matter for non-ventilated cavities (Munoz, 2016). Finally, greenery in cities creates 
passive carbon sinks through photosynthesis or carbon sequestration (Nowak, 2006). A study 
performed in Berlin found that based on the temperature surveyed from 3,000 extensive green 
rooftops since 1998, if 50% of buildings had green rooftops in Berlin during the past 20 years, it would 
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have had a cooling effect of 1.5 degrees Celsius (Köhler and Kaiser, 2019). Economic benefits of such 
green infrastructure include its cost-efficient properties since its insulation properties enable savings 
in energy dedicated to temperature regulating services. Additionally, savings on water drainage can 
also be achieved since green roofs absorb water and can control 30-90% of stormwater runoff volumes 
(Foster, Lowe and Winkelman Steve, 2011). Environmental benefits include GHGs reductions 
through energy savings and carbon sequestration, the reduction of the heat island effect in cities thanks 
to evaporation and transpiration effects, and greater ecological connectivity. 
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Table 5: Nature-based Solutions:  
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Part 5: Policy Recommendations  
 
In order to turn outcomes into impact, there are some necessary preconditions that must be fulfilled. 
In the Theory of Change theoretical framework, they are called ‘assumptions’ and ‘drivers’. As defined 
in part 1, assumptions are significant external factors or conditions that need to be present for the 
realization of the intended results but are beyond the influence of the project and its partners. 
Assumptions are often positively formulated risks. According to UNEP, drivers are significant 
external factors that, if present, are expected to contribute to the realization of the intended results of 
a project. Drivers can be influenced by the project and its partners. This part of the report will 
determine the policy recommendations to fulfill the drivers and assumptions of the Theory of Change 
at hand.  

I. Incentivizing the Implementation of NbS 

 
Figure 4: Policy Recommendations for Implementation of Nature-based Solutions 
 
On March 2nd, 2022, the 5th United Nations Environment Assembly (UNEA) adopted a universal 
definition of Nature-based Solutions (UNEA, 2022). The UNEA defines NbS as actions to ‘protect, 
conserve, restore, sustainably use, and manage natural or modified terrestrial, freshwater, coastal, and 
marine ecosystems which address social, economic, and environmental challenges effectively and 
adaptively, while simultaneously providing human well-being, ecosystem services, resilience, and 
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biodiversity benefits.’ (UNEA, 2022). The UNEA recognised that NbS for biodiversity conservation 
play an essential role in the overall global effort to achieve SDGs and climate change mitigation 
(UNEA, 2022).  
 
At the 14th Conference of the Contracting Parties (COP14) of the Convention on Wetlands 
(Ramsar Convention), Spain proposed a resolution on the protection, management, and 
restoration of wetlands as [Nature-based Solutions] [ecosystem-based approaches] to address the 
climate crisis (CITE). This resolution was drafted and supported by the Mediterranean Wetland 
Initiative (MEDWET), which included 27 delegations. The resolution would redefine the 
wetlands themselves as NbS to climate change. This resolution aimed to redefine climate mitigation 
as biodiversity conservation, the most long-term, cost-effective Nature-based Solutions to regulate 
carbon emissions, and reduce vulnerability to climate change, as well as to secure both sustainable 
water and food resources (Ramsar, 2022). In this resolution, Spain requested the Ramsar Secretariat 
to establish a community of practice on wetland conservation, management, and restoration as a 
Nature-based Solutions for cooperation among regional initiatives and other stakeholders aiming to 
provide scientific and technical support as well as facilitating the access to financial resources for 
interested Contracting Parties (Ramsar, 2022). 
 
However, countries such as Brazil were reluctant to include the term ‘nature-based solution’ in the 
resolution. The opposition of Brazil to name wetland solutions as NbS to the climate crisis are rooted 
in fears that national sovereignty on their territory will be undermined by the international dimension 
of fighting against climate change (Jordan, 2022). Therefore, the resolution that passed did not include 
the term NbS. Instead, COP14 adopted the following resolution: ‘The protection, conservation, 
restoration, sustainable use, and management of wetland ecosystems in addressing climate change’ 
which recognises the definition of NbS adopted by the 5th UNEA assembly, as well as benefits of 
wetlands restoration for human well-being and the environment (Ramsar, 2022). The main 
achievement of the revised resolution is to request contracting parties to collaborate and facilitate the 
creation of a community of practice to restore and fight climate change. 
 
These recent developments point to four important preconditions that are needed to increase the 
implementation of Nature-based Solutions and enhance ecological connectivity:  

- The need for governments and local authorities to recognise the value of wetland and forest 
ecosystems as climate change mitigation NbS thanks to their carbon sink properties 
(Assumption 1), 

- The existence of knowledge production on NbS (Driver 1)  
- The availability of funding for the implementation of NbS (Assumption 2). 

 
Therefore, the first policy recommendation to incentivize the implementation of NbS would be to 
recognize the importance of NbS as defined by the 5th UNEA assembly and define wetland as well as 
forest ecosystems restoration and conservation as NbS to address the climate change crisis.  
 



Ecological Connectivity and Nature-based Solutions in The Carpathian Region 
 

35 
 
 

It is important to note that, as pointed out by member parties of the Ramsar convention, there are 
knowledge gaps regarding NbS as they are a new concept. It is also essential to highlight that Nature-
based Solutions can be specific to their environment. For instance, green infrastructure measures such 
as green walls for cooling infrastructures would be more efficient in cool climates such as Germany 
than in warmer environments such as Qatar. Thus, a policy recommendation to respond to the 
research gaps in this field would be for members of the Carpathians to share knowledge and outcomes 
of NbS implementation. The creation of a knowledge platform for members of the Carpathian 
convention as well as the active participation of the Carpathian Wetland Initiative in Ramsar’s new 
push to request contracting parties to collaborate and share best practices in the implementation of 
NbS would be another policy recommendation.   
 
Finally, policies are necessary to ensure funding opportunities, as they, just as multi-stakeholder 
approaches, are necessary to incentivize and ultimately, enhance the implementation of Nature-based 
Solutions.  

II. Continuous Monitoring of Biodiversity - Filling the Environmental Data Gap: 

 
Figure 5: Policy Recommendations for Continuous Biodiversity 
 
Monitoring biodiversity is a crucial part of the continuous process of conservation. Monitoring the 
process of existing projects, invasive species, and economic development requires the collective effort 
of both park administrators and experts and public officials behind legislation. Nevertheless, a “data 
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gap” exists between the different entities that influence biodiversity monitoring. In order to resolve 
the current situation, it is imperative that this gap is closed as much as possible. Many NbS can be 
implemented specifically to aid with monitoring, and some of the most important ones are directly 
related to policy. 
 
During our assessment, four drivers and one assumption were identified as crucial elements in the 
overall outcome that is the monitoring biodiversity. By properly addressing each one, monitoring 
biodiversity can become a more feasible target. Nevertheless, the present situation in each country 
showcases the current inadequacy in fulfilling the drivers and assumption. The elements vital for 
biodiversity monitoring are: 
 

- Driver 1: Application of an Ecosystem Services Assessment 
- Driver 2: Evaluations of root causes of ecosystem fragmentation 
- Driver 3: Constant monitoring of endangered and invasive species 
- Driver 4: Transboundary Monitoring practices for ecosystem services 
- Assumption 1: Sufficient expertise on ecosystems 

 
Ecosystem Services Assessments (ESA) are a powerful way to categorize and quantify the available 
ecosystem services provided by a specific ecosystem. This can aid in the development of economic 
evaluations of the benefits supplied by said ecosystem. In DNP, although an analysis has been 
completed by Ramsar, no carbon sequestration measurements have been carried out. The current 
analysis is also somewhat vague. In Romania, the situation is even more inadequate. Although a 
National Ecosystems Assessment exists in the legislature at the national level, no major ESA of any 
kind has been carried out in IGNP, including any carbon sequestration measurements (Dumbrava, 
2022). In Article 12 of the Carpathian Convention, meanwhile, Parties are asked to apply specific 
impact assessment tools to ensure that the environmental, social, and economic benefits and costs of 
the planned actions are taken into consideration, and that the most balanced and least harmful option 
is found (Carpathian Convention, 2022). 
 
The evaluations of root causes of ecosystem fragmentation are generally more well-developed than 
ESAs in both parks but are still somewhat vague. As these evaluations pinpoint the sources of the 
fragmentation issues, they serve as preventative measures, which can help prevent higher project-
related costs for damage mitigation in the long run. For each park, we had to rely on interviews to 
find information regarding these evaluations. Concurrently, the Carpathian Convention states that the 
First List of Invasive Alien Species was created for further consultation and development in order to 
assess current and potential future threats to local biodiversity and ecosystems of the Carpathians 
caused by introduction or release of invasive alien species. It is key that the park administrations use 
lists like these to address root problems of fragmentation (Carpathian Convention, 2022). 
 
The constant monitoring of endangered and invasive species is an obvious element that both parks 
need to address. The DNP currently has no implemented monitoring programs for this purpose 
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(Sekulic, 2022), while the IGNP presently only has monitoring programs for forest ecosystems, as 
they do not have the expertise to launch monitoring programs for wetlands (Dumbrava, 2022). The 
Carpathian Convention, on the other hand, requests that Parties pursue policies of using continuous 
monitoring, assessment and reporting methods (Carpathian Convention, 2022).  
 
The last driver, transboundary monitoring practices, is the least addressed element of the four. There 
are currently no transboundary agreements between DNP and IGNP (Dumbrava, 2022), although a 
small start could be reached by establishing IGNP as a Ramsar site, just like DNP on the Serbian side. 
Transboundary agreements would greatly facilitate the transfer of knowledge and expertise for an area 
that could greatly benefit from it. In fact, the Carpathian Convention recommends that working 
groups/networks of experts are established to coordinate activities related to knowledge sharing 
(Carpathian Convention, 2022). In fact, the Carpathian Convention advises that since management 
systems and information already exist in both countries, in order to combine and harmonize them, 
transboundary cooperation and mutual assistance by all parties involved is absolutely necessary. 
 
Sufficient expertise on ecosystems is the overarching theme that both parks are currently struggling 
with. Although there is an overall lack of expertise throughout, certain areas have a more significant 
deficiency, especially wetlands management (Dumbrava, 2022). This is the case for both parks. The 
Carpathian Convention recommends that working groups/networks of experts are established to 
coordinate activities related to knowledge sharing (Carpathian Convention, 2022). 
 
To combat the inadequacy presently affecting the drivers and assumption, numerous policy 
recommendations can be implemented. Many of these are relevant for more than one element. In 
addition, they can also be used in conjunction with other policy recommendations to better accumulate 
the benefits: 
 

- Add more legislation related to ecosystem services at both the local and regional level | Specify 
and economically quantify existing legislation about ecosystem services 

- Start quantifying carbon sequestration properties 
- Create reports specifically for identifying and quantifying root causes of ecosystem 

fragmentation | Increase available funds such reports 
- Use existing reports from the Carpathian Convention to develop specific monitoring projects 

in the IGNP-DNP area 
- Create transboundary agreements and managements plans | Share assessments and reports 
- Standardize management practices in both parks 
- Establish working groups/networks of experts to coordinate activities related to knowledge 

sharing of environmental expertise 
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III. Increased Financing of Ecosystem Restoration and Conservation - Multi-
Stakeholder Funding 

 
Figure 6: Policy Recommendations for Increased Financing 

 
Literature on the barriers to the implementation of NbS such as green infrastructure comprehends 
cognitive barriers for policymakers and urban planners who tend to view green solutions as a financial 
burden rather than a cost-effective investment (Matthews et al., 2015). Recommendations to 
overcome these barriers include the need for reconceptualizing green infrastructure as a form of 
‘capital’ and as ‘risk buffers’ (Matthews et al., 2015).  
 
The agenda for Sustainable Development Goals focuses on economic growth and environmental 
protection. Inclusive multilateralism is a foreign policy principle that calls for the inclusion of different 
actors in international decision-making and cooperation. The principle is based on the belief that 
global problems can only be effectively addressed through multilateral action, and that all countries 
should have a say in decisions that affect them (Eckersley, R. 2012). Inclusive multilateralism promotes 
funding and involvement of more actors for large forest and wetland areas that are needed for 
economic benefits and for the development of the communities. Stakeholders like the states, United 
Nations with UNEP and the SDGs, NGOs, and local actors now also serve as ‘Development Banks', 
with the aim to promote development for the countries financing projects. Following this principle 
can integrate both economic growth and environmental protection. 
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There are a few ways to get more funding with NbS: 
 

1. Write grants specifically for NbS. Another way is to work with organizations that are already 
funding NbS. 

2. Work with partners to pilot and scale Nature-based Solutions. Showcase successful projects 
that demonstrate the potential of Nature-based Solutions to achieve real-world impact.  

3. Secure long-term funding for Nature-based Solutions. Advocate for dedicated funding streams 
to support the implementation of Nature-based Solutions at scale. 

4. Advocate for Nature-based Solutions. Make the case to policymakers and the general public 
that investing in nature is good for the economy, society, and the environment.  

5. Develop a comprehensive understanding of the benefits of Nature-based Solutions. Use data 
and research to demonstrate how investing in nature can help solve pressing environmental 
and social issues. 

IV. Improved Sustainable Management - Collaboration/Cooperation 

 
Figure 7: Policy Recommendations for Improved Sustainable Management 
 
In 1987, the World Commission on Environment and Development defined sustainable development 
as meeting the needs of present generations without compromising the ability of future generations 
to meet their needs (United Nations, 2022). For sustainable development to be attained, it is important 
for protected areas to have adequate management plans. 
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However, in Romania, the mismanagement of protected areas is a systemic issue. In 2020, only 50% 
of national protected areas had a management strategy (UNECE, 2021). A recent development caused 
the switch between the management of protected areas from the Ministry of Agriculture to the 
Ministry of Environment. However, in Serbia, the Ministry of Agriculture still determines the 
management strategies of DNP. Currently, Romania does not have a national strategy for the forestry 
sector with objectives, measures, and deadlines. Instead, there is a Forestry Code that mentions the 
implementation of a certified forest management plan as well as the mapping, identification, and 
securing of forest biodiversity hotspots (NEPA et al, 2017: 20).  
 
Because of the contiguous nature of managed areas, the development of a comprehensive forestry 
policy and park management approach should include the decentralizing of management practices 
from the national level and the facilitation of transboundary management and enforcement practices 
among park officials and local stakeholders. This would provide for better monitoring and best 
practice implementation in forest areas. Any such national policy should include the banning of 
sanitary cuts which are often used as a trojan horse for unnecessary clearcutting. Local managers across 
transboundary management areas should also receive unified instruction in best practices for forest 
management and work jointly to facilitate them. UNEP and the Carpathian Convention are uniquely 
well positioned to play a facilitating role in negotiating such a transboundary management agreement 
between Romania and Serbia as well as other countries in the region.  
 
Therefore, our policy recommendation would be to decentralize park management. The Ministry 
of Environment can give guidelines to ensure that the Carpathian Convention and other international 
agreements are respected. However, the park managers are aware of the local situation and the needs 
of the protected area better than the ministries could be. Consequently, allowing them to formulate 
plan management strategies in collaboration with neighboring authorities and asking for a budget that 
could be approved by the ministries would be a good start. Moreover, conservation efforts should not 
stop at policies to regulate protected areas, as issues such as waste mismanagement, whether human, 
animal, or mining waste derived tailings affects the whole area, the parks, and the cities.  
 
In 2014, the European Commission sued Romania because of a failure to comply with European 
Environmental standards of mining waste management as the Bosneag tailing pond was almost 
completely abandoned. As of 2020, the infringement was still active as Romania had not adopted 
policies that comply with EU standards nor implemented strategies for mining waste management  
(UNECE, 2021). Over time, the mining industry has left 30 tailing dumps with 139 tons of tailings. 
The health of 136 generations local to the area has been affected by water pollution and soil 
deterioration from mining extraction and practices such as tail dumping (Murarescu et al, 2022). Since 
mining waste contamination affects hundreds of hectares of farmland, ecosystems, and the 
health and safety of generations, it is important that transboundary NbS are adopted in the 
policy framework to get rid of the tailing dumps and ponds.  
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Annex: 
 
Table 6: List of Experts Interviewed 
 

Expert 
Interviewed 

Position Country Date Interview 
Style 

Interviewer 

Doru Banaduc Former BioREGIO 
Expert 

Romania 3/10/22 Online 
Interview 

Michael King 

Amalia 
Dumbrava 

Biologist at Iron Gates 
Natural Park 

Administration 

Romania 14/11/22 Online 
Interview 

Juan Diego 
Prado 

Osvaldo Jordan Executive Director at 
Regional Ramsar Center 

for the Western 
Hemisphere 

Panama 12/11/22 In-person 
Interview 

Anne-Lise 
Hadzopoulos & 

Juan Diego 
Prado 

Jan Kadlecik Former BioREGIO 
Expert 

Slovakia 9/10/22 Questionnaire Juan Diego 
Prado 

Anton Kristin Former BioREGIO 
Expert 

Slovakia 7/10/22 Online 
Interview 

Michael King 

Clemens 
Neuhold 

Flood Risk Management 
Expert at Austrian 
Federal Ministry of 

Agriculture, Forestry, 
Environment, and Water 

Management 

Austria 12/10/22 Online 
Interview 

Juan Diego 
Prado 

Bohdan Prots Director at Danube 
Commission 

Ukraine 21/10/22 Online 
Interview 

Anne-Lise 
Hadzopoulos 

Peter Puchala Former BioREGIO 
Expert 

Slovakia 13/10/22 Online 
Interview 

Juan Diego 
Prado 

Goran Sekulic Policy Officer at WWF Serbia 14/10/22 Online 
Interview 

Anne-Lise 
Hadzopoulos 

Ivan 
Svetozarevic 

Former BioREGIO 
Expert 

Serbia 17/10/22 Online 
Interview 

Michael King 

 



Ecological Connectivity and Nature-based Solutions in The Carpathian Region 
 

42 
 
 

Bibliography: 
 

Amalia Dumbrava. 2022. Biologist at Iron Gates Natural Park Administration. 
 
Anton Kristin. 2022. Former BioREGIO Expert, currently Senior Researcher at Institute of  

Forest Ecology, Slovak Academy of Sciences. 
 
Asbeck, T., et al. 2021. “Tree-Related Microhabitats Follow Similar Patterns but are More  

Diverse in Primary Compared to Managed Temperate Mountain Forests.” Ecosystems. Vol 25, 
712-726. 

 
Asbeck, Thomas, Daniel Kozák, Andreea P. Spînu, Martin Mikoláš, Veronika Zemlerová, and  

Miroslav Svoboda. 2022. “Tree-Related Microhabitats Follow Similar Patterns but Are More 
Diverse in Primary Compared to Managed Temperate Mountain Forests.” Ecosystems 25 (3): 
712–26. https://doi.org/10.1007/s10021-021-00681-1. 

 
Balvanera, P. et al. 2017. Ecosystem Services. In: Walters, M., Scholes, R. (eds) The GEO  

Handbook on Biodiversity Observation Networks. Springer, Cham. 
https://doi.org/10.1007/978-3-319-27288-7_3 

 
Barančok, P., et al. 2014. “Red List of the Carpathian Non-Forest Biotopes (Habitats)”. South  

East Europe & BioREGIO Carpathians.  
 
Bodislav, A. D., Radulescu, C. V., Moise, D., & Burlacu, S. 2019. “Environmental Policy in  

the Romanian Public Sector”. Journal of Emerging Trends in Marketing and Management. Vol. 1, No. 
1: 312-317. 

 
Bohdan Prots. 2022. Director at Danube Commission. 
 
Bogdan, S. M., Stupariu, I., Andra-Toparceanu, A., & Nastase, I. I. 2019. “Mapping Social  

Values for Cultural Ecosystem Services in a Mountain Landscape in the Romanian 
Carpathians.” Carpathian Journal of Earth and Environmental Sciences. Vol. 14, No. 1: 199-208. 

 
Bolund, P. & Sven H. 1999. “Ecosystem Services in Urban Areas.” Ecological Economics.  

Vol 29, No. 2: 293–301. https://doi.org/10.1016/s0921-8009(99)00013-0. 
 
Burlacu, Iasmina, György Deak, Marius Raischi, Ștefan Zamfir, Daescu Andreea Ioana, and  

M. Olteanu. 2017. “Greening Solutions Applicable in the Tailing Ponds Tausani and Bosneag 
from Moldova Noua.” May 25. 

 
Carpathian Convention. “Environmental Assessment/Information System, Monitoring, and  

Early Warning”. Accessed 1 December, 2022. 
 
Chirileasa, Andrei. 2022. “Water Flow on the Danube Is One-Third of What It Should Be  

This Time of Year.” Romania Insider. July 25, 2022. https://www.romania-
insider.com/danube-flow-romania-low-july-2022. 



Ecological Connectivity and Nature-based Solutions in The Carpathian Region 
 

43 
 
 

 
Ciocănea, Cristiana Maria, Carmen Sorescu, Mirela Ianoşi, and Vasile Bagrinovschi. 2016.  

“Assessing Public Perception on Protected Areas in Iron Gates Natural Park.” Procedia 
Environmental Sciences 32: 70–79. https://doi.org/10.1016/j.proenv.2016.03.013. 

 
Clemens Neuhold. 2022. Flood Risk Management Expert at Austrian Federal Ministry of Agriculture, 
Forestry, Environment, and Water Management. 
 
Clerici, N., Paracchini, M. L., & Maes, J. 2014. “Land-Cover Change Dynamics and Insights  

into Ecosystem Services in European Stream Riparian Zones.” Ecohydrology & Hydrobiology. Vol 
14, No. 2: 107-120. 

 
Cucu, Livia Adina, Mihăiţă-Iulian Niculae, and Maria Pătroescu. 2013. “Hierarchical  

Analysis of the Threats for Species of Community Interest in the Iron Gates Natural Park, 
Romania.” Forum Geografic XII (1): 52–58. https://doi.org/10.5775/fg.2067-4635.2013.047.i. 

 
Cupromold Mining SA. 2022. “STORY OF MOLDOVA NOUĂ.” CupruMOLD. 2022.  

https://cuprumold.ro/istoric/?lang=en. 
 
Doru Banaduc. 2022. Former BioREGIO Expert, currently Associate Professor at Lucian  

Blaga University of Sibiu. 
 
Eckersley, R. 2012. “Moving Forward in the Climate Negotiations: Multilateralism or  

Minilateralism?” Global Environmental Politics. Vol 12, No. 2: 24–42. doi: 
https://doi.org/10.1162/GLEP_a_00107. 

 
Egerer, H. 2020. “The Carpathians: A Hub for Biodiversity.” Webinar on transnational  

cooperation to address the biggest threats to the biodiversity of the Carpathian Mountains. 
United Nations Environmental Programme (UNEP). https://www.interreg-
central.eu/Content.Node/Centralparks/1.-UNEP-SCC-Carpathians-Hub-for-Biodiversity-
2.pdf. 

 
European Environment Agency. “Forest Operations Research.” SRS. Accessed October 28, 2022. 

https://www.srs.fs.usda.gov/forestops/glossary/.   
 
Favilli, Filippo, Christian Hoffmann, Marianna Elmi, Elisa Ravazzoli, and Thomas  

Streifeneder. 2015. “The BioREGIO Carpathians Project: Aims, Methodology and Results 
from the ‘Continuity and Connectivity’ Analysis.” Nature Conservation 11 (July): 95–111. 
https://doi.org/10.3897/natureconservation.11.4424. 

 
Favilli, F., et al. 2015. “The BioREGIO Carpathians Project: Aims, Methodology, and Results  

from the “Continuity and Connectivity” Analysis”. Nature Conservation. Vol 11, 95-111. 
 
Food and Agriculture of the United Nations (FAO). “Ecosystem Services & Biodiversity  

(ESB)”. Food and Agriculture of the United Nations. Accessed 29 November, 2022. 
https://www.fao.org/ecosystem-services-biodiversity/background/supporting-services/en/ 

 



Ecological Connectivity and Nature-based Solutions in The Carpathian Region 
 

44 
 
 

Goran Sekulic. 2022. Policy Officer at WWF. 
 
Greenpeace. 2022. “‘We want Danube waves, not heat waves!’” 2022.  

https://greenpeace.at/cee-press-hub/we-want-danube-waves-not-heat-waves/. 
 

Hajdukiewicz, H., & Wyżga, B. 2018. “Aerial Photo-Based Analysis of the Hydromorphological Changes of 
a Mountain River over the Last Six Decades: The Czarny Dunajec, Polish Carpathians.” Science of the 
Total Environment. Vol 648, 1598-1613. 
 
Infrastructure and Ecology European Network. “Wildlife & Traffic: A European Handbook  

for Identifying Conflicts and Designing Solutions.” Handbook wildlife traffic, August 27, 
2021. https://handbookwildlifetraffic.info/viewer-book/. 

 
Integrated Management of biological and landscape diversity for sustainable regional development and 

Ecological Connectivity in the Carpathians. Home. (n.d.). Retrieved October 28, 2022, from 
http://www.bioregio-carpathians.eu/ 
 
Ivan Svetozarevic. 2022. Former BioREGIO Expert, currently Biologist at National Park  

Djerdap. 
 
Jan Kadlecik. 2022. Former BioREGIO Expert, currently Head of Department at State Nature  

Conservancy of the Slovak Republic. 
 

Kajtoch, L., Zmihorski, M., & Piestrzynska-Kajtoch, A. 2013. “The Goosander as Potential Indicator of 
Naturalness and Biodiversity.” Ecological Indicators. Vol 45, 83-92. 
 
Keeton, William, “Forests, Their Management and Governance.”  2022. Levice, Slovakia. 
 

Keeton, William, “Assessment of Climate Change Risks and Impacts on the Carpathian    Forests and Their 
Ecosystem Services.” 2022. Levice, Slovakia. 
 

Keeton, William, “Forests, Their Management and Governance.”  2022. Levice, Slovakia. 
 

Keeton, W. S., & Crow, S. M. 2009. “Sustainable Forest Management Alternatives for the Carpathian 
Mountain Region: Providing a Broad Array of Ecosystem Services.” Ecological Economics and 
Sustainable Forest Management: Developing a Trans-disciplinary Approach for the Carpathian Mountains. Chapter 
7, 109-126. 
 
Keeton, William, “Testimony of Dr. William Keeton, Professor of Forest Ecology and  

Forestry at the University of Vermont.” 2019. 
 
Konôpka, Bohdan, Vladimír Šebeň, and Jozef Pajtík. 2019. “Species Composition and  

Carbon Stock of Tree Cover at a Postdisturbance Area in Tatra National Park, Western  
Carpathians.” Mountain Research and Development 39 (1): R71–80. 
https://doi.org/10.1659/MRD-JOURNAL-D-19-00008.1. 

 



Ecological Connectivity and Nature-based Solutions in The Carpathian Region 
 

45 
 
 

Konôpka, B., Šebeň, V., & Pajtík, J. 2019. “Species Composition and Carbon Stock of Tree Cover at a Post 
Disturbance Area in Tatra National Park, Western Carpathians.” Mountain Research and Development. Vol 
30, No. 1: R71-R80. 
 

Malek, Z., Zumpano, V., & Hussin, H. 2018. “Forest management and future changes to ecosystem services 
in the Romanian Carpathians.” Environment, Development, and Sustainability. Vol. 10, No. 3: 1275-1291. 
 
Malek, Žiga, Veronica Zumpano, and Haydar Hussin. 2018. “Forest Management and Future  

Changes to Ecosystem Services in the Romanian Carpathians.” Environment, Development and 
Sustainability 20 (3): 1275–91. https://doi.org/10.1007/s10668-017-9938-4. 

 
Mansourian, Stephanie, Neli Doncheva, Kostadin Valchev, and Daniel Vallauri. 2019.  

“Lessons Learnt from 20 Years of Floodplain Forest Restoration: The Lower Danube 
Landscape.” WWF. 

 
Martin-Lopez, B., Gomez-Baggethun, E., Garcia-Llorente, M., & Montes, C. 2014. “Trade-offs Across 

Value-Domains in Ecosystem Services Assessment”. Ecological Indicators. Vol 37, 220-228. 
 

Mindat. “Majdanpek Mine, Majdanpek, Bor District, Central Serbia, Serbia.” Accessed October 27, 2022. 
https://www.mindat.org/loc-27162.html. 
 
Murarescu, Ovidiu, Cristiana Radulescu, Ioana Daniela Dulama, George Muratoreanu, Gica  

Pehoiu, Raluca Maria Stirbescu, Ioan Alin Bucurica, Sorina Geanina Stanescu, Constantin 
Aurelian Ionescu, and Andreea Laura Banica. 2022. “Comprehensive Assessment of Tailing 
Dumps’ Impact on Waters Quality of Rivers, Lakes, and Wells from Mining Areas.” SSRN 
Scholarly Paper. Rochester, NY. https://doi.org/10.2139/ssrn.4202311. 

 
National Wildlife Federation. “Ecosystem Services”. Accessed July 15, 2022. 

https://www.nwf.org/Educational-Resources/Wildlife-Guide/Understanding-
Conservation/Ecosystem-
Services#:~:text=Ecosystems%20provide%20many%20of%20the,in%20place%20to%20pr
event%20erosion. 

 
National Environmental Protection Agency (NEPA), Norwegian Institute for Nature Research (NINA), 

Romanian Space Agency (ROSA), & World Wide Fund for Nature- Romania (WWF-Romania). 2017. 
“Assessment of Ecosystems and Ecosystem Services in Romania.”  
 
United Nations. 2018. “Sustainability.” United Nations. United Nations. 2018.  

https://www.un.org/en/academic-impact/sustainability. 
 
NEPA, NINA, ROSA, and WWF-Romania. 2017. “Assessment of Ecosystems and  

Ecosystem Services in Romania.” https://oppla.eu/sites/default/files/uploads/assessment-
ecosystems-and-ecosystem-services-romanian-en-250-pg-201117reduced.pdf. 

 
Niculae, Mihăiţă-Iulian, Mihai Răzvan Niţă, and Gabriel Vanău. 2014. “Analysing Landscape  



Ecological Connectivity and Nature-based Solutions in The Carpathian Region 
 

46 
 
 

Fragmentation and Classifying Threats for Habitats of Community Interest in the ‘Iron Gates’ 
Natural Park (Romania).” Transylvanian Review of Systematical and Ecological Research 16 (3): 197–
210. https://doi.org/10.1515/trser-2015-0042. 

 
Niculae, Mihăiţă-Iulian, Mihai Răzvan Niţă, Gabriel Vanău, Cristiana Ciocanea, and  

Athanasios Gavrilidis. 2014. “Spatial and Temporal Dynamic of Rural and Urban Landscapes 
Identified in the ‘Iron Gates’ Natural Park.” Transylvanian Review of Systematical and Ecological 
Research 16 (3): 211–24. https://doi.org/10.1515/trser-2015-0043. 

 
Osvaldo Jordan. 2022. Executive Director at Regional Ramsar Center for the Western  

Hemisphere. 
 

Nistor, C., et al. 2021. “The Impact of Large Dams on Fluvial Sedimentation: The Iron Gates Reservoir on 
the Danube River.” Acta Geographica Slovenica. Vol 61, No. 1: 41-55. 
 
Papp, Cristian-Remus, Ivo Dostál, Václav Hlaváč, Gavril Marius Berchi, and Dušan  

Romportl. 2022. “Rapid Linear Transport Infrastructure Development in the Carpathians: A 
Major Threat to the Integrity of Ecological Connectivity for Large Carnivores.” Nature 
Conservation 47 (March): 35–63. https://doi.org/10.3897/natureconservation.47.71807. 

 
Peter Puchala. 2022. Former BioREGIO Expert, currently Managing Director at State Nature  

Conservation of Slovak Republic. 
 
Poland, Therese M., Toral Patel-Weynand, Deborah M. Finch, Chelcy Ford Miniat, Deborah  

C. Hayes, and Vanessa M. Lopez, eds. 2021. Invasive Species in Forests and Rangelands of the United 
States A Comprehensive Science Synthesis for the United States Forest Sector. 1st ed. 2021. Cham: 
Springer International Publishing : Imprint: Springer. 

 
Ramsar. 2020. “Ramsar Information Sheet.” 2020.  

https://rsis.ramsar.org/RISapp/files/RISrep/RS2442RIS_2012_en.pdf. 
 
Ramsar. 2022. “Ramsar COP14 Doc.18.20- Draft Resolution on Protection, Management  

and Restoration of Wetlands as Nature-Based Solutions [or Ecosystem-Based Approaches] to 
Address the Climate Crisis.” 
https://www.ramsar.org/sites/default/files/documents/library/cop14_18_20_dr_nbs_eba_
e.pdf 

 
Rosenberg, M. 2019. “What Are Europe’s Five Longest Mountain Ranges?” ThoughtCo.  

2019. https://www.thoughtco.com/longest-mountain-ranges-in-europe-1435173. 
 
Schneider, E. 2010. “Floodplain Restoration of Large European Rivers, with Examples from  

the Rhine and the Danube.” Wetlands: Ecology, Conservation, and Management. Vol 3, 185-223. 
 

Schulp, C. J.E., Alkemade, R., Klein Goldewijk, K., & Petz, K. 2012. “Mapping Ecosystem Functions and 
Services in Eastern Europe Using Global-Scale Data Sets”. International Journal of Biodiversity Science, 
Ecosystem Services, & Management. Vol 8, No. 1-2: 156-168. 
 



Ecological Connectivity and Nature-based Solutions in The Carpathian Region 
 

47 
 
 

Science for the Carpathians (S4C) Network. 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”. 
 
Secretariat of the Carpathian Convention. 2022. “Carpathian Region.” 2022.  

http://www.carpathianconvention.org/. 
 
Seddon, N. et al. 2021. “Getting the Message Right on Nature-Based Solutions to Climate  

Change”. Global Change Biology, Vol 27 No. 8: 1518–1546. https://doi.org/10.1111/gcb.15513 
 
Solar, J., Janiga, M., & Markuljakova, K. 2015. “The Socioeconomic and Environmental  

Effects of Sustainable Development in the Eastern Carpathians, and Protecting its 
Environment”. Political Journal of Environmental Studies. Vol. 25, No. 1: 291-300. 

 
The National Wildlife Federation. 2022. “Ecosystem Services.” 2022. 

https://www.nwf.org/Educational-Resources/Wildlife-Guide/Understanding-
Conservation/Ecosystem-Services 

 
The State of Nature Conservancy of the Slovak Republic. 2014. “Carpathian Red List of   

Forest Habitats and Species & Carpathian List of Invasive Alien Species”. 
 
Turnock, D. 2002. “EcoregionBased Conservation in the Carpathians and the Land-Use  

Implications.” Land Use Policy. Vol 19, No. 1: 47-63. 
 
United Nations Environment Assembly of the United Nations Environment Program  

(UNEA). 2022. “Resolution Adopted by the United Nations Environment Assembly on 2 
March 2022.” https://wedocs.unep.org/bitstream/handle/20.500.11822/39864/NATURE-
BASED%20SOLUTIONS%20FOR%20SUPPORTING%20SUSTAINABLE%20DEVEL
OPMENT.%20English.pdf?sequence=1&isAllowed=y. 

 
United Nations Economic Commission For Europe (UNECE). 2021. “Romania  

Environmental Performance Reviews.” Geneva. 
 
United Nations Environmental Programme (UNEP). 2014. “Study Regarding the Threats on  

Wetland Habitats from the Danube Cross Border Zone in the Djerdap National Park and the 
Iron Gates Natural Park areas, Within the Project “Integrated Management of the Biological 
and Landscape Diversity for Sustainable Regional Development and Ecological Connectivity 
in the Carpathians."  

 
United Nations Environmental Programme (UNEP). 2019. “Frontiers 2018/19: Emerging  

Issues of Environmental Concern.” 
 
United Nations Environmental Programme (UNEP). 2021. “Ecological Connectivity in  

Pan-European Region – Overview and Gap Analysis.” Ljubljana. 
 
United Nations Environmental Programme (UNEP) Freshwater. 12 November, 2022.  



Ecological Connectivity and Nature-based Solutions in The Carpathian Region 
 

48 
 
 

“Conference on Wetland Restoration for Climate Mitigation, Adaptation, and Co-Benefits: 
Best Practices, Valuation, and Financing.” 14th Meeting of the Conference of the Contracting Parties. 
Ramsar. 

 
University of Craiova, and Ionu-Adrian Draguleasa. 2022. “TOURISM IN PROTECTED  

NATURAL AREAS. CASE STUDY: IRON GATES NATURE PARK.” Theoretical & 
Applied Science 105 (01): 153–71. https://doi.org/10.15863/TAS.2022.01.105.6. 

 
World Wide Fund for Nature. 2003. “Carpathian List of Endangered Species”.  
 
World Wide Fund for Nature. 13 January, 2021. “The European Bison is No Longer a  

Vulnerable Species”. World Wild Fund for Nature. Accessed 28 November, 2022. 
https://wwfcee.org/our-offices/romania/the-european-bison-is-no-longer-a-vulnerable-
species 

 
World Wide Fund for Nature. 29 June, 2022. “More Than 400 Hectares of Floodplain are  

Brought Back to Life. A Small ‘Delta’ at Garla Mare, in Mehedinti, Awaits its Visitors.” World 
Wild Fund for Nature. Accessed 29 November, 2022. https://wwfcee.org/news/more-than-
400-hectares-of-floodplain-are-brought-back-to-life-a-small-deltaat-garla-mare-in-mehedinti-
awaits-its-visitors 

 
World Wide Fund for Nature & Danube Carpathian Programme. “Integrated Management of  

Biological and Landscape Diversity for Sustainable Regional/Development and Ecological 
Connectivity in the Carpathians.” 2014. DEVELOPMENT OF COMMON INTEGRATED 
MANAGEMENT MEASURES FOR KEY NATURAL ASSETS IN THE 
CARPATHIANS. 

 
 


	Acknowledgments:

