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Executive summary 
 

The MountResilience project was formulated to increase the adaptation capacity and climate resilience of European 

Mountain Regions and communities. To achieve this goal a conceptual model of a systemic approach to 

transformative adaptation (D1.1), and a diagnosis of climate challenges and possible adaptation solutions (D1.2) 

were developed. This report presents the specific regional transformation strategies suggested for the 

implementation of actions towards a climate resilient transformation. 

As a first step the regional demonstrator challenges were identified, through the support of information provided by 

D1.1 and D1.2 (previous deliverables of MountResilience). By implementing a co-creation approach involving the 

quadruple helix, and particularly with a first group of expert and stakeholders, more scientific and technical aspects on 

CC challenges were covered. D1.3 was supported by a validation process activated within the Local Councils in each 

demo region. The group of stakeholders was asked to define the climate adaptation path to address the regional 

climate change challenges that were identified as at the beginning of the project. For this phase both STES and SRA 

(see the list of acronyms) composed in previous deliverables were considered and implemented.  

Bibliographic research on a set of defined keywords (see section 1.2) linked to Nature Based Solutions (NbS) and 

adaptation strategies related to these specific CC challenges was performed by searching peer reviewed articles and 

researching projects outputs available on CORDIS (e.g., LIFE, Horizon 2020, Horizon Europe, Interreg). Afterwards, 

a catalogue of adaptation options and Factsheets were developed, providing a climate resilient transformation 

strategy for demo regions, as a base for the implementation roadmap (D2.1) and as a supporting part for future 

discussions performed in the capacity-building program (D2.2). 

Finally, all this information will be rendered available into an open-source inventory that includes a tool. Regional 

demonstrators will be encouraged to use this decision-making tool, that will be available on the MountResilience 

project site, as a base for future deliverables on regional projects realization. Future stakeholders will also be able to 

access it to evaluate their own CCA strategies, and so have a base of instrument/solutions to their CC challenges, 

all this work will make it possible to achieve the fully operationality of all RDs. 
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Figure 10. Number of database challenges reached by projects/articles (UMIL, 2024) 
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Figure 11. Number of database beneficial impacts reached by projects/articles (UMIL, 2024) 
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Figure 14. Number of Funding areas reached by projects/articles (UMIL, 2024) 
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1.2.6. The online tool 

The scientific review and the subsequent database creation were the base for the creation of an online tool that can 

work as a user-friendly methodology for search information and, mostly important, solution, related to Climate Change 

challenges and their solutions. This chapter resumes the basis actions done to create the tool (Figure 15). 

 

Figure 15. Online tool creation phases (UMIL, 2024) 

The project involved a conversion of the Database Excel file that contains articles and projects into a structured 
database: this was done using Drupal 10.3. The key steps were the following: 

- Data Transformation: the Excel data was directly imported into Drupal with minimal transformation due to 
its compatible structure. 

- Drupal Configuration: default Drupal settings were used with the frontend accessible via an iframe. 
- Search Functionality: the search tool was implemented, allowing users to find content based on taxonomy 

terms, titles, and dates. 
- Testing and Deployment: standard testing procedures were conducted to ensure its functionality. 

Technical note: Drupal 10.3 was utilized for its robust content management capabilities. The default configurations 
were sufficient for the project's needs. The frontend was designed to be embedded via an iframe, ensuring easy 
integration with external websites. The backend employed Drupal's default Claro theme, providing a user-friendly 
interface for administrators. 

Outcome: the Excel data was successfully transformed into a searchable database accessible through a user-
friendly interface. The tool can be easily integrated into existing websites, meeting the project requirements efficiently. 

Essentially, after this work MountResilience regions and future stakeholders will have the possibility to use this 
decision-making toolbox, to better evaluate challenges and solutions on which implement adaptation strategies.  

The online tool will be available on MountResilience site (https://mountresilience.eu/it/home-page/) with the structure 
visible at the following link: https://mountresilience.cleversoft.it/explore. The instruction to embed the tool in the site, 
that will be used, can be read at this link: https://mountresilience.cleversoft.it/embedding-instructions. 

 

 

https://mountresilience.eu/it/home-page/
https://mountresilience.cleversoft.it/explore
https://mountresilience.cleversoft.it/embedding-instructions
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GABROVO - SUGGESTED CLIMATE RESILIENCE ADAPTATION STRATEGY 

 For a densely populated area like Gabrovo, the discussion highlighted key topics related to water supply issues 

and the management of public green spaces, as well as the prevention of disasters caused by droughts, floods, 

and fires (D1.3, Annex, Gabrovo). To support this, an interdisciplinary strategy is recommended, focusing on two 

main factors: improving the quality of life in urban environments while protecting and managing natural resources. 

The planning of green and blue infrastructures (such as green roofs, parks, green spaces, permeable pavements, 

trees, riparian zones, and wetlands) can act as natural buffers to reduce runoff and heatwaves, while improving 

well-being. However, maintaining such infrastructures requires a reliable water supply, which can be sourced 

through recycling urban water or using rainwater harvesting systems. It is advised to utilize renewable energy 

sources, like solar power, to operate irrigation systems. 

To reduce risks upstream, a useful strategy would involve forest management, focusing on native species and 

active management practices, such as planting and selective timbering, to mitigate fire and storm risks. The re-

naturalization of watercourses and the creation of low-lying areas to prevent flooding are also recommended. 

Where these measures are insufficient, there should be an enhancement of preventive systems, including the 

development of a real-time flood and fire monitoring system, improved weather stations, sensors, and alerts for 

residents through new technologies, such as phone messaging (D1.2, p.26; D1.3, Annex, Gabrovo). A small-scale 

pilot project based on this dual system can serve as a model for replication in other densely populated areas. 

To ensure the strategy is effective, collaboration is essential, taking advantage of the already strong multi-level 

governance connections (D1.2, p. 26) to coordinate with key stakeholders. These include national authorities, to 

provide guidance on policies for monitoring and adaptation actions, in line with the National Climate Change 

Adaptation Planning and Strategies (Bulgarian Ministry of Environment and Water, 2020), as well as local and 

regional stakeholders, such as local environmental NGOs, business and construction companies involved in green 

infrastructure projects, meteorological and water management agencies, and universities (D1.2, p. 24). Citizens 

should also be involved to increase climate awareness and create a collective vision for transforming the city (D1.2, 

p.28). This would enable an integrated management approach to climate change issues related to forestry, 

monitoring, and water, in accordance with Bulgarian climate changes communications (United Nations Framework 

Convention on Climate Change, 2022). 

This strategy, combining nature-based solutions with technology to build climate resilience in the Gabrovo region, 

would address both short-term hazards and long-term adaptation needs. In order to do so, access to funds that 

meet Gabrovo's various needs should be sought, such as European Union funds (D1.2, p.27), including the EU 

Cohesion Fund, the European Green Deal, Horizon Europe, or LIFE programmes, as well as national funding 

(Republic of Bulgaria, 2018). Additionally, partnerships with the private sector should be explored, especially for 

co-financing green infrastructure projects and implementing early warning systems. 

The suggested strategy for Gabrovo enhances resilience in this densely populated area by improving living 

conditions through green infrastructure and providing flood protection via early warning systems. This approach, 

once successfully implemented in a pilot area, can serve as a replicable model for other cities in the region. 
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The economy of Lapland consists mainly of tourism, forest bioeconomy, mining and metal industries and agriculture, 

including reindeer husbandry. Tourism accounts for 5.7% of regional GDP. 50% of tourists are from outside of the 

country, which is higher than the Finnish average (D1.2, p.32). Pre-pandemic, the sector was also growing faster in 

Lapland than in the rest of Finland. Most overnight stays are counted in winter, which is also when most international 

tourists come to Lapland. Christmas is a particularly busy time, with specific activities tailored to meeting Santa Claus 

(Visit Rovaniemi, n.d.). Tourism is an important employer, 8% of the workforce works in tourism, including many 

young people. Tourism is especially important to provide employment outside of urban centres (Regional Council of 

Lapland, 2017). Generally, tourism has a strong social license in Lapland and is perceived to bring more benefits 

than disadvantages. 

Landscape 

 

Fells are a unique landscape feature in Northern Lapland. They are mountainous areas that are characterised by 

unique biodiversity. Mostly, they are not covered by trees, apart from some areas with a specific birch tree. This is 

unique in Finland, where 70% of the land area is covered in forest and forestry plays an important economic role 

(D1.2, p.32). 

MAIN CLIMATE HAZARDS 

In a low emissions scenario (RCP2.6 or lower) temperatures in Lapland would still rise by 3-4°C by the end of the 

century, and the current trajectory points to 4-5°C warming in Lapland. Other studies suggest that the Arctic area 

might warm up 3 or 4 times more than the rest of the globe. Climate change will have a greater effect on weather 

during the winter than during the summer. In winter months, temperatures might warm up by 3-4°C, while in the 

summer months it might be 2°C by mid-century (RCP4.5). Precipitation is also likely to increase more in the summer 

than in the winter. Heat waves will become more frequent (200-300% increase in heat days RCP2.6). However, heat 

stress on population is likely to remain very low or low, due to adaptive capacities among others ESPON Climate 

Update 2022., n.d.).  

In winter, the rising temperatures will influence snow cover. Increase in precipitation could thicken the snow cover, 

depending on the temperature. However, the biggest change is that the snowy season will become shorter, by ca. 

one to three days per decade at the beginning in autumn and at the end in spring.  

Extreme weather events will become more frequent causing flooding, especially in urban areas, however, considering 

exposure, vulnerabilities and adaptive capacity, the flood risk is set to decrease.  

In the municipality of Enontekiö, it is likely that there will be more snow as the result of Climate Change, which may 

have positive effects for biodiversity and tourism. In Utsjöki, snow cover is set to decline (D1.2, p.34). 
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deeper understanding of climate impacts and the sharing of information will help develop additional projects that 

are accepted by the local population (D1.3, Factsheet, Lapland). 

An information-sharing strategy among different land users, designed to prevent land-use conflicts and support 

both traditional practices and tourism, forms an essential knowledge base for regional and national authorities to 

manage the effects of climate change effectively. 
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PIEDMONT - SUGGESTED CLIMATE RESILIENCE ADAPTATION STRATEGY 

 Among the various issues addressed in the Piedmont region, the central focus was on sustainable water 

resource management, which is crucial for the agricultural sector, but also for drinking water availability and 

electricity production. This topic involves an interdisciplinary assessment and implementation process that 

requires continuous coordination and engagement with stakeholders. It also includes the development of a 

comprehensive regional strategy that addresses key economic, social, and environmental aspects. To 

support this, a monitoring framework will be established to track the effectiveness of the solutions 

implemented and assess potential risks within the region. A useful objective to be implemented within a 

climate change adaptation would be to increase the summer water supply, given the shortage of storage 

basins, in order mitigate the effects of changing rainfall patterns and glacier melting (D1.3, Annex, 

Piedmont). As said, this strategy would entail a close monitoring process as well as the involvement of 

different levels of stakeholders. A process which should be governed at the regional level and which would 

entail a lot of coordination work, also in order to assess the potential use conflicts due to the presence of a 

fragmented system of public and private consortia (D1.2 p. 60; D1.3, Annex, Piedmont). This could be 

achieved through the implementation of engineering solutions, such as dams or the use of abandoned 

quarries as water reservoirs, as well as natural retention areas, reforestation, and soil conservation efforts, 

in line with the first section of Piedmont Regional Climate Change Strategy (Piedmont Region, 2022). More 

specific techniques, like rainwater harvesting or recycling wastewater and sludge, could also support 

agriculture, but would require improved resource controls to prevent the spread of pollutants. 

It would also be useful to focus downstream on three key points: encouraging farmers to adopt new water-

saving irrigation techniques, although these are not feasible for certain crops like rice; reducing water losses 

along the canal systems, even though some reintegration into the soil can be beneficial for vegetation 

maintenance in certain areas; and finally, implementing integrated water service management. While this 

approach may not solve water scarcity, it can be a solid foundation for preserving the resource and 

improving its use, in line with the Guidelines for Climate Change Adaptation at the local level in the Alps 

(Alpine convention, 2015). The development of faster, more impactful decision-making mechanisms 

requires both efforts to streamline or consolidate the numerous consortia and agencies involved, enhancing 

their decision-making and operational capacities, and to improve regulatory management. A unified group 

for centralized coordination and the simplification of local procedures is necessary, not only for better 

resource use in normal conditions, but also for emergency situations, where the needs of the agricultural, 

drinking water, and hydropower sectors must be efficiently coordinated. Based on this, investing in 

technological infrastructure, such as software for the swift and clear management of water usage data and 

real-time monitoring systems, would be beneficial (D1.3, Annex, Piedmont). 

To achieve these goals, it is necessary to adopt bottom-up approaches, ensuring that all stakeholders are 

involved early in the planning and implementation process with the establishment of a working group 

involving different expertise. Greater collaboration depends on effectively informing stakeholders through 

shared working groups that include the Regional Government and local municipalities, which would lead 

and coordinate the strategy to ensure alignment with local needs and EU policies, along with new bodies 

granted decision-making power across the region (D1.2, p. 72). Main stakeholders involved in the working 
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group should include water companies (especially consortia), farmers and agricultural associations, 

agricultural cooperatives, NGOs, technical institutions, environmental and research organizations, 

administrative authorities, and individual farmers who will need to directly implement new efficiency 

practices (D1.2, p. 66).  This strategy can serve as a key starting point to ensure a broad and coordinated 

effort to adapt to the impacts of climate change in Piedmont by leveraging diverse funding sources: 

European Structural and Investment Funds, Life programs, National and Regional funds such as the Italian 

National Recovery and Resilience Plan, Public-Private Partnerships, and collaboration with private 

companies, including local pioneers interested in improving agriculture and energy management.  

This strategy will ensure a sustainable water supply in Piedmont, crucial for agriculture, drinking water, and 

energy production, creating a resilient and well-managed system for water use. Moving forward, this 

framework can be expanded region-wide, using pilot projects to refine techniques like efficient irrigation, 

water storage solutions, real-time monitoring and decision-making rules.  
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2.4.2. Râu Sadului Factsheet resume 

 

Figure 28. Visit at Râu Sadului project fields (Source: R-LCL material) 

Among the challenges posed by Climate Change, land use changes, soil erosion, and meadow problems were 

recognized by all partners as the central issue. The Climate Change risks identified are the same as in other regions 

(extreme weather conditions, heavy rains, and high temperatures), because Romania is also expected to experience 

both a decreasing trend in the amount of seasonal precipitation (with an average monthly reduction of 8-9% in 

summer until 2050) and a significant average monthly increase in temperature, that could increase by 3°C in summer 

(Bojariu et al., 2021). Both these aspects are also visible in mountain agriculture. 

Solutions for Climate Resilient Transformation 

The discussion of contributions brought through the framework developed in MountResilience, which involved quadruple helix 

stakeholders, revealed a series of needs and solutions related to Climate Change. Below, adaptation strategies based on this 

feedback are introduced, organized by main topics and linked to the findings from deliverable D1.2. 
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infrastructure. Protective measures and securing infrastructure in areas like settlements, traffic routes, and ski slopes 

are becoming more costly. Those who venture outside secured areas face an increased safety risk.  In the case of 

permafrost, predicting natural hazards is more complex as it is not directly visible. Thawing of permafrost causes the 

terrain to sink, making slopes and ridges unstable, which can lead to more frequent rockfalls and rockslides. The 

increase in loose rock also increases the sediment load in streams and rivers, which can trigger mudslides during 

heavy rainfall. Additionally, glacier melt can exacerbate flooding, especially during summer thunderstorms when 

precipitation quickly reaches the runoff (D1.2, p. 99).    

Climate change has significant effects on tourism, especially in Alpine regions. On one side the retreat of glaciers 

poses challenges for glacier ski resorts, with shrinking glaciers narrowing or interrupting existing ski slopes and the 

need of ski operations that requires ongoing technical adaptation to protect their infrastructure. On the opposite side 

the reduction of snowfall in winters has led to an increase in demand for glacier ski areas and high-altitude resorts. 

The tourism industry in valleys dependent on glaciers is threatened, while the attractiveness of alpine glaciers for 

tourism is diminished. Other activities like hiking and mountain biking, as well as associated infrastructure such as 

climbing routes and mountain huts, are negatively impacted by glacier retreat. Additionally, the navigability of Alpine 

rivers with kayaks and rafts is affected by low water levels during summer (Stangl et al., 2022).     

As a result of precipitation and temperature changes, as well as changing wind, and humidity, extreme weather 

events will accumulate and intensify, resulting in increasing danger to life but also to infrastructure, businesses, 

transports, infrastructures and buildings. Floods, debris flows, avalanches etc. can lead to enormous costs for 

reconstruction and damage, reinforced by past mistakes in spatial planning and the lack of legally binding regulations 

(TransAlp, 2022).  

Urban heat islands refer to the phenomenon that the city is warmer on average over the year and at night than the 

surrounding area. Periods of heat lead to an impairment of human health and rising mortality. Vulnerable population 

groups, especially children, elderly and people with pre-existing health conditions are particularly affected. Negative 

effects also directly correlate with insecurities in the housing sector and the distribution of resources and access to 

blue and green infrastructure. Indirect effects on health result from the increase in indigenous and new disease 

vectors (mosquitoes, bugs, ticks) and new plants with high allergenicity such as ragweed (Hohenwallner-Ries et al., 

2020).   
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(D1.2, p. 123), involving transversal decision-makers (D1.3, Annex, Valais) who can also prioritize different water 

uses in emergency situations. This would be supported by advanced water monitoring (e.g., remote sensing and 

IoT sensors) for real-time data and flood/landslide prevention. The territorial level focuses on precision irrigation 

systems and efficient agricultural practices (especially for vineyards and fruit farming) and the preservation of 

biodiversity through restoration of aquatic ecosystems, wetlands, and ponds to create wildlife refuges. 

Strengthening problematic alpine areas (rivers, slopes, flood-prone zones) is essential, with targeted projects to 

mitigate risks through re-naturalization, reforestation, riparian buffer zones, and maintenance of mountain 

pastures/agricultural areas. For the strategy to be effective, it must also consider tourism aspects (D1.2, p. 117) 

by promoting storage facilities for peak season needs, both for drinking water and sustainable hydropower 

development, or by enhancing existing infrastructure with more efficient pump systems (Bundesrat, 2022). 

Achieving these goals requires engagement from stakeholders at multiple levels: at the local level, awareness 

campaigns and educational programs for citizens and local communities are essential (D1.2, p. 130); experts, 

farmers, and tourism operators would provide direct feedback on water needs, while municipalities, academic and 

research institutions, water organizations (in agriculture, energy, and water sectors), and NGOs would play crucial 

roles in the coordination. At a higher level, Cantonal and national government involvement is needed. Various 

funding opportunities can help achieve these objectives: the Interreg Alpine Space Fund, Green Climate Fund, 

European funds for rural areas, and the EU LIFE Programme to support biodiversity, agriculture, and tourism, 

while Public-Private Partnerships and federal programs or CO2 reduction funds may be valuable for water 

management (Bundesrat, 2022). 

This Climate Resilience Adaptation Strategy is designed to secure water resources, reduce flood risk, and protect 

natural ecosystems through collaboration, coordinated actions, monitoring, and environmental nature-based 

solutions at a local scale that manages water resources from source to end-user. Implemented consistently in 

certain areas, it can serve as a model for other parts of Valais. 
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Catalonia lies entirely in the Mediterranean basin, characterized by summer droughts and precipitation concentrated 

in spring and summer, relatively rainy winters (Rodriguez, 2024). If coastal areas in Catalonia have usually mild 

winters with average temperatures ranging from 8-12°C and hot summers averaging 25-30°C, the situation is different 

for mountain areas: in the Pyrenean regions there are cold winters (with temperatures below the 0) and cool summers 

(with 10-22°C). Climate change projections provided by most models confirm that there will be an increase in the 

average annual temperature between +0.9°C to +2°C for the period between 2031 and 2050 in all seasons of the 

year, but this fact could be more relevant during the summer and in the Pyrenees (Institute of Catalan Studies and 

the Government of Catalonia, 2017).  

Precipitations 

Rains also varies from costal to mountain areas: if places near the sea receive normally 600-800 mm of rain in a year 

(320 mm in the semi-arid central Ebro valley) in the mountain area it can exceed 1,000 (2000mm in the Pyrenees 

and Cantabrian mountains), with intense heavy rains events that can lead to floods and natural hazards. Despite this 

most models are suggesting a decline in precipitation levels, episodes of torrential rain may also increase, with 

increasing probabilities of episodes exceeding 200 mm of precipitation in twenty-four hours (D1.2, p. 132).  

MAIN CLIMATE HAZARDS 

Challenges  

The severity and duration of droughts could increase significantly due to the combined effect of higher temperatures 

and the decline in precipitations. This will notably impact forest fire risk (Selkimäki et al., 2012), which has been 

increasing during the last decades. Catalonia also needs to prevent the depopulation of mountain areas, where many 

villages are below 5000 people (with high risk of disappearing because of the population concentrating in big cities) 

and act against the decrease in family farms and extensive livestock (D1.2, 134).  

Needs   

The main economic sectors in the mountain areas include tourism, sport and leisure. Agriculture and farming are 

also common practices, particularly in mountains that will be exposed to severe and long drought periods. Increasing 

temperatures and heavy rain may have a negative impact on both. Water and biodiversity are main climate challenges 

of the region. Important needs also include social aspects, decision making support systems, governance 

approaches and social innovation & community-based solutions (Global Market Research and Analysis, 2018).   
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Figure 34. Catalonia Simplified Impact Chain, based on Innsbruck workshop - (UMIL 2024, based on ZSI, 2024) 
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CATALONIA - SUGGESTED CLIMATE RESILIENCE ADAPTATION STRATEGY 

Water management and agriculture emerged as the main priorities from the exercises carried out by the partners 

(D1.3, Annex, Catalonia), with some references linked to all-year sustainable tourism. 

A suggested strategy for Catalonia should focus on building a robust foundation for water resource management: 

to secure sufficient summer supply for the tourism and agriculture sectors, it is recommended to upgrade water 

storage basins and Natural Water Retention Areas, including wetlands and re-naturalized areas, as well as 

implement aquifer recharge systems. The reuse of treated wastewater for non-potable agricultural and industrial 

purposes and rainwater harvesting can help address shortages. This strategy should be supported by a real-time 

monitoring system and relevant authorities to ensure clear and efficient water management and distribution, 

according to the Strategy of the Pyrenees Areas (OPCC, 2023). 

Once an efficient monitoring system has been established, as well as an appropriate decision-making process for 

managing the water resource among various end users, it will be possible to focus on the agricultural sector in a 

similar way to Piedmont (D1.3, Regional demonstrators adaptations strategies, Piedmont) by adopting water-

efficient practices (e.g., soil sensors, drip irrigation) and sustainable land use, alongside precision agriculture 

technologies and drought-tolerant, water-efficient crop varieties. For winter tourism (as seen in the Tyrol case), a 

year-round diversification approach is recommended, promoting rural tourism (hiking, cultural and heritage 

tourism) and agritourism (wine, food). In these areas, tourist facilities should be upgraded with sustainable water 

systems, and in areas where ski resorts remain prominent, technologies should be implemented to enhance 

artificial snowmaking, reducing the use of potable water. The establishment of an integrated body for the 

management of water resources, tourism, and agriculture sectors is highly recommended (D1.3, Annex, Catalonia; 

ESCACC30). 

Key stakeholders to be involved in the overall process include the Catalonian government (departments of water, 

tourism, agriculture and mountain), municipalities, water management companies and agencies, agricultural 

associations and cooperatives, tourism operators, environmental NGOs, and research institutions. Great 

importance should have the involvement of the Catalan Climate Change Office and the Advisory Council for 

Sustainable Development of Catalonia (CADS) who is facing CC (D1.2, p. 134) with is Catalan Strategy for 

Adapting to Climate Change 2021-2030 (ESCACC30, 2023).  Achieving these goals requires collaboration across 

stakeholders, drawing on funding from the Green Climate Fund, EU Cohesion Fund, European Structural Fund, 

and Public-Private Partnerships (PPPs) for water management, as well as the EU LIFE Programme, Horizon 

Europe (Spanish MITECO, 2020), regional and national funds for sustainable tourism research and tourism 

promotion, the European Agricultural Fund for Rural Development, private partnerships, and grants to support 

local farmers in transitioning to climate-resilient practices. 

By adopting these strategies, Catalonia can address water scarcity, build a resilient tourism industry, and secure 

agricultural productivity. It is recommended to draw from projects in the Piedmont and Tyrol regions to evaluate 

the best approach for implementation. 
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Figure 36. Friuli-Venezia Giulia Simplified Impact Chain, based on Innsbruck workshop - (UMIL 2024, based on ZSI, 2024) 
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Figure 38. Primorje-Gorski Kotar Simplified Impact Chain, based on Innsbruck workshop - (UMIL 2024, based on ZSI, 2024) 
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MAIN CLIMATE HAZARDS 

Challenges  

The most pressing risks related to Climate Change affect the sectors of water, forestry, biodiversity, tourism and 

agriculture, that is particularly important and vulnerable to climate change (Kundzewicz et al., 2018). The severity 

and the duration of droughts could increase significantly, due to the combined effect of increased temperature and 

lower precipitation; that will result in lower river flows and water availability. On the opposite side, heavy rains will 

lead to an increased risk of floods, erosions, and landslides. Increasing forest fire risk during the last decades, 

droughts and heatwaves are also driving challenges, linked to the tourism sector, as well as shortened snow seasons 

and an upward shifting snow line (D1.2, p. 143).  

Needs   

The protection and preservation of natural environments are regional pillars: Podkarpackie region needs adaptation 

strategies to prevent hazards (Czekaj, 2020): floods, wildfires, economic and livelihood losses, impaired ecosystem 

functioning, and loss of species. A diversification of the tourism sector (e.g., ecotourism) is needed when planning 

tourism strategies, to avoid the dependence on snow cover and to face the shortened snow seasons. Fresh water, 

virgin forests and grasslands, have a crucial role as hotspots for biodiversity and habitats for large species. 

Governance and social aspects are also important needs (Rzeszów City Council, 2019). 
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Figure 40. Subcarpathian Region Simplified Impact Chain, based on Innsbruck workshop - (UMIL 2024, based on ZSI, 2024) 
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convention, n.d.) can assist in securing diverse funding sources and stakeholder involvement (Socio-economic 

analysis of the Carpathian area, 2007). 

Creating an accessible online platform for sharing data with stakeholders will enable informed decision-making in 

agriculture, urban planning, and conservation. By implementing this adaptation strategy, the Subcarpathian region 

can strengthen climate resilience across green infrastructure, agriculture, and monitoring, promoting proactive, 

data-informed adaptation measures to enhance public safety (Carpathian convention, n.d.). 
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Figure 43. Key discussion areas with proposed solutions, divided by region (UMIL, 2024) 

Based on these aspects, already identified in the respective climate resilience adaptation strategies (D1.3, Regional 

demonstrators adaptations strategies; D1.3 Regional replicators adaptations strategies), the following 

interconnections between regions can be considered as useful for a collaboration based on similar challenges, with 

the opportunity to build bilateral meetings to share knowledge, information, practices and projects across each region. 



D1.3 CLIMATE RESILIENT REGIONAL TRANSFORMATION STRATEGIES 

 

126 

 

 

Figure 44. Suggested collaborations and meeting for information sharing (UMIL, 2024) 

Finally, with attention to the activities that will be carried out by the regional replicators, we suggest that they approach 

the planning of their respective projects by considering the opportunities provided by regional demonstrators who 

share with them specific areas of challenges and solutions related to climate change, as indicated below. 

 

Figure 45. Suggested key areas on which reg. replicators should focus on for the replication process (UMIL, 2024) 

In conclusion, the suggested climate change adaptation strategies for the 6 regional demonstrators and the 4 regional 

replicators highlights how a collaborative approach, based on similar characteristics, can be critical for achieving 

stronger resilience in a coherent and informed way. These regions, while diverse in their specific culture, geography, 

societal and economical features, share similar issues intensified by climate change (as shown in previous figure 

43). The strategies developed for each of them aim to respond to these phenomena promoting actions specific to 

each region, but they can also be readily adopted by other European regions according to their specific needs. 

Collaboration between stakeholders represent a cornerstone of knowledge exchange, experience-sharing, and the 

development of practical solutions among the various regions, offering a mutual support system that transcends 

national borders. This approach not only increases the efficiency of CC responses, due to their implementation and 

testing in diverse contexts, but also fosters European cohesion, uniting regions into an interconnected resilience 

network. Through this, regions will be better prepared to address the shared climate challenges. 
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5. Annex 

5.1. Conceptual understanding 

5.1.1. Important terms from D1.1 and D1.2 

In the following section are listed some important definitions related to D1.1 and D1.2 deliverables, that were the base for the 

conceptual work done in D1.3. 

Nature-based Solutions (NbS) 

Nature-based solutions (NbS) are actions to protect, sustainably manage and restore natural and modified 

ecosystems in ways that address societal challenges effectively and adaptively, to provide both human well-being 

and biodiversity benefits (IUCN, 2016). NbS are built on local, specific challenges and embed nature conservation 

practices with positive implications for social wellbeing, safety, and economic development. NbS are grounded on 

ecosystem approaches, ecosystem protection and restoration, sustainable land management, green infrastructure, 

and issue-specific approaches (e.g., disaster risk reduction, ecosystem-based adaptation) (Box 1) (EEA, 2021). NbS 

are increasingly considered in climate-related policies. For instance, in the context of the Paris Agreement, more 

than 60% of Nationally Determined Contributions (NDCs) include planned nature-based adaptation actions, of which 

half provide measurable targets, most of them focused on forests (Seddon et al., 2021, 2020). On the EU level, 

several recent strategies explicitly refer to NbS, such as e.g., the EU Green Deal, the EU Biodiversity Strategy to 

2030, the Farm to Fork strategy and the EU adaptation strategy 

Socio-Technical-Ecological Systems (STES) 

A Socio-Technical-Ecological Systems (STES) framework is an approach that integrates social, technical, and 

ecological dimensions to understand complex systems (McPhearson et al., 2022; Ollivier et al., 2018). The STES 

approach recognizes that human societies are deeply intertwined with technological systems and natural 

environments, and interactions among these dimensions shape the functioning and resilience of entire systems. 

STES frameworks aim to elucidate the interdependencies, feedback loops, and dynamics between social, technical, 

and ecological components within a given context. By considering these interactions holistically, STES frameworks 

provide valuable insights into how changes in one aspect of the system can ripple through and impact other 

components, thus offering a comprehensive understanding of complex socio-technical-ecological phenomena. 

Sensitivity    

The degree to which a system or species is affected, either adversely or beneficially, by climate variability or change. 

The effect may be direct (e.g., a change in crop yield in response to a change in the mean, range, or variability of 

temperature) or indirect (e.g., damage caused by an increase in the frequency of coastal flooding due to sea level 

rise). 



https://unfccc.int/sites/default/files/resource/parisagreement_publication.pdf
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may unveil the effect of the proposed or enacted transformative steps to capture whether and how the implemented 

measures are promoting long-term adaptation and a sustainable human-nature relationship. 

Systemic risk assessment (SRA). 

The SRAs are based on available data from strategic documents and regional and national reports, as well as 

scientific sources. Data gaps were filled through regional workshops and interviews with regional experts. It is 

important to keep in mind that SRAs are based on data, but also normative decisions about priorities, targets and 

settings. To avoid too much bias, a participatory approach is recommended and has been employed in the 

development of the SRAs for the MountResilience Demonstrator Regions.     

Given the complexity and heterogeneity of the regional dynamics shaping CCA responses, it was followed a mixed-

methods research design (Poth, 2023). Regional structural data analysis and systemic risk analysis (SRA) were 

therefore combined with policy-document analysis, expert interviews and regional online-workshops that discussed 

and further improved our findings with local communities in all six involved Demonstrator Regions. 

An SRA identifies and analyses the multiple levels of interdependencies and cascading effects of CC. It determines 

the main climate risk(s) the region faces and their impact on other aspects of the regional socio-ecological system, 

providing an informed foundation for the development and implementation of effective transformative adaptation 

activities. To perform this SRA, it was employed the method of climate impact chains (IC).  

5.1.2. Useful concepts 

Brief list of further definitions from Phusicos (2019) that can help to understands the meaning of some solutions and choices 

reported in the regional Factsheets 

Ecosystem approach  

A strategy for the integrated management of land, water and living resources that promotes conservation and 

sustainable use in an equitable way. Application of the ecosystem approach will help to reach a balance of the three 

objectives of the Convention on Biological Diversity: the conservation of biological diversity, the sustainable use of 

the components of biological diversity; the fair and equitable sharing of the benefits arising out of the utilization of 

genetic resources. It is based on the application of appropriate scientific methodologies focused on levels of biological 

organization which encompass the essential processes, functions and interactions among organisms and their 

environment. It recognizes that humans, with their cultural diversity, are an integral component of ecosystems (UNEP, 

2021). 

Ecosystem restoration 

The process of halting and reversing degradation, resulting in improved ecosystem services and recovered 

biodiversity. Ecosystem restoration encompasses a wide continuum of practices, depending on local conditions and 

societal choice. Depending on objectives, restored ecosystems can follow different trajectories: (1) from degraded 

natural to more intact natural ecosystems (often by assisting natural regeneration); (2) from degraded, modified 

ecosystems to more functional modified ecosystems (e.g., restoration of urban areas and farmlands); (3) from 

modified ecosystems towards more natural ecosystems, providing that the rights and needs of people who depend 

on that ecosystem are not compromised (UNEP, 2021).  
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Sustainable land management  

The stewardship and use of land resources, including soils, water, animals and plants, to meet changing human 

needs, while simultaneously ensuring the long-term productive potential of these resources and the maintenance of 

their environmental functions (IPCC, 2018). Please note that land management refers to specific land use categories, 

such as e.g., in the context of GHG reporting: cropland, forest land, wetlands, grassland, settlements, other land. 

There are other land use classification systems, such as e.g., LUCAS (Eurostat ,2006). Smith et al. (2020) provide 

an overview of the effects of land actions to tackle global challenges, including adaptation.  

Green infrastructure 

A strategically planned network of natural and semi-natural areas with other environmental features designed and 

managed to deliver a wide range of ecosystem services. It incorporates green spaces (or blue if aquatic ecosystems 

are concerned) and other physical features in terrestrial (including coastal) and marine areas. On land, green 

infrastructure is present in rural and urban settings (European Commission).  

Disaster risk reduction 

Disaster risk reduction is aimed at preventing new and reducing existing disaster risk and managing residual risk, all 

of which contribute to strengthening resilience and therefore to the achievement of sustainable development. 

Annotation: Disaster risk reduction is the policy objective of disaster risk management, and its goals and objectives 

are defined in disaster risk reduction strategies and plans. (Source: UNNDR Sendai Framework Terminology on 

Disaster Risk Reduction).  
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Figure 48. Factsheet slides (7 images) - User manual for the exercitation leader (UMIL, 2024) 
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Public Participation Geographic Information Systems 
(PPGIS) - To collect and share information on 
Climate Change, to increase the know-how of 
reindeer herding and tourism. 

3 3 4 3 4 2 2 2 3 2 2 

Geospatial data on reindeer herding of the region -
GIS 

3 2 2 3 3 3 2 2 3 3 2 

Negotiation tool for stakeholders to Arctic 
development; labelling standard for just/ethical 
regulatory standards in its JUSTscore framework. 

3 2 2 3 3 2 2 2 2 2 2 

Eco-tourism; experience tourism; involve the local 
population and tourist businesses in preparing and 
carrying out a special ecotourism plan. 

2 1 1 2 2 3 2 2 3 2 2 

Climate-ADAPT 4 3 5 3 4 3 2 2 3 2 2 

Driving criteria selected were Effectiveness, Policy boost, and Benefit distribution. 
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SOLUTION WEAKNESSES: population acceptance; tourism reaction unknown 

SOLUTION IMPLEMENTATION STAGES: Idea generation and product development for tourism services; 
marketing and sales 

OUTCOMES: \  

INDICATORS: number of tourists and usage of services 

FINANCINC AND COSTS: businesses, regions, and public support is needed, for example, through projects 

ACTORS INVOLVED: businesses, tourism regional organizations, transportation companies, regional 
authorities, municipalities. 
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INDICATORS Water availability, water management, irrigation, water utilization 

FUNDING & 

FINANCING 
EU Horizon Project 

 

  











D1.3 CLIMATE RESILIENT REGIONAL TRANSFORMATION STRATEGIES 

 

200 

 

OUTCOMES: greater knowledge about the distribution of water resources among all the entities involved 

INDICATORS: water quantity IN and OUT 

FINANCINC AND COSTS: purchase and maintenance of water quantification instrumentation  

ACTORS INVOLVED: basin entities. 
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development in Special 

Areas of Conservation 

methodology of monitoring 

using drones; soil 

conservation; habitat 

conservation 

originating from the use of 

land for grazing by 

implementing integrated 

result-based management 

schemes 

Article: Core principles 

for successfully 

implementing and 

upscaling Nature-based 

solutions 

Standards for 

successful 

implementation of NbS 

Framework and 

stakeholder importance 

Better efficiency of the 

NbS implemented 
 

Article: Mustering the 

power of ecosystems for 

adaptation to Climate 

Change 

Climate variability 

resulting in uncertainty 

about securing end-of-

season grazing 

Grassland management; 

fertilized hay meadows 

Water quality regulation; 

carbon storage; erosion 

control; biodiversity 

conservation; aesthetic 

value 

 

Participant proposal: the 

research carried out by 

local partners 

Increase the nutritional 

value of the meadows 

while maintaining 

biodiversity and 

protected species 

Customized, 

environmentally friendly 

solutions, using soil 

amendments, bio 

stimulants, beneficial 

bacteria and organic 

fertilizers 

Regeneration of 

meadows, higher 

productivity 

ICDM Cristian Project 

Partner 

Participant proposal Meadow deterioration 

Meadow regeneration 

using inputs allowed in 

organic farming in 

Special Areas of 

Conservation  

Meadow   

Article: Expansion of the 

Invasive Plant Species 

Reynoutria japonica 

Houtt in the Upper 

Bistrit, a Mountain River 

Basin with a Calculus on 

the Productive Potential 

of a Mountain Meadow 

Invasive plant species 
Mountain meadow 

restoration 

More food for animals; 

local plant reintroduction; 

face non-native species; 

economical losses 

quantification; mapping 

plant species 

Many invasive plant species 

use interactions with their 

anthropic environment as a 

propagation factor and 

benefit from Climate 

Changes, which have 

become accentuated in the 

last decade. The way such 

species interact with Climate 

Changes, as well as their 

high specific ecological 

plasticity, gives them a 

consistent advantage over 

native plant species 
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Implementation suggestions 

Table 32. Chosen mitigation and adaptation solution to CC by Stakeholders - Râu Sadului 

Rotational grazing 

SOLUTION STRENGTHS: improving and conserving biodiversity 

SOLUTION WEAKNESSES: withdrawal of sheep farmers from the Alpine area 

SOLUTION IMPLEMENTATION STAGES: analysis of the pastoral value, determination of the degree of burden/ 
duration, number of plots, evaluation 

OUTCOMES: increasing feed quality 

INDICATORS: production (quantity, quality, number of animals), spore, area, number of farmers applying the 
solution, etc.) 

FINANCINC AND COSTS: APIA subsidies, own sources, projects 

ACTORS INVOLVED: pastors, local and central authorities, NGOs, research institutes and universities 

Sustainable solutions for regenerating mountain meadows 

SOLUTION STRENGTHS: improving and conserving biodiversity 

SOLUTION WEAKNESSES: limited effectiveness 

SOLUTION IMPLEMENTATION STAGES: field analysis, vegetation, elaboration and selection of solutions, 
implementation, evaluation 

OUTCOMES: improving environmental quality (soil, biodiversity, productivity) 

INDICATORS: production (quantity, quality, number of animals), spore, area, number of farmers applying the 
solution, etc.) 

FINANCINC AND COSTS: APIA subsidies, own sources, projects 

ACTORS INVOLVED: pastors, local authorities, service providers, NGOs, research institutes and universities 

Note: participants proposed a stage of workshops/dissemination, which should be noted, and additionally 
highlighted that some activities are repeated annually, and this must be considered in the implementation 
phases. 
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Participant suggestion 
It's difficult to say "adapt" when we will 

support you 

Structures (businesses, farms, 

operations) adapt with difficulty 

Good coordination of actions and 

projects 

Participant suggestion 
Create snow-based water reserves. 

Annually, the volume of water remains 

the same, but it shifts throughout the year 

Create water reserves through 

irrigated soils or water storage 

Ensure water availability year-round 

and maintain livestock 

Participant suggestion 

We are at a turning point, as the 

infrastructure is aging. Multi-purpose 

water reserves, infrastructure, and water 

needs must be prioritized based on who 

receives the water 

Initial investments in more efficient 

irrigation infrastructure 

Reduce water consumption by 

minimizing leaks and sharing water 

among users 

Participant suggestion 
Behaviour will shift towards a more 

sustainable economy. Provide 

infrastructure to support this transition 

Change in farmers' behaviour Change in farmers' behaviour 

Participant suggestion 
Sustainable Natural Resource 

Management 

Combining data from multiple 

sources (e.g., rivers, reservoirs, 

meteorological stations) into a unified 

system can be complex, requiring 

robust data management frameworks 

Continuous monitoring allows for 

real-time understanding of 

hydrological conditions, leading to 

quicker responses to potential issues 

such as flooding or water shortages 

Participant suggestion Reforestation and Ecosystem Protection Biodiversity loss; forest suffering 

Improved efficiency in the use of 

water resources, leading to 

sustainable management practices 

that can benefit agriculture, industry, 

and communities in Valais 

Participant suggestion Coordination among local stakeholders 
Lack of communication and decision-

making process  

An integrated program can improve 

communication and cooperation 

among local stakeholders, including 

farmers, municipal authorities, and 

environmental organizations 

 

ARTICLE/PROJECT  SOLUTION CHALLENGES BENEFICIAL IMPACTS 

Participant suggestion: Inspiration 

of MeteoSuisse, but for water 

management 

Anticipate issue, improve management 

framework at the national and regional 

level, provide better understanding of the 

situation to politics and administrations 

Engagement of politics, 

pragmatic approach 

Capacity to manage water 

resources at the continental level to 

ensure safety and availability. 

Constructive collaboration between 

states, reduced risks of conflicts 

Participant suggestion: 

Association of the preservation of 

the Geneva Lake created toolkits to 

involve families and people into 

water observation (colour, smell, 

etc.). Physical actions could be 

linked to digital services 

Engage both visiting people and local 

people in a common awareness of the 

situation. Bring not only environmental 

information, but also cultural awareness 

about the value of water 

Very different backgrounds, 

communication channels, 

adoption factors. 

Allows to create coherent 

observation, infrastructures, 

practices and behaviours. Reduces 

the costs of infrastructures; prevent 

natural risks 

Participant suggestion 

Introduce methodology to create safe 

space of collaborative & creative discussion 

to get out of the regular dynamic of power 

Need to introduce such skills 

in a context which might not 

be prepared to work on it 

Avoid major blockage and foster 

effective co-creation of solutions 
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Implementation suggestions 

Table 47. Chosen mitigation and adaptation solution to CC by Stakeholders - Valais 

Regeneration of Humid Area for Integrated management of water resources 

SOLUTION STRENGTHS: crucial role of wetlands in regulating water flow and preventing floods; adaptation to 
water scarcity or excess 

SOLUTION WEAKNESSES: requiring time to become fully operational 

SOLUTION IMPLEMENTATION STAGES: identification of suitable sites, design and planning of the restoration 
process, implementation of restoration measures, and continuous monitoring of the evolution of the areas; tests 
have been conducted and demonstrate feasibility. 

OUTCOMES: reduction of flood and drought risks through water flow regulation. 

INDICATORS: groundwater levels and water flow in restored areas  

FINANCINC AND COSTS: fundings through government grants 

ACTORS INVOLVED: local and regional authorities for permits and planning activities 

In watershed quantitative and qualitative monitoring 

SOLUTION STRENGTHS: enhanced qualitative and quantitative monitoring of watersheds through riparian 
vegetation 

SOLUTION WEAKNESSES: requiring long-term commitment 

SOLUTION IMPLEMENTATION STAGES: identification of suitable sites, design and planning of the restoration 
process, implementation of restoration measures, and continuous monitoring of the evolution of the areas 

OUTCOMES: reliable monitoring of quantitative parameters (water levels, flow rates) and qualitative parameters 
(water quality) in watersheds 

INDICATORS: quantitative measurements of water flow and water levels in areas with riparian vegetation 

FINANCINC AND COSTS: funding through environmental grants 

ACTORS INVOLVED: Local authorities for project approval and coordination. 
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