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EXECUTIVE SUMMARY  

Europe is facing an increasing prevalence and risk of climate disasters like extreme weather events and 
floods. The goal of this report is to consolidate the work done in the EU Horizon 2020 project 
TransformAr, one of the first research projects that support the implementation of the EU adaptation 
mission. TransformAr is spearheading transformational adaptation in Europe by spotlighting adaptation 
solutions and pathways.  

TransformAr has successfully resulted in so-called ΨLnnovation PackagesΩ όLtΩǎύ across six demonstrator 
regions (and 1 replicator region), bolstering climate resilience across diverse communities. Solutions were 
designed and implemented in 6 demonstrator regions and 1 replicator region: the city of Lappeenranta 
(Finland), the West Country Region (UK), the Guadeloupe Archipelago (Outermost region, France), Galicia 
(coastal, Spain), Oristano coastal region (Italy), the city of Egaleo (Greece) and the city of Gjøvik (Norway; 
replicator of Lappeenranta, Finland).  

The Innovation Packages encompass a diverse portfolio of solutions, spanning Nature-based Solutions 
(NbS), data technologies, innovative governance and financing models. The Innovation Packages also 
include open-access climate data services and user-friendly tools, significantly enhancing adaptation 
efforts. In short, this report describes the outcomes of TransformAr, hereby giving an overview of the 
ŀǇǇǊƻŀŎƘŜǎΣ ǘƻƻƭǎΣ ŀƴŘ ŀŎǘƛƻƴŀōƭŜ ŀŘŀǇǘƛǾŜ ǎƻƭǳǘƛƻƴǎ ǘƘŀǘ ŀǊŜ ǇŀǊǘ ƻŦ ǘƘŜ ΨLƴƴƻǾŀǘƛƻƴ tŀŎƪŀƎŜǎΩ  

The Innovation Packages are structured along the steps of the Regional Adaptation Support Tool (RAST). 
The RAST describes 6 practical guidance steps for developing and implementing adaptation solutions, 
intending to assist local and regional authorities with climate change adaptation strategies and plans: (1) 
Preparing the ground for adaptation, (2) Assessing climate risks and vulnerabilities, (3) Identifying 
adaptation options, (4) Assessing and selection adaptation options, (5) Implementing adaptation policies 
and actions, and (6) Monitoring, Evaluation and Learning. Step by step, the report describes the relevant 
methods used and developed by TransformAr, providing examples from the actionable solutions that 
ǿŜǊŜ ƛƳǇƭŜƳŜƴǘŜŘ ƛƴ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ŘŜƳƻƴǎǘǊŀǘƻǊǎΦ 

Step 1 describes the foundational groundwork for adaptation, which in TransformAr entailed studying 
ǘƘŜ όƎŜƻƎǊŀǇƘƛŎŀƭΣ ŜƴǾƛǊƻƴƳŜƴǘŀƭΣ Χύ ŎƻƴǘŜȄǘ ŀƴŘ ŜƴƎŀƎƛƴƎ ǘƘŜ ǊƛƎƘǘ ǎǘŀƪŜƘƻƭŘŜǊǎ ŦƻǊ ǘƘŜ Ŏƻ-innovation 
process. The Stakeholder Engagement Guidelines and Best Practices for Change Management can serve 
as guidelines for involving the right stakeholders and keeping them engaged.  

In step 2, climate risks and vulnerabilities of regions are assessed. Within TransformAr, Climate Impacts 
Online Europe, an online tool to study climate change impacts across Europe, was developed. The tool 
allows users to select regions and parameters of interest across five sectors (health, climate, 
socioeconomic, water and agriculture), presented in maps and graphs. In addition, risk indices that allow 
prioritizing certain regions over others, were developed based on biophysical damages and socio-
economic assessments. 

After assessing the risks, the RAST steps recommend identifying adaptation options (step 3). In 
TransformAr, this proceeded through a co-creation process in which adaptation pathways have 
developed through a stepwise procedure, named the Adaptive Pathways Transformation Playbook. The 
Playbook is available as a visual PDF document and also made more easily accessible through a digital 
platform. TransformArΩǎ Catalogue Tool provides an overview of adaptation solutions, which served as 
inspiration for the co-creation workshops. When translating ideas into actionable solutions, one can use 
¢ǊŀƴǎŦƻǊƳ!ǊΩǎ Toolkit for Adaptive Action Planning. The application of the Playbook and the Toolkit for 
Adaptive Action Planning resulted in the Adaptation Pathways per demonstrator, which have been 
further developed into demonstrator specific Adaptation Action Plans. The findings are described in the 
Compendium of Pathways and Action Plans for the demonstrators (D3.9). 

Also methodologies have been developed for the ex-ante evaluations of solutions (step 4). For a holistic 
approach, the project used an array of assessment methods addressing different impacts and indicators 

https://climate-adapt.eea.europa.eu/en/mission/knowledge-and-data/regional-adaptation-support-tool
https://transformar.eu/storage/2023/05/D1.1-Stakeholders-Engagement-Guidelines.pdf
https://transformar.eu/storage/2024/01/TransformAr-D1.5.pdf
https://kfo.pik-potsdam.de/eur/index_en.html?language_id=en
https://kfo.pik-potsdam.de/eur/index_en.html?language_id=en
https://transformar.eu/storage/2023/07/TransformAr-2023.-All-righs-reserved.pdf
https://app.transformar.eu/
https://app.transformar.eu/
https://transformar.eu/storage/2023/05/D3.2-Catalogue-tool-to-identify-best-available.pdf
https://transformar.eu/storage/2024/11/TA-D3.7_Toolkit-for-adaptive-action-planning.pdf
https://transformar.eu/storage/2024/11/TA-D3.9-Compendium-of-pathways.pdf


of success: public acceptance through discrete choice experiments, avoided damages and benefits, the 
transformative nature of the solution through a scorecard tool, a valuation of social, environmental and 
monetary costs and benefits (D3.6; The Nature Smart Cities Business Model), sustainability through the 
Sustainability Rating Method, and energy and water models.  

Under step 5 of the RAST (implementation),  ǘƘŜ ƭŀǊƎŜ ǾŀǊƛŜǘȅ ƻŦ ǎƻƭǳǘƛƻƴǎ ƛƳǇƭŜƳŜƴǘŜŘ ƛƴ ¢ǊŀƴǎŦƻǊƳ!ǊΩǎ 
demonstrators are described along with a presentation of key challenges and learnings. Five solution 
types are distinguished: 1) Awareness-raising and behavioural change solutions, 2) Governance schemes, 
3) Nature-based Solutions, 4) Digital and technological solutions, and 5) Insurance and financial solutions. 
Some key outcomes are ¢ǊŀƴǎŦƻǊƳ!ǊΩǎ learning stories per solution category (D4.1, D4.2, D4.3, D4.4, 
D4.5), and the Catalogue of Solutions (D6.3) providing clear overviews and experiences with 
implementing the adaptation solutions. {ǳƳƳŀǊƛŜǎ ƻŦ ¢ǊŀƴǎŦƻǊƳ!ǊΩǎ ǎƻƭǳǘƛƻƴǎ ǿǊƛǘǘŜƴ ōȅ ǘƘŜ 
demonstrators can also be found on Climate Innovation Window. In addition, the Replicability 
Assessment Tool is developed with the aim to evaluate the potential for replication of a solution. The 
Replicability Assessment Tool enables decision-makers and project developers to identify the most viable 
solutions for replication. Finally, the finance schemes and workshops to engage investors described in 
Section 5.7 support the financing of solutions. The upcoming bankability reports (D5.5) describe potential 
finance schemes and workshops held with financial stakeholders. 

The last RAST step entails Monitoring, Evaluation and Learning to assess the effectiveness, sustainability, 
and scalability of climate adaptation solutions. In TransformAr, a monitoring framework was used which 
included indicator selection, defining pre-intervention reference points through a baseline data 
collection, continuous data gathering and data integration and visualization. Depending on the data type, 
different evaluation methods can be used (e.g., organizational process indicators, life-cycle assessment, 
field monitoring). A prime example of monitoring in TransformAr were the monitoring systems used to 
gather in-situ data on for example, storm water levels. 

This report concludes with several key learnings and challenges applicable to multiple RAST steps 
throughout the TransformAr project.  

1. Collaboration & Stakeholder Engagement: TransformAr emphasized multi-actor collaboration (public, 
private, research, citizens, policymakers) and continuous stakeholder involvement across all adaptation 
steps. Tools like the Stakeholder Engagement Guidelines and Playbook supported co-creation, though 
maintaining long-term participation and avoiding stakeholder fatigue remained key challenges. 

2. Expertise on Transformational Adaptation: Many municipalities initially lacked knowledge on 
transformational adaptation. TransformAr helped build this capacity through outputs like the Policy Brief 
on Transformational Adaptation and the Transformational Adaptation Scorecard, which guide 
policymakers in assessing and enhancing adaptation strategies. 

3. Data & Indicators: Data availability, integration, and standardized indicators were barriers to 
ŜǾŀƭǳŀǘƛƴƎ ŀŘŀǇǘŀǘƛƻƴ ƻǳǘŎƻƳŜǎΦ ¢ǊŀƴǎŦƻǊƳ!ǊΩǎ ŘƛƎƛǘŀƭ ǘƻƻƭǎ όŜΦƎΦΣ ƳƻƴƛǘƻǊƛƴƎ ǎȅǎǘŜƳǎύ ŀƴŘ ŦǊŀƳŜǿƻǊƪǎ 
(e.g., Scorecard, Sustainability Rating Method) advanced progress, but more rigorous, comparable, and 
adaptable quantitative methods are still needed. 

4. Capacity, Governance & Financing: Effective adaptation requires sufficient human, financial, and 
institutional capacity, plus clear governance and permitting frameworks. TransformAr demonstrated the 
value of realistic planning, capacity-building, and innovative funding approaches (e.g., local adaptation 
funds, investor workshops) to ensure sustainable implementation and long-term impact. 

With this report, we hope to inform other policymakers and researchers about TransformArΩǎ tools and 
examples, with the goal of inspiring future replication and improvement, and therefore contribute to 
9ǳǊƻǇŜΩǎ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ŀŘŀǇǘŀǘƛƻƴ Ƴƛǎǎƛƻƴ.   

 

https://transformar.eu/storage/2024/11/TransformAr_WP6_D6.1_Results-on-the-public-acceptance-and-preferences.pdf
https://transformar.eu/storage/2024/01/D3.4-Tools-on-the-avoided-damages-and.pdf
https://scorecard.transformar.eu/
https://transformar.eu/storage/2024/11/TA-D3.6-Replicable-socio-economic-impact-assessment-tools-of-transformational-pathways.pdf
https://www.uantwerpen.be/en/centres/environment-sustainable-development/research/projects/nature-smart-cities/page1/
https://transformar.eu/storage/2025/06/D5.9-Sustainability-rating-method-V2-003.xlsx
https://github.com/GENeSYS-MOD
https://transformar.eu/storage/2025/03/TransformAr_WP4_D4.1-Learning-stories-on-awareness-raising-and-behavioural-change-solutions_v1_27-09-24.pdf
https://transformar.eu/storage/2024/11/TA-D4.2-Learning-story-on-Governance-schemes.pdf
https://transformar.eu/storage/2024/11/TA-D4.3-Learning-story-on-NBS-and-Book-of-NBS.pdf
https://transformar.eu/storage/2024/11/TA-D4.4-Learning-story-on-digital-and-technological-solutions.pdf
https://transformar.eu/storage/2024/11/TransformAr_WP4_D4.5_Learning-stories-on-insurance-and-financial-solutions.pdf
https://transformar.eu/storage/2025/07/TransformAr-WP6-D6.3-Catalogue-of-Solutions-v1.pdf
https://climateinnovationwindow.eu/
https://transformar.eu/storage/2025/03/Replicability_Tool_TransformAr_FINAL.xlsx
https://transformar.eu/storage/2025/03/Replicability_Tool_TransformAr_FINAL.xlsx
https://transformar.eu/storage/2025/07/WP5-D5.5_BankabilityReport_FULL.pdf
https://transformar.eu/storage/2024/11/TA-D5.8-Intermediary-Monitoring-Report.pdf
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CMCC Centro Euro-Mediterraneo sui Cambiamenti Climatici (Italy) 

DCE Discrete Choice Experiment 
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KER Key Exploitable Results 
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RSP Regional Specific Portfolio 
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0.0  Introduction  

Europe is facing an increasing prevalence and risk of climate disasters like extreme weather events and 
floods. Short-term, incremental solutions are no longer sufficient. We need transformational adaptation, 
ǿƘƛŎƘ ǊŜŦŜǊǎ ǘƻ άŀŎǘƛƻƴǎ ŀƛƳƛƴƎ ŀǘ ŀŘŀǇǘƛƴƎ ǘƻ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ǊŜǎǳƭǘƛƴƎ ƛƴ ǎƛƎƴƛŦƛŎŀƴǘ ŎƘŀƴƎŜǎ ƛƴ ǎǘǊǳŎǘǳǊŜ 
ƻǊ ŦǳƴŎǘƛƻƴ ǘƘŀǘ Ǝƻ ōŜȅƻƴŘ ŀŘƧǳǎǘƛƴƎ ŜȄƛǎǘƛƴƎ ǇǊŀŎǘƛŎŜǎΦέ (IPCC, 2022). In this light, TransformAr aims to 
demonstrate solutions and pathways, deemed essential for climate and social resilience to achieve rapid 
and far-reaching transformational adaptation (TA). Solutions were designed and implemented in 6 
demonstrator regions and 1 replicator region: Lappeenranta (Finland), West Country Region (UK), 
Guadeloupe (France), Galicia (Spain), Oristano (Italy), Egaleo (Greece) and Gjøvik (Norway; replicator of 
Lappeenranta, Finland). For ease of reference, we call all seven of them demonstrators. In addition, the 
project developed methods and tools relevant to the entire transformational adaptation process from 
setting up the right environment (e.g., involving stakeholders) and designing solutions, to 
implementation, evaluation and acceleration of the solutions.   

¢Ƙƛǎ ŘŜƭƛǾŜǊŀōƭŜ ŀƛƳǎ ǘƻ ŎƻƴǎƻƭƛŘŀǘŜ ǘƘŜ ǿƻǊƪ ŘƻƴŜ ƛƴ ¢ǊŀƴǎŦƻǊƳ!Ǌ ƛƴ άLƴƴƻǾŀǘƛƻƴ tŀŎƪŀƎŜǎέ όLtǎύΦ ¢ƘŜ Ltǎ 
are designed to enhance communities' resilience to social and climate challenges and provide a 
structured process that includes user-friendly climate data services, practical solutions, and clear 
pathways to help communities adapt to climate change impacts such as droughts, floods, and pollution. 
To ensure long-term success and scalability, the approach emphasizes community engagement, the 
integration of local stakeholder knowledge, and bottom-up strategies. Furthermore, demonstrating both 
public and private benefits will be key to attracting future investment and support. The Innovation 
Packages will follow the structure of the Regional Adaptation Support Tool (RAST) to be in line with the 
European adaptation mission, while referring to actionable solutions implemented in the TransformAr 
demonstrators. The RAST describes 6 practical guidance steps for developing and implementing 
adaptation solutions, intending to assist local and regional authorities with climate change adaptation 
strategies and plans. 

 

 

0.1 Regional Adaptation Support Tool (RAST) steps  

The process to reach transformational adaptation can be divided into 6 steps, according to the EU 
ƳƛǎǎƛƻƴΩǎ ŦǊŀƳŜǿƻǊƪ άwŜƎƛƻƴŀƭ !ŘŀǇǘŀǘƛƻƴ {ǳǇǇƻǊǘ ¢ƻƻƭέ (Figure 1): Preparing the ground for adaptation, 
assessing climate risks and vulnerabilities, identifying adaptation options, assessing and selecting 
adaptation options, implementing adaptation policies and actions, and monitoring, evaluation and 
learning. The steps offer methodologies to develop a transformational adaptation pathwayτthe primary 
planning instrument that guides region-specific adaptation processes.  
 
The first step is Preparing the ground for adaptation (S1), which includes establishing political 
commitment and identifying and engaging stakeholders. Within TransformAr, a specific emphasis was 
put on the co-innovation process. This refers to involving stakeholders at different levels to co-create the 
innovative transformational adaptation process. The goal is to make innovation more demand-driven and 
derive input not only from science, but also from practice and intermediaries, such as public 

Key definitions 

Regional Adaptation Support Tool (RAST) = A set of 6 steps that describe the process of climate change 
adaptation planning, from development and implementation to monitoring and evaluation.  

Innovation Packages (IPs) = ! ŎƻƴǎƻƭƛŘŀǘƛƻƴ ƻŦ ¢ǊŀƴǎŦƻǊƳ!ǊΩǎ ŀǇǇǊƻŀŎƘŜǎΣ ǘƻƻƭǎΣ ŀƴŘ ŀŎǘƛƻƴŀōƭŜ 
adaptive solutions, per step of the RAST framework. A bundle of products and services regions or 
communities need to develop and drive their transformational adaptation process.  

https://climate-adapt.eea.europa.eu/en/mission/knowledge-and-data/regional-adaptation-support-tool


administration, advisors, businesses, NGOs, and end-users. This co-innovation setup will improve the 
practical relevance, acceptance and dissemination of solutions. 
 
The second step, Assessing climate risks and vulnerabilities (S2) consists of identifying and assessing the 
key indicators and risks, which will be important to prioritize regions. A first objective is to define the 
most relevant regions, sectors, and communities to target with the transformational adaptation pathway, 
with the goal of optimal allocation of resources. Second, a full-scale socio-economic impact assessment 
of climate change and transformational adaptation is conducted and applied to the local scale (in 
¢ǊŀƴǎŦƻǊƳ!ǊΩǎ ŎŀǎŜ ǘƻ ǘƘŜ ŘŜƳƻƴǎǘǊŀǘƻǊ ǎŎŀƭŜύΦ Lǘ ǇǊƻǾƛŘŜǎ ƛƴǎƛƎƘǘǎ ƻƴ ŎƭƛƳŀǘŜ ŀƴŘ ǎƻŎƛƻ-economic risks, 
considering uncertainty on the labour market, inter-industrial spillovers, and distributional impacts.  
 
In the third step, Identifying adaptation options (S3), different adaptation solutions are considered and 
planned. In TransformAr, this happened through co-construction. Stakeholders design a pathway 
consisting of quantitative targets and a combination of solutions that respond to prevailing climate risks. 
¢ǊŀƴǎŦƻǊƳ!ǊΩǎ catalogue tool (D3.2) and playbook (D3.10) can be helpful to guide the process of co-
constructing pathways. The targets and solutions are made more concrete in an adaptation planning 
phase. The goal of adaptation planning is to evaluate investment strategies based on climate risk 
reduction and economic criteria, using a real options approach.  
 
Assessing and selecting adaptation options (S4) is the next step. Collecting and combining information on 
the solutions, solutions should be selected and combined into a region-specific portfolio to maximize 
expected impacts and benefits. In this stage, ex-ante impact assessments are conducted to compare the 
public acceptance, impact, costs and benefits of different solution packages. An example is the 
assessment that was done for the case of Lappeenranta (D3.6).  
 
After assessing and selecting solutions, it is time for the Implementation of adaptation policies and actions 
(S5ύΦ ¢ǊŀƴǎŦƻǊƳ!ǊΩǎ solutions may be categorized in different types: Nature-based solutions (NBS), 
Technological and digital solutions, Awareness-raising and behavioural change solutions, Governance 
schemes, and Insurance, financial and economics schemes. They are first tested and validated at the 
regional level, and may then be implemented at a larger scale, which requires viable financing models.  
 
In the final RAST step, Monitoring, evaluation and learning (MEL) (S6), the impact and effectiveness of 
solutions are evaluated. Accurate assessment of solution performance is an important requisite to 
demonstrate the environmental goods and services generated as well as the ownership by the 
community, and therefore their long-term sustainability.  
 
 

https://transformar.eu/storage/2023/05/D3.2-Catalogue-tool-to-identify-best-available.pdf
https://transformar.eu/storage/2023/07/TransformAr-2023.-All-righs-reserved.pdf
https://transformar.eu/storage/2024/11/TA-D3.6-Replicable-socio-economic-impact-assessment-tools-of-transformational-pathways.pdf


 
Figure 1 Visualisation of the Regional Adaptation Support Tool steps (Ss) of the transformational 
adaptation process. Source: Regional Adaptation Support Tool.  

0.2 Actionable Adaptive Solutions  

Within TransformAr, a variety of adaptation solutions have been developed and implemented in 6 

demonstrators and 1 replicator. These may be regarded as examples for future replication in other 

regions. Throughout these IPs, the demonstrator regions and solutions will be relied upon as examples 

and referenced where relevant. All solutions fall within five categories: Nature-based solutions (NBS), 

Technological and digital solutions, Awareness-raising and behavioural change solutions, Governance 

schemes, and Insurance, financial and economics schemes. Table 1 provides an overview of the 

demonstrators, the main risks they face, their solutions and the category the solution belongs to. 

Summaries of ¢ǊŀƴǎŦƻǊƳ!ǊΩǎ ǎƻƭǳǘƛƻƴǎ ǿǊƛǘǘŜƴ ōȅ ǘƘŜ ŘŜƳƻƴǎǘǊŀǘƻǊǎ Ŏŀƴ ŀƭǎƻ ōŜ ŦƻǳƴŘ ƛƴ ¢ǊŀƴǎŦƻǊƳ!ǊΩǎ 

Catalogue of Solutions (D6.3) and on Climate Innovation Window.  

https://climate-adapt.eea.europa.eu/en/mission/knowledge-and-data/regional-adaptation-support-tool
https://transformar.eu/storage/2025/07/TransformAr-WP6-D6.3-Catalogue-of-Solutions-v1.pdf
https://climateinnovationwindow.eu/


Table 1 Demonstrators and actionable adaptive solutions. 

Demonstrator Main risks Solution Category 

Lappeenranta, Finland Flooding  

 

The spread of harmful 
substances into water 
bodies (water pollution) 

 

Reduction of diversity of 
urban nature 

Crowdsourcing Citizen 
App (CAF) 

Awareness-raising and 
Behavioural Change 

Urban run-off system 
(URB) 

Nature-Based Solutions 

Stormwater Monitoring 
and Modular System 
(SWMM) 

Digital and Technological 
Solutions 

Choice Experiment (CEI) Insurance Schemes and 
Financial Solutions 

Gjovik, Norway 
(replicator of 
Lappeenranta) 

Same as Lappeenranta Crowdsourcing Citizen 
App (CAF) 

Awareness-raising and 
Behavioural Change 

Stormwater Monitoring 
and Modular System 
(SWMM) 

Digital and Technological 
Solutions 

Choice Experiment (CEI) Insurance Schemes and 
Financial Solutions 

West Country Region, 
UK 

Extreme weather events 
due to hotter, drier 
summers and warmer, 
wetter winters 

 

Reduced water quality 
and water scarcity 

Integrated Constructed 
Wetlands (ICW) 

Nature-Based Solutions 

Integrated Constructed 
Wetlands Monitoring 
(ICWM) 

Digital and Technological 
Solutions 

Payment for Ecosystem 
Services (GB) ς renamed 
ǘƻ ΨƴǳǘǊƛŜƴǘ ŎǊŜŘƛǘ 
ǎŎƘŜƳŜǎΩ 

Insurance Schemes and 
Financial Solutions 

Guadeloupe, France Increasing prevalence of 
weather events, such as 
floods and hurricanes 
due to changing 
temperature 

 

Effects on key sectors 
such as agriculture and 
tourism 

Nudging (NUDG) to 
reduce water 
consumption by tourists 

Awareness-raising and 
Behavioural Change 

Adaptation fund (AF) Insurance Schemes and 
Financial Solutions 

Galicia, Spain Coastal flooding/ 
extreme weather events 

Vulnerability of the 
aquaculture and shellfish 
harvesting sector 

Resilience Index (RI) Governance Schemes 

Mussel-Raft Monitoring 
(MRM) 

Digital and Technological 
Solutions 

Intertidal Monitoring 
(INTERM) 

Digital and Technological 
Solutions 

Oristano, Italy Extreme weather 
causing floods and 
droughts 

 

Coastal Contracts 
(COAST) 

Governance Schemes 

Smart Grid and Gates 
(SG) 

Nature-Based Solutions 



Impact on aquaculture 
and agriculture sectors 

Egaleo, Greece Extreme weather-related 
events (floods, droughts 
wildfires,..) 

Socioeconomic 
vulnerabilities 

 

Citizen App 
Engagements (CAE) 

Awareness-raising and 
Behavioural Change 

Awareness-raising 
modules (AWAR) 

Awareness-raising and 
Behavioural Change 

Demand analysis for 
social services/ 
infrastructure (DSI) 

Governance Schemes 

Climate Innovation Hub 
(CIH) 

Governance Schemes 

Smart Climate Stations 
(SCS) 

Digital and Technological 
Solutions 

All /  Insurance schemes  Insurance and Financial 
Solutions 

 

0.3 Innovation Package s 

To consolidate the work done in this project, and provide a guide for potential replicators, Innovation 
Packages (IPs) are created. The IPs combine the RAST steps and the actionable solutions implemented by 
¢ǊŀƴǎŦƻǊƳ!ǊΩǎ ŘŜƳƻƴǎǘǊŀǘƻǊǎ ό¢ŀōƭŜ мύΦ ¢ƘŜ Ltǎ Ǝƻ ǘƘǊƻǳƎƘ ǘƘŜ ǎǘŜǇǎ ƻƴŜ ōȅ ƻƴŜ ό{ŜŎǘƛƻƴǎ 1 to 6), 
describing the relevant tools and practices that can be replicated, while providing examples from 
¢ǊŀƴǎŦƻǊƳ!ǊΩǎ ŘŜƳƻƴǎǘǊŀǘƻǊǎΦ ¢Ƙƛǎ ǊŜǎǳƭǘǎ ƛƴ ǎƻƭǳǘƛƻƴǎΣ ǇǊƻŘǳŎǘǎΣ ŀƴŘ ǎŜǊǾƛŎŜǎ ǘƘŀǘ Ŏŀƴ ǎǳǇǇƻǊǘ future 
regions and communities in their transformational adaptation. By following the described process, any 
European territory can initiate and sustain its adaptation process. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



1.0  Step 1: Preparing the ground for adaptation  

Step 1 is all about laying the groundwork, establishing partnerships, and demonstrating the political 
commitment needed to create solutions. Co-innovation plays an important role. Relevant stakeholders 
should be brought together to co-create the process and solutions. By involving not only governmental 
bodies but also companies, NGOs, and citizens, the solutions will be more practically relevant, more 
accepted, and more easily disseminated.  

The co-innovation process is relevant from the start to the end of an adaptation pathway or project. This 
aligns with the values of the Multi-Actor Approachτa framework that TransformAr helped validate 
beyond its original field of applicationτwhich emphasizes the challenge of creating viable solutions 
within viable communities. The Multi-Actor Approach, as stimulated by several Horizon 2020 calls and 
the Horizon Europe Strategic Plan (2021-2024) (European Commission, 2021), refers to άbringing the right 
people together from science, practice, or anyone who can help tackle the objective of the project. All 
experience and knowledge are therefore taken into account and the partners create results together, to 
answer real problemsέ (EIP-AGRI, 2017, p. 3). bƻǘ ƻƴƭȅ ǿŀǎ ¢ǊŀƴǎŦƻǊƳ!ǊΩǎ Ŏƻ-innovation process the 
trigger for the regional portfolios of climate adaptation by the six demonstrators, it was also meant to 
assess the potential of replicable, collaborative methodologies and practices. By remaining coherent to 
this mindset, TransformAr was positioned to share, evaluate and perfect the co-innovation process.  

As described further down, the co-innovation process consists of three distinct outputs with replicable 
methods and tools: the stakeholder engagement methodology, and the lessons learnt package.   

 

1.1 Stakeholder engagement methodology  

TransformAr selected 6 demonstrators (and 1 replicator) facing common water-related challenges to 
construct, test, and validate the potential of co-innovation processes for Transformational Adaptation 
(TA) towards climate resilience in vulnerable regions and communities across Europe. The 6 
demonstrators, for short, represent a variety of territorial scales as well as situations regarding societal 
readiness to climate change across the EU -including overseas territories-. The set up of the Innovation 
Ecosystems was based on a community or an administrative jurisdiction that collaborated in creating 
conditions for co-creation and testing of actionable solutions for transformation adaptation: these were 
the city of Lappeenranta (Finland), the West Country Region (the UK), the Guadeloupe archipelago 
(France), the Galicia region (Spain), the Oristano Gulf coastal area (Italy) and the municipality of Egaleo 
(Greece). The identified key community systems, separated by up to 8.500 km, are depicted in Figure 2. 

For each demonstrator, the general context was studied, and an overview of geographic, social and 
economic information was created (D1.1). Lǘ ŀƭǎƻ ǎƘŜŘ ƭƛƎƘǘ ƻƴ ǘƘŜ ǘŜǊǊƛǘƻǊȅΩǎ ŎƭƛƳŀǘŜ ǾǳƭƴŜǊŀōƛƭƛǘȅΣ 
existing adaptation-relevant policy plans, as well as response measures increasing the adaptive capacity 
of the demonstrator in question. Report D1.1 also introduces key actors that play a role in accelerating 
ŀŘŀǇǘŀǘƛƻƴ ŜŦŦƻǊǘǎ Ǿƛŀ ŀ ǎǘŀƪŜƘƻƭŘŜǊǎΩ ƳŀǘǊƛȄ ŘŜǾŜƭƻǇŜŘ ŦƻǊ ŜŀŎƘ demonstrator, defining the influence of 
ǘƘŜ ǘŜǊǊƛǘƻǊȅΩǎ ŀŎǘƻǊǎ ŀƴŘ ǘƘŜƛǊ ǊƻƭŜ ŀƴŘ ǘƘŜƛǊ ƳƻǘƛǾŀǘƛƻƴ ǘƻ ŘŜǾŜƭƻǇ ŀƴŘ ƛƳǇƭŜƳŜƴǘ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴŀƭ 
climate adaptation measures.   

https://transformar.eu/storage/2023/05/D1.1-Stakeholders-Engagement-Guidelines.pdf


    

 

Throughout the process of analysing the general context, it is important to map the key stakeholders. To 
follow the multi-actor approach, it is advised to involve local actors not as a study object, but with the 
goal of using their skills and perspective to ensure the viability of solutions developed alongside them. 
This ensures quick adoption and upkeep. Within TransformAr, citizens, end-users, and agents that could 
influence the solutions were screened in Deliverable 1.2, the Matrix of Key Stakeholders. Figure 3 shows 
a comprehensive overview of stakeholders to be involved in the process, as established through the 
TransformAr project. 

Figure 3 ¢ǊŀƴǎŦƻǊƳ!ǊΩǎ YŜȅ /ƻƳƳǳƴƛǘȅ {ȅǎǘŜƳǎ όŦǊƻƳΥ Deliverable 1.1) 

Figure 2 TransformAr Stakeholder Matrix typology (from: Deliverable 1.2) 

https://transformar.eu/storage/2023/05/D1.2-Stakeholder-matrix-and-Innovation.pdf
https://transformar.eu/storage/2023/05/D1.1-Stakeholders-Engagement-Guidelines.pdf
https://transformar.eu/storage/2023/05/D1.2-Stakeholder-matrix-and-Innovation.pdf


Alongside identifying the main stakeholders, a tailormade methodology to drive the co-creation process 
with regional communities and relevant stakeholders was developed: the Stakeholder Engagement 
Guidelines. This entails the expression of the multi-actor approach in procedural and governance terms, 
for an overview, see Figure 4. The aim was to trigger interactive innovation across the whole value chain, 
tackling demand-driven, actual needs of the aforementioned actors, supporting the adoption of the 
participatory framework and their harmonised development. To that end, each Innovation Ecosystem 
was split into a geographical and a technical dimension, balancing their governance.  

 

 

Figure 4 The Multi-Actor Approach mindset for co-innovation (adapted from D1.1) 

 

The Stakeholder Engagement Guidelines consist of a 4-step operational flow regarding the involvement 
of stakeholders, shown in Figure 5: Stakeholders Mapping and Identification (using the Matrix of Figure 
3), Planning the Engagement Activities, Design and Implementation of Engagement Activities with 
Stakeholders, and Reporting and Follow-up. 

 

  

This groundwork of identifying stakeholders and developing a general methodology to apply the multi-
actor approach ŦŜŘ ƛƴǘƻ ¢ǊŀƴǎŦƻǊƳ!ǊΩǎ Ŏƻ-creation process, formalised in the Adaptive Pathways 

Figure 5 Stakeholder Engagement Guidelines - Operational Flow 

https://transformar.eu/storage/2023/05/D1.1-Stakeholders-Engagement-Guidelines.pdf
https://transformar.eu/storage/2023/05/D1.1-Stakeholders-Engagement-Guidelines.pdf
https://transformar.eu/storage/2023/05/D1.1-Stakeholders-Engagement-Guidelines.pdf
https://transformar.eu/storage/2023/07/TransformAr-2023.-All-righs-reserved.pdf


Transformation Playbook. Further elaboration on the Playbook is given in Section 3 on identifying 
adaptation options (step 3 of the RAST).  

 

1.2 Lessons learnt package  

Throughout additional studies ƻƴ ǘƘŜ ŘŜƳƻƴǎǘǊŀǘƻǊΩǎ ǇŜǊŦƻǊƳŀƴŎŜ during the co-innovation process, 
dynamically evolving together with the Playbook, the engagement methodology was validated and best 
practices and transversal exchanges within the co-innovation process were identified.  

A novel coding system that helped produce the analysis of the implications of attitudes and beliefs 
towards the solutions preidentified in TransformAr was developed (D1.4). This also includes a protocol 
for Focus Group implementation so that replicators can expand on this line of research.  

In addition, six best practices and transversal exchanges between demonstrators were consolidated in 

deliverables D1.5, D1.6, and D1.7 and visualized. These pieces allowed for further specialisation of the 

demonstrators and more informed decisions in the allocation of resources while maintaining a coherent 

project vision. As the project advanced, the demonstrators also held monthly meetings together to share 

information and better coordinate geographically and technically.  

 

Figure 6 Best practices for Change Management (from: D1.5) 

 

With the Innovation Ecosystems balanced and the solution co-creation in full swing, an EU-level 
/ƻƳƳǳƴƛǘȅ ƻŦ tǊŀŎǘƛŎŜ ǘƘŀǘ ŎƻǳƭŘ ǇǊƻǾƛŘŜ ƴŜǘǿƻǊƪƛƴƎ ŀƴŘ ǘŜŎƘƴƛŎŀƭ ŀǎǎƛǎǘŀƴŎŜ ŦƻǊ ǘƘŜ ǇǊƻƧŜŎǘΩǎ 
stakeholders was created. It was a welcome coincidence that the European Commission also wanted to 
see this kind of network set up and was looking to the Green Deal and Mission Adaptation projects as the 
main drivers.  

The TransformAr consortium complemented this idea with its Climate Change Adaptation Network, with 
sister projects Regilience, Arsinoe, and Impetus, to make coordinated insights, contributing to the 
different Thematic Working Groups of this community of practice, while also creating capacity 
development workshops. Figure 7 depicts the conclusions from the Thematic Working Group on Citizen 
and Stakeholder Engagement. 

https://transformar.eu/storage/2023/07/TransformAr-2023.-All-righs-reserved.pdf
https://transformar.eu/storage/2024/01/TransformAr-D1.4.pdf
https://transformar.eu/storage/2024/11/TA-D1.5-2-Thematic-Best-Practice.pdf
https://transformar.eu/storage/2024/11/TA-D1.6-Additional-Thematic-Best-Practice-reports.pdf
https://transformar.eu/storage/2025/10/FINALDRAFT_TransformAr-WP1-D1.7-FinalThematicBestPRacticeReport_V2.pdf
https://transformar.eu/storage/2024/01/TransformAr-D1.5.pdf
https://regilience.eu/
https://arsinoe-project.eu/
https://climate-impetus.eu/


 

Figure 7 Conclusions from the Thematic Working Group on Citizen and Stakeholder Engagement 

As a result of the feedback of stakeholders, local partners, and facilitators (e.g., Mission Adaptation and 
the Sustainable Development Solutions Network), it was clear that the initial engagement methodology 
needed additional measures to avoid fatigue without compromising either the regional portfolios or the 
Innovation Packages overall. Aside from bundled activities and joint decision-making, each demo 
required tailored follow-up actions and more flexible reporting.  

To overcome barriers to the implementation of the action plans and incentivise the engagement of 
stakeholders in the upkeep of the solutions, the demonstrators also validated the use of systems thinking 
and scenario exploration. Said capacities were developed in the context of the consultation workshops- 
complementary activities to the conclusions of the action plans that aided in creating a common agenda 
and identifying the knowledge owners for an extended portfolio of solutions. All these case studies and 
methodological considerations will be included in Deliverable 1.3, the upcoming final report on 
stakeholder engagement activities from TransformAr. As with the best practices, this document is styled 
as a lessons learnt showcase, focused on replication instead of creating an artificial, fit-for-all scheme for 
co-creation governance and innovation ecosystem setup. 

 

  



2.0  Step 2: Assessing climate risks and vulnerabilities  

Step 2 entails the identification of the most important risks and key indicators, which will feed into a 
socio-economic impact assessment. This supports the prioritisation of regions for climate adaptation. 

 

2.1 Climate change impacts  

Studying climate change impacts on various sectors and under different scenarios is vital to know where, 
to what extent, and which climate change adaptation solutions are necessary. Within the TransformAr 
project, PIK developed a portal that provides easy access to climate impacts on various sectors in Europe: 
Climate Impacts Online Europe. The data provided in the portal are results of TransformAr, based on 
climate scenario data of the project ISIMIP. They are described in Deliverable 2.2 of the project. The global 
model runs were regionalized to a 50 km x 50 km grid and bias-adjusted. A major advantage of the 
ensemble is the use of the latest generation of global climate models and greenhouse gas concentration 
scenarios. 

Over the project runtime, it became obvious that the project partners and end users had problems to 
understand the nature and amount of data available for them, although support was granted within the 
project by the involved partners. The data availability and description were also a demand from a 
midterm review. Therefore, it was decided to compile a web portal to visualize and describe the data and 
methods in maps and graphs and make the available data downloadable in common formats following 
sections introduces the portal, explains the main functionality, illustrates some of the outputs and 
discusses further steps. 

 

Currently, data of five sectors are considered in the web portal (Figure 8): Climate, Water, Health, 
Agriculture and Socio-economics. When choosing one of the sectors, sector-specific variables can be 
selected and analysed. 

Figure 8 Starting page of Climate Impacts Online Europe with the five sectors 
currently included. Access to portal here. 

https://kfo.pik-potsdam.de/eur/index_en.html?language_id=en
https://www.isimip.org/
https://transformar.eu/storage/2024/11/TransformAr_WP3_D2.2_Modelling-customization-and-implementation-report_V1_30.09.2024.pdf
https://kfo.pik-potsdam.de/eur/index_en.html?language_id=en


Figure 9 shows the window that appears when selecting the climate sector. Climate variables such as 
mean, min and max temperature, precipitation, and derived variables such as continuous hot days, ice 
Řŀȅǎ ŜǘŎΦ Ŏŀƴ ōŜ ǎŜƭŜŎǘŜŘΦ hƴ ǘƘŜ ƭŜŦǘ ǳƴŘŜǊ άǎŜǘǘƛƴƎǎέΣ ǎŜƭŜŎǘƛƻƴ ƻŦ ǎŎŜƴŀǊƛƻǎΣ ǎŜŀǎƻƴǎ ŀƴŘ ŀƎƎǊŜƎŀǘƛƻƴ ƻŦ 
the results can be chosen. The scale at the bottom is to select the time period. It can also be used to 
provide the results in a movie-like feature starting from the historical period and running until the end of 
the century. 

The tabs on top provide general information about the project and data, explain the usage and data basis, 
a glossary, provide educational material, one can select different languages and download the selected 
data. Available languages up until now are: English, German, French, Spanish and Italian. 

Figure 10 provides a typical result when choosing, in this case, mean temperature development for a 
specific region, here for the entire Europe, and scenario, here SSP5-8.5. The lowest aggregation level for 
climate is Nuts21.  

 

 

 

 
1 https://ec.europa.eu/eurostat/web/nuts/ 

Figure 9 The entry page when selecting the sector climate. 



5ƻǿƴƭƻŀŘ ƻŦ ǘƘŜ ǎŜƭŜŎǘŜŘ Řŀǘŀ Ŏŀƴ ōŜ ŘƻƴŜ ƛƴ ŘƛŦŦŜǊŜƴǘ ǿŀȅǎΣ ŦƻǊ ŜȄŀƳǇƭŜ ōȅ ŎƘƻƻǎƛƴƎ ǘƘŜ άǘŀōƭŜέ ōǳǘǘƻƴ 
on top of the graph. This way, a summary of the available data for the selected time period is provided. 
Another possibility is to download the entire time series for a specific region. The data are stored in CSV 
(comma-separated values) format, easily loadable into all popular programming, text, and table 
calculation software. 

¢ƘŜ ŦǳƴŎǘƛƻƴŀƭƛǘȅ ƻŦ ǘƘŜ ǇƻǊǘŀƭ ƛǎ ŀƭǊŜŀŘȅ ŀŘǾŀƴŎŜŘΣ ōǳǘ ƛǘ ƛǎ ƳŜŀƴǘ ǘƻ ōŜ ŀ άƭƛǾƛƴƎ ǇƻǊǘŀƭέΣ ǎŀȅƛƴƎ ǘƘŀǘ ƴŜǿ 
information and data from the project partners and beyond will be integrated as soon as they are 
validated. One of the next steps is to include tourism as another sector. Improvement of the functionality 
upon feedback and correction of coding problems is a constant task.  

The data shows that climate change is ongoing and the impacts on water resources and on vegetation 
are already visible and will increase with further global warming. Extremes show the same pattern of 
stronger trends with higher temperature. This is relevant because critical infrastructure is normally 
adjusted to protect against events of a certain intensity (or return level), and precautionary measures are 
challenged by the increasing hazards. However, the results also illustrate what we gain if we invest 
consequently into avoiding greenhouse gases: significantly lower consequences for natural resources and 
the extremes, and as a result, the environment and the people living in specific regions of Europe will 
benefit accordingly. Special attention must be paid to the Guadeloupe demonstrator due to its overseas 
characteristics (less data are available, and a need as formulated by the demonstrator to have more data 
and information for the territory).  

 

 

2.2 Risk assessment  

Climate change poses significant challenges to economies worldwide, and the European Union (EU) is no 

exception. With increasing frequency and severity of extreme weather events, rising sea levels, and 

shifting climatic patterns, the economic implications are profound and multifaceted. Understanding 

climate risks and costs associated with climate change is crucial for developing effective mitigation and 

adaptation strategies.  Despite relative abundance in climate risk assessments, spanning from local to the 

regional scale, a common definition of climate change risk is not yet available, with different approaches 

Figure 10 Example of temperature development for a Attica region (where the demonstrator Egaleo, 
Greece is situated) and SSP scenario. 



followed in the IPCC reports and by national-level assessments, and typically considering combination of 

hazard, exposure and vulnerability factors to define a climate risk. From the combination of these 

components, risk severity is estimated using quantitative thresholds of impact. The thresholds are 

expressed in terms of economic loss (monetary or GDP percentage), affected population or other losses 

(e.g., land losses, losses of species, loss of historical heritage) and are aimed at making risk magnitude 

comparable across different systems and impacts.  Within TransformAr, a thorough risk assessment was 

performed, including an assessment of biophysical damages for each sector (D2.3; Section 2.2.1), a socio-

economic assessment (D2.4; Section 2.2.2), and the creation and evaluation of risk indices (D2.5 and D2.6; 

Section 2.2.3). Figure 11 provides an overview of the risk assessment procedure in TransformAr, leading 

to the risk indices described in 2.2.3. The black dots along the arrows indicate ranking of data to allow 

comparability; the red dots indicate when the geometric mean of the ranked indicators is computed, with 

the arrows showing the results.  

 

 

Figure 11 Schematic representation of the methodology used to derive the risk index from the 
combination of intermediate impact, socio-economic exposure and vulnerability for each of the studied 
sectors.  

2.2.1 Biophysical Damages 

Following the data gathering of the climate change impact tool, biophysical modelling outcomes and 
other analytical assessments from relevant repositories (e.g., ISIMIP, Climate Data Store of Copernicus) 
and previous EU projects were aggregated. They were expanded to elaborate those to provide a wider 
valuation of expenditures linked to climate hazard categories relevant to demonstrators (e.g., river and 
coastal floods, agriculture, droughts, infrastructure). Such evaluations have been derived and processed 
to produce and be translated into damage assessments, as specific economic-relevant parameters (e.g., 
capital stock damage, sectoral productivity reduction, changes in consumption patterns) that could 
highlight future damages in monetary terms in relation to the historical baseline. The following specific 
modelling parameters were included: 1) (capital and) land stock damage from river floods; 2) land stock 
damage from coastal floods; 3) change in agriculture productivity of main crops; 4) change in catch for 
fishery sectors; 5) change in tourism fluxes, in terms of arrivals and overnight stays, 6) and change in 
health indicators and labour productivity. Figure 12 offers a visual summary of the data, methods and 



metrics used in the damage assessments performed, along with the sources from which they were 
sourced. 

A summary of the evaluations of each sector can be found in deliverable 2.3. 

 

 

2.2.2 Socio-economic assessment 

This assessment aims to provide a comprehensive analysis of the economic impacts of climate change 

within the EU, focusing on both direct and indirect costs. By evaluating the financial burden on various 

sectors and regions, the socio-economic assessment seeks to inform policy decisions and foster resilience 

against future climate risks. 

The analysis builds on relevant literature and explores the macroeconomic implications of specific climate 

impact chains on the EU regions by employing a large-scale hybrid economic model, GEM-E3-FIT-R.  The 

model follows a two-layer approach: at the top level the peer-reviewed global computable general 

equilibrium (CGE) assesses the impacts of any given scenario at the national level; while at the bottom-

layer, the regional module dynamically disaggregates national-wide projections at the NUTS2 level based 

on regional specificities and features captured by a single index (the attractiveness index).  

The cost estimates are based on the latest outputs of climatic models under the coordinated effort of the 

Coupled Model Intercomparison Project (CMIP), namely CMIP6 that is featured in the 2021 IPCC sixth 

assessment report (AR6). This implies that the model simulations are based on the most up-to-date 

estimate of climate costs, describing the cascading effects of specific damages to economic sectors and 

agents. The analysis does not cover the full spectrum but a selection of climate impacts. 

Figure 12 Data, methods and metrics used in the damage assessments, along with the sources from 
which they were sourced. 

https://transformar.eu/storage/2024/01/D2.3-Review-of-economic-evaluations-of-CC-productivity-losses-and-damage.pdf


In total 10 different scenarios were quantified based on the type of climate impact, for two climatic 
variants (RCP2.6 and RCP8.5): i) coastal and river flooding, ii) temperature increases on crop yields and 
fisheries, iii) temperature increase, humidity, precipitation, wind and cloud cover on tourist arrivals and 
iv) temperature increase on labour productivity and v) an aggregate scenario which examines the 
combined effect of all previous climatic impacts. Table 2 below presents for each of the individual 
scenario, the climatic inputs under consideration.  

Table 2 Scenario definition and climatic inputs 

{/9b!wLh  {9/¢hw ±!wL!.[9 {h¦w/9 

!Dw !ƎǊƛŎǳƭǘǳǊŜ /ƘŀƴƎŜ ƛƴ ŎǊƻǇ ȅƛŜƭŘ ƛƴ ǊŜƭŀǝƻƴ 
ǘƻ ƘŀǊǾŜǎǘŜŘ ŀǊŜŀ ό҈ύ 

L{LaLt оō όȅƛŜƭŘύΤ 9¦wh{¢!¢ 
ŀƴŘ {t!a όƘŀǊǾŜǎǘŜŘ ŀǊŜŀύ 

CƛǎƘŜǊƛŜǎ /ƘŀƴƎŜ ƛƴ ǘƻǘŀƭ ŎŀǘŎƘ ό҈ύ L{LaLt оō 

C[hh5 wƛǾŜǊ ƅƻƻŘƛƴƎ 9ȄǇŜŎǘŜŘ ŀƴƴǳŀƭ ŘŀƳŀƎŜ ƻƴ 
[ŀƴŘ ¦ǎŜ ǎǘƻŎƪ ό9¦wύ 

{²La ƳƻŘŜƭ 

/ƻŀǎǘŀƭ ƅƻƻŘƛƴƎ 9ȄǇŜŎǘŜŘ ŀƴƴǳŀƭ ŘŀƳŀƎŜ ƻƴ 
[ŀƴŘ ¦ǎŜ ǎǘƻŎƪ ό9¦wύ 

5L±! ƳƻŘŜƭ 

[!. IŜŀƭǘƘ ŀƴŘ [ŀōƻǳǊ ²Ŝǘπōǳƭō ƎƭƻōŜ ǘŜƳǇŜǊŀǘǳǊŜ L{LaLt оō 

¢h¦w ¢ƻǳǊƛǎƳ ¢ƻǳǊƛǎǘ /ƭƛƳŀǘŜ LƴŘŜȄ  aŀǘŜƛ Ŝǘ ŀƭΦΣ нлно 

 

Economic and employment impacts are calculated both at the national and at the sub-national (NUTS2) 
level for EU27 member states for all scenarios defined. In the aggregate scenario, GDP impacts are found 
to be negative throughout the projection period for most EU27 countries, while the effects aggravate 
over time. For example, in 2030, GDP changes are found to range from -0.29% (RCP2.6) to -0.34% (RCP8.5) 
and in 2050 from -0.83% (RCP2.6) to -1.43% (RCP8.5) compared to the reference case. Changes are driven 
primarily by the effects of floodings and of changes in labor productivity to the economy and to a lesser 
extent by tourism and changes in yields. More specifically, coastal and river floodings lead to a GDP 
reduction in 2050 of 0.45% to 0.83%, in RCP2.6 and RCP8.5 respectively, while changes in labor 
productivity imply additional losses of 0.4% to 0.6%. 

 

Figure 13 EU27 - GDP changes in the aggregate scenario (compared to reference) 
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At the regional level, we find that impacts are higher for southern European and coastal regions. In terms 
of the top losing regions in RCP8.5 in 2030, we find that Weser-Ems (DE94), Veneto (ITH3) and Prov. 
Antwerpen (BE21) record the highest GDP losses of 3.8% and 2.2% respectively while in 2050, Weser-Ems 
(DE94), Veneto (ITH3) and Ciudad de Ceuda (ES63) record losses of 25%, 9.9% and 9.2% with respect to 
the reference. In Weser-Ems (DE94) and Prov. Antwerpen (BE21) economic impacts are driven primarily 
by flooding damage, while in Veneto (ITH3) and Ciudad de Ceuda (ES63) it is the combined effect of 
floodings and lower labor productivity that determines the overall GDP effects. An interesting finding is 
that we find shift in the distribution of national sectorial production from coastal regions to insular 
regions in countries such as Spain and France, and from north to south in Italy.  

 

2.2.3 Risk Indices 

Regional risk is associated with changes due to climate change. Complementing current literature on risk 

indexes (e.g., ESPON, Germanwatch, EEA, Notre DameΣ Χ), two TransformAr modelling teams (CMCC and 

E3M) each developed a EU27 subnational risk index based on the most recent climatic and socioeconomic 

data and ranked regions according to their relevant probability of being adversely affected by climate 

change. These risk assessments provide several advancements compared to other existing evaluations. 

They rely on the most recent CMIP6 climate model projections and socioeconomic SSP scenarios in line 

with the latest IPCC AR6 report. Furthermore, based on the different methods tested and used in D2.5 

and D2.6, these risk assessments have integrated specific indicator metrics spatially articulated at the 

NUTS3 level, or characterizing hazards more specifically to the sectoral values through modelling 

intermediate impacts.    

Conceptually, both risk indexes (D2.5 and D2.6) ŀǊŜ ōŀǎŜŘ ƻƴ ǘƘŜ όƭŀǘŜǎǘύ Lt//Ω{ сth Assessment Report 
(AR6) which defines risk as a combination of elements of exposure, vulnerability, and hazard. 
Vulnerability is defined as the product of sensitivity and adaptive capacity. However, there are three main 
differences: i) regional resolution as the risk index in D2.5 is calculated at the NUTS2, while the risk index 
in D2.6 is calculated at the NUTS3 level, ii) the list of indicators included in the calculation of each pillar 
and iii) the metric of hazard: in D2.5 (intermediate) hazard is defined as the overall climate change impact 
on sector-specific values (e.g., yield change for agriculture, bed nights change for tourism), while in D2.6 
hazard is defined over changes in one or more climatic indicators  (e.g., precipitation levels, number of 
hot days) that are relevant to the impact chain examined. D2.5 thus provides a more comprehensive 

Figure 14 GDP changes in the aggregate scenario (compared to reference) at the NUTS2 level in 2050 
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articulation of sectorial impacts, but at coarser resolution (i.e. NUTS2 level), while D2.6 addresses hazard-
based impact at NUTS3 resolution. Therefore, the risk assessment from D2.6 may catch spatial detail for 
more local and case-specific context, while from D2.5 can be used to capture broader sectoral dynamics. 
Table 3 presents an overview of hazards included in the different risk indices. 

Table 3 IŀȊŀǊŘǎ ƛƴŎƭǳŘŜŘ ƛƴ ¢ǊŀƴǎŦƻǊƳ!ǊΩǎ ǘǿƻ wƛǎƪ LƴŘƛŎŜǎ 

 D2.5 (CMCC) D2.6 (E3M) 

Hazards 

Yield change (%)  Maximum continuous hot days 

Total catch change (%) 
Number of hot days (max 
temperature above 30) 

Bed nights change (%) Precipitation 

Expected annual damage ықь Water balance 

Expected annual damage ықь Water flow 

 Number of wet days 

 Maximum flow 

 Wet Bulb Globe Temperature 
(WBGT) 

 

Both in D2.5 and D2.6 the risk index is calculated for each impact-chain individually and in the end an 
aggregate risk index is calculated. In total 7 distinctive key economic systems are defined (Table 4), with 
D2.5 assessing five out of 7 and D2.6 assessing four out of seven. 

Table 4 LƳǇŀŎǘ ŎƘŀƛƴǎ ǎǘǳŘƛŜŘ ƛƴ ¢ǊŀƴǎŦƻǊƳ!ǊΩǎ ǘǿƻ wƛǎƪ LƴŘƛŎŜǎ 

 Agriculture Fisheries Tourism Coastal 
flooding 

River 
flooding 

Labor 
productivity 

Water 
scarcity 

D2.5 
(CMCC) 

     
  

D2.6 
(E3M) 

       

 

With respect to tourism, the 2 indices produce a slightly different pattern of risk. D2.5 results show 
significantly higher costs in central and north European countries (e.g., in Germany and Poland compared 
to D2.6 where the risk is relatively smaller. Furthermore, most Spanish and Portuguese regions are 
classified as low risk in D2.5 and as high/very high risk in D2.6.  Such differences are inherent to the 
different methodologies used by the two risk assessments, particularly by the different hazard 
components selected. Moreover, the difference mainly emerges comparing the low-emission projections 
(i.e., RCP2.6 and SSP126), and gets smaller in the high-emission projections, suggesting that inherent 
uncertainty in the climate projections might also play a role.  On the other hand, both studies show that 
central and south regions in France, coastal regions of Bulgaria and Romania, as well as some Italian 
regions, face medium to high risk compared to the rest of the EU27 regions.  

Regarding agriculture, the scope of the studies differs, as in D2.5, only the impacts in crop yields are 
considered, and hence the results from the two modelling efforts cannot be directly compared. However, 
both indices imply higher risk for regions in Spain, Portugal, Italy, and some regions in Croatia compared 
to the rest of the EU27 regions. 



 

 

Figure 15 Risk indices in the Tourism sector under different scenarios (D2.6 left, D2.5 right) 



 

 

Regarding total risk impacts, both models imply a high risk associated with climate change impacts for 
South European countries (Spain, Italy, Greece), eastern regions of Romania and Bulgaria, and southern 
Sweden. In D2.5, a coastal pattern is also observed as these regions face a higher risk associated with 
flooding. Both assessments generally agree on the risk magnitude in most European regions, with small 
differences appearing locally. The similarity in the aggregated risk estimate produced by the two 
assessments demonstrates the general reliability of both methodological choices.  

 

 

 

 

 

 

Figure 16 Risk indices in the Agricultural sector under different scenarios 



 

 

 

 

 

 

 

 

 

 
 

Figure 17 Total risk under different scenarios 



3.0  Step 3: Identifying adaptation options  

Step 3 builds on the laid groundwork and risk assessments to choose and plan adaptation solutions. In 
TransformAr, this was done through pathway co-construction and adaptation planning.  

 

3.1 Pathway co -construction  

Adaptive pathway co-construction entails the design of a pathway with quantitative targets and a 
combination of solutions that respond to prevailing climate risks. In TransformAr, an Adaptive Pathways 
Transformation Playbook (from here on ΨtƭŀȅōƻƻƪΩύ ǿŀǎ developed that presents a methodology to guide 
the co-construction of climate change adaptation pathways by integrating a transformative vision for 
regions seeking to implement transformative adaptation. As it was tested in the six demonstrators, the 
Playbook was turned into a digital platform for easier and widespread adoption. The process helped 
create a sense of shared ownership of the solutions and thus was indispensable to make the project closer 
to its ambition of systemic change. 

ά/ƭƛƳŀǘŜ ŎƘŀƴƎŜ ŀŘŀǇǘŀǘƛƻƴ ǇŀǘƘǿŀȅǎέ ƛǎ ŀƴ ŜƳŜǊƎƛƴƎ ŎƻƴŎŜǇǘ ǳǎŜŘ ǘƻ ǎǳǇǇƻǊǘ ŘŜŎƛǎƛƻƴ-making and 
planning for adaptation to climate change in a context of uncertainty. As defined by Werners et al. (2021) 
άadaptation pathways are broadly understood as sequences of actions, which can be implemented 
progressively, depending on future dynamicsέ (see also Figure 18).  

 

Figure 18 Adaptation Pathways Map (from: Zandvoort et al. (2017)) 

 

The Playbook is structured into discrete, modular chapters, allowing users to navigate specific sections 
relevant to their needs. This modularity ensures flexibility and accessibility, making the Playbook a 
practical resource for a diverse range of users, including public and private entities, and scientific and 
industrial partners.  A cornerstone of the Playbook is the emphasis on engaging local stakeholders 
through a Multi-Actor Approach (MAA) (see also Section 1). Effective stakeholder engagement is vital for 
the success of transformative adaptation measures.  

The Playbook employs a workshop-based methodology involving the relevant stakeholders divided into 
three main sessions, each with specific objectives and outputs (Figure 19):   

https://transformar.eu/storage/2023/07/TransformAr-2023.-All-righs-reserved.pdf
https://transformar.eu/storage/2023/07/TransformAr-2023.-All-righs-reserved.pdf
https://app.transformar.eu/


¶ Session I focuses on understanding current climate-related challenges and existing solutions. 
Activities include utilizing canvases to map out hazards, exposure, vulnerability, and socio-
economic impacts.   

¶ Session II assesses the intermediate impacts of climate change on different sectors, identifying 
risk levels, indicators, and thresholds to prioritize the most significant risks.   

¶ Session III develops a vision for the desired future and aligns adaptation measures with this 
vision, creating an adaptation pathway map specific to each sector, while outlining solutions to 
address the most prominent risks.  

 

 

Figure 19 Adaptation pathways co-creation sequence (from: D3.10 Playbook) 

 

From February 2022 to January 2023, the six demonstrators of the TransformAr project organized 
workshops to apply this methodology and co-construct adaptation pathways at both territorial and 
sectoral levels. The same approach may be used by future actors wanting to identify transformational 
adaptation pathways and solutions.  

  

3.1.1 Session I: Climate perceptions, challenges, and solutions 

The first workshop aims to:   

¶ Identify the climate challenges and risks in terms of hazards, exposure, vulnerability, risk, and 
socio-economic impact.  

¶ Get to know the different participants of the region and their respective challenges.  

One of the main outputs of the first session is the design of a άǊƛǎƪ ŎƘŀƛƴέ based on expert judgement to 
identify the main climate risk in the region studied. According to the IPCC, the risk refers to the potential 
for consequences where something of value is at stake and where the outcome is uncertain. Risk results 
from the interaction of vulnerability, exposure, and hazard (Hagenlocher et al., 2018). 

During this exercise, participants identify factors to characterize the exposure, the hazards, the 
vulnerability, and the socio-economic impacts on a specific topic. The results of the risk chain determine 
the rest of the adaptation pathways development exercise, since it is based on the risk identified 
collectively by the participants that the indicators, thresholds and then solutions are determined 
(sessions II and III).  

https://transformar.eu/storage/2023/07/TransformAr-2023.-All-righs-reserved.pdf


To illustrate, we will use the example of the workshop conducted by the Westcountry Rivers Trust in the 
West Country Region, England.  

 

Box 3.1: Example Session I in West Country Region, England 

West Country Region held the first workshop online on the 18th of February 2022. Seven participants 
attended from different types of organisations: governmental bodies, NGOs, and the private sector. 

The current and projected climate conditions identified are heavy rainfall events, floods, extended 
periods of dry weather, droughts, less difference between seasons, increased droughts, increased 
storms, rivers warming, ocean warming and acidification, and increased uncertainty around the Gulf 
Stream.  

At the regional scale of the West Country Region, participants identified risk to health for older 
populations, danger to life from storms, wildfire on the moors, erosion, changing seasonal patterns, 
and impacts to crops. All participants agreed that the climate situation would worsen in the coming 10 
years, so taking action to manage and to reduce risks and impacts is urgent. 

Three risk chains were designed: one for agriculture, one for the water sector, and one for biodiversity.  
Here, we focus on the risk chain developed for the water sector because it is the most complete with 
quantified thresholds. 

The risk chain for the water management sector was developed by two participants of the first 
workshop: a fishery owner and a member of staff from the Cornwall authorities. The risks to be 
addressed are the water quality failures, the weak water flows and the water shortage. 

 

 

Figure 20 Example of a risk chain developed by the West Country Region on water management 



3.1.2 Session II: Climate vulnerability, impacts and projections  

During the second session, scientific information was brought in to support the work conducted in the 
first session. The goal is to substantiate these aspects with available scientific knowledge and information. 
The most prominent risks and risk levels for the region can be drawn scientifically. The next objective is 
to determine the risk impact and threshold values of identified climate change hazards. This is crucial to 
provide ground for a solid discussion and proposal of solutions. 

 

Box 3.2: Example Session II in West Country Region, England 

Risk levels were defined during the second workshop in the West Country Region, which took place 
online on the 3rd of March 2022. Seven people attended Workshop 2 from different types of 
organisations: governmental bodies, NGOs, and the private sector.  

The work was done collectively, and participants identified the main concern of the sector in the first 
stage of the discussion. They agreed that the most prominent risk to be addressed in the water 
management sector is the degradation of water quality and the decrease in availability due to climate 
change. 

Several indicators were proposed by participants to assess the water quality degradation: safety for 
recreation use, river flows, quality standards, mortality rates of fish and biodiversity, and 
eutrophication events in Summer. Meeting quality standards was identified as the key indicator. 

The critical thresholds were defined as follows: 

Moving from low to medium impact/risk: 

¶ Phosphate levels > 40 ug/L (SAC threshold NE Camel) 

¶ Water quantity daily mean flow (m3/s) river Camel at Dunmere below 0.7 m3/s for extended 
periods 

Moving from medium to high impact/risk: 

¶ Phosphate levels > 50 ug/L WFD threshold 

¶ Water quantity daily mean flow (m3/s) river Camel at Dunmere below 0.5 m3/s for extended 
periods 

Moving from high to very high impact/risk: 

¶ Phosphate levels > 70 ug/L elevated  

¶ Water quantity daily mean flow (m3/s) river Camel at Dunmere below 0.4 m3/s for extended 
periods 

 

3.1.3 Session III: Visions, solutions, and way forward  

The third session aims to explore the vision and adaptation pathways for the region, the different 
solutions and the way forward. 

The participants should be given an overview of the concepts of transformative adaptation (see Figure 
21), to understand the framework, which will enable them to complete the exercises and transform their 
practices, instead of finding coping solutions. 



 

Once the vision is defined, the adaptive measures can be chosen from the catalogue tool (policy changes, 
awareness campaigns, engineered / technological solutions, nature-based solutions, etc.). The goal is to 
develop adaptation pathways map specific for a sector, laying out solutions to address the most 
prominent risk. 

Box 3.3: Example Session III in West Country Region, England 

Adaptation pathways were developed during the third workshop in the West Country Region online 
on the 16th of March 2022. 7 participants attended the workshop 3.  

Participants identified actions that can lead to the desired adaptation outcomes for each impact/risk 
level. Then, they assessed each proposed solution if it is relevant or not according to some criteria 
(cost, impact of the solution to the environment, danger, etc.).  

Some options identified by the participants to address the prominent risk are the improvement of the 
catchment management to improve water quality, developing sustainable drainage systems, 
rehabilitating wetlands, or relocating vulnerable / exposed populations. 

 

Figure 21 Transformational adaptation vs incremental adaptation strategies (from: Cools et al. (2025)) 

https://transformar.eu/storage/2023/05/D3.2-Catalogue-tool-to-identify-best-available.pdf


 

Figure 22 Example of the different adaptation pathways developed for the water management sector in 
the West Country Region



  

 

3.1.4 Completion of the adaptation pathways and selection of the preferred pathways 

After the session, internal work with all the demonstrators was necessary to harmonize and complete 
the adaptation pathways design, as demonstrators adapted the methodology to their needs. Then, a 
multi-criteria analysis (MCA) was completed to evaluate the most desirable pathway for each 
demonstrator. A non-exhaustive list of criteria was created based on their relevance regarding the 
objectives of the task within the TransformAr framework. The criteria are effectiveness, cost, 
environmental sustainability, co-benefits, social acceptability, and associated risks. For every criterion, a 
score from 1 (minimal) to 5 (maximum) is given until they reach a consensus, completed by a justification 
of the scoring.  
 
The method adopted by the demonstrators was slightly different: one demonstrator used their tool, four 
conducted the scoring based on internal group discussions, and the last one adopted a more 
individualized approach by having each participant score the pathways independently. 
 
The West Country Region example is presented in Figure 23. 
 

Box 3.4: Example Selection of Pathways in West Country Region, England 

Concerning the Water management sector, three pathways were defined:  

¶ Policy & Governance Pathway which consists of improving water regulation, decentralization, 
public ownership of water companies.  

¶ Landscape Interventions Pathway which consists of developing sustainable drainage systems; 
installing water storage systems; soft defences (e.g. wetland rehabilitation/managed retreat); 
NFM (e.g., wetland creation; buffer peak management; increase storage capacity)  

¶ Management & Society Pathway which consists of improving catchment management to 
improve water quality; improving land management skills; awareness-raising & education, and 
relocating vulnerable communities  

The MCA method was applied by Westcountry Rivers Trust to identify the preferred pathway. 
Landscape Interventions Pathway was selected as the preferred pathway for the water management 
sector. It has scored most highly due to high effectiveness and feasibility with low costs and minimal 
associated risks.  

 



  

 

 

 

Figure 23 Example of the scoring of the most preferred pathways along with the justification in the West Country Region ŦƻǊ ǘƘŜ ǇŀǘƘǿŀȅ ŎŀƭƭŜŘ άƭŀƴŘǎŎŀǇŜ ƛƴǘŜǊǾŜƴǘƛƻƴǎέ ŦƻǊ 
the water management sector 

 



  

 

3.2 Adaptation planning  

The goal of adaptation planning is to make targets and solutions more concrete by evaluating climate 
risk reduction and economic criteria. The workshop-based approach of the Playbook facilitated the 
creation of sector-specific pathways for transformative adaptation. Through co-creation workshops, 
stakeholders discussed and selected a series of actions tailored to each sector and specific thresholds 
that represent the impacts of climate change on the discussed sector. These actions were chosen to 
maximize the benefits of transformative adaptation. Once the actions are identified, a critical next step 
is the operationalization of these adaptation pathways. This involves conducting comprehensive studies 
to understand the necessary conditions and potential barriers to the implementation of the chosen 
actions within a specific context.  

3.2.1 Toolkit for Adaptive Action Planning  

To identify necessary conditions and potential barriers, ACTIERRAΣ ƻƴŜ ƻŦ ¢ǊŀƴǎŦƻǊƳ!ǊΩǎ ŎƻƴǎƻǊǘƛǳƳ 
partners, created a detailed toolkit for transforming preferred adaptation pathways into actionable 
operational plans. A key objective of this guide is to align these actions with existing regional and national 
climate and energy policies. This alignment ensures that climate change adaptation is integrated into all 
current and future projects and investments, promoting a holistic approach to climate resilience. 

The action plan must clearly define the combination of actions and their types, distinguishing between 
hard and soft measures, as well as short-term and long-term initiatives. Additionally, the plan must 
identify the enabling conditions necessary for successful implementation. These conditions include 
aspects of governance, financing, and capacity building. 

A toolkit for adaptation action planning was written, with the primary objective of equipping 
demonstrators with a comprehensive guide to transforming the preferred adaptation pathways into 
detailed, operational action plans. This transformation process is essential for moving from strategic 
planning to practical implementation, facilitating adaptation measures to be effectively executed at the 
local level. 

Workshops, gathering local stakeholders within the demonstrators, were organized to design detailed 
action plans for each key sector per demonstrator to operationalize the preferred adaptation pathway.  
 
The workshop was divided into 3 sequences: 

¶ The preferred pathway validation 

¶ The definition of transformative adaptation vision. Stakeholders were asked to envision the 
future of their sector 30 years ahead, considering the implementation of adaptation measures. 

¶ The adaptation action plan development. Based on the preferred pathway, participants were 
invited to identify the type of solutions, action leader, partners, deadline, estimated cost, 
monitoring, relevant existing programs, policies, and strategies that are aligned with the action 
plan. 
 

 

 

 

 

 

https://transformar.eu/storage/2023/07/TransformAr-2023.-All-righs-reserved.pdf
https://transformar.eu/storage/2024/11/TA-D3.7_Toolkit-for-adaptive-action-planning.pdf


 

TransformAr Deliverable 6.5   38  

www.transformar.eu  

Box 3.5: Example of adaptation toolkit in the West Country Region, England 

On the 14th of May 2024, the action plan development chart (see Figure 2, 3 and 4 in deliverable 3.7) 
was presented to the 12 participants of the workshop by the Westcountry Rivers Trust. The group 
worked in pairs/groups of three to complete the chart for their selected action. The participants 
identified different actions such as water management and sustainable drainage and storage, 
increasing water storage and retention, buffering rivers from agriculture and sustainable farming 
practices, increasing interception, infiltration and retention, and sustainable road drainage. 

For each of these actions, the participants provided (i) the timeframe (short term (1-2 years); medium 
term (5 years); long term (10 years/more)), (ii) the stakeholders involved (including public/private 
actors and NGOs), (iii) the monitoring indicators, (iv) the key enablers (funding programmes and 
relevant existing support) and (v) existing programmes/strategies. 

 

3.2.2 Lessons learned about the action plan development 

The demonstrators highlighted the following lessons learned and best practices: 

¶ As for the development of adaptation pathways, it is important to avoid over-solicitation of 
stakeholders and to clarify the objectives and steps of the collaborative work.  

¶ At the same time, it is essential to identify the relevant stakeholders to participate in this kind of 
exercise, which is more strategic.  

¶ Time management is important, and time optimisation is required. Some information can be pre-
filled before having the workshop with stakeholders.  

¶ Tangible actions are required while defining such an action plan.  

¶ The action plans were developed in the framework of a project. 

¶ Participants raised questions about the financial sustainability of the work and the next steps for 
implementing the action plans. 

 

Box 3.6: Specific lessons learned in the case of West Country Region, England 
 

¶ It was suggested to organize the workshop entirely online rather than in a hybrid format to 
ensure better participation and coordination. 

¶ {ŜƭŜŎǘƛƴƎ ŀƴ ŀǇǇǊƻǇǊƛŀǘŜ ǘƛƳŜ ƻŦ ȅŜŀǊ ƛǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ƳŀȄƛƳƛȊŜ ǇŀǊǘƛŎƛǇŀƴǘǎΩ ŀǾŀƛƭŀōƛƭƛǘȅ ŀƴŘ 
engagement 

¶ The integration of this process should align with broader territorial strategies to enhance its 
impact and coherence. 

¶ There is a preference for developing a territorial action plan that addresses cross-cutting 
issues, rather than focusing solely on sector-specific actions. 
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4.0  Step 4: Assessing and selecting adaptation options  

The main goal of S4: Assessing and selecting adaptation options is to facilitate a combination of solutions 
that maximizes expected impacts and benefits. To that aim, this section describes various ex-ante 
assessments on public acceptance, climate change damages, avoided damages, socio-economic impacts, 
sustainability, costs, and benefits, developed and conducted throughout the TransformAr project.  

4.1 Public acceptance  

To implement and upscale adaptation solutions, public support is crucial. Resistance could delay 
implementation, increase costs, ignore the needs of certain groups, and erode trust. Moreover, gauging 
how much the public would be willing to pay (e.g., in the form of taxes) is useful for financing purposes. 
TransformAr assessed the acceptance of climate adaptation solutions using Discrete Choice Experiments 
(DCEs) based on two surveys, a local one about stormwater management among 2000 residents in 
Lappeenranta and Gjøvik (Haoran et al., 2025), and a Europe-wide one on adaptation in general, among 
9.072 households in Norway, Finland, the UK, Italy, Spain, and Greece (Deliverable 6.1). 

 

 

! ŎƻƳƳƻƴ ǿŀȅ ǘƻ ŀƴŀƭȅȊŜ ǘƘŜ ǇǳōƭƛŎΩǎ ǇǊŜŦŜǊŜƴŎŜǎ ƛǎ ŀ ŘƛǎŎǊŜǘŜ ŎƘƻƛŎŜ ŜȄǇŜǊƛƳŜƴǘΦ Lƴ ǎǳŎƘ ŀƴ ŜȄǇŜǊƛƳŜƴǘΣ 
participants fill out a survey in which they must choose their preferred options based on various 
hypothetical trade-offs in terms of attributes and costs, in this case, different kinds of adaptation 
solutions. Through the choices we can measure how much the public would be willing to pay for specific 
types of solutions, and what solutions are preferred over others.  

DCE is a Stated Preference method, widely used in the environmental economics literature for non-
market goods evaluation. Stated preference methods have an edge over revealed preference methods 
(where actual behaviour is observed) when testing out new ideas and policies that do not exist yet, and, 
therefore, for which revealed preference data are 1.7 (Haab et al., 2020; Johnston et al., 2017). 
Environmental goods typically do not have a market, so assigning them a meaningful economic value 
cannot rely directly on market prices. As there are no directly observable market data, these studies 
resort to surveys to elicit people's preferences and attitudes towards the nonmarket good under scrutiny 
among the relevant population. They can also elicit people's attitudes towards preserving or improving 
these goods, that is, they can also cover attitudes towards policy actions. When conducting DCEs, one 
should be wary of hypothetical bias, which refers to individuals reporting unrealistic choices, behaviours, 
or values within surveys or experimental studies, in the sense that what respondents state that they 
would do hypothetically may differ from what they would do in real life (Buckell et al., 2020). For instance, 
ex-ante, the survey should be as realistic as possible and feel consequential to the respondent in terms 
of choices. Ex-post approaches include screening data for implausible responses based on responses or 
post-experimental questions (Colombo et al., 2022). 

 

Key concepts 

Public support/ acceptance = The endorsement or approval of an idea or policy by citizens.  

Willingness-to-pay (WTP) = The maximum amount a person is willing to pay for an adaptation 
solution. A way to assess public support.  

Discrete Choice Experiment = A research method to understand preferences by asking individuals to 
make trade-offs between different options with varying attributes.  

 

https://transformar.eu/storage/2024/11/TransformAr_WP6_D6.1_Results-on-the-public-acceptance-and-preferences.pdf
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Box 4.1: European-wide Discrete Choice Experiment of adaptation solutions 
 

Preferences and acceptance of adaptation solutions were assessed among 9.072 citizens, 
ǊŜǇǊŜǎŜƴǘŀǘƛǾŜ ƻŦ ǘƘŜ ǇƻǇǳƭŀǘƛƻƴǎ ŦǊƻƳ ŀƭƳƻǎǘ ŀƭƭ ŎƻǳƴǘǊƛŜǎ ƛƴ ǿƘƛŎƘ ¢ǊŀƴǎŦƻǊƳ!ǊΩǎ ŀŘŀǇǘŀǘƛƻƴ 
solutions were implemented (Greece, Italy, Spain, Finland, Norway, and the United Kingdom).  

Questionnaire and data collection. Each participant is presented with seven choices between 
ŀŘŀǇǘŀǘƛƻƴ ǎƻƭǳǘƛƻƴǎ όŀƭǎƻ ŎŀƭƭŜŘ ΨŎƘƻƛŎŜ ŎŀǊŘǎΩύΣ ŎƻƳǇŀǊƛƴƎ ƴƻ ǇƻƭƛŎȅκƴƻ ǘŀȄ ǘƻ ŀ ǎǇŜŎƛŦƛŎ ǇƻƭƛŎȅ ǇŀŎƪŀƎŜ 
and tax. The policy packages varied in the following attributes: sector(s) covered by the policy (water 
supply, surface waters, coastal areas, agriculture, forests, fisheries or a combination), the type of 
measures (infrastructure, regulation, nature-based, or a combination), and cost to the tax payer (from 
100 to 1500 extra income tax per year for the next 10 years). An example choice card is shown in Figure 
24.  

 
Data analysis and results. Econometric models were used to determine which attributes are important 
and how much the participants were willing to pay for different types of solutions. Results were 
compared between countries. Overall, the participants were accepting of and willing to pay for 
adaptation solutions. Comparing sectors, respondents place the highest value on policies for water 
supply, followed by surface waters, forests, agriculture, coastal areas and fisheries. In terms of policy 
types, there was a slight preference towards infrastructure policies, but no clear preference among the 
other types. The overall willingness-to-pay for a policy package covering all sectors and solution types 
is 1346 euros per year. Participants with a higher salary and those with a university degree were willing 
to pay slightly more.  
 
Comparing countries, Italy and the UK place the highest value on protecting coastlines and agriculture 
compared to other countries. While in all countries fisheries were least valued, Italy and the UK also 
find fisheries more important than other countries. Spain stands out in the higher value they place on 
the full policy package, water supply, agriculture, and forests compared to other countries. Overall, UK 
citizens place a lower value on adaptation solutions than the other countries in the study. 

 

Figure 24 Example of choice card in the discrete choice experiment. 
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Box 4.2: Local DCE of private Stormwater Management solutions in Lappeenranta (Finland) and 
Gjøvik (Norway) 

 
For the local study, results indicate that residents prioritise stormwater management (SWM) measures 
that reduce property damage and water runoff while decreasing water pollution. The interest in SWM 
measures that improve the aesthetics of their property and community was relatively lower. In both 
locations, residents are averse to SWM requiring frequent maintenance. However, there is a significant 
diversity in preferences, as the relative importance of factors varies widely among respondents, 
especially for maintenance frequency and aesthetic improvement. Respondents in Lappeenranta are 
ǇǊŜǇŀǊŜŘ ǘƻ ƛƴǾŜǎǘ ǳǇ ǘƻ ϵпΣунл ǇŜǊ ƘƻǳǎŜƘƻƭŘ ŦƻǊ ŀ ƻƴŜ-time installation investment if it effectively 
reduces the risk of property damage. This is 36% more than double the amount that people in Gjøvik 
ŀǊŜ ǇǊŜǇŀǊŜŘ ǘƻ ǎǇŜƴŘ ŦƻǊ ǘƘŜ ǎŀƳŜ ǇǳǊǇƻǎŜ όϵнΣмолύ ŀƴŘ ǎǳƎƎŜǎǘǎ ǇǊƛƻǊƛǘƛǎƛƴƎ ǎǘǊŀǘŜƎƛŜǎ ǘƻ ƳƛǘƛƎŀǘŜ 
property damage risks in Finland.  

 

DƧǄǾƛƪ ǊŜǎǇƻƴŘŜƴǘǎ ǇǊƛƻǊƛǘƛǎŜ ǊǳƴƻŦŦ ǊŜŘǳŎǘƛƻƴΣ ǎƘƻǿƛƴƎ ŀ ²¢t ƻŦ ǳǇ ǘƻ ϵоΣррл ǇŜǊ ƘƻǳǎŜƘƻƭŘΣ 
indicating that runoff reduction (and improving water quality) should be a key focus for SWM 
improvement in this city. Runoff reduction is also highly valued in Lappeenranta, but with a WTP of 
ϵоΣтосΣ ǊŜǎƛŘŜƴǘǎ ǘƘŜǊŜ ǎƘƻǿ ŀ ƘƛƎƘŜǊ ƛƴǘŜǊŜǎǘ ƛƴ ŀ ƳƻŘŜǊŀǘŜ ŜŦŦƻǊǘ ƛƴ ǊǳƴƻŦŦ ǊŜŘǳŎǘƛƻƴ όрл҈ύ ǊŀǘƘŜǊ 
than going for a 75% reduction, ŦƻǊ ǿƘƛŎƘ ǘƘŜȅ ŀǊŜ ǿƛƭƭƛƴƎ ǘƻ ǎǇŜƴŘ ϵррл ƭŜǎǎΦ Additionally, respondents 
showed positive preferences and WTP for aesthetic improvements, which the local government can 
leverage as motivational factors to engage citizens in SWM initiatives. It is crucial that both 
governments and citizens act together to address climate challenges, and our results are encouraging 
as they indicate strong citizen willingness to contribute, for instance, to a stormwater fee. 

The study finds that respondents' preference for SWM is influenced by factors including age, income, 
education, whether they had experienced floods, water quality in the local community, and the market 
value of the property. Although older generations and low-income residents may show less interest in 

Figure 25 Examples of SWM measures presented to the 
respondents. 
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SWM improvements and related financial investments, governments should ensure equitable 
distribution of strategies across all income levels. Residents with higher-value properties tend to show 
greater preference for SWM investments, suggesting the need for targeted approaches like providing 
subsidies to lower-income residents, conducting education campaigns about SWM benefits, and 
leveraging technology for monitoring system maintenance. These strategies can help create more 
inclusive and comprehensive SWM that address the varied needs of different community segments. 

The findings suggest a promising level of citizen engagement in SWM, with the potential for even 
greater investment in SWM strategies across the region.  

 

The two studies on public acceptance conducted within TransformAr show that adaptation solutions 
stand a good chance of being warmly welcomed in Europe, but those dealing with water resources are 
likely to meet the highest interest, and those dealing with fisheries are likely to trigger much less support 
within the public. The results reinforce a key intuition around which our project has been designed and 
developed: water is a fundamental need and a top priority for European households. They are concerned 
about climate change impacts and value concrete actions to curb them, and the concern over future 
availability of water triggers the highest willingness to pay for adaptation measures. Certain private 
measures, especially those that require more maintenance, may need more support from policymakers, 
such as innovative incentives like tax breaks, subsidies or maintenance support for property owners 
(Brown et al., 2016; Green et al., 2012). Additionally, educational campaigns can enhance understanding 
and engagement among homeowners (Lieberherr and Green, 2018). Future implementers and 
researchers can test public acceptance for other types of public adaptation solutions or incentives for less 
popular private solutions. 

 

4.2 Avoided damages and benefits per demonstrator  

During the TransformAr project, National Center for Research Demokritos (NCSRD) developed a 
framework to assess climate change damages (unmitigated adverse impacts) and avoided damages 
(benefits from effective mitigation/adaptation). The approach quantifies avoided damages by comparing 
a baseline scenario (current or projected climate impacts) against outcomes after implementing 
solutions, with two methodologies tailored to data availability: 

1. High Data Availability: KPI-Based Approach 

a. Key Performance Indicators (KPIs) are grouped into five impact categories: Physical, Economic, 
Environmental, Health and Social. 

b. KPIs are selected to directly or indirectly represent the damages and effectiveness of a solution. 

c. It is essential that it can be quantified based on regional relevance, solutions, and data 
accessibility. 

d. Damages (values of KPIs) are categorized as: 

¶ Direct (physical impacts) 

¶ Indirect (economic/environmental ripple effects) 

¶ People-related (health/social costs) 

e. Data sources include modelling data (e.g., results from WP2, downscaling methods or statistical 
approaches to extrapolate or project), IoT sensors, regional datasets, and expert estimates. 

 

https://transformar.eu/storage/2024/01/D3.4-Tools-on-the-avoided-damages-and.pdf


 

TransformAr Deliverable 6.5   43  

www.transformar.eu  

2. Sparse Data: High-Level Approach 

a. Based on the IPCC risk formula: Risk = Hazard × Exposure × Vulnerability. 

b. Damage estimation uses three formulas: 

¶ Direct damages: Combines event frequency, intensity, and risk indices, informed by recent 
ŎƭƛƳŀǘŜ ŜŎƻƴƻƳŜǘǊƛŎǎ όŜΦƎΦΣ Ǝƭƻōŀƭ ǘŜƳǇŜǊŀǘǳǊŜ ǎƘƻŎƪǎΩ ǎȅǎǘŜƳƛŎ ƛƳǇŀŎǘǎύΦ 

¶ Indirect damages: Accounts for 40% of direct damages (fixed factor) plus systemic economic 
disruptions, though simplified assumptions may overlook sectoral complexities. 

¶ People damages: Estimates health/social costs per capita but may underrepresent non-
health impacts (e.g., displacement, mental health). 

c. Limitations include reliance on fixed coefficients (e.g., 40% indirect damage) and delayed climate 
effects. 

d. Damage Reduction & Efficiency Factors 

e. Efficiency factors (aligned with Green Climate Fund criteria) measure how solutions reduce 
damages. These are derived from pre/post-implementation data or expert judgment. 

f. Emphasizes paradigm shifts toward resilience and low-carbon development. 

 

Avoided damages assessment 

After choosing the way to estimate damages; either (i) High data availability or (ii) sparse data availability 

approach, the avoided damages assessment is performed in comparison between two states.  

a. Baseline (Bs): Represents the current situation with current climate condition.  

b. Climate Change (CC): Represents the future following a climate scenario. 

The states are assessed for two cases in the Baseline scenario and one for the Climate Change scenario: 

i. No Solution implementation (nS): It is assessed for the Baseline scenario as representation of the 

current situation (ground truth) and the climate future scenarios 

ii. Solution implementation (S): It is assessed for the Baseline Climate Change scenarios and defines 

the score of the solution in different context.   

Depending on what avoided damaged the end-user wants to estimate the two stages can be estimated 

A. Short-term: It describes the immediate avoided damages the end-user has, in the current climate 

conditions by implementing adaptation measures. 

B. Long-term: It describes the avoided damages the end-user has for future climate conditions by 
implementing adaptation measures now. 

The difference between the damages of the two states for either short-term or long-term, represents 

what can be avoided, hence, the avoided damages. This framework enables policymakers and 

practitioners to quantify avoided damages, guiding targeted climate adaptation strategies.  
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Box 4.3: Example of Avoided Damages assessment in Municipality of Egaleo (MOE), Greece 
 
Step 1. Identify the Climate Avoided Damages team support by local stakeholders and experts: An 
effective Avoided Damages framework requires an interdisciplinary team with extensive knowledge 
and experience in various sectors, alongside various levels of governance and supporting organizations. 
The team requires (1) a project lead who can manage the entire process and ensure the assessment 
and results are correct and (2) specialized experts in the fields of climate change adaptation/mitigation. 
Also, societal experts and urban planners should be invited if needed. In the case of Egaleo this was 
covered by actors from MOE, NCSRD, and expertise of other TransformAr partners. 
 
Step 2. Plan the Avoided Damages Plan: Once the team was assembled, the NCSRD team led the 

development of a project plan that outlines how the Avoided Damages assessment will be conducted 

based on MOE solution implementation and gathering of preliminary data and information. 

Step 3. Define the climate hazard: In general, this step involves the identification of the (climate-

related) stressors and parameters that influence the area of interest. In the case of MOE, the main 

focus was on heatwaves with the data coming from NCSRD specialized climate simulations.  

Step 4. Determine the most impactful solutions (KPIs): This step builds on the list of solutions and 

provides a way to identify the effectiveness of the solutions. In the case of MOE, the teams of experts 

with the support of NCSRD identified the most suitable and quantifiable KPIs. 

Step 5. Assess the damages from climate change: This step applies the damages assessment for the 
current climate conditions (Bs) and for the future climate scenario(s) (CC). The team followed the 
¢ǊŀƴǎŦƻǊƳ!ǊΩǎ ŀǾƻƛŘŜŘ ŘŀƳŀƎŜǎ ŦǊŀƳŜǿƻǊƪ ŀƴŘ provided values for the chosen KPIs to assess the 
direct, indirect, and people damages for each hazard, without (nS) and with solution (S) 
implementation.  

 

4.3 Transformational  Adaptation Scorecard  

The TransformAr Scorecard developed by UA is a self-assessment tool for developers or stakeholders of 

adaptation programs or projects to assess to what extent their project is transformational, along five 

principles: scope, impact areas, depth, temporality, and inclusivity. The goal is to identify whether certain 

principles can still be improved to create more long-term, systemic and impactful (transformational) 

change. The principles and the corresponding criteria were derived from a literature review on 

transformational adaptation (e.g., Chhetri et al., 2019; Deubelli and Mechler, 2021; Fedele et al., 2019; 

Kasdan et al., 2021; Scolobig et al., 2023). The criteria were translated into statements, easily answerable 

by project stakeholders. A schematic overview of the principles, criteria and indicators (statements) is 

presented in Figure 26. 

 

 

https://scorecard.transformar.eu/
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Figure 26 Overview of TransformAr Scorecard criteria and indicators 

Respondents are asked to reply to the statements with their level of agreement, from Ψstrongly disagreeΩ 

to Ψstrongly agreeΩΦ .ŀǎŜŘ ƻƴ ǘƘŜ ǊŜǎǇƻƴŘŜƴǘǎΩ ŀƴǎǿŜǊǎΣ ǎŎƻǊŜǎ ŀǊŜ ŎŀƭŎǳƭŀǘŜŘ ŦƻǊ ŜŀŎƘ criterion (see 

examples in Box 4.2). The results dashboard, at the end of the survey, then highlights whether the 

adaptation project scores poorly or highly on these criteria. This allows respondents to identify the 

strengths and weaknesses of their adaptation project from a transformational adaptation point of view. 

For example, if a project scores poorly on the criterion ΨŜǉǳƛǘŀōƭŜΩ, then project developers know that 

they should improve the consideration or involvement of vulnerable citizens (e.g., elderly, economically 

disadvantaged citizens). If a project scores highly on the ŎǊƛǘŜǊƛƻƴ ΨǎŎŀƭŀōƛƭƛǘȅΩΣ ǘƘŜ ǇǊƻƧŜŎǘ ŘŜǾŜƭƻǇŜǊǎ 

know that their ŜŦŦƻǊǘǎ ǘƻ ƳŀƪŜ ǘƘŜ ǇǊƻƧŜŎǘ ǊŜǇƭƛŎŀōƭŜ ŎƻƴǘǊƛōǳǘŜ ǘƻ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴŀƭ 

character.  

The assessment can be done before, during, or after implementing an adaptation project, but is ideally 

done ex ante, when improvements can still be made. 
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Box 4.4: TransformAr Scorecard applied to the Gjøvik demonstrator 

Through an interview with the Municipality of Gjøvik, the University of Antwerp (UA) researchers 
obtained the following results dashboard for the Gjøvik demonstrator (the Citizen App for reporting 
flooding events to the municipality and the stormwater monitoring solution). As can be seen from these 
results, the solutions have low scores for multi-scale, governance, path-shifting, equitable, synergetic, 
and SDG-aligned. The low score for governance, for example, is due to a lack of stakeholder involvement 
in the decision-making processes. Transformational adaptation requires co-production with different 
levels of government, citizens, and stakeholder groups. The solution scores poorly on SDG-aligned 
because, although water quality is monitored, it does nothing to improve water quality and, therefore 
does not contribute to any additional environmental goals such as biodiversity on land and in water. The 
ǇǊƻƧŜŎǘ ǎŎƻǊŜǎ ƘƛƎƘƭȅ ƻƴ ΨǎȅǎǘŜƳǿƛŘŜΩ ōŜŎŀǳǎŜ ƛǘ applies to all citizens of Gjøvik, rather than just a few. It 
ǎŎƻǊŜǎ ǿŜƭƭ ƻƴ ΨǊŜǎǘǊǳŎǘǳǊƛƴƎΩ ōŜŎŀǳǎŜ ƛǘ ŎƘŀƴƎŜǎ ǘƘŜ ǇǊƻŎŜǎǎŜǎ ǊŜƭŀǘŜŘ ǘƻ ǎǘƻǊƳǿŀǘŜǊ ƳŀƴŀƎŜƳŜƴǘ (e.g., 
rather than driving around the municipality looking for households suffering from floods, the 
municipality now provides aid when alerted through the Citizen App). The project scores well on all 
temporality criteria because it considers future climate changes and can adapt to these changes flexibly, 
while also ensuring that future funding is available to guarantee its maintenance and use in the future. 
Hence, the results show that the demonstrator can be considered transformational for some criteria, 
while being rather incremental for others. 

Figure 27 Example results from the Scorecard tool. 

 

4.4 Ex-ante impact assessment  

At the stage of deciding which solutions to implement, it is useful for decision-makers (e.g., a 
municipality) to know whether implementing the designed solution will be beneficial in terms of 
economic, social, and environmental impacts. However, assessing these impacts is challenging due to the 
diverse number of strategies, the dynamic nature of ecosystems, the unpredictability of climate-induced 
changes, the difficulty of evaluating social or cultural dimensions (e.g., aesthetic appreciation), and the 
limited time and resources of (local) authorities (Van Oijstaeijen et al., 2020).  
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Several tools to valuate adaptation solutions exist. Van Oijstaeijen et al. (2020) provide an overview and 
evaluation. Most tools focus on biophysical features and do not incorporate economic considerations. 
This leads to struggles for (local) authorities to implement high-level policy goals. The results of this 
review fed a novel tool, developed in the interreg-2seas Nature Smart Cities project: The Nature Smart 
Cities Business Model (NSC-BM). NSC-.a ƛǎ ŀ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ǘƻƻƭ ŦƻǊ ŜǎǘƛƳŀǘƛƴƎ ŜŎƻǎȅǎǘŜƳ ǎŜǊǾƛŎŜǎΩ 
valuation qualitatively, quantitatively, and monetarily, overcoming the previously mentioned 
shortcomings of other tools. The tool is designed for green urban infrastructure, and in TransformAr 
replicated for the urban nature-based solutions that are currently implemented. The tool can be applied 
to any potential solution that involves changing urban or natural infrastructure. The main goal of the tool 
is to compare a new scenario (the potential or implemented solution) to a baseline scenario (the same 
area before implementation in terms of social, monetary, and environmental costs and benefits. The 
Excel-based model template and instructions are freely accessible on the NSC-BM webpage.  

Ideally, the assessment is conducted by a team of decision-makers and technical project staff (e.g., within 
a municipality) who can gather at least the following information: spatial structure per landscape element 
(e.g., lawn, trees, grey infrastructure) in m2 of both the old and new scenario, a selection of which 
ŜŎƻǎȅǎǘŜƳ ǎŜǊǾƛŎŜǎ ŀǊŜ ǇǊƛƻǊƛǘƛȊŜŘ όŜΦƎΦΣ ŦƻƻŘΣ ŎŀǊōƻƴ ǎŜǉǳŜǎǘǊŀǘƛƻƴΣ ǿŀǘŜǊ ǊŜǘŜƴǘƛƻƴΣ ΧύΣ ƴǳƳōŜǊ ƻŦ 
households and persons within a 100-meter radius of the project, average amount of annual rainfall in 
the municipality, and cost indications in unit values per m2 (both investment and maintenance for the 
new scenario, and maintenance costs for the old scenario). Box 4.5 presents ǘƘŜ ƳƻŘŜƭΩǎ ǎǘŜǇǎΦ  

 

Box 4.5: Steps of the Nature Smart Cities ς Business Model 
 

1. Project description: The project site before and after renewal is defined in terms of land cover types 
όŜΦƎΦΣ ƎǊŀǎǎΣ ƎǊŜȅ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΣ ΧύΦ  

2. Selection of Ecosystem Services: Users indicate which ecosystem services matter for the project, 
usually determined by the local authorities (e.g., water retention or biodiversity).  

3. Parameter selection: Depending on the selected Ecosystem Services, additional parameters should 
be filled out (e.g., Average precipitation per year).  

4. Quantification: The model quantifies relevant outcomes, comparing the old and new scenarios (e.g., 
in terms of m3 water retained).  

5. Qualification: Users score the different scenarios in terms of contribution to each of the ecosystem 
services from 0 (no contribution) to 3 (excellent contribution).  

6. Monetization: The model uses pre-programmed costs and benefits, which can be adjusted to more 
accurate values by the user, to calculate the costs and benefits of the scenarios.  

7. Factsheet: The tool generated a factsheet of the results. 

 

In the TransformAr project, this model was applied to various cases, among which a solution in 
Lappeenranta, Finland, as presented in Box 4.6. A written report of the analysis can be found in D3.6.  

  

https://www.uantwerpen.be/en/centres/environment-sustainable-development/research/projects/nature-smart-cities/page1/
https://www.uantwerpen.be/en/centres/environment-sustainable-development/research/projects/nature-smart-cities/page1/
https://www.uantwerpen.be/en/centres/environment-sustainable-development/research/projects/nature-smart-cities/page1/
https://transformar.eu/storage/2024/11/TA-D3.6-Replicable-socio-economic-impact-assessment-tools-of-transformational-pathways.pdf
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Box 4.6: Applying the NSC-BM to a case in Lappeenranta, Finland 
 

The case under study is located in the city of Lappeenranta, Finland, and covers 1750m2 of residential 
area in Koulukatu Street. The area is at risk of water stress and flooding. Therefore, 245m2 of the area 
is transformed into an infiltration area. In the NSC-BM, we compare the old area to the new area in 
terms of landscape types and ecosystem service outcomes.  

The baseline scenario (old street) consisted mostly of grey infrastructure and some lawn and trees. The 
new scenario includes a larger variety of greenery (grass, flowers, shrubbery) and an infiltration area. 
The municipality determined that water retention and infiltration, habitat for biodiversity, aesthetic 
appreciation, carbon sequestration and air filtering are the prioritized ecosystem services.  

After filling out the important ecosystem services and requested parameters, the model quantifies 
contributions to ecosystem services (see Figure 29). The largest impact is on water retention; the new 
scenario retains 867 m3 water per year compared to 273 m3 in the previous scenario. The new street 
also sequesters more carbon than the old (108 kg/year compared to 97 kg/year). Air filtering is also 
improved (6,27 rather than 5,56 kg/ year). Finally, the new scenario is a better habitat for biodiversity, 
with increased potential for birds, butterflies and bees. Qualitatively, the new scenario also 
consistently scored higher than the old scenario (baseline).  

Figure 28 The case and location of Lappeenranta, Finland. 
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To calculate costs, the costs were adapted to the Finnish context. The investment costs of the new 
scenario are ϵ83,100. The maintenance costs are calculated for various levels, as the maintenance cost 
of the infiltration area is unknown. In almost all scenarios, the maintenance cost will be higher in the 
new area due to the infiltration area (ϵ1800-5600 per year compared to ϵ1900 per year in the baseline 
scenario). The annual benefits of the renewed streets are estimated to be ϵ841 compared to ϵ257 for 
the old scenario. Note that both cost and benefit estimations should not be interpreted as absolutes. 
Not all ecosystem services can be monetized, and the numbers only represent a subset of the added 
value. Despite the likelihood that costs are higher in the new case, it is concluded that the investment 
is valuable due to the increased benefits to ecosystem services and monetary benefits.  

 

The NSC-BM is a tool that is easily understood by many, facilitates effective communication among 
stakeholders, and provides valuable insights into cost implications. The NSC-BM can be completed in a 
few hours to a few days, depending on how much of the data requirements are readily available. It is a 
rapid assessment to gather first insights into the costs and benefits of a potential investment in urban 
nature-based solutions. The results can also be used in further cost-benefit analyses or the stipulation of 
adaptation pathways. The tool also has some limitations. The pre-programmed ecosystem impacts, costs, 
and benefits allow for rapid assessment, but may not be accurate in every situation. The values in the 
model are set for the case study cities in the Nature Smart Cities project (e.g., Belgium, the Netherlands, 
ΧύΦ CƛƴƭŀƴŘ Ƙŀǎ ƘƛƎƘŜǊ ǇǊƛŎŜǎΣ ŀƴŘ ǿƘƛƭŜ ŀŘƧǳǎǘƳŜƴǘǎ ƘŀǾŜ ōŜŜƴ ƳŀŘŜ ǘƻǿŀǊŘǎ Cƛƴƴƛǎh prices, the values 
are likely underestimated. The tool allows for updating the pre-programmed values to local values. 
 
The estimated values are intended to compare scenarios (rather than to calculate absolutes on the 
monetary value of ecosystem services). The rapid assessment of costs and benefits of specific, nature-
based solutions provides initial numbers that can be put forward for decision-making at an early level. 
The outcome can reveal whether the estimated costs and benefits align with the expectations and 
whether specific weaknesses need to be mitigated. 

Figure 29 Quantification of the case in NSC-BM. 
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4.5 Sustainability  assessment of transformational pathways  

The Sustainability Rating Methodology (SRM), developed by LUT University, provides a holistic framework 
for evaluating the environmental, economic, and social sustainability of tested and validated solutions. 
As the demand for effective sustainability assessments grows, SRM addresses this need by aligning with 
Sustainable Development Goal (SDG) indicators, ensuring its relevance for stakeholders aiming to meet 
global sustainability targets. It integrates Life Cycle Thinking (LCT) and Handprint Thinking (HT), providing 
a structured and actionable assessment process. 

The SRM methodology follows a four-phase approach: Scoping, Implementation, Data Process, and 
Assessment, which offers detailed guidance for conducting sustainability evaluations. By adapting to local 
conditions, the method can be applied across diverse contexts. This flexibility, combined with the 
integration of risk assessment, enables balanced decision-making by identifying both the potential 
benefits and challenges of each solution. 

SRM is used to assess the sustainability of validated solutions and the region-specific portfolio (RSP) level 
across the six demonstrators: Lappeenranta (Finland), Westcountry Region (UK), Galicia (Spain), Oristano 
(Italy), Guadeloupe (France), and Egaleo (Greece). A total of 19 tested solutions are evaluated, 
representing a wide range of nature-based solutions, innovative technologies, financing mechanisms, 
insurance models, and behavioural change solutions (see Table 1 in Section 0.0 Introduction for an 
overview of the solutions)Φ 9ŀŎƘ ǎƻƭǳǘƛƻƴΩǎ ǇŜǊŦƻǊƳŀƴŎŜ ƛǎ ŀǎǎŜǎǎŜŘ ǘƘǊƻǳƎƘ ōƻǘƘ ŎƻƳƳƻƴ ŀƴŘ ǘŀƛƭƻǊŜŘ 
performance categories, reflecting local contexts to ensure transparency and comparability. 

 

Box 4.7: Application of Sustainability Rating Method in Lappeenranta, Finland 
 

The sustainability profile of the region-specific portfolio (RSP) of Lappeenranta (Finland) includes four 
solutions: URB (nature-based urban stormwater solution), SWMM (stormwater monitoring), CAF 
(Citizen App Finland), and CEI (Choice Experiment survey). The data used in this assessment comes from 
a structured, multi-stage process beginning with systematic data gathering through participatory 
interviews and supported by diverse sources, such as monitoring reports, field studies, and institutional 
documentation. These sources include key project deliverables like regional solution portfolios and 
learning stories on various solution types. Quantitative data is collected via field and lab measurements, 
while qualitative data is validated through stakeholder inputs and supporting documentation. Scores 
are normalized and aligned with SDG sub-goals to ensure consistency, reliability, and a comprehensive 
sustainability evaluation of the adaptation solutions. 

Figure 30 provides an overview of the sustainability profile. The RSP focuses on six primary targeted 
SDGs based on the objectives, with co-benefits extending to four other SDGs. The profile highlights the 
performance of each solution against these targets, where indicator values are converted to a 0 to 5 
scale, with 0 representing no progress and 5 representing full achievement. The profiles also include an 
interpretation, highlighting successes, areas needing improvement, uncertainties, and actions for 
further development and next steps. 
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Figure 30 Sustainability profile of Region-specific portfolio (RSP), Finland. 

 

The sustainability profiles generated through SRM offer valuable insights for future adaptation and 
ǳǇǎŎŀƭƛƴƎ ŜŦŦƻǊǘǎΦ ¢ƘŜ ƳŜǘƘƻŘƻƭƻƎȅΩǎ ƛǘŜǊŀǘƛǾŜ ŘŜǾŜƭƻǇƳŜƴǘ ŀƴŘ ǘŜǎǘƛƴƎ ƛƴ ŘƛŦŦŜǊŜƴǘ ǊŜƎƛƻƴǎ ŎƻƴǘǊƛōǳǘŜ ǘƻ 
refining sustainability metrics, improving the applicability of the SRM framework, and supporting 
evidence-based decision-making. These profiles will also aid in replicating successful solutions in other 
regions, further promoting the wider dissemination of transformational adaptation practices. 

 

4.6 Demo - level modelling analysis focusing on water -energy -  food 

nexus  

With the energy sector being the largest cause of greenhouse gas emissions, it plays a central role in the 
adaptation and mitigation of climate change. However, energy is closely related to other sectors, one 
example being the water sector, where water is used in the energy supply processes (e.g. for cooling 
purposes), and conversely, energy is needed for the provision of (fresh) water, for example through 
pumping or desalination. To analyse these issues, an open-source energy modelling framework (The 
Global Energy System Model ς GENeSYS-MOD) has been applied and expanded to cover the energy-water 
nexus as a whole. GENeSYS-MOD, as developed by Löffler et al. (2017), is a cost-optimizing linear program 
that aims to find the least-cost solutions for the development of the energy system towards the future. 
In doing so, it considers all energy sub-sectors, such as buildings, industry, transportation, electricity, and, 
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in the updated version, also water desalination as a fresh water source. GENeSYS-MOD takes into account 
data points and assumptions on future energy, mobility, and water demands, as well as technology data 
such as costs and efficiencies, plus resource potentials, like installable capacities of solar photovoltaic 
(PV) systems or available biomass resources. Also, political targets and frameworks, such as carbon limits 
or prices, renewable targets, or import restrictions, can be modeled and included in the scenario analysis. 
Figure 31 showcases the most relevant inputs and outputs of the GENeSYS-MOD framework. As part of 
the analyses for the demonstrators of the TransformAr, the model was applied to the case of Guadeloupe 
(Barani et al., 2025).  

 

Box 4.8: Application of GENeSYS-MOD in Guadeloupe 
 

The Guadeloupe archipelago, situated in the eastern Caribbean Sea with a population of approximately 
400,000 inhabitants, faces distinctive challenges in realizing a sustainable and resilient energy 
transition owing to its nature - a distributed island system. These unique challenges include the 
absence of energy interconnections, limited domestic energy resources, substantial dependence on 
fossil fuels, and considerable load variance. These factors necessitate specialized attention in the 
analysis of the energy system transition, as it is envisioned in their current policy plans. In addition, 
Guadeloupe faces severe issues with its fresh water supply, with frequent cuts in supply as well as 
water pollution (e.g., from pesticides in the agricultural sector) being major issues (UNHR, 2024).  

 Therefore, current modelling tools had to be expanded to match the unique challenges of the 
demonstrator. Especially tourism and agriculture, two of the main cornerstones of Guadeloupe's 
economy, require large amounts of fresh water and rely on a consistent supply, driving the need for 
analyses of potential solutions in both the energy and water sectors. In the assessment, three scenarios 
were compared: (i) a baseline scenario, focusing on unconstrained growth and pure economic 

Figure 31 Most relevant inputs and outputs of the GENeSYS-MOD framework. 
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optimization, (ii) an Independence 2040 scenario, looking into self-sufficiency and fulfilment ambitious 
climate targets by 2040, and (iii) Independence 2050, adopting similar general policies as 
Independence 2050, but with the target year of 2050 and a stronger openness to maintaining 
traditional technologies in Guadeloupe.  

The main findings show that across all scenarios, renewable energy sources emerge as the cheapest 
option for electricity supply, even in the baseline case, while providing other benefits, such as lower 
emissions and local pollution. One other general trend is that of electrification of the other sectors, 
specifically also transport and industry, across all scenarios, which comes with a significant decrease in 
primary energy demand, as well as a reduced reliance on imported fossil energy carriers like coal, 
petroleum products. or natural gas. 

 

The entire model including the data set used for the study are available online on GitHub, which also 
includes the tools used to generate the renewable timeseries and potentials. The overall modelling 
framework GENeSYS-MOD is also available online, including all input data, GAMS and Julia model 
versions, and tools for data generation and conversion. This means that all results from the TransformAr 
project can be replicated and used by external users from the academic society, interested stakeholders, 
or policymakers. Also, this allows for replication studies, as the overall model framework is generic and 
mostly data-driven. Given the proper input data research, similar studies can easily be performed for 
other demonstrators and regions. Weather- and geo-based data such as timeseries for capacity factors 
or usable surface area for PV and wind installations can be generated automatically with the provided 
scripts that make use of open data sets and packages such as the ERA5 climate data set or the Atlite 
package for calculating renewable power potentials and time series. An example output for such 
installation potentials can be found in Figure 32. General techno-economic data regarding technologies 
is provided via the GENeSYS-MOD.data repository, meaning that for creating a new regional application 
of GENeSYS-MOD, the main data points to add are demands and demand projections, regional 
disaggregation (including trade capacities and allowed trade connections), and policy targets (e.g., 
emission reduction goals). Several usability improvements and automations are currently in development 
to make use of the framework easier for non-experts, to further improve the accessibility and replicability 
of the case studies.              

 

  

Figure 32 Usable surface area for utility-scale PV installations (left) and rooftop-based PV systems 
(right) in Guadeloupe as generated via the provided tools. 

https://github.com/loeffko/genesysmod-guadeloupe
https://github.com/genesys-mod
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5.0  Step 5: Implementing adaptation policies and actions   
 

In S5: Implementing adaptation policies and actions, the selected solutions are implemented and 
validated on a regional level. Lƴ ¢ǊŀƴǎŦƻǊƳ!ǊΩǎ ŘŜƳƻƴǎǘǊŀǘƻǊǎ, a total of 20 adaptation solutions (not 
considering the replicator Gjøvik (Norway), who implemented solutions similar to Lappeenranta 
(Finland)) and innovations were identified to drive rapid and far-reaching improvements in the resilience 
of the seven demonstrators, see also Table 1 in the Introduction section. This section describes those 
solutions and key learnings on their implementation, replication potential, and bankability. The solutions, 
implemented in the demonstrators over the past three years, are categorized into five key themes: 

 

Figure 33 The five types of adaptation solutions. 

 

Building on Figure 33, specific solutions within these 5 themes include: 

Å AWARENESS-RAISING AND BEHAVIOURAL CHANGE SOLUTIONS - ƴǳŘƎƛƴƎ ŜȄǇŜǊƛƳŜƴǘǎΤ ŎƛǘƛȊŜƴǎΩ 
app for crowd sensing and real-time monitoring of extreme flooding events due to climate 
change events by citizens. 

Å GOVERNANCE SOLUTIONS - resilience index; coastal contracts for actors involved in coastal 
wetlands management; climate innovation hub.  

Å NATURE-BASED SOLUTIONS - integrated constructed wetlands; nature-based solutions for urban 
stormwater management (e.g., greenery; green roofs); smart grids for coastal management.  

Å TECHNOLOGICAL AND DIGITAL SOLUTIONS - low-cost sensors; digital monitoring of flow rates 
and water quality; smart climate stations; real-time monitoring (intertidal monitoring; mussel 
raft monitoring); stormwater management systems. 

Å FINANCING AND INSURANCE MECHANISMS ς payments for ecosystem services; adaptation 
fund; insurance mechanisms ς damage functions as part of climate proofing; choice experiment 
for investors. 

In September 2024, as part of WP4, five learning stories were developed, outlining the design and 
implementation of each experiment. An assessment of the solutions' replicability potential was 
conducted in April 2025 as part of the same work package, resulting in the launch of a tool that enables 
territories to assess whether a solution is relevant and replicable within their own context. 

 

5.1 Awareness - raising and behavioural change solutions   

Four awareness-raising and behavioural change solutions have been implemented across three 
TransformAr demonstrators to foster climate awareness, sustainable practices, and community 
resilience, each targeting specific groups with tailored strategies. The four solutions are:  
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¶ An awareness-raising program (AWAR) in the Municipality of Egaleo targeting 16-18-year-old 
children to make them more aware of climate change and its impact on the environment.  

 

 
Figure 34 Awareness-raising class in Egaleo. 

 

¶ A Citizen app (CAE) in the Municipality of Egaleo that displays data from weather stations in the 
region to create awareness. 

 

 
Figure 35 Citizen app in Egaleo, Greece. 

 

¶ A Citizen app (CAF) in Lappeenranta that displays stormwater information (also used in replicator 
Gjøvik, Norway).  

 

 
Figure 36 Citizen app in Lappeenranta, Finland. 

 

¶ A nudging experiment (NUDG) in Guadeloupe that nudges tourists on the archipelago to reduce 
their water consumption overall, but with more focus on water consumption in the shower.  
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Figure 37 Stickers and sensors from the nudging experiment in Guadeloupe, France. 

 
Two years into the implementation of the solutions, preliminary insights reveal both promising outcomes 
and challenges, as highlighted in the learning story on behavioural change solutions. In Egaleo, the 
awareness-raising program targeting students aims to build long-term climate resilience by educating 
youth, while the citizen app enhances communication between the public and the municipality, fostering 
better climate engagement. Similarly, in Lappeenranta, CAF is boosting community involvement in local 
climate initiatives, encouraging feedback and collaboration with city authorities. In Guadeloupe, NUDG 
showed initial success in reducing shower times and increasing ecological awareness, despite operational 
challenges in the installation and synchronization of sensors. These early findings demonstrate alignment 
with the projects' goals of increasing climate awareness, fostering community engagement, and 
encouraging sustainable behaviours, setting a strong foundation for future efforts. 

Building on these preliminary lessons from the implementation phase, the evaluation of the solutions' 
replicability potential has begun. Interviews were conducted with representatives from the different 
demonstrators to identify key criteria for successfully replicating these solutions in other territories. For 
example, in Guadeloupe, the success of the nudging experiment relies on the presence of a dedicated 
team on the ground to support implementation and engagement efforts. Additionally, the level of 
awareness among hotels regarding water availability challenges and climate change adaptation plays a 
key role in the effectiveness and replicability of the solution. In Egaleo, long-term commitment to climate 
education and collaboration between schools and local authorities were identified as essential factors for 
the success of the awareness-raising program.  

By evaluating how these key criteria align with their local context, territories seeking to replicate a 
solution can better assess its feasibility, potential challenges, and necessary adaptations. This approach 
will enable them to determine whether the solution can be effectively implemented and sustained within 
their specific conditions, ensuring a higher likelihood of success. 

 

5.2 Governance schemes  

Three governance solutions have been implemented across three TransformAr demonstrators to 
overcome challenges in adapting to the consequences of climate change. These governance challenges 
relate to issues such as shifting political priorities, conflicting interests, and limited opportunities for 
change. Three examples of governance solutions are: 

¶ A Resilience Index (RI) in Galicia providing a comprehensive assessment of climate adaptation 
needs for the mussel aquaculture sector. 

¶ A coastal contract (COAST) in Oristano to manage coastal wetlands more effectively by 
overcoming the fragmentation of local governance through collaborative decision-making and 
centralized climate data monitoring. 

https://transformar.eu/storage/2025/03/TransformAr_WP4_D4.1-Learning-stories-on-awareness-raising-and-behavioural-change-solutions_v1_27-09-24.pdf
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Figure 38 Meeting of Coastal Contract Coordination Group in Oristano, Italy. 

¶ A Climate Innovation Hub (CIH) in Egaleo, a physical space in the city that facilitates the sharing 
of climate and weather data with policymakers and citizens. 

The implementation of governance solutions across TransformAr demonstrators highlights key lessons 
for overcoming climate adaptation challenges. Collaboration and stakeholder engagement emerged as 
crucial success factors, with multi-actor cooperation proving essential in addressing fragmented 
governance and fostering shared commitment. For example, the Coastal Contract in Sardinia successfully 
brought together local authorities, civil society, and economic actors to create a shared action plan for 
wetland protection. Data accessibility and informed decision-making also played a critical role, as seen 
in the RI in Galicia, which provided decision-makers in the mussel aquaculture sector with actionable 
insights to guide climate adaptation policies. Additionally, long-term sustainability depends on 
institutional support and local ownership, ensuring that governance mechanisms remain effective 
beyond the project timeline. CIH in Egaleo further demonstrates how creating accessible spaces for public 
engagement and innovation can drive ongoing climate resilience efforts. These findings underscore the 
need for integrated, adaptive, and participatory approaches to climate governance to drive meaningful 
and lasting change. The learning story on governance schemes can be downloaded here. 

As a result, several essential criteria have been identified for replicating these solutions. For instance, to 
implement a coastal contract, the public sector must have the administrative capacity and experience 
to navigate legal and regulatory frameworks, facilitating the coordination of the process and ensuring the 
drive for commitments. Furthermore, securing multisector buy-in and collaboration is crucial, as it fosters 
constructive dialogue and strong engagement. 

 

5.3 Nature -based solutions  

Three nature-based solutions (NBS) have been implemented across three TransformAr demonstrators to 
ƻǾŜǊŎƻƳŜ ŎƘŀƭƭŜƴƎŜǎ ƛƴ ŀŘŀǇǘƛƴƎ ǘƻ ǘƘŜ ŎƻƴǎŜǉǳŜƴŎŜǎ ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΦ ¢ƘŜ ǇǊƻƧŜŎǘΩǎ Ǝƻŀƭ ƛǎ ǘƻ 
accelerate and upscale the implementation of climate resilience solutions in different socio-ecological 
contexts by leveraging NBS. Among these solutions are: 

¶ Urban stormwater management (URB) in Lappeenranta to address flood risks. 

https://transformar.eu/storage/2024/11/TA-D4.2-Learning-story-on-Governance-schemes.pdf
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¶ A Smart Gate system (SG) in Oristano involving real-time monitoring and adaptive management 
of water levels in the wetlands. 

 

Figure 40 Technical scheme of the Smart Gate system in Oristano, Italy. 

¶ NBS to address water pollution and habitat loss in agricultural landscapes (ICW) in South West 
England, including riparian buffers and floodplain wetlands, citizen science initiatives and 
ecosystem services markets. 

The implementation of NBS across TransformAr demonstrators highlights the potential for these 
approaches to address diverse climate challenges in different socio-ecological contexts. In Lappeenranta, 
the combination of biofiltration areas, real-time monitoring systems, and citizen engagement has proven 
effective in mitigating urban stormwater flooding, though challenges remain in data accuracy and private 
landowner involvement. In Oristano (Italy), the SG system for coastal and wetland management 
addresses environmental degradation and flood risks, but success depends on continuous stakeholder 
coordination and accurate data integration. Meanwhile, in the Westcountry Rivers Trust region of the 
UK, NBS such as riparian buffers and ecosystem services markets have been key in tackling diffuse water 
pollution and habitat loss, with stakeholder engagement and data management remaining key 
challenges. Across all cases, successful NBS implementation relies on collaboration, data integration, and 
stakeholder engagement, while scaling up these solutions requires addressing ongoing challenges in 
coordination, data accuracy, and financial mechanisms. The experiences across these regions provide 
valuable lessons for replicating NBS in other contexts, emphasizing the importance of community 
involvement, adaptive management, and sustainable financial incentives for long-term success. 

The learning story on NBS (D4.3) can be downloaded here.  

 

Figure 39 Biofiltration areas in Lappeenranta, Finland. 

https://transformar.eu/storage/2024/11/TA-D4.3-Learning-story-on-NBS-and-Book-of-NBS.pdf
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5.4 Digital and technological solutions  

The implementation of four digital and technological solutions across three TransformAr demonstrators 
has provided valuable insights into addressing climate adaptation challenges. Some of these solutions 
are: 
 
¶ Intertidal Monitoring (INTERM) in Galicia, which monitors sediment dynamics and 

environmental conditions in real time to predict risks and protect shellfish habitats. 
 

¶ Mussel Raft Monitoring (MRM) in Galicia, which uses IoT technology to provide real-time data 
on mussel health and environmental conditions, enabling farmers to adapt to changing 
conditions. 
 

 
Figure 41 Mussel Raft Monitoring in Galicia, Spain. 

 
¶ Smart Climate Stations (SCS) in Egaleo, designed to monitor local temperature variations and air 

quality, helping city planners develop targeted interventions. 
 
¶ Stormwater Management System (SWM) in Lappeenranta, which tracks stormwater quality in 

real time, allowing the city to take prompt action when pollution levels increase. 
 
The deployment of these solutions underscores the potential of digital technologies in improving climate 
resilience across diverse environments. In Galicia, both the INTERM and MRM systems demonstrated the 
importance of integrating local knowledge with digital tools, fostering collaboration between researchers 
and local stakeholders. Similarly, the SCS solution in Egaleo highlighted the value of granular, localized 
data in addressing urban heat island effects and enhancing the city's climate adaptation strategies. 
Meanwhile, Lappeenranta's SWM system exemplified the challenges of retrofitting existing 
infrastructure with new technologies, emphasizing the need for adaptable solutions based on local 
contexts. 
 
The key lessons from these experiences demonstrate that successful digital solutions depend on active 
stakeholder engagement, real-time data accuracy, and the capacity to tailor technologies to the specific 
needs and challenges of each region. These solutions have the potential for wider replication and can be 
crucial for tackling similar climate-related issues in other areas. 
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The learning story on digital and technology solutions (D4.4) can be downloaded here. 
 

5.5 Insurance and financial solutions  

Four financial solutions have been implemented across four TransformAr demonstrators to scale up 
climate adaptation financing and investments. These solutions address the need for innovative funding 
mechanisms and risk mitigation strategies. The relevant solutions are: 

¶ A Discrete Choice Experiment (CEI) ƛƴ CƛƴƭŀƴŘ ŀƴŘ bƻǊǿŀȅ ǘƻ ŀǎǎŜǎǎ ŎƛǘƛȊŜƴǎΩ ǿƛƭƭƛƴƎƴŜǎǎ ǘƻ ƛƴǾŜǎǘ 
in stormwater management. 

 

¶ A Payment for Ecosystem Services (GB) scheme in the West Country Region, UK, through a 
nutrient credit trading platform. 

 

¶ A Local Adaptation Fund (AF) in Guadeloupe to support climate adaptation projects. 

 

¶ An insurance scheme study across all demonstrators to explore the role of insurance in 
addressing climate risks. 

Key lessons learned from these solutions highlight the importance of innovative financial models. The 
Local Adaptation Fund in Guadeloupe shows the potential of pooling local financial resources to 
implement climate adaptation projects, emphasizing the role of public-private partnerships in ensuring 
long-term sustainability. Similarly, the CEI ƛƴ CƛƴƭŀƴŘ ŀƴŘ bƻǊǿŀȅ ǇǊƻǾƛŘŜǎ ǾŀƭǳŀōƭŜ ƛƴǎƛƎƘǘǎ ƛƴǘƻ ŎƛǘƛȊŜƴǎΩ 
willingness to invest in climate adaptation measures on their properties, helping tailor financial incentives 
and awareness programs to encourage action. 

To ensure the replicability of these financial solutions, key factors must be in place. For the Local 
Adaptation Fund (AF), a diverse funding ecosystem involving public and private sectors, alongside strong 
local institutional support, is essential. This includes thorough feasibility studies and political backing to 
ŜƴǎǳǊŜ ǘƘŜ ŦǳƴŘΩǎ ƭƻƴƎŜǾƛǘȅΦ Lƴ ǘƘŜ ŎŀǎŜ ƻŦ ǘƘŜ Discrete Choice Experiment (CEI), systematically gathering 
data and engaging citizens through tailored surveys is crucial for informing policy. Strong participation 
from local stakeholders, including urban planners and environmental experts, ensures the solutions are 
context-specific and actionable, facilitating adaptation at scale. 

The learning story on financial solutions can be downloaded here. 

 

5.6 Replicability Assessment Tool  

The Replicability Assessment Tool, developed as part of WP4, provides a structured and quantitative 
approach to assess potential replicability in a given territory of the solutions developed in TransformAr. 
By evaluating potential replicators on the extent to which they meet key technical, financial, institutional, 
and environmental conditions required for replication, the tool enables decision-makers and project 
developers to identify the most viable solutions for replication. The tool integrates a set of defined 
conditions for replicability, defined with the demonstrators, and organized across twelve replicability 
categories (Table 5).  

 

https://transformar.eu/storage/2024/11/TA-D4.4-Learning-story-on-digital-and-technological-solutions.pdf
https://transformar.eu/storage/2024/11/TransformAr_WP4_D4.5_Learning-stories-on-insurance-and-financial-solutions.pdf
https://transformar.eu/storage/2025/03/Replicability_Tool_TransformAr_FINAL.xlsx
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Table 5 Replicability Categories 

Category Description 

Data & 
Analytics  

This category determines whether a solution is replicable through the availability, quality, 
and utilization of data and analytics to support decision-making. 

Environmental 
& Climatic 

This category determines whether a solution is replicable considering environmental 
sustainability, climate resilience, and ecological impact. 

Financial & 
Economic 

This category assesses whether a solution is replicable from a financial and economic 
perspective, considering cost-effectiveness, funding sources, and financial sustainability. 

Governance & 
Policy 

This category evaluates the extent to which a solution is replicable within different 
governance structures and policy frameworks, ensuring regulatory alignment. 

Monitoring & 
Evaluation 

This category examines whether a solution is replicable by assessing its monitoring and 
evaluation frameworks, performance measurement, and impact assessment. 

Operational 
This category examines whether a solution is replicable based on its operational feasibility, 
efficiency, and ease of implementation across different contexts. 

Planning & Risk 
Management 

This category determines if a solution is replicable while managing risks effectively, including 
contingency planning, risk mitigation, and long-term resilience. 

Political & 
Institutional 
Support 

This category examines whether a solution is replicable given the level of political will, 
institutional support, and alignment with government priorities. 

Scientific & 
Research 
Expertise 

This category assesses whether a solution is replicable based on scientific validity, research 
backing, and the availability of expertise in the field. 

Social & 
Behavioural 

This category evaluates whether a solution is replicable considering cultural, behavioural, and 
societal factors that influence adoption and implementation. 

Stakeholder & 
Community 
Engagement 

This category evaluates the extent to which a solution is replicable through effective 
stakeholder involvement, community participation, and social acceptance. 

Technical & 
Infrastructure 
Readiness 

This category assesses whether a solution is replicable based on technological requirements, 
infrastructure availability, and technical feasibility. 

 

To enhance precision, weightings were assigned to each condition based on the importance of that 
condition for the specific solution, in collaboration with the demonstrators through a co-constructive 
process. Drawing on their practical experience, demonstrators identified the key conditions that had 
influenced the experimentation of each solution in their local context. They were then invited to assess 
the relative importance of each condition τ distinguishing those that were essential for successful 
replication from those that were desirable but less critical. This process ensured that the resulting 
weightings reflect grounded, context-sensitive judgements rather than theoretical assumptions.  

The tool allows users to assess their alignment with these conditions by scoring themselves using a five-
point Likert scale. The resulting scores are combined with condition weightings to produce a replicability 
score on a scale of 1 to 5, which reflects the overall potential for replicability of this solution within the 
given territory. 
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As an example, Table 6 presents the conditions influencing the replicability of the AF solution, grouped 
by thematic category. Each condition is described along with its weighting, which reflects the relative 
importance of that condition for successful replication of the AF in a new context. The user of the tool 
(i.e., the organisation or region interested in replicating the RI solution) can use this information to assess 
their own context: high-weighted conditions should be prioritised when assessing the areas for 
improvement and strengthening of the replicability. 

Table 6 Example replicability conditions and weightings for the AF 

Category Replicability Condition Description Weighting 

Financial & 
Economic 

Financial Availability 

There should be an availability and diversity of funds in the 
local ecosystem coming from various funding sources (e.g., 
international donors, national funds, private investors, 
etc.) that can be mobilised in an adaptation fund. 

12% 

Openness to public-
private partnerships 

Openness to public-private partnerships is critical to 
encourage the establishment of partnerships and the 
integration of innovative financial engineering. 

5% 

Governance & 
Policy 

Local Institutional 
Support 

A strong local environmental agency or similar institution 
is needed to define and develop the fund's orientations 
according to the climate context of your region. 

11% 

Planning & Risk 
Management 

Feasibility Study 
A thorough feasibility study must be conducted to assess 
local financing needs and potential funding mechanisms. 

11% 

Political & 
Institutional 
Support 

Political Backing 
Strong political backing is necessary to ensure the fund's 
continuity and legitimacy. 

13% 

Political Support 

A meeting with relevant public authorities (e.g., State, 
Region, etc.) must take place to strategically orient the 
adaptation fund and bring together stakeholders in the 
territory. 

11% 

Scientific & 
Research 
Expertise 

Organizational Capacity 

There should be expertise and knowledge in climate 
change adaptation and financing to support project leaders 
with administrative and technical assistance, including 
structuring their projects. 

12% 

Stakeholder & 
Community 
Engagement 

Communication & 
Outreach 

There should be adequate communications, knowledge 
and expertise surrounding the fund, for example, to attract 
applicants and explain eligibility criteria. 

13% 

Fostering participation of 
beneficiaries 

Fostering participation and consultation with beneficiaries 
is essential to ensure that the Adaptation Fund meets real 
local needs. 

12% 

 

To support users in identifying focus areas for improvement, the tool identifies priority conditions and 
categories requiring further attention, which highlights performance at the category level. Additionally, 
conditions are classified by level of priority based on their weighting and user score. This classification 
supports users in identifying key focus areas and conditions where they can make the most room for 
improvement, given weightings and scores, to enhance replicability. Figure 42 presents the replicability 
results from a fictitious assessment of the replicability of the Adaptation Fund solution in a fictitious 
territory, with the legend for interpretation in Table 7.   
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Table 7 Interpretation of replicability 

 

Finally, a bubble chart is presented that illustrates the conditions by plotting user scores against 
weightings, with bubble size representing the corresponding weighted score (Figure 43). Users will find 
that larger bubbles highlight conditions with a greater influence on the overall replicability score. 
Particular attention should be given to large bubbles positioned in the lower-right quadrant, as these 
represent conditions that are both highly weighted and underperforming, indicating key areas for 
improvement. Conversely, conditions in the upper-right quadrant are both highly weighted and well-
aligned with replicability criteria. To support visual identification, high-priority conditions are shown in 
green, while low-priority conditions are shown in yellow. 

5 Highly replicable ς the solution is fully replicable in your region / context with no significant barriers  

4 
Easily replicable ς the solution is straightforward to replicate and will require minimal improvements 
in the scoring against replicability conditions 

3 Moderately replicable ς the solution can be replicated, but requires some improvements in the 
scoring against replicability conditions 

2 
Difficult to replicate ς the solution can be replicated, but it would require significant effort to 
improve your scoring against the relevant conditions 

1 
Not replicable ς the conditions required to replicate this solution are not met in your region / context 
and you would therefore struggle to replicate it without significant effort 

Figure 42 Replicability Assessment results for a hypothetical AF solution in a fictitious region. 
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Figure 43 Bubble chart of Replicability Assessment Tool results (fictitious AF solution). 

The Replicability Assessment Tool offers a structured approach to assessing the feasibility of replicating 
TransformAr solutions or similar climate adaptation initiatives, supporting decision-makers in enhancing 
replicability outcomes. 

Lƴ ŎƻƴŎƭǳǎƛƻƴΣ ¢ǊŀƴǎŦƻǊƳ!ǊΩǎ ŜȄǇŜǊƛƳŜƴǘŀƭ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ н0 adaptation solutions across six 
demonstrators has provided invaluable insights into addressing climate change impacts through diverse 
approaches. These solutions have demonstrated both the challenges and successes of adapting to climate 
change in various contexts. By providing a tool to evaluate the replicability of these solutions, 
TransformAr has paved the way for tailored, context-specific adaptations that can be scaled and 
implemented in other regions facing similar challenges. The lessons learned emphasize the need for 
comprehensive, inclusive, and adaptable strategies that ensure long-term sustainability and the 
successful integration of climate adaptation measures into diverse socio-environmental settings. 

 

5.7 Financing  and investment  

5.7.1 Bankability 

Analysing the bankability of adaptation projects is important to secure the practical implementation and 
upscaling of solutions. This is done by introducing an economic way of thinking and a creative approach 
to developing business cases for spatial climate adaptation projects and nature-based solutions. The 
bankability reports of TransformAr serve as an inspiration for the demonstrators and other adaptation 
practitioners in Europe to think beyond the traditional public funding schemes of public budgeting and 
subsidies for transformative climate adaptation projects. 
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Firstly, 20 interviews with financial institutions worldwide were conducted, including (ethical) banks, 
investors, fund managers, equity firms, and federations. They were questioned about current practices 
in adaptation finance, challenges, and solutions to upscale investment potential (D5.3). Key challenges 
identified included an unclear revenue model, a lack of standardized metrics, and limited expertise. 
Among other solutions, financial institutions highlighted blended financing as a crucial tool for addressing 
adaptation investment risks. It reduces financial uncertainty by leveraging public and private capital to 
create risk-sharing mechanismsτhelping distribute risks between public and private entities and making 
investments more attractive and viable. The report concludes with a list of recommendations under three 
themes: (1) policy-making actions, (2) knowledge solutions and tools, and (3) project recommendations. 

Secondly, we demonstrate how this theoretical knowledge has been applied across the six TransformAr 
ŘŜƳƻ ǎƛǘŜǎ ōȅ ŘŜǾŜƭƻǇƛƴƎ ǎƛȄ άōŀƴƪŀōƛƭƛǘȅ ǊŜǇƻǊǘǎέ όD5.4). Supported by previous deliverables in 
TransformAr, we gained insight into adaptation pathways, solution providers, beneficiaries, and the costs 
and benefits of adaptation solutions in different demo regions. By matching this information with 
alternative financing and funding instruments, we created a financial model to upscale private and 
blended investment in climate adaptation in the demo regions. We adopt a common methodological 
framework (Figure 44) to set up 6 region-specific financial schemes:  

1. Impact bonds for agriculture and tourism in Guadeloupe (France).  
2. Carbon credits for financing nature-based solutions in the West Country Region (UK).  
3. A Co-financing model for improving water quality in Lappeenranta (Finland). 
4. Collaboration through coastal contracts in Oristano (Italy).  
5. Payment for ecosystem data in Galicia (Spain). 
6. Value capturing mechanisms to fund heat reduction measures in Egaleo (Greece). 

ά!ǎ ŀ ōŀƴƪ ȅƻǳ ƘŀǾŜ ǘƻ ƳŀƪŜ ǎǳǊŜ ȅƻǳ ŀǊŜ ōŜ ŀōƭŜ ǘƻ ōŜ ǊŜǇŀƛŘ ōȅ ǘƘŜ ŎƭƛŜƴǘΦ ¢Ƙŀǘϥǎ ǿƘŀǘ ƛǘ ŀƭǿŀȅǎ 
comes down to. Therefore, guarantee systems are essential. This makes public Investment 
Companies and the InvestEU programs so successful. What those programs do, is make the 
ŎƻƭƭŜŎǘƛǾŜΣ ǘƘŀǘ ƛǎ ǘƘŜ ǎƻŎƛŜǘȅΣ άǇŀȅ ŦƻǊ ƛǘέ ƛŦ ƛǘ ŜƴŘǎ ōŀŘƭȅΦ ¢Ƙŀǘ ƛǎ ǎƘŀǊƛƴƎ ŀ ǊƛǎƪΣ ǎƻ ǘƘŀǘ ƛǘ ōŜŎƻƳŜǎ ŀ 
ǎƳŀƭƭ Ǌƛǎƪ ŦƻǊ ŜŀŎƘ ƛƴŘƛǾƛŘǳŀƭΦέ 

- Sustainability officer ethical bank 

https://transformar.eu/knowledge-center/
https://transformar.eu/knowledge-center/
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Figure 44 Methodological framework for 6 region-specific financial models for adaptation. 

The exercise of developing these financial models confirms some of the challenges identified by financial 
institutions in the D5.3 study, such as the lack of evidence on the monetary revenue potential of nature-
based solutions and the importance of governance support. On the other hand, these region-specific 
financial models highlight that benefits can arise for a broad range of stakeholders, and thus the need for 
cooperation between public and private investors. This is illustrated in the demo-case of Lappeenranta 
(Figure 45), where we propose a co-financing scheme where public investments are partly repaid by a 
stormwater fee and tourist tax.   

 

Figure 45 Retention and infiltration measures on both public and private land could improve water 
quality and climate resilience in Lappeenranta, Finland. 
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While these financial models are conceptual and need a detailed quantitative assessment before 
implementation can be considered, we hope to illustrate that creative financial schemes can make 
adaptation happen and that existing financing instruments are at hand. Interviews with local financial 
stakeholders and workshops are being conducted to gather feedback on the models, which will be 
reported upon in the Bankability Reports (D5.5). The models can subsequently be re-evaluated in future 
projects with the aim of achieving financial independence for adaptation solutions and solution providers. 

 

5.7.2 Accelerating investment and decision-making 

Assessments of the bankability of climate adaptation projects highlighted multiple barriers to 

accelerating the availability of private finance for climate adaptation. Of these, many were nationally or 

internationally significant factors, requiring extensive regulatory, legislative, and socio-cultural change to 

be successfully overcome. For organisations with little influence over policymaking, options for 

accelerating the flow of private capital into climate adaptation projects are limited. Nonetheless, research 

undertaken through TransformAr highlights how certain approaches can help enhance the degree to 

which climate adaptation is integrated into regional decision-making processes. These key learnings 

emphasize that building successful partnerships and working relationships with relevant actors, sectors, 

and organisations is critical to accelerating investment. For this effort to deliver significant impact, there 

must also be a degree of strategic analysis to ensure effort is spent efficiently.  

Lƴ ¢ǊŀƴǎŦƻǊƳ!ǊΩǎ ²ŜǎǘŎƻǳƴǘǊȅ ǊŜƎƛƻƴ ό¦Yύ ŘŜƳƻƴǎǘǊŀǘƻǊΣ ŀ {ȅǎǘŜƳǎ ¢ƘƛƴƪƛƴƎ ŀǇǇǊƻŀŎƘ ǿŀǎ ƳƻōƛƭƛȊŜŘ ǘƻ 

map the organisational influence and potential of the Westcountry Rivers Trust (WRT). This led to broad 

strategic alignment with regional partners to accelerate climate adaptation into decision-making and 

investment frameworks within Devon and Cornwall. 

Systems Thinking 

Cultivating a strong understanding of key systems for climate adaptation investment is a helpful step to 

visualising organisational influence. The resulting system map outlines relationships between key actors, 

networks, and organisations involved in the establishment of climate adaptation finance in the 

Westcountry region (see also Figure 46). The map also shows whether relationships between groups and 

factors are defined by positive polarity (black, +), negative polarity (red, -), dependency (yellow), potential 

relationships (purple), and positive ultimate outcomes (gold, dashed). Areas of organisational influence 

are signified by the green and blue zones with accompanying highlighted text. The green zones signify 

ŀǊŜŀǎ ǿƘŜǊŜ ²w¢Ωǎ ǿƻǊƪ ƛǎ ŀƭǊŜŀŘȅ ŎƭƻǎŜƭȅ ŀƭƛƎƴŜŘ ǿƛǘƘΣ ƻǊ ǎǳǇǇƻǊǘƛǾŜ ƻŦΣ ǘƘŜ ǊŜƭŜǾŀƴǘ ŦŀŎǘƻǊǎΦ .ƭǳŜ ȊƻƴŜǎ 

signify areas of emerging or developing influence in new areas. Understanding existing areas of influence 

and activity within the wider system provides clarity about further action that can be taken to accelerate 

investment. 

https://transformar.eu/storage/2025/07/WP5-D5.5_BankabilityReport_FULL.pdf
https://miro.com/app/board/uXjVI_1uCSM=/?share_link_id=122699524099
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From such a system map, strong organisational influences and potential or emerging future operations 
that may be relevant can be identified. The examples of strong organisational influence in this map 
include: 

1) WRT participation in publicly funded green finance projects through winning bids or operating as 
ǇŀǊǘ ƻŦ ŀ ǿƛŘŜǊ ǇŀǊǘƴŜǊǎƘƛǇΦ ¢Ƙƛǎ ƘŜƭǇǎ ǘƻ ƻǾŜǊŎƻƳŜ ǘƘŜ ōŀǊǊƛŜǊ ŀǊƻǳƴŘ ΨƭŀŎƪ ƻŦ Ǉƛƭƻǘ ǇǊƻƧŜŎǘǎΩ ŦƻǊ 
Nature-based Solutions (NBS). 

2) WRT regularly works with landowners to improve trust and provide extensive support and advice 
on participating in green finance projects. This helps to overcome the barrier around inconsistent 
value of ecosystem services for landowners, increasing the likelihood of participation and 
engagement over time. 

3) ²ƻǊƪƛƴƎ ǿƛǘƘ ǘƘŜ ǇǊƛǾŀǘŜ ǎŜŎǘƻǊ όǳǘƛƭƛǘȅ ŎƻƳǇŀƴƛŜǎΣ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ǇǊƻǾƛŘŜǊǎΣ Χύ ǘƻ ǎǳǇǇƻǊǘ 
climate adaptation projects (E.g., Upstream Thinking). This provides a simple, effective method 
for accelerating private sector funding for NBS. 

4) Participation in practitioner groups, including farm clusters and catchment partnerships. WRT 
currently runs several catchment partnerships and contributes to others. WRT also runs farm 
cluster groups designed to facilitate peer-to-peer learning amongst the farming community. 
These professional networks support knowledge sharing and collective problem solving for 
natural capital schemes, helping to overcome barriers around novelty and a lack of sufficient 
information for investors. 

Figure 46 Example of a system map in the Westcountry region, UK. 

https://wrt.org.uk/project/upstream-thinking/
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5) WRT has a strong track record of developing and delivering nature-based solutions, and therefore 
could continue to deliver high-quality interventions under private finance schemes. 

6) Monitoring data from WRT projects helps to remove barriers around low confidence in NBS to 
reliably deliver desired outputs. Adding to this weight of evidence increases investor confidence 
over time.   

The examples of emerging or potential future operations identified in this map include: 

1) Operating as a delivery partner within blended finance schemes. Whilst there is some precedent 
for WRT working as a delivery partner for NBS projects funded by the private sector, this is often 
linked to one company, rather than a larger consortium of businesses operating in partnership 
with public sector partners. If a blended finance scheme emerged, WRT would be well placed to 
operate as a delivery partner. 

2) Working with emergent ecosystem service markets, such as mandatory Biodiversity Net Gain 
(BNG) and nutrient credits, has required upskilling amongst WRT staff members. Continuing to 
develop our collective professional skillset to deliver these projects will help to support 
landowners to profit from credit schemes in the future. Working to pilot nutrient trading in the 
Southwest has already helped to overcome barriers that ostensibly lower investor confidence, 
such as novelty, lack of evidence in favour of NBS effectiveness, et cetera. 

3) Participating in public-private sector partnerships. Whilst WRT already works closely across 
multiple public-private consortia, developing closer links through project work between industry 
and the public sector will not only help to mainstream NBS but also support the emergence of a 
Community Interest Company or Special Purpose Vehicle to deliver at scale. These schemes have 
emerged elsewhere in the UK, but not yet in the Southwest. 

 

Strategic Alignment 

To operationalise emerging and future activities identified in the system map, WRT has sought to 
strategically align project activities with the wider context of green finance for climate adaptation in 
Devon and Cornwall. This approach has supported the emergence of the following significant outputs: 

1) Integration of Systems Thinking approaches into catchment partnerships and catchment 
management strategies. 

2) Creation of a business network interested in taking forward climate adaptation finance 
opportunities. 
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Box 5.1: Workshops for strategic alignment in the Westcountry  Region, UK 
 

1. Systems thinking workshop. In 2024, WRT collaborated with Natural England to co-deliver a series 
of systems thinking workshops for the Camel Catchment. The purpose of this exercise was not only to 
identify and prioritise knowledge or delivery gaps to improve the environmental, social, and economic 
condition of the Camel catchment, but also to develop a scalable systems thinking methodology which 
could be replicated with other catchment partnerships.  

The Camel catchment was chosen as a pilot group due to the relatively small size of the partnership; 
the presence of TransformAr sites within the catchment, and the high levels of knowledge and 
expertise held by catchment partners provided an opportunity to co-deliver workshops. The 
workshops took place during March and September 2024 and were attended by 12 and 13 participants, 
respectively. Whilst some participants attended both events, repeating the process provided 
opportunity for reflection and refinement, making the second workshop more effective.  

The methodology used was a Root Cause analysis. This method was selected for three key reasons: 

1. Simplicity, to ensure the process is sufficiently replicable and scalable.  
2. To discover key drivers of poor environmental conditions within the catchment 
3. Establish consensus on key problems to inform the catchment management strategy 

Participants collectively agreed on a common problem within the catchment, and then collaboratively 
traced contributing factors back to their root causes. The process highlights areas that are well 
understood as well as existing knowledge gaps. Participants were also encouraged to trace 
relationships between factors to identify feedback loops and wider dependencies.  

Figure 47 Visual representation of Root Cause analysis 

The systems maps identified key sectors responsible for discrete types of pollution. For instance, the 
presence of historic mine waste in the catchment is known to cause metal pollution in waterbodies, 
however liability for this pollution is complex and poorly understood within the catchment partnership. 
The full results of this process fall outside the scope of TransformAr, however the resulting 
methodology was presented during the wider Catchment Partnership meeting with the view to 
continue revising and evolving the process internally within Natural England. Identifying key industries 
and stakeholders responsible for poor environmental conditions through a systems thinking approach 
helps to identify potential beneficiaries of ecosystem services, ultimately contributing to potential 
business cases. 
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2. Consultation workshop 

Another workshop was organized to attract private sector funding/ investment, based on the idea that 
greater collaboration between the third sector, public sector, and private sector is required to 
accelerate investment into NBS for climate change adaptation. To maximise effectiveness, WRT 
internally completed a stakeholder mapping exercise to prioritise sectors with both high dependency 
on continuing ecosystem services for their operations, and with whom we have limited prior 
engagement. This approach helped to diversify engagement, building new relationships with private 
companies to facilitate successful cross-sector working. As a result, workshop participants 
enthusiastically consented to being contacted about future opportunities to fund or co-finance NBS in 
the southwest, highlighting the value of a systems approach to guiding further investment into climate 
change adaptation.  

 

 

Whilst accelerating the flow of private finance into climate change adaptation measures is difficult in the 
absence of strong policy and government leadership, analysing organisational roles within regional green 
finance contexts clarifies areas of influence and opportunities for further exploitation. Systems thinking 
provides a helpful framework for completing this work, due to the capacity of system maps to 
simultaneously locate stakeholders, networks and relationships. In highlighting opportunities for 
organisations to increase influence, either through removing key barriers to private finance or through 
supporting the development of green finance opportunities, systems maps are key to accelerating the 
flow of private finance into climate adaptation measures. Furthermore, embedding systems thinking into 
regional catchment management strategies increases the visibility of ecosystem service beneficiaries, 
supporting future financialization of nature markets (particularly where responsibility/liability is also 
clarified). Finally, systems approaches also support organisations to pursue opportunities for cross-
sectoral, inter-organisational strategic alignment. In the context of regional finance for NBS, this led to 
successful exploitation of future private sector partnerships and increased availability of funding/finance 
for adaptation measures. 

 
 
 
 

  

 Consultation Workshop Feedback 

- 3 organizations agreed that 'as a result of attending this workshop, I am more likely to pursue 
involvement in climate adaptation opportunities in future' 

- Participants all agreed to receive further communications about opportunities to develop 
climate adaptation projects 

- Participants agreed that the workshop provided a valuable opportunity to get to know new 
stakeholders, their perspectives, and what they are working on 

- Many found the discussions highly valuable, and felt it was a great opportunity for knowledge 
sharing across sectors 
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6.0  Step 6: Monitoring , Evaluation  and Learning  

Monitoring, Evaluation, and Learning (S6) (M&E) are fundamental processes in assessing the 
effectiveness, sustainability, and scalability of climate adaptation solutions. M&E frameworks enable the 
tracking of progress, the measurement of direct and indirect impacts, and the support of evidence-based 
decision-making. This section outlines general steps and tools that organizations can use to design and 
implement M&E systems, using TransformAr as an example to illustrate practical application. 

In TransformAr, M&E efforts systematically evaluate the outcomes of multiple climate adaptation 
solutions across diverse demonstrator regions. Activities are performed through regular meetings, site 
visits, video calls, and stakeholder engagement events. Demonstrators integrate a wide range of data 
collection tools, such as smart sensors, citizen apps, GIS, and satellite imagery, tailored to site-specific 
indicators. Evaluation frameworks like Holistic and Integrated Life Cycle Sustainability Assessment 
(HILCSA) are used to ensure alignment with the UN Sustainable Development Goals. The inclusion of 
behavioural, governance, and financial innovations (e.g., citizen-science engagement, green bonds, 
resilience indices) further enhances the replicability and upscaling potential of tested solutions across 
diverse socio-environmental contexts. 

Key components for effective M&E include: 

1. Setting up the monitoring framework: selecting indicators and setting up methods of data 
collection and integration. 

2. Define evaluation methodology and evaluate: establishing baseline (reference) conditions, 
continuous monitoring, and applying both qualitative and quantitative evaluation measures. 

3. If transferring or scaling up of the M&E efforts is relevant, cross-regional comparisons can be 
made to learn about challenges and potentials. 

 

6.1 Monitoring framework and data collection  

An effective M&E framework for adaptation projects integrates multiple data streams and stakeholder 
inputs to track progress and assess impact. It typically consists of the following components: 

¶ Indicator selection aligned with adaptation goals, solution typology, and socio-ecological 

context of each demonstrator. Example indicators in the TransformAr project are presented in 

Table 8.  

¶ Baseline data collection to define pre-intervention reference points, including hydrological, 

climatic, ecological, and social conditions. 

¶ Continuous data gathering through a combination of automated sensors (e.g., IoT-based water 

probes), citizen science platforms (e.g., mobile/web apps), and field observations. 

¶ Data integration and visualization using GIS platforms, interactive dashboards, and open-

access databases to enable real-time decision-making and cross-stakeholder transparency. 
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Table 8 Key indicators in example demonstrators of TransformAr  

Solution Type Demonstrator Example Key Indicators 

Wetlands restoration Oristano 
Water quality (salinity, pH, dissolved oxygen), 
flood regulation 

Urban green 
infrastructure 

Egaleo 
Air temperature, humidity, citizen engagement 
rates 

Stormwater 
management 

Lappeenranta 
Water infiltration rate, pollutant load, social 
acceptance 

Aquaculture 
resilience 

Galicia 
Shellfish mortality rates, habitat sediment 
changes 

Riparian buffer zones Westcountry Region Nutrient loading, biodiversity indices 

 

 

Box 6.1: Key data collection tools in TransformAr 
 

¶ Smart Climate Stations (e.g., Egaleo): Microclimate monitoring (temperature, humidity, air 

quality) with public-facing data via citizen app. 

¶ Water Quality Sensors (e.g., Oristano, Lappeenranta): Continuous monitoring of parameters 

such as pH, turbidity, salinity, and dissolved oxygen in stormwater and wetlands. 

¶ Remote Sensing and GIS (e.g., Galicia): Mapping land use change, sediment transport, and 

coastal zone dynamics using drone and satellite imagery. 

¶ Citizen Surveys & Discrete Choice Experiments (e.g., Lappeenranta, Gjøvik): Assessing public 
preferences, willingness to pay, and social acceptance of nature-based solutions 

These tools are integrated across demonstrators to support adaptive management, replication 
potential assessment, and upscaling strategies. 

 

6.2 Evaluation Methodology  

Robust M&E methodologies are essential to assess both the immediate effectiveness and the long-term 
sustainability of climate adaptation interventions. These should incorporate a structured, multi-phase 
approach: 

1. Baseline Assessment: Establish environmental, technical, and social reference conditions prior 

to implementation using historical datasets, surveys, and in-situ measurements. 

2. Continuous Monitoring: Track biophysical indicators (e.g., water quality, biodiversity), 

infrastructure performance, and socio-economic co-benefits through sensors, citizen inputs, 

and periodic reporting. 

3. Mid-term Reviews: Evaluate interim results and adjust implementation strategies, KPIs, or 

stakeholder roles accordingly. 

4. Ex-Post Evaluation: Conducted at project closure to assess systemic impact, replication 

potential, alignment with SDGs, and lessons learned. 
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To provide a comprehensive picture, both qualitative and quantitative methods may be used. Evaluation 
should apply integrated sustainability frameworks such as HILCSA (Holistic and Integrated Life Cycle 
Sustainability Assessment), which merges environmental, economic, and social indicators to produce a 
Sustainability Rating Method (SRM) ǘŀƛƭƻǊŜŘ ǘƻ ŜŀŎƘ ŘŜƳƻƴǎǘǊŀǘƻǊΩǎ ŎƻƴǘŜȄǘΦ  

 

Box 6.2: M&E examples in TransformAr 
 

Example 1: Monitoring Wetland Restoration in Oristano, Italy 

¶ Goal: Improve water quality and enhance flood regulation through nature-based measures. 

¶ Steps: Baseline monitoring of sediment and water parameters; installation of Smart Gate 

system to manage water flow; ongoing collection of pH, salinity, and chlorophyll data. 

¶ Results: Early monitoring shows better circulation, reduced stagnation, and lower sediment 

build-up, supporting habitat restoration. 

 

Example 2: Monitoring Urban Stormwater Management in Lappeenranta, Finland 

¶ Goal: Reduce urban flood risk and pollutant loads. 

¶ Steps: Installation of a biofiltration system, real-time monitoring of water flow and quality, 

and citizen app development for awareness. 

¶ Results: Improved urban runoff management and increased stakeholder awareness. 

Figure 48 Smart Gate Installation 
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Example 3: Monitoring Shellfish Aquaculture Resilience in Galicia 

¶ Goal: Enhance the adaptive capacity of mussel and clam farming to climate-related stressors 
such as rising temperatures, sediment shifts, and water quality changes. 

¶ Steps: Deployment of IoT-based monitoring systems on mussel rafts to collect real-time 
environmental and hydrodynamic data (e.g., temperature, salinity, wave exposure), Sediment 
analysis and tracking of habitat conditions in intertidal zones, and development of a Resilience 
Index by UVIGO, integrating scientific data and stakeholder input to assess the vulnerability 
and adaptive readiness of the aquaculture sector. 

¶ Results: Improved farm management and early warning for adverse conditions. Strengthened 
decision-making capacity among producers and policymakers. 

 

 

6.3 Cross -Regional Comparisons and Best Practices  

Cross-regional comparison is a cornerstone of the TransformAr monitoring and evaluation process. It 
enables shared learning across demonstrators and strengthens the adaptability and scalability of tested 
solutions. By analysing how different regions implement, monitor, and evaluate similar interventions, the 
project identifies critical success factors and transferability potential. 

Several cross-regional insights were identified. First, on the topic of financial mechanisms, the 

Westcountry Region's "Delivery Partnerships" (originally presented as green bonds) showcase how 

economic intermediaries can aggregate ecosystem services (e.g., nutrient offsets) into bankable 

packages. This simplifies transactions between landowners and funders and accelerates the 

implementation of nature-based restoration. Second, in Lappeenranta (Finland), real-time 

environmental data collected via smart sensors and citizen engagement platforms (e.g., CitySen.App) are 

directly visualized and made accessible to the public. This enhances transparency, awareness, and 

Figure 49 Monitoring of Biofiltration site 






























