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SD  System Dynamics 

SDG  Sustainable Development Goal 

Sh  Stakeholder 

SHVI   Socio-Economic Heat Vulnerability Index 

SIA  System Innovation Approach 

SLR  Sea Level Rise 

SSP   Shared Socioeconomic Pathways 

T4T  Training for Trainers 

UAV   Unmanned Aerial Vehicle 

UNFCCC United Nations Convention on Climate Change 

WP  Work Package 

WRF  Weather Research and Forecasting 

WS  Workshop 
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1.0 INTRODUCTION 
Adaptation to climate change refers to all approaches taken to adjust, prepare for, and accommodate 
new conditions that are created by changing climates. Adaptations may be cultural and societal, or 
financial solutions. As climate change is complex and interconnected with other global challenges, such 
as food security, water scarcity, biodiversity depletion and environmental degradation, it is insufficient 
to use traditional approaches to innovation that focus on one aspect of the problem.  
 
ARSINOE develops the methodological framework for the combination of System Innovation Approach 
(SIA) with the Climate Innovation Window (CIW) to create an ecosystem for climate change adaptation 
solutions. ARSINOE creates this ecosystem with a three-tier, approach: (a) using SIA it integrates multi-
faceted technological, digital, business, governance and environmental aspects with social innovation for 
the development of adaptation pathways to climate change, to meet EU Green Deal targets for specific 
regions; (b) it links with CIW to form innovation packages by matching innovators with end-users/regions 
via for specific regions; (c) it fosters the ecosystem sustainability and growth with cross-fertilization and 
replication across scales, at European level and beyond, using specific business models, exploitation and 
outreach actions. The ARSINOE three-tier approach is show-cased in nine widely varied regions across 
Europe (case studies), as a proof-of-concept with regards to its applicability, replicability, potential and 
efficacy. 
 

The nine Case Studies cover a vast area of the European Continent, ranging from Spain to the Black Sea 
and from Greece to Denmark. In terms of systems complexity, they also cover a wide range including 
health, energy, transport, forestry, fisheries, farmland, and wetlands, which face challenges such as 
biodiversity loss, floods, water scarcity, and heatwaves in escalating severity depending on the region. 
The main challenges and key thematic issues, related to resilience to climate change, addressed for each 
case study are shown in Figure 1.  
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Figure 1: Location and key thematic issues/systems addressed by the CS. 

 

1.1 Work Package 6 - Case Studies: Coordination and 
Implementation activities 

The work nine Case Studies (CSs) represent a range of environments and collections of local and regional 
stakeholders that are the target for the implementation of the innovation package for resilience and 
climate change developed in ARSINOE. This package may be designed for implementation in specific 
region, but its building blocks are transferable and re-usable. In each case study, a number of activities 
and actions need to take place connected to the development and implementation of the innovation 
package. Furthermore, there are horizontal activities across the case studies. To ensure a concerted and 
coordinated action, and sharing of experience and knowledge between the case studies, all case studies 
are coordinated in Work Package (WP) 6. The overall objectives of WP6 are to:  

(i) develop a roadmap of actions for all the CSs;  

(ii) coordinate the activities and actions in all the Case Studies;  

(iii) guide and monitor the implementation of the stakeholder engagement, the resilience 
assessment and the innovation packages at the CSs throughout the project;  

(iv) develop and monitor Key Performance Indicators (KPI)s;  

(v) develop and coordinate the validation procedures for the innovation packages in all the CSs;  

(vi) provide evidence-based knowledge and recommendations at EU level. 
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Figure 2 shows schematically the methodological approach and the research areas to be followed in 
ARSINOE at a higher and comprehensive level, demonstrating the main methodological approach for the 
project overall. 

 

 
Figure 2: Schematic representation of the interlinkages between WP6 and the other WPs. 

 

WP6 is dedicated to coordinating, planning, assisting and monitoring the implementation of this 
approach for the CS. WP6 is structured in five Tasks, encompassing all the above objectives.  

Task 6.1 Development and monitoring of a roadmap of actions in all the case studies 
Task 6.1 develops a roadmap for the collaboration and coordination of the activities for each CS 
for the implementation of the SIA. It assists and guides the implementation of the activities 
related to all the WPs linked to the CSs, mapping all necessary activities and timeline for 
implementation. An initial roadmap was developed in the first 4 months of the project and 
reported in deliverable D6.1. It also developed a monitoring plan for the activities. The roadmap 
and monitoring plan are a living document, which will be updated throughout the project.  

Task 6.2 Implementation of the System Innovation Approach in each case study. 
This task will focus on the implementation of the System Innovation Approach for all the CSs. In 
particular this task will identify stakeholders through a dynamic stakeholder mapping and will 
implement the stakeholder engagement activities for co-creation developed in WP2 at each CS. 
This task will also develop specific KPIs for monitoring the progress of each CS, in collaboration 











https://worldpopulationreview.com/world-cities/athens-population
https://worldpopulationreview.com/world-cities/athens-population
http://www.statistics.gr/el/statistics/-/publication/SEL48/-
http://www.statistics.gr/el/statistics/-/publication/SEL48/-
https://resilientathens.files.wordpress.com/2017/07/athens_resilience_strategy_-_reduced_pdf-compressed.pdf
https://resilientathens.files.wordpress.com/2017/07/athens_resilience_strategy_-_reduced_pdf-compressed.pdf
https://www.c40.org/
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reservoir, but the experimental results related to water and energy fluxes will be used for the next point; (3) 
creating and sizing above-ground water reservoirs in order to develop an irrigation system totally powered by 
autonomous renewable sources and with green energy storage in order to strengthen the water-energy nexus 
in relation to agriculture. This system will enable to store water and derive energy from renewable sources at 
the same time. Extensive use of cropland for agricultural purposes may result in reduced land availability both 
for animal and plant wild species. In contrast, enhancing crop production in the most fertile agricultural areas 
will save land with beneficial effects for alternative uses of the soil resource. Moreover, the use of new Animal 
by-products N-fertilizers originating from a physical method based on the use of radio frequencies capable of 
rapidly changing the highly degradable organic biological material into a stabilized and sanitized product will 
allow the disposal of animal waste in a framework of sustainable and circular economy. The use of these new 
organic fertilizers will also enhance the soil biodiversity thus improving the environmental impact of agriculture. 
In this viewpoint, the next CAP 2021-27 will be strongly focused on soil carbon sequestration and ecosystem 
services. 
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By bringing together representatives from all key sectors, the aim was to generate a wide range of 
innovative solutions that addressed the various dimensions of climate resilience, from urban planning 
and infrastructure to policy development, economic considerations, and community engagement.  

The final task of the workshop involved consolidating all the insights and information gathered to 
collaboratively develop the vision for the Athens Case Study. Stakeholders worked together to define a 
comprehensive vision that addressed the challenges and objectives discussed throughout the session. 
Simultaneously, a graphic representation of this vision was created, providing a visual summary of the 
key elements. This visual representation was presented at the conclusion of the second workshop, 
offering a clear and cohesive depiction of the collective vision for a climate-resilient Athens. The vision of 
the Athens Metropolitan Area is represented in Table 4 and graphically in Figure 4. 

Figure 4: Graphical representation of the vision for the Athens metropolitan area.  

 

At the concluding segment of the WS2, stakeholders were introduced to the Virtual Reality (VR) tool and 
had the opportunity to engage with the VR environment created as part of Work Package 2, Task 2.5 (See 
also below in this chapter). This presentation allowed stakeholders to experience the VR environment 
firsthand and provide valuable feedback to the scientific team (Figure 16). 

 

Living lab workshop 3: 

The third workshop of the Living Lab was held on June 16, 2023, in Athens, Greece. The primary focus of 
this workshop was to involve stakeholders in the collaborative development of innovative pathways. The 
central aim was to foster the emergence of innovations/solutions necessary for the implementation of 
the vision. This involved further refining and co-developing the steps required to actualize the future 
vision established during the second workshop.  
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Figure 7: Mediterranean Ports Mental Map as validated in the 3rd workshop.  

 

 
Figure 8: Validation of the Future Narrative/ Vision of the Mediterranean Ports.  

 





 

 

 

Figure 10: CS2 Innovation Pathways.  
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Living Lab workshop 4: CS8 continued its living lab workshops also beyond the originally planned 3 
workshops. The 4th workshop took place on June 20th, 2024 at Paignton Library, Great Western Road, 
Paignton, with a total of 18 attendees and 1 online participant. The fourth LL was organised to showcase 
the models and tools that have been developed for CS8 to collect the feedback from stakeholders in order 
to further improve the model. 

The ARSINOE dashboard, cascading failure analysis and serious game ideas, flood modelling and impact 
assessment approaches were presented to the audience. The participants found the outcomes from 
ARSINOE would be useful to inform communities the possible flood impact under future climate scenarios 
in order to facilitate the discussion of adaptation strategies and measures. The ARSINOE tools can be 
applied to analyse the performance of various interventions and help stakeholders reach consensus on 
the solutions to be implemented. The information could also alert the regions that are at risk of flooding 
to take early actions for disaster mitigation. 

The two Innovators and the concepts of their projects were also introduced to stakeholders for gathering 
suggestions at the beginning of the projects to help innovators better understand CS8 to implement the 
solutions more effectively. 

 

Case Study 9 
Living lab workshop 2: 

The second Living lab workshop took place on 7 March 2024 in Cagliari from 9.30 am to 15.30 pm. A total 
of 19 people attended the workshop. This Living Lab was focused on the future envisioning, looking 
forward to the open tender for innovations and how the innovations could help support this vision. The 
future narrative produced is represented in Table 4 

 
Figure 14: The second Living Lab in Sardinia. 

 







https://www.reimagine-education.com/
https://www.reimagine-education.com/
https://www.youtube.com/watch?v=-6in2Af8sms
https://www.youtube.com/watch?v=M3bj9AISSD4
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Figure 16: Virtual Reality presentation and demonstration at the 2nd workshop in Athens 
Metropolitan Case Study.  

 

3.3 Educational Interventions 
Educational activities within the Case Study of Athens Metropolitan Area 
Educational activities within CS1 are aimed at fostering stakeholder engagement, raising awareness, and 
building capacity in the areas of urban sustainability, innovation, and policy development. These 
initiatives seek to actively involve local communities, professionals, and policymakers in structured 
learning processes that explore sustainable solutions to the region's urban challenges. Through a series 
of workshops, seminars, and collaborative exercises, participants acquire knowledge on key aspects of 
extreme heat, biodiversity loss, urban planning, and socio-economic development, tailored specifically to 
the context of the Athens Metropolitan Area. The overarching objective is to promote a comprehensive 
understanding of the region's unique challenges while supporting the co-creation of innovative strategies 
for its future development. 

Virtual Reality tool - Testing and Focus Group Session 1: 
In the same context, the ARSINOE VR tool was also explored by teachers and students from the Athens 
Metropolitan Region in a testing and focus group session which took place on July 17th, 2024 (Figure 17). 
Potential futures resulting from the different environmental protection and climate change mitigation 
strategies were experienced by the participants, who were then asked for their feedback; in turn, this 
would further feed the co-creation and co-design of the tool by potential end-users. 



https://news.un.org/en/story/2019/05/1037941
https://www.sciencedirect.com/science/article/pii/S0006320716301951#bb0065
https://www.sciencedirect.com/science/article/pii/S0006320716301951#bb0275
https://besjournals.onlinelibrary.wiley.com/doi/10.1111/2041-210X.12254
https://academic.oup.com/bioscience/article/71/5/503/6238580?login=false
https://academic.oup.com/bioscience/article/71/5/503/6238580?login=false
https://journals.sagepub.com/doi/10.1177/00113921211059225
https://minka-sdg.org/home


https://minka-sdg.org/projects/arsinoe_educational-community




https://minka-sdg.org/projects/biodiversita-dell-istituto-tecnico-agrario-duca-degli-abruzzi-elmas
https://minka-sdg.org/projects/biodiversita-dell-istituto-tecnico-agrario-duca-degli-abruzzi-elmas
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CS Name of 
model 

Description Scenarios 
(current/planned) 

Time 
horizon 

Data needed (input) Data produced (output) Depend 
(Y/N) 

CS8 SUMO 
(Simulation of 
Urban Mobility) 

traffic modelling 
software  

CMIP5:  RCP2.6, 
RCP4.5, RCP6.0, 
RCP8.5  
CMIP6:  SSP1-2.6, 
SSP2-4.5, SSP3-7.0, 
SSP5-8.5  

2021-
2040, 
2061-2080 

Road Network Data 
Traffic Count Data 
Flood Data 

Time-Series Graphs showing Traffic 
Loading in Network/Cross comparison of 
Traffic Flows under Dry and Flooded 
Conditions, Traffic Congestion Maps 
Emergency Response Service Zone Maps 

Y 

CS8 Cascading 
Failure 
Simulation 
Model 

 CMIP5:  RCP2.6, 
RCP4.5, RCP6.0, 
RCP8.5  
CMIP6:  SSP1-2.6, 
SSP2-4.5, SSP3-7.0, 
SSP5-8.5 

2021-
2040, 
2061-2080 

GIS locations of all critical service nodes, 
flood footprint from CAFlood with 
resulting traffic integrity from SUMO, 
demographic, statistical, and employment 
data from ordnance survey for each 
output area. 

Percentage of output service for each 
critical service node, as well as integrity 
of critical services for each output area.  

Y 

CS9 CERES-Wheat 
model 
(implemented in 
DSSAT software) 

Crop modelling RCP4.5 and RCP8.5 
CMIP6: SSP1-2.6, 
SSP2-4.5, SSP4-6.0, 
SSP5-8.5  

2050 
(2026-
2075), 
2080 
(2076-
2099) 

Daily data of maximum and minimum 
temperature, total precipitation, and 
global solar radiation 
Soil data (texture, pH, soil organic carbon, 
etc..) 
Crop and management data  

Crop phenology and crop yield 
Water and nutrient balances 

Y 

CS9 AQUACROP 

(AQUACROP-OS 
and AQUACROP-
OSPy) 

Crop modelling 

 

ERA5 LAND + RCP4.5 
and RCP8.5 
 

1950-2023 
& 2024-
2050 

Climatic data: Daily maximum and 
minimum temperature, precipitation, 
potential evapotranspiration 

Crop and soil characteristics 

 Field management data 

 

Crop yield 

Maximum yield and Net Irrigation 

Y 
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Figure 24: CS2 Conceptual Model.  

 

Case Study 3 
The conceptual model outlines the integration of distinct model activities. Hydrological simulations in the 
case study area are currently taking place with input from the Canadian Regional Climate Model Large 
Ensemble and observation-based data sets. These simulations provide the basis for water quality, 
extremes and availability indicators, as well as projection-based water resources management.  

Part of the modelling activity in the case study will result in climate services for the region. We understand 
climate services as the provision of climate information that helps end users to make climate-conscious 
decisions. Climate information can range from seasonal forecasts (e.g. forest fire outlooks) to long-term 
projections (e.g. sea level rise). It can be combined with other sectoral information (e.g. population 
distribution, crop distribution, coastal protection) that can be used to assess exposure and vulnerability 
to climate hazards. Climate services can also include weather services that focus on short-term forecasts 
(e.g. hazardous weather conditions). Climate services must be based on scientifically credible information 
and expertise and meet the needs of users. In the case study we aim to develop climate services that 
reflect the challenges of the region and enable stakeholders to consider climate information in their 
decision making (e.g., climatic indicators, indicators of water extremes, quality, availability and demand, 
as given in the conceptual model; excluding short-term weather forecasting). Different means of 
including stakeholders in the development of climate services were explored, ranging from one-on-one 
discussions about data needs and the ability to work with different data, to group discussions and a 
workshop in late 2023. The participants of the workshop were from public utilities, state and regional 
authorities, city administration, agriculture and viticulture and environmental NGOs. Notably, knowledge 
about what climate services are, how they can be used and what is available was very limited among the 

















https://land.copernicus.eu/en/products/urban-atlas/urban-atlas-2018
https://land.copernicus.eu/user-corner/technical-library/urban_atlas_2012_2018_mapping_guide
https://land.copernicus.eu/user-corner/technical-library/urban_atlas_2012_2018_mapping_guide
http://gis.cityofathens.gr/layers/athens_geonode_data:geonode:pidakes
https://land.copernicus.eu/en/products/urban-atlas/urban-atlas-2018
https://land.copernicus.eu/en/products/urban-atlas/urban-atlas-2018
https://www.openstreetmap.org/
https://geodata.gov.gr/dataset/to-diktuo-natura-2000-kai-prostateuomenes-periokhes
https://www.eea.europa.eu/data-and-maps/data/natura-14
https://step.esa.int/main/toolboxes/snap
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evaluation and quantification of the above parameters provides the necessary input framework to 
determine multi-hazard hotspots at the city-scale. Microclimatic simulations were carried out to assess 
present climatic conditions and then compare them with the modelled (WRF urban model) impact of the 
proposed interventions (Figure 26 - right). 

 
Figure 26: Hotspot mapping and Getis-Ord (Gi*) indicator results for the 7 Municipal Districts 
of Athens (left). Area of intervention considered by WRF_urban model, model domain grid 
cells with dimensions of 200m by 200m and borders of the Athens municipality (right). 

 

As a first step, validation of model results was carried out against available observations for the period of 
simulations, provided by NOA. Comparison of modelled and observed data show that the WRF 
microclimatic runs perform well and capture the diurnal variability and range of basic variables that 
characterize a typical summer day in AMA.  

Urban surface scenarios are designed based on the local characteristics of the selected hotspots within 
AMA and take into account the urban modelling capabilities/limitations of WRF in simulating the actual 
urban morphology and potential interventions over its impervious surfaces (idealized urban canyons, 
buildings, streets, open-spaces etc.). In the table below, short descriptions of mitigation technologies 
and NbS scenarios simulated by the model to assess potential alleviation of urban heat during the warm 
period of the year, are given. 

  









https://publications.jrc.ec.europa.eu/repository/handle/JRC118850


https://doi.org/10.1007/s00382-022-06482-z
https://doi.org/10.5194/gmd-12-3357-2019


https://doi.org/10.1007/s10980-024-01793-4
https://doi.org/10.1007/s10980-024-01793-4
https://doi.org/10.20944/preprints202406.0830.v1
https://doi.org/10.20944/preprints202406.0830.v1


https://cds.climate.copernicus.eu/#!/home
https://sealevel.nasa.gov/ipcc-ar6-sea-level-projection-tool
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Figure 30: Steps of the implemented methodology. 

 

 
Figure 31: Spatial distribution of significant wave heights for incident wave characteristics: 
Hs=3.19m, Tp=9.68s, MWaveDir= SSE (147oN), Sea Level Rise = +0.30m (RCP4.5 for 2071-
2100) modelled for Mediterranean port of Piraeus. 































https://www.idee.es/csw-inspire-idee/srv/spa/catalog.search?#/metadata/spaihmLC
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Figure 46: Methodology for Crop Health Index development. 

 

As the sensor deployed in the Sentinel-2 satellites, the Multispectral Imager (MSI) operates with 10-, 20-
, or 60-meter spatial resolution. the spatial resolution varies depending on the light spectrum employed 
(Figure 47); the bands 5 and 9 (for the NDRE) needed to be adjusted to present the same resolution as 
the bands 4 and 8 (for the NDVI). This processing was carried out on SNAP2 using the plugin sen2res. 
Finally, the imagery dataset with the same spatial resolution were obtained and the respective indexes 
were calculated according to the Index DataBase (IDB3) for Sentinel-2.  

We are working on the calibration of the Crop Health Index for La Palma to then be able to implement it 
for the study area in El Hierro (Valle del Golfo). 

 

 
2 SNAP -  https://step.esa.int/main/download/snap-download/  
3 IDB -  https://www.indexdatabase.de/db/is.php?sensor_id=96  

CURRENT PHASE 

https://step.esa.int/main/download/snap-download/
https://www.indexdatabase.de/db/is.php?sensor_id=96


































https://gitlab.com/netmode/sdg-detector

































































































































































































































































































































































































































































